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Yesterday Ampex introduced the 
RB for data systems that need 
a small memory_ (1024 words.) 

Today we bring you the RVQ for 
systems that need to think a bit 
bigger. (4096 words.) 

.. :(" 

, .... -.;.~' .~. 

_ .. _I.l,~. __ ... 

". ,...''''." .... ~.. . 

The Ampex RVQ core memory unit is ideal for data systems that need small-to-medium storage capacities. At the .. - .. ..,.,...'-_. 
same time, it has the flexibility for random access applications or high speed sequential or buffer operations. It's 
designed for rack mounting- a 36 bit word RVQ occupies only 15%/1 of rack space. It loads or unloads in 4 rrl;2ro~; . ,.~_J....--. 
seconds. Has a complete memory cycle of 6 microseconds. Remembers words 8 to 36 bits long. And operates 
on conventional unfiltered and unregulated AC power. You can tell it's an Ampex model by its reliable, simple 
operation. And its ease of maintenance - just flip the front panel down. The RB and RVQ are two of more 
than 40 solid state memories made by Ampex. Cycle times range from 24 to 1 microseconds with capacitiesC ( 
up to a million bits or more. For data write: Ampex Corporation, 934 Charter Street, Redwood City, California. _.' 
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S-PACS 

One and five megacycle digital 
logic modules possessing out­
standing customer acceptance 
based upon quality, reliability, 
convenience of usage, and econ­
omy. New 28·page S·PAC cata­
log describes entire line plus 
planned new product additions. 

H-PACS 

Ultra high-speed digital logic 
modules which operate at clock 
frequencies to 16 megacycles 
with exceptional fan-in and 
fan-out ratios. H-PACs utilize 
ordinary wiring techniques. They 
do not require twisted pairs 
or shielded cabling.Twelve- page 
Catalog H-I provides compre­
hensive technical data. 

T-PACS 

One megacycle synchronous­
logic Series T modules feature 
plugboard interwiring, complete 

• independence from timing or 
phasing problems, and low im­
pedance outpuf$ with large fan­
out ratios plus low power 
consumption. Twelve-page Cata­
log T is completely descriptive. 

RANDOM ACCESS 
MAGN ETIC CORE 
MEMORIES 

New series of TCM Magnetic 
Core Memories offer access 
times as low as three micro­
seconds, unexcelled engineering 
and construction, and outstand­
ing reliabi lity. TCM brochure 
available on request. 

SONILINES 

Soniline magnetostrictive wire 
delay lines are distinguished 
by top qual ity construction and 
concise operating performance. 
Many standard modules with 
delays, tai lored to customer 
specifications are available for 
delivery in less than 30 days., 
four-page Soniline brochure 
offers more detailed information. 

DICOTRONS 
Dicotron precision optical shaft 
angle encoders are available 
Wit~ accuracies up to 16 bits 
per revolution. Also available 
are sine cosine· encoders, in­
cremental encoders, and spe­
cial-coded custom engineered 
units. Twelve·page Dicotron cat­
alog and supplementary bulle­
tins are available on request. 

CODE BAR SWITCHES 
AND KEYBOARDS 
These mechanical input devices 
provide direct conversion of 
key depressions into standard 
or special binary coded outputs 
per digit. Ruggedized and en­
vironmental models are avail­
able on order. Microswitch 
output contacts provide high 
reliability and freedom from 
dust or moisture. Descriptive 
literature contains detailed 
information. 

CIRCLE 4 ON READER CARD 

$C's array of 
digital building blocks 
includes the product 
families shown in 
column form at the left: 

QUALITY 
PRODUCTS 
FOR 
DIGITAL 
DESIGNERS 
New products are continuously 
being added as the result of 
extensive programs of research 
and development. These pro­
grams are maintained at a rate 
consistent with the most strin­
gent requirements of sound 
engineering, quality manufac­
turing, and ultimate "in-sys­
tems" reliability. If the re­
quirements of your system 
indicate this kind of approach 
to product development and 
manufacture, we earnestly in­
vite your consideration of our 
products and special design 
services. Your direct inquiry 
will receive prompt attention. 

PRODUCTS DIVISION 

COMPUTER CONTROL COMPANY, INC. 

EASTERN PLANT: 

983 CONCORD STREET/FRAMINGHAM/MASSACHUSETTS 

WESTERN PLANT: 
2251 BARRY AVENUE/LOS ANGELES b4/CALIFORNIA 



PLOT CO 
Wit/7 Dymec Data 
Reduction Systems 
You can make x-v or strip-chart re­
cordings from digital data at rates 
of up to 100 conversions per sec­
ond with Dymec digital-to-analog 
conversion techniques. Data re­
corded at computer speeds on 
magnetic tape, punched cards or 
punched tape can be automatical­
ly plotted at slower speeds for vis­
ual examinationanq analysis. Ad­
ditional data can be entered man~ 
ually with an auxiliary keyboard. 

Two moderately priced Dymec Dqta 
Reduction Systems are av~ilable. One extracts data 
from magnetic tape; the other is used with punched 

. cards, punched tape ortypewritten records.These sys-

DY-6575, A complete system, magnetic 
tape to X- Y recording 
You can increase the efficiency of your 
high-cost computer with the DY-6575 
Magnetic Tape Plotting System. Tape 
'written at 75 inches per second on the 
computer is read at 3 inches per second 
for recording. The Dymec system makes 
100 conversions/second from digital 
data on magnetic tape for continuous 
plotting on a Moseley Autograf Recorder. 
Accepts binary or BCD inputs, includes 
search mode and visual display for 
check-outorcalibration.Overall accuracy 
,of plotting system, ± 0.2% of full scale. 
Complete system about $29,750.00. 

tems include three types of digital-to-an,alog convert­
ers which are also available separately or as building 
blocks for custom designed data reduction systems. 

DY-6242, A complete system, punched 
cards, punched tape or 
keyboard to X- Y recording 

Plotting speeds of 50 points per minute 
with punched cards and 80 points per 
minute with punched tape are yourswith 
the DY-6242 Plotting System, which also 
is supplied with a 10-key serial entry 
keyboard for recording tabular data. 
Overall accuracy of plotting 'system, 
±0.2% of full scale. The Dymec'system 
consists of a digital-to-analog converter, 
a tape reader and a Moseley Autograf -
Recorder with character printer. Com­
plete system about $8,700.00. 

Three digital-to-analog conversion building blocks 
Dymec Model 2742 Digital Data Transla­
tor accepts data from I BM cards, perforated 
paper tape or a serial keyboard and converts 
for, recording up to four decades of data 
plus a sign for each axis. The transistorized 
instrument provides a front-panel display for 
monitoring translator contents, plus controls 
for calibration, single cycle or automatic op­
eration. D/Aconversion accuracy,O.l%. Price, 
includingmanual keyboard, about $4,500.00. 

Dymec Model 2743 Series Digital! 
Analog Converters accept binary, 
binary-coded-decimal or decimal data 
for conversion to analog voltages. Up 
to four channels in one unit. Each can' 
process up to 12 bits of binary, up to 
4 decades BCD or decimal data. Price 
about $3,800.00. 

Dymec Model 2744 Series Magnetic 
Tape Units include tape control unit and 

, tape converters for recording binary and 
binary-coded-decimal data. The control 
unit, Model 2744A, accepts data from 
tape and provides an output to drive 
one of the converters, Model 2744B for 
binary data and, Model 2744C for BCD, 
data. Price, about $14,700.00, including 
2744B or 2744C Converters. 

Data subject to change without notice. Prices f.o.b. f~ctory. 

Call your DYl1Jec/ Hewlett-Packard representative or write direct for information on Dymec digital-to-analog conversion capabilities. 

Visit Oymec Booth 903, 
Spring Joint Computer Conference D·YAAEC 

A division of HEWLETT-PACKARD COMPANY 

DEPT. A-4 395 PAGE MILL ROAD, PALO ALTO, CALIFORNIA. DAvenport 6-1755·Area Code415 
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FOR A BIG 'COMPANY 
WITH 

A LOT OF 
ADDRESSES 

THE SHORTEST DISTANCE BETWEEN PLANTS IS KINEPLEX® 

Today, some of the nation's most widely scattered organizations have the fastest reactions. They gather 

facts and transmit reports from coast to coast as quickly as most companies communicate from office 

to office in the same plant. Even outlying locations have instant access to the most powerful computers. 

o Kineplex makes it possible. 0 This . patented data transmission technique from Collins is the speediest 

way to move information over a telephone line. Kineplex terminals han~le digital data at rates up to 

13,500 words a minute. Using wireline or radio, they form a fast, reliable information network that can 

span thousands of miles to link a company's plants and computers. 0 The speed, dependability and 

adaptability of Kineplex has established Collins as a leading source of equipment for the new age of data 

communication. COLLINS RADIO COMPANY, Communication and Data Systems Division, Dallas, Texas. 

~A 
COLLINS 

~"S(#' 
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ENGINEERS AND SCIENTISTS 

Interview Employers in. 
San Francisco Career Center, 

May 1-3 
DEL WEBB'S TOWNEHOUSE (MARKET AT 8TH). REGISTER BY PHONE. 

Now-your qualifications and aspirations can be 
placed in the hands of many employers simultane­
ously. These employers are gathering under one roof 
at one time-sponsoring this Career Center-for the 
express purpose of interviewing and hiring engineers 

and scientists. 

This Career Center gives you a unique opportunity 
to talk with employers' representatives who have come 
to your home territory from all over the country. 
Best of all, you will probably meet their top-ranking 
executives. These men will be in town for the meet­
ing of the Spring Joint Computer Conference. 

. . All you do is make one phone call to the Career 
Center. Our operators will transcribe y'our career quali­
fications, . process them-without your identity­

to all employers before interviews begin May 1st. 

Then we call you as we receive interview requests. 
You need only come to the 

REGISTER IN ADVANCE BY PHONE 

By. registering in advance by phone, you will have 
your qual ifications ready for study by all employers 

Career Center when you have 

scheduled interviews. However, 
you are invited to review employ­
ers' brochures, films and job 
openings at the Career Center 
any time, May 1-3. 

Professional placement spe­
cialists are on hand to help 
engineers and scientists with 
particular specialties. The indi­
vidual's own desires and inter­
ests are their main concern. 
Your name is revealed only to 
those you wish; you talk only 
with the employers you select. 
No registration or placement 
fees of any kind are charged. 

SHOULD YOU REGISTER 
AT THIS CAREER CENTER? 

As an engineer or sCientist, you 
know your talents are in great 
demand. You should register at this 
Career Center if . . . 

• •. you have at least a bache-

~~;n~~grf~~~n ~ggi~~~~~~Tt~J 
institution. 

• .. your present job has reached 
a dead end and you want to 
explore other opportunities. 

• •• you are looking for a new 
challenge, but must keep 
your search confidential. 

• .. you want to compare your 
present job with others in 
the field. . 

• •• you are considering a com­
plete change of field and 
wonder if your qualifications 
will be of interest to employ­
ers in that new field. 

Virtually all Career Center employ­
ers are seeking to fill positions In 
research, desi~n and development. 
Of particular Interest are men in 
the fields of physics, chemistry, 
electronics, mathematics, aeronau­
tics and mechanical engineering. 

when they arrive in San Fran­
cisco on Monday, April 30th. 
Beginning that evening we 
will call you at home to report 
the names of employers who 
have requested interviews with 
you. Call San Francisco informa­
tion after April 15th for the 
special telephone number of 
"CAREER CENTER (Vocational 
Information Agency)." 

Interviewing days are Tuesday 
through Thursday, May 1-3. 
Even if you cannot be in San 
Francisco during this period, 
you may still register, and all 
interview requests received will 
be forwarded to you by mail after 
th is Career Center closes. 

FUTURE CAREER CENTERS: Career Centers will be 
held in Los Angeles, April 26-28 and in Seattle, May 5-7. , 
Employers and applicants can write to the New York 
office of Careers Incorporated for details on these and 
other centers which have now been scheduled for 
practically all major metropolitan areas during the 
next 120 days. 

CAREER® 
CENTER 

Vocational Information Agency 

Sponsors Are Equal Opportunity Employers 

Care:er Centers are a service. of Careers Incorporated, 770 Lexington ~venue, N~w York 21,. N .. Y. 
PublIshers of "Career: for the College Man" and "Career: for the Experrenced Engmeer and SCientist." 
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8 GERBER DATA 

REDUCTION INSTRUMENTS AND SYSTEMS 
Gerber Oscillogram Scanners 

For fastest reading and scal­
ing of all film and paper strip 
charts. 

• Two models (S-2) for records 
12" and 16" wide, any length 
-transport records across 
24" long, backlighted view­
ing area at any speed from 
o to 500 fpm. • Third model (S-10) a 66" floor 

Scanner, is also available for 
viewing longer sections, 

Gerber GOAT Scanner Systems 
Combines S-2 Scanner 
with Gerber Oscillogram 

. Amplitude Tabulator to 
red uce data recorded 
on film.and paper 
records. 

• Output: printed tape. 

• Functions: to read and 
record multiple Y chan­
nels ... utilize different 
scale factors for each 

channel .. ,. have different 0 locations for each channel ... read 
linear as well as non-linear data directly ... print-out time and 
amplitudes. 

Gerber 5-10 Scanners 
with Flow Film 
Projectors 

Handles 16-35·70 mm film; 
gives a projected image up 
to 16" x 16" on screen; with 
X-Y reading head, program 
unit, and outputs, film as 
well as paper records can 
be analyzed. 

Gerber Digital Data Readers 
"Single Unit" reader com­
bines X-Y reading head, 
Scanner and keyboard .•• 
reads data and records it 
on typewriter, punched pa­
per tape, punched cards. 
Patchboard programming 
permits patching, in any 
output, of fixed digits, 
chann~count,~gns,coo~ 
dinate values and time in-
dex count. 

A data-reduction system for every need ••• 

. !ftJJ0'. 4:~:':':o.~??" . ~ ....... ~?.... ,".. ".' 
.- '.,", . ." 

. . 

Gerber x-v Plotters 

Engineered 
for rugged de­
pendability as well 
as pinpoint precision, 
Gerber plotters operate 
around the clock seven days a 
week with consistent speed and 
accuracy~ 

• Plot to ± .002". Repeat to ± .001". 

• Slewing speed: 20" per second. 

• Plotting speeds: 90 points per min. for closely. spaced points 
from IBM cards ... 42 points per min. at random .•. 100 
points per min. with paper tape input. 

• Inputs: keyboard, magnetic tape, punched tape, punched 
cards. 

~ Wide choice of sizes and models available for individual 
plotting needs (Model GP-30·D shown above has 30" x 30" 
working surface, horizontal table, six printing wheels with 
12 positions each.) 

Gerber Analog-to-Digital 
Data Re'duction System 

Basic Control Console, combined with S-10 . 
Scanner, utilizes 4·digit voltmeter (0000 
to ±9999) accurate to .01% to measure 
proportional voltages of either X, Y, or 
frequency potentiometers; value is dis­
played in projection lamp banks. Outputs: 
IBM typewriter, card punch, punched 
paper tape, plotter, etc. 

Gerber Variable Scales 
• Scales directly curves, graphs, osciJIograms. 

• Makes precise mechanical readouts, eliminates 
mathematical computations. 

• Measures frequencies, phase angles, ampli­
tudes, telemetering data. 

• Plots, interpolates and normalizes curves. 

• Two models, 10" and 20". 

THE GERBER SCIENTIFIC 
INSTRUMENT CO. 

P.O. Box 305, Hartford, Conn. 
Reading head alone to 
take X-Y coordinates di­
rectly from· maps and 
drawings. 

Reading head mounted 
on S-2 or S-10 Scanner 
to reduce oscillograms 
and strip charts. 

Reading head mounted 
on 35 mm film projector 
for records on roll film. 

Sales and service offices at Hartford, BU 9-2731. 

Washington, D. C. RE 7·6992 • Los Angeles MU 1·5745 
Toronto AX 3·7011 • San Francisco SK 1·7264 
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• The 1962 Spring Joint Computer 
Conference, sponsored by the Ameri­
ican Federation of Information Proc­
essing Societies, will be held May 
1-3 at the Fairmont Hotel, S.F. 

• "Electronic Information Display 
Systems" is the subject on an insti­
tute to be held May 21-25 at the 
American University, Wash., D.C. 

• A conference on' Self-Organizing 
Systems will be heldron May 22-24 at 
the Museum of Science and Industry, 
Chicago. It is co-sponsored by the 
Information Systems Branch, Office of 
Naval Research, and the Armour Re­
search Foundation. 

1 
• A Symposium on Mathematical Pro-
gramming sponsored by the GraduatE' 
School of Business of the U niver~ity of 
Chicago, the ACM, and USAF Project 
RAND, will be held June 18-22 at the 
University of Chicago, Chicago, Ill. 

• The Ninth Annual Symposium on 
Computers and Data Processing spon­
sored by the Denver Research Insti­
tute of the University of Denver ·is 
scheduled for June 27-28 at" the Elk­
horn Lodge, Estes Park, Colorado. 

• The 1962 Rochester Conference on 
Data Acquisition and Processing in 
Medicine. and Biology is set for July 
17 and 18 for the Whipple Auditori­
um, Strong Memorial Hospital, Ro­
chester, N.Y. 

• The 1962 WESCON will be held 
Aug. 21-24 in the California Memor­
ial Sports. Arena" and Statler-Hilton 
Hotel, Los Angeles. 

• The 1962 IFIP Congress is set 
for Aug. 27-Sept. 1 in Munich, Ger­
many. 

• The ACM National Conference will 
be held Sept. ;4-7 at the Onondaga 
Country War Memorial Auditorium 
and Hotel Syracuse, Syracuse, N.Y. 

• The 3rd annual Symposium on 
. Switching Circuit Theory and Logical 

Design will be held Oct. 7-12 in Chi­
cago, Ill. under the sponsorship of the 
AlEE Computing Devices Committee. 

• The 1962 Fall Joint Computer 
Conference will be held Dec. 14-17 
at the Bellevue Stratford Hotel, 
Philadelphia, Penna. 

April. 1962 

hO\N to be sure 

you choose the 

proper MIMS 

. MUllS is the convenientwayto ~esl~n~tethe M()dUI~rISODRIVE® 
Memory Se~ies.MIMScQre memorie§ };llloper~tELfrom ~.30~to 
+ 80 Q Cwithoutdriver compensation or stack heating. They ar~: 
cOincidentcurrent,with~!5.usec cycle times and1.usec access; 
This dramatic performance is accompanied bY,areHability break .. 
through~theheartotMIMS is Electronic Memories"I'SQDRIVE 
ferrite c,ore-:.-and s!liconcomponEmtshave ,been used e,xclus.ively. ' 

We can't picture a MINIS unit~eac~ol1e iscust~m bunt and 
packaged. But" we can discussindetail,theMIMSdesignedto ,. 
meet your requirements,'That's'whythe MIMS,<:hooser~Check~ 
list Just check your reqUirements below and sendthema,long 
to' us. We'll· be intouqh' ~y return maiL " 
," " " , 

, ... ~ 

·r----~~~---~-~--~~~~-~-~-~--, 
I ". I· 
I The MIMS Choosers Checklist: I . ' . I I MIMS core memories are available in any combination 1 
I of the following characteristics: , 
I I 

MIL-SPEC 

o MIL-E-16400D 
o MIL-E-4158B 
o MIL-E-5400E 
o Non Mil-Spec 

PACKAGE 

o Relay rack card cage 
o High density package 
o Custom configuration 

ENVIRONMENT 

I 
I , 
I 
1 
I 

CAPACITY 0 Ttl empera ure PACKAGE I' 
o 1024 words +_oC to-_oC VOLUME I 
o 2048 words 0 Vibration 0 .5 cu. ft. I 
D 4096 words __ cps __ g's 0 1.5 cu. ft. I 
o 8192 words 0 Shock __ g's 0 2 cu. ft. I 
o 16,384 words APPLICATIONS 0 5.5 cu. ft. r 
WORD LENGTH 0 Ground-mobile 0 -cu. ft. I 

O G d d I,' o 8-bits roun -expose 

D 20-bits 0 Airborne 0 Laboratory I 

I 
00· 40-bits 0 Shipboard 0 Satellite I, 

60-bits 
,I 0 80-bits 0 Other I 
I . I 

,1 ______ -----------------------1 

, , ,". ' . , 

9430 Bellanca Avenue • Los~Angeles45, California 
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ODDS ARE NOTHING CAN 
With this ~urprisingly versatile system, the EAI Series 3440 OAT APLOTTER®, you can plot your 
digital or analog data in easy-to-read, easy-to-interpret graphic form. Far more accurate than 
-hand plotting and many times faster; the OAT APLOTTER will convert virtually any. input from 
almost. any computer, digital or analog, into plots as large as 45 by 60. inches. It will plot from 
magnetic or punched paper tape, punched cards, manual keyboard or analog-type signals. It will 
seek plot starting point and stop automatically at a preselected"value. Output modes, include point, 
symbol or continuous line. The host of features includes solid state reliability, speeds to 4500 line 
segments per minute, fully automatic commands and dial control data selection. Full information 
on this,new standard in digital plotting equipment may be obtained by writin,g for Bulletin DP 6188. 

EAI Career Opportunify for Engineers - Graduate or advanced degrees In EE, Physics, Math - call or write Gordon Strout, Director-Personnel 

ELECTRONIC ASSOCIATES, INC. Long BranchJNew Jersey 

Analog/Digital Computers Data Reduction Process Control Instruments Computation Service 
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At '62 Spri_ng Joint Computer Conferenoe 
o 

see demoIl:strations of this nevv 300 line/ 

"minute eleotrostatic message 

printer, ideal for remote 

computer transmiss.ion systems, and 

this self-contained visual digital· display 

for oomputer monitoring, 

command & oontrol systems, 

and information retrieval app~ications. 

) 0 GENERAL DYNAMICS I ELECTRONICS GUill D SA;\l 

BOOTHS 112-114 
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Engineers 

What do you know 
. . 

about the H1800 *I 
This newest digital computer system has just been announced 
by Honeywell Electronic Data Processing. Here are a few fea­
tures of this latest system you should find quite interesting. 

The H 1800 has a new central processor with an internal operat­
ing speed of more than 120,000 three-address operation a 
second - a two micro-second memory access speed time, and 
a new floating point- unit that operates at nano-second speeds, 
using tunnel-diode circuitry. . 

The H1800 utilizes the ability to operate eight different pro­
grams simultaneously and to perform automatic error detection 
and correction. The H1800 is one more proof that Honeywell 
EDP is setting the. pace for the EDP industry and for EDP 
career opportunities. 

Other computer systems in Honeywell's growing line include 
the. H800, its medium-scale counter part the H400 and the 
H290 industrial process control system. Professional oppor­
tunities to work on the design of present and future computer 
systems exist in the following areas: 

Circuit Designers 

Logical Designers 
Electrical Engineers 
Product Designers 

As a member of our Engineering and Research Center in ~ub­
urban Boston, you will be able to take advantage of Honey­
well's tuition-support at anyof the world-renowned universities 
in the area. Honeywell also provides a liberal fringe benefits 
program and will pay all normal relocation costs. 

Address your resume to: 
Richard T. Bueschel, 
Personnel Manager 
Engineering and Research 
Center 
151 Needham Street, Dept. 383 
Newton Highlands,' Massachusetts 

Honeywell 
[ji] ~ Da1a., ~~ 

opportunities also exist in other Honeywell divisions coast to coast. 
Send resume to H. E. Eckstrom, Minneapolis-Honeywell, Minneapolis 8, 
Minnesota 

"An equal opportunity employer" 
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authorship denied 
Dear Sir, 

. Mario did seem a little irritated, didn't 
he? 

I can't possibly start the first com­
puting comic strip. That was done 
many years ago, at the RAND Corpo­
ration!!! The hero was a Chebyshev 
polynomial and the creator, Cecil 
Hastings. 

HERB GROSCH 

Bern, Switzerland 

chiding the kiddies 
- Dear Sir, 
The ACM, DATAMATION, Rubin, 
and Grosch all deserve to be severely 
castigated for their childish behavior. 
The multi-million-dollar a year com­
puter field certainly could use two 
publications' (with or without biases). 
However, if these journals have noth­
ing better to do than throw brickbats 
at one another, then the time has come 
for one or the other (or both) to retire 
rather than contribute to the technical 
literature "explosion." 

Enough of this nonsense, childrenl 
Roll up your sleeves, and get down 
to "brash tacks." There is a lot of use­
ful work to be done. 

LEWIS C. CLAPP 

Arthur A. Little, Inc. 
Cambridge, Massachusetts 

gamesmanship' 
Dear Sir, 
The article on "How To Make A 
Computer Appear Intelligent" which 
appeared in the February issue stimu­
lated a number of requests for further 
information. We hope that a single 
letter may be responsive to aU separate 
inquiries. 

The game was programmed on a 
Transac S-2000 computer located at 
the General Electric Atomic Power 
Equipment Department in San Jose, 
California. Since the program was 
purely experimental, no attempt was 
made to achieve program efficiency. 
Length of program and running times 
are therefore of no interest. Input-out­
put is via console typewriter. The 
player enters the coordinates of his 
move (i, j) into the typewriter, the 
machine then responds with its own 
move. It is up to the player to have 
at hand coordinate paper on which 
to plot his and the machine's moves. 
In addition, the machine types out a 
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diagnostic of each move consisting of 
the high and low position value moves 
it could have made, the value of the 
move it did make, the highest value 
move open to the player, and the 
value of that move. This diagnostic 
information could have been put on 
tape for post mortem analysis. As it 
was, it was not revealed to the player 
in that the output format was not ex­
plained to him. The time taken by 
the machine to make a move was 
on the order of a few seconds, i.e. 
well within "psychological" time. 

The paper mentions a few modifi~ 
cations which could (perhaps should) 
be made in the program. None of 
these were actually made. In fact, the 
program has been permitted to be­
come dormant except that the oper­
ators on the subject machine occa­
sionally amuse themselves with it in 
lieu of reading Davis on computability. 

It seems to us now that the most 
important modifications which we 
would make on the program, were we 
to seriously pursue it from this point 
on, would be the following: 
1. The introduction of look-ahead. 
This could easily be done if the pro­
gram were written in a list language. 
Then position evaluations, tentative 
moves, etc., could be pushed down 
on stacks, all of which could then be 
popped up when the final 'move was 
decided upon. The important problem 
which would have to be solved is 
the usual one in heuristic program­
ming; namely, that of deciding on how 
to pare the decision tree, i.e., which 
moves to follow, which to abandon 
and at what depths. 
2. As was mentioned in the paper, it 
seems fairly clear that really strong 
moves, i.e. moves which subsequent 
post mortem reveal to be the decisive 
ones for the player, generally have 
the characterization that they have 
low position values from the point of 
view of the algorithm. Moves of this 
type could be identified. The machine 
response to suoh moves should then 
be purely defensive. In particular, 
candidates for response to such moves 
should be restricted to positions with 
which the subject move is associated 
(see text). It would appear that the 
algorithm given in the paper is· suf­
ficient to lead to a machine win in 
the absence of such unorthodox moves 
on the part of the player. Perhaps a 
new set of heuristics should be brought 
into play when such moves are en­
countered. 

April 1962 

J. WEIZENBAUM and 
R. C. SHEPARDSON 

Computer Laboratory, 
General Electric Co. 
Sunnyvale, California 

Programmers 

What do you know 
about the H1800? 

If you're answer is "Nothing", you're probably wrong. This 
newest member of Honeywe"'s growing line of digital computer 
systems will seem quite familiar to many business and scientific 
programmers. 

The H 1800 is a powerful extension of Honeywell's other com­
puter systems, the H800, and its medium-scale counterpart, 
the H400. 

A" three systems utilize the unique and proven software pack­
ages that have made Honeywe"'s EDP systems one of the most 
competent and versatile in the industry. The H1800 now makes 
them one of the most powerful. 

Honeywe"'s growing line of automatic programming aids, 
including FACT, EASY, COBOL, ARGUS, ALGOL-type Compilers, 
etc., can handle a broad variety of computer applications. The 
addition of the new H 1800, with its great central processor and 
magnetic tape speeds, now permits Honeywell programmers to 
engage in larger business data processing jobs, more complex 
scientific computations and real-time applications. These broad­
ening horizons of work at Honeywe" have created unique, 
opportunities for professional growth and personal advancement 
to those Programmers who join us now. Immediate opportunities 
exist in the following areas: 

Automatic Programming 
Operational Programming 
Compiler Development 
Systems Analysis 

In addition to the usual professional employee benefits, 
Honeywell offers a unique educational-support program: 

Address your resume to: 
Mr. John L. Ritchie 
Personnel Manager 
Programming Systems Division 
60 Walnut Street 
Dept. 559, 
Wellesley Hi"s, Mass. 

Honeywell 
[Ii]~Daa~~ 

Opportunities also exist in other Honeywell divisions coast to coast. 
Send resume to H. E. Eckstrom, Minneapolis·Honeywell, Minneapolis 8, 
Minnesota 

"An equal opportunity employer" 
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Take this 1 DlC Solid State 
Printed Circuit, for exalllple. • • 

Intermountain Branch of Curtiss-Wright Elec-: 
tronics Division designed and manufactured it to 
meet exacting standards of quality, reliability and 
performance in a wide variety of digital logic sys­
tems. These precision built 1 mcunits are available 
in a broad selection of standard "off-the-shelf" cir­
cuits, or Intermountain will custom design and 
manufacture solid state printed circuits and systems 
to your specifications. 

• Double sided, gold, plated through holes 
e Lower cost multi-circuit packaging 
eMeet all specifications in accordance with Mil. 

Std. 27SA 
Write for information and prices on standard 

units, or a quotation on your specific requirements. 

NEW-MAXPAK® Digital Modules are 
welded, high density modules, encapsu­
lated in HEATCON® high conductive. 
plastic. Offer SUbstantial savings in space 
and weight, flexibility and reliability· at 
modest cost. Standard units available, or 
your circuits can be packaged to speci­
fication. For complete information, write: 
Advanced Miniaturized Electronics, Inc., 
55 Kearney Rd., Needham Heights, Mass. 

Electronics Division Intermountain Branch 

Curtiss .Wright 
CORPORATION 

P.o. Box 10044 Albuquerque, New Mexico 
Phone: 345-1661 TWX: AQ-69 
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GREEN LIGHTS INDICATE INTERRUPT STATUS. 

NEW CONTROL. DATA 160·A COMPUTER 
Desk-Size Computer with Large Computer Capabilities 

In evaluating desk-size computers, the flexibility and capa­
bility of the computer to perform interrupt functions is of 
great importance. Similar to the interrupt feature employed 
in many advanced, large-scale computers, the 160-A Pro­
gram Interrupt allows the normal program sequence· to be 
Interrupted by various external conditions . . . such as a 
peripheral equipment completing its function, operator 
action, and end-of-buffer sequence. Few desk-size comput­
ers on the market today have this capability. 

The 160-A has four interrupt lines: two internal and two 
exter~al. When an interrupt signal occurs on one of these 
lines, the computer executes a special RETURN JUMP in­
struction to one of four fixed memory locations, depending 
upon the line generatir:tg the interrupt. 

For example, the operator can activate Interrupt Line 10 
by momentarily depressing any combination of a Selective 
Stop Switch and a Selective Jump Switch, which are located 
on the 160-A console display panel. Interrupt Line 20 is 
activated each time a buffer operation is completed. Finally, 
Interrupt Lines 30 and 40 are external lines and may be 
activated by any peripheral device designed to provide an 
interrupt signal. In all cases where an interrupt occurs, the 

CONTROL DATA COMPUTER DIVISION 

160-A executes a special RETURN JUMP instruction to a 
fixed memory location. 

Interrupt signals are recognized in a priority sequence, the 
lower-numbered lines being recognized first. Thus, where 
an interrupt occurs simultaneously on Lines 10 and 20, 
Line 10 will be recognized first. Once an interrupt signal 
is placed on a line, it remains until recognized or until a 
console MASTER CLEAR instruction is executed. 

A desk-size computer, the Control Data 160-A has the 
speed, capability, and flexibility of many large-scale com~ 
puters. For more detailed information about the 160-A 
Program Interrupt and other standard features, write for 
Publication #B12-61. 

CORPORATION 501 PARK AVENUE. MINNEAPOLIS 15. MINNESOTA 
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The trend among independent EDP 
service centers is to Burroughs 
B 200s. For when profits depend on it 
as theirs do-and a system cuts costs, . 
as B 200s do-they just can't afford 
to keep their old punched card equip­
ment. Read what the presidents of 
four successful service centers say 
about the new B 200s they've just 
ordered (and keep in mind that these 
systems can do the same thing 
for you). Call our nearby branch or 
Burroughs write l!s at 

. Detroll 32, 
Corporation Mich. 

MR. LEON WEISBURGH OF 
STATISTICS FOR MANAGE· 
MENT IN NEW YORK CITY. 

"Our Burroughs B 260 will 
allow us to prepare ourcus­
tomer' reports at maximum 
speed and the lowest cost. 
The two card readers and 
fully buffered input-output 
equipment are ideal for up­
dating summary reports." 

MR. CALVIN J. KOHLER OF 

MR. CORNELIUS DUGGAN OF 
TABULATING SERVICECORP. 
IN NEWTON, MASS. 

"We plan on a significant 
reduction in our program­
ing time and expenses with 
our new B 260,' and we feel 
that the building block prin­
ciple offered by Burroughs 
has unparalleled capacity 
for future expansion." 

MR. T. A. STANDISH JR. OF 
AUTOMATED PROCEDURES MECHANIZED ACCOUNTING 
CORPORATION, NEW YORK IN PITTSBURGH 

"We're firmly convinced that "We feel that the hardware 
our Burroughs B 280 will independence of the B 200 
provide us with the flexi-
bility, ease of programing with a separate punch and 
and resulting productivity two separate card readers 
that are essential today in the will give us the flexibility and 
operations of a successful reliability so necessary in 
data processing service." our business." Burroughs-TM 

so many data processing problems end with Ci) 
CIRCLE 13 ON READER CARD 
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SOUNDCRAFT TYPE LWD HEAVY DUTY/HIGH DENSITY 
Longer life, flawless performance! These ar~ the advantages of Soundcraft LWD heavy duty/high density tape~the most 

advanced computer tape available today! In specific tes~s, Soundcraft new LWD achieved more than 20,000 passes 

across recording heads with absolutely no sign of breakdown. Heretofore, 15,000 passes had been considered maximum 

for a heavy duty magnetic recording tape. Soundcraft combines a unique binder system with 

Mylar* base, producing superior adhesion and cohesion. Result: a heavy duty tape with blemish. 

free oxide coating, superior surface.characteristics and a pulse packing capability that exceeds 

the requirements of all existing computer systems. Furthermore, Soundcraft LWD more closely 

approaches the ideal hysteresis curve than any competitive computer tape. its im· 

proved square BH characteristic makes the computer system less susceptible to o non-repetitive errors. For an LWD "confidence ..... Ievel" test in your system, write: 

R-165 

April 1962 \ 

REEVES ~@GlJ~J[ID@~B~V CORP. 
Main Office: Great Pasture Road, Danbury, Connecticut· New York: 10 East 52nd SI. 
Chicago: 28 E. Jackson Blvd .• los Angeles: 342 N. laBrea • Toronto: 700 Weston Rd. 
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HOW TO CREATE TIME FOR 

BY COMPRESSING DAYS INTO MINUTES 

With both the profit squeeze and time 
squeeze to contend with, don't overlook 
the services available at STATISTICAL 
to let you relax in spite of these pressures. 

STATISTICAL'S electronic data-pro­
cessing services offer you one way to get 
rid of paralyzing work loads in a hurry· 
and cut costs at the same time. Here's a 
case in point: 

One client required an annual pro­
jection of pro~uction based on a 9-
month period. The operation involved 
the listing and summary puriching of 
10,000 detail production cards and a 
total of 40,000 additions, 20,000 multi-

16 

plications and 30,000 divisions, arriving 
at 1,000 reciprocals. Using conventional 
equipment, this job would have taken 
days to finish. With minor modifications 
to one of our 1401 programs, the entire 
assignment took less than 30 minutes of 
processing time at STATISTICAL, after 
input cards had been sorted into the 
desired sequence. 

When you can squeeze days into min­
utes in this way, it's certainly worth your 
time to find out how this coast-to-coast 
service can help you. Just call our near­
by office for details on the services 
availal;>le to you day or night. 

II Established 1933 

c5~ 
TABULATING CORPORATION 

NATIONAL HEADQUARTERS: 

104 South Michigan Avenue 
Chicago 3, Illinois 

OFFICES IN PRINCIPAL CITIES-COAST TO COAST 

I --..::::o~ THE STATISTICAL MARK OF EXCELLENCE 

/1" 
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COMPUTER 
RESEARCH' 
ENGINEERS &. 
LOGICAL 
DESIGNERS 

o 
Rapid eltpansion of the Computer 
Laboratory at Hughes-Fullerton has 

. created several attractive profes­
sional opportunities for qualified 
Computer Research Engineers and 
Logical Designers. These positions 
require· active participation in brf>ad 
computer R&D activities in con­
nection with Army/Navy computer 
systems and.new I~rge-scale. general­
purpose computers .. These multiple 
proa'essor computers utilize advanced 
solid-state circuitry, gating'and reso­
lution times in the millimicrosecond 
regions; combine synchronous and 
asynchronous techniques for malti­
mum speed and reliability. 

These professional assignments 
involve broad areas of logical design, 
programming and system conception. 
Fields of interest Include: 

• Distributed computers. Ad­
vanced arithmetic processing 
techniques. MecJ'lanized design 
• Asynchronous design tech­
niques • Utilization of parame­
trons in computers. Studies in 
the utilization of multiple proces­
sor computers. 

These professional assignments 
involve such R&D areas as: 
• Solid state digital circuitry 

. involving millimicrosecond logic 
• Microwave carrier digital circuits 
• Sub·microsecond core memory 
• Thin film storage techniques 
• Functional circuit concepts 
• Micro-miniaturization concepts 
• Tunnel diodes - Microwave pa­
rametrons - Circuit organization 
for maximal·speed computing. 
Located in Southern California's 
Orange County (the nation's fastest 
growing electronics center), Hughes­
Fullerton offers you: a stimulating 
working environment; private or semi-· 
private offices; long-term stability. 
CALL COLLECT TODAY! . 
For complete information on these 
challenging assignments, call us col­
lect today! Ask for: 
Mr. J. E.TENNEY at: 
'TRoJan 1-4080, ext. 3741. 

Or, airmail resume to: HUGHES­
FULLERTON R&D, P. O. BOlt 2097, 
Fullerton 1, Californ I~. 

An eQual opportunity employer. 

HUGHES 
L ___________________ J 
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A COBOL ----
SUCCESSOR?? 

DETAB-X, DEcision TABles which utilize COBOL-61 as the 
basic descriptive language, may ultimately supersede 
COBOL as a new language which combines systems analy­
sis, description and programming into a single func­
tion. The DETAB-X language has been developed by the 
CODASYL Systems Group, part of the Development Com­
mittee of the Conference on Data Systems Languages 
for initial experimentation. A Joint Users Group­
sponsored DETAB-62 symposium has been set for June. 

At a recent Executive Committee meeting of CODASYL, 
it was agreed that there will be no COBOL-62 and 
changes or new features which the Maintenance Com­
mittee approves will be used as a supplement to 
COBOL-61. 

ATLAS 
PROGRESS 

As the only giant-scale computer presently com­
mercially available anywhere in the world, DATA­
MATION correspondents in Great Britain have obtained 
the following report on sqles and operations of 
Ferranti's Atlas computer. 

The first prototype of Atlas is now experimentally 
on the air at England's Manchester University. Ex­
pectations are that it will be fully operative by 
July. Two other sales of the lO-megabuck machine have 
been reported; one to the United Kingdom Atomic 
Energy Authority and another to London University. 

At Manchester, Atlas will be used for problems in 
llircraft design and for applying linear programming 
techniques to agricultural problems. Manchester also 
intends to sell time on the computer. 

The AEA Atlas has actually been ordered for the 
National Institute for Research in Nuclear Science 
(NIRNS). The computer will be. housed at the Insti­
tute's Rutherford High Energy Lab at Harwell for 
common use by universities, the AEA, various govern­
ment departments and NIRNS itself. It is expected to 
be fully operational by 1964. At AEA, Atlas will be 
used for a behavior study on plasma mass. Universities 
will use the Harwell machine in the fields of astro­
physics, cosmology, fluid dynamics and molecular 
structure. The Meteorological office of the British 
(~)ernment may with the help of Atlas, make some 
~_~gress predicting the unpredictable British 
weather. 

London University plans to put their Atlas to 
work on calculations on crystal and mechanical 

:I fJril 1962 17 
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Complete 
peed 

Systems by Ane/ex assure better Printer 

performance at lower over-all cost. The Printer, 

power electronics, buffers and logic are designed 

and built into a completely compatible system. As 

a result, computer manufacturers are relieved of 

the engineering and manufacturing expense, and 

systems responsibility is clearly defined and met. 
/~ 

Further information available on req(\.. 

ANELEX CORPORATION 
155 Causeway Street, Boston 14, Massachusetts 

SYMBOl. OF QUAI.ITY 
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for our services. I( : 

PROGRAMMERS 
Information handling sys­
tems in all areas of com­
mercial and scientific data 
reduction systems: large 
scale computer experience 
with 7090 preferred. 

• 
SYSTEMS ENGINEERS IN 
DATA PROCESSING 
With interest in data con­
version techniques, ana­
log-digital experience, 
with display and instru­
mentation background . 

• 
PROGRAMMERS 
Process and industrial con­
trols experience, BS in EE 
or Math preferred: how­
ever, strong experience 
will be given considera­
tion for these opportuni-
ties. 

APPLIED RESEARCH 
in the field of 

CREATIVE PROGRAMMING 
List Processing 

Techniques. 
Information Retrieval 

Symbolic Logic. 
Non-Numerical Math 

on Computers 
Game Playing on 

Computers. 
Artificial Language 

Construction 
Language Analysis. 

Compiler Writing. 
Systems Design­
(Hardware and 
(Programming). 

Symbol Manipulation. 
Artificial Intelligence. 

Automatic Programming. 
Operations Research 

. • . or if this list has not 
provoked~your interest, cli­
ent company will consider 
your specialty with a view 
toward developing mutual 
interest. 
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sional opportunities with cli- ~ • 

/' ---~s Oil a national basis, please ~ : 
)1 your resume or an out- ~ ••• 

hi",e of your background ami ~ 

;,;.er~.st~:NNIX & CO., INC. ~~ .i •• 
Suite 1132 

Park Square Building 
Boston 16, Mass. : • •••••••••••••••••••••••••••• 
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BENDIX 
II CONSOLIDATES II 

structures and simulation 9f psychological processes 
such as learning. 

A considerable interest has been generated on the 
Continent, particularly in Germany, by Ferranti sales 
teams. The Soviet Union has sent a letter of intent 
to purchase an Atlas, put the order could not be 
accepted because of th~ British government's embargo 
on exporting goods to Russia that have a military 
p~tential. . . . 

While Ferranti feels that at least 25 comput~rs in 
the Atlas class could be sold in the U.S. sipce 
Stretch was taken'off the market, sales efforts here 
have proven fruitles$. There are no firm orders in 
the house. . 

Reasons for the lack of U.S. sales are the three 
year delivery date quoted on Atlas' and of course, 
U.S. govermnent import restrictions on foreign 
computin~ equipmerit to be used by feder~l ag~ncies. 

However, Ferranti has hopep of launching a fresh 
attack on the U.S. market when all of the 'bugs in 
the Manchester installation have been eliminated. 
A series of on-the-scene demonstrations for U.S. 
computer pe~s9nnel have-b~en p~anned. 

.1 

Suffering under the str&in of corporate timiqity in 
th~ financial backing of its computer division~ Bendix 
recently issued a three page news release describing 
what was termed IIcQnsolidation of its position ~n the 
computer field. 1I 

In substance, the report quoted Bendix president 
M. P. Ferguso~ as planning to expand computer sales 
to the military whi~e Itrealigning its sales organiza­
tionll in'the general purpose, commercial field. 

With the closing of field offices in Oakland, Tulsa" 
Boston, Kansas City and Denver, and the departure of 
a large number of key personnel including computer 
divi~ion manager Charles Edwards, the uSe of'the word 
IIconsolidation~ was tra~slat~d by industry rumor int~ 
IIcapitulation. 1I 

While the outlook for Be~dix Co~puter may not appear 
as the brightest light on the horizon, a modest amount 
of optimism can be justified. First, an r&d effort i~ 
progressing on a transistori~ed version of the'G-l5 
and Bendix has amassed a tidy backlog of over 3QO G-l5 
users which' could be profitably converted to a new 
solid state shouidit appear within the not-too~ 
distant future. ' 

Secondly; G-20 installations are progressing at a 
reasonably steady rate although admittedly, no produc­
tion records have been shattered to keep pace with the 
20 orders iri hpuse. . 

. Finally, softw~re development for the G-20 is larg~­
lyon schedule, a rarity among most computer manufac­
turers. A~COM, an a+gebraic compiler, and the SPACE 
executive system'were both shipped last month. FORTRAN 
II will be delivered to users this ~onth and COBOL 
will be ready in the last quarter o~ this y~ar. 

With the added pote~tial of beneficent favors from 
the military and hopefully, the financial patience of 
its Eas~ern management, it is probaple that Bendix 
will not leave the computer field regardless of the 
implications of its own news'releases. 
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ROYAL McBEE 
~WS OUT ----

ALWAC 
REMAINS 

COMPUTER EXPORTS 
CLIMB 194 PER CENT 

In what may be termed a most uneventful tossing-in of 
the financialtowel,'Royal McBee pulled out of the 
computer field last month. 

With virtually no advance fanfare and little effect 
on it~ employees or 400 LGP-30 users, RM sold its 50 
per cent interest in Royal Precision for 5-megabucks 
to General Precision Equipment whose Librascope 
division has been producing the commercial equipment 
RM has marketed. 

As of last July, Royal McBee's investment in Royal 
Precision was $11,162,047 with an equity in the firm's 
net assets of more than 3-megabucks. Royal Precision 
has not returned any profit to its owpers. A loss of 
nearly 7-megabucks' has been incurred. 

RMwill now concentrate on ~ new typewriter line 
as well as the development of peripheral gear for 
edp systems such as a 50 cps paper tape punch and 
reader. 

The split between the manufacturing of a computer 
system by one company and its marketing by another has 
long been a major bone of contention between Royal 
McBee and Librascope as well as somewhat of a curi­
osity in the industry. RM's departure should u~timate­
ly result in an improved product line from L~brascope 
and of course, a more realistic competitive position 
in the commercial·field. 

In the midst of multi-million dollar losses and gains, 
bullish prognostications by corporate chiefs~ and 
belt-tightening bearism from others, the weeniest of 
them all, ALWAC, a division of El-tronics, Inc., per­
sists in doing little more than persisting. There are 
38 users of the ALWAC III and four machines remain for 
off~the-shelf, ultra-speedy delivery. 

Talk of the ALWAC IV also remains although work has 
been delayed due to a recent splitting off of certain 
assets of El-tron~cs into a new firm known a~ EI-Tek, 
Inc., which will ~pecialize in computer modules, read­
write heads, peripheral gear and small, special pur­
pose machines. 

~mpressiveproof of the growing market for hardware 
abroad was attested to recen~ly by a Commerce Dept. 
report that computer exports increased 194 per cent 
during 1961 over 1960. By far the leading category in 
all business machine exports, it may be noted that 
the/ closest competitor to computers was cash registers 
with a 44.6 per cent increase over 1960. 

The dollar~olume of computer exports for nine 
months in '61 was $79,615,539 or 34.8% of the total 
value of busin~ss machines shipped abroad. Second in 
liqe as far was punched card equipment with $44,497,494 
sh~pped last year or 19.4% of the total. EXports of 
~oth computers and punched card equipment totalle~ 
more than 54% of all business machine exports. 

Since the balance of trade may hardly be considered 
properly balanced, it should be noted that imported 
computers accounted foronty 4.7% of the total 
imports of business machines with a dollar value of 
sl'ightly more than 3-megabucks. Their increase over 
~60 was 15.9%. Typewriter imports were highest in 
volume and mag tape recorders showed the highest 
percentage increase over the previous year -- 172.6%.· 
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DATAMATION 

D EDITOR'S 
O~READOUT 

Near 
The 

Beach 

THE CONFERENCE 
RECRUITER . . . 
IN COLOR 

Sincere apologies are formally tendered for adapting the 
delightful motif of Hans, Aitman and Cohen's Executive 
Coloring Book* for the following accouterments of the 
computing conference recruiter. For the minute minority of 
Datamation readers who have not been thoroughly im­
mersed in this activity, a crayon set may be purchased 
most anywhere. For conference planners and other erudite 
noblemen, this offering may be properly viewed as a 
plea for professional decorum in the burgeoning field of 
body swapping. 

Payoff 
Desk Clerk. 

Bell Captain 

Stuff 
Mail Boxes. 
Door Cracks 

Tack Notices 
on 

Bulletin Board 

Move Liquor 
to 

Suite 

Greet 
Prospect 

Ask Girls 
To Fix Drink 

Help Prospect 
Fill Out 

ForIIl 

Mix Another 
Drink C 

* Published by The Funny Products Co., Chicago, ilL, 1961, 
$2.98. 

o 
This is my hand. It has six fingers, one for each of 
my virtues. It is a happy hand and will shake your 
hand. Squeeze it and it squeezes back. Color it a 
splotchy red. 

Show 
Applioant 

Out 

Hand 
Out Favors 

This is my How chart. 

It is a closed loop lead­

ing to drink. Color it 

looped. 
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BAR 
1000. 

Di'S" 

CJ 

These are my girls. They attend all the conferences. 
They will help you fill out your application forms. 
They will bring you drinks. They are nice girls . 
. Color my girls pink. 

ac BAR 
IJ 

rlk- c~\R 

~ 
BAR ~ 

• • • • a 
• • • • 

These are my rooms. I have a hospitality suite. Some 
of my competitors only have one room. I have a 
suite. Color my suite Scotch. 

This is the bulletin board. There are many notices 
on the bulletin board and most of them are mine. 
Color them differently. Some of the notices are 
from my competitors. Do not color them P"""""'" 

This is my smile. It is a handsome smile. I use it all 
the time. Color it fake. 

m 
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ifi'et under it. This is a hotel door. I have slipped a Ie 
It keeps you informed of the location of my suite 
which sometimes changes. Color the door faded wal­
nut and my leaflet luminescent green. 

( 
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-
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This is the conference cocktail party. I am here. I am 
working. If you find me, color me sober. 

-
AP~IL 1}'Q62 

DEAR FLETCHER 
A G\.IEI4T of OURS 
"ASA¢PME 
TO CDNTAGr rIll 
PERSDNALLV: •• 
~ 

r 

This is my form letter. It is very intimate. I sent it to 
everyone. It was written by an advertising agency. 
I received a three per cent return. Color it intimate. 

April 1962 
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This is the General Session where technical papers 
are read. I am never here. Technical matters confuse 
me. Color the speaker dull. 

This is a crowded hallway. I am working here. If 
you find me, color me black. 

This is my staff. Sometimes we recruit one another. 
We call each other "Dr." Color us all the same. 
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These are the people we recruit. They are program­
mers. One of them is a logic designer. We call them 
all "Dr." Color them gold. 

This is the mail box at the registration desk. It is 
filled with my leaflets which keep you informed of 
the location ·of my hospitality suite whiCh sometimes 
changes. Color it stuffed. 

This is my necktie. Color it red, white and humble 
blue. The government is very generous about re­
cruiting and we do not like to boast about it. 

SCRfENIN6 FORM .... 
'fst NAME ...... ...... . 
NICk NAME .............. . 
fI()IIII'Ii~ .•.•....•...••.. 

MEM8ERS .. ,P 
ACM .. .. IRE •... AlEE •... Dt:/ 
AlEE •••• DCA ••••• 

These are my pencils. I take two to every conference. 
They are not very heavy. I use them to mix drinks. 
Color them wet . 

o ( 

SALARY DESIRED . 
I .......................... . Tlhl is is my akPPDlication folrm .. It Fi~ltlh~ culmI

I
· nfation dof C 

a my wor. 0 not co or It. I It out. you 0 
c 

- not fed like filling it out, just sign it. 
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More than 15 years since the invention of ENIAC, the 
world's first, general purpose, digital computer, the 
starters-of-it-all have undergone almost as dramatic a 
revision in their outlook and present-day roles as their 
original invention. 

To provide our readers wi.th some unusuql and specific 
prognostications and an occasional amusing reflection, 
DATAMATION enlisted the patient cooperation of J. 

AN 
INTERVIEW 
WITH 

Dr. John W. Mauchly (left) 
and J. Presper Eckert 
(right). 

Presper Eckert, vice president of RemRand UNIVAC, and 
Dr. John Mauchly, president of 'Mauchly Associates, for 

the better part of a mid-February afternoon. 

During the course of the taped interview, there were 
no ground rules and few restrictions on topics for dis­

cussion. Th~ following manuscript has be~n edited only 
for cogency, and not for syntax or sensitivities. 

a merger of recall and look ahead 

ECKERT & MAUCHL Y 
by HAROLD BERGSTEIN, Editor 

Q: Since the ENIAC was a direct result of your efforts and 
"government money during W orId War II, when would 

you speculate that the digital computer might have been 
invented a) if there had been no war, and b) if there 
were no Eckert and Mauchly to invent it? 
E. I think you certainly would have had computers about 
the same time. There are a lot of things which cannot 
linger long without being born. Actually, calculus was 
invented simultaneously by two different individuals. It's 
been the history of invention over and over again that 
when things are kind of ready for invention, then some-
body does it. . 

What puzzles me most is that· there wasn't anything in 
the ENIAC in the way of components that wasn't available 
10 and possibly 15 years before. Even two tubes in one 
envelope were available 10 or 15 years before they were 
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used. Knobs, switches and resistors weren't quite as good 
and a little more expensive, but they weren't so different. 
The ENIAC could have been invented 10 or 15 years 
earlier and the real question is, why wasn't it done sooner? 
M: In part, the demand wasn't there. The demand of 
course, is a curious thing. People may need something 
without knowing they need it. 

E: Such as paperwork? 
I was thinking back to 1930. Only about one third of 

our labor force was doing paper work instead of the half 
today with the computer. 

M: The demand was being met, as far as office clerical 
jobs were concerned, by a growing battery of punched 
card equipment. 

Q: Is it your contention that sooner or later,. by some 
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devious means, a punched card machine would have 
turned into an integrating calculator? 
M: One of the books which I had available at the time 
we were working on ENIAC was written by Dr. Wall~ce 
Eckert of the Watson Scientific Computing Bureau, on 
how 'to do scientific c~mputations using punched card 
machines. This was the kind of thing that was going on 
at the 'Naval Observat~ry. 
E: How to do ,scientific calculating with a machine that 

, was m~de for entirely' different purposes! 
Q: Who made the now classic prediction that the total 
requirement for comp~ting power in the U. S. would be 
six machines? 
E: There's some confusion here. John said, 'Let's get 
orders for six machines to get us enough backlog to make 
it worthwhile to go ahead with the ENIAC project.' And 
then, Howard Aiken made a remark that if six machines 
were built (and l don't know whether he was referring 
to the six m'achines we were building or whether he was 
referring tq some other source), we'd never be able to 
train enough people to program enough problems for 
th~se machines. Of course, he was thinking of just hand 
programming. And, o£ course, he didn't take automatic 
programming into' account. 
M: I don't think he took into account the fact that some 
of those machines would be devoted to repetitive tasks 
such as running payrolls weekly for which you can keep 
these machines busy without large programming efforts 
producing new problems all the time: Some people of 
coui-se; made the opposite error and assumed that it was 
a one-shot effort in programming anc~, once a payroll was 
programmed, why there you sat. 
E: I don't think Aiken thought of sorting and collating and 
file maintenance and all that sort of thing which take up 
hours and hours of time on these machines and yet you're 
not really doing any computing in the ordinary sense of 
the word. 
Q: The technological progress which has taken place in 
the past 15 years may best be brought into focus by a 
suggestion of Willis Wan~ (AFIPS Board Chairman) made 
at last year's ACM Conference. He fe~t that if all hardware 
development were frozen for a period of time, we might 
learn how to apply existing technology more efficiently. 
\Vould you care to comment on this point' of view? 
E: Its certainly true that we haven't learned to use the 
computers we have to the best advantage, and I suppose 
the real force of his remark is that if we did freeze such 
development it would force us to turn our attentions to 
better uses. However, I don't really believe we'd be better 
off. 
M: I would agree. I think this is kind of automatic in the 
way we work in this country. If it were better to make 
progress doing software development rather than hardware, 
this is in fact, what we'd be doing. I think you work 
in any area that has a little softness to it, and when you 
push, it gives a little. There's some give in both directions, 
so why not work in both directions until you run up 
against a stone wall? 
E: Just because a lot of guys are screaming that they can't 
hire the programmers they want, doesn't mean there's a 
stone wall and that you can't train more people or that 
we have run out of ideas for improving programming. 
There are stone walls only when you finally get to the 
point where you can't beat the speed of light in a wire. 
Q: What do you feel is the single most important problem 
that the computing industry faces today? 

26 

E: I think the programming problem is the most serious 
problem at the moment, but it's not one in which progress 
is not being made. I think it is certainly getting a much 
larger percentage of RemRand's budgct than it was some 
years ago. This is probably true in the other companies 0 
as well. I think these things are self equalizing; that is, I 

a solution is sought where it can make the most progress 
the easiest way. But there is also some awfully good work 
being done in hard\Var~, and if you can improve speed by 
a factor of 10 or 50, in the hardware, I don't see why you' 
shouldn't do it. 
M: Some people think that the most important problem is 
to make money out of the computers. 
E: Well, there again you have to decide whether YOll 

mean in the next year or the next five or ten years. Your 
approach can be different on that, too. 
Q: Do you feel that the software problem will not be as 
serious in five years as it is today? 
M: I wouldn't be surprised if it was a worse problem five 
years from today, but that would be a purely relative 
point of view. I view this type of activity as an expanding 

Present when ENIAC was announced, February, 1946 
were (left to right): J. Presper Eckert, chief engineer; Pro­
fessor J. G. B~ainerd, project supervisor; Sam feltman, 
chief engineer for ballistics, Ordnance Dept.; Capt. H. H. 
Goldstine, liaiso!1 officer; Dr. John W. Mauchly, consulting 
engineer; Harold Pender, dean of the Moore School of 
Electrical Engineering, University of Pennsylvania; Gen. 
G. M. Barnes, chief of the ,Ordnance R&D Service;. Col. 
Paul N. Gillon, chief, Research Branch of the Army Ord­
nance R&D Service. 

J. Presper Eckert checks pattern on CR tube during EN lAC 
demonstration, February, 1946. large unit on caster (ex­
treme right) is portable function table B. 
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horizon as most seientifie problems are. Yon don't have 
very many problems on which you can sit in a closed 
room with the window shades pulled and try to think 
of nothing. 
E: You mean the problem is how do you think of nothing? 
I think I can bring baek to John a problem on that point 
that was never solved. In the original ENIAC, we had a 
facility we never made much use of. We designed each of 
the panels with its o\vn separate programming element in 
such a way that we could progl'am the operation of a 
number of panels in parallel. In practice however, we 
found this sufficiently difficult to plan that we rarely did 
it, except in certain problems. Now I think they're going to 
run out'of pulse rate in a' few more years, and they're going 
to get back to wanting still more performance. They're 
going to find new methods, and so on, and still want 

. more performance. They're going to try doing several 
tbings in parallel. At that point I think all hell is going 
to break loose in the programming business again. 

You see, in pure speed we haven't got very far to go. 
One has to view this thing as on a logarithmic scale be­
cause certainly LARC and STRETCH, as two examples, 
will compute a million times as fast as a fellow who does 
calculating by hand. And yet, on pulse rate alone, you've 
only got about another factor to go. So on a logarithmic 
seale, we're 70 per cent or so from the end. 

Now, the reason you must think it's a logarithmic scale' 
is that we certainly aren't doing the amount of work 
that we could do with 10 million people. Certainly people 
wouldn't work ·it this way and speed therefore, is only 
one of the ways a human being presents himself. He has 
other dodges to get around the speed problem. 
Q: Now that you've brought it up, why was LARC with­
drawn from commercial availability? 
E: I think that we just didn't have the necessary sales 
force to sell it and all the other products we have. Of 
course, there's a little more than that to LARC. The com­
puter tended to require a lot of custom engineering. One 
customer wanted one kind of output 'and another wanted 
another and still another wanted different kinds of tapes. 
vVe were getting into more custom engineering than we 
could manage. This takes a lot of special sales 'handling 
and we wanted to get out of it and apparently so did IBM. 
Q: Is RemRand going to stay out of the super-computer 
field? 
E: I think that what we'd like to do is see what the other 
companies are going to do and take faster basic circuitry 
sueh as some film memory work we have which is basically 

ENIAC as ,it appeared when installed on the first floor of 
the Moore School of Engineering. 
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faster than the other people's memory work, and see how 
far we have to go. I think what we'd like to do then is to 
build a machine that was as simple as possible and that 
was still better in overall performance withotIt going all 
out for performance. In that way we can go at these other 
people from a cost angle. 

In LARe (and the same holds true for STRETCH) we 
said let's pull all the. stops out, push the limit of the 
circuitry and not worry too much about the cost of the 
machine. This is a pretty expensive way to go. I think the 
next time we'd like to strike a better medium between 
cost and performance. 
M: In a sense, this was the spirit in which the UNIVAC 
I was designed. The ENIAC was a highly parallel mach~ne, 
parallel as to handling the digits and parallel as to handling 
the program. In UNIVAC, we went to the serial machine, 
completely serial as far as program was concerned. The idea 
was that this would cut the cost down while l:etaining a 
very useful standard of performance. 
Q: \\That is your estimate for the development of the first 
nanosecond' machine? 
E: It has taken about five years to generate a LARC or 
STRETCH from the back-of-the-envelope stage, and we 
might be able to generate a nanoscond machine in five or 
six years from the time we started. I presume someone 
will start in the next year. 

Because people are a little scared of too much com­
plexity in programming these days, and because of the 
great cost for STRETCH and LARe programs, I think 
we'd probably start on something that was logically a little 
simpler. And while some ideas in logic inay have produced 
a gain of a factor of two or three and' circuity is 20 times 
faster, I don't think that the actual machine prodliced 
would be 20 or 50 times faster than STRETCH, but some­
thing like 10 times faster and it would tui'n out to be 
smaller, simpler and iess expensive. 
Q: When will the first computer with a large seetiori of 
thin film memory be commercially available? 
E: In two to five yeaI1s. 
Q: vVhat do you expect will be th~ reduction in costs for 
thin film circuitry within this period? 
E: We have two different ways of producing thin film. One 
of them would seem to be about the same in cost and the 
other would cut the cost in half. 
Q:, Can you describe them? , 
E: They're both thin films, except that one of them is a 
little thieker. It may be i'eferred to as thick thin films~ 
Q: At present, RemRand,'s thin film computer, the 1107, 
has only a 128 word memory of thin film and 32K of core. 
Of what real value is 128 woi'ds of thin film? 
E: It's considerably faster than core and by llsing the 
thin film, the user is able to get higher effective speed 
out of the 32K. They feel that the presence of a thin 
film memory on some problems can make a 4 to 1 dif­
ference and 011 others, it makes relatively little difference. 
But they think that across the board it makes a 2 to 1 
difference. Obviously, it depends on the type of problem 
you get. 
Q: Practically speaking, there may not be too many prob­
lems where you can effectively use 128 words of memory. 
E: Well, they bring in pieces of problems. Af course, we 
have military devices with larger thin film memories. 
Q: Dr. Mauchly, since the conception of UNIVAC I and 
the sale of the first commetciril machine, have you received 
any royalties on the invention of the computer? 

M: These patents which were jointly held were assigned 
to our original company when we started business and 
these in turn became the property of HemRand. So we 
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have received same payments which cauld be caunted that 
way but this is no gigantic figure. 
Q: A subject 'Of same speculatian in the industry was yaur 
decisian ta leave RemRand. Wauld yau care ta camment 
an this? 
M: Well, this is a situatian which has many facets ta it 
'Of caurse, but I felt that I wauld be happier daing things 
that I wanted ta da and there wasn't any appartunity ta 
da them at the time I was at RemRand. 

I was very much interested in various kinqs 'Of applica­
tians which Critical Path Method (CPM) is just 'One and 
yet, many 'Of these have nat been explared. I still have 
very ingrained desires ta get back ta same ather prablems 
of a statistical nature which aren't very much further 
advanced than when I was warking at them in the 1930s 
and decided that camputers were needed ta praceed 
further. I'm hoping that in the years to come there,will be 
oppartunities ta da this. I have nat yet faund the right 
combinatian 'Of maney and time ta da it. 
Q: Has there 'been any cansideratian an yaur part 'Of 
returning ta Rem Rand? 
M: Nane at all. I have new headaches but I'm happy with 
them. 
Q: If yau received an 'Offer fram a camputer manufacturer 
that pramised an attractive salary and the freedam ta da 
whatever yau wish, wauld yau cansider this 'Offer? 
M: Not very seriausly. 
E: It seems to me he wauld get this kind 'Of 'Offer with aut 
much trouble. 
M: This has happened actually, but 'Once yau've started a 
new business yau have respansibilities ta ather peaple 
besides yaurself. Yau just dan't walk 'Off and leave them. 
Q: Haw large is Mauchly Assaciates? 
M: Caunting the peaple in Canada and England where 
there are subsidiaries 'Of 'Our campany, there are abaut 45. 
Q: Wauld yau describe yaur present activities? 
M: By far the largest partian of our business is in both 
the training and implementatian 'Of scheduling systems, 
anything from a canstructian job ta the rather camplicated 
research and development programs that go inta 'Our ef­
farts such as shaoting rockets and missiles .irita 'Orbit. We 
'are nat 'Only training peaple in basic methads 'Of netwark 
scheduling but 'also improving and building on these 
methads and training peaple in haw they may far instance, 
make a more unifarm 'demand upan their variaus limited 
manpawer requirements, sa as ta even aut the flaw of 
manpawer usage and yet, camplete their wark. 
Q: Yau have just recently introduced Sked-u-Fla '(see 
Datamation, p. 104 March). Are yau planning any exten­
sive marketing 'Of this analag device or any expansian 'Of 
yaur firm inta hardware develapment and sales? 
M: This device is in a stage in its histary where it's hard 
to say what'sgaing to happen. It's in a stage very similar 
to the Critical Path Methads which it was built far. These 
methads were relatively unknawn and na attentian was 
being paid ta them a few years aga. But in the intervening 
time, more and mare arganizatians have decided this was 
'Of great value to them and we're expecting that there will 
be mare peaple wha will nat just use the simplest netwark 
methods but will want more advanced methods. This com­
puter actually embodies same of the rather saphisticated 
cancepts which althaugh warked out several years aga, 
have nat as yet came inta use. Minimum cast expediting 
far example, is at a degree 'Of saphisticatian which mast 
netwark users have nat' yet came ta. 

Q: Ta switch h~acks bTiefly, neither 'Of yau gentlemen are 
listed as members 'Of the ACM. Any camments? 

M: I was' a faund~r and early president 'Of ACM. Yau've 
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just uncavered a seriaus lapse in my damestic accaunting 
system which failed ta pay dues. 
E: I didn't belang because J ahn did. He was daing sa much 
in ACM and I was doing ather things. 0 
Q: Da yau have any general camments abaut the rale 'Of . 
ACM in the computing professian? 
M: I cansider the Associatian had and still has a very im­
partant rale and I think I've already tald my secretary ta 

see that I get back in. 
Q: Mr. Eckert, since yaur major sphere 'Of interests are 
mare in the engineering field rather than in programming, 
is this 'One 'Of the reasans why yau are not an ACM 
member? 
E: Yes, J ahn was mare interested in 9Pplicatians and pra­
gramming and I tended ta fallaw the hardware element. 
I felt that IRE with all its subdivisians kept me supplied 
with enaugh mail. 
Q: Dr. Mauchly, yau are nat a frequent speaker at industry 
meetings. Is there a reasan far this? 
M: I respand ta mast 'Of the invitatians I get, but laziness 
is prabably the reasan why I haven't written as many 
papers as I shauld have. In the beginning 'Of this camputer 
industry, Pres and I were sa busy daing things that we 
spent very little time writing. It was sart of a farced labar 
ta write the rep arts at the university 'On ENIAC. 
Q: Hasn't 'the rale 'Of the university changed considerably 
since the days 'Of ENIAC when the develapment of cam­
puter technalagy was a primary respansibility of the schoals? 
M: I dan't know 'Of any philanthrapic arganizatians setting 
up universities with departments 'af research ta improve 
camputers. They feel this can be better accamplished taday 
in the larger labarataries 'Of camputer campanies. 
Q: Mr. Eckert, it has been said that yau are explaring the 
field 'Of bianics. Wauld yau care ta camment an this? 
E: There's that rumar again! 
Q: It was mentianed during the dedicatian ceremanies 'Of 

Rem Rand' s Whitpain Center last year. 
E: No, I didn't! Mr. Bibby mentianed it. I persanally regard 
bialagical physics as a terribly impart ant field very likely 
'One which we still have ta laak farward ta far future 
breakthraughs. I have felt this way since the time we 
started ta build computers. It's nat a new feeling, nar is it 
a feeling which was greatly influenced by camputers. . 

When I was still ia student I became interested in some 
work that was being dane in Texas 'Of measuring patentials 
alang the stems 'Of plants, and we faund patential varied 
when yau shined lights an the plants, and all sarts of 
interesting things which we dan't knaw very much abaut 
and still dan't knaw much abaut. 

Dr. John IMauchly and J. Presper Eckert discuss the design 
of ENIAC with Major General Gladeon Barnes, chief of 
army ordnance, in Feb., 1946. 
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I think that when we learn more about these things 
we're going to see \.more and more connections between 
the two, but when it comes to some of these blue sky 
articles on bionics, the thing that comes to mind is that 
we don't understand our own subconscious thinking oper­
ations very well. This means we have inputs that we're 
not even conscious of and that we use these inputs in 
making decisions by methods we don't understand. I find 
it pretty hard to consider how to program that on a 
computer until we understand more about it. 
Q: Then you have no active research team currently en­
gaged in the field of bionics working in the basement at 
Whitpain or el~ewhere? 
E: No! t 

Q: Do you have any comments on the field of bionics, 
Dr. Mauchly? 
M: I feel that there are many directions in which the 
study of all-purpose scientific problems can be tied in 
with computers, using computers as a tool or computer 
sciences, if you like, as a sort of model of living systems. 
But, my native interests go back to meteorology and the 
weather, and I'm happier when I find that someone has 
recently confirmed an effect of the moon on precipitation 
which I worked out in 1954. ' ' 
Q: Do you have any interests in third generation com­
puters? 
M: I feel I have no active part to play in the generation 
of new types of hardware, new components, and new 
ways of doing things faster. This is being adequately 
handled by large research teams. I'm very anxious to 
see the developments and make use of them. My inter­
est centers more in. the applications' of these things. 
Q: Why do you feel that IBM, as a comparative late­
comer to the computing field, has obtained such a posi-

Dr. John Mauchly (left) and J. Presper Eckert (right), in­
spect the mercury memory of UNIVAC I with Lt. Gen. 
Leslie R. Groves, U.S. Army (Ret.) in the Fa'lI, 1950. 
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tion of dominance in the industry? 
M: People feel their sales force is a good one. There's 
also another factor which seems to me to have something 
to do 'with it. IBM's business except for typewriters and 
now dictating machines, is almost entirely in the com­
puter field. In almost every other company, computing 
is just a sideline or a division at most. 
Q: What is RemRand currently. doing about shifting this 
balance of power more toward its favor? 
E: The recent trend seems to be to restrict operations 
somewhat and not to be in so many different areas but 
rather concentrate on the areas where we have been 
making progress. 
Q: Such as business as opposed to scientific applications? 
E: I wasn't thinking of that ... We've done a lot of 
basic work in mass storage largely because we think sys­
tems have to be designed around mass storages, and we 
don't think any of the existing systems have been effec­
tively designed in this manner, with the possible excep­
tion of the 490, which is somewhat designed to work 
along with mass storage and real time. That's a large 
system however, and not really small enough for many 
businesses. Smaller machines designed more around the 
mass storage or in line with the real time concept is 
the area in which we hope to make the biggest dent in 
our competitors in the future. 
Q: Why doesn't Rem Rand produce a disc file? 
E: We made one and stuck it in mothballs because it 
had too many damn parts to change around; in fact, we 
made three disc files, and all of them turned out to be awk­
ward, complicated devices. We put out these drum de­
vices which had more storage capacity than the disc 
files and a lot fewer parts and were a lot more reliable, 
and so why put out the disc files? 

Now that doesn't mean that we're irretrievably against 
disc files. We are still carrying on research on some disc 
files but with a great attempt to reduce the number 
of parts and increase flexibility in ways that haven't been 
discussed as yet. Actually, if you have big drums or 
discs, it's kind of a minor difference anyway; :it's all 
magnetic surface recording. 

One of the things we've got to trade on is how 
many bits you can get to the inch on these surfaces. 
On Randex II we do 650 bits to the inch in one direction 
and 50 tracks to the inch on the other. We will be 
putting out equipment in the next few years which will 
be a thousand bits. to the inch and a hundred tracks to 
the inch. We've 'done better than that in the lab. 
Q: Would you comment on the state-of-the-~rt as far 
as automatic programming is concerned, particularly as 
it concerns efficiency vs. compatibility of compilers such 
as COBOL. 
M: In the early days of our work at Eckert and Mauchly 
I thought that the development of automatic program­
ming was one of the most important things to be done 
and actually I was instrumental in seeing that Dr. Hopper 
got started in that direction. 

Obviously, in' any attempt at standardization of soft­
ware systems it's always hard to say how much you're 
putting things in a straight-jacket and how much you're 
helping people by reducing the number of different sys­
tems that they have to attend to, and try to make work 
with each other. . ' 

In the problem of efficiency vs. compatibility, we must 
ask what kind of efficiency do you obtain by compati­
bility? What kind of efficiency do you obtain by depart­
ing from some normal or standard system? You have to 
weigh one against the other. It would be a mistake at 
first to say that anyone system was the final system 
and never improve it. Yet those improvements must 
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always be departures. The same problem comes up when 
trying to standardize on magnctic tapes. 
E: I think it would be a delightful situation if com­
patibility was possible because I think it's a very import­
ant aspect of trying to keep this field competitive, and 
not just becoming a monopoly. You see, this whole com­
puting business can become a software monopoly by 
one supplier who for generations will use nothing but 
his equipment. To the extent to which COBOL and 
those thi~gs work, you're going to avoid this monopoly 
and the more you avoid the monopoly the better equip­
ment you're going to get. And the better COBOL you're 
going to get, too. 
Q: In the near future, will we see a preponderance of 
larger or smaller machines? 
E: Both. 
Q: With one or the other dominant? 
M: It's a question of what dominant mearis. If you 
make your count by machines you get one answer. If 
you make your count by dollar volume you get another. 
Q: In terms of dollar volume. 
E: Dollar volume is almost certainly on the smaller 
machines. On the question of using large computers 
for time sharing, I believe there has to be considerably 
more study. 
Q: Do you believe that the' number of manufacturers 
presently in the computing field will remain somewhat 
static? 
E: I think that the companies selling larger machines 
will be dropping these entries and that there will be 
more small machines announced because the technology 
is going to make it possible to have a lot of small ma­
chines; maybe little digital machines which can sell for 
under $1,000. 
M. For many years the emphasis, not only the general 
public's, but the computer buyer's emphasis, seemed to 
to have been on speed, but it should have been on eco­
nomics: what do you get for your dollar? Well, al­
though there are ultimate limitations on the speed with 
which you can do computations-the speed of light through 
a wire, as Pres was saying-I don't know that there are 
any such serious, forseeable limitations on the economics 
of computing. 

We will continue to learn how to make these things 
cheaper and cheaper, and will continue to be training 
more people who will naturally think in terms of com­
puters just as we now naturally expect everybody to 
read and write. Literacy is taken for granted in this 
country. Well, someday, they're going to be literate 
about computers, too. It is actually easier to teach ele­
mentary children about computers than it is adults. Adults 
start off with, a closed mind. 
Q: But will the average individual ever reach the austere 
heights of a programmer? 
M: If you can get the machines small, then you get 
more smaller users, and you'll have more stereotyped 
problems, too. We have more people now who can do 
arithmetic. It's not just a question of being able to read 
and write. It used to be quite a chore for someone to 
just add a column of figures. If you're going to be em­
ployed _ in a restaurant, why any waitress is supposed 
to be able to add up a check. In general, you expect 
these abilities from the person on the job. You expect 
everyone to be able to dial a telephone number and to 
use the telephone correctly. 

In that sense, to my mind, the computer of the future 
fits in with the way of life of the common person. He 
doesn't have to be a programmer, in any glorified sense, 
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but he has to know what uses can be made of computers, 
how to get access to them to do what he wants. 
Q: Is there any primary field of application which you 
think is going to receive special attention within, the 
next year or two? 
M: In one sense the answer to that, one could gather 
from the consensus of what people are talking about 
in business management and information analysis. More 
and more you find the schools of business like Carnegie 
Tech where I was visiting professor of systems engi­
neering last year, and other well-known schools, are put­
ting emphasis on management methods whereby you 
get decisions worked out on a rational basis. Quite often 
the computer is the essential instrument for providing 
the analysis of information and reduction of the data 
necessary in order to make a rational decision. 
Q: There has been a great deal of public attention 
directed at displacements of the labor force because of 
computing. In England some years ago, mobs were in­
cited to the point where they tore apart the looms. 
Can we expect a similar action against the 90s and solid 
states? 
M: There certainly may be temporary outbursts but if 
these occur they will merely be sporadic events. 
E: I think there would be more clerical jobs if it weren't 
for computers. However, I doubt whether we have put 
people out of work because the number of clerical work­
ers is still on the increase and the percentage' only stopped 
increasing last year and it's up to 52 per cent of the 
work force. Therefore, it hasn't really put anybody out 
of work; so far, it's just about stemmed the extended 
explosion. 

But suppose you go further and it does eventually 
start to put some people out of work. So does every­
thing else which may be considered as progress. So did 
the printing press. So did the rotary presses, as com­
pared to the hand press. And so does medicine. If you 
cured the common cold tomorrow, you would put one 
per cent of the labor force out of work because at the 
present time, you have about one per cent of the labor 
force sick at anyone time with a cold. Therefore, you 
have to employ enough extra people on your staff to 
allow for this. 

Therefore, if you solve the problem of the cold, it 
follows that you should tear down the research labora­
tories where they're doing medical research on the com­
mon cold. 

Or, if you make people live longer you are contributing 
to the same problem since such people are' really beyond 
retirement or the same as being out of work and they 
have to be supported by the remaining people. There­
fore, anyone who does anything to prolong human life 
should have his laboratories destroyed, and so on. vVhere 
do you stop? You have to have some rules to go by 
before you start throwing rocks at the computers. 
M: Other dislocations that have occurred such as the 
use of oil for fuel instead of coal, have made a lot of 
coal miners unhappy. In recent years there have been­
a lot of dislocations of this sort which no one has done 
very much about. The use of government funds to re­
train workers seems to be a useful way of spending 
money. This is the positive action method. 
Q: One final question. What are your definitions of the 
word "automation?" 
~f: Do you have to ask that one? 
E: This is one of those words which has meant so many 
things to so many people. It can mean an assembly -line 
in the Ford factory which means we had automation long 
before the word "automation" was coined. Or it can 
mean flush toilets. • 
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°COBOL corporate policy urges 
rapid implementation 

AT WESTINGHOUSE 

° 

by ARTHUR J. WHITMORE, Business Systems Dept., 
Westinghouse Electric, Pittsburgh, Pc. 

More than 50 general purpose, digital 
computers have been installed by the 

; decentralized manufacturing divisions 
of Westinghouse in the past five years 
and many more are scheduled for 
installation in the near future. Initially, 
computers were installed to solve the 
mechanization requirements peculiar to 
a specific manufacturing division and 
as a result, there are 20 different types 

of digital computers presently in use in Westinghouse, 
each with its own programming language. 

Investment in program development has increased more 
rapidly than machine rental and in 1960 amounted to one­
half the total rental expenditures. The current rate of 
increase in program development costs for the many dif­
ferent types of computers in use indicates that by 1965 
this could equal the total machine rental cost. 

One of the factors contributing to this rising cost of 
computer program development is the lack of compatibility 
between the 20 different types of digital computers. Pro­
gramming dollars are being spent on duplicate develop­
ment because of differences in equipment and methods 
of documentation. Communications problems in the control 
of computer installations exist due to the lack of a language 
understandable to programmers and management. Repro­
gramming costs, when changing equipment, are in many 
cases, so prohibitive that new equipment is not considered 
even though a substantial reduction in machine rental can 
be realized. 

For this reason the Westinghouse Business Systems 
Department has evaluated the use of COBOL (COmmon 
Business Oriented Language) as a means of controlling 
computer program development costs. As a result of this 
evaluation, the Westinghouse corporate policy regarding 
implementation of COBOL has been determined. This 
policy states: 

COBOL shall be applied as rapidly as possible in 
programming data processing applications throughout 
the corporation and the use of other computer lan­
guages for data processing shall be minimized within 
the limits of good economic practice. To this end -
1. All new data processing computers shall have a 

COBOL compiler available or announced. (Some 
small scale equipment and card systems are 
exempt.) 

2. Programming for computers for which a COBOL 
compiler exists shall be done in COBOL and 
documentation will include an up-to-date listing 
of these COBOL statements. 

3. Programming for all data processing applications 
will include a COBOL procedure Row-chart. Card 
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systems and small scale computers noted above 
will be programmed from these procedure flow­
charts in the available symbolic language. 

COBOL is particularly applicable in the area of pro­
gram development control because of its features of 
standard· documentation and improved communications. 
Far too often program documentation has been left to the 
discretion of the programmer with the result that in the 
rush to put an application into production, little or no 
documentation is accomplished. This lack of adequate 
program documentation has contributed greatly to duplica­
tion of development effort and is a significant factor in 
the cost of re-programming for new equipment. In· order 
to establish proper documentation practices a "Computer 
Application Documentation Standards" manual has been 
developed which relates in detail those features necessary 
to insure adequate documentation. The COBOL procedure 
Row-chart, noted in the Westinghouse corporate policy on 
COBOL, is a required feature. 

The basic element of a COBOL Row-chart, an English 
language statement, substantially reduces the problem of 
communication between persons engaged in the process 
of mechanizing a business application. The "audit trail" 
characteristic of a COBOL Row-chart shortens the orienta­
tion period required when assigning new or additional 
personnel to an application in the process of mechaniza­
tion. This can be significant where programmer turnover 
is a problem and also when it is necessary to assign ad­
ditional programmers to an application in order to rush 
it to completion. The COBOL Row-chart is a definite 
advantage in "de-bugging" a computer application as this 
"de-bugging" can be done at a logic level rather than 
machine-language level. This enables a programmer to 
spend more time on problem definition and solution for he 
is relieved of concern of many machine details. 

COBOL will be used to advantage in the Westinghouse 
Modular Programming effort. In modular programming, a 
complex problem is divided into its logical parts and each 
part is programmed separately as an independent routine. 
For example, F.I.C.A., local tax, and employe purchase 
deductions might constitute three independent parts of a 
gross-to-net payroll program. These routines are controlled 
by a separate executive routine. Initial tests on "payroll" 
and "accounts payable" applications in several manu­
facturing divisions indicate that a considerable reduction 
in development effort is possible through an exchange of 
application modules. These modules will comprise a con­
tinually expanding central library which will permit manu­
facturing divisions, in many cases, to program by ex­
eption (i.e., it will be necessary to program only that 
portion of an application not available in the module 
library). Various compiler limitations with reference to 
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extensions to the existing language. The use of these ex­
tensions in their present form may result in a non-com-

COBOL elective features, and hardware restrictions such 
as memory size, will be considered when programming 
these modules in COBOL in order that maximum machine 
compatibility can be effected. 

The evaluation of the importance of COBOL to West­
inghouse necessitated an examination of language fea­
tures considered advantageous and also of language 
features considered disadvantageous. The comment is often 
made (usually by programmers) that COBOL is overly 
wordy and therefore requires a great deal of writing on 
the part of the programmer as opposed to the abbreviated 
forms of coding available. This seems to be a prejudiced 
view when considering the advantage of COBOL in docu­
mentation. A data field named "ADSLFT" may be mean­
ingful when the program is being written but might be 
extremely vague, even to the original programmer, six 
months later when making a program change. This same 
data field when labeled ADJUSTED-SALES-FORECAST, 
while requiring additional writing on the part of the 
programmer, is much more definitive of the data content. 
Many programmers when using a symbolic language resort 
to "comments" or "title" cards which are unnecessary in 
COBOL. The amount of re-writing is reduced .when using 
COBOL as fewer errors are made when employing the 
higher level language. The ability to "unitype". or key­
punch directly from the COBOL flow-chart has proved 
feasible thus reducing transcription work. We feel that the 
slight increase in writing required when using COBOL is 
more than justified considering the documentation it af­
fords. 

patible program. These features must correspond to the 
COBOL specifications when they are officially added to 0 
the language. 

Another criticism leveled at COBOL is that is it not 
a true business language because its vocabulary does not 
include many of the functions necessary for business data 
processing such as sorts, merges, report writing, and similar 
functions. The ability to perform these functions is cer­
tainly important in mechanizing business applications. 
COBOL, however, is a dynamic rather than static language 
and these very functions (as well as many others) are 
currently in the development stage and will be included 
in the vocabulary in the near future. Incidentally, some 
computer manufacturers have already included some of 
these vocabulary features in their COBOL compilers as 

It should be realized that compiling time of early 
COBOL compilers will more than likely be substantially 
greater than that of existing symbolic coding systems, 
and the efficiency of object programs will temporarily' 
suffer. The computer manufacturers, however, are making 
every effort to improve their compilers with the assistance 
of the users and some manufacturers are advertising 90 to 
100 percent object program efficiency and card reader 
compiling speeds. To further facilitate our implementation 
of COBOL, we have offered to assist in testing and im­
proving the COBOL compilers furnished Westinghouse. 

A further criticism of COBOL is that a programmer 
trained in COBOL must also be quite familiar with 
machine language to be truly effective. We realize that 
every installation will have and need one or more persons' 
familiar with machine language, but not all programming 
personnel need· be so trained for problem solution is 
relatively machine independent and the computer manu­
facturer's COBOL should. specify how to write in COBOL 
to best utilize machine capabilities. 

In light of the analysis noted above, the Westinghouse 
policy regarding implementation of COBOL has been 
determined and a COBOL education program has been 
developed. This program consists of a two-day course on 
the introduction to COBOL and its use in standard docu­
mentation procedures and is supplemented by a manu­
facturer's COBOL course usually of a one-week duration. 
This program will be continued to. bring about and main­
tain company-wide COBOL education. COBOL does not 
replace the necessity for proper systems analysis, input 
document preparation, or proper programming techniques 
and we do not view COBOL as the answer to all data 
processing problems; however, COBOL is the best vehicle 
available to accomplish the goal of effectively utilizing the 
data processing capabilities and program development 
effort in Westinghouse. • 
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IMPROVING 
DEBUGGING 
EFFICIENCY 
by EDWARD C. ARBUCKLE & EMIL J. SAXBERG, 

a study in 
program testing service 

EDP Operations, General Electric Co., Richland, Washington 

One of the facts-of­
life concerning the 
operation of an elec­
tronic data process­
ing installation is the 
lengthy time period 
required to develop 
a computer program. 
Simple economics 
and the desire to 

improve service requires (1) reducing the time required to 
program an application, and (2) meeting the demand for 
computer program-testing (debugging) service. 

In general, organizational effort up to now has been 
concentrated on the improvement of programming lan­
guage systems. The results of this effort have paid off 
handsomely in the simplification of program coding and 
increased the feasibility of automating more complex ap­
plications. In fact, it has been so successful that it is 
believed that the day is rapidly approaching when coding 
may present a secondary demand upon the time of data 
processing programmers. 

Recently, studies concerning the level of computer pro-
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gram-:testing service were conducted by management of 
the Electronic Data Processing Operation at the Hanford 
Atomic Products Operation! of the General Electric Com­
pany. From these studies, we found that with improved 
planning, clarification of operating policy, increased 
peripheral operations capacity, and revised work methods, 
we could drastically reduce the amount of time required 
for debugging programs. 

The essence of what General Electric learned from its 
studies are contained in the four sections that follow. 
Some of the problems are peculiar to the specific installa­
tion but any data processing installation endeavoring to 
improve its programming service can learn from General 
Electric's experience. 

The data processing operation at Hanford operates an 
IBM 7090 computer, and associated peripheral equip­
ment which includes two IBM 1401 systems. Processing 
on the equipment is conducted through twenty-four hour 
periods with four rotating shifts. The programming work­
load includes scientific computing, the development and 
maintenance of business data-processing applications, and 
the development and maintenance of technical data­
processing applications. During the past three years, 
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Hanford's data processing installation has experienced a 
considerable growth-in computing capacity, in demand 
for its services, and in the size of the programming staff. 

analysis of programming effort 
The studies referred to above, while qualitative, indicated 
that as much as one-third of the programming man-hours 
expended, and one-half of the elapsed time required to 
program a business or technical data processing applica­
tion, were debug related. 

From this infoi-mation, it was evident that the level of 
program-testing service, (i.e., the rapidity with which a 
programmer could get the results from his debug attempt) , 
played a significant role in the productivity of the instal­
lation. After further evaluation, we found that a pro­
grammer could ordinarily expect to get only one or two 
debug attempts within a twenty-four hour period. 

From the analysis, we concluded that with improved 
planning, clarification of operating policy, increased ca­
pacity in pedpheral operations, and revised ~ork methods, 
it would be possible to achieve a one-hour debug process­
ing cycle. With one-hour processing cycle, programmers 
would routinely get up to five attempts within a twenty­
four hour period. 

results of the initial analysis 
Primarily, one of two processing systems, FORTRAN or 
91> AC, is used during program-testing at Hanford. At 
initiation of this study, it was found that on the average, 
a FORTRAN debug required four hours for processing, 
and a 9PAC debug required eight hours. This meant that a 
programmer could ordinarily get two FORTRAN debugs 
or one 9PAC debug per day. Interestingly, the total proc­
essing time, including putting a job· on tape, processing 
it on the computer, and prihting the results, rarely ex­
ceeded one-half hour for the typical job. Therefore, a 
bulk of the total processing cycle was due mainly to 
"operating delay." This in turn resulted in excessive debug 
turn-about time. 

Detailed observation ~f the debug processing cycle was 
undertaken in an effort to isolate and evaluate the cause 
of this delay, with the result that nearly twenty contribut­
ing factors were identified. Each factor could generally 
be placed in one of the following categories: 
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POLICY: Operating policy 'did not assign ri,' specific 
period each day for program testing. As a result, program­
testing service often received secondary consideration with 
respect to systems maintenance, routine production, and 
preventive maintenance. 

SCHEDULING: The scheduling of computer work, to.a 
considerable extent, was at the discretion of operators or 
individual programmers. This method, which was entirely 
adequate for a small programming staff, was hot adequate 
for the expanded staff, since it emphasized the achieve­
ment of the goals of individuals at the expense of organ­
izational goals. 

Fig. 2. 
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TRADITIONAL OPERATING PRACTICE: The pat­
tern .of processing debugs had arisen when equipment of 
smaller capacity was used, and when, consequently, 
computer time was at a premium. Upon installation of 
the IBM 7090, the same criticality on computer utilization 
no longer existed; but the traditional operating patterns 
continued_ These traditio~al patterns manifested them­
selves in numerous ways but the ones which were to be 
most severely questioned were the following: 

1. CHIEF OPERATOR RESPONSIBILITY: Tradi­
tionally, the chief operator had centered his atten­
tion upon performance and utilization of the com­
puter. As a result, peripheral operations and work 
How were given secondary ~ttenti(m. 

2. PREVENTIVE MAINTENANCE SCHEDULE: 
Traditionally, preventive maintenance had been 
scheduled for the first hours of day shift. This 
schedule significantly limited the level of program-
testing service. . 

3. JOB-BATCHING TECHNIQUES: The traditional 
method of processing debugs had been to accumulate 
a large number of debugs and then to process them 
as a single batch. This method reduced the. amount 
of tape handling by operators and consequently 
improved the utilization of the computer. However, 
this method also forced each job to wait in a queue 
at each pi'ocessing step while every inember of the 
batch was processed. 

deveiopment and implementation of 
revised operatirig policy , 
Armed with detailed knowle~ge of operating methods, 
and with the knowledge of the significance of program­
testing service, management established specific operating 
goals in order to bring the, operating policy more in 
harmony w~th organizational goals. 
ESTABLISHED OPERATIONAL GOALS: 

1. The programming staff would benefit most from 
improved debug service during day shift, (i.e., during 
their normal working hours). Therefore, except for 
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the processing of high priority plant operating re­
ports, day shift 'Yas to be devoted to program-testing 
service. 

2. Under the existing workload, a goal of one hour turn­
about cycle was established. Of course, the one-hour 
cycle cannot be maintained if the number of debugs 
submitted for testing increases significantly over the 
present workload. Therefore, a. goal was established 
to maintain a day-shift debug service level of 2000 
DBS units.2 

3. Eliminate any discrimination in service between 
business and technical applications. 

POLICY FORMULATION: Specific operating policy 
concerning the utilization of the computer during pro­
gram-testing periods was formulated. Basically, this policy 
gave priority to program-testing service during day shift 
operation and relegated other computer activities (i.e., 
preventive maintenance) to less critical time periods. 

SCHEDULING: Scheduling criteria, which were a re­
statement of policy in operating terms, were established. 
A primary result of these criteria was to give greater 
scheduling responsibility and control to the processing 
activities, and to reduce the influence of the individual 
operator or programmer. 

PREVENTIVE MAINTENANCE: Preventative mainte­
nance schedules were revised in cooperation with the 
customer engineering representatives. A maintenance 
schedule was selected on the basis of mutual goals. 

WORK METHODS AND PROCEDURES: Operation 
crews worked closely with the study team to evaluate 
current operating methods and to experiment with im­
proved methods. As a result, several improvements in 
methods and procedures were achieved which sig­
nificantly increased the level of service. The most sig­
nificant of these are: 

1. CHIEF OPERATOR RESPONSIBILITY: Where 
formerly the chief operators had given primary at­
tention to operation of the computer, they now give 
balanced attention to all phases of debug processing; 
that is, they are. to treat the computer operation as 
one step of a multiple-step process. 

2. JOB~BATCHING TECHNIQUES: As noted in the 
initial study, the prevailing goal was to obtain the 
best utilization of the computer. However, under the 
revised goal it was to optimize programming effort 
rather than equipment utilization. In general, oper- . 
ating procedures call for the processing of debugs 
in small batches of two to six jobs on a single input 
tape, instead of the prevailing twelve to twenty-five 
jobs. While this means additional tape handling and 
lower computer utilization, it also drastically reduces 
the size of the multiple queues and consequently 
improves service. 

It was determined that no batch size was optimum 
for all conditions. For example, the size of backlog, 
the type of debug, and the time of day all affected 
the optimum batch size. As a result, batching guides 
were formulated and suggested to the operators. 

3. EQUIPMENT LAYOUT: A revised equipment 
layout was installed to simplify the debug process 
and to improve communications between personnel 
involved. Jobs, as soon as received from program­
mers, went immediately to a card-to-tape staging' 
area, and th€m to a computer staging area. This 
enabled operators to evaluate continuously the size 
and type of the backlog, and, thereby, maintain 
closer control over the process. 
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4. TRAINING OF OPERATORS: It should be em­
phasized that both before and after the study the 
operators had and retained a great deal of operating 
freedom. They are highly skilled and are in the best 
position to make most of the routine operating 
decisions. The training objective under this phi­
losophy was to acquaint them with the revised goals 
of the organization, to advise. them of their new 
areas of responsibility, and to review with them the 
results of the various methods and procedures which 
had been explored. This training was of the informal, 
round-table type, and was conducted by the manager 
of the data processing organization. 

5. SERVICE-LEVEL MEASUREMENT: Because of 
the in'stallation's rotating shifts, each crew works 
one week on days every fourth week. Therefore, a 
daily and weekly service-level report, measured in 
DBS units, was prepared for each crew's day shift 
performance. The reporting chart, as shown in 
Figure 1, was developed to create a degree of com­
petition between crews. The purpose was to en­
courage the operators to improve their work habits. 
Also, by charting the daily DBS units, a degree of 
control would be maintained on the level of program­
testing service. 

6. EQUIPMENT CAPACITY: During the study, the 
capacity for conducting peripheral operations was 
brought into balance with computer capacity, which 
made improved service physically possible. 

results of the study 
The growth in, service is portrayed in Figure 2. The 
service-level as shown is measured in DBS units and gives 
the average daily performance for each week. As can be 
seen, the goal of 2000 DBS per day has not yet been 
consistently achieved. 

A natural question is, how has this benefited the 
organization? The evidence, based upon the statements of 
programming personnel, indicates the debugging del~ys 
are ceasing to be a factor in their programming efforts. 
The lead-time required for program development has 
been drastically shortened. . Scheduling efforts are now 
approached with a more realistic attitude. Also, as pro­
gramming commitment dates are routinely met, an organ­
ization will realize a savings in programming effort. 

Basically a data processing installation is analogous to 
a production organization. Its job is to design (engineer) 
a :.;tructure for the processing of information. One does 
not have to stretch the analogy very far to come to the 
conclusion that a data processing installation can be 
sudied with many of the same techniques that are used 
in manufacturing. • 

NOTES 
lHanfo~d Works of the United States Atomic Energy Com­
mission is operated by General Electric under contract 
with the Commission. 

21n order to adequately measure the level service, some 
quantitative unit of measurement was required. To meet 
this need a DBS (meaning Debug Service) unit was de­
fined which relates, (1) the number of debugs processed 
within a given period, (2) the average processing time 
per debug and (3) the average turn-about time per de­
bug. Processing more debugs, within a given period, 
and/or reducing the average turn-about time per debug, 
will raise the service level measured in DBS units. 
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STANDARDIZED COMMERCIAL COINCIDENT CURRENT 
MEMORY SYSTEMS 
Daystrom Military Electronics Division is now making available a series of new standard­
ized coincident current memory "packages". Designed for commercial data 
processing systems, the CCM memories present features as: highly reliable all-solid­
state circuitry; high component density which results in sizes up to 30% smaller than 
presently available units; and cycle times as fast as 3.5 JLsec. These commercially­
priced CCM's provide the data systems engineer with a variety of packaged, 
modular core ~torage memories flexible enough to fit a vast number of design needs. 
Daystrom's CCM's are available as random access, sequential/interlaced, or 
sequential/non-interlaced. Word lengths of 8, 16, and on up to 64 bits, and capacities up to 
4096words are offered. The construction of these memories is modular, and many 
special features may be incorporated without major design change. Daystrom 
CCM systems reflect our extensive experience in the 
design of military digital machines such as the Navy's NORC 
memory and memories for the 465L global command and control 
network for SAC, in addition to our commercial one f.Lsec 
memory series. They represent a considerable advance in the 

119A~STROM, INCORPORATED 
, ~ uc::::7 

MILITARY ELECTRONICS DIVISION 
-field of commercial memories. Send for technical data. ARCHBALD, PENNSYLVANIA 
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Jet Propulsion Laboratory will use Recomp III for processing data from NASA deep space tracking antennas. 

Think fast. 
All computers think fast. But some think faster than 

others. 
The Recomp® computer can save 1760 hours over its 

nearest competitor on a given project. 
This was proven in an actual feasibility study. 
Recomp was designed for speed. It has many features 

that take the waiting out of your work. 
Like built-ins. 
Built-in floating point. Built-in square root command. 

Built-in index register. Built-in conversion from decimal to 
binary. 

We don't know of any compact computer that has a larger 
word length than Recomp. 40 binary digits per word. Keep 
that in mind for problems such as matrix conversion. 

There is a Recomp to fit your needs (and budget). You 
can lease one from $1,495 (complete with no accessories 
required) to $4,500 a month .. Recomp II is for medium'­
scale users. Recomp III is perfect for small-scale needs. 

Recomp's accessory line and software advantages are 
the most up-to-date in the computer industry .. And an 
extensive programming'library is available without charge. 

There are a number of small and medium scale comput­
ers on the market today. Only a few are really outstanding. 
Recomp is .one of them. * For the full Recomp story, write: ' 

AUTONETIC S ~ Industrial Products 

Department 64, 3400 E. 70th Street, Long Beach, California. 
Autonetics is a Division of North American Aviation. 

Recomp 
'~No computer feasibility study is complete without Recomp. 
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Engineered to meet the major demands of modern management, the Bendix G-20 data processing system is designed 

to increase profits in an era of critically spiralling costs. 1m Specifically designed as a central, integrated system, the 

G-20 is capable of concurrently handling the computer workloads of all of your company's major departments: account­
ing, marketing, engineering, manufacturing, administration, warehousing and distribution. IIiI Bendix G-20 automatic 

programming and linear programming systems open the door to a vast range of applications. For instance, a Bendix 

G-20 in a typical business organization could, at this moment, be performing these functions: design automation and 

cost analysis, inventory control, budget analysis, production and facility control, sales analysis and forecasting, raw material 

{low, market research and product planning, order processing, advertising planning, and operations research ... all these in 

addition to more standard business and scientific applications. As workloads increase, G-20 modularity allows you to 
expand your system without reprogramming. m Backing up the proven hardware-software capabilities of the Bendix 

G-20 is a nationwide team of experienced applications specialists, providing systems support in depth ... from preliminary 

evaluation· through systems analysis, programming, installation and on-site maintenance and service. m Your nearby 
Bendix Computer representative will be glad to introduce you to the Bendix G-20 solution to swiftly rising costs: or 

write for the brochure, ~~A Solution to the Profit Squeeze," Bendix Computer Division, 5630 Arbor Vitae Street, 
Los Angeles 45, California, Dept. E-39. 

Bendix Computer Division T~ncfY 
COR P 0 RAT ION 
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GARBLED SIGNALS 

TAPES OF MYLAR® 
DISPLACEMENT OF CENTER LINE OF 14TH TRACK WITH 

CHANGE IN R.H. FROM RECORDING TO PLAYBACKt 
Guidance from edge. Tracks numbered consecutively from gUiding edge. 
One·inch.wide tape with 14 tracks Track Wldth-.02S" Track Spaclng-OlO" 

3.0 

DISPLACEMENT .015 
OF CENTER LINE ~ 
OF 14TH TRACK .010 
IN INCHES 

tTheoretical­
calculated on coefficient 
of humidity expansIOn. 

3.0 

.005 

.010 

.015 

"MYLAR" . 

CHANGE IN 
'70 RELATIVE 
HUMIDITY 

An unreliable tape can sI:rrink or swell-cause 
garbled signals because the tape tracks shift 
laterally away from the recording and play­
back heads. With tapes of dimensionally stable 
"Mylar"* polyester film you get accurate re­
sults ... valuable programming time is saved. 

"Mylar" is strong-has a tear strength seven 
times greater th~n ordinary plastic of equal 
gauge. Tapes of "Mylar" resist edge nicks, 
stretching or breaking from sudden stops and 
starts. "Mylar" is durable-is not affected by 
humidity or adverse temperatures. And because 
it contains no plasticizer to dry out, "Mylar" 
does not become brittle In storage over long 
periods of time. 

5 2.0 

INITIAL 
TEAR STRENGTH 

(GRAVES TEST) 

per ASTM D·1004·49T 

Why not safeguard your valuable program 
time by choosing reliable tapes of "Mylar". To 
be sure you'll get top performance, insist on a 
base of "Mylar" on your next order for mag­
netic tape. Send for free booklet of compara­
tive test data. Du Pont Company, Film Dept., 
Wilmington '98, Delaware. 

o 
c... 

1.0 

([(]POtiJ) 
It[ca.U.S.PAT.oH 

Better Things for Belter living ... through Chemistry 

'DU PONT 

~ MYLAR@ 
POLYESTER FILM 

April 1962 

1.5 MIL 
CELLULOSE 

ACETATE 
0.4 

*"Mylar" is Du Pont's registered trademark for its brand of polyester film. Only 
Du Pont makes "Mylar". 

---~-------------------\ ..... ..".~~-r E. 1. du Pont de Nemours & Co. (Inc.) L~ ..... _ (} '~JZ:_J -, 
I Film Department, Room #12, Wilmington 98, Delaware I 
I Please send free, 12-page booklet of comparative test data I 
I to help me evaluate magnetic-tape reliability. I 

: Name Position : 

I Company I 
I Address I 
L~tY _________ ~ __ ~~==~~~ _________ J 
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JOINING 
FORTRAN 
SUBPROGRAMS 

an old problem 
, with new complications 

by ASCHER OPlER and MARTIN E. HOPKINS, 
Computer Usage Co., N.Y.C. 

When algebraic compilers such' as FORTRAN were first 
developed, it was necessary to prepare the source pro­
gram for any problem in its entirety before compilation 
could be successfully performed. It was also necessary to 
recompile the entire program when any statement was 
found to be erroneous. 

Before too long, the concept of compiling a program 
in smaller sections (subprograms) was developed. It then 
became possible to compile (and correct) each program 

. and then to use the whole in the form of a collection of 
subprograms. 

With the development of the subprogram concept, 
th~re also arose the idea of a data region common to 
several subprograms. This facilitated the compilation and 
checkout of individual subprograms, provided an economy 
in data storage and simplified (often eliminated) the 
transmittal of arguments of the CALL statement. 

This group of concepts which initially constituted the 
FORTRAN II modification of IBM 704 FORTRAN were 
well received and have become part of nearly every 
FORTRAN Compiler developed both for IBM and non­
IBM computers. The statements FUNCTION, SUB­
ROUTINE, CALL and RETURN, have been identified 
with the subprogram concept and the COMMON state­
ment with the use of a common data storage area. 

There have been two general methods of implementing 
this: at a binary relocatable code level and at a symbolic 
(assembly language) level. The. basic problem is one of 
collecting the main "program" and all its subprograms, 
allocating space in the object computer for non-common 
areas, the linking required whenever a SUBROUTINE 
subprogram is CALLed or whenever: a FUNCTION sub­
program is referenced, and allocating and referencing 
COMMON so that the common areas designated by each 
program will be properly aligned. 

binary method 
In the older of the two' methods, the binary relocatable 
scheme, the object memory might typically be organized 
as illustrated in Figure 1. The object computer is divided 
into major areas: a single block of COMMON storage, 
non-common portions of the main program and its sub­
programs and a series of transfer points isolated from 
each subprogram coding (transfer vector). 

In producing the binary output, a relatively simple 
scheme is used for assigning compiled words to the 
COMMON region, to transfer vectors or to the general 
program area. The machine codes produced by the 
FORTRAN compiler contains relocatable 'binary coding 
for the general area, special coding for the transfer vector 
and special non-relocatable words for the COMMON 
region. 

The loading of the addresses of the subprograms into 
the transfer vector is performed in the first portion of a 
two-phase loading process. This is 'often done by replacing 
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the symbolic name of a subprogram with a transfer to its 
actualloca~ion in memory. 

symbolic method 
Several of the FORTRAN-type systems that have been 
prepared make considerable use of the. computer's sym­
bolic assembly program. These FORTRAN-type compilers 
produce as output a series of symbolic assembly cards (or 

Figure 1 

Transfer Vector 

------~--~~---~-.~-------------------

SUBPROGRAM 2 

Transfer Vector 

-~------~~---~-----------~------------

SUBPROGRAM 1 

Transfer Vector 
--~--------------.-~~.-~.--~-------~--'MAIN PROGRAM 

, TrcnsferVector 

SUBPROGRAM 3, 

COMMON 
REGION 
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card images on magnetic tape). A post processor works 
the groups of card images into a single symbolic program 
that can be assembled, loaded and executed. This has 
not been a simple problem for the implementors. In sev­
eral of these compilers, the main program and all its 
subprograms must be compiled as a single batch. Either 
the assembly program is capable of directly assembling 
the combined output or a small processor has been built 
into the compiler. Figure 2A illustrates this technique. 

In preparing an algebraic compiler for the Honey­
well 800, we were faced with the same problem (with 
several additional considerations). Because the processing 
of a main program and all subprograms in a single batch 
seems to defeat one of the aims of the subprogram method 
(allowing separate compiling and correcting of subpro­
grams), we devised a technique we termed COLLEC­
TION. This permits the Honeywell Algebraic Compiler 
to handle any desired programs in a batch independ­
ent of the relation to each other as programs or sub­
programs. Those programs which are successfully com­
piled (no serious diagnostics) are added to an instal­
lation library of active programs called the Collector 
Program is loaded and the names of main programs 
desired are read in on control cards. The Collector 
Program collects all subprograms required for each main 

. program and all required library and system routines 
(input-output, floating point hardware, simulator routines, 
etc.). After collecting the programs in the form of symbolic 
card images, the entire program is fed to the ARGUS 
system for assembly and subsequent execution (see Figure 
2B). It is, of course, possible to Compile-and-Collect a 
batch of programs as a single operation. 

the collector program 
In the preceding paragraph we spoke of a few additional 
considerations related to collection. Some of these arise 
because parallel processing can be performed on the 
Honeywell 800. (For example, several programs may be 
run in parallel with other programs.) Operation in this 
environment requires extremely flexible allocation facilities 
for programs so that memory may be re-allocated in a 

Figure 2-A 

variety of layouts. Index register groups and· input-out­
put units must also be capable of reassignment in order 
to permit the widest possible sharing of these components. 

The object programs produced by the Honeywell Alge­
braic Compiler consists of six sections which may be 
individually assigned. For a program consisting of a 
main program and 20 subprograms, for example, this 
means that the Collector may assign up to 126 individual 
pieces of symbolic program. 

To accomplish this, the compiler, when it updates the 
Collector Tape, prepares an index for each program or 
subprogram. This contains the number of words of memory 
required by each section and the names of all lower level 
subprograms required. \\Then the Collector Program 
receives the instructions to collect a particular main pro­
gram, it first operates on the program index and pre­
computes the proper origin of each section of the main 
program and each of its subprograms. Then, with the 
knowledge of the origin of each 'piece of coding, the 
Collector Program reads the card images from tape, 
merges in SETLOC (origin control) cards and writes out 
the entire reorganized object program. In order to assist 
the user, an index table is produced (see Figure 3) 
showing the location of each major section of each sub­
program. 

To illustrate the extent of relocation, Figure 4 shows 
a main program and its subprograms as compiled and as 
they appear following Collection. 

additional problems of symbolic collection 
Since each compilation is done independently of every 
other one, the symbolic tags produced as compiler output 
are often identical in many subprograms. (For instance, 
the nth executable statement produces a symbolic tag of 
the form nA.) Thus, all programs will have the symbolic 
tags lA, 2A, etc. In order to prevent double definition 
at symbolic assembly time, the tags for each program 
have appended to them pairs of additional letters AA 
BB CC, etc. These may be seen by inspecting Figure 3. 

Certain symbols, such as the entry points to subpro­
grams, have ZZ appended to them to prevent their being 
made unique. Similarly, many systems symbols were 

~f-I----~~~--~~~I~ __ ~_~o_~_~_I~_~_G~~------------------------__ ~)~~('_' _____ ~ ____ ~)~~I __ ~_:_;_~M_E~_~ __ ~~(~----~O 
FORTAN 
PROGRAMS 

Figure 2-8 
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LANGUAGE 
PROGRAMS 

BINARY 
OBJECT 
PROGRAM 
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devised so that they would not be altered by the Collector 
Program. 

other features of the collection program 
Since post processing is a convenient time to make 
operating decisions, the Collector is able to arrange for 
the operating system to handle overlay of portions of 
programs too large to fit in available rriemory. In the 
technique used with the Honeywell Algebraic Compiler, 
overlaying pieces must be SUBROUTINE subprograms. 
The overlay is controlled quite simply by using the 
CALL statements. When a SUBROUTINE is CALLed, 
if it is in ,memory, the conventional link to it is made; if 
it is not in memory, control is transferred to a program 
which brings it into memory before linking. 

Naturally, this requires. a special type of allocation to 

Figure 3 BAN K LOCATION 
PROGRAM SUMMARY 

ABER AA 
COMMON SPECS 01 0273 
ERASABLES 01 0384 
PROGRAM STRING 01 0291 

ACER BB 
COMMON SPECS 01 0273 
ERASABLES 01 0440 
PROGRAM STRING 01 0386 

AEER CC 
COMMON SPECS 01 0273 
ERASABLES 01 0533 
PROGRAM STRING 01 0442 

AHER DD 
COMMON SPECS 01 0273 
ERASABLES oi 0616 
PROGRAM STRING 01 0535 

AJER EE 
COMMON SPECS 01 0273 
ERASABLES 01 0705 
PROGRAM STRING 01 0618 

BIFTEST FF 
UNCOMMON ARRAYS 01 0204 
COMMON SPECS 01 0273 
ERASABLES 01 1045 
PROGRAM STRING 01 0707 

IKER GG 
COMMON SPECS 01 0273 
ERASABLES 01 1132 
PROGRAM STRING 01 1048 

IMER HH 
COMMON SPECS 01 0273 
ERASABLES 01 1191 
PROGRAM STRING 01 1135 

INER KK 
COMMON SPECS 01 0273 
ERASABLES 01 1272 
PROGRAM STRING 01 1193 

IPER LL 
COMMON SPECS 01 0273 
ERASABLES 01 1360 
PROGRAM STRING 01 1274 

*CONSOLE 

~:~OBJIO 

~:~MASKOBJ 

CPMMON 

PROGRAM STRING 

PROGRAM STRING 

PROGRAM STRING 

COMMON ARRAYS 
BIFTEST SEG 1 

COLLECTED INDEX 
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make certain that required parts of the program are 
not destroyed by the overlay action. When the Col­
lector is informed that a SUBROUTINE may overlay, 
it inserts the overlay control program and produces a 
special memory allocation. With such a post-processing 
technique available, the same program may be operated 
differently in different situations. If the program, for 
example, may use 8 K of memory on one day and 
the total program will fit in memory, no overlay will 
be produced. On another day, perhaps only 4 K of 
memory is available. Without recompilation, the same 
program may be collected to execute with overlay. 

Another useful option is NEGLECT. Very often, with 
large systems, several of the required subprograms are not 
completed at the time when testing must be started. If 
NEGLECT control cards are fed to the Collector, instead 
of inserting the named subprogram, a return jump is used. 
This is in lieu of the subprogram to be neglected it has 
not yet appeared on the Collector Tape. 

The advantages and disadvantages of FORTRAN-type 
compilers producing symbolic output is still being debated. 
The symbolic route provides a more readable output which 
may be readily modified, and may utilize advanced fea­
tures of the assembly program (e.g. multiple sequence 
counters, macro-instruction generators, etc). On the other 
hand, the symbolic route is generally more time con­
suming, may need more manipulation, and may require 
post processing between compiling and assembling. Post 
processing provides better control over selection of sub­
programs and library routines and permits better control 
of overlay mechanisms. 

Recently announced improvements in FORTRAN and 
the development of consistently improved ALGOL 
processors will surely bring forth new approaches to this 
problem which continues to divide compiler writers. This 
should surely lead to improved implementation of to­
morrow's compilers. • 
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Main Program and its three Subprograms as Compiled 

Program after Collection, Assembly and Loading 

IiiD Executive Routine • Assigned to Another Program 

I!!II Standard Routine ~ Common 

Figure IV 

Figure 4 

M -. Main Program 

A, B, C. Subroutine 
Subgroms 

1 - 6 Parts af each 
program 

CRTRMRTION 



o 

o 

PITFALLS with emphasis on. programming 

& SAFEGUARDS 
IN REAL-TIME 
DIGITAL SYSTEMS 
* part one, by W. A. HOSIER, Systems Engineering 
& Management Operations, Sylvania Electric Products, Waltham, Mass. 

Ever since the advent a decade or so 
ago of fast and reasonably reliable digi­
tal computers, such computers have 
tended to play an increasingly important 
central role as controlling devices in 

: systems. Datamation readers should re­
quire little introduction to digital sys­
tems as such. Some systems serve 
primarly for record-keeping or simula­
tion, and can compt:.ess or expand time 

to suit their convenience, in that machine operations of 
any hour may represent indifferently a minute or a month 
in the real world. But when such a system attempts to 
control or monitor a rapidly-changing real physical en­
vironment, or even to simulate one for realistic training 
of personnel, itmust employ real time as its basic indepen­
dent variable. Hence the term "real-time system." Such a 
system might be small, simple, and slow, but in that case 
a modern stored-program computer would probably not be 
needed to control it. To the contrary, most real-time digital 
systems involve a lot of farRung apparatus with com­
plicated interaction, make pressing time demands, and 
cost several million dollars. 

This is the type of system with which the present dis­
cussion is concerned. It always has an organization like 
that shown in Fig. 1, although the various subsystems 
differ internally from one task to another, and subsystems 
of any type shown may be added, omitted, or combined 
into dual-function subsystems. 

Since they are among the most complex and delicately 
coordinated of modern engineering enterprises and in­
volve a wide variety of equipment and techniques that 
frequently tax the state of their respective arts, it is 

·W. A. Hosier was first associated with digital computing at M.I.T.'s 

Lincoln laboratory from 1952-1957 where he participated in the de­

sign, programming and testing of the prototype SAGE system, and 

supervised the first computer (MTC) which used a coincident current 

ferrite memory. Since 1957 he has been at Sylvania with responsibili-
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hardly surprising that large real-time digital systems 
pose peculiar problems of technical management. The 
most perplexing area is coni.monly that of the central­
control device, where inadequacy impairs performance of 
the entire system, and safety factors are often \Try (':'\-

SENSOR 
SUBSYSTEM 

A 

SENSOR 
SUBSYSTEM 

B 

LOCAL 
INPUT 

SUBSYSTEM 

INTERVENTION 
SUBSYSTEM 

CENTRAL 

CONTROL 

DEVICE 

HUMAN OPERATORS 

EFFECTOR 
SUBSYSTEM 

A 

EFFECTOR 
SUBSYSTEM 

B 

LOCAL 
OUTPUT 

SUBSYSTEM 

DISPLAY 
SUBSYSTEM 

Figure 1. Typical Organizqtion of a 
Real-Time System 

ties for the design of the Plato anti-missile system, and the selection 

and configuration of computer equipment for BMEWS. 

The following article is the first of a two part series, the second part 

will appear in May. In a different format, it was first published in 

I RE Transactions, June 1961, but has been substantially revised by the 

author to better suit the specific interests of Datamation readers. 
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pensive indeed. Furthermore, the perplexity is aggravated 
by the need to program this device. Program and hardware 
in a - real-time digital system are so intertwined that 
changes in either will almost always have repercussions 
in the other; yet the capabilities and limitations of com­
puter programming are frequently not well understood by 
system managers. Real-time digital systems thus present, 
in their central-control devices, a unique combination of 
stringent hardware requirements and an elusive program­
ming task. Experience has indicated that it is on proper 
conceiving and handling of this central area that such 
systems usually stand or fall, and it is to this area that 
the present discussion is addressed. 

Closely allied to this is the task of testing the system 
and its control equipment, both during its construction 
and after installation. It is characteristic of large real-time 
digital- systems that they have only partial control over 
their environment. The rest is not easily manipulated and 
is subject to wide variation of many interdependent param­
eters (consider, for example, an air traffic control situ­
ation). This makes thorough testing difficult and expen­
sive, and it puts a premium on the intelligent design of 
experiments, sampling, and simulation. 

system genesis 
The decision to proceed with full-scale development of a 
particular real-time digital system will normally have been 
preceded by studies of feasibility, economic merit, and 
broad definition of function. Starting from these, the real 
design work begins. 

The preliminary studies will have indicated approximate 
subsystem makeup and critical technical areas. As a first, 
step toward making specific choices, competent technical 
people representing each of the significant subdivisions 
must be gathered together to produce a tentative design 
plan. At least three suggestions are pertinent to the makeup 
of this group: 1) that it be as small and as competent as 
possible; 2) that programming be represented in it from 
the start; and 3) that all its members be a,ble to com­
municate with each other. This last is not as trivial as it 
may sound: technical specialists in the diverse fields of a 
typical system often use quite different terminology and 
confuse or misunderstand each other. It may be necessary 
to add one or two men of more general system experience 
to bridge these gaps and to help resolve differences of 
viewpoint. As a final general suggestion, 4) this group 
should be kept closely knit until it produces a written 
document adequate to guide further specialized work. 

. Too often, an ill-considered so-called "plan" will emerge 
from a loosely-connected series of meetings where no real 
meeting of minds has ever taken place. Early, effort to 
define tasks clearlv and to make them consistent with a 
common system g~al will more than repay its cost when 
balanced against duplications and contradictions that 
would otherwise ensue. 

The following less general points should also be noted. 
1) In establishing the design boundaries of subsystems, 

their functional autonomy and future ease of testing as 
subsystems should weigh at least as heavily as their sup­
pliers' capabilities and preferences. 

2) A policy should be adopted on monitoring and 
checkout equipment - specifically, on how elaborate and 
centralized it is to be. Something of this nature is in­
dispensable; it is bound to affect subsystem design; and 
working it in as an afterthought can be quite awkward 
and expensive. 

3) An analytical effort should usually be set up to study 
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the effects on the system of errors and delays, of queueing 
and traffic variations, and whatever other special problems 
the system engenders. Part of this will need to be 
responsive to designers' problems on a job-shop basis, but 
part should also be free to search the system for such 
neglected corners as no individual subsystem is likely 
to attend to. 

4) Provision should be made for orderly growth of 
system documentation. 

5) It is axiomatic (but often flouted) that design re­
sponsibility and its companion authority ought to be clear 
cut. Almost as obvious, but apparently more difficult to 
observe in the face of competing projects and promotions 
of personnel, is the need for continuity in this responsibility 
and authority. Sudden personnel shifts without sufficient 
break-in periods are always characteristic of poor man­
agement, but especially so in closely-coordinated system 
engineering. 

selection or design of central digital equipment 
Selecting the best digital computer for any task big enough 
to warrant one is never an easy decision. It is further 
complicated in a real-time system for at least the three 
following reasons: 

1) The computer must be reasonably matched to the 
rest of the system. If it turns out to be too small or too 
slow, the system will be inefficient or even worthless; if it 
is much larger or faster than necessary, its initial cost and 
upkeep will be an expensive luxury. There can be no 
"second shift" to deal with overloads. 

2) The input-output problem is vastly more complicated 
than cards, tapes, and printer. Special buffering and con­
trol are almost always required, although modern high­
speed memories have greatly reduc~d this problem. 

3) Real-time applications usually demand continuity of 
operation, although the critical period (as in the case of 
missile guidance) may be brief. The consequences of 
errors are likely (as in the case of industrial process control, 
or ICBM interception) to be disastrous. This implies a 
highly-reliable machine with fail-safe features, an easily 
maintained machine, and frequently one or more standby 
machines with complicated quick-switching apparatus. 

Let us consider these three questions in more detail: 
Matching Machine Capability to the Task: The matching 

of a complicated digital computer to a complicated real­
time task is a formidable intellectual undertaking that no 
one has yet succeeded in attacking by more than crude 
empirical methods. Hopefully, a .second John von Neu­
mann will appear among us and figure out an approach; 
but until that day, system designers will have to make 
do as best they can, try to err on the safe side, and keep 
their fingers crossed. What is lacking is a measure theory. 
Some aspects of the problem, such as gauging the amount 
of arithmetic and sorting and table searching, are straight­
forward, though tedious; but these are only the beginning. 
Machine time and high-speed storage requirements in any 
given case are quite sensitive to many less tractable 
aspects of the problem. One is the interrelatedness of the 
data; this determines the size of data-blocks that must 
be handled as units and the amount of cross-posting and 
cross-checking. Another is the detailed format of each 
input and ouput item: taking these apart and putting 
them together can be awkward and time consuming if they 
are carelessly arranged. A third item, often hard to deter­
mine until the system design is well along, comprises the 
timing constraints which external apparatus imposes on 
the computer: the precision with which certain operations 
must be synchronized and the time that data must be 
allowed to accumulate in certain "hoppers" (buffers) be­
fore they can be emptied. 
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Physical and environmental constraints imposed by the 
system frequently narrow the choice of machine further. 

Some loosely-defined systems may be so open-ended 
that expandability of the central control equipment enters 
heavily into selection. 

In any event, the capacity of a digital machine relative 
to a task is some sort of compound of 

1) the size of its high-speed internal memory; 
2) its execution speed, which usually means its internal 

memory speed; 
3) the suitability of its instruction repertoire and word 

make-up to the particular task; 
4) the effiCiency of its input-output equipment, and 
5) the skill of its programmers. 
Theoretically at least, trade-offs in all directions are 

valid among these five constituents. Practically speaking, 
however, in large systems with present technology, one 
usually finds that condition 1) is the critical item. Since 
it may be quite awkward to expand memory size after a 
computer has been built, this item warrants as close 
scrutiny as designers can give it. 

Estimation of Storage Requirements: Sometimes the 
program of a real-time system can operate piecemeal, 
only part of it being in high-speed storage at anyone 
time. If this is the case, then it is necessary to estimate 
the size of the largest single piece that must operate as a 
unit, making due allowance for a supervisory routine and 
buffer space to effect the speedy interchange of pieces. 

Whether dealing with the whole program or its largest 
part, an estimate must be made of the number of words 
to be stored, and the more accurate the better. 

By whatever means the figures are arrrivedat, the 
·following categories must be covered: 

1) Stored program and fixed data (the latter covering 
constants, function-tables, and what are known as 
"masks") 

2) Space required for data in process. This includes 
input buffer space, intermediate tables where data 
must accumulate between processes in the program, 
output buffer space, and a "miscellaneous" allowance 
to cover control, cross-referencing, and odd, bits of 
bookkeeping. 

3) If routine access is to be had to blocks of data (or 
program) in auxiliary storage devices, allow adequate 
buffer space for manipulating these blocks with a 
minimum of interference to other operations. 

4) Finally, a safety factor of twenty-five per cent or 
more, depending on the estimator's self-confidence 
and the likelihood of expansion in program require­
ments. (They always expand). 

Estimation of Speed Requirements: Although the swift­
ness of moden computers usually makes speed a less, 
critical factor than internal storage (which of course bears 
on effective speed), nevertheless the system designer must 
satisfy himself that the speed of the machine is sufficient 
for the heavies't traffic likely to be imposed on it. Most of 
the time consumed by a program is likely to be used by a 
few often-iterated loops of instructions. To estimate the 
total with any accuracy, the number of instructions in 
each frequently repeated loop must be rather closely 
known, as well as the number of repetitions demanded of 
that loop. Seldom-repeated parts of the program can be 
roughly estimated or even ignored. Since the number of 
repetitions of loops will usually depend on the density of 
input traffic, and secondarily on output requirements, 
these must be defined as specifically as possible. Average 
and peak data characteristics will be needed, as well as 
the degree of repetition or redundancy which may permit 
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the machine to ignore part of the data under overload 
conditions. Formats, hold times, and randomness or regu­
larity of occurrence are pertinent; likewise are any special 
constraints such as quick-response demands or need to use 
certain output channels with maximum efficiency (i.e., 
minimum idle time) . 

This procedure of predicting time requirements is an 
exercise in cost accounting, where time is the currency. 
Like cost accounting, its success will depend on how 
shrewdly materials, processes, and products are categorized 
and on how detailed and accurate a breakdown of costs 
is available. Many real-time digital systems, especially 
military defense systems, have as a cardinal requirement 
the need to handle unpredictable peak loads. Since these 
loads are arduous and expensive even to simulate, a sound 
analytical cost-accouting approach, refined at intervals 
by experimental feedback, is the only practical way to 

,predict the program's time behavior under stress. It is 
particularly useful in the fateful initial step of machine 
selection. 

One should bear in mind (and the cost-accounting 
formula should reHect) that the time consumed will prob­
ably be a nonlinear function of input density, varying 
rather as the square of some higher power. This is es­
pecially true where the program is required to find cor­
related items in the input. 

If external signals requiring special responses play a 
significant role in the system, the trapping or multi­
sequencing facility built into a given computer can have 
an important inHuence on program time requirements. 

Instruction Repertoire: The suitability of a machine's 
instructions to the specific system task has bearing on 
speed, storage requirements, maintenance and cost. 

The details will have to be studied in the light of 
requir~ments; generaL considerations of convenience and 
speed will govern much as they do in any machine ap­
plication. 

For example, the number of index registers and the ease 
of manipulating them may be important. Floating-point 
may be mandatory in one system and superfluous in 
another. Programmers who have studied the problem are 
the persons best qualified to make this sort of judgment. 

Any machine is likely to have certain selling points 
ideally suited to one system and useless or even detri­
mental to another. Automatic square root is an example, 
"scratch-pad" registers. another, "microprogramming" a 
third. The important consideration when presented with 
such extra features in a sales pitch is to know the problem 
so as to assess their specific utility and not to let them 
bias one's judgment of the machine's other (and probably 
more important) characteristics. 

The degree of saturation of a machine's instruction 
repertoire is also pertinent, for the reason that use of the 
machine in a real-time system is quite likely to require 
addition of a few special instructions for communication 
between the program and external elements of the system. 
These will probably be simple "on-off" signals in both 
directions, but it cah 'be quite awkward to install them 
if the necessary spare circuit logic is lacking. 

Input-Output: If the data traffic is to be heavy, one or 
more fully autonomous channels will be highly desirable; 
if not, the expense of such channels is an unnecessary 
luxury, but the 1-0 system should still interfere with and 
delay the internal processing as little as possible. At a 
minimum, the internal memory access which receives input 
or yields output (as distinct from the initiation of an 1-0 
operation) should occur, as an automatic "break" t,imed 
by external equipment, independent of program attention. 

There are two aspects to computer input and output 
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REAL-TIME ___________ _ 

in most real-time systems:' the potential ability afforded 
by the design of the selected central processor and the 
specific ability built on this by adding special equipment 
designed to fit particular system requirements. 

The potential ability is' of course the important thing 
in machine selection; but between two machines of roughly 
equal potential, inspection may show that special system 
devices are easier and cheaper to add in one than the 
other, or even that one machine eliminates the need for 
some of these devices. 

One thing that must be known within rather c'lose limits 
in order to assess input-output requirements intelligently 
is the detailed timing of data flow to and from external 
devices in the system. Preliminary bounds will have to 
be set in order even to select a machine; to proceed with 
the construction of special equipment and of the program, 
a whole category of detailed effort, taken up below under 
"Definition of Interfaces," will be required. 
Continuity of Operation: Most writers would head this 
paragraph "Reliability," but this is a misleadingly simple 
term in the system context. Simple circuit reliability and 
mean error-free operating time are fundamental, to be 
sure; but easy maintenance and the smooth substitution of 
standby equipment are almost equally important. Despite 
much theoretical treatment of automatic error correction, 
any computer. which a system can afford to buy now or 
within the next decade will make an occasional mistake. 
The error rate for a good modern machine is impressively 
low: probably less than one error per 50 billion instruc­
tions; but it can not be ignored. The useful attitude toward 
errors, as toward death, taxes, and sin, is not how to 
abolish them, but rather how to keep them within bounds 
and live in spite of them. 

. The first thing to do with errors is be aware of them, 
or at least of any that are serious enough to affect system 
perfor.mance. 

Let it be said to begin with that it is flatly impossible 
to check every internal detail of computer operation; nor 
is this necessary. For most purposes, a large stored-pro­
gram, computer, shrewdly programmed, is its own best 
monitor. 

The machine selected should have enough spare capacity 
to permit including self-checking in the program. Unfor­
tunately, a computer can always stop, or' depart from its 
intended cycle, and thus fail to check itself. No real-time 
system should be without th.e means of promptly detecting 
this condition. The simplest solution is usually to provide 
an independent clock that will set off an alarm unless 
the computer "punches in" every few seconds like a watch­
man making his rounds. 

Extra circuitry for automatic error detection is helpful 
in small amounts. A common example is single-bit parity 
checking of each word stored in high-speed memory. 

As long as such extra circuitry is simple by comparison 
with what it is supposed to check, it is probably justifiable; 
but increasing its ratio adds noticeably to expense and 
raises the old· question, "Who guards the guards?" 

If the expense !s warranted by system requirements, 
added confidence in operation can be had by using two 
identical machines in parallel and comparing their outputs. 

In addition to checking the central processor's internal 
operations, it will be desirable to check the integrity of its 
input and output channels. The machine can not do this 
unaided. Either an external checking device should intro­
duce simulated inputs and verify the resulting outputs, or 
provision should exist for connecting the machine's output 
channel through a buffer to its input channel, thus forming 
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a closed loop whose integrity the machine can verify. 
It is thus quite feasible to obtain error indications suf­

ficient to monitor the machine's effect on system perform­
ance. What to do with them after one has them is quite 
another matter. They must be displayed; the operator 
must take remedial action; some remedial action can be 
made automatic; but no general answers can be made to 
the questions of how and what. This issue is sure to 
provide vigorous debate among human factors experts, 
system analysts, and equipment designers. 

After fault detection, maintenance is a question of 
localization and repair. Repair is mainly facilitated by 
modular packaging and adequate spare modules; it is the 
localization that is usually difficult in a device as intricate 
as a digital computer. Out-and-out failures are not too 
hard to locate, but subtle intermittent troubles have been 
known to take weeks to track down. Many things can 
contribute to quicker diagnosis, and attention should be 
paid to as many of them as possible. In the machine 
itself, simplicity and regular arrangement are helpful, both 
logically and physically.' In addition, physically accessible 
construction and the clear and systematic marking of 
terminals are important. It is desirable to be able to run 
the machine in "slow motion." The "on" or "off" state of 
all significant switchable elements (there may be thou­
sands) should be visible somewhere, if only on back 
panels. Local fault-detecting circuits, if simple (as dis­
cussed above), are good. Peripheral units (input-output 
channels, etc.) should have test controls independent of 
the central processing element and memory. Marginal 
checking. facility deserves further discussion ( see next 
paragraph). As adjuncts to the machine, there are, first, 
its maintenance manuals: are they well-organized, com­
plete, and specific? There should be diagnostic programs 
carefully designed to locate and indicate faults. Finally, 
there is the care given to selection and training of main­
tenance men. Their task is quite analogous to a physician's; 
good ones are rare. 

Marginal checking, alluded to above, is a rather special 
feature not found in all machines, which can be quite ex­
pensive and whose merits are hotly contested. 

If it is to aid in localization, it must be possible to 
segregate small parts of the machine for stressing; further, 
if the general procedure is not to be too time consuming, 
it needs to be automatized-i.e., built so that the program 
can control the stressing. Altogether this is a large order. 
If marginal checking plays a significant part in determining 
machine choice, a real expert ought to examine it. 

Decentralization: There are obvious virtues in dividing 
system control among two or more central machines if 
the logic of system-data flow permits. This is more true 
if the division is a parallel one with each machine doing 
a similar task than for serial division where each machine 
does a different task. However, if there is much inter­
dependence among machines, the resulting problem of 
coordination and control can easily outweigh the limitations 
of a single machine. If such load sharing is contemplated 
for reliability reasons, system analysts should make sure 
that they are strengthening the weakest link in the system. 
For example, if a system depends on long communication 
lines, over-all reliability may be better served by augment­
ing these lines than by decentralizing and duplicating 
control devices. Decentralization is more a system question 
than a computer question. 

Influence of Machine Choice on Program Production: In 
selecting a computer for real-time system control, delivery 
schedules will certainly be a paramount consideration. A 
point that is . likely 'to be overlooked by system managers 
is that program delivery is just as important as machine 
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delivery, and that this can be drastically and adversely 
affected by a machine choice that seems innocuous from 
other standpoints. 

If a machine is chosen for which utility programs are 
not immediately available or for which no equivalent is im­
mediately available on which to assemble and test system 
programs and simulation, there will be an unavoidable 
lag in performing essential programming tasks. 

To alleviate programming delay, it may be proposed to 
simulate one computer on another that is logically different. 
This is not impossible, but it is seldom satisfactory. System 
managers should be skeptical about it and about relying 
on new and untried utility programs. Both procedures are 
likely to harbor subtle difficulties that no one anticipates; 
these erupt like delayed-fuse bombs and play havoc 
with program scheduling. 

As a last admonition on the definition of system hard­
ware, it is preferable to design initially as much of the 
system function as one can afford into the hardware, 
rather than to impose unnecessary tasks on the program 
of the central machine. Trade-offs between program and 
hardware are usually numerous, and it will appear that 
putting the burden on the program is cheaper. Frequently, 
especially if change can be foreseen (which is usually 
easier and cheaper to reprogram than to rebuild), the 
program should bear the burden. It is a great temptation, 
as small shortcomings of hardware design are brought to 
light, to "correct for that in the program." But as many 
small tasks accumulate, the program's capacity to perform 
its more basic function can be impaired. This may not be 
realized until too late. At the end of the' game, in the 
system integration phase, these are bound to be over..; 
sights that must be compensated by program additions. 
If spare capacity is left in the program by absorbing all 

an 8-year-old "learns by doing" 

JEREMY 
~ 

& THE G-1S 

D ..... :, ' .'. A new method of instructing college students in 
,>, . the operation.of the Bendix G-15 is now being 
, tested on a group of junior and senior engineer­

ing'students at UCLA. If it doesn't work, there may be 
some red faces because it has been successfully tried by 
an 8-year-old boy. 

The new method is outlined in a manual entitled "Auto­
Instructional Text on the Operation of the Bendix G-15 
Computer - 1000S Interpretive Routine," written by 
Richard S. Pierce, Arnold Roe and Arie Y. Lewin of the 
UCLA engineering faculty. 

The 8-year-old boy who read the manual and then 
operated the computer (assisted by some verbal coaching 
is Jeremy Kramer, son of Mr. and Mrs. Henry P. Kramer 
of Santa Barbara. 

Jeremy got "into the act" when he accompanied his 
father, a mathematician, on visits to UCLA last summer. 
The elder Kramer is a friend of Roe and was interested 
in techniques embodied in the manual. 

The new system· calls for the student to read i~struc­
tions in the manual and then operate the computer. It is 
a "learn by doing" method. 

Jeremy, who learned to read the New York Times at 
the age of 4 and is one grade ahead of his age group in 
school, became interested in the manual and before long 
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feasible changes in hardware, this cushion against eleventh­
hour blows will help to avoid what has come to be known 
as the "agonizing reappraisal." 

interface definition 
It was pointed out at the beginning of this discussion that 
a real-time system will embrace a variety of devices which 
must communicate with each other., They are seldom 
designed so that nothing more has to be done than plug 
them in. 

Each interface may have peculiar requirements of its 
own and these must be stated in minute detail if the 
gap is to be bridged successfully. The exact interpretation 
of digital formats, the rise and fall times of waveforms, 
load impedances and their limits of variation, special 
restrictions as to when each type of data mayor may not 
be sent-these and sundry other details must be agreed 
on by all parties concerned and clearly written down. Ac­
complishing this is apt to be a monumental and tedious 
chore, but every sheet of accurate interface definition is 
quite literally worth more than its weight in gold. This 
is a basic responsibility of the system manager; it probably 
will have to be done in several passes of increasing detail; 
but the sooner it is down in black and white, the clearer 
everyone's job will be. 

A system will have many interfaces other than those at 
the central digital device. Getting proper electrical or 
mechanical matching at the computer interfaces is much 
the same problem as elsewhere; but the question of logical 
matching-i.e., digital format and its precise interpretation, 
a secondary concern to the equipment engineer-is espe­
cially important because it bears, as. will be more fully 
explained in the following section, on that impalpable and 
elusive thing, the computer program. • 

was able to carry out the fundamental steps involved. He 
is in the fourth grade at the Roosevelt School in Santa 
Barbara, and may be the youngest computer operator in 
the world. 

For the UCLA students, a prerequisite to use of the 
manual is a knowledge of Intercom programming. Only 
four students will be engaged in the hew teaching system 
at one time. 

During the semester, half of a group of students will 
be taught by the conventional lecture method used here­
tofore and the other half will be taught by the new man­
ual system. Results will be compared at the end of the 
semester. • 
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Wltile admittedly a surface skimmer of a highly iiwolved, 

sometimes sensitive subject, author Kolence nevertheless 

tersely expounds on the pros and cons of computing's 

geographic sociology. And although his balance scale 

rests delicately on a base of highly personal value judg­

ments, his conclusions have the virtue of more than a 
modicum of geographic experience. 

COMPUTING 
CHARACTERISTICS 

EAST vs. WEST 
by KEN KOLENCE, General Supervisor, Programming, 

From 1953-1955, Ken Kolence worked on thelliliAC at 
the University of illinoIs followed by a Navy tour at the 
David Taylor Model Basin in Washington, D.C. where the 
UNIVAC I drew his attentions. in 1958, he shifted his C 
environment to New Jersey where his efforts were di-
rected at a 709 on RCA's BMEWS project. Early in '61, 
the Eastern climate encouraged relocation to /Los Angeles 
and NAA's flock of 90s. -

an edge for the latter 

Business Automation Section, North American, Los Angeles, Calif. 

0
- Trying to characterize computing on the East 

Coast and again on the West Coast is like trying 
to talk about the differences between alligator 

farms in Los Angeles and Miami Beach. A lot of roaring 
goes on, hides have got to be thick, and there is a lot 
of bull in both places. It is not until you observe closely 
that you can begin to tell them apart .. 

To begin with, there is realiy no such thing as East 
Coast Computing because a fairly heavy concentration of 
machines exists all the way from Boston to Cape Canaveral. 
West Coast Computing, on the other hand is a very real 
thing ~ an omnium-gatherum of Los Angeles installations 
and scattered West Coast Aerospace Industries, wherever 
they may be. However, the substance of West Coast 
Computing is not only the closeness of the installations, 
but the spirit of -camaraderie and co-operation that has 
existed locally since the beginning of computers. It is this 
spirit that the East Coast lacks, and which' makes the 
concept of East Coast Computing so vague and in truth, 
lackluster. 

The co-operation on the West Coast is greatly en­
couraged by the problem mix, of course, which is similar 
in several different areas. The Aerospace industry uses 
the same type of computer almost universally, and there­
fore faces many similar problems regarding machine con­
figurations and operations. The people in computers get 
together more often socially too. The L. A. Chapter of 
the ACM has over ode thousand members-out of less than 
nine thousand nationally-and two other large chapters 
are in the metropolitan area. The Special Interest Com­
mittees of the ACM have their only local chapters in 
Los Angeles, and are beginning to attract more and more 
good people to work on them. In general, the people who 
constitute West C'OastComputing are active people, form­
ing the backbone of User's Croups and the "young Turks'; 
of the ACM. 

West Coast Computing is intensely interested in com­
puting as a profession, and accordingly provides many 
means by which people can get together after work and 
talk shop. Also, because 'Of this interest and the heavy 
concentration of machines, the Universities and local 
colleges offer a truly astounding number of special courses 
in various aspects of computers. They range from the 
usual "Elements of Data Processing" level in a continuum 
up to courses on compiler theory and the use of IPL V. 
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Even more amazing (to Easterners) is the fact that courses 
are available on almost any machine on the market. With­
out a doubt, the West Coast - and particularly the Los 
Angeles area - provides more educational facilities for 
computer people than any other geographical region in 
the world. 

The number of people working in West Coast instal­
lations must be upward of 20,000. Although this is a 
guess, it is an educated guess based on the ratio of ACM 
members to non-ACM members in groups I have known. 
This means that this many people have been brought into 
computers on the West Coast in the last 6 or 7 years. It 
also means that the west Coast has scraped the bottom of 
the barrel as far as outstanding talent is concerned. The 
first generation of such talent has been on the scene for 
some time, the second generation has yet to arrive. 

The East Coast, on the other hand, is characterized by 
the isolationist attitude toward information exchange be­
tween installations. However, this is breaking down more 
and more as the density of computers increases, as it has 
in N ew York and Washington. The East is also improving 
its educational facilities at the college level quite rapidly. 
Since the East Coast has a much larger manpower pool 
to draw on, we may expect to see more oustanding talent 
coming up from that area. Strangely enough, the combina­
tion to date of comparative isolation and low density of 
compu-ting personnel has given the East Coast a definite 
lead in producing original ideas in the field. Symbolic 
coding, CPS, the monitor concept, CL-l, Decision Tables, 
the BEF AP macros-all came from Eastern Installations 
(not manufacturers.) 

Another thing the East Coast has in its favor is the 
wide variety of problems, in many different applications 
areas, that are being programmed. The West C'Oast, with 
a much smaller variety of industries, cannot begin to match 
the mix of programming available in Eastern installations. 
This in turn, seems to attract high caliber people into 
computing at a faster rate than on the West Coast. 

It would therefore seem that the primary advantage the 
West Coast presently holds over the East Coast is the 
higher density of computing people, with the correspond­
ingly high degrees of communication and interaction be­
tween them. The quality of East Coast programming may 
be spotty, but there is enough good work going on to be 
assured the West Coast will have to work hard to maintain 
whatever slim lead it may presently hold. • 
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IFIP-62 
CONGRESS 
D 

Three main areas of interest, will form the nucleus 
; of the second Congress of the International Fed­

eration for Information Processing (IFIP 62) to 
be held in Munich, Germany, from August 27-September 
L The Congress, expected to be' attended by several 
thousand information technologists from 21 countries, will 
follow this format: 

I. Scientific Program: 
To consist of three sessions on hardware development 

including peripheral equipment; one general, state-of-the­
art session of invited papers; 20 sessions of submitted 
papers of broad interest, and 26 symposia of specialized 
interest including several panel discussions. 

II. IFIP Interdata: 
The exhibition of edp equipment will be held at the 

Munich Exhibition Ground from Sunday, August 26, to 
Sunday, September 2. Exhibition hours are from 9 a.m. 
to 6 p.m. every day, except August 28 and 30, when the 
exhibit will be open until 9 p.m. 

III. Plant Tours: 
During and after the Congress, five plant tours will be 

held for limited groups. There will be no charge for the 
tours, and transportation will be provided by the firms 
conducting the visitations. However, food and lodging will 
be paid by the tour participants. 

The scheduled tours are: 
a. Munich: Siemens & Halske. One half-day during the 

Congress. 
b. Germany: IBM Deutschland, Sindelfingen; Standard 

Elektrik-Lorenz, Stuttgart-Zuffenhausen; Telefunken, Heil­
bronn. Begin at Munich on Sept. 3 and end at Heilbronn 
on Sept. 5. 

c. England: International Computers and Tabulators 
Ltd.; Elliot Automation Ltd.; EMI Electronics Ltd. Begin 
at London on Sept. 6 and end at London on the following 
evening. 

d. France: Cie. des Machines BULL; Cie. Industrielle 
des Telephones; Cie. Europeenne d'Automatisme elec­
tronique; Societe pour l'Exploitation des Pro cedes S.E. 
A. Begin at Paris on Sept. 6 and end at Paris on the 
following evening. 

e. Italy: CEA-PEREGO Milano; Olivetti Divisione 
Commerciale Elettronica, Milano. Sept. 6, one day. 

Applications for the plant tours must be made on the 
registration form for the Congress, and will be considered 
in order of receipt. 

The opening session of the Congress will be held at the 
Exhibition Ground, in the "BayernhalIe," on August 27 
at 10 a.m. From 9 to 9:50 a.m., bus service will be 
available from the Technische Hochschule (location of 
the Congress Bureau) to the Exhibition Ground. 

Main Congress sessions will take place at the Technische 
Hochschule. A lounge and several discussion rooms have 
been set aside for Congress participants. 
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21 countries to be represented 

The' closing session with invited survey papers will be 
held in the "Bayernhalle" on Saturday afternoon, Sept. 1. 

The IFIP Program Committee has provisionally ac­
cepted 100 abstracts of 'papers from the 650 submitted. 
American authors submitted 350 papers, of which 28 
were accepted. The final selection of 88 papers was made 
last month. 

Included in the American papers are: Extending Man­
agement Capability by Electronic Computers, by Andrew 
Vazonyi, Thompson Ramo Wooldridge; Mathematical Anal­
ysis of Merge Sorting Techniques, by W. C. Carter, IBM; 
The Multi-List System for Real-Time Storage and Retrieval, 
by N. S. Prywes and H. J. Gray, Moore School of Electrical 
Engineering; Computer to Computer Communication at 
2.5 Megabits/Sec., by N. Clark, Control Data Corp., and 
System Requirements for Direct Execution of a Data 
Prooessing Language, by James P. Anderson, Burroughs 
Corp. 

Subjects to be covered by papers include: business data 
processing; partial differential equations; information 
retrieval; digital communication; machine learning; arti­
ficial perception; programmed languages and their proc­
essing; memory techniques, and switching theory. 

The series of symposia and panel discussions will fea­
ture industrial simulation; modern techniques of language 
translation; coding theory; pattern recognition; languages 
for processor construction; ultra high-speed computers; 
multiprogramming; university education in information 
processing, and optimum routing in large networks. 

Selection of panel leaders and participants is currently 
underway, and a complete roster will be announced 
shortly. 

A full round of social events is planned, ranging from 
a beer party, a visit to Munich's Rokoko Theater, an ex­
cursion into the Bavarian Alps, and a Congress banquet. 

The United States delegation to IFIP is headed by Dr. 
E. L. Harder (Westinghouse) , vice president of the 
American Institute of Electrical Engineers and representing 
the American Federation of Information Processing 
Societies. 

An executive committee, appointed by Dr. Harder, is 
comprised of Isaac L. Auerbach (Auerbach Electronics 
Corp.), president of IFIP; Dr. Alston S. Householder (Oak 
Ridge National Laboratory); Dr. Walter F. Bauer (Thomp­
son Ramo Wooldridge); Dr. D. L. Thomsen, J r. (IBM), 
in charge of U. S. exhibits; Dr. Werner Buchholz (IBM), 
travel arrangements; and Gene Jacobs (System Develop­
ment Corp.), publicity and communications. 

Further information on the Congress may be obtained 
from Dr. Harder, Westinghouse Electric Corp., East 
Pittsburgh, Pa., any of the committee members, or the 
travel firm of Thos. Cook & Son, which has offices in 
principal cities. • 
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DATAMATION'S QUARTERLY INDEX OF COMPUTING 
Ops/Sec increases 31.5%; dollar rental up 19% 

O Based on information presently available to 
Datamation, estimates as shown below are offered 

-~.,. as reasonable approximations derived for the most 
part, from the specifications of larger systems since their 
speeds and monthly rentals overwhelmingly dominate the 
Indexes. 

Speed (additions per second) and monthly rental figures 
are based on the Charles W. Adams' Computer Charac­
teristics Quarterly, published in Datamation, December, 
1961. 

The ratio of computing power per dollar represents the 
quotient of the Speed Index and Operations per Dollar 
Index. Since the Ratio Index represents an indicator or 
measure of a condition, the units ( operations per 
second) -7- (dollars per month) need not be meaningfully 
related to provide an intelligible result. 
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March '62 63.3 % 

Dec. '61 53 % 

Sept. '61 46.8 % 

June '6140.8 % 

Sept. '60 30.1 % 

June '60 28.4% 
'I 

" 

A healthy increase in the number of ops/sec during the 
first quarter of 1962 is evidenced in the latest Quarterly 
Index of Computing. Rising from 65.3 million ops/sec 
as reported in December, 1961, updated figures show an 
increase of 31.53% to 85.9 million ops/sec, the highest 
increase, percentage-wise, since June, 1961.· 

This upward trend can be traced largely to the 
continuing installation of 1604s, 7070s, 7090s, 1620s and 
1401s. The latter is now located in some 2,100 sites while 
the 1620 is a shade below the 1K installation figure. 

On the cost side, dollar rental per month is up 19.4 
per cent, to over 63 megabucks. In December, the rental 
figure stood at 53 megabucks, while the speed to dollar 
ratio at that time was 1.232. The first quarter's ratio is 
1.357, up by 10.14 per cent. • 

March '62 85.9% 

Dec. '61 65.3 % 
RATIO 

1.5 

Sept. '61 56.1 % 
1.4 

Murch '62 1.357 1.3 

Dec. '61 1.232 
1.2 

Sept. '61 1.21 

June '61 43.7% June '61 1.07 
1.0 

.9 

.8 

Sept. '60 .755. .7 

.6 

June '60 .577 .5 

.4 

Sept. '60 20.5 % .3 

.2 
June '60 16.4 % 

.1 

$ RENTAL per MONTH SPEED - millions of ops sec. RATIO ( speed) 
-$-
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NEW GROWTH AND NEW DEVELOPMENTS CALL· FOR A NEW MARK! 

To symbolize the many new systems, services and products which THE NATIONAL CASH REGISTER COMPANY 
offers businesses everywhere, we have adopted a new business mark .. '. 

NEW FROM NCR-"TOTAL SYSTEMS" TO 
SERVE YOU BETTER. New technological de­
velopments now enable NCR to serve business 
faster, more efficiently than ever before with 
"Total Systems." 

An NCR cash register in a retail store ... 
an NCR accounting machine in an office or 
bank ... NCR adding machines wherever 
figures are handled-all can provide media 
that flows to NCR electronic data processing 

systems. 
Today you'll find NCR Data Processing 

Centers in certain major cities ... which rep­
resent the beginning of a nationwide network. 

April 1962 

New mark of The National Ca$h Register 
Company, dedicated to providing the finest 
in total systems . .. from original entry to 
final report-through NCR accounting ma­
chines, cash registers, adding machines and 
electronic data processing. 1,039 offices· in 
121 countries-78 years of helpi~g busin~ss 
save money. 

NEW FROM NCR-NEW DEVELOPMENTS 

IN HIGH SPEED COMPUTER SYSTEMS. The 
unique Card Random Access Memory 
("CRAM") developed for the NCR 315 com­
'puter stores more than 5 million characters 
of information on plastic cards. 

The versatile NCR 390 and NCR 310 com­
puters bring electronics to thousands ~f busi­
nesses of all kinds. 

NCR's' new optical reading system, which 
permits direct processing of printed data with­
out first converting it to a machine language, 
will create revolutionary advances in handling 
records. 

CIRCLE 22 ON READER CARD 

NEW FROM NCR-NEW PRODUCTS FROM 
RESEARCH AND DEVELOPMENT. More than 
2,000 people are working at NCR on many 
new and important projects. 

Encapsulation-the method by which liq­
uids or solids can be enclosed in microscopic 
capsules-holds the promise of tasteless castor 
oil, "dry gasoline," more stable rocket fuels, 
and many other things. 

Other dramatic. developments are a new 
NCR "rod memory" that sw\tfhes in billionths 
of a second, and new photochromic data-stor­
age techniques based on color changes which 
occur under varying wave lengths of light. 

Sl 
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HERE'S PROOF YOU STILL 
CAN'T BEAT A BRYANT DRU"M 
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COMPUTER PRODUCTS 
Disc File and Magnetic Drum Memories for Every Storage Application ~ 

A DIVISION OF EX·CELL-O CORPORA TION @ 

DRTRMRTION .,,," 
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A Digitronics' customer asked for a photo-electric tape 

reader that would read a piece of looped, perforated paper 

tape at least 1112 million times without any change in signal 

output because of tape deterioration. Digitronics filled the order 

~and guaranteed performance. 

Tape on a Digitronics photo-electric reader is handled just 

that gently and smoothly. 

But that's only part of the story •.. ~elf-adjusting brakes 

allow you to interchange tapes without, r~setting clearances; 

the reader stops, reliably, before the character following the 

"stop character" at 1000 cps; the photo diodes are self-cleaning 

•••••• • •••• • •••••• • •••••• • •••••• • •••••• • ••••••• • ••••• • •••••• •• • •• • •••• • ••••• •••• • ... . .. , 
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..... 
because they poke up above the reading head, and the cir-

cuitry is all solid state. 

To meet any of your perforated tape reading requirements, 

Digitronicsphoto-electric units are designed on the modular 

principle. These readers are capable of accommodating 5.to 8 

level tape interchangeably at 60 to 5000 cps. Tape handlers are 

also available for 5 to 8 level tape up to 1000 cps. 

~. . For more information write. Digitronics Corporation, 

;:!ill" Albertson, New York. . 

DIGITRONICS OIO·ELECTRIC 
E 

Where every bit counts 

See these reqders in Booth.s 401,402, 403 at th.e 1962 Spring Joint Computer Conference, San Francisco. 

CIRCLE 24 ON. READER CARD 
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A new science-technology helps SAC 

leaders command their world-wide forces. 

Their command decisions must be made 

in minutes or seconds. And they must fre­

quently base those decisions on vast 

amounts of changing information-gath­

ered from distant sources and literally up­

to-the-second. A new science-technology 

has emerged in recent years to help SAC 

commanders and other military and go v­

ernmentalleaders make decisio~s and 

exercise control under those conditions. It 

involves the development of far-reaching, 

S4 

information processing assis~ance to 

decision-makers. It has created a number 

of new positions at System Development 

Corporation. SOC has helped create this 

new science-technology, beginning with 

SAGE-the first major system for decision 

and control. Today its scientists, engineers 

and computer programmers are at work on 

the SAC Control System. They are also 

contributing to a number of other com­

mand and control systems now in their 

early stages. They participate in the key 

phases of system development: analyzing 

system requirements, synthesiZing the sys-

CIRCLE 78 ON READER CARD 

tem, instructing computers which are the 

core of the system, and training and evalu­

ating the system. Computer Programmers 

interested in joining the growing edge of 

this new field are invited to write Dr. H. L. 

Best, SOC, 2401 Colorado Ave., Santa 

Monica, Calif. Positions are open at SOC 

facilities in Santa Monica, Washington, 

D. c., Lexington, Mass., Paramus, N. J. "An 

equalopportu- S DC 
nityemployer." 

System Development Corporation 

Systems that help men make decisions and 

exercise control IL\ 
YsiiC\ 

DECISION-MAKING AT SAC 
( 

CRTRMRTJON 

oc 

C'O 



00 

00 

COMPUTER 
CONFERENCE 

reflections 
on a revolution 
a conference welcome 
by GEORGE A. BARNARD 
General Chairman!. Sering Joint Computer Conference 

That February morning when the world watched and 
listened to the progress of Friendship 7 and its gallant 
passenger, there must have been a surge of pride within 
every professional man active in computer technology. 
We iearned that the Mercury Control Center was being 
supplied from Greenbelt, Maryland with a constaI1t flow 
of data - every B~ seconds - predicting where the space 
capsule might land if the flight were to be terminated 
at any given moment. Here was a dramatic application 
of computers to what President Kennedy has termed "The 
New Ocean." 

Accustomed to the role of computers in banking, auto­
mated industries, chemical and petroieum processing, 
insurance and department store biliings and other behind­
the-scenes operations affecting our daily lives, the public 
now understands that the computer is indispensable to 
man's conquest of space. 

We of the computer industry are swept up in the 
mairistream of world events and cannot rest on our 
achievements, no matter how solid they may seem. Facing 
forward to new challenges, we must continue to explore 
and discover anew. Computer conferences such as we 
have been privileged to organize for San Francisco in 
May offer us the best opportunity to assess the individual 
and collective effort. . 

Since our computer conferences started some ten years 
ago, we have seen the evolution-or revolution-of the 
transistor from an embryonic laboratory development to 
the preferred, active computer component. Now the 
cryotron seems to be going through a similar process. 
And thin-films are intruding their techniques into both. We 
even hear rumors that someone is "growing" memories in 
organic "soups." 

Computers can perform more work today than ever 
before. But, as they become faster and more efficient, as 
their logic takes on more complex tasks, paradoxically 
they are diminishing in size. And they are due to get 
even smaller. Packaging techniques and structural design 
are beginning to catch up with the phenomenal progress 
in logic and programming. 
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Recently-spawned microelectronics are coming into their 
own, and a fusion of production engineering with basic 
elements studies is already affording glimpses of "brain"­
size machines. At the moment, space exploration is fore­
most in this research, but commercial interests are begin­
riing to look at its potential, aware that today's visions 
formulate tomorrow's products. The electronic desk calcu­
lator we breadboarded yesterday we use today! 

"Magic Brain!" Remember the smiles that catch phrase 
provoked a decade ago? "Machines will never be able to 
think!" it was said. But some"thinking" has been going 
on. Those who once scoffed are now planning schemes 
for "intelligent" machines; they have been simulating 
neuron circuits and then trying them out as active decision 
networks. Memories can now be addressed by content 
rather than by location, even by association with other 
contents. Machines are being built to ftinction efficiently 
and taught to accommodate themselves to the vagaries 
and limitations of their human masters. 

We are being asked to cooperate with our products! 
We still have to teach them all they know, but they need 
to be told only once and they seldom forget. It is in­
creasingly' difficult to deny that some of our computers 
can perform in ways which the dictionary calls "thinking" 
or can exhibit characteristics termed "intelligent." 

Some cases seem exotic, while others ate becomiilg 
commonplace. The complex systems which control space 
exploration make valid the wildest schemes of science­
fiction. We think nothing of trusting comp~ters to account 
for our bank deposits; we believe the computers of 
insurance companies which tell us how iong we may 
expect to live. And this month we cower under the 
authority of computers which watch how we report our 
income taxes! 

We must continue to reason together and to pool our 
knowledge. We have a responsibility and we have an op­
portunity. In San Francisco May 1-3 we hope to move 
things forward a bit and welcome all those who will share 
in this exciting prospect. • 
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the program 
a n interdisciplinary theme 

by RICHARD I. TANAKA 
Technical Program Chairman, Spring Joint Computer Conference 

Perhaps the predaminant aspect 'Of the program is the 
diversity 'Of topics which are naw pertinent to camputer . 
technolagy, ranging from papers which rep art an basic 
technalogical develapments within the field, to applicatians 
in business system planning and to madeling 'Of bialagical 
processes. Distinctive areas 'Of specialized interest are dif­
ficult ta define, and the camputer field itself seems ta be 
develaping inta an interdisciplinary tapic, encampassing 
nat 'Only the physical sciences, but extending inta fields 
such as sacialagy, medicine, psychalagy, etc. The Can­
ference Program is nat representative 'Of all of these areas, 
of caurse, but daes reRect much 'Of the breadth of interest 
nawappropriate. 

Papers 'Of the mast probable general interest include: 
"A simulatian 'Of a Business Firm," by Charles P. Banini: 

This paper describes a camprehensive madel far studying 
a business firm ta help determine answers ta the camplex 
questians which relate ta its internal aperatian. This is an 
example 'Of the current attempts ta apply technical prin­
ciples to what is still largely an empirically determined 
field. 

"MH-1, a Computer-Operated Mechanical Hand," by 
Heinrich A. Ernst: The wark leading ta the MH-1 device 
cambines the tapics 'Of artificial intelligence and digital 
cantrol. The device itself has receptars which are used ta 
cantrol its perfarmance; the basic cantrol, hawever, is' af­
fected by a camputer pragram which is invalved in the 
decisian pracess and which is designed to functian in the 
absence 'Of explicit instructians. A movie illustrating aper­
atian of the mechanical hand will demanstrate the salient 
praperties of the device. 

"A Supercanductive Assaciative Memary," by Paul M. 
Davies; "A Cryogenic Data Addressed Memary," by V. L. 
Newhause and R.E. Fruin; "Circuits far the FX-1 Cam­
puter," by Kenneth H. Kankle: The three describe pa­
tential applicatians far cryagenic devices, with attempts 
made to use the unusual characteristics in ways which 
affect camputer operatian. The assaciative memary char­
acteristics derive samewhat naturally fram the attributes 
'Of present cryagenic elements; it seems natural, therefare, 
ta propase such systems at this time. -

"Are the Man and the Machine Relatians?," by Burtan 
H. Walin: This paper describes wark which attempts ta 
define further the attributes 'Of humans, in a camplex en­
viranment, sa that their relatianship to camputer systems 
can be better established. The entire Sessian an Man­
Machine Caaperatian, in fact, is cancerned with the prob­
lem 'Of specifying systems which use the machine and its 
aperatar in an 'Optimum and agree,able way. 

S6 

"Problems in the Study 'Of the N ervaus System," by 
Belmant C. Farley: This paper is intended as a general 
survey' 'Of the status 'Of computer techniques in studying 
the nervaus system. The tapic is clasely related to what 
is called artificial intelligence; the problems are campI ex, 
the approaches are varied, the results interesting. 

"Neural Analags," by Lean D. Harman: Harman's paper 
is more specialized in scape than Farley's, but nanetheless 
serves as a camparisan and summary 'Of twa 'Of the main 
appraaches naw used in studying the nervaus system. The 
twa approaches are: simulate, as faithfully as practical, 
knawn attributes 'Of bialagical campanents,ar, explare the 
resultant properties 'Of networks of relatively simple devices 
which have same resemblance ta neural nadels. The twa 
approaches will be discussed, in general, with specific 
examples stemming from the first of the twa appraaches 
mentianed. 

"Integratian and Autamatic Fault Lacatian Techniques 
in Large Digital Data Systems," by Danald W. Liddell: 
This paper describes fault lacatian techniques which use 
pragramming a computer ta lacate failure autamatically. 
Succes~ful results wauld lead to systems with minimal 
need far external manitaring, and wauld be a step taward 
fault-free, reliable lang-term operatian. 

"The Starage and Retrieval 'Of Physialagical and Medi­
cal Data in a Madern Haspital," by Paul C. Tiffany: An 
infarmatian retrieval system which appears applicable ta 
the needs 'Of hospital aperatian and also the medical re­
search warker is described. 

Each 'Of the J 'Oint Camputer Canferences represents a 
major appartunity far discussing at 'One meeting, infor­
mation generated within the full and sametimes diverse 
range of camputer technalagy. It is impartant that the 
technical program present infarmatian, which, in same 
measure, is 'Of pertinence ta each segment 'Of the camputer 
cammunity. In the early planning stages far the 1962 
Spring J 'Oint Computer Conference, it was decided that 
this 'Objective wauld be met far this canference by 
organizing the technical program araund a series 'Of spe­
cialized sessians, each sessian to be as representative of 
its specialty as passible, bath in subject material and in 
the detail presented. To da this, certain palicies were 
adopted 

Complete drafts 'Of each submitted paper were required 
ta be made available far evaluatian. The advantages 'Of 
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having the full text are obvious, primarily in eliminating 
the too common occurrence where an excellent abstract or 
summary was followed by a paper which did not, in some 
sense, fulfill the promise of the preliminary information. 
At the same time, the availability of the whole paper 
imposed additional burdens on the Review Committee, 
both for the additional time required to perform reviews, 
and also for the obligation to return, in kind, the authors' 
cooperation in preparing a complete paper prior to ac­
ceptance. 

A representative and widely situated review committee 
was solicited. The assistance and cooperation of several 
of the computer journal editors was of material assistance. 
Attempts were made to have some diversity in geographi­
cal distribution, to prevent any regional bias (if such a 
thing exists). Each man on the Review Committee was 
selected for his contribution to the field or for the ex­
cellence of his reviews in connection with the various 
computer publications. 

The Session Chairmen were appointed very early in 
the formulation of the program, and in fact, have played 
a major role in the selection of the papers and in the 
organization of this part of the Conference. A" tentative 
list of appropriate topic areas was used in selecting the 
Session Chairmen; however, wide latitude was given for 
modifying the Session topics, as influenced by the avail­
ability of papers and participants. The early appointment 
of Session Chairmen proved to be highly advantageous. It 
appears to be a wasteful neglect of ability and experience 
to limit a Session Chairman's function to that of conducting 
the mechanics of the presentation. Early involvement of 
the Session Chairman enables him to bear a significant 
part of the responsibility for maintaining quality standards. 

~~i~~fi. 
JOINT 

He was asked to utilize the review committee organized 
by the Progra,m Committee; he was asked to solicit 
further reviewers to supplement the main review com­
mittee; he was asked to evaluate in detail the papers in 
his specialty, given to him after an initial screening process. 

An additional function of the Session Chairman was 
that of" soliciting invited papers. Papers wen~ invited on 
the basis that they contain new material and results not 
represented in the submitted papers, that they be knowl­
edgeable summaries of the field, or that they contribute, 
in some way, to the value of the session, perhaps by 
introducing an opposing or controversial point of view. 
Invited papers were subjected to the review process, just 
as were the submitted papers. " 

There was no pressure to present full-length sessions; 
indeed, a short session was encouraged in preference to a 
full length session which might have been padded by the 
inclusion of papers of lower quality. At least two of the 
sessions proposed were cancelled because the appropriate 
material was not available. The chairman for the sessions 
which were voluntarily cancelled deserve much credit 
for their role in organizing the Conference; their action 
indicated . an acceptance of, and an adherence to, the 
philosophy of presenting quality material. 

In the end, of course, the program belongs to the 
authors. The function bf the Program Committee is to 
review, to select and to modify; it is the privilege and 
the responsibility of the authors to generate the informa­
tion, and to present it properly. 

We trust that most of the information" presented is of 
immediate interest and will stimulate thought and dis­
cussion; we hope ,that some of it will form a lasting and 
valuable contribution to the computer community. • 

COMPUTER 
CONFERENCE 

featured 
speakers 

DR. EDWARD TELLER, Professor of Physics at Large, Uni­
versity of California, will deliver the Keynote Address on 
Tuesday, May 1st, in the Gold Room, Fairmont Hotel, 
10 a.m. 
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PROFESSOR ADRIIAN VAN WIJNGAARDEN, Mathematisch 
Centrum, Amsterdam, Netherlands, will address the SJCC 
Luncheon on Wednesday, May 2nd, in the Tonga Room, 
Fairmont Hotel, 12 noon. 
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conference 
particulars 

Nearly 4,000 industry delegates are expected to attend 
the 1962 Spring Joint Computer Conference, to be held 
at the Fairmont Hotel in San Francisco, May 1-3. Sponsor 
of the conference is the American Federation of Informa­
tion Processing Societies. 

Thirty-seven technical papers will be presented during 
the three-day conference. All technical sessions will be 
held in the Fairmont Hotel except for sessions "G" and 
"K" which will take place in the Mark Hopkins Hotel 
(across the street from the Fairmont) on May 2 and 3, 
respectively. Among the topics to be covered will be 
"Computer Systems," "Circuits and Memory Devices," 
"Information Retrieval," "Programming and Coding," 
"Study of Business Systems," and "DDA and Hybrid Com­
putation." 

Dr. Edward Teller will deliver the keynote address on 
May 1 in the Gold Room of the Fairmont at 10 a.m. 
Principal speaker at the conference luncheon on May 2 
will be Professor A. van Wijngaarden, Mathematisch 
Centrum, Amsterdam, Holland. The luncheon will be 
held in the Fairmont's Tonga Room at 12 noon. 

The exhibit area will consist of the Grand Ballroom, 
Terrace Room, and Vanderbilt Room of the Fairmont. 
Sixty-six exhibitors-including eighteen full-frame manu­
facturers - will· show their wares from 128 booths. Ex­
hibit hours are from 12 noon to 6 p.m. on May 1 and 3, 
and 10 a.m. to 9 p.m. on May 2. A special exhibitors 
program will' be held at the Mark Hopkins Hotel from 
8 p.m. to 11 p.m on May 1 and 2. 

For members of professional groups interested in data 
t.>rocessing, a special educational program on dp will be 
presented concurrently with the SJCC. 

Registration for the conference will be from 6 p.m. to 
9 p.m. on April 30; 8:00 a.m. to 4 p.m. on May 1; 8:30 
a.m. to 4 p.m. on May '2; and from 8:30 a. m. to noon 
on May 3. Registration desks will be in the main lobby 
of the Fairmont. Fees for the SJCC are: $6 for members 
of sponsoring societies (ACM, AlEE, IRE); $10 for 
non-members, and $2 for students. 

Proceedings of the SJCC will be published in cloth­
bound form, and will be available at no charge to reg-
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The Fairmont, conference hotel on Nob Hill. View from 
Powell and California streets showing the new Fairmont 
Tower and skylift to Crown Room. 

istrants '(members and non-members); students desiring 
copies may purchase them at the regular price of $4 .. 

Social events will be limited to the previously-men­
tioned conference luncheon and a cocktail party on May 
1 in the Venetian Room of the Fairmont, from 6 p.m. to 
8 p.m. Fee for the cocktail party is $4.50. No banquet 
is scheduled. 

Field trips are not included in the SJCC program. • 
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an 
educational 

bonus: 
tutorials not for 
the erudite 
As a departure from past conference programming, a 
special education series exploring some of the broad ap­
plications in computer technology is planned in conjunc­
tion with the Spring Joint Computer Confeernce. 

A schedule of events to be held in the Mark Hopkins, 
opposite the Fairmont, is as follows: 

On the opening morning of the conference (May' 1), 
J. H. Herrett, president of Business Electronics, Inc. of 
San Francisco and an instructor in the Sloan Fellowship 
Program at Stanford University,· will conduct an hour's 
session on "Computer Orientation." 

Following will be an "IBM Computercade," featuring 
a demonstration of "The World's Slowest Computer"­
illustrating storage, data transfers and programming via a 
special display system linked to an IBM 604-52l. 

Completing the first morning's events will be a review 
of systems design, programming aids and Electronic Data 
Processing terms by Dr. Ned Chapin of San Francisco 
State College. 

for auditors and accountants 
An afternoon session opening day has been designed to 
appeal to auditors and accountants and is being co­
ordinated by Bryce Ells of IBM, San Jose. 

John Scott, partner in Pe~t, Marwick, Mitchell & Co., 
San Francisco, will make the initial presentation comparing 
a computer audit with standard auditing procedures. He 
will emphasize the correlation between classic auditing 
techniques and those required for EDP systems. 

"A Case Study of a Computer Audit" will be given 

by William R. Margerm, manager' of Management Ad­
visory Services of Price Waterhouse Co., San Francisco. 

C. E. Hemphill, partner in Arthur Anderson & Co., San 
Francisco, will discuss two types of controls of a computer 
operation - those built into the machine as a part· of the 
hardware and those established as operating company 
controls. 

applications of computers to systems' 
Special education features for the second afternoon (May 
2) will deal with applications of computers to systems 
and will be led by William Gerkin and Earl Means of 
Remington Rand, San Francisco. 

Dr. George Evans, manager of the Mathematical 
Sciences Department, of Stanford Research Institute, will 
discuss simulation of accounting management as performed 
by computing machines. A second presentation will be 
made on data communications from remote terminal to 
control computer. 

Concluding this afternoon program will be a panel 
discussion on "Rental versus Buying," "Centralized versus 
Decentralized Data Processing Installations" and questions 
raised from the audience. 

Appearing on the panel will be William Mitchell, 
manager of Data Processing at McClellan Air Force Base, 
Sacramento; Don Jackson, manager of Scientific Engineer­
ing for Aerojet at Sacramento; Charles Clayton, data 
processing manager for Chrysler Motor Parts, San Fran­
cisco; and Vincent LaCoste, data processing manager at 
Hewlett-Packard Co., Palo Alto. 

'Information Retrieval' for final day 
The concluding session of the. special education program 
will take place Thursday afternoon, May 3, with Adolph 
Bodine of IBM, San Jose, as coordinator for a series of 
talks on information retrieval. Dr. 1. A. Warheit of IBM, 
San Jose, will be session chairman. 

Robert S. Meyer of Lawrence Radiation Laboratory, 
Livermore, Calif., will give an introduction to indexing 
and retrieval. F. G. Stockton of Shell Development Co., 
San ~?se, will speak on "Search for Legal and Patent 
Data. 

Additional presentations on information retrieval sys­
tems for management reports and a library cataloguing 
system to be developed into an information retrieval sys­
tem are being planned. 

the planners ~~£ $]~~ committee=c:> .. 
GENERAL STAFF 
Chairman, G. A. Barnard, Philco Western Development 

Laboratories 
Vice-Chairman, Dr. H. D. Crane, Stanford Research 

Institute. 
Secretary-Treasurer, R. A. J saacs, Philco Western 

Development Laboratories. 

COMMITTEE CHAIRMEN 
Program, Dr. R. 1. Tanaka, Lockheed Missiles & Space Co. 
Assoc. Program, J. E. Sherman, Lockheed Missiles & 

Space Co. 
Exhibits, J. W. Ball, Pacific Telephone Co. 

April 1962 

Exhibitor's Program, D. C. Lincicome, Stanford Research 
Institute 

Local Arrangements, R G.' Glaser, McKinsey & Co., Inc. 
Printing & Mailing, W. O. Hamlin, Fairchild Semiconductor 
Registration, D. E. Eliezer, IBM Corporation 
Publications, E. T. Lincoln, IBM Corporation 
Public Relations, N. S. Jones, Friden, Inc. 
Ladles' Activities, MissM. G. Conley, IBM Corp. 
Special Education Program, R. J. Andrews, IBM Corp. 

CONSULTANTS 
Exhibits Management, J. L. Whitlock Associates, Oakton, 

Va. 
Public Relations, W. C. Estler, Palo Alto, Calif. 
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Over 200 women who are expected to be in San Francisco 
while their menfolk are engaged at the 1962 SJCC can 
expect a round of pleasant diversions arranged by the 

i distaff side of the conference planners. 
Opening day-Tuesday, May I-will find the morning 

hours centered about the Fountain Room of the Fairmont, 
the conference hotel, where the ladies will register and 
sip coffee.' 

In the afternoon there will be a Comptitercade, a special 
demonstration of computer logic tailored for the uninitiated, 
in the Room of the Dons at the Mark Hopkins Hotel 
across from the Fairmont on Nob Hill. 

In the evening the ladies will join their escorts· for the 
cOhference cocktail party in the Fairmont's Venetian 
Room. 

Wednesday morning there will be a tour (limited to 50) 
of Jackson Square, San . Francisco.'s outstanding decorating 
center. Privileged visits to several of the nationally known 
establishments have been arranged. 

Luncheon at Yamato Sukiyaki House at the base of 
Nob Hill will follow. In the midafternoori there will be a 
sightseeing cruise of San Francisco Bay aboard a chartered 
vessel. . 

Thursday - the final day of the conference - motor 
coaches will depart the Fairmont at 10 a.m. for Saratoga, 
via the scenic Skyline Drive. At Saratoga the ladies will 
visit the mountain winery of Paul Masson Vineyards for 
a wine-tasting and al fresco luncheon on a dining balcony 
overlooking the Santa Clara Valley. 

Leaving the hilltop, the touring party will go next to 
Pat.l Masson's Champagne Cellars in the valley for a 

MARGARET CONLEY 
Chairman, Ladies Program 

demonstration of the art of champagne-making. 
Enroute back to San Francisco the motorcade will stop 

for an hour at Sunset Magazine in Menlo Park to inspect 
the regional gardens, test kitchens and architectural at­
tractions of "the West's Own Magazine." • 

Above: The gardens of Sunset Magazine, scene of ladies' 
field trip. 

the sponsor: AFIPS __ -----
American Federation of Information Processing Societies 

AFIPS was created on May la, 1961, to better organize 
the advancement and dissemination of information about 
the processing sciences at all levels and to all media. AFIPS 
is a direct outgrowth of the National Joint Computer Com­
mittee (NJCC) which was established for the sole purpose 
of sponsoring and coordinating conferences. The 'founding 
and participating societies of AFIPS are: The American 
Institute of Electrical Engineers; The Association for Com­
puting Machinery; The Institute of Radio Engineers. Also 
cooperating is the Simulation Councils Inc., representing 
ar1alog computer activities. This and future computer con­
ferences sponsored by AFIPS will. be held twice yearly as 
Spring and Fall events. 

AFIPS Governing Board 
Chairman, Dr. W. H. Ware, Rand Corp. 
Secretary, Miss Margaret Fox, National Bureau of 

Standards 

60. 

Delegate to IFIPS 
I. L. Auerbach, Auerbach Electronics 

American Institute of Electrical Engineers 
R. S. Gardner, AlEE 
R. A. Imm, IBM Corporation 
C. R. R. Kagen, Western Electric Co. 
Dr. M. Rubinoff, University of Pennsylvania 

Association for Computing Machinery 
W. Carlson, E. I. duPont de Nemours & Co. 
B. Gilchrist, IBM Corporation 
Dr. H. Huskey, University of California 
J. D. Madden, System Development Corp. 

Institute of Radio Engineers 
Dr. W. Buchholz, IBM Corporation 
Dr. A. A. Cohen, Remington Rand Univac 
F. E. Heart, .Lincoln Laboratory 
H T. Larson, Ford Motor Co. 
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the 
exhibitors 
To augment the booth displays, exhibitors 
will participate in a separate forum to 
provide additional information about their 
equipment and services. Each exhibitor 
will be allotted time from 8 p.m.-ll p.m. 
Tuesday and Wednesday, May 1 and 2. 
A schedule of the Special Exhibitor's Pro­
gram will appear in the final conference 
program available at the registration 
desk. 

Aeronutronic .............. 512-513 
Division of Ford Motor Company 
Newport Beach, California 

AMP, Inc .................. 217-219, 
Harrisburg, Pennsylvania ..•...• 317-319 

Ampex Corporation ......... 505-508 
Redwood City, California 

ANelex Corporation . . . . . . . .. 204-205 
Boston, Massachusetts 

Applied Dynamics, Inc. .......... 702 
Ann Arbor, Michigan 

Bell Telephone System ..... " 107-109 
Pacific Telephone Company & 
Long Lines Department 
San Francisco, California 

The Bendix Corporation .... " 501-504 
Bendix Computer Division 
Los Angeles 45, California 

Berkeley Division of 
Beckman Instruments 
Richmond, California 
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Brush Instruments .............. 802 
Division of Clevite Corporation 
Cleveland 14, Ohio 

Bryant Computer Products .. " 105-106 
Walled Lake, Michigan 

The Bureau of Nationa, Affairs, Inc.. 304 
Washington 7, D.C. 

Burroughs Corporation ..... " 703-706 
Detroit, Michigan 

California Computer 
Products, Inc. .............. 417 -418 
Downey, California 

C-E-I-R, Inc. ............... 823-824 
New Yo~k 17, New York 

Collins Radio Company ...... 815-818 
Dallas, Texas 

Comcor, Inc •................... 514 
Denver, Colorado 

April 1962 

AUERBACH Opens 
Washington Area Office 

Thjs expanding firm is staffing its new Washington office with total 
capability in information sciences and technology, in accordance with 
AUERBACH standards of excellence. . 

Challenging and rewarding assignments are available at AUERBACH, 
both in Philadelphia and Washington, for computing and data process­
ing specialists who offer talent and problem-solving ability in computer 
applications and information processing systems . 

Computer system engineers or computer programmers, with at least 
five years' experience in information processing, who offer imagination 
and unusual drive can participate in such projects as program design for 
CINCPAC's Operation Control Centers, systems analysis of FAA's Data 
Processing Central, as well as many challenging industrial assignments. 

AUERBACH offers its staff an outstanding professional environment, 
liberal salary structure, a profit sharing plan, as well as other employee 

AUERBACH 
corporati·on 

benefits. Those interested should contact 
either the Philadelphia or Washington office 
to arrange a personal interview. 

1634 Arch Street, Philadelphia 3, Pa. 
William Walker 215 LOcust 3· 7737 

2000 Sixteenth Street North, Arlington 1, Va. 
Joseph Reymann 703 JAckson 4·1906 

A Total Capability in 
INFORMATION SCIENCES & TECffNOLOGY 

CIR<;LE 300 ON READER CARD 

Programmers Needed by 

AC SPARK PLUG ~ THE ELECTRONICS 
DIVISION OF GENERAL MOTORS 
AChiever Inertial Guidance Systems for the TITAN II, THOR and 
MACE missiles • Bombing Navigation Systems Integrator for 
the B-52 C & D • POLARIS Gyros and Accelerometers • ALRI 

Milwaukee • Los Angeles • Boston' • Flint 

COMPUTER PROGRAMMERS 
Positions are available for experienced individuals who can assume the 
responsibility for detailed problem analysis, the development of information 
gathering techniques, and computer programming and processing of business 
and scientific problems from validation of source documents to problem 
solution. 

SCIENTIFIC DATA PROGRAMMERS 
Concerned with simulation of guidance and control systems, satellite and 
trajectory studies, logical designs, numerical analysis, statistical analysis, 
electronic system design, and systems calibration. 

BUSINESS DATA PROGRAMMERS 
Concerned with the application of digi!al computers to business problems 
related to financial control, management reporting, and production control. 

REQUIREMENTS 
BS or MS in Mathematics, Physics, Engineering or Business Administration, plus 
two years' experienc;e in related areas. If interested, please send your resume 
to Mr. G. F. Raasch, Director of Scientific and Professional Employment, Dept. 
5753, 7929 South Howell, Milwaukee 1, Wisconsin. 

An Equal Opportunity Employer 

CIRCLE 301 ON READER CARD 
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RECORDING·HEAD FERRITE 
APPROACHES 
SINGLE· CRYSTAL STRUCTURE 
UNIFORMITY, DENSITY GIVE HIGH PERMEABILITY 
Kearfott's MN-60 Recording-Head Ferrite is specially formulated 
for optimum performance. Uniform ~rystal structure, sharp 
crystal boundaries, and careful control of voids produces its 
excellent characteristics. Initial minimum permeability is 5000, 
with an average of 6000 in production quantities. It is easily 
machined into small difficult shapes with typical tolerances of 
0.0001 inch. Surfaces are finished by machining to 16 micro­
inches, and by lapping to 8 microinches. 

OTHER FEATURES OF MN·60 
Negligible Eddy Current Losses 
High DC Resistivity 

Low Core-Loss Characteristics 
Low Electrical Losses 

High Curie Temperature Highest Uniform Quality 

[,T .r"l;)~ .. ln(1..["") 
Typical Kearfott head configurations (actual size). 

TYPICAL CHARACTERISTICS OF MN·60 
Initial Permeability (at 21°C, 800 cps) 
Maximum Permeability Range (at 3000 gauss) 
Flux Density (Bmax) (at 2 oersteds) 
Loss Factors (at 10 kc) 

(at 50 kc) 
(at 200 kc) 

Curie Temperature 
DC Resistivity 

500 minimum 
9000-10,000 gauss 
4800 gauss 
3 x 10.6 

4.5 X 10.6 

45 X 10.6 

190°C 
300ohm-cm 

For complete data write Kearfott Division, General Precision, Inc., 
Little Falls, New Jersey. 

@B) aENERAL 
. PRECISION 

CIRCLE 28 ON READER CARD 

THE EXHIBITORS _____ .-..;. 

Computer Contl'ol 
Company, Inc. ............. 410-411 
los Angeles 64, California 

Computer Systems, Inc. ...... 609-610 
Monmouth Junction, New Jersey 

Consolidated Electrodynamics 
Corporation ................... 820 
Pasadena, California 

Control Data Corporation 
Minneapolis 15, Minnesota 

201-203 

Data Display, Inc. . . . . . . . . . •. 412-413 
St. Paul 8, Minnesota 

Datamation ................... 305 
New York, New York 

Datapulse, Inc. ................ 415 
Inglewood, California 

01/ AN Controls, Inc. ............ 611 
Dorchester 25, Massachusetts 

Digital Equipment Corporation . 211-214 
Maynard, Massachusetts 

Digitronics Corporation ...... 401-403 
New York, New York 

DYMEC ....................... 903 
Division of Hewlett·Packard Company 
Palo Alto, California 

Electro Instruments, Inc. ......... 515 
Sunnyvale, California 

Electronic Associates, Inc. .... 404-405 
long Branch, New Jersey 

Electronic Engineering Company 
of California .................. 315 
Santa Ana, California 

Electronic Memories, Inc. . ...... " 701 
los Angeles, California 

Engineered Electronics 
Company .•............... 313-314 
Santa Ana, California 

Epsco, Inc. ................ 215-216 
Cambridge, Massachusetts 

Fabri-Tek, Inc. . . . . . . . . . . . . . . . .. 416 
Amery, Wisconsin 

Fairchild Semiconductor ..... , 406-407 
Mountain View, California 

Ferranti Electric, Inc. 
Plainview, 1.I., N.Y. 

509 

Friden, Inc. . .............. , 102-104 
-San leandro, California 

General Dynamics/Electronics.. 112-114 
I nformation Technology Division 
San Diego, California 

General Electric Company ... , 808-811 
Computer Department 
Phoen ix, Arizona 

The Hallicrcifters Company 
Berwyn, Illinois 

Indiana General Corporation 
General Ceramics Division 
Keasbey, New Jersey 

International Business 

902 

110-111 

Machines Corporation ....... 601-605 
New York, New York 
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International Telephone and 
Telegraph Corporation 
New York, New York 

803-804 

Invac Corporation .............. 517 
Natick, Massachusetts 

Kearfott Division, 
General Precision, lric. .......... 316 
Little Falls, New Jersey 

Laboratory for Electronics, Inc.. 208-209 
Boston, Massach,usetts 

Litton Systems, Inc. ......... 812-813 
Beverly Hills, California 

McGraw-Hili Book Company, Inc.. .. 518 
Corte Madera, California 

Memorex Corporation ........... 801 
Santa Clara, California 

Midwestern Instruments, Inc. ..... 807 
Tulsa, Oklahoma 

Moxon Electronics Corporation 
Beverly Hills, California 

516 

The National Cash Register. .. 206-207, 
Company ................. 306-307 
Dayton, Ohio 

Omnitronics, Inc. ........... . . .. 819 
Philadelphia, Pennsylvania 

Packard Bell Computer 
Corporation ............... 612-615 
Los Angeles, California 

Philco Corporation ........ " 606-608 
Computer Division 
Philadelphia, Pennsylvania 

Photocircuits Corporation 
Glen Cove, New York 

Potter Instrument Co., Inc. 
Plainview, L.I., N.Y. 

814 

511 

Raytheon Company ......... 821-822 
Waltham, Massachusetts 

Radio Corporation of America. 825-826 
Semiconductor and Materials Division 
Somerville, New Jersey 

Remington Rand UNIVAC .... 301-303 
New York, New York ......•... 

Rese Engineering, Inc. 
Philadelphia, Pa. 

510 

Rheem Electronics,. . . . . . . . . . . . .. 210 
Division of Rheem Manufacturing Company 
Los Angeles, California 

Rotron Manufacturing 
Company, Inc •................. 901 
Woodstock, New York 

Royal McBee Corporation ... " 805-806 
New York, New York 

Scientific Data Systems, Inc. " 309-310 
Santa Monica, California 

The Service Bureau Corporation ... 414 
New York, New York 

Soroban Engineering, Inc. 
Melbourne, Florida 

Tally Register Corporation 
Seattle, Washington 

Teletype Corporation 
Skokie, Illinois 

408-409 

311-312 

904-905 

Telex, Inc •................ 616-618 
Data Systems Division 
St. Paul, Minnesota 

John Wiley & Sons, Inc. ......... 101 
New York, New York 

(See Exhibit Map on pages 64-65) 

April 1962 

If you work in 

BUSINESS DATA 
PROCESSING 

Here is an exceptional opportunity to 
move ahead in an advanced modern facility. 

IBM 1401's 
IBM 1410's 
IBM 1301's 
IBM 7090 

The facility in-eludes: 
IBM Ramac 
S-C 4020 (Plotter) 
Teleprocessing (Local & Remote) 
Microwave 

Computer applications in: 
Inventory Control 
Production Control 

Budgets and Forecasts 
Pert· 

Quality Assurance Information Retrieval 
Logistics Control Contracts and Proposals 
Personnel and Payroll Property and Calibration 
General Accounting Real Time Applications 
Cost Accounting Total Systems Concepts 

Utility Programming 

Systems applicants 
Should have had prior experience, responsibility 
and authority to develop mechanized systems, a 
broad understanding of EDPM programming, 
operations and applications; ability to converse 
with laymen; make timing and cost estimates; 
develop systems concepts; education, ability and 
determination to see ways and means for the im­
provement of the data processing system. 

Programmer applicants 
Should have a minimum of two years experience in 
stored programming for a large scale computer or a 
minimum of one year programming for a 1401 and 
extensive punch card experience. 

Positions require a minimum of a degree in busi­
ness administration, mathematics, or an equated 
amount of related experience. 

Interested applicants are invited to send a resume 
or visit Mr. G.D. Cunningham, Employment Serv­
ices, 12214 Lakewood Blvd., Downey, California. 

All qualified applicants will receive con­
sideration for employment without regard 
to race, creed, color, or national origin. 

SPACE & INFORMATION 
SYSTEMS NP'IAYJ~IA9.t~ .. 

CIRCLE 302 ON READER CARD 
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wherever 
youare.aa 

~OSTON: I BM 7090/140~/1401 

ISL 5191 

LONDON: IBM 7090':'/1401'~ 

OT 4~ 

WASHINGTON: IBM 7090/1401/1401/~401 

HOUSTON: IBM 7090/1401/1401 

PORT 
77 ~ 

PARIS: IBM 7090'~/1401 '~/1620':' 

t 
'\ 

{ 

I 

Linear Programming/Operations' Research/Market Research/Electronic Data Processing/Computer Programming/Systei 

ORTRMRTI'ON 
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I 

AREA 212 
CODE 

YU 6 

NEW YORK: IBM 7090'~/1401/1401 

AREA 203 
CODE 

HARTFORD: RCA 501 ,~ 

359640 

MEXICO CITY: IBM 1401 

TR 8~ 

LOS ANGELES: CDC 1604/IBM 7090/14011704* 

EX 1~ 

SAN FRANCISCO: IBM 7090/1401 

whatever 
your 

problem .. " 
call C-E-I-R 

mming/Systems Design/LP-90/PERT /CPM/I+I(A)/C-E-I-R: 1 Farragut Square South, Washington 6, D. C. EX 3-1111 
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the 
technical 

pro 
OPENING- SESSION 
Tuesday, May'l 

Gold Room-10 a.m. to 12 noon. 
Note: Addresses will be relayed via public address sys­
tem to the Venetian Room in the event of an over­
capacity audience. 

Introduction: 
Dr. Richard 1. Tanaka, 
Lockheed Missiles and Space Co. 
Program Chairman of 1962 SJCC. 

Opening Remarks: 
George A. Barnard, ' 
Philco Western Development Laboratories. 
General Chairman of 1962 SJCC. 
Dr. Willis H. Ware, 
Rand Corporation. 
Chairman of AFIPS Governing Board. 

Keynote Address: 
Dr. Edward Teller, 
Professor of Physics at Large, 
University of California, Berkeley, California. 

68 

Tuesday, May 1, 2 p.m. to 5 p.m., Venetian Room 

SESSION A 
'Study of Business Information 
Systems 

ChaiNilan: 
FREDM. TONGE 
Stanford University 

Panelists: 
C. B. McGuire, University bf California, Berkeley 
Richard L. Van Horn, The Rand Corporation, Santa 

Monica, Calif. 

Organizatians have always had information systems. The computer has 
focussed increasing attention on these systems by magnifying both 
their potential benefits and their directly attributable costs. Since the 
probl~nis of constructing, using and improving these systems are 
largely ill-structured, optimizing techniques that have served in other 
areas cannot be transferred intact. There is much to learn about how 
to effect such systems and about how they affect the organization. 

Within the framework of the study of business information systems 
we propose the following areas for specific discussion, to relate the 
formal papers and to explore their implications. 

1) What useful formal descriptions exist of business information sys­
tems, and what techniques are available for manipulating and extract­
ing consequences from such formal descriptions? 2) What specific 
studies have been made of these systems, and what are their implica­
tions? 3) Of what relevance are disciplines such as information theory, 
theory of teams, feedback control systems theory? 4) What will be 
the impact of hardware and programming developments in such areas 
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as display systems, pseuda-English input, etc? 5) What is the appro­
pria.te division of research between industry and the university? 6) How 
can we best profit from the ongoing diverse systems activities in in­
dustry? 

Toward a General Simulation Capability 
Michael R. Lackner 
System Development Corporation, Santa Monica, Calif. 

Simulation of a system by digital computer require: 
a model of the system which is intelligible to the student of the 
system while compatible with the limitations of the computer, 
translation of the model to computer code, movement of the model 
through time, recording the performance of the model. 

SIMPAC, a "simulation package," incorporates coherent techniques 
and devices for the accomplishment of these objectives: modeling con­
cepts for building a computer-compatible model, a vocabulary for 
encoding the' model, a computer program for moving the model through 
time and recording its performance, and an output presentation pro­
gram. 

A model of a hypothetical business system has been implemented 
with the first version of SIMPAC for the purpose of studying manage­
ment controls in a complex system. 

This paper discusses digital simulation and SIMPAC, and intro­
duces modeling concepts which may lead to a set of simulation systems 
which would assembl~ models of varying complexity from descriptive 
statements and analyze the models prior to simulation. 

A Non-Linear Digital Optimizing Program for 
Process Control 
Raymond A. Mugele 
IBM Corporation, San Jose, Calif. 

April 1962 

A new program has been developed for optimizing a computer-con­
trolled process. This program applies probing and restraint-following 
algorithms which permit solving the optimization problem in difficult 
cases. These cases include non-linear or discontinuous restraint func­
tions, and non-convex domains. 

The program requires relatively little storage for program and data, 
and no special modifications of objective or restraint functions. It is 
primarily applicable to some medium-sized digital computers now used 
in process control. 

Various control strategies are compatible with this program. It can 
be used to generate an operator guide for a process operating in the 
steady state. It can also be used for optimizing the control of a proc­
ess with perturbed inputs, i.e., in the transient state. It can also be in­
terrupted, before completion, in order to determine the degree of 
improvement available, or to impose new restraints. 

A Simulation of a Business Firm 
Charles P. Bonini 
Graduate School of Business, Stanford University 

This paper describes a simulation model of a hypothetical business 
firm. The model was constructed to include not only the accounting and 
economic factors of costs, profits, sales, units produced, etc., but also 
psychological and behavioral concepts. Individuals in the firm have as­
piration levels, feel pressure, and react in accordance with behavioral 
theory. 

The purpose of the model is to study the effects of informational 
and organization fcictors upon the decisions of a business firm. We 
have had limited knowledge of such variables as: the effects of tardy 
information, the effects of different distributions of information within 
the firm, the effects of differing degrees of centralization or decentrali­
zation, etc. A comprehensive model, such as the one proposed, is nec-
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essary to answer such questions. 
Eight specific hypotheses involving changes in the organization and 

information system of the firm were formulated and tested using a 
factorial experimental design. The results of this experiment demon­
strate the usefulness of th is model as a research tool. 

Tuesday, May 1, 2 p.m. to 5 p.m., Gold Room 

SESSION B 
Theoretical Problems in Artificial 
Intelligence 
Chainnan: 

RUSSEll A. KIRSCH 
National Bureau of Standards 
Washington, D.C. 
Panelists: 

Edward A. Feigenbaum, University of California, Berkeley, 
and Rand Corporation, Santa Monica, California 

Marvin L. Minsky, Computation Center, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 

Norman Z. Shapiro, National Institutes of Health, Beth­
esda, Md. 

The three papers in this session represent contributions to artificial 
intelligence from diverse sources. Ernst draws upon techniques related 
to heuristic programming to solve a problem in tactile and visual 
sensing and control of a real environment. Reiss draws from ciassical 
associationist psychology to provide models for machines that would 
exhibit association of ideas. Cannon ito draws from mathematical logic 
to study the nature of fundamental limitations on the behavior of in­
telligent machines. 

The papers and the subsequent discussion will be directed more to 
the specialist in artificial intelligence than to the specialist in the 
source disciplines from which the contributions derive. To the com­
puter specialist this session will be of interest because artificial in­
telligence research makes essential use of computers in non-trivial 
ways and because some of the by-products of such research (most 
notably the design of programming languages) contribute directly to 
the further development of computers. 

MH -1, a Computer-Operated Mechanical Hand 
Heinrich A. Ernst 
IBM Research Laboratory, San Jose, Calif. 

MH-1 is a motorized and sensitized servomanipulator operated by the 
TX-O computer at the Massachusetts Institute of Technology. Unlike in 
a conventional digital control system, the computer in the MH-1 system 
is not used to process quantitative information. Its function is rather 
to perceive and appreciate. the environment of the hand qualitatively. 
On this basis, the computer determines a reasonable course of action 
after a goal has been specified for the hand. 

Because of the autoniatic execution of these higher control functions, 
the system, by itself, in its attempt to reach that goal, behaves sensi­
bly even in unexpected situations for which no explicit instructions 
have been given. For example, it makes reasonably successful attempts 
to resolve inconsistencies bet·ween the plan of action and the situation 
in the environment, it finds a way around obstacles hindering the 
hand, or it accepts help)rom a human assistant without fighting back, 
but it still resists unwanted interference~ A. film of MH-1 in action, 
demonstrating these properties, will be shown. 

An Abstract Machine Based on Classical Association 
Psychology 
Richard F. Reiss 
Librascope Division, General Precision, Inc., Glendale, 

Calif. 

Classical association psychology (circa 1750-1900) described, and pro­
posed to explain, human thought processes in terms of a few kinds of 

April 1962 

forces operating on discrete entities called "sensations," "images," 
"ideas" etc. The classical theory was not given a precise, quantitative 
formulation and has been generally abandoned for a variety of rea­
sons. However, the problem of developing artificial intelligence in 
digital machines provides new grounds for evaluating and perhaps ex­
tending association theory. 

One method of evaluation is the synthesis by postulation of abstract 
"machines" which reflect the fundamental insights of association 
theory, and analyses of their behavior. In this paper a minimal ma­
chine is defined and certain aspects of its behavior are examined. It 
is restricted to a finite system of discrete objects coupled by two 
types of associative bonds, some of which are modified by passage 

. of the objects through an "attention" register. The system grows in 
size by the admission of new objects via a "sensory" register. Al­
though this "machine" constitutes an over-simplified interpretation of 
association theory, it does display some of the diverse behavioral po­
tentialities of such systems. 

The Codel Incompleteness Theorem and Intelligent 
Machines 
Frank B. Cannonito 
Grumman Aircraft Engineering Corp., Bethpage, N. Y. 

This paper considers whether or not Godel's Incompleteness Theorem 
implies that machines are incapable of operating as intelligent robots. 
The paper's view is that the theorem does not limit machines in this 
sense. To support this belief, the concept of a recursively enumerable 
set of integers is developed via the intuitively appealing properties of 
programs made up from basic instructions similar to the well-known 
initial functions of primitive recursion. Productive sets of integers are 
then introduced and after some remarks relating formal languages to 
sets of integers via the Godel numbering technique, a formal axio­
matic arithmetic language L is defined and the recursive enumerability 
of L's set of theorems is asserted. The notions of w-consistency and 
interpretation of L are then given and Godel's Incompleteness Theorem 
is stated and interpreted vis-a-vis digital computers. 

The paper then attempts to modify the concept of a program so 
that the theorem of De Leeuw, Moorse, Shannon and Shapiro can be 
introduced to argue that nonrecursively enumberable sets of integers 
can be generated by the modified programs under suitable restric­
tions. This is regarded as removing the restrictions on the use of ma­
chines as creative robots, implied by the Godel Incompleteness 

Theorem. 

Wednesday, May 2, 9 a·m. to 12 noon, Gold Room 

. SESSION. ( 
Digital Storage and Circuits 
Chairman: 

JACK I. RAFFEL 
Lincoln Laboratory e 
Massachusetts Institute of Technology 
Lexington, Mass. 

Panelists: 
Kent D.- Broadbent, American Systems, Inc., Inglewood, 

Calif. 
Munro K. Haynes, Thomas J. Watson Research Center, 

IBM Corporation, Yorktown Heights, N.Y. 

The session on digital storage and circuits will emphasize the con­
tinuing attempt on the part of components designers to perform more 
complicated functions faster and cheaper. Two of the papers are de­
voted to cryogenic associative memory work, the third to a technique 
for high-speed transistor logic. While they represent widely different 
ends of the component spectrum with respect to environment, switch­
ing speed, stage of development and familiarity, they, as well as all 
other developments, will be measured ultimately in common units of 
bits, dollars, and microseconds. It is hoped that this session will make 
some contribution to this difficult process of evaluation. 
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A Superconductive Associative Memory 
Paul M. Davies 
Abacus, Inc., Santa Monica, Calif. 

The general properties of an associative memory are explained, and 
their advantages relative to a random access memory discussed. Then 
a superconductive mechanization of such a memory is described which 
is based upon the cross film cryotron. The memory requires 5 cryotrons 
per bit and 9 c~yotrons for a control module associated with each 
word. Any combination of bits of the word can be used as the key, 
and any number of records in the memory can be identified and read 
out as the result of a single association. The speed of various circuitry 
is approximated and some applications are suggested. 

A Cryogenic Data Addressed Memory 
V. L. Newhouse 
Genel'al Electric Research Laboratory, Schenectady, N.Y. 
R. E. Fruin 
General Electric Heavy Military Electronic Dept., Syra­
cuse, N.Y. 

A computer storage system which is addressed by content rather than 
location is described. The design has been verified by constructing 
and sl,lccessfully operating a three-word module con~isting of 81 
cro$sed-film-cryotrons on a six-inch by three-inch substra!e. 

Circuits for the FX-l Computer 
Kenneth H. Konkle 
Mass~1Chusetts Institute of Technology, Lexington, Mass. 

A set of circuits capable of 50 megapulse operation is described. In­
cluded are gated and mixing pulse amplifiers, a static flip-flop, a 
diode logic unit with current-steering amplifier, a passive delay line, 
and an active variable delay circuit; all of which are designed to 
operate with terminated 75 ohm transmission lines. Ten nsec. pulses 
and 20 nsec. flip-flop transition times are provided through use of 
very-high-sp~ed MADT transistors. The circuits have been successfuliy 
employed in the FX-1, a small general purpose computer with high­
speed magnetic film memory. 

Wed~esd(]y, M(]y 2, 9 (]·m. to 12 noon, Gold ~oom 

SESSION 0 
Man-Machine Cooperation 
Chairman: 

DOUGLAS C. ENGELBART 
Stanford Research Institute 
Menlo Park, Calif. 

Panelists: 
FrederickP. Brooks, Jr., IBM Corporation, Poughkeepsie, 

N.Y. 
Richard S. Hirsch, IBM Corporation, San Jose, Calif. 
Herbert" Martin Teager, Massachusetts Institute of Tech­

nology, Cambridge, Mass. 

Bringing the human into on-line association with the computer, to in­
teract,in real time, is a trend motivated by several goals. Computeriz~d 
systems, with real-time missions, often need to utilize some of the 
still-unique human capabilities, such as pattern recognition and judg­
ment. Here the goal is to get best possible system performance, and 
the problem in the man-machine relationships is to try to couple the 
man in the best manner to this end. This goal has prompted most of 
the man-machine work to date .. 

Another goal, still to be generally appreciated and pursued, is that 
of extending the individual human's self-directed problem-solving ca­
pability by means of more intimate cooperation with the computer. 
This session is concerned, relative to both goals, with the current pos­
sibilities and problems of reol-time, on-line, man-computer cooperation. 
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On-Line Communication Between Men and Computers 
J. C. n. Licklider 
Bolt Beranek and Newman, Inc., Cambridge, Mass. 
\Velden Clark 
Bolt Beranek and Newman, Inc., Los Angeles, Calif. 

The paper first reviews briefly the main prablems and existing tech­
niques of on-li~e communication between men and computers, and 
then describes three current developments I 

1. A time-sharing system that permits several operators with inde­
pendent problems to use one computer simultaneously, each 
operator having sensibly continuous access to its facilities. 

2. A set of programs and techniques to facilitate planning and de­
sign of buildings. 

3. Techniques that provide pictorial displays of what is going on 
inside the computer and revea'i basic characteristics of traced­
operating programs. 

The paper concludes with a brief discussion of man-computer com­
munication problems that call for basic advances in concept and hard­
ware. 

Solution of Non-Linear Integral Equations 
Using On-Line Computer Control 
Glen J. Culler 
Ramo-Wooldridge, a Division of Thompson-Ramo-Wool­
drige, Canoga Park, Calif. 
Robert W. Huff 
University of California Radiation Laboratory, Berkeley, 
Calif. 

This paper contains results from some computer experiments per'formed 
as part of a study concerning more effective utilization of computers 
as research tools for scientific problems. A display and analysis con­
sole permitting direct control of the computer was used to solve a non­
lin'ear integral equation 'occurring in the Bardeen-Cooper-S'chrieffer 

theory of superconductivity. This equation gives the energy gap in a 
superconductor a function of energy ofter three physical parameters 
have been specified. In each case, the method of solution was con­
structed by the problem solver through ~irect interaction with the com-

, puter, the strategy of solution of each stage being based on informa­
tion obtained from the computer in the course of the solution process. 
Thus, characteristic features of the problem and the pitfalls involved 
were discovered and controlled during the process of solution. 

According to the parameter values specified, the problems ranged 
from very easy to quite difficult, and thus provided a basis for testing 
our approach. Extension of this technique to other digital equations, 
to more general one-dimensional problems, and to a wide class of 
physical and mathematical problems appears entirely feasible. 

Are the Man and the Machine Relations? 
Burton R. 'Volin 
Systems Development Corporation, Santa Monica, Calif. 

As environments requiring control have become more complex, and 
the speeds of events in those environments have increased, there has 
been a trend to use computers to supplement or replace men or the 
functions they have traditionally performed. 

The decision as to how to use computers in systems has been in­
fluenced by beliefs about what men can and cannot do or should and 
should not do. 

Additionally, attempts to employ computers have frequently failed 

because not enough has been known, either about the function, or 
how to program the computer to perform the function. 

A research program is described which has two objectives: First, to 
study the behavior of men in complex environments to find out what 
they can and cannot do well, and what factors limit or extenq their 
effectiveness. Second, to study the behavior of men to determine how 
they perform complex hmctions, using the men as analogues of gen­
eral-purpose computers, so that computers can be better programmed 
to perform such functions when it is necessary to do so. . 

A brief description of the computerized laboratory in which the 
research is being done, and how the laboratory is being used, is in­

cluded. 
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Wednesday, May 2, 2 p.m. to 5 p.m., Venetian Room 

SESSION E 
Data Analysis and Model Construction; 
in the Study of the Nervous System 

Chainnan: 

BELMONT G. FARLEY 
Lincoln Laboratory 
Massachusetts Institute of Technology 
Lexington, Mass. 

Panelists: 
T. H. Bullock, UCLA 
M. H. Goldstein, J1'., Massachusetts Institute of Technology 
Josiah Macy, Jr., Albert Einstein College of Medicine, New 

York City 

The complexity and non-linearity of the problems encountered in the 
study of the nervous system make necessary the use of the most ca­
pable available tools for progress toward their solution. Problems arise 
both in processing experimental data, and in constructing theoretical 
models. The theme of this session is the application of advanced 
analog and digital techniques to analysis dnd synthesis of experi­
mental phenomena observed in both animal and human nervous sys­
tems. Emphasis will be placed on problems and methods peculiar to 
the study of biological systems, but on attempt will be made to ~ssess 
the present status of the field and relate it to others. 

Problems In the Study of the Nervous System 
Belmont G. Parley 
Lincoln Laboratory, Massachusetts Institute of Technology, 

Lexington, Mass. 

A survey is given of the main experimental and theoretical difficulties 
encountered in the study of the nervous system. 1 hese difficulties are 
illustrated by specific examples of the uncertainties still existing in 
knowledge of the behavior of neurons, both individually and in 
groups, and in the interpretation of experimental observations. Con­
cepts of the reduction of data from electrophysiological experiments 
are discussed and compared with those in physical experiments. Some 
theoretical problems are similarly treated. Examples of analog and 
digital computers having both special and general-purpose features 
which hcive been used to attack these problems are given, with a brief 
discussion of some of the results. 

N eutal Analogs 
Leon D. Harmon 
Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

Information processing in the nervous system is receiving increasing 
attention by researchers in the communications sciences. One of the 
most prolific areas of activity has been neural modeling. Simple elec­
trical and mathematical models were described dver a half a century 
ago; in recent years there has been a growing array of chemical, elec­
tronic, mathematical and computer-simulated analogs. 

two quite different kinds of rieural modeling have resulted. In one 
category the intent is to simulate the complex parameters of the bio­
logiCal original closely in order to consider functions of the nervous 
system, hopefully to supplement neuro-physiological research. In the 
second kind of neural modeling the ideo is to explore the single­
element logical behavior or the self-organizing properties of ensem­
bles of relatively simple quasi-neural elements. 

It is the purpose of this paper to emphasize the differences between 
these two approaches, to review briefly some of the main streams of 
activity in neural modeling, and to show, by way of example, the re­
sults of one particular line of investigation - the work dealing with 
real-time electronic neural analogs. 
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The Caudal Photoreceptor of the Crayfish: 
A Quantitative Study of Responses to Intensity, 
Temporal and Wavelength Variables 
\ViJliam R. Dttal 
IBM Research Center, Yorktown Heights, N. Y. 

This paper describes the results of a study which has been mode of 
the caudal photoreceptor of the crayfish. Pooied pulse potentials 
evoked by photic stimuli were recorded from the ventral nerve cord 
and these data digitized and recorded on magnetic tope. A digital· 
computer was then used to analyze the data and recognize certain 
specific features. The coding of the nerve action potentials, as a func­
tion of the stimulus dimensions, was investigated and it was deter­
mined that the stimulus amplitude-response magnitude relation was a 
power function with the some exponent as that found in human per­
ception. Furthermore, the spectral luminosity curve was determined to 
coincide with that of the human eye. 

The similarities of these two functions suggest a common photo­
chemical medium which thus allows a detailed study to be mode of 
these human perceptual processes in a highly reduced model prepara­
tion. 

A Theory and Simulation of Rhythmic Behavior Due to 
Reciprocal Inhibition in Small Nerve N et.s 
Richard F. Reiss 
Librascope Division, General Precision, Inc., Glendale, 

Calif. 

An elementary theory predicts that neurons which inhibit each other, 
and which suffer "fatigue" with repeated firing, can produce alter­
nate bursts of pulses, a "multivibrator" ~ffect, under certain condi­
tions. Fragmentary physiological evidence suggests that reciprocal in­
hibition does occur in sensory and muscle control systems, and may in 
particular explain rhythmic behavior of the sort seen in alternating re­
flexes responsible for animal, locomotion. 

On the basis of a specific conceptual model of signal processing 
in neurons, analog and digital simulation models have been constructed 
and used to explore the multivibrator effect. The effect is rather easily 
produced with model neurons operating in either "coincidence" or 
"relaxation" modes, and is facilitated within limits by asymmetric 
parameters. 

The reported simulation experiments are restricted to reciprocal in­
hibition of just two neurOns and indicate that a. neuron couplet, with 
a few sensory inputs and proprioceptive feedbacks, could provide on 
economical control system' for alternating reflexes or for synergetic 
muscle groups which time-shore a common load. Such a system could 
rapidly adapt to vcirying loads and would require minimal control 
from higher nervous centers. The exploration of many other possible 
functions for two (and more) muhivibrator effects in small nerve nets 
has only begun. 

Wedhesday, May 2, 2 p.m. to 5 p.m., Gold Room 

SESSION F 
Computer Systems 
Chainnan: 

JAMES H. POMEREN E 
Thomas J. Watson Research Center, 
IBM Corporation 
Yorktown Heights, N. Y. 

Panelists: 
Erich Bloch, IBM Corporation, Poughkeepsie, N. Y. 
Howard R. Nonken, Burroughs Laboratories, Paoli, Pa. 
Herbert Martin Teager, Massachusetts Institute of Tech-

nology, Cambridge, Mass. 

Foster computer systems can usually be expected from foster tech­
nology, but there are other areas where improvement is needed and 
'can be obtained. Some 0* these are described. 

The processes themselves can be defined in new ways which make 
solution of many problems more convenient. The use of coritent-ad-
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dressed, or "associative" memories can greatly speed up and simplify 
the searching operations characteristic of many nonnumerical prob­
lems. Final results can often be presented to the user in visual dis­
plays conveying the essential information compactly and in minimum 
time; the example described primarily concerns maintenance but has 
.implications for operation results as well. . 

. The Maniac III Arithmetic System 
Robert L. Ashenhurst 
Institute for Computer Research, University of Chicago, 

Chicago, Ill. 

Unlike most computers, for which there is a formal distinction between 
"fixed-point" and "floating-point" numbers, the University of Chicago 
Maniac III computer handles all numbers in a single format (exponent 
and coefficient, with the coefficient in general not normalized). This 
permits several types of arithmetic to be defined, which differ in that 
results are adjusted (coefficie~t scaled) according to different rules. 
For example, a "floating-point" operation adjusts the result according 
to a "significant digit" criterion, while a "specified point" operation 
adjusts the result to the exponent- of the first operand. Normalized 
arithmetic and a fourth type called "basic" are also available. Since 
the format for operC(lnds is the same for all these types, they can be 
processed by the various arithmetics without intermediate conversion, 
thus adding a dimension of flexibility to the computing process. 

This paper discusses the arithmetic rules in some detail, showing 
how consistent conventions for rounding, adjustment of zero and for­
mation of low-order parts are established. The trapping system used 
for the detection of anomalous results is also described. 

An Organization of an Associate Cryogenic Computer 
Robert F. Rosin 
Department of Electrical Engineering, University of Mich­

igan, Ann Arbor, Mich. 

This paper is concerned with the organization of. a computer built 
entirely of cryotrons and operating with an associative (content ad­
dressed) memory in which the location of words stored or retrieved is 
determined by all or part of the contents of the words. 

Since cryogenic circuitry is used throughout, the speed of the ma­
chine is relatively uniform in both memory and other functions. Thus, 
the traditional balance of operation time is changed from that exist­
ing in more contemporary devices. Moreover, the problem of hardware 
maintenance has changed due to the very cold environment which 
must exist for the machine to operate. 

A design approach to these and other considerations is evolved 
which includes putting more logic than usual into the memory and 
eliminating the necessity for a distinct instruction location counter, 
address decoder, etc. Problems considered include multi- and parallel 
processing, indexing and indirect addressing, input-output processing 
and self-monitoring functions. 

Integration and Automatic Fault Location Techniques 
In Large Digital Data Systems 
Donald W. Liddell 
U. S. Navy Electronics Laboratory, San Diego, Calif. 

A digital computer, if used with proper programming techniques, can 
be a powerful tool during the process of physical integration of com­
plex digital data processing systems. After system integration as such 
has been completed, the same techniques may be used to provide per­
formance monitoring and daily calibration status data for all or any 
part of a system. 

Investigation of s'uch programming techniques during system inte­
gration of the Developmental Naval Tactical Data System (NTDS) at 
USNEL produced results which indicated the possibility of using the 
computer for automatic fault location in the system. Some progress 
has been made in this area, .and a program which allows the NTDS 
computer to identify a failing logic card associated with its own mem­
ory logic and switching circuitry has been successfully demonstrated. 
The final objectives of this approach are to provide facilities to per­
form on-line performance monitoring and automatic fault location, re­
duce to a minimum the external test equipment required for a' system, 
and eliminate insofar as possible the high degree of training presently 
required in the system maintenance technician. 
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Wednesday, May 2, 2 p.m. to 5 p.m., Peacock (ourt 
(Mark Hopkins Hotel) 

SESSION G 
Analog Applico'tions and Techniques 

Chainnan: 

VERNON l. lARROWE 
Institute of Science and Technology 
University of Michigan 
Ann Arbor, Mich. 

Panelists: 
Arthur D. Bridgman, Sylvania Electronic Defense Labora­

tories, Mountain View, Calif. 
P. J. Hermann, Dept. of Aerospace Engineering, Iowa 

State University 
Hans E. Meissinger, Hughes Aircraft Company, Culver 

City, Calif. 
James E. Wolle, Analog Computer Laboratory, General 

Electric Company, Philadelphia, Pa. 

The modern electronic analog computer, when intelligently programmed, 
is capable of solving accurately many engine~ring problems which 
arise in current technological research and development. 

The papers scheduled for presentation at this session represent a 
sampling of the many applications of the analog computer to con­
temporary problems. They are intended, not only to introduce ideas 
and stimulate thinking, but also to serve as valuable references for 
persons engaged in solving similar problems on electronic analog 
computers. 

The Use of Computers in Analysis 
'Valter J. Karplus and Ladis D. Kovach 
Department of Engineering, University of California, Los 

. Angeles, Calif. 

The computer is recognized as an important engineering design tool 
permitting the student to test the efficacy. of a large number of de­
sign hypotheses to determine an optimum design. The application of 
automatic computers to courses in methods of analysis, however, has 
not been clearly defined. 

This paper gives a number of specific examples of the utilization 
of computers in engineering analysis. Foremost among these examples 
are two categories of computer utilization: 1) The application of com­
puters to aid the student in the visualization of dynamic or mathe­
matical phenomena; and 2) The opening up of new approaches to the 
explanation of system behavior - approaches which are out of reach 
of conventional analytical methods. 

Analog Simulation of Particle Trajectories in Fluid FlQW 
Vance D. Norum 
Space-General Corporation, Glendale, Calif. 
Marvin Adelberg and Robert L. Farrenkopf 
Space Technology Laboratories, Inc., Redondo Beach, 

Calif. 

This paper presents a detailed account of the analog simulation of 
particle trajectories in a two-dimensional fluid flow field governed by 
Laplace's equation. A conductive surface is used as a direct analog 
of the two-dimensional fluid flow field in conjunction with an elec­
tronic analog computer to determine the trajectories of particles in the 
presence of fluid flow. Emphasis is placed on the concepts of accuracy 
of the particle trajectories as well as error criteria by which trajectory 
accuracy cari be judged; and on the sources of error inherent in their 
determ ination. 

A detailed error analysis is presented in which a suitable error 
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model is derived ond certain inaccuracies in the computing equipment 
are assumed in order to predict their effect on the particle trajectories. 
An example is presented to illustrate the types and magnitudes of 
errors that exist in a typical problem. The. analog simulation is also 
used to obtain trajectories in a potential flow field distorted by the 
presence of a cylinder and the results are then compared to a similar 
case obtained by other authors using a different approach. These re­
sults were comparable, with suitable explanations for the difference. 

The Application of Finite Fourier Transforms to 
Analog Computer Simulations 
Eric Liban 
Grumman Aircraft Engineering Corp., Bethpage, L. 1., 

N. Y. 

An analog computer. technique for the solution of certain classes of 
boundary value problems of partial differential equation based on 
Finite Fourier Transforms is presented, which requires considerably 
less computer components than conventional finite difference methods. 
The derivation of the Finite Fourier Transform method is briefly stated 
and then applied to analog computer simulations of heat transfer 
equations with linear and nonlinear boundary conditions. 

Analog Simulation of the Re.-Entry of a Ballistic Missile 
Warhead and Multiple Decoys 
L. E. Fogarty and R. M. Howe 
University of Michigan, Ann Arbor, Mich. 

The basic problem considered here is the computation of the re-entry 
trajectory of a single ballistic missile warhead as well as the trajec­
tories of a number of decoys which originate from the warhead tra­
jectory. Suitable three-dimensional equations of motion are presented 
for a re-entry vehicle with arbitrary drag coefficient, mass, and area, 
and the analog computer circuit for solving these equations in real 
time is given. Then a method of using several such circuits to compute 
simultaneously the trajectories of multiple targets with variations in 
all three initial velocity components as well as variations in ballistic 
coefficient is presented. 

Thursday, May 3, 9 a.m. to 12 noon, Venetian Room 

SESSION H 
Information Retrieval 
Chairman: 

JACK GOLDBERG 
Stanford Research Institute 
Menlo Park, Calif. 

Panelists: 
Charles P. Bourne,' Stanford Research Institute, Menlo 

Park, Calif. 
R. K. Wakerling, Lawrence Radiation Laboratory, Uni­

versity of California, Berkeley, Calif. 

Two basic tasks in an information retrieval system presently requiring 
human judgment are the establishment of the indexing categories and 
the indexing of incoming items. There have been numerous sugges· 
tions for the mechanization of the latter task, using semantic or sta­
tistical analysis. One of the papers at this session will describe a sta· 
tistical method for establishing the categories themselves, by analysis 
of the text of a representative body of items. The method might also 
be useful in mechanizing item indexing in a 'so-called probabilistic 
indexing and retrieval system. 

Machine retrieval has been proposed for more than just library 
service. A second paper discusses the possibilities of a mechanized 
retrieval system at the center of a very complicated technical and 
human organization - the hospital. The paper illustrates the complexity 
of the problem, and the diversity of techniques which the system de­
signer must employ. 
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The Construction of an Empirically Based 
Mathematically Derived Classification System' 
Harold Borko 
System Development Corp., Santa Monica, Calir 

This study describes a method for developing an empirically based, 
computer derived classification system. Six hundred and eighteen psy­
chological abstracts were coded in machine language for computer 
processing. The total text consisted of approximately 50,000 words of 
which nearly 6,800 were unique words. The computer program ar­
ranged these words in order of frequency of occurence. From the 
list of words which occurred 20 or more times, excluding syn­
tactical terms such as and, but, of, etc., the investigator selected 90 
words for use as index terms. These were arranged in a data matrix 
with the terms on the horizontal and the document number on the 
vertical axis. The cells contained the number of times the term was 
used in the document. Based on these data, a correlation matrix 90x90 
in size, was computed which showed the relationship of each term to 
every other term. 'The matrix was factor analyzed and the first 10 
eigenvectors were selected as factors. These were rotated for meaning 
and interpreted as major categories in a classification system. These 
factors were compared with, and shown to be compatible ·but not iden­
tical to, the classification system used by the American Psychological 
Association. The results demonstrate the feasibility of an empirically 
derived classification system and establish the value of factor analysis 
as a technique in language data processing. 

The Storage and Retrieval of Physiological and Medical 
Data in a ~lodern Hospital 
Paul C. Tiffany 
Aerospace Corporation, El Segundo, Calif. 

As an introduction, this paper considers some of the problems of data 
handling in a modern hospital. Next, the needs of the users of the 
data are considered. The principal area of interest is directed toward 
the hospital function which deals with the storage and retrieval of the 
clinical record after the patient's hospitalization. An estimation is 
made of the large amounts of terms used in medicine, and of two 
currently employed schemes for the indexing of diseases and opera­
tions. A description is made of a storage and retrieval system which 
allows the medical researcher to examine and browse through clinical 
records or abstracts of the records. The paper concludes with observa­
tions on the need' for applied research and system development to 
acquire pilot systems for the storage and retrieval of physiological 

and medical data. 

Thursday, May 3, 9 a.m. to 12 noon, Gold Room 

SESSION I 
Programming and Coding - Part 1 

Chairman: 

BERNARD A. GALLER 
Computing Center 
University of Michigan 

Panelists: 
Richard \V. Hamming, Bell Telephone Labs, Murray Hill, 

N. J. 
Edwin L. Jacks, Data Processing Scdioll, CClleral ~lot()rs, 

Inc., Detroit, Mich. 
Alan J. Periis, Computation Center, earlll'gie Tech, Pitts­

burgh, Pa. 
Francis V. \Vagnel~, North American Aviation Company, 

Los Angeles, Calif. 

The most striking feature about programming today is the variety of 
problems on which work is being done. We normally think of activity 
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in programming as being concerned with sub-routines, translators, or 
system development, but as we shall see in the papers presented here, 
there are other areas under active investigation. 

Two of the papers are concerned with new developments in the lan­
gQJages which we use in expressing algorithms. The very existence of 
these papers testifies that the topics which concern them must inevit­
ably be provided for in computing languages. Two of the papers deal 
with new requirements on operating systems. As problems become 
more complex, we find that we must consider the implications of dy­
namic storage allocation, and these two papers are pointing up some 
of the different approaches to the problem. 

The fifth paper in this session is also concerned with the complexity 
of future problems, but from a different point of view. Here we need 
to examine the methods used to determine when a program is working 
correctly. The trend toward putting the' burden more squarely on the 
"shoulders" of the computer continues, and, of course, it must. 

Fact Compiler Segmentation 
Martin N. Greenfield 
Minneapolis-Honeywell EDP Division, Wellesley Hills, 
M~s. 

The manner in which the Fact Compiler handles segmentation of pro­
grams is described. Progr'ams are divided into many interdependent 
segments in order to opt¢ize the use of core storage. For instance, 
the internal storage required to handle a tape file (buffers, labels, 
controls) would be one segment. This segment would be operated upon 
by other processing segments. Each of the segments may be activated 
or released independently as required. Each of the segments is re­
located at execution time. Segments in memory may be subsequently 
moved by the monitor in order to fit additional segments in core. The 
monitor has the ability to organize the required rearrangement. A 
hardware error detection feature is used to make the currently oper­
ating segments sensitive to the absence of a segment about to be 
addressed. This provides an efficient linkage to the monitor enabling. 
it to activate the segment. 

A General Test Data Generator for Cobol 
Lt. Richard L. Sauder 
Wright-Patterson Air Force Base, Ohio 

Program checkout procedures are often hampered by the nonavail­
ability of adequate test data. To reduce this problem, a Test Data 
Generator is currently being developed to operate in conjunction with 
the Cobol Compiler implemented by the Air Forc~ Logistics Command. 
The system not only builds data items conforming to descriptions given 
in the Data Division of the associated Cobol Source Program but also 
inserts in these items necessary data relationships and requirements to 
test various branches of the Cobol object program. The generator is 
labelled "general" inasmuch as the method of expressing these data 
requirements is designed to be as hardware independent as the Cobol 
compiler employed to build the program being tested. This paper dis­
cusses both the utilization and the method of operation of the Data 
Generator. 

Data Structures that Generalize Rectangular Arrays 
Samuel A. Hoffman 
Kettelle & Wagner, Paoli, Pa. 

A class of data structures, useful 'in data processing; is defined. These 
are called generalized structures. A formal method of describing a 
generalized structure is given. It is shown how a compiler program, 
once given such a description or descriptor, can allocate contiguous 
storage and determine the appropriate form of the storage mapping 
function which will relate suitably referenced positions in the structure 
with positions in the linear storage. The suitable referencing of data 
in the structure is accomplished by reference expressions; these are 
defined and it is shown how, at run time, they are operated upon by 
the storage mapping function. 

The class of structures, the descriptors, the f~rm of the storage map­
ping function and the reference expressions are all shown to be direct 
generalizations of the corresponding considerations for n-dimensional 
rectangular arrays. 

Finally, an Algol program for the Burroughs 220 computer is briefly 
described. The program simulates the functions that a compiler, upon 
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receiving a descriptor, would perform in forming the storage mapping 
function, and the processing that would be carried out at run time 
when a reference expression is presen!ed. 

Thursday, May 3, 2 p.m. to 5 p.m., Gold Room 

SESSION I 
Programming and Coding - Part 2 
Chairman: Same as Part 1 
Panelists: Same as Part 1 

An Experimental Time-Sharing System 
Fernando J. Corbato 
Massachusetts Institute of Technology Computation Cen­

ter, Cambridge, Mass. 

Time-sharing a digital computer is subject to two common interpreta­
tions. One can mean using different parts of the hardare at the same 
time for different tasks, or one can mean several persons making use 
of the computer at the same time. The first meaning, often' called 
multiprogramming, is oriented towards hardware efficiency in the 
sense of attempting to attain complete utilization of all components. 
The second meaning of time-sharing, which is meant here, is primarily 
concerned with'the efficiency of persons trying to use a computer. Com­
puter efficiency must still be considered but only in the perspective of 
the total system utility. 

The motivation for time-shared computer usage arises out of the 
slow man-computer interaction rate possible with the bigger, more­
advanced computers. This rate has changed little' (and become worse 
in some cases) in the last decade of widespread computer use. The de­
sired performance of a time-shared computer will be discussed as well 
as specific hardware, programming and usage problems. The opera­
tional characteristics of an experimental time-sharing programming sys­
tem prepared for an IBM 7090 will be described. Consideration will be 
given to the design compromises and to the future avenues of im­
provement. 

A Programming Language 
Kenneth E. Iverson 
Thomas J. Watson Research Center, IBM Corporation, 

Yorktown Heights, N. Y. 

The paper describes a succinct problem-oriented programming lan­
guage. The language is broad in. scope, having been developed for, 
and applied effectively in, such diverse areas as microprogramming, 
switching theory, operations research, information retrieval, sorting 
theory, structure of compilers, search procedures, and language trans­
lation. The language permits a high degree of useful formalism. It 
relies heavily on a systematic extension of a small set of basic opera­
tions to vectors, matrices, and trees, and on a family of flexible selec­
tion operations controlled by logical vectors. Illustrations will be drawn 
from a variety of applications. ' 

Thursday, May 3, 2 p.m. to 5 p.m., Venetian Room 

SESSION J 
World Peace and Role of Computers 

Chairman: 

lOUIS FEIN 
Consultant 
Palo Alto, Californ.ia 

Panel Discussion 
"Peace and the Role of Computers" defines the theme of this panel 
discussion by experts in the area of sociological and political research. 
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Replacing man with computers for making humanistic decisions is a 
novel and intriguing area which has capabilities and limitations that 
are largely unknown. The objectives of this discussion will be to ex­
plore ways in which computers can help peace gamers and other peace 

researchers in performing their tasks and solving their problems; and 
also bring to li'ght what measures can be taken by professional com­
puter people to further this appl!cation of machine to man's problems. 

Subjects to be discussed are: . 
(1) Identifying necessary and sufficient conditions (economic, politi­

cal, sociological, psychological, cultural, military, religious, moral, 
ethical, ideological, legal and semantic) for preventing major interna­
tional conflicts-conflicts for whose resolution nations seriously consider 
all-out nuclear war as an acceptable instrument; (2) generating alterna­
tive models of society whose most important property is that they meet 
these necessary and sufficient conditions, (3) generating alternative 
routes of getting from our present world condition to a no-major-con­
flict condition of society. 

In the event of conflict, peace research concentrates on (4) gener-. 
ating alternative non-destructive conflict-resolution policies and strate­
gies, and (5) generating detailed ways of implementing these policies 

in practice. 
Papers will be integrated with a continuity of subject matter from 

paper to paper. 
Political scientists, behavioral scientists anq computer scientists will 

explore some of the general problem areas of peace research and 
some of those specific classes of problems - if any - amenable to 
solution with the aid of computers. Finally, the credibility of computer­
generated recommendations' will be discussed. 

Peace research appears to deal with five main problem areas: (1) 
Identifying necessary and sufficient conditions (economic, political, 
sociologia!', psychological, cultural, military, religious, moral, ethical, 
ideOlogical, legal a!1d semantic) for preventing major international 
confiicts - conflicts for whose ~esolution nations seriously consider all­
out nuclear war as an acceptable instrument; (2) generating alternative 
models of society whose most important property is that they meet 
these necessary and sufficient conditions; (3) generating alternative 
routes of getting from our present world condition to a condition of 

society with no major conflicts. 

ATTENTION: 
IBM 1401 users 

NOW AVAILABLE: 

A. Completely Automatic Time 
Totalizer For The IBM 1401 Computer 

j Easy to Install 

j Automatically Records 'Machine Usage Time 

j Replaces the Frequently Inaccurate Manual Time 
Recording Method 

j Now in Use at Many Major Facili~ies 

j Effects Remarkable Savings 

j Low One Time Cost Should Be Recovered Within 
2 Or 3 Weeks Depending On Computer Usage 

Inquiries Receive Prompt Attention 

Sole Distributors: 

PACIFIC AERO SUPPLY 
P. O. Box 3111 

~everly Hills, Calif. 

Phone: BRadshaw 22441 

CIRCLE 31 ON READER CARD 
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In the event of conflict, the research would concentrate on (1) gen· 
erating alternative non-destructive strategies and policies to resolve 
conflicts, and (2) generating detailed ways of implementing these poli­
cies in practice. 

Papers will be integrated with a continuity of subject matter from 
paper to paper. The format and content of the session may be con­
sidered as a very small scale rnode'l of the whol~ proc~ss of analyzing 
important sociological problems and solving them with the aid of com­
puters. 

Thursday, May 3, 2 p.m. to 5 p.m., Peacock Court 
(Mark Hopkins Hotel) 

S~SSION ~( 
DDA and' Hybrid (amputation 

Chainnan: 

HAROLD K. SKRAMSTAD 
Naval Ordnance Laboratory 
Corona, California 

Panelists: 
Robert M. Barnett, Ames Research Center, Moffet Field, 

Calif. 
w. N. McLean, North American Avi~tion, Los Angeles, 

Calif. 
Fred Shaver, National Aeronautics and Space Administra­

tion, Marshall Space Flight Center, Huntsville, Ala. 

The Digital Differential Analyzer or DDA is a special-purpose digital 
computer of the incremental type whic~ has the ability'to solve differ­
ential equation problel!1s with high efficiency. Programmed in the 
manner of analog computers, but free of analog limitations on preci-

N EW HIGH SPEED 

TAPE PERFORATOR 

• SPEEDS UP TO 60 CPS 
• NON-SYNCHRONOUS DRIVE 
• PAPER OR MYLAR TAPE .5 TO 8 CODE CHANNELS 

• VARIABLE TAPE WIDTH UP TO 1" 
• COMPACT DESIGN 10'12" x 19" 

• PRECISE HOLE SPACING 
• HARMONIC TAPE ADVANCE 

Newly designed for recording 
digital data jn punched tape 
from computer output, data 
logging systems, machine con­
trol systems, automatic test 
and simulation systems, data 
tran~mission systems, and key­
board or other manual systems. 

INSTRUMENTS INC. 

7617 HAYVENHURST AVENUE. VAf'oI NUYS, CALIFORNIA 
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sion, they are being increasingly used in real-time simulation and con­

trol, due primariiy to the order of magnitude increases in speed attain­
able in recent years. 

The first paper 'Design of a One-Megacycle iteration Rate DDA" 
describes a new DDA of exceptionally high speed. The second paper 
"DDA Error Analysis Using Sampled Data Techniques" is a thorough 
analytical study of the errors produced in DDA's in which a conceptu­
ally simple error theory is evolved. 

The third paper "Hybrid Techniques ~or Optimization Problems" de­
scribes a hybrid technique, combining analog and digital hardware, 
for minimizing a function dependent on the solution of a set of dif­
ferential equations, by means of a systematic search procedure in 
para meter space. 

Design of a One-Megacycle Iteration Rate DDA 
R. E. Bradley, Design Engihccr 
J. F. Genna, Project Engineer 
Hazeltine Technical Development Center, Inc., Indianap­

olis, Ind. 

This paper discusses the special design features of a digital differentlal 
analyz,er (DDA) which operates at a rate of one million iterations per 
~econd. SPEDAC (Solid-state Parallel Expandable Differential Analyzer 
Computer) features paralei organization of the integrators, serial­
parallel organization of the integrators, serial-parallel arithmetic with­
in the iteration cycle, 26-bit word length, and the integral inclusion of 
a multi-fundion digital fUhdion generator. The computer is pro­
grammed in analog computer fashion by means of plug board inter­
connection of the integrators. 

To achieve a one-megacycle clock rate, the arithmetic circuits oper­
ate at a six-megacycle clock rate. Trapezoidal integration is 
performed. Initial conditions and fUnction generator breakpoints and 
slopes are stored as parallel words in a multiplane magnetic core 
memory. The use of a parallel memory is exploited to permit direct 
parallel communication and hybrid operation with external large-scale 
general-purpose digital computers. 

DIGITAL CLOCKS i 
Up to 86,400 contact combinations 

per day in Decimal or Binary Coded 

Decimal form for Programming 

Process Control ... Test Data Log­

ging ... Computer Systems. 

Time in increments of minutes, 

tenth minutes, or seconds. Time of 

day (12 hour or 24 hour). -' Count 

Down or Elapsed Time configurations. 

Easy to read, single or multiple dis­

plays. Output compatible with print­

ers, typewriters, card punches, etc. 

Special models. For details write: 

rr·-~~- -:-s-.-s-~ ~ -: -~~:rl 
r~~,-__ ._._.~. '~ "--~-._._ .. ___ ~,=-~i 
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DDA Error Analysis Using Sampled Data Techniques 
Don J . Nelson 
University of Nebraska, Department of Engineering, 

Lincoln, Neb. 

The Z or W-Transforms may be combined with matrix techniques to 
analyze errors in digital differential analyzers. This analysis demon· 

strates how errors in the solution of linear differential equations with 
constant coefficients can be simply determined and how solutions to 
these equations can be developed, the accuracy of which is limited 
only by round-off. 

Hybrid Techniques Applied to Optimization Problems 
Hans S. Witsenhausen 
Electronic Associates, Inc., Princeton, N. J. 
A hybrid system is described consisting of a general-purpose analog 
computer and a specially designed digital expansion system (DES). 

One of the functions of this expansion is to act as an intelligent oper­
ator of the analog high-speed computing capability. To this end, the 
expansion contains logic building blocks (essentially flip-flops and 
gates) interconnected on a patch-panel. Switching commands are trans­
mitted from the DES to analog gates, memory units and mode control. 
Comparators transmit quantized information from the analog to the 
DES., ' 

Application of this, simplest capability of the hybrid approach is 
illustrated for the optimization problem, stated as follows: 

A function dependent on the solution of a set of differential and/or 
algebraic equations containing adjustable parameters is to be mini­
mized by systematic search procedures in parameter, space. Among 
the applications are model building, process optimization and malche 
ing of boundary conditions. One possible procedure has been selected 
for illustration and its hybrid implementation is carried aut for ... the 
general n-parameter case. Exploratory runs determine approximate 
partial derivatives from which a· quantized direction is determIned. 
Steps are taken in this direction until lack of improvement forces a 
redetermination of partials. The techniques of programming the DES 
and the hybrid interconnections are emphasized. • 

COMPUTER ENGINEERS 
LOGIC DESIGNERS 

CORE MEMORY SPECIALISTS 

Collins Radio Company has immediate openings 
for experienced digital computer design engi­
neers at its plant in Cedar Rapids, Iowa. New 
programs in digital data systems offer outstand­
ing opportunities for growth and development 
with a leader in the electronics field. 

Recently announced development plans call for 
graduate engineers experienced in 

Computer Systems Memory Systems 
Logic Design Magnetic Tape Handlers 

Qualified applicants interested in a career with 
a future, send your resume to: 

L. R. N uss, Manager 
Professional Employment 

COLLINS RADIO COMP ANY 
Cedar Rapids, Iowa 

t!A 
COLUNS An equal opportun,ity employer. 

~ 
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every Brush 
magnetic head 

is 100% tested 
t 

"0» 

r 

Detailed mechanical and electrical test data is on file for every head manufactured. Complete production 
drawings allow duplication at any time. Modern quality control and production facilities are unequaled 
in the Industry. Couple this with the largest full time technical staff concentrating on magnetic heads 
and you'll understand why Brush cannot be matched in the sum total of capabilities necessary to stay 
in advance of your system requirements. Visit Brush and see for yourself, or write for full details. 

---./;,rush INSTRUMENTS 
DIVISION OF I CLEVITE I 37TH AND PERKINS, CLEVELAND 14, OHIO 
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r0J® NEWS BRIEFS 

CALL FOR INTERNATIONAL 
GLOSSARY STANDARDS 

Individuals or organizations inter­
ested in submitting draft proposals 
for an international glossary standard 
on computers and information process­
ing should contact J. F. Traub, Bell 
Telephone Laboratories, Inc., Murray 
Hill, N. J. 

Proposals for the glossary standard 
will be considered at the fall 1962 
meeting of the TC-97 committee of 
the International Standards Organiza­
tion. The glossary working group of 
TC-97 is WG-A, which is chaired by 
the Netherlands. 

JOHNSON TO CHAIR 
1963 SJCC 

Dr. E. Calvin Johnson, head of 
Bendix Laboratories Computer De­
velopment Department, has been 
named chairman of the 1963 Spring 
J oint Computer Conference, to be 
held in Detroit. 

Dr. Johnson joined the Research 
Laboratories Division of Bendix in 
1951, where he has participated in a 
number of study and development 
programs involving special purpose' 
analog and digital computers. 

A member of the ACM, IRE, and 

AlEE, he organized the Detroit chap­
ter of the IRE Professional Group on 
Electronic Computers and is currently 
on the national administrative com­
mittee. 

14 UNIVERSITIES ADOPT 
U-M EXECUTIVE SYSTEM 
Details of the U-M executive system, 
developed by the University of Mich­
igan's Computer Center, were pre­
sented to computing center staff mem­
bers from fourteen universities at a 
recent two-day meeting at Ann Arbor. 
The University representatives will 
implement the system at their respec­
tive centers. 

The' system, it is claimed, allows 
dp equipment to be used directly on 
problem solving almost 70 percent of 
the time. Most other systems, says Dr. 
Bernard A. Galler, acting director of 
the U-M Center, achieve only a 35-40 
percent computation rate. 

For scheduling computer time, the 
system supervises the necessary I/O 
steps. The problem, stated on punched 
cards in one of two languages­
FORTRAN or MAD-is translated 
into machine language and stored in 

4,000 EXPECTED AT NMAA CONFERENCE, JUNE 19-22 

"Key to Efficiency" has been set as 
the theme for the lith Annual Inter­
national Conference and Business Ex­
position, sponsored by the National 
Machine Accountants Association. To 
be held at New York City's Hotel 
Statler-Hilton, June 19-22, an attend­
ance of more than 4,000 is expected. 

Features of the conference include 
30 seminars on dp, covering six subject 
areas; "Datathon,", a ten-hour, closed­
circuit TV program; and a President's 
Forum, comprised of chief executives 
of leading dp manufacturers. 

Current plans are to conduct each 
of the thirty seminars twice, so if 
there is a conflict on two seminars 
being held concurrently, one can be 
attended later in the program. Fifteen 
seminars are planned for each morning 
and each afternoon, June 20 an 2l. 

The Datathon program will include 
a Data Processing Panel from spe-
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cialized areas such as information sys­
tems, optical scanning, information 
retrieval, 'scheduling, etc. Also to be 
featured are interviews with persons 
prominent in dp, seminar speakers, 
exhibitors and conference attendees. 

Topic of the President's Forum will 
be: "The Direction of Data Processing 
and its Relationship to Automation." 
Scheduled to participate are K. T. 
Bement, Burroughs; R. E. Pfenning, 
GE; O. M. Scott, IBM; W. W. Finke, 
Honeywell; R. G. Chollar, NCR; T. A. 
Smith, RCA; D. L. Bibby, RemRand. 
Moderating the program will be 
Walter Cronkite, of CBS. 

The. Conference's keynote speaker 
will be Dr. Kenneth McFarland, 
educational' consultant, General Mo­
tors. Governor Nelson Rockefeller will 
officially open the Conference with a 
welcoming address. 

memory prior to actual computation. 
In addition to the two languages, the 
sys'tem includes the UMAP assembly 
program. 

Attending the meeting were rep­
resentatives of Michigan State; MIT; 
Yale; Illinois; Northwestern; Ohio 
State; Columbia; Purdue; Florida 
state; UCLA; NYU; Indiana; Chicago; 
and Texas A & M. 

COMPUTER DYNAMICS WINS 
OVER C-E-I-R SUIT 
The suit RIed by C-E-I-R, Inc., to 
enjoin the Computer Dynamics Corp. 
from seeking to do business with 
C-E-I -R' s former or prospective clients 
was dismissed in Montgomery County 

. (Md.) Circuit Court recently. 
C-E-I-R has appealed the decision 

to the Maryland Court of Appeals. 
The appeal may be argued within 
the next sixty days. 

In ruling on the motion to dismiss, 
RIed by attorneys for Computer Dy­
namics after a week of testimony by 
C-E-I-R, Judge Kathryn L. Shook 
stated that the former employees of 
C-E-I-R who formed the defendant 
company, "took no knowledge with 
them that was tpe employer's prop­
erty, nor secret methods or formula;" 
and that C-E-I-R had "no proprietary 

\ rights in business from the United 
States Government." 

ACM ISSUES 
CALL FOR PAPERS 
The Association' for Computing Ma­
chinery has issued a Call for Papers, 
which will be read at the 1962 ACM 
National Conference, September 4-7 
at the Hotel Syracuse and the War 
Memorial, Syracuse, N. Y. 

The Conference will include con­
tributed papers in the following areas: 
Scientific Information Processing; 
Automatic Programming and Com­
puter Language; Business Informa­
tion Processing; Information Retrieval; 
Language Translation; Education; Real 
Time Information Processing; Social 
Aspects and Philosophies. 

In order to be considered, an 800-
1000 word illustrated summary and 
a 35 word abstract (both in quadru-
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plicate) should be sent on or before 
May 1, 1962, to Robert W. Beck­
with, 7614 Hunt Lane, Fayetteville, 
N. Y. 

General chairman of the Confer­
ence Committee is Robert S. Jones 
(Sylvania) ; other members of the 
committee are: Joseph C. Batz (GE), 
vice chairman; Eleanor W. Kelsey 
(Sperry-Rand), secretary; Robert W. 
Beckwith (GE) and John P. Menard 
(Syracuse Univ.), technical program; 
Bernard G. Flanagan (Merchants Na­
tional Bank & Trust Co.), treasurer; 
James A. .Iverson ( GE), publicity; 
Joseph Banas (Baldwinsville School 
System), exhibits; William Warmuth 
and Elizabeth G. Hill (IBM), arrange­
ments-facilities; and Lewis Winner 
( consultant), conference-exhibit con;, 
sultant. 

L.A. SCHOOL SYSTEM 
ORDERS B-5000 

A Burroughs B5000 has been or­
dered . by the Los Angeles City School 
System, with delivery scheduled for 
early 1963. The installation will in­
clude 32K words of drum memory, 
with an additional 4K of core memory, 
one I/O channel, four mag tape units, 

, card reader, punch, and line printer. 
Some 46,000 employees are on the 

school system's payroll, involving 54 
different types of payroll. Over 650 
job classifications are included, plus 
three retirement classifications and 16 
types "of voluntary payroll deductions. 

Utilization of the B-5000 will 
reduce computer operations from three 
shifts to one, allowing the system to 
be used for increased statistical analy­
sis and expansion of general account­
ing and budgetary control applications. 

CIRCLE TOO ON READER CARD 

MIT COMPUTER LECTURES 
IN BOOK FORM 

The M.LT. lecture series on «Man­
agement and the Computer of the 
Future" has' been published by John 
Wiley and Sons and the M.LT. Press 
in a hardbound format. 

Among the topics discussed were: 
"Scientists and Decision Making," C. 
P. Snow; "Managerial Decision Mak­
ing," J. W. Forrester; "Simulation of 
Human Thinking," H. A. Simon; "The 
Computer in the University," A. J. 
Perlis; "Time-Sharing Computer Sys­
tems," J. McCarthy; "A New Concept 
in Programming," G. W. Brown; 
"What Computers Should Be Doing," 
J. R. Pierce, and "A Library for 2000 
A. D.," J. G. Kemeny. 

The discussions were held at M.LT. 

Digital Analog 
Management application 

on the 7070, 7040 and 7090 
computers, embodying projects in 

Finance, Logistics, Requirements, 
Configuration Control and Scheduling 

are providing a novel expanding en-

Problematic areas such 
as performance analyses of 
the ICBM's and space flight sim­
ulation as related to orbital vehicle 
rendezvous are in need of systematic 
analyses and preparation for computer 
solution processing by professional pro­
grammers. Applied mat~ematics or 
engineering degree preferable and 

vironment for scientifically or business 
oriented pro'grammers motivated by chal­
lenge. Openings exist at all levels. A de­
gree and 2 or more years' experience 
in programming for IBM 700 se-

a summation, of at least 2 years' 
experience is required. 

ries or similar computers 
are requisite. 

Send resume 

in confidence to: 
An equol opportunity 

employer 

• F. A. McGREGOR 
Manager of Personnel Staffing, Mail #A-64 

Aerospace Division of Martin Marietta 

P.O. Box 179C 
Denver 1, Colorado 
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• 

last year as part of the school's 100th 
anniversary. Editor of the book is 
Martin' Greenberger, of the School of 
Industrial Management. ' 

CIRCLE 101 ON READER CARD 

• Control Data Corporation's 
earnings for the six-month period 
ending December 31, 1961, totaled 
$17,308,142, as compared with 
$8,543,l26 for the same period of 
the previous year. Net earnings came 
to $636,990; in i960, the figure was 
$.503,722. Per share earnings on com­
mon stock was 16¢. 

• A Honeywell 400 will be used 
by the Commission on Professional 
and Hospital Activity, Ann Arbor, 
Michigan, to analyze the clinical 
records of hospital patients throughout 
the U. S. and Canada. 

CIRCLE 102 ON READER CARD 

• The National Science Foundation 
has awarded a $46,000 grant to the 
University of Michigan for research 
on "Theory of Automata." The project, 
under the direction of Prof. Arthur 
W. Burks, proposes to define broad 
mathematical classes of computing 
devices, sort out those automata that 
could be constructed into actual com­
puters, and will explore ways in which 
the machines can be built. 
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IMAGINATIVE 
PACKAGING 
Up to 247 standard parts on a 3-inch by 
3-inch card with standard techniques 

Electronic packaging engineers are 
perennially straight-jacketed with a 
multitude of system and functional 
constraints and then expected to en­
close the several million parts of a 
complex electronic system into neat, 
logical, reliable, compact, efficient, 
economical, and readily producible 
and maintainable packages. 

Litton packaging engineers drew 
just such an assignment when they 
were required to design packaging 
for a tactical digital data system to 
be installed· in a carrier-based air­
borne early warning and control 
aircraft. 

The constraints were: use standard 
parts; use standard techniques; 
achieve maximum producibility; 
confine system to a lesser volume of 
space than normally considered 
practicable; maintain flexibility re­
quired of a developmental system; 
and achieve better reliability than 
specified for airborne electronics. 

Despite these stringent constraints, 
Litton packaging engineers success­
fully met all requirements. Most 
significantly, their efforts resulted in 
containing the system in half the 
weight and a quarter of the space 
of comp'arable systems. 

Typical of the way in which packag­
ing problems were resolved was the 
manner in which card-mounted 
digital circuits were handled. First, 
an extensive study was made of 
parts density, card space, and inter­
connections. The ovc' 2000 cards in 
the system were composed of 120 
types. 1900 of these cards (covering 

all 120 types) were designed to 
conform to a single standard grid 
pattern. 

A square card (3" x 3") was selected 
for greatest loading efficiency~ By 
edge-mounting the parts (standing 
them on end), densities as high as 
247 parts per card were attained. 
Parts were distributed according to 
a technique that afforded the high­
est possible volumetric efficiency as 
well as optimum pin efficiency. On 
each card, circuits requiring many 
input! output leads were combined 
with those using only a few. Instead 
of the conventional 4 flip-flops per 
card, for example, 3 flip-flops and 
some logic gating were placed on a 
single card to avoid wasting leads. 
NIoreover, several parts converging 
into a common connection were so 
placed th~t only a single lead was 
used. Parallel circuit paths were 
provided both on the card and 
through the connector to insure 
reliability. 

,.. -.., 
... .....111 

By these and other techniques, 
packaging of extremely high density 
and reliability was attained. Analog 
circuits, including gear trains and 
servos, were mounted on the same 
type of cards as the digital circuits 
to make possible one standard card 
design and tooling. 

Why talk about past engineering 
successes ? With military and pro­
prietary restrictions as they are, it's 
difficult to do otherwise. The point 
is, this was, and still is, pretty solid 
package engineering. Litton's new 
programs offer a host of extremely 
challenging problems that can be 
solved only through imagination­
stretching, advanced electronic 
engineering. If such a climate ap­
peals to you, write Harry D. Laur, 
Litton Systems, Inc., Data Systems 
Division, 6700 Eton Avenue, Canoga 
Park, California; or telephone 
DIamond 6-4040. 

An Equal Opportunity Employer 

DATA SYSTEMS DIVISION 
LITTON SYSTEMS, INC . 

A DIVISION OF LITTON INDUSTRIES 
DATA HAN D.LI NG & DI S PLAY SYSTEMS. COM PUTE R SYSTE MS • MO DU LAR DIS PE RSE D CONTROL SYSTEMS 
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General Mills CODlputers to Process Data 
front NASA's Orbiting Astrononrlcal Observatory 

When the National Aeronautics and Space 
Administration launches its mst OAO satellite late 
in 1963, General Mills AD /ECS-37 computers will 
perform data reduction and processing of infor­
mation telemetered from the satellite. Several of 
these computers are shown above during "pro­
duction-line" checkout. The first such computer 
has been delivered to the Goddard Space Fligh~ 
Center at Greenbelt, Maryland. Additional com­
puters, now being completed, will be installed at 
ground stations in NASA's minitrack network. 

The AD jECS-37 is a solid state, parallel, gen­
eral-purpose digital computer system. It can be 

adapted readily to fit specific applications. Low 
cost "customization" has been made possible by 
the use of plug-in, printed circuit instruction 
cards. It has a 36-bit (plus sign) word length and 
utilizes a 4,096 word random access magnetic 
core memory (expandable to 8,192 words). The 
computing system has a simultaneous input-out­
put-compute capability and can be used for 
scientific and engineering calculations, process 
control, or direct data handling and process­
ing. External air conditioning is not required. 
Write for the new ,booklet, AD/ECS Digital 
Computer Systems. 

ELECTRONICS GROUP 
1620 Central Avenue, Minneapolis 13, Minnesota, 
Career opportunities for creative engineers and scientists. 
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AND THAT'S THE WORD 
FOR ARNOLD BOBBIN CORES 
For use in shift registers, coinci­
dent current matrix systems, pulse 
transformers, static magnetic 
memory elements, harmonic gen­
erators and similar equipment, 
Arnold Bobbin Cores meet the' 
most exacting requirements. 

Quality and uniformity? Yo.u'll 
find them no problem-because, as 
a fully integrated producer with 
highly modern facilities, we're 
able to maintain close control over 
every step. 

. Arnold Bobbin Cores are avail­
able in a wide range of sizes, tape 
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thicknesses, widths and number 
of wraps. Magnetic materials 
usually employed are Deltamax 
and Permalloy, in standard gauges 
of 1, ~, U and VB mil, in widths 
from %'2" through U ". Core prop­
erties include quite rectangular 
hysteresis loops, relatively low 
coercive values and high satura­
tion densities, plus the ability to 
shift in a few micro-seconds .from 
negative remanence to positive 
saturation, and vice versa, under 
conditions of pulse excitation. 

Let Arnold supply your require-

ments for bobbin cores, other tape­
wound cores, powder cores, 
permanent magnets, etc., from 
the most complete line ~of mag­
netic materials in the industry. 
• For data on bobbin cores, ask 
for Bulletin TC-10BA. Just write 
The Arnold Engineering Com .. 
pany, Main Offices, Marengo, Ill. 

ADDRESS DEPT. 0-4 4104 

$~~J~Q~R 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 

CITIES • Find them FAST in the YEllOW PAGES 

Inset illustration, left: Ultra-thin tape for bobbin cores is rolled to high precision standards for 
thickness and finish on our own 20-high Sendzimir cold reducing mill, beta-ray controlled. 
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5-WIRE COINCIDENT 64X 64 MATRIX 
(ACTUAL SIZE) 

It takes big minds to think this small 
... good, sound engineering minds with that 
added spark of boldness that frequently solves 
the seemingly unworkable problem. The core 
memory frame above is a case in point. A 5-wire 
coincident, 4,096-core matrix less than 2 inches 
square seemed impossible to make on a pro­
duction basis. But Fabri-Tek engineers devised 
special production aids and techniques, and we 
now produce them in volume. 

Fabri-Tek engineers fit core memory frames 
and stacks to your systems. Cor~s from any 
quality manufacturer can be usedto match your 
speed and environmental requirements. You 
get exact electronic and physical fit. 

Complete memory systems from Fabri-Tek 
have been designed with simplified, standard 

circuits for reliability, ruggedness and easy 
maintenance. Other features include' solderless 
connections on all inner wiring, test points on 
printed circuit modules, address and data infor­
mation indicators, matched input, output and 
control levels, and optional self-testing features. 

New color brochures describe printed circuits, 
" memory frames, memory stacks and complete 

memory systems. Write today for your free 
copies. Fabri-Tek, Inc., P. O. Box 8046, Minne­
apolis 16, Minnesota. 

Booth 416, Spring Joint Computer Conference 
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ALGOL vs. FORTRAN 
a defense of .the former 

by JAMES T. McMAHON, the lamellar Corp. 
of America, Thousand Oaks, Calif. 

Programming languages are· well estab­
lished as a tool in the use of electronic 
digital computers. Among the pro­
gramming languages considered to be 
most useful are those which may be 
described as "machine - independent" 
and "problem-oriented." The first phrase 
implies that the programming language 
does not vary with the computer on 
which the problem is to be done. The 

second phrase implies that the only effort required of a 
human programmer is to state the problem in the pro­
gramming language. 

FORTRAN and ALGOL are in the forefront of those 
programming languages commonly described by the above 
terms. It is probably safe to say that, today, more com­
puter programs are written in FORTRAN than in any 
other programming language. 

Because of this, the use of FORTRAN is well 
entrenched. Programmers working in FORTRAN are 
many, and their work forms voluminous parts of the pro­
gram library of many large computing laboratories. 

The current entrenchment of FORTRAN tends to insure 
its continuing use, whether this continuation is otherwise 
logically and economically defensible. One objection most 
commonly heard against changing from FORTRAN to 
some 'other language is the "investment" in FORTRAN 
which cannot be thrown away. . 

Yet there is not one FORTRAN. -There are a dozen or 
so FORTRANS. The difference in FORTRAN versions, 
according to McCracken in his most recent bookl, 
" ... are in two categories: minor variations in details and 
fundamental differences in scope." In short, FORTRAN 
is not machine-independent. 

That this might be so is clear from the fact that 
FORTRAN has no rigid syntactical definition and was, 
from the beginning, written without the benefit of one. 

In comparison to this, ALGOL began with a rigid syn­
tactical· definition. It is in no sense machine-oriented. In 
fact, one may write problem statements in ALGOL with­
out regard to the machine on which they are to be run, 
or whether they are to be run on . any machine. 

The development of ALGOL, well documented in such 
publications as The Communications of the Association 
for Computing Machinery, clearly shows the intent to make 
ALGOL a problem statement language. No other primary 
intent, in fact, was claimed for it. 

Comparison is sometimes made between the historic 
versions of ALGOL (ALGOL '60, and the International 
Algebraic Language - sometimes called ALGOL '58) as 
basis for the comment, "There are several versions of 
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ALGOL too!" There is an important difference, however. 
Each of the subsequent ALGOL developments is defined 
and preceded by a rigid syntactical statement. The various 
FORTRANS, on the other hand, have stemmed from 
hasty application to a new machine model. 

The crux of the matter lies in ALGOL being a problem 
statement language. Every. FORTRAN is a machine­
oriented macro-language. 

Criticisms of ALGOL which ignore this fact frequently 
are analogous to the following ridiculous conversation: 

Q. "What do you think of the English language?" 
A. "It will never replace the typewriter." 
ALGOL is not a computing machine, nor is it, es­

sentially, a computing machine language. It is a problem 
statement language whose structure is particularly well­
suited for translation by existing computers. To compare 
ALGOL with a FORTRAN version aimed at and used on 
a particular computer makes as much sense as comparing 
rosebushes and pigs. There is no FORTRAN that is not 
defined for use on a particular digital comp~ter. 

Short examination of ALGOL in comparison to any of 
the FORTRAN versions will serve to convince a pro­
grammer or a mathematician of the following facts: 

1. ALGOL is a much more powerful and general lan­
guage than FORTRAN. It allows the user to write much 
more comprehensive problems in source language. There 
is no need to descend into lower-level languages or to 
side-track into ALGOL .. type extensions atso1}rce language 
level. 

2. ALGOL is much freer of restrictions and exceptions 
than FORTRAN. The effort required is less to master an 
ALGOL subset with the same capabil,ity as FORTRAN. 

3. ALGOL offers better annotation capabilities. It per­
mits the user to include self-explanatory. comments and to 
introduce such annotation directly into sub-program pa­
rameter calls. 

It is unfortunate but true that ALGOL has received a 
"bad press." DATAMATION (October, 1961) in report­
ing on the annual RAND symposium listed a number of 
loud objections. Most of the more frequently heard objec­
tions aimed at ALGOL are found in this report. Among 
them is the charge that the existing descriptions of 
ALGOL are "nearly impossible" to read. There is, un­
fortunately, some truth to this when one considers the 
language in which the full syntactical definitions are 
couched. In using a problem statement language, how­
ever, one does not continually refer to the full syntactical 
definitions, just as one does not look up every word in 
the dictionary when writing English. The full-blown 
mathematical definitions of high-school algebra can fill 
many .books. Yet most of us use algebra frequently in a 
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pick-and-shovel fashion without ever referring to the base 
of theory underlying it. 

Consider the remarks of Robert W. Bemer2 of the Inter­
national Business Machines Corporation: " ... ALGOL is 
a far superior language to any of its predecessors." In 
describing his work with various languages, Berner said, 
"I have enough faith in the eventual future of ALGOL to 
have caused a program to be constructed which converts 
from FORTRAN source language into a rather stupid 
ALGOL. I have been asked many times why we did not 
make it translate from ALGOL to FORTRAN so that the 
existing processors could be utilized. The answer has al­
ways been that we wish to obsolete FORTRAN and 
scrap it, not perpetuate it. Its purpose has been served." 

Berner's remarks serve to point up two other matters. 
It is' worthy of note that his program translated from 
FORTRAN into "rather stupid" ALGOL. The indication 
is, clearly, that ALGOL. is a more comprehensive language 
than FORTRAN, so that a FORTRAN statement written 
in ALGOL appears rather like pidgin English. This greater 
comprehensiveness of ALGOL is the basis of another 
criticism leveled against it by those who say ALGOL is 
too complex, and hence, difficult to teach and learn. The 
facts are, as Berner's program illustrates, that one need 
not know and use all of ALGOL to make constructive use 
of it, just as one need not memorize the dictionary to 
write sensible English. However, for those who wish to 
apply its full repertoire, ALGOL is a statement language 
of considerably more power than FORTRAN. 

Berner also did not wish to translate from ALGOL into 
FORTRAN. This is understandable for several reasons. In 
the first place, it would have been a near-impossible job 
to translate the broad generality of ALGOL into FORTRAN 
with its many restrictions. The resulting translation would 
result in a vastly expanded program. Such a translation 
would be highly impractical. The impracticality gets worse 
when one looks at the implementation used in FORTRAN 
systems. Existing machine versions of FORTRAN, with­
out exception, make use of yet another intermediate 
language level intervening between the FORTRAN state­
ment and the machine language statement. This is fre­
quently defended on the basis that it is "essential" to the 
debugging of programs. Yet the facts are that many 
FORTRAN programmers doing successful work daily, and 
with output as high as other programmers, know no other 
problem statement lanllage than FORTRAN, and could 
not debug in an intermediate language, nor in a machine 
language, even if they wished to do so. 

Had Berner been able to tninslate ALGOL to 
FORTRAN to the various levels of intermediate language 
(FAP, etc.) the total process would, without doubt; have 
been too ponderous for any sensible use. 

Machine implementations of ALGOL are in daily use. 
One of these is the Burroughs Algebraic Compiler for 
the 220. Customers who use this programming system 
keep their problem documentation" in a single language 
level. They do not have various statements, card decks, 
print-outs, and other such material for a single problem. 
There is no question of fiddling with the program at one 
level and failing to update the various documents at all 
the other levels. 

Users also find that ALGOL is a language with ample 
notational power. Its offers full capability for the initial 
statement of computational algorithms. 

They are not penalized by slow compilation speeds. 
Initial compiling and subsequent recompilings for check­
out or program maintenance proceed directly from the' 
problem statement to machine language. This compiler 
readily translated at rates from 400 to 500 instructions 
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per minute. It is clearly limited by the internal speed of 
the 220. Yet the 220 is not a "slow" machine compared 
to many of the machines which translate FORTRAN state­
ments at equivalent or lesser rates. 

Why this difference? The answer rests between the 
fact that ALGOL has better "translation" characteristics 
than FORTRAN and in the manner in which a program­
ming system was designed and built up using a repre­
sentation' of ALGOL as the language structure. The pro­
grammer can safely imagine its language is the machine 
language of a hypothetical system. It was built from the 
ground up with no constraints imposed by previous sys­
tems work. It was designed to compile rapidly. This is 
not because the designers had a fetish about rapid com­
pilation, but rather because they recognized that rapid 
compiling provided a keystone about which to build their 
system. This is so because their rapid compilation tech­
niques made the twin concepts of intrinsic symbolic 
debugging aids and single-language-level documentation 
practical. The result is a translator for the 220 compacted 
into 3200 word "locations. Since this is a one pass com­
piler it clearly does not make use of magnetic tape for all 
of the purposes that most other programming systems 
do. It does· not use tape to store and recall "approxima­
tions" to the final language. It makes use of no intermediate 
languages, but translates directly from ALGOL to machine 
language. 

This latter comparison should stand as an effective 
answer to those critics who persist in comparing the 
ALGOL concept with a machine implementation of 
FORTRAN on economic grounds, and who come up with 
the answer, "It will never replace the typewriter." As a 
matter of fact, there exists a machine implementation of 
ALGOL demonstrating efficiency many times that of any 
existing FORTRAN implementation. 

What of the object code produced by this machine im­
plementation of ALGOL? Comparison of like problems, 
with due regard to internal machine speeds and organiza­
tion, indicates that the object code produced by the' 220 
compiler is at least as efficient as that produced by any 
FORTRAN compiler. 

For these reasons, Burroughs Corporation will offer 
ALGOL in machine implementation with the B5000. The 
compilation will proceed directly from the ALGOL state­
ment to machine language. By merely comparing internal 
speeds of the 220 and the B5000, one can come to the 
conservative conclusion that the B5000 may compile at 
rates comparable to 4000 to 5000 single address instruc­
tions per minute. 

The B5000 is designed to provide effective processing 
of the object code types produced by automatic program­
ming systems, and the ALGOL programming system is 
encoded in its own language. Its machine language 
representation has the object code characteristics of other 
codes translated by this system. 

Thus, in comparing existing ALGOL implementation to 
FORTRAN, the balance is again in favor of ALGOL. It 
would seem that Mr. Berner is correct, and that ALGOL 
is, indeed, " ... a far superior language to any of its 
predecessors." • 

NOTES 
1. 'McCracken, Daniel D., "A Guide to FORTRAN Pro­
gramming," John Wiley & Sons, Inc., New York, 1961. 
2. Berner, R. W., "Survey of 'Modern Programming Tech­
niques," The Computer Bulletin, March, 1961 The British 
Computer Society. 
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NOW 
EDP TAPE 
TALKS 
1500 MILES! 
New Data Transmission Brings Full Use of Main 

Office Computers to Far-Away Branches 

Tape talks and the world you do business in shrinks 
even further! 

Data communications, directly from tape to tape, is now 
a practical, working reality from RCA. Tape talks to 
tape, relaying computer-processed facts and figures to 
and from each office the same day-creating true remote 
daily processing ... automatically. 

Already proven in operation for a large governmental 
agency, RCA's Magnetic Tape-to-Tape System now 
links a Kansas City central computer with a San Francisco 
branch 1500 miles away. In the transmission of over 600 
million characters during 10 months in use to date, 
there has been only one incidence of undetected error. 

Tape-to-Tape is impressively fast, with a capacity Qf 
3,000 words per minute. It is economical. Ordinary toll 
call or leased wire facilities are used. And it is reliable. 
Electronic error checking equipment automatically queries 
and clears each unit of information during transmission. 

Tape-to-Tape has important applications between widely 
dispersed, high traffic locations, even at coast-to-coast 
distances. Your branch offices can realize all the benefits 
of central office direction and communication through 
this advanced data processing development ... from RCA 
Electronic Data Processing, Cherry Hill, Camden 8, N.J. 

COMPLETE 301 SYSTEM NOW AVAILABLE FOR AS LITTLE AS $3,315 PER MONTH! 
Expansible to accommodate increased workloads ... with high·speed magnetic 
tapes, millisecond random access processing, large capacity core memory, simul­
taneous operations, dual line printers and punched card readers. And more! 

e. The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

® 

VISIT THE RCA EXHIBIT AT THE 
SPRING JOINT COMPUTER CONFERENCE 



NORTH ELECTRIC VISIONE'ERIN6 ACHIEVEMENT 
SINCE 1884 ••• INTO THE FUTURE 

POVVER SUPPLY SYSTEMS 
.. . an expression of basic philosophy at Power Equipment Company 

Leading manufacturers of computer, communications 

and automatic control systems have discovered it is more 

economical to order reliable PECD power supplies cus­

tom engineered to their rigid requirements than to modify 

off-the-shelf catalog units. 

The reason is obvious. When you order a power supply 

designed for your special application, you are assured 

of optimum performance characteristics, utilization of 

minimum space, fastest delivery and utmost economy. 

PECD dev,elopment, prototype and production facilities 

since 1935 have been devoted exclusively to the manu­

facture of power supplies for commercial, industrial and 

military systems applications. Today, PECD is the larg­

est custom manufacturer of power supplies in the country. 

It is to your advantage to call on the most experienced 

and capable power supply system manufacturer ... PECD. 

We'" be glad to tell you more ... write for our brochure 

IICustom Engineered Systems." 

OTHER DIVISIONS: e MI'II1J7I EJlB~1JB1Ir: DEFENSE SYSTEMS - Electronics. Command and Control Systems . 

ELECTRONETICS - Switching. Controls. Computers. Components N 0 ~TH 
TELECOM ;:Public Telephone Exchanges • Associated Equipment POWER EQUIPMENT DIVISION • GALION, OHIO 
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new 
3.31ls 

memory 
now 

available! 

DESIGNERS! ! ! 

Here's a new General Ceramics memory that gives you 3.3 p'S full-cycle, time memory - plus proved reliability 
and significant cost advantages. This new line, designed throUgh use of coincident current memory techniques, 
embodies the basic modular characteristics ahd logic concepts of GC memories now in use throughout the in­
dustry. Moreover, initial cosf estimates' indicate'this new unit will require only a slight price increase over 
standard 6 p'S systems. Data access time is 1.8 p's; temperature range, 10°C to 40°C; input-output levels, 0 to 
-6 volts. • Storage systems are our business - The 3.3 p'S memory is another in a long series of achieve­
ments - extension of operating temperature ranges, redu'ction of size and weight increased resistance to severe 
environmental conditions. This leadership, backed by complete specialized facilities, means maximum per­
formance and reliability for your systems. It will pay you to call on our experience. For your copy of our 

new memory products engineerin9 data file, phone or write Indiana General Corporation, Electronics Division, 
Keasbey, New Jersey. Visit us at the Spring Joint C.ompu~er Conference, Booths 110-111 
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INDIANA GENERAL ~ 
TC CORE' 

ASSEMBLIES 
MICRO 

STACKS@ 

CIRCLE 43 ON READER CARD 

MINIATURE TWT MAGNET MEMORY 
MOTORS SUB·ASSEMBLIES SYSTEMS 
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BOOK 
capsules 

INFORMATION PROCESSING LAN­
GUAGE-V MANUAL, edited by Allen 
Newell, 1961, The RAND Corp., dist. 
by Prentice-Hall, Inc., Englewood 
Cliffs, N. J., 244 pp., $6.00. 

This manual sets forth the princi­
ples of heuristic programming and 
the simulation of cognitive processes, 
which led to the development of IPL­
V. Divided into two sections, the first 
presents an introduction and a sim­
plified description of the language, 
while the second enumerates the com­
plete rules for coding in IPL-V. Both 
sections were originally RAND Corp. 
papers. 

PRINCIPLES OF NEURODYNAM­
IeS: Perceptrons and the Theory of 
Brain Mechanisms, by Frank Rosen­
blatt, 1962, Spartan Books, 6411 
Chillum Place N.W., Washington 12, 
D. C., 636 pp., $6.50. 

This work was originally published 
as a technical report for distribution 
by the Information Systems Branch of 
the Office of Naval Research and 
Cornell Aeronautical Laboratory, Inc. 
The report sets forth the principles, 
motivation, and accomplishments of 
Perceptroh Theory in their entirety. It 
also provides a self-sufficient text for 
those interested in a serious study of 
neuro-dynamics. 

PROGRAMMING AND CODING 
FOR AUTOMATIC DIGITAL COM­
PUTERS, by George W. Evans, II, 
and Clay L. Perry, 1961, McGraW-­
Hill Book Co., Inc., 330 W. 42nd St., 
New York 36, N. Y., 250 pp., $9.50. 

This volume describes the tech­
niques and methods' for efficient pro­
gramming. In a step-by-step format, 
the text develops logically the com­
puter's instructions, and how to utilize 
programming and coding techniques. 
Topics include Boolean algebra, deri­
vation of numerical representations, 
How diagramming, debugging pro­
grams, and record-keeping. 

ADVANCES IN COMPUTERS, VOL­
UME 2, edited by Franz L. Alt, 1961, 
Academic Press Inc., III Fifth Ave­
hue, New York 3, N. Y., 434 pp., $14. 

This four-part volume encompasses: 
A Survey of Numerical Methods for 
Parabolic Differential Equations; 
Advances in Orthonormalizing Com­
putation; Microelectronics Using Elec­
tron-Beam-Activated Machining Tech-
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CO:M:PUTER FLOORS, INC. 

62, LINDEN STREET,' HACKENSACK, NEW JERSEY 

HUBBARD 9-1811 
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FREE ACCESS FLOORS ... newer than tomorrow ... meet and antici­
pate every space requirement for the most modern installation of Com­
puter and Data processing equipment. 

Superimposed over an existing area, they provide unlimited accessi­
bility ... are completely adaptable to every type of room and equipment 
arrangement. 

FREE ACCESS means just that! Any section of these scientifically engi­
neered floors can be picked up and instantly replaced· by another, 
since each 181f4" x . 181f4", section is precision made to exacting 
standards. Machinery can be moved and operation resumed in a min- " 
imum of time. The special sections prepared to receive the cables 
for the machine move with it and are dropped into their new loca­
tion effortlessly. 

Cables, piping or air conditioning equipment can be installed or rear­
ranged simply by removing the sections above the proposed area of 
modification. The sections are replaced in a matter of minutes. 

MODERN DECOR is enhanced with FREE ACCESS FLOORS! Heavy gauge 
vinyl, terrazzo block motifs, or the luxury of soft carpeting ..... 
whateve"r your preference ... the standard module construction of Free 
Access Floors is designed to lend beauty and dignity to the most 
modern interiors. 
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FREE ACCESS FLOORS 

may be bought or leased 
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niques; Recent Developments in Linear 
Programming, and The Theory of 
Automata, a Survey. 

MANAGEMENT GAMES, A NEW 
TECHNIQUE FOR EXECUTIVE DE­
VELOPMENT, by Joel M. Kibbee, 
Clifford J. Craft, and Burt Nanus, 
1961, Reinhold Publishing Corp., 430 
Park Ave., New York 22, N. Y., 348 
pp., $10. 

This text surveys aspects of the 
design and utilization of general busi­
ness games. Information is included 
on games programmed for computers, 
and on developing a game to any 
situation. Several studies of actual 
case histories stress problems encoun­
tered in building the model, obtaining 
top management support, integrating 
simulations into training programs, 
and evaluating results. 

HANDBOOK OF AUTOMATION, 
COMPUTATION, AND CONTROL, 
VOLUME 3, edited by Eugene M. 
Grabbe, Simon Ramo, and Dean E. 
Wooldridge, 1961, John Wiley & Sons, 
Inc., 440 Park Ave. S., New York 16, 
N. Y., 1,128 pp., $19.75. 

This volume, third in a series on 
systems engineering, treats engineer­
ing design, and presents significant 
examples of application. Also cov­
ered is applied feedback and instru­
mentation in process control, and 
stresses theory in presenting basic 
material on components. 

COMPUTER PROGRAMMING 
HANDBOOK: A GUIDE FOR BE­
GINNERS, by Robert Nathan and 
Elizabeth Hanes,' 1961, Prentice-Hall, 
Inc., Englewood Cliffs, N. J., 214 
pp., $7.65. ' 

This textbook examines the pro­
gramming of four different systems, 
the IBM 650 and 704, Burroughs 220, 
and UNIVAC 1103A. Each of the 
four is considered separately so that ' 
anyone may be studied independently 
of the others, if desired. Examples, 
problems, and a summary list of per­
tinent commands used for each com­
puter are presented at the end of 
each chapter when appropriate. 

AUTOMATIC DATA PROCESSING 
SEMINAR FOR FEDERAL EXECU­
TIVES, edited by B. Ralph Stauber, 
1961, The Graduate School, U. S. 
Department of Agriculture, Wash­
ington 25, D. C., 240 pp., $4.50. 

This collection of papers was origi­
nally presented in a series of seminars 
for government officials. Included are 
reports on systems equipment, pro­
gramming, analysis and design, im­
plementation and operation, and the 
future of dp systems. 
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One of a series 

An Unperturbed Picture of Plasma 

Plasma ... a hot ionized gas, the bright stuff in a neon 
sign, a welding are, a lightning flash. And now being put 
to use by scientists around the world in research on 
thermionic energy conversion, thermonuclear power, and 
magnetoh yd rod ynamics. 

Fundamental to these studies is knowledge of the plasma's 
physical properties. 

How hot are its electrons, ions, and smattering of atoms? 
(Often the temperatures are different.) 

How many particles? 

How distributed? 

To find out, physicists at the GM Research Laboratories 
have blended spectroscopic methods with the latest 
theories of how plasma particles shape the spectral 
lines (both Stark and Doppler broadening). As a result 
they've been able to measure all ion, electron, 
and atom temperatures and number densities in a cesium 
plasma without perturbing it. And the variety of techniques 
developed (3 for electron density alone) has yielded a 
pleasing picture of self~consistent values. * Another 
new technique, time~resolved spectroscopy, is supplying the 
microsecond history of plasma parameters in a spark. 

These developments in plasma diagnostics are not 
only forwarding our research on thermionic converters ... 
but are also refining our understanding of such 
workaday applications as electrical discharge machining 
and spectrochemical analysis. Enriching the Science ... 
Advancing the Technology of Tomorrow. 

General Motors Research laboratories 
Warren, Michigan 

*In CI Cesi"". Diadt.!: 

'(lpe of Measllrement I Electron Number Density 

Continuum 3.6 x 1015 cm- 3 

Stark Broadening 1.6 x 1015 cm-3 

Series Limit 2.1 x 1015 cm- 3 

From a recent paper, "Spectroscopic LV1easurements of Temperatures 
and Densities in a CesiuTll Plasma." A t'ailable on request. 

A lIoble gas plasma in a pulsed discharge thermionic COllverter. 
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You can be the one,to 

Let an 

RCA EDP CENTER 
handle your data processing 
No more holding back your own progress as you 
channel floods of routine paperwork. No more wast­
ing the time and salaries of personnel who could con­
tribute so much more to the company if freed from 
paperwork monotony. Just call the nearest RcA 
Electronic Data Processing Center. There's no better 
way to win friends and influence your future in 

. the front office! 

Each of these advantages is good for at least one 
memo to top levels: (1) The world's most advanced 
electronic data processing equipment goes to work 
with no capital investment. (2) The services of top 
EDP specialists don't add a red cent to the payroll. 
(3) There's a big saving of time, effort and expense 
in comparison with the installation of a company 
EDP system. (4) Only actual work done is paid for 
... inventory, billing, payroll, personnel records, 
market forecasts, whatever is needed ... on a time 
or contract basis. 

Maybe your management IS considering an EDP 

installation. Point out that they can preview its 
performance by turning over present paperwork to 
an RCA EDP. Center. Final suggestion, for com­
panies which already have EDP: a Center can help 
in case of an occasional overload. 

Get full RCA EDP Center facts for immediate presen­
tation to the Hright people." SEND COUPON NOW . 

(e. The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

® 

r---------------------. I RCA SERVICE COMPANY I 
I 

A Division of Radio Corporation of America I 
Electronic Data Processing Service 

I Dept. 0-10, Bldg. 206-1, Cherry Hill, Camden 8, N.J. I 
I Please send full RCA EDP Center data. I 
I NAME TITLE I 
I FIRM I 
I ADDRESS I 
I CITY ZONE __ STATE " I L _______ ~ _____________ ~ 
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WANTED: POTENTIAL EXPERT - FOf 
challenging assignment involving plan­
ning and programming of unique man­
machine operations now being developed. 
Job offers top salary and working 
conditions, plus down-to-earth experience 
on newest and most promising frontier 
of electronic data processing. An un­
limited opportunity for programmer who 
can show outstanding aptitude in ef­
fective use of computers. Circle card, 
write, or phone Adams Associates, 
Fairmont Hotel, during SJCC. 

charles w". 

adarnsassociates 
inc. 

142 THE GREAT ROAD • BEDFORD, MASSACHUSETTS • CRestview 4-8050 • AREA CODE 617 
971 SOUTH LOS ANGELES STREET • ANAHEIM, CALIFORNIA • PRospect 4-4678 • AREA CODE 714 

. a name to remember in electronic data processing 
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Some 200 other Power Supply and Battery Charger 

l CHRISTIE' ~:'ii;ts ;;~' '::'~ ,::ooc':f:;;~'·C·;;R P. 
j •••••••• t Over 30 Years D·C Power Supplies • Battery Chargers 

3402H West 67th Street, Los Angeles 43, California 
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large-scale 
system 
announced 
by Honeywell 

THE 
1800 
SERIES 

A two microsecond main 
frame and a floating point 
unit reported by the manu-

facturer to be in the nanosecond 
range c:omprise Honeywell's 1800 ser­
ies, designed for large-scale business 
and scientific applications and an­
nounced last month. 

The central processor (model 1801) 
is said to have· an internal operating 
speed of more than 120K three-ad­
dress ops/sec: The floating point unit 
(model 1801B) achieves its asserted 
nanosecond speed when used with the 
1801 central processor, and makes ex­
tensive use of tunnel diodes in its 
design. 

The 1801, with a basic memory of 
8K 48 bit word~, rents for $19,150 
monthly. Additional memories of up 
to 32K words rent for $3,200 each, per 
8K words. The floating point unit will 
rent for $4,300 monthly. Sales price 
for the central processor is $919,200; 
$153,600 for each additional 8K 
words. Cost of the floating point unit 
is $206,400. 

Delivery time for Honeywell 1800 
series equipment will be 15 months 
after placement of orders. 

1800 series equipment includes 
parallel processing and automatic error 
correction and detection. Peripheral 
devices in use with the Honeywell 
800 can also be used with the 1800, 
it was pointed out. 

Additionally, 800 software is com­
patible with 1800 equipment. Pros­
pective users of 1800 series equip­
ment will be able to check out their 
programs on Honeywell 800 configura­
tions prior to delivery of the 1800. 

The H-800 software package in­
cludes FACT, ARGUS, COBOL and 
FORTRAN. • 
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NEW FIRMS 
&.~e~~s 

_ I~1formtltics, Inc., is a new south­
ern California consulting firm headed 
by Dr. Walter F. Bauer, formerly of 
TRW Computers inc. Other principal~ 
in the firm include Werner Frank and 
Richard Hill, also of TRW. 

Informatics will concentrate on pro­
gramming and systems in data process­
ing specializing in on-line systems and 
military systems. The firm is a sub­
sidiary of Data Products, Inc. (see 
below) 
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.. Data Products, Inc., is a new Los 
Angeles firm specializing. in peripheral 
equipment for edp systems. The firm 
is headed by Irwin Tomash, formerly 
of Ampex, and was formed as a sub­
sidiary of Telex, Inc. Data Products 
will offer a disc file and 300-line-a­
minute printer as their first step in 
the development of a more complete 
product line. Other executives of the 
company include Raymond Stuart­
Williams, Russell C. DuBois, William 
N. Nozena, Graham Tyson arid Byron 
Smith. 
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_ Digital Science Consultants is a 
new firm recently es~ablished in 
Encino, California. Lowell D. Amdahl, 
formerly head .of the Military Com­
puter Section, Digital Corriputer De­
partment, Thompson Ramo-Woold­
ridge, was named president: 

CIRCLE 112 ON READER CARD 

.. Automated Procedures Corp., New 
York City, has acquired Automation 
Business Machine Service, Los An­
geles. The new west coast subsidiary, 
to be called A.D.P. Sales & Service 
Corp., was obtained through an ex­
change of stock. The firm plans to 
set up or purchasedp . centers in San 
Francisco, Seattle, Dallas, St. Louis, 
Chicago, Boston and Atlanta during 
1962 and 1963. 
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_ Benson-I,.ehner Corp., Santa 
Monica, Calif., has formed a Data 
Services Division. O. E.. (Gene) 
Nemitz, formerly chief of data engi­
neering for Douglas Aircraft's Missile 
and Space Division, was named to 
head the, new division. 

CIRCLE 114 ON READER CARD 
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Are Reliable Components in 
HIGH PERFORMANCE COMPUTER 

Photo courtesy of Packard Bell Computer 

A new, widely accepted and approved computer offering wide 
range flexibility and solid state reliability is the Type pb 250, 
designed and manufactured by Packard Bell Computer. This 
extremely compact and versatile computer offers new standards 
of precision and dependability, compatible with a new concept 
of low cost . 
As ari important component in achieving this reliability of func­
tion and speed, Packard Bell chose delay lines by Ferranti. The 
Ferranti Magnetostriction Delay Lines in this application feature 
a digit rate of 2Mc/s with delays up to 3071 microseconds (giving 
a storage capacity of 6142 bits). The temperature and amplitude 
characteristics are controlled to enable the computer to operate 
over its full temperature range without the use of ovens or other 
temperature control devIces. 

Write for detailed specifications 

1~lerranti 
FERRANTI ELECTRIC, INC. 

INDUSTRIAL PARK NO.1. PLAINVIEW, LONG ISLAND, N. Y. 
Tel. 516 WElls 8-7500 • TWX HKVL 2381 • WUX LBI Plainview, N. Y. 

*Manufactured under U.S. Patent No. 3,011,136. 
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A New Generation of 
Low Cost Computers 
SOS 900 Series of high-speed, solid state, general-purpose digital computers 
are in production. First deliveries will be made in autumn. Designed with the user in 
mind, they are single address, random access core memory machines, intended for 
general-purpose scientific computation and special-purpose systems integration. 
Programming is simplified. Input/output is buffered and high speed. Computation 
rates are comparable to that of large-scale computers. SDS 900 Series computers are 
symbolically homogeneous-the programs from either machine can be run on the other .. 
They are unusually reliable, with ferrite core memories, all-silicon semiconductors, 
and circuitry based on worst case analysis. Compare the following characteristics: 

$89,000-Model 920 

The920 is an extremelyfast, general pUrpose 
computer for scientific use. Its command 
structure includes built-in Floating Point 
and Multi-Precision instructions. In speed, 
characteristics, and working flexibility, it 
surpasses larger, more costly first genera­
tion solid state machines. When carefully 
compared on all of its operating parame­
ters, the 920 clearly'offers more general 
purpose scientific computing-pe'r­
dollar than currently available machines. 

Memory & Speed The 920's basic core 
memory of 4,096 words is expandab Ie to 
16,384 words. Typical execution times for 
24-bit operands, including both memory 
access and indexing, are: Add ... 16 p.sec. 
Multiply ... 128 p.sec. Floating point opera­
tions (24-bit mantissa plus 9-bit exponent) 
-Add ... 192 p.sec., Multiply ... 280 p.sec.; 
(39-bit mantissa plus 9-bit exponent)-Add 
. . . 368 p.sec., Multiply ... 560 p.sec. 

Standard Equipment All SDS 920 com­
puters are delivered complete with 300 
character/second paper tape reader, 60 
character/second paper tape punch, input/ 
output typewriter, and manual control and 
display of all registers. SDS magnetic tape 
units, converters, and other I/O devices are 
available as optional equipment. 
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Common Characteristics 

Memory Characteristics 
SDS 900 Series computer words con­
tain 24 binary bits. An additional 
parity bit allows parity checking of all 
memory arid input/output opera­
tions. SpeCial logic makes memory 
non-volatile with power failure. 

Input! Output Characteristics 
SDS computers incorporate five sep­
arate input/output systems. One of 
these, a buffered input/output, allows 
data transfer at rates in excess of 
120,000 characters/second. A priority 
interrupt system provides two stand­
ard plus 1024 optional channels. In 
addition to standard input/output 
devices, ali SDS computers commuri­
icate directly with: IBM-compatible 
magnetic tape units, A-D converters, 
IBM 7090 computers, other SDS 
machines, and an unlimited range of 
additional iriput/output devices. 

Programming Characteristics 
SDS single address instructions 
include both an Index Register and 
an Indirect Address bit. Programmed 
Operator instructions, an exclusive 
SDS feature, permit complete inter­
changeability of 910 and 920 pro­
grams. FORTRAN II with magnetic 
tape statements and a symbolic 
assembler are included in a complete 
SDS 900 series software package. 

Write today for new SDS 900 Series Brochure 

SII~IS 
SCIENTIFIC DATA SYSTEMS 

1542 FIFTEENTH ST., SANTA MONICA, CALIF. 
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$41 ,000---: Model 910 

The 910 is the first random access, buffered 
input/output digital computer to be priced 
below $90,000. Although designed primarily 
for systems use, its high ,speed, working 
flexibility, ahd excellent performance allow 
it to be used as an extremely low cost gen- , 
eral purpose machine. The 910 operates 
directly, without special coupling, with all 
types of input/output devices, including 
magnetic tape units, A-D converters, auto­
matic typewriters and line printers. 

Memory & Speed The 910's basic core 
memory of 2,048 words is expandable to 
16,384 words. Typical execution times for 
24-bit operands, including both memory 
access and indexing, are: Add ... 16 p,sec. 
Multiply ... 248 p.sec. Floating Point opera­
tions (24-bit mantissa plus 9-bit exponent) 
Add ... 640 j,Lsec., Multiply ... 656 psec.; 
(39-bit mantissa plus 9-bit exporient)-Add 
... 1,984 p.sec., Multiply ... 2,040 p.sec . 

Standard Equipment All SDS 910 com­
puters are delivered complete with a 300 
character/second paper tape reader and 
manual control and C1isplay of all registers. 
SDS magnetic tape units, converters, 60 
character/second paper tape punch, auto­
matic typewriter, and other I/O devices are 
available as optional equipment. 
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a special purpose 
configuration 
from Bendix 

THE G-21 

D Development of a large-scale 
special purpose computer sys­
tem with parallel processing 

capabilities has been announced by 
Bendix Computer Division. Desig­
nated the G-21, the system is designed 
for special military control system ap­
plications requiring the processing of 
large amounts of data on an on-line, 
real-time basis. 

A total memory of 81K can be 
attained through the use of three 
linked G-20 central processor units, 
with 57K random access common core 
memory, plus an additional 8K words 
of memory reserved for each proc­
essor. 

Price of a minimum G-21 system 
is pegged at more than one mega­
buck, and includes two central proc­
essing units, one data communicator, 
three memory units, one high-speed 
line printer, and three mag tape units. 
Approximate delivery date will be 18 
months from receipt of order. 

Three segments of the same problem 
or three separate problems may be 
handled simultaneously with the three 
central processor unit configuration. 
Transfer of data between systems will 
be possible through completely buf­
fered communications lines under the 
control of independent I/O processors. 

Features of the system include an 
executive control program, with a 
"fail-safe" provision. If one of the 
processors should fail, the remaining 
processors will automatically adjust 
and hold lower-priority problems until 
time is available. 

Programming packages for the G-21 
will include many of the compilers, 
assemblers, routines and sub-routines 
developed for the G-20. Field tests 
of G-21 components in use at G-20 
installations show an availability record 
of better than 99% of the central 
processor units. 

Also announced recently was the 
creation of a military computer prod­
ucts group. The group, according to 
Bendix Computer Division's Charles 
M. Edwards, will specialize in R&D, 
production, and sales of special-pur­
pose edp systems. 

Robert A. Sweet will direct the 
marketing effort of the group, and Dr. 
D. C. Evans will be responsible for 
military engineering. Reporting to 
him will be H~rvey E. Rennacker, 
manager of military product develop­
ment, and V. P. Magnuson, manager, 
military R & E. • 
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NEXT, MONTH IN DATAMATION 

An on-the-scene report from the Rome conference on 
symbollic languages will be one of the special features 
in Datamation's May number. Also on tap, is a well­
timed Grosch inspection of computing outside U.S. 
environs, and from our tape deck, some frank, on-the­
record comments by Honeywell president \\Talter 

,Finke. Other features will include a leasing survey; 
a report on traffic control by computer; a statistical 
round-up of hardware at the university, and a descrip­
tion of exceptional progress in teaching programming 

'i~.; at the high school level. 
J' '. .,. 

Do You Ever Get tn a Bind? 
When you're down to your last tab card, you know you want prompt 

and dependable service. EAC's got it! Our plant inventory will assure 

you of ready sto~k anytime and shipment will be made on the same 

day the order is received. EAC tabulating cards are produced and 

cartoned under the most exacting conditions. 

At EAC, only the best card stock ---, conforming to the highest 

standards - is selected for producing tab cards for your precise 

tabulating operation. If it's quality 

and service you desire, you can de­

pend on EAC. 

.- - -- -- -- -- - -- -- - lil::::::::::1 
J ______ .----1 Electronic Accounting Card Corp. 

2406 National Boulevard, High Point, North Carolina 
Please send me complete price list and samples of EAC precision tabulating cards. 
Name~ _____________________________________________________ ___ I , 

,_ Address,=-__ ---:.-=..-=-=---==-'----=:.-~:.-_-_=_-_--=..-_--=..-_--=--_-=__ j 
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Data processing design problem: 

FOOLPROOF FIGURES 
Thanks to the figures above, designed by the NCR Elec­
tronics Division, computer systems can now read "on sight" 
the printed output of cash registers and business machines. 
As a result, data processing systems ha:ve a key to greater 
speed, efficiency and economy. 
A unique double code within the figures eliminates the 
problem of incorrect readings •. This code, by making the 
characters self-checking, also permits important reductions 
in the cost and complexity of the reading equipment. Even 
though ink splotches, skew and weak print conspire con­
stantly to "fool" the system, infallible recognition is now 
possible with relatively simple equipment'-at laboratory 
speeds to 11,000 characters per second! 

The National Cash Register Company 
ELECTRONICS DIVISION 

o 7 ~ 6 7 ~ L 5 8 2 7 ~.2 
6 8 q 6 6 8 58 q 8 9 9,8 
L 2 ~ ~ 5 6 7 8 9 B 7 O.S 
9 8 7 6 5 q ~ 2 1 2 ~ t5 
2 ~ 6 0 B q 0 6 ~ ~ q q. q 
5796qq789&qt1 
q 0 5 9 9 ~ 0 J b 9 0 G. q 
B 08 G B G B 0 qB 0 9.9 
S b 8 5 7 9 J & 9 7 S. 0,8 

CAREERS NOW OPEN IN THESE AREAS: 

o SYSTEMS EVALUATION 0 TRANSISTOR CIRCUITRY 
o SYSTEMS ENGINEERING 0 SYSTEMS TEST ENGI­
NEERING 0 PRODUCT ENGINEERING 0 PRODUCT 
DESIGN ENGINEERING 0 PROGRAMMING 

Please send resume to Norval E. Powell, Director of Indus­
trial Relations. Interviews may be arranged for the Spring 
Joint Computer Conference in San Francisco, May 1-3. 

INICIRj 1401 E. EI Segundo Blvd., Hawthorne (Los Angeles), Calif./Phone PL 7-1811 
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Meet 
our new 
heavyweight 
Here's the newest entry in our line-up 

of computers: the Honeywell 1800 

Series. The 1800 is a heavyweight 

champ from the word go. It has the 

speed, capacity and capability to 

handle the very biggest business, 

scientific or real-time applications. If 
you're familiar with the Honeywell 400 

and 800 computers, you're already aware 

of many of the advantages of the 1800. 

Some of these are: Parallel Processing, 

Orthotronic Control, FACT, vacuum­

actuated tape units, control memory, 

Polyphase and Cascade sort techniques, 

and CO P~ This heritage is important. 

But so are the many new features. 

Especially if you have a big job in 

mind. Here, then, are the highlights 

of the new Honeywell 1800: 
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2-microsecond memory cycle time 
The 1800 Central Processor (Model 1801) has an 

internal operating speed of more than 120,000 

three-address operations per second for typical 
arithmetic instructions such as additions and 

subtractions. Memory cycle time is two 

microseconds. Memory modules contain 8,192 
48-bit words, and up to four modules may be 

utilized (maximum of 262,144 alphabetic 

characters or 393,216 decimal digits). As in the 
Honeywell 800, a separate control memory 

containing 256 special registers automatically 

supervises simultaneous and parallel execution 
of as many as· eight independent programs. 
These can be business or scientific programs 

or a mixture of both. 

Nanosecond floating-point option 
An optional floating-point unit for the H1800 

(Model 1801B) makes extensive use of tunnel 
diode circuitry and achieves speeds up in the 

nanosecond range. The Honeywell floating­

point word utilizes a 40-bit mantissa and a 7 -bit 
exponent, permitting a range of values from 
10-65 to 1065 in decimal, or from 10-78 to 1076 . 

in binary. Nanosecond speeds, plus the ability 
to work in fixed o~ floating-point arithmetic 

give the 1800 an outstanding scientific and real­

time capability. Couple this with its bent for 
business data processing and its ability to run 

independent jobs in parallel, and you begin to 

see what a real work horse the H1800 can be. 

Complete software package now ready 
The Honeywell 1800 has the same command list 
and instruction format as the Honeywell 800. 
Thus the two systems are completely compatible 

and all Honeywell 800 software is immediately 

usable for the 1800. This includes machine­
oriented assembly systems, problem,:"oriented 

business and scientific compilers and COP 

(Computer Optimization Package), a collection 

of programming aids that greatly increases the 

day-to-day .operating efficiency of Honeywell 
computers. 

Your pick of peripheral units 
The Honeywell 1800 uses the same peripheral. 
units as the Honeywell 800. In addition to 

high-density magnetic tapes (133,000 digits 
. per second), available units include card \ 

readers and punches; optical scanners, 

paper tape readers and punches, high-speed 

printers, and data transmission controls. The 
magnetic tape units, in addition to speed, 

feature exceptionally gentle vacuum-drive 

mechanisms, variable length records, fast 
rewind, and speedy tape changing. There are no 

untried units here~ All have been thoroughly 

tested in extensive field use. 

Just feel our muscle now 
The addition of the 1800 tops off our broad line 

of magnetic tape computers. For those taking 
their first ED P steps or maybe adding a satellite 

to a central computing system, there's the 

Honeywell 400. For full-scale solid~state 
processing with 8-jobs-at-once efficiency there's 

the Honeywell 800. Now the Honeywell 1800 
bririgs nanosecond speeds to bear on the 

biggest business, scientific or real-time . 

problems. For more information contact any 

Honeywell ED P sales office or write to 
Honeywell EDP, Wellesley Hills 81, Mass. 

In Canada, Honeywell Controls Limited, 

Toronto 17, Ontario. 

Honeyw-ell 
fir· ~ Do.a p~~ 
-----.. 

CIRCLE S4 ON READER CARD 

April 1962 105 



106 

P. S. Computape doesn't really talk, of course. But in a computer, Computape reliability will deliver Its 
own message. New COMPUT APE, the premium quality computer and instrumentation tape, is 
the product of the only company devoted exclusively to the manufacture of quality tapes for 
data processing and instrumentation. Investigate new Computape today. Better still, immediately. 

CDMPUTRDN INC. 
122 Calvary Street. Waltham. Massachusetts 
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DATAMATION 

Dc> ' o NEW PRODUCTS 
card reader and translator 
The 401A card reader and 401B 
translator make it possible to gather 
information from distant stations di­
rectly from punched cards and trans­
mit them via the Data-Phone service 
to a central data processing area. Up 
to 51 columns of prepunched infor­
mation can be read and transmitted 
from a single card. THE STANDARD 
REGISTER CO., Dayton 1, Ohio. For 
informa tion: 

and operates at speeds up to 50 points 
per minute. RESEARCH CALCU­
LATIONS, 200' Boylston St., Chest­
nut Hill 67, Mass. For information: 

nitude of the first, second, third and 
fourth harmonics of any waveform 
that can be plotted. IMM INDUS­
TRIES, SYSTEMS DIV., 14761 Cal­
ifa, Van Nuys, Calif. For information: CiRCLE 202 ON READER CARD 

CIRCLE 203 ON READER CARD 

fourier analysis computer 
A Fourier analysis can be performed 
on this analog computer in three min­
utes, giving the DC offset and mag-

card correction 
A correction key which is available for 
the model 24 card punch and the 
model 26 printing card punch enables 
keypunch operators to correct most 
punching errors' by ejecting the er­
roneously punched card reproducing 
the next card to the exact point where 
the error occurred. IBM CORP., DP 
DIV., 112 E. Post Rd., White Plains, 
N. Y. For information: 

CIRCLE 200 ON READER CARD 

,language converter 
This new data processing system was 
designed to accept both strip chart 
and microfilm data and to convert this 
automatically into various digital 
forms. The system is composed of a 
data scanner, a microfilm projector, 
an ,IBM card punch, a paper tape 
punch, an automatic typewriter, and 
a solenoid-operated adding machine, 

COMPUTER 
PROGRAMMING 

learn programming from Home 

Study Courses in use over 6 years. 

IBM 1401 SYSTEM ... practical programming 
for Card, Magnetic Tape, RAMAC and MICR 
models. From Basic Computer Concepts through, 
Symbolic Programming - SPS. Program case 
problems. 

PROGRAMMING THEORY ... principles and 
processing with practical case problems. ' 

Prepare yourself . . . your staff . . . by writing 
actual programs which will be reviewed by iri­
structors actively engaged in programming com­
Ptlters. No need to take time from the job . . . 
progress at your own pace without the incon­
venience of daily class schedules. 

Write for free catalogue describing our training courses. 

Business Electronics Inc. 
Training Unit 
420 Market Street 
San Francisco 11, Calif. 

April 1962 

Accredited Member­

National Home Study Council 
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keyboard converter 
This new octal to binary keyboard 
converter features an entry bar which 
automatically clears any previously 
depressed button as the information 

FORMS OF DATA 

. perhaps more ... but whatever the form, 
the Data Engineering Division of Research 
Calculations is geared to handle the reduction 
job - rapidly, accurately, economically. 
This versatile service organization is uniquely 
equipped with specialized experience and equip­
ment to convert scientific data in any form -
paper tapes, punched cards~ computer print­
outs, strip charts, cartographic data and mathe­
matical equations - into any other desired 
form or forms. 
Complete details - including equipment speci­
fications and application notes - are contained 
in an all-new technical brochure. Write to: 

200 BOYLSTON STREET • CHESTNUT HILL 67, MASS. 
AREA CODE 617 - Tel. WOodward 9-9707 
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NEVER 
PUNCHED TAPE 

PERFECTION® Data Processing Tapes are made to the 
highest standards of quality to insure the clean, sharp 
perforations so vital for use in today's high speed 
equipment. As a result, you'll never get distorted read­
ings with PERFECTION® Punched Tape. Close labora­
tory control maintains maximum uniformity in quality 
. . . guarding against breakage and providing the 
greatest possible number of reruns and folds. 

And there's a PERFECTION<Ji) tape made specifically 
for every communications use. The convenient cou­
pon below will bring you act~al samples without the 
slightest obligation. 

108 

SALES DEPARTMENT 
PAPER MANUFACTURERS CO., PHILA. 15, PA. 

Without obligation, please send me your booklet contain­
ing actual samples ofPERFECTION® Communication 
Papers. 

NAME~ ____________________________________ ___ 

FIRM ______________________________________ _ 

POS ITION OR TITLE __________________________ _ 

STREET ___________________________________ _ 

CIRCLE 57 ON READER CARD 

You'll rest easy if your Jata processing 
system is resting on 

HASKELITE
T

•

M 

•. F LO 0 RS 
FREE-ACCESS 

Designed and engineered to your specifications, 
Haskelite Plymetl Free-Access Floors provide 
unobstructed level surfaces with easy entry to concealed 
wiring, heating and air-conditioning systems 

Adjustable pedestals provide strong structural 
support and permit proper floor leveling 

PLYMETL UNITES THE BEST QUALITIES OF WOOD AND METAL * vinyl edge banding surrounds panels; 
no electrical feedback, no expense of grounding * vibration·resistant construction * flat, smooth surfaces * moistureproof fabrication * dimensional stability and stiffness-high impact resistance * fire-resistant protection * sound-deadening insulation 

Plymetl Free-Access Floors are specifically designed for eco­
nomical installation. Cables, piping and ducts can be run in 
any direction under the raised decking-eliminating costly 

\ runways. Plymetl floors can be installed on virtually any type 
subfloor. Standardization and inter-
changeability of basic components per- Hallmark of Quality Products 

mit alteration, dismantling and 
reassembly at a new site with a minimum 
of time and effort. In the laboratory and 
in actual service, Plymetl laminated 
panels meet the highest standards of 
rigidity, strength and durability ... 
Plymetl Free-Access Floors support the 
tremendous weight of computer units 
with minimum deflection and vibration. 
Plymetl panels can be fabricated with 

EVANS 
PRODUCTS 
COMPANY 

vinyl tile or other desired coverings of HASKELITE DIVISION 

your choice. Formore information, write: GRAND RAPIDS, MICH. 
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NlEW PRODUCTS ••• 
is entered into the system. The key­
board provides input by octal or deci­
mal push buttons and output by bi­
nary-coded contact closures. COM­
PUTER CONTROL CO., INC., 2251 
Barry Ave., Los Angeles 64, Calif. 
For information: 

CIRCLE 205 ON READER CARD 

tape unit checkout 
This tape preparation unit (TPU) has 
been developed for use with the 
Polaris missile checkout system and 
is capable of preparing program tapes 
for general and special purpose com­
puters, automatic machining equip­
ment, process, control systems and 
production test equipment. The TPU , 
can readout and verify tapes simul­
taneously, make corrections, modifica­
tions, and can change codes by selec­
tion of a proper patchboard. CHALCO 
ENGINEERING CORP., 15126 S. 
'Broadway, Gardena, Calif. For infor­
mation: 

CIRCLE 206 ON READER CARD 

phone line analyzer . 
The PDA-241 phase distortion ana­
lyzer has been designed to aid in 
the wider' use of telephone lines for 
digital data transmission. Phone lines 
and other voice communications me-

dia can be equalized for transmission 
of data in less than 15 minutes using 
the analyzer. In addition, it is com­
patible with any phase-type or ampli­
tude-type commercial or military 
transmission system. THE HALLI­
CRAFTERS CO., 4401 W. 5th Ave., 
Chicago 24, Ill. For i~formation: 

CIRCLE 207 ON READER CARD 

spectrophotometer 
This spectrophotometer computer is 
a new solid-state analog device which 
exposes a sample of material to a 
controlled light beam and yields in­
formation on the light transmission 

MATHEMATICI.ANS & PROGRAMMERS 

Positions are open at all levels for individuals experienced in 
applying numerical methods and large digital computers to 
the solution of mathematical problems of engineering and 
science. Interesting and varied fields of investigation include' 
missile trajectories, space orbits, partial differential equations, 
calculus of variations, and mathematical programming. 

Qualifications are a BS, MS, or PhD in Mathematics, a physi­
cal science, or engineering, and a minimum of one year of 
programming experience. 

Please forward your resume to Mr. William O'Melia, Missile 

& Space Division, Raytheon Company, Bedford, Mass. 

-''RAYTHEO~ RAYTHEON COMPANY 
-~ _____ :=.._ MISSILE & SPACE DIVISION J 

An Equal Opportunity Employer 
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{INFORMATION RETRIEVAL·~ 
I APPLIED TO i 
! INTELLIGENCE i 
i DATA PROCESSING i 
~ SYSTEMS I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I REQUIRING I I DATA SYSTEM ANALYSTS I 
I SENIOR I 
I COMPUTER PROGRAMMERS I 
I MITRE's expanding role in I I systems engineering for the I 
I Air Force Electronic Systems I 
Ii Division has led to an in- II'c: 

iii!! creased effort in the design I I and development of intelli- I I gence data processing systems. I 
iii!! There are new opportunities iii! 
iii!! for creative work in automatic iii! I indexing and retrieval, sys- I 
I terns analysis and synthesis. iii! 
Ii I iii!! MITRE is engaged in the iii! 
ill! analysis of intelligence opera- iii! I tions at several Air Force I I Commands. Command require- iii! 
iii!! ments for accurate and timely I I intelligence support is leading I I to the use of automatic data iii! 
iii!! processing systems. MITRE is I 

. iii!! assisting the Air Force in de- iii! I termining the extent and I I means of applying automatic iii!! 
I data processing to the intelli- I 
;Ii gence problems. This work is II'!: 

iii!! supported by experimental ac- I I tivities at our Bedford opera- I 
II'c: tion in pleasant suburban iii! I Boston. Positions are also if I available in Colorado Springs, I 
I Colo., Omaha, Neb., and iii! 
;Ii Washington, D. C. I 
I Write in confidence to Vice President iii! 
iii!! - Technical Operations, The MITRE I I Corporation, P. O. Box 208, Dept.MD9, Ii 
Ii Bedford, Mass. I 
I 'MITRE is an independent, nonprofit iii!! Ii corporation working with - not in iii! I competition with - industry. Formed I 
II'c: under the sponsorship of the Massa- ;Ii 
iii!! chusetts Institute of Technology, iii! 
~ MITRE is Technical Advisor to the iii! ' I Air Force Electronic Systems Division, iii! Ii and chat·tered to work for such other I I Government agencies as FAA. I 
i THE I 

IMITREI I ' iii!! 
~ . I 
\ An Equal Opportunity Employer I 
~ ~ 

"''''''''''''''''''\''''~~. 
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SBC's complete computing services: 

AT 
YOUR 

COMMAND 

The Service Bureau Corporation offers you com­
plete cOll1puting services and facilities in 70 offices 
and data processing centers located throughout 
the country. No job is too sinall or too large. At 
SBC, you'll find the largest, 1110St experienced 
data processing staff in the country ... the -\videst 
choice of punched card and electronic equipu1ent 
... and an ever expanding group of Programmed 

Applications. * These are established COll1puter 
prograll1S designed to sill1plify scientific and en­
gineering data processing, and luake COll1puter so­
lutions readily available. 

At your service, in SBC's network of data proc­
essing centers, is a complete line of the latest IB:M: 
cOll1puting equiplnent, including IBM: 1401, 7070 
and 7090 computers. Conventional IBM: equip­
nlent is available for peak load use. COlnputer 

time, by the hour, allows you to expand your data 
processing facilities at econOll1ical hourly rates. 
Programll1ing assistance is available. 

SBC's staff of engineering, scientific and com­
puter personnel has unparalleled experience in 
every kind of data processing problell1, including 
engineering and scientific applications, advanced 
progral11111ing, problem analyses. As an aid to sci­
ence, business and industry, SBC is at work today 
supplying data processing services to 111eet every 
kind of custOll1er need. 

*Programmed Applications - COll1puter prograll1S 
designed and developed by SBC. 

The Service Bureau Corporation 
425 Park Avenue, New York 22, N. Y. 

®~B~ 
a subsidiary of IBM 

The 1110st Experienced Data Processing Service in the World 
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NEW PRODUCTS . • . 

and reRection of the sample. The unit 
takes these readings, compares data 
with calibration information in mag­
netic tape memory and produces a 
curve on a chart recorder. The com­
plete unit sells for approximately 
$16,000. HOFFMAN ELECTRON­
ICS CORP., 3761 S. Hill St., Los 
Angeles 7, Calif. For information: 

CIRCLE 208 ON READER CARD 

computer diode modules 
A new line of computer diode modules 
are available in a variety of circuit 
configurations and can be supplied 
using any miniature glass germanium 
diode and many of the miniature glass 
silicon diodes. The diode module case 
features the ability to automatically 
space itself the proper distance away 
from the circuit board by means of 
small spacers molded between the 
leads. NATIONAL TRANSISTOR 
MFG., INC., 500 Broadway, Law­
rence, Mass. For information: 

CIRCLE 209 ON READER CARD 

magnetic head 
This new high temperature magnetic 
head for tape recording and reading 
can be gapped to 40 microinches and . 
remain stable to 200°F. Tests have 

shown a frequency response differ­
ential of ±2 db between outputs at 
and up to 200°F. with packing dens­
ities of 3300 cycles per inch. The 
head can be used for both digital and 
analog applications. MAGNE-HEAD 
DIV., GENERAL INSTRUMENT 
CORP., 3216 W. EI Segundo Blvd., 
Hawthorne, Calif. For information: 

CIRCLE 210 ON READER CARD 

tape adapter 
The 754 magnetic tape adapter unit 
provides 1401 users with read/write 
capability from GE/ERMA or GE 
210 to IBM format or vice-versa. The 
754 operates as a program control 
I/O unit of the 1401 and ties to it 

APPLIED MATHEMATICIANS 
STATISTICIANS 

COMPUTER PROGRAMMERS 
Challenging· openings are available at Armour Re­
search Founadtion's ANNAPOLIS, MARYLAND 
and CHICAGO, ILLINOIS laboratories. Excellent 
opportunity is provided for increased professional 
growth as a member of an outstanding and stimulat­
ing scientific staff., Qualified mathematicians, engi­
neers, or physicists having B.S., M.S., or Ph. D. 
degrees are invited to inquire about opportunities in: 

ANALYSIS AND PROGRAMMING FOR LARGE SCALE DIGITAL COMPUTERS 
Applied and basic research studies aimed at electronic system 
analysis and performance prediction; use of numerical methods; 
programming for UNIVAC n03A, nos, and more advanced large 
scale digital computers. 

OPERATIONS RESEARCH AND STATISTICS 
Methodology and applications development; industrial problem 
solving in areas such as assembly line balancing and production 
scheduling; mathematical modeling for problems in network 
optimization and stockastic processes. 

DEVELOPMENT OF ADVANCED PROGRAMMING SYSTEMS 
Automatic monitoring systems for parallel processing; compilers 
and assemblers; data processing systems; service routines. 

Staff members receive attractive salaries, up to four weeks' vacation, generous 
insurance and retirement benefits and tuition-free graduate study. All qualified 
applicants will receive consideration for employment without regard to race, creed, 
color, or 'national origin. If you, are interested in one of these professional 
opportunities, reply in confidence either _ •• 

S. M. Ream 

ARMOUR RESEARCH FOUNDATION 
Ron C. Seipp 

ARMOUR RESEARCH FOUNDATION 
Illinois Institute of Technology 

Te.chnology Center, Chicago 16, Illinois 
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f OPENINGS IN ~ I ~ 
i AIR ! 
I TRAFFIC I 
ICONTROLI 
ill! iiII! 
I I 
= I = I = I iiII! ill!! 

= I I ill!! 
iiII! I I iiII! 
iiII! I I ill!! 
iiII! I 
= iiII! iiII! I 
= ill!! iiII! The Federal Aviation Agency I = has selected MITRE to estab- ill! 
iiII! lish an experimental air traf- I I fic control "system test bed." ill! 
iiII! Operations, equipment, and I = computer program techniques iiII! 
iiII! will be designed, implement- I = ed, tested, and evaluated in ill! 
iiII! the "system test bed" prior I = to incorporation in a new ill! 
iiII! national air traffic control I I system. I 
iiII! Challenging assignments are now iiII! 
; available for individuals with demon- I 
III"! strated ability in any of the follow- III"! = ing areas: iiII! 
I · Operations Research or Opera- I 
iiII! lions Analysis related to real iiII! 
iiII! time control systems I 
!! • Large-scale system design, test, iiII! 
~ or evaluation !! = • Computer program design Cor ~ 
ill! real time systems I 
iiII! Scientists and engineers are needed I !! immediately for this important job I 
III"! and thereafter for MITRE's expand- III"! I ing role in the design and develop- ~ 
~ ment of real time computer-based I I systems. ill! 
iiII! Recent college graduates with high jl!!iII!! 

~ scholastic achievements and an inter- jI!! 
~ est· in these fields are also invited i!!!iII!! 
~ to apply. MITRE is located in pleas-i ant suburban Boston. ill!! 
I Write in confidence to Vice I 
i President - Technical Op- i!!!iII!! I erations, The MITRE Corpo- jIl 
ill! ration, P.O. Box 208, Dept. ~ I MD9,Bedford, Mass. i 
ill! MITRE is an independent, nonprofit I 
~ corporation working with - not in ill! 
~ competition with-industry. Formed ~ 
iiII! under the sponsorship of the Massa- III"! 
ill! chusetts Institute, of Technology, I 
iiII! MITRE. is Technical Advisor to the iiII! 
~ Air Force Electronic Systems Divi- iiII! 
~ sion, and chartered to work for such ~ 
;Ii! other Government agencies as FAA. i 
I ~ 
iiII! THE I 
= iiII! 

IMITREI 
iiII! I I iiII! 
jI!! ill! 
~ An Equal Opportunity Entploye1' I 
\ ~ 
~, ~~ 

Il .. """""", .. "",~~ 
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OF T HIS COMPLEXITY 
AUTOMATICALLY PLOTTED IN 60 MINUTES! 

1"100 1500. 1600 1700 1600 1900 2000 2100 2200 
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The graph shown was plotted by the 
CALCOMP 570 MAGNETIC TAPE 
PLOTTING SYSTEM in less than two 
minutes ••• complete with scale markings, 
calibrations, legends, and curve iden­
tification symbols. CalComp's system 

. provides hig h-speed plotting of digital 
computer output in 1/100 inch increments 
at speeds of 200 or 300 steps per second. 
Yet requires only a single setup for con­
tinuous production. Easily operated by 
relatively unskilled personnel. Write for 
complete data or demonstration of the sys­
tem'sautomatic search, automatic plotting, 

Compatible with any computer continuous curve plotting, point plotting 
utilizing an IBM format tape. and completely digital operation. 

CALCOMP SALES REPRESENTATIVES 

Boston • Brogan Associates, 2300 Washington street 
Dallas • Forsyth Sales Company, P.O. Box 637, Garland, Texas 

Detroit • K·R Engineering Services, 13612 Fenkell 
Houston • Computer Laboratories, Inc., 6001 Gulf Freeway 

Milwaukee • Arthur Engineering Sales Co., 11216 West Mallory Avenue, Hales Corners, Wisconsin 
New York • Brogan Associates, 220 Jericho Turnpike, Mineola, New York 

102 Forest Way, Camillus, New York 
Philadelphia • Brogan Associates, P.O. Box 781, Levittown, New Jersey 
San Francisco • Calma Company, 5546 Amby Drive, San Jose, California 

St. Paul • Justin W. Moen, 3264 N. Victoria Avenue 
TokYo • Munzig International, Inc. 

Washington, D.C. • Gregory M. Bell, Jr., 927 15th Street, N.W. 

©®©e@@® 
CALIFORNIA COMPUTER PRODUCTS, INC. 
8714 CLETA STREET· DOWNEY, CALIFORNIA 

See a demonstration at booth 417-418 Spring Joint Computer Conference 
CIRCLE 60 ON READER CARD 
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in place of one 729 tape unit. The 
adapter is priced at $85,000. ELEC­
TRONIC ENGINEERING CO. OF 
CALIF., DP SECTION, Box 58, Santa 
Ana, Calif. For information: 

CIRCLE 211 ON READER CARD 

recording computer system 
This'recording computer system can 
perform analog computing functions 
while recording process variables and 
/ or computed values. A rotary pick­
off transformer which performs multi­
plication, square root extraction, divi-
sion, summing and ratio functions, 
is the key component of the system. 
DEVAR KINETICS DIV., CON­
SOLIDATED ELECTRODYNAMICS 
CORP., 494 Glenbrook Rd., Glen­

I brook, Conn. For information: 
CIRCLE 212 ON READER CARD 

data recording 
The DL-210 Local Data Recording 
Assembly has been designed for ap­
plications where central data collec­
tion is not feasible. The assembly is 
comprised of an input station which 
can receive up to 80 digits of pre­
punched IBM card data, a control 
and power supply module, and a pa­
per tape punch. DATEX CORP., 
P.O. Box 667, Monrovia,' Calif. For 
information: 

CIRCLE 213 ON READER CARD 

large screen oscilloscope 
The model LS 421 large screen 
sampling oscilloscope provides a full 
screen of 9"xI2" and. features a ran­
dom sampling method which permits 
the scope to be used as an x-y plotter 
fo~ events varying at a DC rate or 
as high as 5 mC. ITT, INDUSTRIAL 
PRODUCTS DIV., 15191 Bledsoe 
St., San Fernando, Calif. For infor­
mation: 

CIRCLE 214 ON READER CARD 

typewriter transmiHer / receiver 
The TTR-200 typewriter-transmitter / 
receiver has been designed for com­
puter I/O, off-line data preparation, 
communication transmitting and re­
ceiving, x-y plotting, inquiry and re­
ply in data processing and information 
retrieval systems and also can be 
used as a data logger for process 
control, data collection and check­
out systems. The TTR-200 prints at 
the rate of 15 characters per second. 
INVAC CORP., 14 Huron Dr., Natick, 
Mass. "For information: 

CIRCLE 215 ON READER CARD 

plug-in modules 
Two new digital circuit plug-in mod­
ules allow data transmission via cable 
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*TPM-TAPE PREVENTIVE MAINTENANCE 
THE MODERN APPROACH TO COMPUTER PROFITS 

Wise EDP management is,learning that precisipn magnetic tape requires. 

scheduled preventive maintenance ... equal to that given all other com­

puter components. 

Complete tape preventive maintenance (TPM) systems are available 

from General Kinetics Incorporated, pioneer in magnetic tape research. 

The GKI system for TPM includes: 

• . An off-line TAPE TESTER to assure error-free 

performance. 

• A KINESONIC TAPE CLEANER to remove dirt 

and wear products. 

• An off-line precision TAPE WINDER to pre­

vent damage in handling and storage. 

Regular use of these quality GKI equipments will 

reduce computer errors ... save re-run time ... 

and increase tape life. 

Failure to maintain computer tape wastes capital 

investment ... and drains profits. 

TPM systems from GKI will solve this problem 

for your EDP facility. Call or write us for more 

details on TPM ... the modern tape approach to 

computer profits. 

General Kinetics Incorporated 
2611 Shirlington Road, Arlington 6, Virginia,jAckson 5-4055 
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Tape Tester 

Kinesonic Tape Cleaner 

Tape Winder 
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.• ~"""""'-"""""". - ~ r COMPUTER I 
I PROGRAMMERS ~ 
~ • iiII! 
~ .• I 
iiII! • •• i!! Ie: .: I 
I 7030 0.... I 
I (STRETCH). M • I 
~ 7090, uPROG RAM M ERS !! 
~ AN/FSQ·7,. P! 

i!! (SAGE) T •• I 
IE: .: I 
I R -: •••• I 
I •.• I 
i!! •• i!! 
I i!! 
i!! MITRE is expanding its effort I i on the design and development I 
i!! of computer programs for crit- P! 

I ical experiments 'in the area of I 
!! large-scale 'computer-based I 
i command and control systems. I 
I Test facilities are now equipped iii! 
i!! with 7090,1401, and AN/FSQ-7 I 
I (SAGE) computers. These fa- iii! 
; cilities will soon be expanded I 
~ to include a 7030 STRETCH I 
I computer. iii! 
iiII! Experienced Programmers interested in I I important assignments can fipd profes- iii! 
iiII! sional fulfillment in these areas: I I iii! i!! • Problem-Oriented Languages I 
I • Computer Applications iii! 
!! • Programming Research I 
i i!! iiII! • Numerical Analysis I 
I • Real Time System Design' i!! 
iiII! • Utility Program Design I 
I • System Programming Techniques !!! i · Information Storage and Retrieval I 
iiII! • Facility Operations I 
I • Computer System Evaluation i!! 
iiII! I I Recent college graduates with high iii! I scholastic achievements and an inter- I 
iiII! est in helping us develop these fields !!! I are also invited to apply. I 
; Inquiries may be directed in ~ 
i confidence to: Vice' President I 
I - Technical Operations, The I 
iii! MITRE Corporation, Post Of- I 
I fice Box 208, Dept MD9, Bed- i!! 
iii! ford, Massachusetts. . I 
I iii! i!! MITRE is an independent, nonprofit ~ 
~ corporation working with - not in i 
i comp~tition with - industl·y. Formed I I under the spon1:\orship of the Massa- i!! 
iii! chusetts Institute of Technology, I I MITRE' i1:\ Technical Advisor to the i!! 
i!! Air Force Electronic Systems Divisi()n, I I and chartered to work for such othel' iii! 
~ Government agencies as FAA. I 
I I 
~ THE I I i!! 

~MITRE~ 
iiII! I 
= ~ , An Equal Opportunity Employer I 
~. -". ~ ".""""""""""~~ 
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over distances to 1000 feet. The trans­
mitter, model DTI00, incorporates 
three independent circuits for simul­
taneous transmission of three channels 
of information. The model DR 100 
receiver also has three circuits and 
provides TRUE (set) and FALSE 
(reset) outputs in addition to an 
auxiliary reset input. PACKARD 
BELL COMPUTER, 1905 Armacost 
Ave., Los Angeles 25, C;:tliL For in-
formation: ' 

CIRCLE 216 ON READER CARD 

magnetostrictive delay line 
Type 174 is a magnetically-shielded, 
magnetostrictive delay line which pro­
vides a delay length of 10 milliseconds 
and operates at 655 KC/S Plllse 'rep­
etition rate with return-to-zero. DEL­
TIME, INC., 608 Fayette Ave., Mam­
aroneck, N. Y. For informatipn: 

CIRCLE 217 ON READER CARD 

tape terminals 
New paper tape terminals for the 
Dial-o-verter system allows transmis­
sion of data at 1,000 words per min­
ute over telephone lines. Terminals 
feature initial line checking and 
photo-electric reading and can handle 
5, 6, 7, or 8~level 'tape. Model D507S 

transmitter rents for $155 per month 
and model D570R receiver rents 
for $190 monthly. DIGITRONICS 
CORP., Albertson, N.Y. For informa­
tion: 
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automatic plotting 
Model 1155B Electroplotter J and 
Magnetic Tape Converter System 
provides automatic plotting of points, 
symbols, digits, and draws line graphs 

from digital data recorded on mag­
netic tape or punched cards. Points 
can be plotted at rates up to 300 
per minute to an accuracy of ±0.05% 
of full-scale or ±0.015". BENSON­
LEHNER CORP., DATA PROD­
UCTS DIV., 1860 Franklin St., Santa 
Monica, Calif. For information: 
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removable panel' 
A removable panel for TR-IO general 
Pllrpose analog computers permits 
problems to be programmed in ad-

vance, and allows the operator to keep 
the computer in almost continuous op­
eration by pre-programming a variety 
of problems. Upon solution of one, the 
panel can be removed and another 
with a different problem' installed in 
its place in less than one minute. 
ELECTRONIC ASSOC., INC., Long 
Branch, N.J. For information: 
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3 and 5 amp rated rectif~ers 
Two new series of silicon controlled 
rectifiers provide switching on appli­
cations such as computer circuitry and 
servo-mechanisms. Types 3RC5A-
3RC40A are three ampere rated, 
have a PRY range from 25-400 volts. 
The five ampere rated series are des­
ignated 5RC2A-5RC40A. INTERNA­
TIONAL RECTIFIER CORP., 233 
Kansas St., EI Segundo, Calif. For 
inform a tion: 
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delay lines 
The 6053 has been designed to pro­
vide 'a package to accommodate the 
frequent requirement for magneto­
striction delay lines with large num­
bers of preset taps. FERRANTI 
ELECTRIC INC" DIV., Ind~strial 
Park No.' 1, Plainview, Long Island, 
N. Y. For information: 
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PROGRAMMERS 
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COMMERCIAL 'DATA 'PROCESSING 
SENIOR PROGRAMMER: 

To head programming group for medium-scale tape-
oriented computer. , 
Basic requirements: Three years of tape-equipment ex­
perience, of which a minimum of one year was as 
director or chief of ~ programming group. ' 
Systems and Procedures experience desirable. 

PROGRAMMERS: 
To serve as a member of a programming group for 
medium-scale tape-oriented computer. 
Basic requirements: One year of tape-equipment ex­
perience. 
Submit resume snowing education and experience, 
with specific reference to experience in programming, 
systems, an~ procedures, and type of eq~ipment with 
whic~ you have worked. State salary reqUired. 

WRITE 01 RECTL Y TO: 

R. J. Berman, 
CONTROLLER 

HORIZON 
LAND CORPORATION 

P. o. BOX 5128 
TUCSON, ARI~ONA 
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BUSINESS PROGRAMMER 
STANFORD RESEARCH I NSTITUTE is seeking a business pro­
gramme~ for EDP applications to management reporting sytems. 
Inquiries will be welcomed for those having experi~nce in: 

~ INDUSTRIAL DATA PROCESSING SYSTEMS 

~ AUTOMATIC PROGRAMMING AND GEN~RATORS 

~ GENERALIZED ROUTINES 

~ MAGNETIC TAPES 

Enjoy industrial level salaries, advanced study oppor­
tunities and the added 'bonus of San Francisco Penin­
sula living. 

We invite you to send your resume or contact R. K. 
Ditmore for fur,ther information 

If in the San Francisco ~ay Area, please 

phone collect: 
DAvenport 6-6200, ~xtension 3440. 

STANFORD RESEARCH INSTITUTE 
Menlo Park, California 

An equal opportunity employer. 
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AN OFF-THE-SHELF MIL SPEC 

ALL SOLID STATE CORE COMPUTER 

AN/UYK-l (TRW-130) DIGITAL COMPUTER 

6 microsecond memory cycle 

900 hours Mean Time-To-Failure 

Asynchronous I/O, NTDS compatible 

Wide variety of peripheral devices 

Real time interrupt system 

Maintainable by military personnel 

Being installed on many major programs such 
as TRANSIT and AMR Radar chain for Real Time Data Processing 

PRICE: $83,500 

For detailed information, contact Computer Product Manager at 

Thompson Ramo Wooldridge Inc. 

AWDIVISION 

8433 FALLBROOK AVENUE· CANOGA PARK. CALIFORNIA· DIAMOND 6-6000 

Or call your nearest Field Office: in Washington, D. C .• Boston. Rome, N. Y . • Dayton 

RW means Computer Technology Leadership 

CIRCLE 63 ON READER CARD 117 



CIRCLE 71 ON READER CARD 

118 

RCA now adds Me,mory Stacks utilizing 
temperature-stable ferrite cores to its 
broad line of t'emperature-controlled 
stacks and conventional, non-tempera­
ture-controlled types. 
Now you can make RCA Semiconductor and 
Materials Division your Headquarters for fer­
rite memory stacks packaged virtually any way 
you specify. 

1. Wide·Temperature·Range Stacks. New RCA tem­
perature-stable ferrite core 233M 1 permits 
the construction of planes and stacks that re­
quire no peripheral temperature-control 
equipment. In those applications where small 
size, minimum weIght and reduced periph­
eral equipment are required, these devices 
can achieve vital space and cost savings. 

2. Temperature·Controlled Stacks. RCA Memory 
Stacks, temperature-controlled within ± 2°C, 
are designed to meet MIL Specifications. 
Available in standard or high density pack­
ages, these stacks can be utilized where spe­
cifications call for conventional core opera­
tion over extreme temperature ranges. 

3. Conventional Memory Stacks. RCA conventional 
memory stacks may be used where tempera­
ture is not a critical problem,. but where 
RCA's high quality and reliability are re­
quired at lowest possible cost. 

RCA Memory Stacks are available in sizes 
from 256 words x 8 bits to 16,384 words x 32 
bits, with cores from .030" to .080" O.D. for 
system speeds as fast as 1 llsec. Stacks can be 
supplied in a wide range of configurations and 
operating characteristics to meet your design 
needs. In addition, you can specify from a 
broad range of plane designs from new molded 
epoxy to phenolic, printed·:circuit, or aluminum 
types designed to meet MIL specifications. 

Reliability: RCA ferrite rriemory stacks can be 
designed and built to meet your stringent en­
vironmental specifications for shock and vibra­
tion. All RCA stacks are 100 percent dynam­
ically tested to assure the utmost dependability 
under actual operating conditions. 

Service: Your local RCA Semiconductor and 
Materials Division field representative is pre­
pared to provide a completely coordinated 
application service, covering transistors, tun­
nel diodes and other semiconductor diodes, 
ferrite cores and memory systems. Call him 
today. For further technical information, write 
RCA Semiconductor and Materials Division, 
CoinmerCial Engineering, Section D-56-NNF, 
Somerville, N. J. 

81be Most Trusted Name in Electroni", 

Visit The RCA Exhibit J\t The 
Spring Joint Computer Conference 
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IN 
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• At TRW Computers, Dr. Walter 
F. Bauer, manager of information sys­
tems; Richard Hill, head, program­
ming systems and services section, and 
Werner Frank, head, display applica­
tion section, resigned last month to 
form their own company (see New 
Firms in Datamation). Replacing Dr. 
Bauer will" be Randy Porter. 

• Donald T. Spaulding has been 
named president of IBM's Federal Sys­
tems Division in Rockville, Md. Prior 
to his new appointment, Spaulding 
was group director of the product line. 
He will succeed Charles Benton, Jr., 
who has been promoted to the posi­
tion of executive assistant to the com­
pany's vice president and group ex­
ecutive for the Data Processing and 
Federal Systems divisions. 

• James A. Cunningham has been 
appointed Chief of the Computer 
Technology Section of Data Process­
ing Systems at the National Bureau 
of Standards, where he will be respon­
sible for the data acquisition system 
(AMOS IV) and the investigation of 
semiconductor devices for computer 
application as well as the design of 
automatic measuring equipments and 
data logging devices. Since 1950, 
Cunningham has been working in 
digital technology areas of the NBS. 

• Harold L. Leone has joined Com­
puter Science, Corp. as a process 
control specialist. Formerly, Leone 
was manager of the Applied ~ Pro­
gramming Operation, Process Com­
puter Section of the General Electric 
Computer Division in Phoenix, Ariz. 

• Meade C. Camp has been ap­
pointed to the new position of manager, 
Marketing Systems Service, Electronic 
Data Processing, Radio Corporation 
of America. He will be responsible for 
four principal RCA edp activities: 
methods, training and education, 
product information, and the RCA 
Data Systems Center, Cherry Hill, N. 
J. Prior to his appointment, he was 
manager, Market Planning, RCA EDP. 
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they chose ~@uu~~ 
tape transports ... 

for the Recomp H 
computer system 
This system offers the user a magnetic tape memory unit with a capacity 
of over 600,000 words-and four of these units can be coupled to permit 
a total memory capacity of over 2,500,000 words. 

Key to this highly reliable memory system is the Potter Model 910 
Digital Magnetic Tape Transport. This solid-state unit provides data 
transfer rates to 22,500 per second on 1f2-inch tape or 40,000 characters 
per second on 1-inch tape at tape speeds up to 75 inches per second. 
In Recomp II, the Model 910 is teamed with the transistorized Model 
921A Read-Write Amplifier system, which provides flexibility to match 
virtually any digital tape application. 

To learn more about Potter Digital Magnetic Tape Transports w~ite today, 

PLAINVIEW, NEW YORK 

INSTRUMENT CO." INC. 
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Here, to save you 

hundreds of man­

hours of EDP 

analysis •.• 

STANDARD EDP REPORTS 
Objective, comparative studies of 

computer hardware and software 

A data processing system, even for limited applica­
tions. can give you a powerful competitive advantage-but 
only if you select the right system for your operations, and 
utilize it properly. 

Standard EDP Reports-developed by AUER­
BACH Corporation and the Bureau of National Affairs, 
Inc.-are updated monthly and examine individually the 
computers and programming packages commercially avail-
able in this country in terms of . . . , 

TECHNICAL REPORTS describing edch system as a 
whole, analyzing hardware, software and performance. 

CO~PARISON CHARTS providing apple-to-apple 
specifications and performance data. 

SELECTION PROCEDURE REPORTS which will help 
you select the system or unit best suited to your re­
quirements. 

GUIDELINE REPORTS which keep you up-to-date on 
EDP .trends and developments. 

A primary feature of this new service is the inclu­
sion of standardized ll.erformance analyses which enable 
you to make direct systems comparisons for specific ap­
plications. 

Standard EDP Reports are the one best source of 
complete, objective operating and performance informa­
tion on your present, or planned, EDP installation. 

For complete information about this unprecedented 
service, write Department 1226 today. 

AUERBACH/BNA Standard EDP Reports will be 
displayed at the Spring Joint Computer Confer· 
ence. We invite your inquiries and comments. 

AUERBACH! ~_J 
THE BUREAU OF NATIONAL AFFAIRS, Inc. 
1231 24th Street, N.W. Washington 7, D.C. 
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Curious About ComputersP 

Explore the 
exciting world of 

electronic brains with 

Minivac 
Learn digital computer theory. Discover how large 
multimillion dollar computers operate ... what 
they can and cannot do. Construct and understand 
circuits similar to those of the most advanced 
data processing machines. You can do all this and 
more with MINIVAC - a unique scientific educa­
tional device. It receives, processes and remem­
bers information and communicates answers to 
questions and problems based on the data it's 
given- in the same manner as full-scale com­
mercial computers! 

EASY TO USE 
A set of illustrated manuals - containing easy-to­
follow, step-by-step instructions - accompanies 
each MINIVAC. Experiments teach you basic 
principles ... demonstrate liow computers do 
arithmetic, solve mathematical problems, use logic 
to make decisions. 

BY ANYONE 
No knowledge of electronics, higher mathematics 
or computer technology is necessary. Anyone with 
an inquiring mind can use MINIVAC - teenagers 
and adults ... students and teachers ... busi­
nessmen, engineers, hobbyists. 

AND UNCONDITIONALLY GUARANTEED 
MIN IVAC is fully guaranteed against defects in 
manufacture and, in addition, carries a 10-day un­
conditional money-back guarantee. 

TWO MODELS AVAILABLE 
MINIVAC 601, a computer simulator with which 
you can learn basic principles and operations $95.00 

MINIVAC 6010, an advanced model that lets you 
perform more sophisticated experiments, solve 
more complex problems.............. $155.00 

SEND FOR DESCRIPTIVE LITERATURE - TODAY! 
I--------~------I 

I Scientific Development Corporation I 
I Dept. DM-4 I 

372 Main Street I I Watertown, Massachusetts I 
I Pleasesendlileratureon MINIVAC601 0 MINIVAC6010 0 I 
I Name..... .......................................... I 
I Street............. .................. ...... ...... I 

L~~~~~·~z=~~~~=~J 
CIRCLE 66 ON READER CARD 

.0 I=ITI=I M ~TI C) N 

( 



IBM asks basic questions in computer software.· 
® 

C=)' . 
How much work can computers do? 

o 

These IBM programmers are describing a machine part in 
AUTOPROMT, a programming language developed in coopera­
tion with the United Aircraft Corporation. 

Men use words to symbolize ideas. Computers use a 
vastly different kind of language. Present computer 
logic requires instruction in language so rudimentary· 
tha t each year millions of words of programming are 
devoted to' basically repetitive procedures. Unless 
ways are found to economize on this instruction, the 
usefulness of computers may be limited by the short-
age of trained personnel to put them to work. . 

IBM programmers are simplifying communication with 
computers. Through careful selection and ordering of 
references to machine structure, they have developed 

• programming systems that transfer a large part of the 
'repetitive work in programming to the computer 
itself. These systems permit programmers to express 
their instructions in language resembling English. 
They also make different machines "look alike" so 
that programmers can state their problems with as 
little difficulty as possible. In addition, IBM program­
mers are experimenting with systems which use the 
computer's own capacity to construct new program­
ming systems, such as assemblers or compilers. 

Programming systems can extend beyond the level of 
handling machine references automatically to include 
applications. AUTOPROMT, IBM'S system for numer­
ical control of machine tools, is a codification of 
machine shop language and practice which enables a 
computer to determine machining instructions from 
a description of the part's surfaces. The computer 

April 1962 

Following orders generated by an IBM computer from an 
AUTOPROMT program, this numerically controlled milling 
machine is shaping a section oj a hyperbolic paraboloid. 

generates the sequence of machine tool paths required 
to produce the part. IBM has also developed informa­
tion retrieval systems which reduce the burden of 
indexing, abstracting or disseminating technical in­
formation. One experimental system reduces an article 
to an abstract by statistically determining the most 
significant sentences in the article. 

Eventually, programniing systems may grow beyond 
boundaries of individual disciplines to include gen­
eral information on the nature of the physical world. 
Such systems would be supported by information 
retrieval systems and inference systems capable of 
seeing logical consequences of retrieved information. 
They would allow men who direct computers to focus 
their attention on creative aspects of future problems. 
By making systems like these possible, IBM program­
mers and mathematicians are playing a leading role 
in applying the computer to ever-widening areas of 
human knowledge. 

!fyou have been searching for an opportunity to make 
important contributions in software development, 
manufacturing research, optics, solid state physics, 
computer systems development or any of the other 
fields in which IBM scientists and engineers are finding 
answers to basic questions, please contact us. Write to 
Manager of Professional Employment, IBM Corp., 
Departnlent 701Q, 590 Madison Ave., New York 22, 
New York, IBM is an Equ'al Opportunity Employer. 
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Scientific programmers for Space Technology Leadership 

~~--;=~ -~~ .. --- -..- ... 
. ....,--.. 
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, . .. 

REPRINTS OF THE DRAWINGS CREATED FOR THIS SERIES, SUITABLE FOR FRAMING, ARE AVAILABLE ON REQUEST. 

Thinking it,not improper, we invite your attention to the challenging opportunities for scientific programmers at Space 

Technology Laboratories, Inc. In the tradition of Newton, you might well be interested in helping to develop a better 

understanding of such phenomena as the orbiting of bodies-celestial and man-made. At STL there is continuing interest 

in the solution of the broad spectrum of unsolved problems relating to space technology using two IBM 7090's, and 

. extensive peripheral equipment. Opportunities also exist for Computational Systems Programmers, Data Analysts and 

Applied Mathematicians. Please write Dr. R. C. Potter; Manager of Professional Placement and Development at STL. 

STL is an equal opportunity employer. SPRING JOINT COMPUTER CONFERENCE DELEGATES: 
San Francisco interviews May 1-3. Call F. C. Nagel at Conference Hotel, SU 170909. 

SPACE TECI-INOLOGY LABORATORIES, INC. P.o. BOX 95005 Y. LOS ANGELES 45. CALIFORNIA 

a subsidiary of Thompson Ramo Wooldridge Inc. 6A. . 
Los Angeles • Santa Mada • Cape Canave'al • Washington, D. C. V. Boston • Dayton • Huntsvlll. • Edwa,ds AFB • Canoga Pa,k • HawaII 
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Raytheon Building Blocks Speed Digital 
Data Programming By Logic Designers 

Raytheon Building Blocks, fully 
transistorized digital modules 
especially suited for high speed 
data processing, eliminate 
COST, DESIGN TIME, SIZE 
and DELIVERY as major deter­
rents to computer use. 

By providing - off the shelf­
simple "plug-in" packaged cir­
cuits complimentary to each 
other, Raytheo? Building Blocks 
enable logical design engineers 
to program, quickly and eco­
nomically, their own complete 
systems and sub-systems for 
every computer operation in 
Data Acquisition, Evaluation, 
Handling and Display. 

RAYTHEON Quality Features for Time Saving, 
Absolute Reliability and Versatility: 

* Adaptive circuitry adjusts power requirements 
to load, with minimum power drain. In qui­
escent state Raytheon Blocks draw 1/7 the 
power of conventional blocks. 

* All blocks meet "Worst Case. Analysis" condi­
tions. 

* Interchangeable wiring panels allow same-block 
changeover from breadboarding to finished 
equipment. 

* Standard logic symbols and nomenclature on all 
modules. * Designed to operate in military environment of 
-30 to +65 C. * Complete line of Timing and Storage Elements/ 
Logical and Special Logical Elements/Signal 
Restoration and Amplification Elements/Build­
ing Block Accessories. Contact your Raytheon 
Distributor. 

Just published by Raytheon - a 
fact-packed 1962 Building Blocks 

·Technical Manual available through 
your Raytheon Distributor. For the 
name of the Raytheon Distributor 
nearest you please write Raytheon, 
Distributor Products Division, 
Westwood, Mass. 

DISTRIBUTOR PRODUCTS DIVISION 

Westw6od, Massachusetts 
CIRCLE 25 ON READER CARD 
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Said' !Vi ichael Faraday: liThe' amounts of different substances deposited or dissolved by the 
same quantity of electricity, are proportional to their chemical equivalent weights," 

Increasing requirements for pure, very thin films-especially those of ferro-magnetic elements and alloys~have become 
critical. To break this bottleneck, one production method under investigation is a chemical process from an aqueous solution 
-using metallic salts and a reducing agent. 

Scientist~ at Lockheed Missiles & Space Company have conducted some highly successful experiments, in which extremely 
pure ahd thin ferro-magnetic film was deposited on such material as glass and plastics. 

Thin film deposition is but one of many phenomena now being investigated at Lockheed Missiles & Space Company in 
Sunnyvale and Palo Alto, California, on the beautiful San Francisco Peninsula. Engineers and scientists of outstanding talent 
and ability naturally gravitate to Lockheed. For here they can pursue their special fields of interest in an ideal environment. 

A leader in the aerospace field, Lockheed is Systems Manager for such programs as the DISCOVERER, MIDAS, and other 
satellites, and the POLARIS FBM. Why not investigate future possibilities at Lockheed? Write Research and Development 
Staff, Dept. M-28A, 599 Mathilda Avenue, Sunnyvale. California. An Equal Opportunity Employer, 

LOCKHEED IIIIISSILES & SPACE COIlAPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 

programs'. Other current programs include SAINT, ADVENT and such NASA projects as OGO, OAO, ECHO, and NIMBUS. 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ,. SANTA MARIA. CALIFORNIA. CAPE CANAVERAL. FLORIDA. HAWAII 
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0-0 
-1-- -. NEW LITERATURE 

COBOL MANUAL: Describes COBOL 
programming for the Burroughs 
B 5000. Defines B 5000 extensions to 
COBOL such as SORT, MERGE, use 
of relational symbols, and ADD and 
SUBTRACT CORRESPONDING. 
Lists COBOL electives implemented 
for the B 5000. Includes reserved word 
lists and sample problem. MGR., 
SALES TECH. SERVICES, BUR­
ROUGHS CORP.; 6071 2nd Avenue, 
Detroit, Michigan. For copy: 

CIRCLE 130 ON READER CARD 

SPECIAL PURPOSE PROGRAM: Bulletin 
1001 describes various computer pro­
grams in the fields of aerodynamics, 
propulsion, acoustics and structural 
dynamics. GENERAL APPLIED 
SCIENCE LABORATORIES, Merrick 
and Stewart Avenues, Westbury, L.I. 
For copy: 
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PROGRAM 
ANY 
FUNCTION 
... at the push 

of a pin! 

COMPUTER DEPT. ACCESSORIES: A 14-
page booklet describes reel storage 
equipment, cabinets, tape reel' trucks, 
chairs, and other accessories for the 
computer department. Specifications 
are also listed. WRIGHT LINE, 160 
Gold Star Blvd., Worcester 6, Mass .. 
For copy: 
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SILICON MODULES: A 16-page brochure 
contains description and specs for a 
new line of all-silicon semiconductor 
digital logic modules. SCIENTIFIC 
DATA SYSTEMS, 1542 Fifteenth St., 
Santa Monica, California. For copy: 
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CONVERSION SERVICE: This four-page 
brochure gives information on a new 
computer tape conversion service 
which converts magnetic computer 
tapes made on one type of computer 

to a tape ready for direct input into 
another machine. A chart on data 
formats for conversion is included as 
are discussions on conversion equip­
ment, data checking, conversion time 
and charges. ELECTRONIC ENGI­
NEERING CO. OF CALIF., Box 58, 
Santa Ana, Calif. For copy: 
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G-21 SYSTEM: This 7-page ·booklet 
describes the hardware, programming 
and applications of the G-21. Reliabil­
ity factors as well as the philosophy of 
the G-21 are also included. BENDIX 
CORP., COMPUTER DIV., 5630 Ar­
bor Vitae St., Los Angeles 45, Calif. 
For copy: 
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DOCUMENTATION & INFORMATION 
RETRI~VAL: This selected bibliography 
lists nearly 100 books, articles, papers 

tSEALECTOBOARD 
+~y--. PAT. PENDING 

* Eliminates 
patch cords 

* Provides 16 
points/square inch 

* Permits component 
plug-in 

SO simple, it offers top reliability, yet so 
precise and functional, it is built-into the 
most soph isticated instrument and con· 
trol systems. Permits all endless variety 
of analog or digital functions~at a push 
of a pin. May be fabricated in any X- and 
V-axis configuration. This is the program 
board that is revolutionizing the industry, 

WRITE FOR COMPLETE DETAILS ••• 

~~~ COR'PORATION 

~9 ~OYT STREET • MAMARONECK, N. Y. 

CIRCLE 68 ON READER CARD 
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To develop numerical methods and digital computer programs for 
solution to problems fro~ our spa~e p,rojects. Areas or. comp~ter 
applicatio'ns include orbit determmatIon, spacecraft Simulation, 
space environment analysis, and flight data reduction. 
Must have B. S. degree plus 2 years experience. . 
Senior level positions are also available for persons with demonstra.ted 
capability in supervision of computer programmers or mathematical 
analysis. 
Send complete qualification resume now for immediate consideration. 
"An Equal Opportunity Employer" 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
48.00 ~AK GROVE DRIVE, PASAD,ENA, CAL,F. 
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whatever you tell it! 

Friden Flexowriters® permit the use 
'of 5,6, 7 or 8-channel tape, each of 
which is associated with a standard 
tape code. The 8-channel tape per­
mits binary coded -decimal coding 
of the integers and provides the 
,added facility of parity checking. 
But the Flexowriter's flexibility 
barely starts there. It is designed 
with a reading and punching mat­
rix that gives you almost lmlimited 
flexibility of code format. 
For instance, Flexowriters are used 
in pattern recognition research, 'for 
they permit recording in punched 
tape (a form directly usable by 
many other machines) of X and Y 
coordinates of every pattern detail 
recorded. 
The Flexowriter's code format flex­
ibility permits almost any type of 
control data preparation and tape 
listing in the design of dosed-loop 
control systems. Further, since it 
can record from transducers~ both 

digital and analog data, in a form 
that can be manipulated and uti­
lized by other machines, the Flexo­
writer is invaluable as ~m integral 
part of many new control systems. 
I ts ability to act as a data-storer and 
data-lister with excellent adaptabil­
ity of format, makes it apparent the 
applications' of the Flexowriter in 
problems of control design and 
operation are limited almost solely 
by the limits of the inwgination. 
To fully investigate the Friden 
Flexowriter, call your local Friden 
representative. Or write: Friden, 
Inc., . San Leandro, California. 
THIS IS PRACTIMATION: prac­
tical au'tonwtion by Friden -:-: for 
business and indllstry. . 

Friden 
Sales, Service and IlIstmctiotl.Througitotlt the U. S. and World 
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. . 
and special reports on this subject. 
CENTER FOR DOCUMENTATION 
& COMMUNICATION RESEARCH, 
SCHOOL OF LIBRARY SCIENCE, 
WESTERN RESERVE UNIVERSITY, 
Cleveland 6, Ohio. For copy: 
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PERT PLANNING AND CONTROL: This 
booklet outlines the basic concepts of 
the PERT method for planning and 
controlling business or scientific proj­
ects by computer. RCA, 30 Rockefel­
ler Plaza, New York 20, N. Y. For 
copy: 
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DIGITAL TRANSDUCERS: This pamphlet 
includes a definition of digital trans­
ducers,' explains the trend toward 
digital control, notes how to use 
transducers and describes them.· Ap­
propriate diagrams are also included . 
DIGINAMICS CORP., 2525 E. 
Franklin Ave., Minneapolis 6, Minn. 
For copy: 
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EDP REPORTS: These three booklets 
highlight a new set of loose-leaf books 
which comprise the Standard EDP 
Reports. Subjects covered include 
computer systems reports, comparison 
charts, selection procedure reports, 
directories and special reports. THE 
BUREAU OF NATIONAL AFFAIRS, 
INC., 1231 24th St., N. W., Wash­
ington 7, D.C. For copy: 
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STANDARD REGISTER FORMS: This 
folder includes six specification sheets 
prepared from the findings of a series 
of tests which determined the, range 
of form construction sizes, papers, 
fasteners, etc. for use with various 
edp printers. THE STANDARD REG­
ISTER CO., Dayton 1, Ohio. For 
copy: 
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COMPUTER APPLICATION SERVICES: 

This brochure outlines typical projects 
in which this computer application 
department has participated and out­
lines its activities and services. GEN­
ERAL KINETICS INC., 2611 Shir­
lington Rd., Arlington 6, Va. For 
copy: 
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TIME-DIVISION MULTIPLEX: The theory 
and application of time-division mul­
tiplex (TD M ) to remote control, 
supervisory systems, and data. trans­
mission is discussed in this pamphlet. 
MOORE ASSOC., INC., 893 Ameri­
can St., San Carlos, Calif. For copy: 
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DERIVING 

majority logic 

NETWORKS 

The fundamental theorem of majority-decision logic, a typical product of 
Univac's Mathematics and Logic Research Department, has practical as well 
as theoretical interest. The even-parity checker derived above from the funda­
mental theorem can be treed to determine the parity of 3n bits in 2n logic 
levels using only % (3n -1) three-input majority gates. 

Qualified applicants will find at Remington Rand Univac 
a scientific climate tuned to the intellectual curiosity of the 
professional man. The opportunity and the incentive for 
advancement are waiting for you in highly significant 
positions at Univac. You are invited to investigate them 
immediately. 

• SYSTEMS ANALYSTS '-ApPLICATIONS 
ANALYSTS • ENGINEER WRITERS • 
LOGICAL D.ESIGNERS. PROGRAMMERS 

Contact the office of your choice: 

R. K. PATTERSON WILLIAM LOWE 
REMINGTON RAND UNIVAC REMINGTON RAND UNIVAC 
Univac Park P.O. Box 6068 
St. Paul 16, Minnesota San Diego 6, California 

R E M.I N G TON RAN 0 

UNIVAC 
OIVISION OF SPERRY RANO CORPORATION 

There {lfe also immediale openings 
ill all areas of digilal complller 
cin'elopmenl at Ollr allier laboralo­
ries. Inqlliries sliollld be addre;'seci to: 

T.M.McCABE 
Rem. Rand Univac 
P.O. Box 500 
Blue Bell, Penn. 

(An equal opportunities employer) 

April 1962 

D. CLAVELOUX 
Rem. Rand Univac 
Wilson Avenue 
So. Norwalk, Conn. 

BENNl~rl"l' ASSOCIATl~S 

EXECUTIVE 13EAnCIlliS - INIlUSTlUAJ, ImI,ATIONS _ l'SYCIIOI,OGlCAL TESTING 

COMERCIAL PROGRAMMER TO $14,000 
BA 2-4 yrs. expo Conduct detailed analysis and study of all of the re­
quirements of each proposed system; report on feasibility of proposed 
system in relation to available Data Processing equipment, concepts, 
and techniques; prepare general logical and detailed machine oriented 
flow chart; prepare card handling procedures, codes computer program, 
wires and/or plans required control techniques; test and "debugs" en­
tire procedure. (4 tape IBM type 1401 system installation.) 

PROGRAMMERS. TO $22,000 
Deg. pref. in tech. field + expo in large scale elec. digital computers. 
Levels at all responsibility and all geographical locations. 

SENIOR PRODUCT PLANNERS TO $17,000 
Deg. + 5-10 yrs. programming expo and/or development or planning 
of EDP equipment.-

COMPUTER PROGRAMMERS TO $10,000 
BS Deg. Math + Scientific Programming expo SAGE expo desirable. 
Develop and Implement sophisticated programs for 142LAir Weapons 
Control Digital Computer Complex. 

DIGITAL PROGRAMMER/ENGINEER OPEN 
Design, develop and implementation of a digital data reduction sys­
tem. Development of problem solving techniques, creation of large flow 
diagrams, . etc. 

COMPUTER PROGRAMMERS $10,000 
Financial Deg. in Bus/Eng'g with 4-6. yrs. business systems' expo on 
med. or large-scale Tape Computeri-~ 

SYSTEMS ANALYST TO $14,000 
BA/BS + min. 6 yrs. expo Analysis of control systems (digital) for ap­
plications in guidance, navigation, etc. 

SENIOR COMPUTER SYSTEMS ANALYST TO $16,000 
BA + adv. deg. Min. 10 yrs. expo Design of computing equipments 
involving advanced syste-m·s··c~ncepts. 

EDP PROGRAMMER '$10,000 
Deg. in Acct'g/Bus. Adm.; Math/Statistics. Min. 2 yrs. programming 
expo on medium to large scale computers. Develops program req. for 
computer solution or processing. 

MGR. OF PROGRAMMING HIGH 
F.or growing Systems Company. Unusual opportunity. 

STAFF MEMBER OPEN 
Highly skilled Tech. Assist. To become group leader. Computer oriented 
type highly desirable. Fast growing electronics company. 

SENIOR MATHEMATICIAN $14,000 + 
For Systems Engineering with Computer oriented background. 

SP~CIALIST PERT lPEP TECHNIQUES TO $12,000 
Experience in selection and programming critical events on computer 
equipment as a means of forecasting schedule for military project 
control. Extensive engineering project control experience with strength 
in statistics required. 

PROGRAMMER ANALYSTS $15,000 
Math/Statistics deg. pref. Min. 2 years computer programming expo 
req. on IBM 1401; 1410. Perform all operations from flow charting to 
final testing on computer. 

PROGRAMMER $10,500 + 
Math Major. Boolian logic helpful. Min. 1 yr. expo on medium to large 
scale digital computers. Will aid in development of new information 
retrieval information. 

PROGRAMMERS $11 ,000 
Deg. nec. Req. strong aptitude and interest in Math/Science. Min. 2 yrs. 
expo in programming digital computers. Write, test and debug digital 
computer program for solution of engineering; and other problems. 

SYSTEMS ANALYST $11 ,000 
BS/BA deg. or equiv. 1-3 yrs. expo in syst. & proc. work. (Exclusively 
admin. applications.) Fam. with data processing, including tape com­
puter programming expo Must be able to define problems, consult with 
all levels of management. 

COMPUTER ANALYST PROGRAMMER $10,000 + 
Capable of investigation, examination, planning & Pro£)ramming entire 
EDP application. Must have proven record of accomplishment in devel­
oping tape-oriented EDP systems. 1401 expo is highly desirable. 

COMMERCIAL TRUST BLDG. 
LOCUST 3-4830 

PHILADELPHIA 2, PENNSYLVANIA 
CIRCLE 94 ON READER CARD 
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SCIENTIFIC PROGRAMMERS AND DATA PROCESSING ANALYSTS 

."- ·3 .&f .S .b ./ ·8 .9 /.0 

jJ ~ 

ROQRA ER SHARE HE 
(-

ALLE QIi: OF SPACE EXPLORATION 
These positions are with the Huntsville Computer Center':: operated by General Electric for 
the GEORGE C. MARSHALL SPACE FLIGHT CENTER. Marshall is directed by Dr. 
Wernher von Braun for NASA and charged with the responsibility of developing, building and 
launching giant space vehicles for space exploration and conducting related research. 

An accelerating effort is currently directed to the SATURN series of boosters, the first 
of which was successfully test-launched on October 27, 1961. . 

SCIENTIFIC PROGRAMMERS and DATA PROCESSING ANALYSTS (with Busi­
ness Programming experience) are called upon to provide the vast fund of computational data 
essential to practical solution· of space exploration - and program management - problems. 

MANY ASSIGNMENTS OF STIMULATING "NEVER BEFORE" CHARACTER 

This limited sample of problems placed before the professional staff of the Huntsville Com­
puter Center indicates the calibre of the work: 

· .. Solution of flutter and vibration problems, utiliz-
. ing the matrix theory. 

· .. Meteorological analysis relative to space vehicle 
design requirements, optimum weather conditions for 
launching, and analysis of acoustical shock effects on 
populated areas from static firings and launchings. 

· .. Determination of fuel reserve which must be car­
ried aboard a rendezvous vehicle to achieve coplanar 
orbit. 

· .. Design, programming and installation of data 
processing systems on large-scale computers to initi­
ate development cycles of specific vehicles: i.e. design 
engineering, fabrication, assembly, quality assurance, 
static test firing, launching, flight evaluation. 
· .. Establishment of continuous flow inventory con­
trol systems for all materials and components of 
specific vehicles. 
· .. Lunar probe simulation. 
· .. Orbital studies. 

EXCEPTIONAL COMPUTER POWER-Programmers and Analysts who join the Huntsville 
Computer Center work with one of the free world's largest concentrations of computation 
equipment. 

Those interested in contributing to the nation's vast space 

* program in the highly professional environment of the 
Huntsville Computer Center are invited to write us today, 
including an outline of their background. 

The Huntsl'lIle Computer Center is operated 
by the General Electric Computer Department 

lor the Computation Dil'ision of NASA's 
OPENINGS NOW AT HUNTSVILLE, ALA.-CAPE CANAVERAL, FLA. George C. Marshall Space Flight Center. .-/' 

Write to: Mr. James Dittbrenner 
General Electric Huntsville Computer Center 
P. O. Box 988, Huntsville, Alabama 

CIRCLE' 9S ON READER CARD 

GEN ERAL e ELECTRIC 
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An Equal Opportunity Employer 

DRTRMRTION 



C) 

April 1962 

Progra:rn.:rn.ers 

Experience to include programming on large scale equipment with programs 

and applications of a Business, Scientific or Engineering nature. 7090 expe­

rience preferred. 

Creative Progra:rn:rn.ers 

Professionals who wish to participate in advancing the state of the art, with 
experience or training in: 

Compiler Writing 

Automatic Programming 

Artificial Language Construction 

Non Numerical Mathematics 

Symbolic Manipulation 

Game Playing 

List Processing Techniques 

Syste:rn.sPlanners 

System Design 

Language Analysis 

Information Retrieval 

Artificial Intelligence 

Opera tions Research 

Symbolic Logic 

Experienced men with particulac"industry" background. Ability to determine 

the proper data processing sys{~m for a specific industry or determine if a 

unique system should be designed. Should have knowledge of at least one com­

puter manufacturer's equipment and the capabilities of such equipment. 

Co:rn.:rn. unications Engineers 

Experienced in Telegraph Systems, Data Transmission, Switching Systems, 

Transmission Systems, Communications Planning, to work on the development 

of new large-scale, communications based data processi~g systems for unique 

business and industrial applications. 

Our client, a leader in the commercial data processing field, is presently expanding a major 
division (East Coast location). Fees and relocation expenses paid by client company. Pro­

fessionals whose interests and qualifications are in the above areas, please submit complete 
resume with salary requirements to: . 

ASS 0 
PERSONNEL 

C I ATE S 
CONSULTANTS 

120 Boylston St., Boston, Mass. - Richmond 2-1932 

Contact us during the Spring 
Joint Computer Conference at 
San Francisco. May 1-3. 

*DATA MANAGEMENT . .. Recruiting Specialists/or Data Processing and Computer Personnel Exclusively. 
CIRCLE 96 ON READER CARD 
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Grow with 
Control Data Corporation 

From 12 to 1,800 people in 4 years, with its real growth still ahead. Our 
well received product line includes the large-scale 1604 Computer, the 
desk-size 160 and 160-A, and new developments soon to be announced. 

Programmer 
Analysts 

FOR PALO ALTO LOCATION 

SYSTEMS PROGRAMMING: Participate in 
the development of advanced program­
ming. systems including compiler and 
assembler development, monitor and 
executive routines, problem oriented 
and machine oriented systems, and 
language analysis. 

COMPUTER CENTER SUPPORT: Supply 
programming assistance in both busi­
ness and scientific areas to our computer 
center customers. 

SOFTWARE MAINTENANCE: Maintain 
and refine advanced programs for 
present and future computing systems. 

Applications 
Analysts 

FOR MAJOR EASTERN, 

MIDWESTERN AND 

WESTERN CITIES 

SALES SUPPORT: Support our expanding 
marketing activity by analyzing custom­
er problems for computer application. 

INSTALLATION SUPPORT: Be a technical 
representative at customer site, with 
duties including the training and orien­
tation of our customers. 

PROGRAMMING INSTRUCTION: Develop 
course material and instruct Control 
Data and customer personnel. 

EXPERIENCE: A minimum of one year programming experience plus degree. 
An equal opportunity employer 

See us at the Spring J. C. C. in San Francisco, May 1-3 ... 
or rush your resume today to: Mr. H. N. Trader 

. CIRCLE 97 ON READER CARD 
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ADVANCED 
PROGRAMMING 
R~SEARCH 

The expanding utilization of 
NCR's computer systems has 
created new opportunities for 
experienced. programmers famil­
iar with automatic programming 
techniques. College education, 
plus 2-5 years experience with 
large scale magnetic tape sys­
tems can qualify you for a re­
warding career with NCR, one 
of the world's leading business 
machine manufacturers. Recog­
nized and respected wherever 
men trade, NCR stands alone 
for its creative and flexible ap­
proach to business system 
development. 

Aside from the opportunities 
present in Programming 
Research, other openings 
in our expanding 
operation include: ' 

• Installation Representative: 
experience required, covers mag­
netic tape system programming, 
knowledge of complete business 
systems, and ~bility to work ef­
fectively as a representative 
of NCR. 

• Programmer: for small systems 
work which requires good back­
ground in data processing as 
related to normal business func­
tions and some knowledge of 
programming of magnetic tape 
systems. Intermittent customer 
contact. 

• Instructor: experience and edu­
cation should be such that the 
person employed can effectively 
train program personnel. Famil­
iarity with math and business 
systems is desirable. Program­
ming of magnetic tape systems 
necessary. 

Other opportunities may more 
nearly meet your particular ex­
perience and aspirations. To in­
vestigate, you need only write, 
sending complete resume to: 

T. F. Wade, Technical Placement 
The National Cash Register Com­
pany, Main & K Streets, Dayton 
9, ,Ohio . 

An Equal Opportunity Employer 
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OPERATIONAL 
SYSTEMS ENGINEER 

Your new 
career opportunity 

IBM offers career opportunities in its Operational Systems 
Projects organization-a career abounding with challenge 
and opportunity. You will work on the creation o·f new IBM 
TELE-PROCESSING@ systems-an exciting new extension of 
computer applications in which computers, highspeed files, 
terminals and communications networks are combined into 
balanced systems that will integrate the data-flow and 
processing'needs of American industry. An example of such 
a system is IBM's SAB'RE-an airline reservations system. 

Customer problems must be analyzed, solutions developed, 
data processing equipment. specified, and a communica­
tions network designed. Then, the system must be'installed 
and tested. You can help create these' new systems. 

You will enjoy professional freedom, comprehensive educa­
tional programs, and the assistance of specialists of diverse 
disciplines in gaining a wealth of know-how. Working in­
dependently, or as a member of a small team, your in­
dividual contributions are quickly recognized and re­
warded. This lisa unique opportunity for you to have a 
career with a company recognized for its outstanding 
growth record and stable employment. 

Company-paid relocation assistance and liberal benefits 
apply. IBM is an Equal Opportunity Employer. 

CAREER OPENINGS IN THESE AREAS: 

Applied mathematics and statistics 
Computer systems analysis 
Computer systems design 

Systems logic d~sign 
Systems integration 
Information theory 
Data transmission 

QUALIFICATIONS: Experience in one of the ca'reer fields; a 
B.S., M.S., or Ph.D. in electrical engineering, physics, or 
mathematics; and proven ability to assume a high degree 
of technical responsibility in your sphere of interest. 

For details, write, outlining your background· and 
interest, to: 

H. J. Cooke, Dept. 701 Q 
Development Laboratory 
IBM Corporation 
P. O. Box 390 

Poughkeepsie, New York IBM 
. INTERNATIONAL BUSINESS MACHINES CORPORATION '. ® 
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You Get Things Done Better 
By Seeing What's Happening 

BOARDMASTER VISUAL CONTROL 

* Gives Graphic Picture of Your * Easy to Use. Type or Write 
Operations in Color. on Cards, Snap on Board. 

* Facts at a Glance-Saves Time * Ideal for Production, Sched-
and Prevents Errors. uling, Sales, Inventory, Etc. 

* A Simple, Flexible Tool-Easily * Compact, Attractive. Made of 
Adapted to Your Needs. Metal. 750,000 in Use. 

Complet~ Price $4950 Including· Cards 

-------. 
I F R E E /' 24-Page ILLUSTRATED BOOKLET CG-10 

Without Obligation 

GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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FULL SCALE PERFORMANCE 

F»ac:karcl 

WITH OPERATING EASE 
Wide range flexibility ... microsecond 

speed ... solid state reliability ... full line of 

software and peripheral equipment-the 

p b 250 offers all the performance you 

want for all problem-solving applications. 

At the lowest price in the industry­

$40,000. Send for bulletin SP 100A. 

Bell CC»"'~Llter 
A SUBSIDIARY OF PACKARD BELL ELECTRONICS 

1905 ARMACOST AVENUE • LOS ANGELES 25 CALIFORNIA 
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No one makes memory planes or stacks that can outperform 
Ferroxcube units. Few make them as good. None can 

combine the performance, price and delivery of Ferroxcube. 
Choice of 80-, 50-, and 30-mil coincident curr,ent planes and 

stacks, or fast, non-destructive read-out BIAX for random-read. 
Ferroxcube produces its own cores, controlling quality from 

the very start. Send your core, plane or stack requirements 
to Ferroxcube for price and delivery ... 

Write jor complete memory components catalog . .. 
-.~ ~~ ~ ; 

FERRDXCUBE 
CORPORATION OF AMERICA/SAUGERTIES. N.Y. 
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