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Who digitally checks every reel of computer tape? AMPEX . 

Are you sure the computer tape you are using is com
pletely clean? Positive it will perform best in your sys
tem? You are-if it comes from Ampex. Every reel of 
Ampex computer tape is digitally checked from 
end to end. And on systems compatible with 
those on which the tape will be used. We take 
this extra step to provide you with the cleanest, 
the finest performing, the most reliable tape 
possible.(And Ampex tape stays cleaner, longer. 

. An exclusive Ferro-Sheen process, together with an 
improved binder system, keeps the surface smooth; 
reduces headwear and oxide buildup.) Try Ampex com

puter tape for yourself and see. It's compati
ble with leading computer systems. For more 
details write the only company providing tape 
and recorders for every application: Ampex Cor
poration, 934 Charter St., Redwood City, Calif. 
Sales, service engineers throughout the world. 
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CORE MEMORIES 
with unique logic flexibility 

September 1962 

Coincident current 3C Core Memories are all solid state, have true 
logic flexibility. They mate well in a system because they are 
tailored from an extensive line of standard 3C modules. Operating 
margins are broad. Model pictured stores up to 130,000 bits, 
with word lengths of 6 to 40 bits. Read-write cycles are 5 to 10 
flsecs. You select features. Example: 3 112 to 6 flsec split-cycle 
operation. Another: power supply test switch marginal checking. 
No extra, charge--for these -features. Memory self-checking is 
extra, but not much. Other features, other capacities available. 
Experience? Three and one-half years. Quality? It goes deep. 

@ 
COMPUTER CONTROL COMPANY, INC. 
983 CON CpR 0 ST., F RAM I N G HAM, MAS SAC H USE TT S • 2251 8 A R R Y A V E N U E, LOS AN GEL E S 64, CAL I FOR N I A 
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o Unrestricted 4-Way Multiplexing 
o 240KC Instantaneous Transfer Rate 

Philco's new High-Performance Magnetic. Tape System, like other Philco 212 System com
ponents, makes the 212 a well balanced EDP system. The Philco combination of high-speed 
tapes (Instantaneous Transfer Rate: 240,000 alphanumeric characters a second; Effective 
Rate: up to 220KC with variable-sized records), and Philco's unrestricted 4-Way Multiplexing 
(any 4 of up to 32 tapes, each reading or writing in any mixed choice), provides a new standard 
otcomputing system efficiency and balance. This combination also permits a tape-ability of 
960KC. Result: more throughput per dollar. . 

<C (Q) [iVHP A iT' U lE lIE W D u ~J [p> ~"J D ll.. <C <0 gl (Q) ~~ C u b\ [P> IE S V § u IE M $ 

The Philco 212 System operates with either the standard high-speed 90KC or new high
performance 240KC tape systems. To change from 90KC to 240KC tapes requires no repro
gramming. Philco High-Performance Tape Systems will be available in 1963. 

• I 
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Call in, write in, or walk in today. Philco invites you to see a 212 with a 90KC tape system 
in operation. 

PH ff lC~'S OM uHf MOlff! PH I Leo 
A SUBSIDIARY OF ~..J/(otorW~ 
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they chose POTTE R 
High Density for the G .. 20 

Computer. 

the POTTER 
High Density System 

as used' with the Bendix G-20 Computer results in a highly reliable 
computer system that sets new standards for ease of use, power and 
efficiency. 

The Potter 906 Iris the heart of the High Density Recording System. 
This solid-state Digital Magnetic Tape Transport provides the G-20 
with recording so reliable that in 40 hours of continuous recording less 
than a second of reread time is required to recover drop-outs due to 
transient error. With this same type of equipment data-transfer rates of 
360,000 alpha-numeric characters per second at packing-densities to 
1500 bits per inch are possible with transient errors fewer than 1 in 108 . 

To learn how the Potter High Density technique can be appl ied to your 
data handling problem ... write today for your copy of "THE TOPIC IS 
HIGH DENSITY". . 

POTTER INSTRUMENT CO., INC. 
Sunnyside Boulevard Plainview, New York 

T.M. 
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What's new at RCA 

is news in EDP 

RCA's COBOL* HALVES 
EDP GET- READY TIME AT 
SPACE TECHNOLOGY LABS 

Space Technology Laboratories goes from standing 
start to full EDP production in only 4% months!, 

RCA's COBOL has accomplished a phenomenal record 
for this giant aerospace researcher-producing 140 
computer programs in half the usual time. Despite a 
200 percent increase in computer workload! Despite 
many system changes! Despite entirely new areas 
of work assigned to the computer ! Work force? Ten 
programmers, only one of whom had any previous 
computer experience. 

Significantly, ST L recovered the expense of initial 
installation (a one-time cost) in only four months . 
. Savings in the first year will be substantial. 

Elsewhere RCA's' COBOL has also set dramatic 
records. More than 40 other users are training and 
programming with greater speed and ease than 
they believed possible. 

To sum up-RCA's COBOL has sharply reduced the 
difficulties and expense in switching to electronic data 
processing ... shaved valuable time off training pro
grams and programming effort to get customers into 
full EDP production faster. 

COBOL compilers are now available for the low-cost 
RCA 301 and medium sized 501 ®. Write RCA Electronic 
Data Processing, Cherry'Hill, Camden 8, New Jersey . 

• 

*COBOL-COmmon Business Oriented Language-is a new tool for expressing 
business EDP problems in Plain Engiish, enabling a computer to generate 
its own programs from the English Language input. (a The Most Trusted Name 
~ in Electronics 

® 
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Dow, the nation's fourth largest 
chemical company, is now using an 
intermediate-scale Burroughs com
puter system in its Computations 
Research Laboratory. With it, Dow 
scientists are solving a wide variety 
of scientific and engineering 
problems. • To help them stay 
ahead in their researc~ efforts, a 
large-scale system will soon be 
needed. Dow scientists will use 
the new large-scale, medium
priced Burroughs B 5000 system. 

The B 5000 accepts the modern, 
simplified programing languages, 
Algol and Cobol, directly. It was 
specifically de"signed for this 
purpose to sharply reduce pro
graming time and expense. And 
it translates these quickly written 
programs into B 5000 language 
instantaneously. It can run several 
independent programs simultane
ously. • For more information, 
write us at Detroit 32, Michigan. Burroughs B5000 Electronic Computer System 

Burroughs Corporation 

$0 many data processing problems end With:i) 
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• 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 15th annual InternationalSys
terns meeting is scheduled for Oct. 
29-31 at the Hotels Statler Hilton and 
Sheraton Plaza, Boston, Mass. 

• A Conference on Spaceborne Com
puter Engineering will be held Oct. 
30-31 at the Disneyland Hotel, Ana
heim, . California. 

• The Operations Research Society of 
America will meet from Nov. 8-10 at 
the Sheraton Hotel, Philadelphia, 
Penna. 

• The AlEE Winter General Meet
ing, Jan. 27-Feb. 1, 1963, will feature· 
special sessions on ArtiRcial Intelli
gence. The meeting is scheduled for 
New York City. 

• Armour Research Foundation is 
sponsoring the 1962 Computer Ap
plications Symposium, to be held Oct. 
24-25 at the Morrison Hotel, Chicago. 

• The 1962 Fall Joint Computer Con
ference will be held on Dec. 4, 5 and 
6th at the Sheraton Hotel, Philadel
. phia, Pemisylvania. 

• The AlEE/IRE International Con
ference on N orilinear Magnetics will 
be held at the Shoreham Hotel, Wash
ington, D.C;, April 17-19, 1963. 

• The 1963 Spring Joint Computer 
Conference will be held May 21, 22 
and 23rd, 1963, at the Cobo Hall" 
Detroit, Michigan. 

• The 1963 ACM National Confer
ence will be held Aug. 28, 29, and 
30th in Denver, Colorado. 

• The 1963 Fall Joint Computer Con
ference will be held in the Las Vegas, 
Nev., Convention Center, Nov. 12-14, 
1963. 

• The 1964 ACM National Confer
ence will be held in Philadelphia, 
Penna., Aug. 25-28, 1964. 

• The IFIP Congress 65 is scheduled 
for New York City in May, 1965. It 
is the. first International Congress 
scheduled for the United States. 
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Which tape will produce 

more reliable data? 

The reel at right, 
of course . . . a smoothly - wound 

roll of tape will give optimum performance 
in your computer operation. 

Uneven high-speed rewinding on computer tape units 
(as seen unretouched at left) results in protruding tape edges that 

are easily crushed during reel handling and mounting. Exposed tape 
ridges trap dropout-producing dirt. And ... rough winding methods 

induce permanent tape skew. 

But, even when tapes are smoothly wound, commonly-used tension pat
terns produce non-uniform stresses in the roll. These forces later cause rup
ture of the roll and slippage of the tape as, plastic flow occurs during storage. 

The answer: General Kinetics' new Model WT-1S3 Programmed Tension 
Tape Winder, a product of GIG tape research. This instrument quickly 
produces smooth, compact, stable rolls (as seen unretouched at right) 
through· precision guiding and programmed servo 
control of tape tension. 

Learn more about the Programmed Tension 
Tape Winder-why it is needed and how it 
operates- and about GIG's other equipments 

for the only complete T P M (Tape Preven
tive Maintenance) system available. \Vrite 

or call today for further information. 

General Kinetics Incorporated 
2611 Shirlington Road. Arlington 6, Virginia 

Telephone: JAckson 5-4055 
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NEW MICRO MINIATURE 
TYPE MM 

SIZE 
D L 

.065 x .150 
~ .. ~._'w"u •. ~_~··· ._. _ .. _ .. ~,_ .. ~.,u .•• ,w",.,., .... 

.065 x .200 

TYPICAL 
CHARACTERISTIC CURVES 

~ +. 5 !---+-~. 
ai 

~ O!---+-~---+-~~t--r~~ 

" ~ - 5 

~ - 10 '-----'----'---'----'--'----'----'----' 
-60 -40 -20 0 .20 +40 +,60 +80 HOO 

TEMPERATURE CENTIGRADE 

STANDARD TYPE SD SIZE 
D L 

G~ 

CAPACITY 
.0047uf TO 330uf 

x .750 

VOLTAGE 
1 VDC TO 50 VDC 

TEMPERATURE 
-BO°C TO + 125°C 

-I1::iL..PI- division of 

electronics, inc. 
350 RIVERSIDE AVE. BRISTOL, CONN. 

Burnell 
introduces its new 
GlP micro-miniature 
solid tantalum 
capacitor line 

SPECIFICATIONS 
• TEMPERATURE RANGE, , , _55°C to 85°C. 

(125°C with derating) 
• TOLERANCE ••• -20% +50%. (closer tol· 

erance available on special request) 
• VOLTAGE CHARACTERISTICS ••. D.C. voltage 

ratings from 1 VDC to 30VDC. Maximum oper· 
ating voltage at any temperature range of 
_55°C to +B5°C. 

LIFE TEST ,. , Capable of withstanding a 1000 
hour life test at maximum temperature with 
rated voltage applied. 

Burnell & Company, through its new capac
itor division GLP ELECTRONICS, has 
added a new micro-microminiature dimen
sion to the solid tantalum capacitor field, 
by designing and building the broadest 
miniaturized line of capacitors, measuring 
only .0650D x .125 Lg. Also available is 
GLP's standard line of aluminum and tan
talum capacitors, as shown here, in polar 
and non-polar types with weldable leads 
· .. Non-Standards, to your specs ... avail
able on request. 

WRITE TODAY FOR LITERATURE 
& TECHNICAL ASSISTANCE 

PIONEERS IN micro~iniaturiz~tion Dept. D-G6 

Sales Office: P.O. Box 424, White Plains, N.Y. 
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glossary progress? 
Sir: 
The glossary situation is really not as 
bad as you painted it in the June 
issue. In the first place, the IFIP 
glossary is progressing well and should 
be in draft form by the end of this 
year. The BSI glossary, which was 
used as a starting point by IFIP, has 
been published as a British standard. 
With respect to U. S. work, the Busi
ness Equipment Manufacturers As
sociation {BEMA) (sponsor of X3.5) 
distributes two interim glossaries upon 
request. One of these is the IB M 
glossary and the other is a glossary 
by Martin Weik. IBM published 
10,000 copies and distributes them 
freely, so the emergency is not as 
critical as you indicate. In this glossary 
you will find the word "computer" un
shamefully defined. 

Many people do riot understand the 
value of the IFIP glossary work. 
National products, such as the BSI 
glossary or any U. S. glossary, could 
not be accepted as an international 
standard, because they have not con
sidered the variations in usage and 
concepts. IFIP work seeks to resolve 
these difficulties at the concept stage. 

. Furthermore, one could not take a 
national glossary and simply modify 
it for differing usage, because . the 
inter-relation of definitions is so crucial 
and exists in so many different forms 
that only an. integral group of inter
national composition can hope to be 
consistent. I've seen many an instance 
where the German or French member 
asked for a revision to the English 
definition because he knew it would 
not translate well. 
R. W. BEMER 

Director, 
Systems Programming, 
Remington Rand UNIVAC, 
New York City 
(Editor's Note: DATAMATION fully 
appreciates the methodical efforts and 
problems of the international and U. 
S. glossary committees. However, 
it is also our feeling that an interim 
glossary should be made available 
earlier than current expectations in
dicate in order to rectify some current 
and major sins in professional com
muniCation. 

We have asked BEMA for a copy 
of the Martin Weik glossary and it is 
not available. IBM's glossary however, 

DATAMATION 
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is very definitely available; in fact, it 
commits many of the aforementioned 
sins. For example, we referred to page 
III-13 on which a definition of "com
puter" appears as "A device capable 
of accepting, processing and reporting 
information." While the breadth of 
this definition is commendable, it may 
be applied with equal accuracy to a 
cash register.) 

voice for intuition 
Sir: 
I hereby nominate Col. Jordan to join 
Commander Sheppard, Col. Glenn, 
and the X-15 pilots in receiving presi
dential recognition for activities in the 
far out reaches of space. Obviously 
the good Col. is another of those 
gentlemen caught up by and im
pressed with his own verbiage. 

I cannot help but think that here 
in the Colonel we have an apprentice 
of H. R. J. Grosch. Younger, to be 
sure, but possessing the same inherent 
capability to cloak the real problem 
with impressive sounding exposition. 
For example, would the Colonel really 
have us believe that the number of 
assemblies is worth a maximum of 10 
points whereas the complexity of the 
program is only worth something less 
than five? Under such a system as the 
Colonel proposes all thinking pro
grammers will reduce given programs 
to say five programs thus assuring 
them of a beautiful profile. 

Also the Colonel states "the rapidity 
with which a program is written is a 
facet in optimizing." Really, it is quite 
apparent that the Colonel does not 
have a working knowledge of pro
grammers. This is quite understand
able as it is a standard reflex action 
for data processing managers who 
have no feeling of programmer capa
bility to ivorytowerize the problem 
in a paper such as Jordan's. A com
petent manager knows intuitively 
which are his best programmers and, 
in a minute could array all his pro
grammers in order of merit. I am cer
tain if we were to select the top 10 
automatic programming specialists and 
compiler, language experts from each 
of the manufacturers and evaluate 
them using Col.' Jordan's system we 
would set back the software program 
development five years. 

Perhaps the Colonel phrased it very 
well himself when he said "the success 
or failure of profiling programmers is 
not in the writing but in the doing." 

Take heed Colonel. 
JOSEPH MORGAN, 

Manager 
Pettes Computer Services 
Minneapolis, Minn. 
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EM COR Enclosures provide two major necessities 
for housing data processing type equipment ... 
functional flexibility and aesthetic beauty. The "hu
man engineering" features of EMCOR Enclosures, 
developed through years of research, brings all con
trols within easy sight and reach 
of the operator. The need for 
costly custom enclosure design 
time is eliminated. Housings can 
be easily selected from the hun
dreds of standard enclosure 
widths, depths and heights of the 
EMCOR Modular Enclosure 
System. Six standard EMCOR 
colors provide a wide selection 
for even the most discriminating 
tastes ... blend with any' decor. 
Request full details today. 

nE~ Division of Borg-Warner Corporation 
+ij.j,"!i!9f' 1000 W. 120th ST. • DEPT. 1248 • CHICAGO 43, ILL. 

BORG-WARNER 

EMCOR- The Original Modular Enclosure System By 

INGERSOLL PRODUCTS 
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YOU CAN GET ANOTHER COMPUTER TO DO WHAT THE 

RPC-4000 
DOES-FOR ONLY TWICE AS MUCH MONEY 

These performance specifications need no elaboration. 0 8008 word, 72,000 digit memory with special fast 
access features. Computer speeds of up to 230,000 operations per minute. 30,000 characters per minute in
put -18,000 characters per minute output. D Which adds up to the ,largest memory, greatest problem
solving capacity and flexibility in the low- or medium-priced field. It's actually a desk-size transistorized com
puter with room-size computer capacity. D Performance is formidable-operation isn't. Even non-technical 
personnel can program and operate the RPC-4000 at optimum levels. You can easily master it yourself in one 
day-and free yourself forever from dependence on a computer specialist. (More than 3000 students were 
taught programming in less than one day with PINT, an interpretive routine developed especially for the 
RPC-4000 by Purdue University. A film of this training will be shown on request). The RPC-4000 plugs into con
ventional outlet, requires no expensive installation. D All this plus a Library of Programs for the RPC-4000. 
It is the most extensive in this computer class - and may,well include the program you need. Programs for 
Fortran and other computer languages also ready to go, as well a's PERT programs. Here alone are possible 

"'- --
major savings. D Only one other desk-size computer gives so much value per dollar. And that's the LGP-30 
-little brother (or sister) to the RPC-4000 and the most powerful, biggest memory, complete computer sys
tem in its class, at $1100 per month rental. For more information about rental or purchase, write Commercial 
Computer Division. 

COMMERCIAL COMPUTER DIVISION/ GENERAL PRECISION, INC./ BURBANK, CALIFORNIA 

CIRCLE 12 ON READER CARD 
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This Revolutionary New RCA Memory Stack 
Completes A Full Cycle In 300 Nanoseconds With Only 350 ma Drive 

Now, a major advance in Ferrite Stack 
Design and Construction by RCA makes 
65-Nanosecond Switching a reality. 

Here is the industry's first commercially available· 
Microferrite Memory Stack with complete read/ 
write cycle time of 300 nanoseconds at drive current 
levels below 350 ma-bit outputs of 50 mv. 

This revolutionary two-core-per-bit word-address 
system bypasses today's experimental memory tech
niques by using proved; reliable ferrite cores in a 
high-density array of advanced design. Check these 
important benefits: 

• High Packing Density ... 1,000 to 2,000 bits per 
cubic inch. 

• Superior Stability and Ruggedness ... Printed 
wiring assures positive, rigid contact to each 
core. Planes designed to meet Military Mechani
cal and Environmep.tal Specifications. 

• Precision Uniformity ... Mechanized fabrication 
eliminates many hand-assembly variables. 

• Outstanding Reliability ... Mechanized production 
techniques permit more precise control of each 
fabrication step-produce a rugged,· high-relia-
bility structure. . 

• Broad· Capacity Range ... Available in 32 word x 
30 bit size, and in any multiple of this size.· 

• Plug-In-Convenience ... Each stack incorporates 
standard plug connections for fast, easy installa-
tion. . 

• Complete Service ... Whatever your require
ments, custom or RCA standard, your local RCA 
Semiconductor and Materials Division Field Rep
resentative is prepared to provide a completely 
coordinated application service for all RCA Com
puter-Memory Products. Call him today at your 
nearby RCA Field Office. 

For complete technical information on new RCA 
Microferrite Memory Stacks, write RCA Semicon
ductor and· Materials Division, Commercial Engi
neering, Section #FD9, Somerville, N. J .. (e. THE MOST TRUSTED NAME IN ELECTRONICS 
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TENTATIVE DATA 
TYPICAL DRIVE REQUIREMENTS AT 25°C 

Amplitude Rise Time Duration 
(ma) (nsec) (nsec) 

Read Pulse 350 30 100 

Partial 
250 20 45 Write Pulse 

Digit Pulse 70 15 85 

BIT OUTPUT (Two·Core/Bit Word·Address) 

Undisturbed Undisturbed 
'I' (mY) '0' (mY) 

~ 
Amplitude 

60 12 Bit Sensing 
Out· 
Puts BiPo[ar 

+50 -50 Sensing 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 
• •• EAST: Newark, N. J_, 744 Broad St, HU 5·3900 • (CamdeD
Philadelphia Area) Erlton, N. J., 605 Marlton Pike, HA 8·4802. 
Syracuse, N. Y., 731 James St , Rm. 402, GR 4·5591 • Baltimore, 
Md., EN 9·1850 • NORTHEAST: Needham Heights 94, Mass, 64 
"A" St., HI 4·7200 • SOUTHEAST: Orlando, Fla, 1520 Edge
water Dr., Suite #1, GA 4·4768 ' EAST CENTRAL: Detroit 2, 
Mich., 714 New Center Bldg., TR 5·5600 • CENTRAL: Chicago,
III., Suite 1154, Merchandise Mart PI",za, WH 4·2900 • Indian
apolis 5, Ind , 2132 East 52nd St., Cl 1·1405. Minneapolis 16, 
Minn , 5805 Excelsior Blvd, WE 9·0676 • Denver 11, Colorado, 
Continental Terrace Bldg, Suite 301, 2785 N. Speer Blvd, 477-
1688. WEST: los Angeles 22, Calif., 6801 E. Washington Blvd., 
RA 3·8361 ' (San Francisco Area) Burlingame, Calif., 1838 EI 
Camino Real, OX 7·1620 ' Seattle 4, Wash., 2250 First Ave. S., 
MA 2·8816 • SOUTHWEST: Dallas 7, Texas, 7905 Carpenter 
Freeway, ME 1·9720 • GOV'T: Dayton, Ohio, 224 N. Wilkinson 
St, BA 6·2366 • Washington, D. C., 1725 "K" St., N.W., 
FE 7-8500 • RCA INTERNATIONAL DIVISION, 30 ROCkefeller 
PlaIa, New York 20, N. Y. Cable Address: RADIOINTER, N. Y. 
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PLOT FOR ECONOMY 
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SAVE 
liME ... 
SAVE 
MONEY ... 

CONVERT 
THIS 

TO 
THIS 

WITH 
THIS 

Here's rapid, economical, time-saving conversion of 
digital data to easy-to-read X-Y charts. Data stored 
on punched tape or punched cards or tabular data 
entered manually on a keyboard is quickly plotted 
with Dymec DY-6242 Digital Data Plotting System. 
DY-6242 system ability to accept most standard 
format computer tapes minimizes the need for special 
computer programming. 

The Dymec system is ideal for rapid translation con
version and graphical presentation of data in such 
areas as stress analysis-verification of numerically 
controlled machine tool program tapes-pulse height 
analyzer display-business situations, profit-loss and 
trend data-thrust analysis-fluid flow and aerody
namic studies-space vehicle trajectory and orbit in
formation-real-time analog parameters acquired 
digitally, frequency, voltage, current, transients-in 
any application where large amounts of digital data 

. are more easily understood in graphical form. 

Here's the DY - 6242 System: 

PUNCHED CARDS 
IBM 523 

lOT HER TYPES OPTIONAL) 

r---!---..., 
: CARD READER : 

I (CUSTOMER SUPPliED) I 
L___ _ __ -1 

CABLE ASSEMBLY 

PUNCHED TAPE 
8-4-2-1 BCD 

IOTHER CODES OPTIONAL) 

DY-2740 

TAPE READER 

DY-2742 
DIGITAL DATA 
TRANSLATOR 

MANUAL ENTRY 

DY-2741 

KEYBOARD 

x-v 
RECORDER 

Here's what it offers: Card, perforated tape or key
board input. Up to 50 points/min. plotted with cards 
• Up to 80 points/min. with tape. Plot accuracy better 
than 0.15% • Resolution: 4 digits and sign accepted for 
both X-Y axes. Zero suppression up to 10,000 counts 
for convenient placement of ptot • All for $8,700.00 

Write or call your nearest Dymec/Hewlett-Packard representative or Dymec for full information. 

7688 

, A DIVISION OF HEWLETT-PACKARD COMPANY 

DEPT. A-6 395 PAGE MILL ROAD, PALO ALTO, CALIF .• PHONE DAVENPORT 6-1755 (AREA CODE 415) TWX-117-U 

CIRCLE 14 ON READER CARD 

DATAMATION 



The Dial-o-verter system can tie them all. together by telephone 
All you need is· a Digitronics Dial-o~verter terminal at 
each of your data storage or processing ~enters to link 
all your business information together-into a "direct
talking" high speed communications network. N~ con
verters. No special lines .. Dial-o-verters oper,ate over 
regular telephone lines with the Bell System Data-Phone. 

No other data communications system offers all these 
advantages: D Punched card, paper tape and magnetic 
tape terminals that can "talk to each other". D' Error 
detection and correction facility in each terminal D 
Speeds as high as 2500 words per minute (25 times faster 

. . 

than conventi~nal' equipment) D Proven reliability in 
more thanl 00 installations in 30 United States cities D 
Immediate av~ilability. of equipment. That's why' so 
many leading corporations and government administra
tive bureaus have selected the Digitronics Dial-o~verter 
system to eliminate the problems of "mix and match" 
data processing and communications equipment. Call 
your Digitronics District Sales Manager today for an 
analysis of your problems. Contact Digitronics Corpora
tion, Albertson, New York. 

j> DIGITRONICS DIAL-O-VERTER 
Takes the distance out of data processing 

CIRCLE 24 ON READER CARD 
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~~~[E[Q) 
is many things 

Actual worki~g speed-meaningful speed-in a 
computer is a combination of many factors. Con
sider our ASI-210. Its short 2-microsecond total 
memory ~ycle is important, but even more important 
are the design features that make it possible to use 
this speed in normal operations. 

The ASI-21 0 is proving in actual use that its over
all computer speed is unsurpassed in its size and 
price range. We planned it that way by building in 
adequate memory capacity, convenient instructions, 
a full complement of arithmetic commands, fast and 
easy communication with peripheral devices-plus 
user-oriented software. 

The result is an exceedingly useful and versatile 
computer. It is available at an emInently reasonable 
price. We'd like to tell you more about it. 

Write for our ASI-210 bulietin or ask for an ASI 
representative to discliss your specific computation 
needs. Write Computer Sales Department, Advanced 
Scientific Instruments, Inc., 5249 Hanson Court, 
Minneapolis 22, Minnesota, or phone KEllogg 
3-2501 (area code 612). 

ASI-210 FEATURES: Completely solid state, 2-micro
second total memory cycie, pflrallel operation, 21-bit words, 
4096-word randomly addressable core memory expandable in 
modules to 32,768 words, 6-~icrosecond add time, 50-mic~o
second multiply time, high speed I/O simultaneous with 
computation. 

Trapped program interrupt, indirect addreSSIng, multiple 
index registers, built-in multiply and divide, Fortran compiler, 
assembler arid complete diagnostic routines, paper tape system 
included. 

Power consumption under 1750 watts, standard 110/220 volt 
60 cycle AG. No special temperature or humidity control needed. 

. ASI equipments are iBM compatible. 

PERIPHERAL EQUIPMENT: Options inClude mag
netic tape units, typewriters, punch card units, line printers, 
additional assembly registers, converters and plotting equip
ment. 

EXCITING OPPORTUNITIES jor computer-oriented projessionals 
continue to exist in our rapidly growing organization. Write or call today. 

MORE COMPUTATION PER DOLLAR 
CIRCLE 16 ON READER CARD 
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v. 
80 
86 
92 
98 

303 
307 

ULTRA 
SOPHISTICATES 

COMPUTER 
CAREERS 

(
Sophisticates, take no offense-) 
our clients needs are ULTRA! 

Present critical needs for managers 
and seniors in $10·20,000 class for 
N.Y., N.J., Calif., Fla., Ohio, Boston 
& Wash, D.C., with background in any 
of the following areas. 

APPLIED SYSTEMS 
Compilers 
Assemblers 
Automatic Languages 
Utility 

SCIENTIFIC 
REAL TIME - OPERATIONAL 
OPERATIONS RESEARCH 
SYSTEMS DESIGN 
INFORMATION RETRIEVAL 
DIAGNOSTICS 
DIGITAL AND 
LOGICAL DESIGN 

We offer a unique concept in profes
sional placement for the computer 
field combining personalized attention 
plus a systems approach to career 
development. Our permanent staff of 
4 graduate engineers meets regularly 
to discuss your career objectives to 
relate them to our extensive nation
wide contacts. 

PhtH}\REC10R 
Sp~CE COMPU1~l\Ol\ 

CEl\lER 
.. , to $23,000 

- 1 

MGR mGn~\. 
COMMUl\\C~l\Ot\ S~SlEMS 

... to $22,000 _l 

Our Fees are Paid By The Companies We Serve 
Write in confidence, outlining 

Parameters or call (collect) 
Mr. Albert 201 MArket 2·0915. 

E.D.P. National'Search Div. 

;,-;r BRENTEN !::NCY' 
786 Broad St., Newark 2, N. J. 

CIRCLE 85 ON READER CARD 
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BUSINESS 
& SCIENCE 

THE 1004: -----
A UNIVAC SPIRIT LIFTER 

At UNIVAC, the 1004 has proven a potential boon to the 
dispirited. Announced late in June, there are now 
over 700 orders in house. For an externally programmed 
machine, this stripped 1401 competitor appears to 
have been well received by the burgeoningly ripe 
punched card market. Most UNIVACites however, wish 
the 1004 had been announced two years earlier as they 
anxiously await IBM's Fall counter move. 

On another optimistic note, first installation of 
the Univac III has been made to U.S. Steel in Pitts
burgh and there are presently 65 orders in house. 

THE 1000: -----
A PHILCO POTENTIAL 

At Ford, a decision has been reached to purchase only 
Philco computers for both U.S. and overseas installa
tions. First installation in this program is a 
2000-211 system (1.5 usec. memory) headed for Dearborn 
in the latter part of '62. Early in '63, another 
2000-211 will be installed at Aeronutronic. Valued at 
more than 10 megabucks, about 4-5 systems are involved 
in this most recent declaration of Ford support which 
may encourage 90 users to review their specs on the 
2000. 

Philco's peripheral computer first announced in May, 
has been formally designated the 1000 and with some 
measure of field success should be eligible for 
marketing as an independent, small scale machine. This 
move, expected later this Fall, will require a sub
stantial and broadening of the sales and support staff 
at Philco and in fact, would guarantee their 
permanent residence among the Imajor vendors. 

ALGOL: 
A. DIMMING GLOW 

At a recent meeting in New York City of U.S. repre
sentatives influential in ALGOL development, a general 
feeling expressed was that the future of the language 
appears dim indeed, not only in this country but in 
Europe as well. While admittedly superior to Fortran, 
the economics of implementation and adoption are 
prohibitive for both the present and foreseeable 
future. 

Therefore, work which has been scheduled for ALGOL 

September 1962 17 



BETTER PRINTER That's w~y more than 
40 leading computer 

PERFORMANCE manufacturers include 
Anelex High Speed Printers 

as standard equipment 
in their data 

AT LOVVER 
OVER-ALL COST processing systems. 

Further economies are the result of combining print head, 
power electronics, buffers and logic in a single compact unit. 
For systems designers, responsibility is clearly defined; for 
computer manufacturers, engineering and manufacturing 
costs are reduced. 

This work horse of the computer industry provides printing 
speeds to 1000 lines per minute of full alphanumeric charac
ters on forms 19" wide by 22" deep as well as many other 
types and sizes of paper stock. 120 columns are standard; 
additional columns to 160 available. 

Write for new brochure, Series 4-1000. 

ANELEX CORPORATION 
155 Causeway Street, Boston 14, Mass. 

SYMBOL OF QUALITY 

CIRCLE 17 ON READER CARD 
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MEMO 
Re: COMPUTER TIME 

Solve your computer prob
lems efficiently and econom
ically by using our: 32K, 
10 tape IBM 7090 at $450 
per hour or 10K, 10 tape 
IBM 7070 at $225 per hour. 

Whether you need long or 
short runs, they can be 
scheduled for all shifts at 
the same attractive rates. 

Included in these low rates 
is the use of IBM 1401 tape 
systems on a 2 hours for 1 
basis with the 7090, and 1 
hour for 1 basis with the 
7070, operators and nomi
nal use of all EAM equip
ment together with card and 
paper supplies on a limited 
basis. 

Send or mail your program 
or programs to us, with in
structions for running time, 
and we will return the hard 
copy within 24 hours. 

P.S. Programming or Analysis 
Assistance Available 

This service is YOURS 

by writing or phoning 

/..." 
COMPUTER 

DYNAMICS 
CORPORATION 

American National Bank Bldg. 

8701 Georgia Avenue 

SILVER SPRING, MARYLAND 

JU. 8-8054 

CIRCLE 38 ON READER CARD 
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DPMA: 
A COMING FORCE 

September 1962 

implementation as a U.S. standard is being pursued 
with co~paratively little vigor pending further input 
from overseas. The following resolution lends suppo~t 
to th~s inactivity: 

"September 6, 1962 
Americap Standards Assoc~a:tion" New York City 
Subject: USA R~solutiop to Working Group' E 
Chairman: R. F. Clippinger, Working Group E 
Dear Sir: 

The USA presents the following resolution for 
submission to Working Grqup E: ' 

Resolved that Working Group E invite IFIP TC-2 
to sUbmit to ,ISO a specification ofALGO~ for 
oonsideration as an international standard. 
From: Howard Bromberg, USA Representat~ve, 
~SO/TC 97/WG-E" ' 

Equipped with a new name and a continuing influx of 
membe~s (l~K in 183 cihapters)', the Data Proc~ssing 
Management Association (formally NMAA) has shown 
every ~ndication of usurping the role ofACM in 
business dp. . , 

One of the more impressive, recent contributions of 
DPMA is its certification program. (See 'DATAMATION, 
p. '25, March, 1962) An eX8;minatio'n is now' being . 
offere~ at '45 university test ce~ters. Over 350 
candidates were given the'original exam in June at 
N~w York University. 

In education, the DPMA spopsors orientation c+asses 
for 'high school seniors. Courses consist of field 
trips ~nd io weekly sessions of two hours each. Most 
import~nt, 'the program ~s nation~l in scope and in 
fact. 

At their last national convention in New York City, 
DPMA drew almost 4,000 registrants and 100 exhibitors. 
The meeting has been generally' referred to as out~ 
stanqing~ , 
~ecognition tor business data processipg has been 

slow in coming by the ACM. Last December, a Special 
Interest Group was officially recognized by the 
nationql council and this year there were tpree 
general sessions and a Hall of Discussion ~eld at 
ACM's Syracuse conference on this subject. Still the 
industry's principa~ sCientific'professional soqiety,
an expansion of interests at a more ~apid pace'should 
be encouraged by ACM officers. 

The current,emphasis placed on the manufacture of 
computers may vary widely ~mong the many contenders 
although a general tendency has been toward over
emphasis. A~ exception worth noting is the following 
excerpt from a recept news release announcing the 
opening of New York City offices for El-Tronics., Inc.: 

"EI-Tronicshas ~anufacturing plants iri War~en and 
Clarendon, Pa., in Jamestown and Mineola, New York, 
arid in Hawthorne, Calif. The compani'~ subsidiarie~ 
manufacture incaridescent la~ps, fluoresceni tubes, 
decorative lighting, photo f~ash lamp~, ,electric fuses 
and electroniri' computers." 
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11 ENGl fERING LAB 
A "fully expanded" 20-amplifier PACE® TR-l0 analog computer can be delivered to your office or laboratory for as 
little as $50 a week and the larger 48-amplifier TR-48 computer is yours for a few dollars more. Both of these machines 
can provide your research or engineering staff with a unique understanding of the dynamics of complex systems, 
making system design and optimization simpler and faster. Thus, for a fraction of the salary of the average engineer, 

. you can significantly. expand the creative output of your present engineering or research effort. This is the reason why 
hundreds of these computers are already operating in research and development laboratories throughout the world. 
o The TR-1O and TR-48 computers are fully transistorized and virtually maintenance free. They can .be set up on your 
desk and plugged into any 110-volt outlet. They can be easily understood and readily operated by your present engi
neering staff and require no extensive operator or programmer training. Here, then, is the "individual engineer's" com- . 
puter available at a rental rate that makes it practical for every laboratory. 0 EAI has several advantageous leasing plans. 
Whether you are interested in lease or purchase, write for full information on these desk-top analog computers today. 

EAI ELECTRONIC ASSOCIATES, INC. Long Branch, NewJersey 
CIRCLE 18 ON RE~DER CARD 
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(a Iworld record for magnetic data storage!) 

'Developed by Soundcraft for use in the RCA 301 Computer 
Disc File, this disc offers the highest pulse packing capability 

. of any system today. From outer to inner tracks, 200 to 888 
bits per inch can be recorded flawlessly-for a total of 
220,000 bits per side! (7" diameter) Two basic Soundcraft 
accomplishments contribute to this remarkable perform- . 
ance, the magnetic medium and the special disc base. 
Soundcraft's new heavy duty high density oxide formula
tion combines remarkable wear life and recording charac-

teristics. This same formulation is used in Soundcraft LWD 
Computer Tape, the finest heavy-duty, high-density digital 
tape made today. To assure perfect head intimacy, Sound
craft also developed the special polycarbonate resilient disc 
base -to which the incredibly thin oxide coating is applied. 
And, the cost of this disc is up to 1,000 times less than that 
of comparable disc-type storage media! Whether your data 
storage and acquisition requirements call for Computer 
Tape or rigid surface devices, you'll do best with Soundcraft. 

REEVES SOUNDCRAFT CORP. 
Main Office: Great Pasturb Rd., Danbury, Conn: • New York: 10 E. 52nd St. • Chicago: 28 E. Jackson Blvd .• Los Angeles: 342 N. LaBrea • Canadian Reps: Toronto. Vancouver 

CIRCLE 19 ON READER CARD 
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... Bell System DATA-PHONE service could send 

200 words of data 30,00 miles by telephone! 

DATA-PHONE service makes it possible for data 
processing machin,es to transmit information by 
"talking" to each other, in high-speed electronic 
language - over regular telephone lines. 

Any kind of, data that can ,be recorded on 
punched cards, paper or magnetic tape can be 
transmitted across town or across the country -at 

regular telephone rates. The result: more efficiency, 
lower costs, greater profits. 

One of our trained Communications Consultants 
will gladly sh,ow you how DATA-PHONE service can 
be integrated into your data handling operations 
,to save you time and money. Just call your Bell 
Telephone Business Office and ask for him. 

BELL TELEPHONE SYSTEM 
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.06 IDEA PER KILOMANYEAR 

a guest editorial 
by FRED GRUENBERGER 

A casual remark made by Datamation's genial editor in a recent editorial 
got me to thinking. 

He pointed out that the total number of original, good ideas developed 
in the entire field of computing was pitifully small. Why not try to quantify 
this idea? . 

Let's first try to arrive at an input figure for'hrain work in the field'. The 
number of people in the field 15 years ago was counted in the hundreds -
the low hundreds. By "in the field" we can mean everyone: salesmen, 
users, designers, maintenance men, branch managers, students - anyone 
whose business it is to think about computers and how to use them. Now, 
suppose the figure a year ago was 100,000. What we need to do is integrate 
the curve of these figures. The 300 or so people active in 1947 (assuming 
they're all active yet) have piled up now 4,500 man-years of ·thinking. The 
100,000 of last year (who include those 300, to be sure) have expended 
100,000 man-years to date. Add it up any way you like (which isn't too 
easy, since no one was smart enough to keep census figures over the years). 
The figure I get is this: 500,000 man-years. You may get 400,000 or 
600,000; it doesn't matter. It's a lot of man-years. Turning to the other 
side of the ledger, let's list, all the bright ideas we've managed to create. 
My list follows. It has 30 entries, some small and some earth-shaking. 
If I've missed some of your favorites-throw 'em in. 

Stored Programming Delay Lines Disc Files 
Assemblers Indirect Addressing Transistorization 
Compilers Table Lookup Arithmetic Thin Films 
Self-written Compilers Look Ahead Convert Instruction 
Interpreters Parallel Processing Execute Instruction 
Closed Subroutines Buffering Addressable Stops 
Floating Poi':1t Parity Checking Alteration Switches 
Index Registers Simulators Generators 
Chqracter Addressable Monitors Decimal Capability 
Magnetic Cores Addressable Clocks Two Headed Tapes 

From the first ~tem, which started the whole thing by creating computers 
(as opposed to externally controlled calculators), we've had about 30 good, ' 
solid ideas, collectively. 

It figures out to one idea for every 50,000 man-years. If you teach com
puting, kid, there's one to impress on your classes. If one of your students 
could come up with the next good idea (it really takes only a fresh pair of 
eyes and a few seconds of thought), he'd be 'way ahead of the crowd. 

You might ask, "What's so different about these figures from those we'd 
find in any other 'industry - automobiles, for instance?" The answer is 
twofold. 

First, ours is the industry devoted to extending brainpower. We 
should be (and, I think, are) receptive to new ideas and eager to use the 
good ones. We don't have operating in our industry the factors which de
press good ideas in other industries. 

Secondly, a good idea can gain currency much easier in computing. 
Anyone can tryout a software idea to see if it works. It's a bit harder with 
hardware ideas, but we still have 19 competitive manufacturers and a good 
new idea should find fertile ground somewhere. • 
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(Editor's note: As the first conceptual paper on an internally pro
grammed computer, the following presentation of Burks, Goldstine 
and von Neumann's Preliminary Discussion appears in two parts, 
the second of which is scheduled for Datamation's October issue. 

Two reasons are offered for this somewhat unusual decision 
to regress: 

1. Readers may enjoy a brief reflection on the early days of 
their rapidly advancing profession, and 

2. It is possible that someone will ask, "How far have we 
actually advanced since 1946?" 

To the best of our knowledge, this is the first formal publication 

an introduction 

of Preliminary Discussion. The work was originally accomplished at 

Princeton's Institute for Advanced Study in June, 1946. It appears 

here in a slightly edited version with much of the detailed mathe

matical support deleted. However, readers may soon reference the 

complete paper in one of the forthcoming volumes on the writings 

of von Neumann to be published this Fall by Pergamon Press, 

New York City. 

To place the paper in its proper historical context, Datamation 

has asked Paul Armer of The RAND Corp. to provide the follow

ing introduction:) 

by PAUL ARMER, ,The RAND Corp~, Santa Monica, California 

One frequ~ntly hears "There's been nothing really new in ma
chine organization since von Neumannl" Indeed, one would be 
hard pressed to name a dozen significant differences in logical 
design between the machine proposed by Burks, Goldstine and 
von Neumann in 1946 and the machines in use today. One sur
prising aspect of this story is that their proposed design was never 
published in a form other than a report to the U. S. Army Ord
nance Department under the terms of a contract with the Institute 
for Advanced Study (lAS) at Princeton. In light of this, Data

mation has elected to reprint a cOJldensed version of the paper. 

Who inVented stored' programming? Perhaps it doesn't matter 
much to anyone other than to the· principals involved just who 
gets the credit-we have the concept and it will sorely stand as 
one of the great milestones in man's advances. It could well be 
one of those things-like the calculus-that emerged simultane
ously from several minds when the need and the technology met. 
The leading contenders are the authors of the paper reprinted 
here and the group at the University of Pennsylvania led by J. 
Presper Eckert and John Mauchly. Others undoubtdly contributed, 
not the least of whom was Babbage, who lived at a time when 

PRELIMINARY 
DISCUSSION 
OF THE 
LOGICAL· DESIGN 
OF AN ELECTRONIC COM 
by ARTHUR W. BURKS, HERMAN H. GOLDSTINE, and JOHN von NEUMANN 

a preface 

[
-''''-".1'. This report has been prepared in ac. cordance with 
... , the terms of Contract W-36-034-0RD-74Bl be-

...! •• _:.. ____ .• "' tween the Research and Development Service, 
Ordnance Department, U. S. Army and the Institute for 
Advanced Study. It is intended as the first of two papers 
dealing with some apsects of the· overall logical consider
ations arising in connection with electronic computing 
machines. An attempt is made to give in this, the first 
half of the. report, a general picture of the type. of instru
ment now under consideration and in the second half a 
study of how actual mathematical problems can be coded, 
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i.e., prepared in the language the machine can understand. 
It is the present intention to issue from time to time 

reports covering the various phases of the project. These 
papers will appear whenever it is felt sufficient work has 
been done on a given aspect, either logical or experimental 
to justify its being reported. 

The authors also wish to express their thanks to Dr. 
John Tukey, of Princeton University, for many valuable 
discussions and suggestions. 
The Institute for Advanced Study 

28 June 1946 
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neither the need nor the technology were present. I do not pre
tend to know to whom the honor belongs. 

Nevertheless, the paper reprinted here is the definitive paper 
in the computer field. Not ollly does it specify the design of a 
stored program computer in detail, but it anticipates m~ny knotty 
problems and suggests ingenious solutions. The machine described 
in this paper (variously known as the lAS, or Princeton, or von 
Neumann machine) was constructed and copied, (never exactly,) 
and the copjes were copied. One version of it, built at RAND, 
was affectionately called JOHNNIAC (over von Neumann's ob
jections). Most of the copies are still in operation although the 
lAS machine. now has its place in history at the Smithsoni~n. 

At the time the paper was written, the principle of automatic 
calculation w~s well established (with Harvard's Mark I) as was 
the great advance gained by electronics (with ENIAC)' The jump 
from that state-of-the-art to the detail of their paper is difficult to 
measure objectively today. Perhaps it is analogous tb someone 
considering the system of transmitting pictures by means of a 
rotating scanning disc and a jump to writing a description of 
compatible color TV. 

The reader's attention is called to the lack of phrases like "it 
might be possible" or Ita means might be devised" in this treatise. 
The tone is entirely one of "here's the way to build it." And they 
actually built it pretty much that way, the ol1ly real differences 
being in engineering detail and not in the logical design. The 
selectron tube arolJnd which the storage had been planned did 

not become operational in time and instead a parallel Williams 
memory utilizing cathode ray tubes was developed. (The selectron 
was used in RAND's JOHNNIAC and operated quite successfully 
although with only 256 bits per tube compared with the 4096 
discussed below.> The CRT store finally realized at Princeton had 
a capacity of 1024 40-bit words. Getting it into being was one 
of the most difficult engineering tasks faced by the Princeton team. 
The machine also ended up being asynchronous whereas the 
synchronous approach is discussed in the paper. Nor was a second 
machine built for checking purposes. With minor exceptions, von 
Neumann and his group produced what they said they would. 

The analysis in this paper of whether or not to build into the 
hardware the operations of multiplication, division, and square 
root is exceedingly insightful. On only one point has history 
shown them to be very far wrong-the utility of built-in floating 
point operations. To their credit however, they did consider it. 
They also considered buffering Input/Output but deferred it, and 
proposed viewing tubes for graphical portrayal of results. 

The portions deleted from the following .reprint are concerned 
primarily with extremely detailed descriptions of the arithmetic 
processes of the machine, since von Neumann felt compelled to 
prove rigorously that every process would work under every pos
sible condition. 

The use of boldface type is the choice of the editor, to highlight 
many ideas that were not only prophetic, but indicated a deep 
understanding of what a computer should be like. • 

PUTING INSTRUMENT 
1.0 principal component of the machine 

1.1 Inasmuch as the completed device will be a gen
eral-purpose computing machine it should contain certain 
main organs relating to arithmetic, memory-storage, control 
and connection with the human operator. It is intended 
that the machine be fully automatic in character, i.e., 
independent of the human operator after the computation 
starts. A fuller discussion of the implications of this re
mark will be given in 3 below. 

1.2 It is evident that the machine must be capable of 
. storing in some manner not only the digital information 
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needed in a given computation such as boundary values, 
tables of functions (such as the equation of state of a 
fluid) and also the intermediate results of the computation 
(which may be wanted for varying lengths of time), but 
also the instructions which govern the actual routine to be 
performed on the numerical data. In a special-purpose 
machine these instructions are an integral part of the 
device and constitute a part of its design structure. For 
an all-purpose machine it must be possible to instruct the 
device to carry out any whatsoever computation that can 
be formulated in numerical terms. Hence there must be 
some organ capable of storing these program orders. There 
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must, mor~over, be a unit which can understand these 
instructions and order their execution. 

l.3 Conceptual~y we have discussed. above two different 
forms of memory: ,storage of numbers and storage of 
orders. If, h'owever, the orders tQ the machine are reduced 
to a numerical code mid if the machine can in some 
fashion distinguish a number from an prder, the memory 
organ can be used t() store both numbers and orders. 

1.4 If the memo~y for orders is merely a storage organ 
there m:ust exist an organ which can automatically' execute 
the orders stored in the memory. We shall call thi~ organ 
the Control. 

l.'5 inasmuch as the device is to be a computing 
machine there must be an arithmetic organ in it which 
Cqn perform certain of the el~mentary arithmetic oper~ 
ations .. There will be, therefore, a unit ~apable of adding, 
subtracting, multiplying and dividing. It ",ill be seen 
that it can also perform additionaJ operations that occur 
quite frequently. ' 

The operations that the machine will view as elementary 
are clearly those which are wired into the machine. To 
illustnite, the operation of multiplication could he eli~i
nated from the device as an elementary process if one 
were willing to view it as a properly ordered series of 
additions.' Similar remarks apply to qivision. In general, 
the inner economy of the arithmetic unit is determined by 
a compromise betwe~n the desire for speed of operation 
- a non-elementary operation will generally take a long 
time to perform since it is constituted of a series of orders 
given by the Control - and the desire for simplicity, or 
cheapness, of the machine. . 

1.6 Lastly there must exist devices, the input and out
put organ, whereby the human operator and the machine 
can communicate with each other. This organ will be 
seen to constitute a secondary form of automatic memory. 

2.0 first remarks on' the memory. 
2.1 It is clear that the size o'f the m~mory is a critical 

consideration in the design of a satisfactory general
purpose comput~ng machine. We proceed to discuss what 
quantities the memory should store for various types of 
computations. 

2.2 In the solution of partial differential equations the 
storage requirements are likely to be quite' extensive. In 
general, one must remember not only the initial and 
boundary conditions and any arbitrary functions that enter 
the prob~em but also an extensive number of intermediate 
results. ' 

a) 'For equations of parabolic or hyperbolic type in two 
independent variables the integration process is essentially 
a double induction: to find the values of the dependent 
variables at time t + 6. t one integrates with respect to ~ 
from one boundary to the other by utilizing the data at 
time t as if they were coefficients which contribute to de
fining the problem of this integration. 

Not only must the memory have sufficient room to store 
these intermediate data but there must be provisions 
whereby these data can later be removed, i.e., at the end 
of the (t + 6.t) cycle, and replaced ,by the corresponding 
data for the (t + 26.t) cycle. This process of removing 
data from the memory and of replacing them with new in
formation must, of course, be done quite automatically 
under the direction of the Control. 

b) For total differential equations the memory require
ments are clearly similar to, but smaller than, those dis
cussed in a) above. 

c) Problems that are solveq by iterative procedures such 
as systems of linear equations or ellipitic partial differential 
equations, treated by relaxation techniques, may be ex
pected to require quite extensive memory capacity.' The 
memory requirement for such problems is apparently 
much greater than for those problems in a) abov~ in 
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which one needs only to store information corresponding 
to the instantaneous value of one variable (t in a) above), 
while now entire solutions (covering all values of all 
variables) must be stored. This apparent discrepancy in 
m~gnitudes can, however, be somewhat overcome by 
the use pf techniques w~ich permit the use of much 
coarser integration meshes in this case, th;m in the 
cases under a) . 

2.3 It is reasonable at this time to build a machine that 
can conveniently handle problems several orders of magni
tude more' complex than ~re now handled by existing 
machines, electronic or electro-m~chanical. We conse
quently plan on a fully automatic electronic storage facility 
of about 4,000 numbers of 40 binary digit~ each. This cor
responds to a precision of 2-40-'.9 . 10-12, i.e., of about 
12 decimals. We believe that this memory capacity ex
ceeds the capacities required for most problems that one 
deals wit~ at pre~ent by a factor of about' 10. The preci
sion is also s~fe~y higher than what is required for the 
great majority of present day problems. In additi~n, we 
propose we have' ~ subsidiary memory, which is also auto" 
matic, of much larger capacity on some medium such as 
magnetic wire or tape. 

3.0 first re~arks on the control and code. 
3.1 It is easy to see by formal-logical methods, that 

there exist codes that are in abstracto adequate to control 
and cause the 'execution qf any sequence of operations 
which are individually available in the machine and which 
are, in their entirety, conceivable by the problem planner. 
The really decisive considerations from the present point 
of view, in selecting a code,' are more of a practical nature: 
simplicity of the equipment demanded by the code, a~d 
the clarity of its application to the actually irpportant 
problems together with the speed of its handling of those 
problems. It would take us much too far afield to discuss 
these questions at all generally or from first pdnciples. We 
will therefore restrict ourselves to analyzing on)y the type' 
of code which we now envisage for our machine. 

3.2 There must certainly be instructions for performing 
the fundamental arithmetic op~rations. The specifications 
for these orders will not be completely given' until the 
arithmetic unit is described in a little more detail. 

3.3 It mustqe possible to transfer data from the mem
ory to the arithmetic orga~ and back again. In transferring 
inforrpation fromth~ arithmetic organ back into the memory 
there are two types we must qistinguish: tr~nsfers of i1~m
bers as such and transf~rs of numbers which ar~ parts of 
orders. The first case is quite obvious and needs no further 
explication. The second case is more subtle and serves 
to illustrate the generality and simp~ici~y of the system. 
Consider, by way of, illustration, the problems of inter
polation in the system. Let us suppose that we have 
formulated the necessary instructions for performing an 
interpolation of order n in a sequence of data. The exact 
location in'the memory of the (n + 1) quantities that 
bracket the desired functional value is, of course, a func
tion of the argument. This argument probaqly is found as 
the result of a computation i~ the machine. We thus need 
an order which can' ~ubstitute a number into a given order 
-in the case of interpolation the location of the argum~nt 
or the group of arguments that is nearest. in our table 
to the desired value. By means of such an order the results 
of a computation can be introduced 'into the instructions 
governing that or a different computation. This ma~es it 
possible for a sequence of instructions to be used with 
diHerent sets of numbers located in different parts of the 
memory. 

To summarize, transfers into th,e memory will be of two 
sorts: total substitutions, whereby the quantity previously 
stored ~s cleared out ;md replaced by a new number. 
Partial substitutions in which that part of ~n order con-
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tairiing a _ memory location-number-we assume the various 
positions -in the memory are enumerated serially by mem
ory location-numbers-is replaced by a new memory loca
tion-number. 

3.4 It is clear that one must be able to get numbers 
from any part of the memory at any time. The treatment 
in the case of orders can, however, be more methodical 
since one can at least partially arrange the control instruc
tions in a linear sequence. Consequently the Coritrol will 
be so constructed that it will. normally proceed from place 
n in the memory to place (n + 1) for its next instruction. 

3.5 The utility of an automatic computer lies in the 
possibility of using a -given sequence of instructions re
peatedly, the number of times it is iterated being either 
preassigned or dependent upon the resuits of the com
putation. When the iteration is completed a different 
sequence of orders is to be followed, _ so we must, _in most 
cases,give two parallel trains of orders preceded by an 
instruction as to which routine is to be followed. This 
choice can be made to depend upon the sign of a number 
(zero being reckoned as plus for machine purposes). Con
sequently we introduce ari order (the conditional transfer 
order) which will, depending on the sign of a given num
ber, cause the proper one of _ two routines to be executed. 

Frequently two parallel trains of orders terminate in 
a comnion routine. It is desirable, therefore, to order the 
control in either case to proceed to the beginning point of 
the common routine. This unconditional transfer can be 
achieved either by. the artificial use of a conditional trans
fer or by the introduction of an explicit order for such a 
transfer. 

3.6 Finally we need orders which will integrate the 
input-output devices with the machine. 

3.7 We proceed now to a more _ detailed discussion of 
the machine. Inasmuch as our experience has shown that 
the moment one chooses a given component as the elemen
tary memo~y unit one has also more or less determined 
upon much of the balance of the machine, we start by a 
consideration of the memory organ. In ~ttempting an ex
position of a highly integrated device like a computing 
machine we do not find it possible, however, to give an 
exhaustive discussion of ea<;!h organ befo~e completing its 
description. It is only in the final block diagrams that 
anything approaching a complete unit can be achieved. 
4.0 the memory organ. 

4.1 Ideally one would desire an indefinitely large mem
ory capacity such that any particular aggregate of 40 
binary digits, or word, would be immediately. available-:
i.e., in a time which is somewhat. or considerably shorter 
than the operation time of a fast electronic multiplier. This 
may be assumed to be practical at the level of about 100 
microseconds. Hence the availability time for a word in 
the memory should be 5 to 50 microseconds. It is equally 
desirabl~ that words may be replaced with new words at 
about the same rate. It does not seem possible physically 
to achieve such a capacity: We· are therefore forced to 
recogQ.ize the possibility of constructing a hierarchy of 
memories, each of which has greater capacity than the 
preceding, but which is less quickly accessible. 

The most common forms of storage in electrical circuits 
are the Hip-flop or trigger circuit, the gas tube, and the 
electro-mechanical relay. To achieve a memory of Ii words 
would, of course, reqiiire about 40 n such elements, ex
clusive of the switching elements. We saw earlier that a 

. fast memory of several thousand words is not at all un
reasonable for· an all-purpose -instrument. Hence, about 
105 [lip-flops Or analogous elements would he required! 
This would, of course, be entir.ely impractical. 

We must therefore seek out some more fundamental_ 
method of storing electrical information than has been sug
gested above. One criterion for stIch a storage medium is 
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that the individual storage organs, which accommodate 
only orie binary digit each, should not be macroscopic com
ponents, but rather microscopic elements of some suitable 
organ. They would then, of course; not be identified and 
switched to by the usual macroscopic wire connections, but 
by some. functional procedure in manipulating that organ. 

One deVIce which displays this property to a marked 
degree is the iconoscope tube. In its conventional form it 
possesses a linear resolution of about one part in 500. 
This would correspond to a (two-dimensional) memory 
capacity of 500 X 500 = 2.5 . 1(},>. One is accordingly 
led to consider the possibility of storing electrical. charges 
on a dielectric plate inside a cathode-ray tube. Effectively 
such a tube is nothing more than a myriad of electrical 
capa'citors which can be connected into the- circuit by 
means of an electron beam; 

Actually the above mentioned high resolution and con
comitant memory capacity are only realistic under the 
conditions' of television-image storage, which are much 
less exigent in respect to the reliability of individual mark
ings than what one can accept in the. storage for a com
puter. In this iatter case resolutions of one part in 20 to 
100, i.e. memory capacities of 400 to 10,000 would seem 
to be more reasonable in terms of equipment built es
sentially along familiar lines. 

At the present time the Princeton Laboratories of the 
Radio Corporation of America are engaged in the de
velopment of a storage tube, the Selectron; of the type we 
have mentioried above. This tube is also planned to have 
a non-amplitude-sensitive switching system whereby the 
electron beam can be directed to a given spot on the plate 
within a _ quite small fraction of a millisecond. inasmuch 
as the storage tube is the key component of the machine 
envisaged in this report we are extremely fortunate in 
having secured the cooperation of the RCA group in this 
as well as in various other developments. 

An alternate form of rapid memory organ is the feed
back dela y line described in various reports on the 
KOVAC. (This is an electronic computing machine being 
developed -for the Ordnance Departm~nt, U.S. Army, by 
the U rtiversity of Pennsylvania, Moore _ School of Elec
trical Engineering.) Inasmuch as that device has been 
s.o clearly reported in those papers we give no further 
discussion. There are still other physical and chemical 
properties of matter in the presence of electrons or photons 
that might be considered but since n~neis yet beyond the 
early discussion stage we shall not make further mention of 
them. 

4.2 We shah accordingly assume throughout the balance 
of this report that the Selectron is the modus for storage 
of words at electronic speeds. As now planned thIS tube 
will have a capacity of 212 = 4,096, or approximately 
4,000 binary digits. To achieve a total. electronic storage 
of about 4,000 words we propose to use 40 Selectrons, 
thereby achieveing a memory of 212 words of 40 binary 
digits. (Cf. again 2.3.) 

4.3 There are two possible means for storing a -partic
ular word in the Selectron Memory-or in fact in either 
a delay line memory or in a storage tube with amplitude
sensitive deflection. One method is to stote the entire word 
in a given tube and then· to get the word out by picking 
out its respective digits ina _serial fashion. The other 
method is to store in corresponding places in -each of the 
40 tubes one digit of the word. To get a word from the 
memory in this scheme requires, then, one switching 
mechanism to which all 40 tubes are connected in parallel. 
Such a switchirig scheme seems to us to be simpler than 
the technique needed iri the serial system and is, o~ 
course, 40 times faster. We accordirigly adopt the parallel 
procedure and thus are led to consider a so-called parallel 
machine, as contrasted with the serial principles being 
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considered for the EDV AC. {In the EDV AC the peculiar 
characteristics of the acoustic delay line, as well as various 
other considerations, seem to justify a serial procedure. 
For more details cf, the reports referred to in 4.1.) The 
essential difference between these two systems lies in the 
method of performing an addition; - in a parallel machine 
all corresponding pairs of digits are added simultaneously, 
whereas in a serial one these pairs are added serially in 
time. 

4.4 To summarize, we assume that the fast electronic 
memory consists of 40 Selectrons which are switched in 

. parallel by a common switching arrangement. The inputs 
of the switch are controlled by the Control. 

4.5 Inasmuch as a great many highly important classes 
of problems require a far greater total memory than 212 
words, we now consider the next stage in our storage 
hierarchy. Although the solution of partial differential 
equations frequently involves the manipulation of many 
thousands of words, these data are generally required only 
in blocks which are well within the 212 capacity of the 
electronic memory. Our second form of storage must there
fore be a medium which feeds these blocks of words to the 
electronic memory. It should be controlled by the Control 
of the computer and is thus an integral part of the system, 
not requiring human intervention. 

There are evidently two distinct problems raised above. 
One can choose a given medium for storage such as tele
type tapes, magnetic wire or tapes, movie film or similar 
media. There still remains the problem of automatic in-

. tegration of this storage medium with the machine. This 
integration is achieved logically by introducing appropriate 
orders into the code which can instruct the machine to 
read or write on 'the mediuin, or to move it by a given 
amount or to a place with given characteristics. We discuss 
this question a little more fully in 6.8. 

Let us return now to the question of what properties the 
secondary storage medium should have. It clearly should 
be able, to store information for periods of time long 
enough so that only a few percent of the total computing 
time is spent in re~registering information that is "fading" 
off. It is certainly desirable, although not imperative, that 
information can be erased and replaced by new data. The 
medium should be such that it can be controlled, i.e., 
moved forward and backward, automatically. This con
sideration makes certain media, such as punched cards, 
undesirable. While cards can, of course, be printed or 
read by appropriate orders from some machine, they are 
not well adapted to problems in which the output data are 
fed directly back into the machine, and are required in a 
sequence which is non-monotone with respect to the order 
of the cards. The medium should be capable of remember
ing very large numbers of data at a much smaller price 
than electronic devices. ,It must be fast enough' so that, 
even when it his to be used frequently in a problem, a 
large percentage of the total solution time is not spent in 
getting data into and out of this medium and achieving 
the desired positioning on it. If this condition is not 
reasonably- well met, the advantages of the high electronic 
speeds of the machine will be largely lost. 

Both light- or electron-sensitive film and magnetic wires 
or tapes, whose motions are controlled by servo-mecha
nisms integrated with the Control, would seem to fulfill our 
needs reasonably well. We have tentatively decided to use 
magnetic wires since we have achieved reliable perform- . 
ance with them at pulse rates of the order of 25,000 per 
second and beyond. 

4.6 Lastly our memory hierarchy requires a vast quan
tity of dead storage, i.e., storage not integrated with the 
machine. This storage requirement .may be satisfied by a 
library of wires that can be introduced into the machine 
when desired and at that time become automatieally con-
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trolled. Thus our dead storage really is nothing but an 
extension of our secondary storage medium. It differs from 
the latter only in its availability to the machine. 

4.7 We impose one additional requirement on our sec
ondary memory. It must be possible for a human to put 
words onto the wire or other substance ,used and to read 
the words put on by the machine. In this manner the 
human can control the machine's functions. It is now clear 
that the secondary storage medium is really nothing other 
than a part of our input-output system. 

4.8 There is another highly important part of the input
output which we merely mention at this time, namely, 
some mechanism for viewing graphically the results of a 
given computation. This can, of course, be achieved by a 
Selectron-like tube which causes its screen to fluoresce 
when data are put on it by an electron beam. 

4.9 For definiteness in the subsequent discussions we 
assume that associated with the output of each Selectron 
is a flip-flop. This assemblage of 40 flip-flops we term 
the Selectron Register. 

S.Othe arithmetic organ. 
5.1 In this chapter we discuss the features we now con

sider desirable for the arithmetic part of our machine. We 
give our tentative conclusions as to which of the arithmetic 
operations should be built into the machine and which 
should be programmed. Finally, a schematic of the arith
metic unit is described. 

5.2 In a discussion of the arithmetical organs of a 
computing, machine one is naturally led to a consideration 
of the number system to be adopted. In spite of the long
standing tradition of building digital machines in the 
decimal system, we feel strongly in favor of the binary 
system for our device. Our fundamental unit of memory is 
naturally adapted to the binary system since we do not 
attempt to measure gradations of charge at a particular 
point in the Selectron but are content to distinguish two 
states. The flip-flop again is truly a binary device. On 
magnetic wires or tapes and in acoustic delay line mem
ories one is also content to recognize the presence or 
absence of a pulse or (if a carrier frequency is used) of a 
pulse train, or of the sign of a pulse. (We will not discuss 
here the ternary possibilities of a positive or negative or no 
pulse system and their relationship to questions of reli
ability and checking, nor the very interesting possibilities 
of carrier frequency modulation.) Hence if one contem
plates using a decimal system with either the Iconoscope 
or delay line memory one is forced into a binary coding 
of the decimal system-each decimal digit being repre
sented by at least a tetrad of binary digits. Thus an ac-

'curacy of ten decimal digits requires at least, 40 binary 
digits. In a true binary representation of numbers, how
ever, about 33 digits suffice to achieve a precision of 1010. 
The use of the binary system is therefore somewhat more 
economical of equipment than is the decimal. 

The main virtue of the binary system as against the 
decimal is, however, the greater simplicity and speed with 
which the _ elementary operations can be performed. To 
illustrate, consider multiplication by repeated addition. 
-In binary multiplication the product of a particular digit 
of the multiplier by the multiplicand is either the multi
plicand or null according as the multiplier digit is 1 or O. 
In the decimal system, however, this product has ten pos
sible values between null and nine times the multiplicand, 
inclusive. Of course, a decimal number has only log102--.3 
times as many digits as a binary number of the same ac
curacy, but even so multiplication in the decimal system 
is considerably longer' than in the binary system. One can 
accelerate decimal multiplication by complicating the 
circuits, but this fact is irrelevant to the point just made 
since binary multiplication can likewise be accelerated by 
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adding to the equipment. Similar remarks may be made 
about the other operations. 

An additional point that deserves emphasis is this: an 
important part of the machine is not arithmetical, but logi
cal in nature. Now logics, being a yes-no system, is 
fundamentally binary. Therefore a binary arrangement of 
the arithmetical organs contributes very significantly to
wards producing a more homogenous machine, which can 
be better integrated and is more efficient. 

The one disadvantage of the binary system from the 
human point of view is the conversion problem. Since, 
however, it is completely known how to convert numbers 

. from one base to another and since this conversion can be 
effected solely by the use of the usual arithmetic processes 
there is no reason why the computer itself cannot carry out 
this conversion. It might be argued that this is a time con
suming operation. This, however, is .not the case. Indeed 
a general-purpose computer used as a scientific research 
tool, is called upon to do a very great number of multi
plications upon a relatively small amount of input data, 
and hence the time consumed in the decimal to binary con
version is only a trivial percent of the total computing 
time. A similar remark is applicable to the output data. 

In the preceding discussion we have tacitly assumed the 
desirability of introducing and withdrawing data in the 
decimal system. We feel, however, that the base 10 may 
not even be a permanent feature in a scientific instrument 
and consequently will probably attempt to train ourselves 
to use numbers base 2 or 8 or 16. The reason for the 
bases 8 or 16 is this: since 8 and 16 are powers of 2 the 
conversion to binary is trivial; since both are about of 
the size of 10, they violate many of our habits less badly 
than base 2. 

5.3 Several of the digital computers being built or 
planned in this country and England are to contain a so
called "floating decimal point." This is a mechanism for 
expressing each word as a characteristic and a mantissa
e.g., 123. 45 would be carried in the machine as (0.12345, 
03), where the 3 is the exponent of 10 associated with the 
number. There appear to be two major purposes in a 
"floating" decimal point system both of which arise from 
the fact that the number of digits in a word is a constant, 
fixed by design considerations for each particular machine. 
The first of these purposes is to retain in a sum or product 
as many significant digits as possible and the second of 
these is to free the. human operator from the burden of 
estimating and inserting into a problem "scale factors"
multiplicative constants which serve to keep numbers 
within the limits of the machine. 

There is, of course, no denying the fact that human 
time is consumed in arranging. for the introduction of suit
able scale factors. We only argue that the time so con
sumed is a very small percentage of the total time we will 
spend in preparing an interesting problem for our machine. 
The first advantage of the floating point is, we feel, some
what illusory. In order to have such a floating point one 
must waste· memory capacity which could otherwise be 
used for carrying more digits per word. It would therefore 
seem to us not at all whether the modest advantages of 
a floating binary point offset the loss of memory capacity 
and the increased complexity of the arithmetic and con-
trol circuits. , 

There are certainly some problems within the scope of 
our device which really require more than 2-40 precision. 
To handle such problems we wish to plan in terms of words 
whose lengths are some fixed integral multiple of 40 and 
program the machine in such a manner as to give the por~ 
responding aggregates of 40 digit words the proper treat~ 
ment. We must then consider an addition or multiplication 
as a complex operation programmed from a number of 
primitive additions or multiplications (cf. Chapter IX, Fart 
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II). There would seem to be considerable extra difficulties 
in the way of such a procedure· in an instrument· with a 
floating binary point. 

The reader may remark upon our alternate spells of 
radicalism and conservatism in deciding upon various 
possible features for our mechanism. We hope, however, ' 
that he will agree on closer inspection, that we are guided 
by a consistent and sound principle in judging the merits of 
any idea. We wish to incorporate into the machine-in 
the form of circuits-only such logical concepts as axe 
either necessary to have a complete system or highly con
vienient because of the frequency with which they occur 
and the influence they exert in the relevant mathematical 
situations. 

5.4 On the basis of this criterion we definitely wish 
to build into the machine circuits which will enable it to 
form the binary sum of two 40 digit numbers. We make 
this decision not because addition is a logically basic 
notion but rather because it would slow the mechanism 
as well as the operator down enormously if each addi
tion were programmed out of the more simple operations 
of "and," "or," and "not." The same'is true for' the sub
traction. Similarly we reject the desire to form products 
by programming them out of additions, the detailed moti
vation being very much the same as in the case of addi
tion and subtradion. The cases for division and square
rooting are much less clear. 

It is well known that the reciprocal of a number a can 
be formed to any desired accuracy by iterative schemes. 
One such scheme consists of improving an estimate X by 
forming X' = 2X - aX2. Thus the new error 1 ,........ aX' is 
(1 - aX)2, which is the square of the error in the preced
ing estimate. We notice that in the formation of Xl, there 
are two bonafide multiplications-we do not consider 
multiplication by 2 as a true product since we will have 
a facility for shifting right ·or left in one or two pulse 
times. If then we somehow could guess 1/ a to a precision 
of 2-5, 6 multiplications-3 iterations-would suffice to give 
a final result good to 2-40. Accordingly a small table of 
24 entries could be used to get the initial estimate of 1/ a. 
In this way a reciprocal 1/ a could be formed in 6 multi
plication times, and hence a quotient b/a in 7 multiplica
tion times. Accordingly we see that the question of build
ing a divider is really a function of how fast it can be 
made to operate compared to the iterative method 
sketched above: in order to justify its existence, a divider' 
must perform a division in a good deal less than 7 multi~ 
plication times. We have however conceived a divider 
which is much faster than these 7 multiplication times 
and therefore feel justified in building it, especially since 
the amount of equipment needed above the requirements 
of the multiplier is not important. 

It is, of course, also possible to handle square roots by 
iterative techniques. In fact, if X is our estimate of a~2, 
then X' = 1f2(X + a/X) is a better estimate. We see that 
this scheme involves one division per iteration. As will 
be seen below in our more detailed examination of the 
arithmetic organ we do not include a square-rooter in our 
plans because such a device would involve more equip
ment than we feel is desirable in a first model. 

5.5 The first part of our arithmetic organ requires little 
discussion at this point. It should be a parallel storage 
organ which can receive a number and add it to the one 
already in it, which is also able to clear its contents and 
which can transmit what it contains. We will call such an 
organ an Accumulator. It is quite conventional in prin
ciple in past and present computing machines of the most 
varied types. (e.g.: desk multipliers, standard IBM count
ers, more modern relay machines, the ENIAC.) There are, 
of course, numerous ways to build such a binary accumu
lator. We distinguish two broad types of such devices: 
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static and dynamic or pulse-type accumulators. It is first 
necessary to make a few remarks concerning the arithmetic 
of binary addition. In a parallel accumulator, the first step 
in an addition is to add each digit of the addend to the 
corresponding digit of the augend. The second step is to 
perform the carries, and this must be done in sequence 
since a carry may produce a carry. In the worst case, 39 
carries will occur. Clearly it is inefficient to allow 39 times 
as much time for the second step (performing the carries) 
as for the first step (adding the digits). Hence either the 
carries must be accelerated, or use must be made of the 
average pumber of carries or both . . . 

5.7 . . . It is convenient to discuss at this point our 
treatment of negative numbers, and in order to do that 
right, it is desirable to make some observations about the 
treatment of numbers in general. 

Our !lumbers are 40 digit aggregates, the left-most digit 
, being the sign digit, and the other digits genuine binary 

digits, with positional values 2-1,2-2, •. , 2-39 (going from left' 
to right). Our accumulator will, however, treat the sign 
digit, too, as a binary digit with the positional value 20-

at least when it functions as an adder. For numbers be-
'tween 0 and 1 this is clearly all right: the left-most digit 
will then be 0, and if 0 at this place is taken to represent 
a + sign, then the number is correctly expressed with its 
sign and 39 binary digits. 

Let us now consider one or more unrestricted 40 binary 
digit numbers. The Accumulator will add them, with the 
digit-adding and the carrying mechanisms functioning 
normally and identically in all 40 positions. There is one 
reservation, however: if a carry originates in the left-most 
position, then it has nowhere to go from there {there 
being no further positions to the left), it is "lost." This 
means, of course, that the addend and the augend, both 
numbers between 0 and 2, produced a sum exceeding 2, 
and the accumulator, being unable to express a digit with 
a positional value 21, which WQuld now be necessary, 
omitted 2, i.e. the sum was formed correctly, excepting 
a possible error 2. If several such additions are performed 
in succession, then the ultimate error may be any integer 
multiple of 2, i.e. the accumulator is an adder which 
allows errors that are integer multiples of 2-it is an adder 
modulo 2.) 
.. It should be noted that our convention of placing the 
binary point immediately to the right of the left-most digit 
has nothing to' do with the structure of the adder. In order 
to make this point clearer we proceed to discuss the pos
sibilities of positioning the binary point in somewhat more 
detail. 

We begin by enumerating the 40 digits of our numbers 
(words) from left to right. In doing this we use an index 
h = 1, ., 40. Now we might have placed the binary point 
just as well between digits j and j+1, j=O, 1, . , 40. Note, 
that j=O corresponds to the position at the extreme left 
(there is no digit h = j = 0); j=40 corresponds to the posi
tion at the extreme right (there is no position h= j+ 1 = 
41); and j= 1 corresponds to our above choice. Whatever 
our choice of j, it does not affect the correctness of the 
Accumulator's addition. (This is equally true for subtrac
tion, cf. below, but not for multiplication and division, cf. 
5.8.) Indeed, we have merely multiplied all numbers by 
2J1 (as aga.inst our previous convention), and such a 
"change of scale" has no effect on addition (and subtrac
tion). However, now the accumulator is an adder which 
allows errors that are integer multiples of 2i-it is an adder 
modulo 2J. We mention this because it is occassionally con
venient to think in terms of a convention which places 
the binary point. at the right end of the digital aggregate. 
Then j=40, our numbers are integers, and the accumulator 
is an adder modulo 240• We must emphasize, however, 
that aU' of this, i.e. all attributions of values to j, ~re purely 
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convention-i.e. it is solely the mathematician's interpre
tation of the functioning of the machine-and not a physical 
feature of the machine. This convention will necessitate 
measures that have to be made effective by actual physical 
features of the machine-i.e. the convention will become a 
physical and engineering reality-only when we come to 
the organs of multiplication. 

. . . Since x and yare 39 digit binaries, their exact 
product xy is a 78 digit binary (we disregard the sign 
digit throughout). However, A will only hold 39 of these. 
These are clearly the left 39 digits of xy. The right 39 
digits of xy are dropped from A one by one in the course 
of the 39 steps, or to be more specific, of the 39 right 
shifts. We will see later that these right 39 digits of xy 
should· and will also be conserved. The left 39 digits, 
which remain in A, should also be rounded off, but we 
will not discuss this matter here. 

To complete the general picture of our multiplication 
technique we must consider how we sense the respective 
digits of our multiplier. There are two schemes which 
come to one's mind in this connection. One is to have a 
gate tube associated with each flip-flop of AR in such a 
fashion that this gate is open if a digit is 1 and closed if 
it is null. We would then need a 39 stage counter to act 
as a switch which would successively stimulate these gate 
tubes to react. A more efficient scheme is to build 
into AR a shifter circuit which enables AR to be shifted 
one stage to the right each time A is shifted and to sense 
the value of the digit in the right-most flip-flop of AR. 
The shifter itself requires one gate tube per stage. We 
need ih addition a counter to count out the 39 steps of the 
multiplication, but this can be achieved by a' six stage 
binary counter. Thus the latter is more economical of tubes 
and has one additional virtue from our point of view which 
we discuss in the next paragraph. 

The choice of 40 digits to a word (including the sign) 
is probably adequate for most computational problems but 
situations certainly might arise when we desire higher pre
cision, i.e. words of greater length. A trivial illustration of 
this would be the computation of 7T to more places than 
are now known (about 700 decimals, i.e. about 2,300 
binaries). More important instances are the solutions of N 
linear equations in N variables for large values of N. The 
extra precision becomes probably necessary when N ex
ceeds a,limit somewhere between 20 and 40. A justifica
tion of this estimate has to be based on a detailed theory 

. of numerical matrix inversion which will be given in a 
subsequent report. It is therefore desirable to be able to 
handle numbers of 39k digits and sign by means of pro
gram instructions. One way to achieve this end is to use 
k words to represent a 39k digit number with sign. (In this 

. way 39 digits in each 40 digit word are used, but all sign 
digits, excepting the first one, are apparently wasted.) It is, 
of course, necessary in this case to instruct the machine to 
perform the elementary operations of arithmetic ina 
manner that conforms with this interpretation of k-word 
complexes as single numbers. In order to be able to treat 
numbers in this manner, it is desirable to keep not 39 
digits in a product, but 78. To accomplish this end (con
serving 78 product digits) we connect, via our shifter cir
cuit, the right-most digit of A with the left-most non-sign 

, digit of AR. Thus, when in the process of multiplication 
a shift is ordered, the last digit of A is transferred into 
the place in AR made vacant when the multiplier was 
shifted. 

5.9 To conclude our discussion of the multiplication of 
positive numbers, we note this: 

As described thus far, the .multiplier forms the 78 digit 
product, xy, for a 39 digit multiplier x and a 39 digit mul
tiplicand y. We assumed x > 0, y <' 0 and therefore 
had xy > 0, and we will depart from these assumptions 
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only in 5.10. In addition to these, however, we' also assumed 
x < 1, y < 1, i.e. that x, y have their binary points both 
immediately right of the sign digit, which implied the 
same for xy. 'One might question the necessity of these 
additional assumptions. 

Prima facie they may seem mere conventions, which 
affect only the mathematician's interpretation of the func
tioning of the machine, and not a physical feature of the 
machine. Indeed: if x had its binary point" between digits 
j and j+l from the left and y between k and k+l, then 
our above method of multiplication would still give the 
correct result xy, provided that the position of the binary 
point in xy is appropriately assigned. Specifically: let the 
binary point of xy between digits x and x+ 1. x has the 
binary point between digits j and j+ 1, and its sign digit is 
0, hence its range is 0 ~ x < 2J-1. Similarly y has the 
range 0 ~ y <: 2,L1, and xy has the range, 0 ~ y 
< 21-1. Now the ranges of x and y imply that the 
range of xy is necessarily 0 ~ xy < 2J-1 2 k

- 1 = 2J +L2. 

Hence x = j+k-l. Thus it might seem that our actual posi
tioning of the binary pOint-immediately right of the sign 
digit, i.e. j=k=l-is still a mere convention. 

It is therefore important to realize that this is not so: 
the choices of j and k actually correspond to very real, 
physical, engineering decisions. The reason for this is as 
follows: it is desirable to base the running of the machine 
on a sole, consistent mathematical interpretation. It is 
therefore desirable that all arithmetical operations be per
formed with an identically conceived positioning of the 
binary point in A. Applying this principle to x and y gives 
j = k. Hence the position of the binary point for xy is 
given by j+k-l = 2j-1. If this is to be the same as for x, and 
y, then 2j-1 = j, i.e. j = I ensues-that is our above position
ing of the binary point immediately right of the sign digit. 

an educational package from UNIVAC 

There is one possible escape: To place into A not the 
left 39 digits of xy (not counting the sign digit 0), but the 
digits j to j+38 from the left. Indeed, in this way the 
position of the binary point of xy will be -(2j-l) - (j-l) = j, 
the same as for x and y. 

This procedure means that we drop the left j-l and right 
40-j digits of xy and hold the middle 39 in A. Note, that 
positioning of the binary point means that x < 2J- 1, 
y < 2J- 1 and xy can only be used if xy < 2J-1. Now the as
sumptions secure only xy < 2J-2. Hence xy must be 
2J

- 1 times smaller than it might be. This is just the thing 
which would be secured by the vanishing of the left j-l 
digits that we had to drop from A, as shown above. 

If we wanted to use such a procedure, with those 
dropped left j-l digits really existing, i.e. with j =1= 1, then 
we would have to make physical arrangements for their 
conservation elsewhere. 'Also the general mathematical 
planning for the machine would be definitely complicated, 
due to the physical fact that A now holds a rather arbi
trarily picked middle stretch of 39 digits from among the 
78 digits ofxy. Alternatively, we might fail to make such 
arrangements, but this would necessitate to see to it in the 
mathematical planning of each problem, that all products 
turn out to be 2J- 1 times smaller than their a priori 
maxima. Such an observance is not at all impossible, in
deed similar things are unavoidable for the other opera
tions. (E.g. with a factor 2 in addition [of positives] or 
subtraction [of opposite sign quantities]. However, it in
volves a loss of significant digits, and the choice j = 1 
makes it unnecessary in multiplication.) 

,We will therefore make our choice j = 1, i.e. the posi
tioning of the binary point immediately right of the sign 
digit, binding for all that follows. 
(To be concluded next month) • 

THE 
422 
& 
PREP 

of a new education system called 
PREP (PRogrammed Educational 
Package) and is sold with teaching 
aids for classroom use. Price of the 
422 is $40,200; delivery will be made 
approximately six months after receipt 
of order. 

gress individually according to their 
learning rate. A course outline, aimed 
at simplifying preparation of laboratory 
and classroom sessions, completes the 
PREP system. 

Four areas may be covered: teach
ing of dp fundamentals through student 

The UNIVAC 422, described 
as a miniature computer with 
large-scale characteristics, has 

been announced by UNIVAC. Speci-
,Rcally designed for programmer, op
erator and general data processing 
training, the 422 has a core memory 
of 512 IS-bit words and a cycle time 
of six microseconds. 

The computer is the main element 
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A repertoire of 16 basic instructions 
can be expanded to 64 through the 
use of modifiers. Instruction times 
are: add, 12 usec. (total execution 
time); multiply, 30-60 usec.; divide, 
57 usec. Two channels are available 
for I/O, using a typewriter keyboard 
with a tape punch and reader. 

Plug-in transistor diode circuit 
boards, full parallel operation, and 
program-step running modes are other 
features. The computer mav beoper
ated from any 60 cycle, 115 volt AC 
source supplying 500 watts of power. 
Overall dimensions are: length" 54"; 
height, 26"; depth, 9". 

The educational package includes 
a programmed teaching textbook, de
,signed to stimulate students to pro-

. participation in console interpretation, 
use of binary and octal notation, and 
logic circuits; orienting the beginning 
programmer as well as permitting the 
intermediate student to advance by' 
realistic duplication of large-scale sys
tems programming problems, flow 
charting, coding, indexing, debugging 
and interpretation of results; enabling 
potential operators to learn how to 
prepare program tapes, load programs, 
use a control console and read and 
interpret console indicators; and pro
viding first-hand experience in main
tenance procedures, including fault 
diagnosis, isolation of troubles, use of 
test equipment, diagnostic routines, 
and testing and replacement of circuit 
modules. • 

CIRCLE 129 ON READER CARD 
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PROGRAMMING 
SCHISMS 

and their future 

by CHRISTOPHER J. SHAW 
System Development Corp., Santa Monica, Calif. 

In the very early days of the com
puting profession fifteen years ago, as 
some of you may remember, the people 
who designed and built computers were 
the ones who programmed them, and 
usually the ones who used the tabulated 
results of the computation, as well. 
Since then, of course, we have come 

. a long way toward specialization. We 
are no longer computer specialists, but 

computer designers, computer programmers - and a grow
ing few are even computer users .. In very rough terms, 
the distinction is this: the designer builds them, the pro
grammer trains them, and the user watches them perform 
- or, occasionally, they watch the user perform. 

This trend toward specialization may be unfortunate,. 
but it's probably inevitable, and it's certainly increasing. 
These three sub-specialties are even now being partitioned 
into sub-sub-specialties. Take the case of computer pro
grammers for example, since this is what 1'd like to discuss. 
Two major and orthogonal schisms are currently sp.litting 
this field into four parts. 

The first schism, more spectacular and therefore more 
superficial, is the growing breach between the scientific 
and engineering computation boys who talk ALGOL and 
write programs in FORTRAN (which is something of a 
comedown) and the business data processing boys who 
talk English and write programs in COBOL (which is 
even more of a comedown.) It has already reached the 
point where the FORTRAN programmers and the.COBOL 
programmers couldn't talk to each other if they wanted 
to - which, of course, they seldom do. We may hope, 
however, that this breach will be only temporary, and 
that COBOL and FORTRAN will both eventually pass 
away - to be replaced by what is entirely feasible: a 
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Universal, Procedure-Oriented Language (which I ,hereby 
christen, UNIPOL.) 

The other schism, which is less immediately apparent 
but deeper and likely to be more enduring, is between 
the systems programmers - who must tame the beast the 
computer designers build - and the applications pro
grammers - who must then train the tamed beast to per
form for the user. This split will probably grow to be the 
fundamental one in the computing profession. The basic 
difference will then be between those who are interested 
in machines and how to use them, and those who are in
terested in various problems and how to solve ~hem. Thus, 
the computer designers and the systems programmers will 
probably amalgamate into one, fairly homogeneous, pro
fessional group, and this long:-awaited marriage may 
eventually prove so fruitful that the computer users will 
be able to dispense almost entirely with full-time, pro
fessional applications programmers, and communicate with 
the resulting systems directly. The applications pro
grammers, on the other hand, will probably dissolve, with 
the computer users, into the various problem disciplines, 
becoming archeologists, botanists, information retrieval 
specialists, or what have you. 

By excluding the crass problem specialist types,' who 
actually want to use these wonderful computer toys for 
mundane purposes, the merging of computer designers 
and systems programmers into computer specialists and 
the decomposition of applications programmers and com
puter users into problem specialists of various stripes will 
bring the computing profession back almost to its pristine 
beginnings, back to when there was only one professional 
type: the all-around, computer specialist. 

This will probably be the best thing that's happened to 
computing since the advent of alphabetic input-output. But 
whether this will be the programmer's millenium, I leave 
to the reader to decide. • 
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LET'S 
SETTLE 
ALGOL! 
by HERBERT M. TEAGER, Computation Center, 
Massachusetts Institute of Technology, 
Cambridge, Mass. 

Far from leading to unification or an 
exchange of information and progress 
in our prof€ission, ALGOL has led to 
considerable discord and confusion. An 
issue which drags this long can hardly 
be considered as· a healthy, technical 
debate. The time is now ripe for easing 
the current discord. 

At this point there is little to be 
gained by questioning the motives or 

the intelligence of many people who have discussed 
ALGOL, in and out of print, and instead it should perhaps 
be conceded that in the time-honored tradition of the 
blind men and the elephant, no one has very strongly 
bothered to clarify his viewpoint or concede that there 
are other views. 

Perhaps the most fundamental difficulty in the area of 
artificial languages in general and ALGOL in particular 
is the lack of clarification of what set of standards or 
criteria apply in judging it, i.e., is this a 'problem of esthetics; 
of mathematics; or of science in general, arid linguistics 
in particular. It might not be completely self evident that 
the standards used in each of these areas of knowledge 
differ greatly, and in fact may conflict. Yet it is clear that 
the criteria of beauty and elegance in art; generality, 
economy of expression, and axiomatic construction in 
mathematics; or proof in the discovery and verification of 
truth in natural phenomena differ greatly, and in fact 
may not be at all appropriate for the question of language 
design. 

In my opinion, the problem of proper design of an al
gebraic language lies totally in the realm of engineering, 
and the utilitarian and pragmatic criteria of that field are 
far ill are suited for handling such a many-faceted problem. 
After all, engineers must constantly live with approximate 
solutions to problems for which science is not yet able to 
exact precise answers, yet there. is little acrimonious debate 
on such topics as "I like two phase induction motors" or "I 
think that large motors are more general than small ones." 

Historically, engineers have learned (sometimes the 
. hard way) that if they are to make any progress, they 
must layout all of the objectives for their systems, work
ing with what knowledge or insight that science can 
provide, and attempt to come up with some sort of optimal 
design, with the knowledge that nature or the public stand 
ready, willing, and able to demonstrate (a la Tacoma Nar
row's Bridge) the. error of his ways. They have also learned 
both the virtues and defects of standardization, and by and 
large, do standardize in areas that make sense in terms of 
lightening their own load or cost of manufacture. 

Now, it seems that in an engineering context, one might 
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with less heat 
and more light 

inquire as to the basic objectives of an algebraic language. 
If one did this, he might conclude that in this context 
many of the present loud shouts about ALGOL turn out 
to be som~what meaningless. My list for a set of objectives 
would be the following:. 

1. The basic objective of an algebraic language is to 
minimize the amount of human effort and elapsed time 
required from the formulation of a given numerical model, 
to the production by digital computer of results pertinent 
to that model. 

As corollaries of this basic objective, one might also list 
the following sub-objectives: 

a. The language should be somewhat commonly ac
cepted as a publication medium for sharing "programs" 
and thus minimizing unnecessary duplication. 

b. The language should allow for operations (such as 
Ifunction evaluation, array manipulation, storage allocation) 
which, while straight-forward, become tedious and error 
prone if done by humans. 

c. The language should be compact (in the sense of 
requiring a minimal number of symbols to express a com
putation or declaration), yet should be readable enough in 
so that changes can be. easily made in a program where 
the process is made as apparent as possible. Otherwise, 
there would be a valid argument for making machine 
code the standard language, because it is obviously suf
ficiently . general to carry out any process described in 
other languages. 

d. The language should not itself be error prone in the 
sense of having many built-in restrictions which are not 
readily apparent to the programmer. If at all possible, the 
language should even be somewhat redundant and forgiv
ing of minor clerical error. 

e. The language' should allow for operations upon 
variables of 'any type for which expressions in a statement 
form are less cumbersome than in machine language form, 
and conversely should not allow for operations upon 
variables where this is not true. 

f. The language must, of course, be logically consistent 
and not equipped with built-in possibility for ambiguity. 

g. Changes in the language should not require re
learning or re-programming, rather they should come as 
easily-learned additions to available experience. 

2. The language, to be usable, must be easily trans
literated into an equivalent form for which a translator 
( compiler) exists to produce a machine-coded object 
program. 

As corollaries to this basic objective, we might list the 
following: 

a. Symbols used in the basic language should have 1: 1 
equivalents. 
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b. No implied or explicitiy-stated operations should be 
included in the' language if there are nO reasonable 
methods available for implementing them. 

3. The translators for the language (and thus the 
language itself) cannot afford to lose sight of economics. 
Machine time represents a cost (or the expenditure of a 
resource), and thus the translators and object program 
produced should use a minimal amount of machine time, 
consistent with the frequency of their use, i.e." while 
there is no virtue in making efficiency the only' goal, there 
is no payoff in producing bad code, if minor modification 
can produce good code. A second item in this question 
of economics might be the cost of programming the 
translator itself, and maintaining it. 

'4. No language can or should expect to remain un
changed for the indefinite future; Initial approaches to 
such a language are bound to evolve iii order to meet the 
objectives stated above. Such changes 'as are minor should 
be allowed for, but major changes must not be legislated 
lightly. I.e., again there must be adequate cause for 
making major changes. A "major" change is defined here 
as a change wich requires a large amount of re-education 
on the part of the user, or a large amount of re-pro-
gramming for the translators. . 

A valid opinion on this topic might be the obserVation 
that languages of all types, even those used in science 
and engineering, evolve both laterally and vertically (in 
the direction of more capability and also more com
paCtness), and that historically even the languages of 
differing fields of sCience tend to fragment and become 
specialized for the specific needs of a given field, rather 
than becoming broader to include all fields. 

It is in the context of these objectives that I should 
like to discuss ALGOL, so that my opinions can at least 
be traced to a set of objectives, and the objectives them
selves can be a basis for discussion. 

To an outsider, not involved iIi the development of 
ALGOL, it would appear, that in the early, "classical" 
stages of AL.GOL, (i.e., ALGOL '158) the above, listed 
obje~tives were in the, minds ,of the originators, but in 
the "rococo" stage (ALGOL '60), they became lost or 
obscured. It would. probably be easier at this point to dis
cuss the ALGOLS relative .to FORTRAN in order to 
make the. points more clearly. Parenthetically, I should 

. add that by the above. objectives, I do not consider either 
language as very "good" or "bad," merely somewhat dif
ferent. 

Si.nce a large number of computer users are moderately 
familiar with FORTRAN, and most have followed ALGOL 
from. a respectful distance, it might be wise to discuss 
ALGOL as it compares to FORTRAN with respect to the 
aforementioned objectives. 

Objective la. - acceptance 
FORTRAN is cerainly more:widely accepted as a de-facto 
standard for an algebrai2 language than ALGOL~ This 
is, of course, not true with. respect to areas not thorougly 
i~filtrated by "the Collossus" and leaves many users ori 
the outside looking in, and some, manufacturers with 
hardware on their shelves. ALGOL, while widely dis
cussed in the ACM journals and in Europe does not seem 
to have achieved the acceptance amorig the' rank and file 
users that the ACM is assuming. ALGOL "algorithms" are 
nevertheless being published in the ACM Communicati01is. 
While part of the acceptance question is due to inertia, 
lack of motive, and the fact that FORTRAN came first, a 
large role was played by the way in which ALGOl.. itself 
was introduced. 

Objective, Ib .. - Operatiotis 
FORTRAN allows for the usual arithmetic operations plus 
such functions as exponentiation as part of the basic 
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language for. the computation of a variable in a statement. 
. Other functions are handled by special ideritificatiqn of 

the function name (an"F" after the name). The .variables in 
FORTRAN inay be arrayed up to three dimensions, and may 
be integer or floating point. FORTRAN allows for itera,.tion 
by counting ("DO statements"); and one type of con
ditional branch (the "IF" statement .for testing negative, 
positive, or zero expressions). FORTRAN also allows for 
card, magrietiC tape, and printer I/O utilizing the 'somewhat 
rigid character set and formats of these media. Finally, 
FORTRAN allows for the inclusion of subroutines, either in 
FORTRAN or machine language. 

It is in this area that ALGOL clearly scores highest. 
It allows all of the capability. of FORTRAN, but in addition, 
allows for Boolean variables, more freedom in mixing 
the modes of variables within expressions; higher dimen
sionality on arrays, and a far wider class of conditional 
expressions and functions, allowing their free use any
where in an arithmetic expression. Because of the way in 
which the "mode" of variables are declared, ~he language' 
itself has the' clear capability of being expanded" whereas 
the mechanism used in FORTRAN (the initial letter of a 
variable) is limited. 

ALGOL allows functions to use thems~lves as arguments 
(recursion) of which more will be said later. Neither lan
guage handles symbolic manipulations with any ease, and 
machine code or special-purpose language is thus prefer-. 
able for non-numerical computations. . 

This by no means is ~ complete list of the virtues of 
ALGOL over FORTRAN in this area. It might, however; he 
noted that there is no operation in ALGOL that canriot 
be carried out in FORTRAN, at the expense of more steps, 
and neither language goes beyond the specification of 
algebraic prbcedures. ALGOL, however, has the major 
defect of completely ignoring I/O and thus any form of in
termediate '(tape or disc) storage. 

Objective ic. - Psychological Match - Readability 
FORTRAN was obviously designed around unit records 
(card input) whereas ALGOL was designed for continuous 
input (tape). Thus FORTRAN. must use. orie line per state
ment, whereas ALGOL can use a line, but must use a 
semicolon (since line skips and spaces have no meaning 
in the language). Publication ALGOL uses a wider 
charader set for. operations than FORTRAN could allow it
self,. and thus, ALGOL expressions can be more readable. 
Both languages are, however, still constrained to a one 
dimensional string of symbols (and thus superscripts; 
subscripts; and denominator factors have to; be handled 
in ways other than location above or below a line). 

ALGOL also considers a string of expressions as a 
single expression, utilizing the symbols "begin" and "end" 
to "delimit" the expression. In the case .of nested ex
pressions or iterations, it can become difficult to keep 
track of the nestings. FORTRAN uses the handier 
dodge of labeling statements by number, and thus 
making the riesting much more apparent: Since there 
is ample psychological and linguistic evidence that there 
is a limit of about seven items than can, be kept in the 
human mind at any time':" the general practice of utilizing 
unlimited numbers of parentheses, and begin-end delim
iters is highly suspect. It does; not appear that any 
"hatural" language (including ordinary mathematics) has 
ignored. this constraint. 

One other issue is the question of how easy it is to learri 
or teach ALGOL vs. FORTRAN. Despite the impression 
that' may come from the approved, ALGOL write-ups, 
or IBM manmil~,' both languages are equivalently easy to 
learn, and hav~ng learned om~, it is relatively easy to 

·See 11 A Model arid an Hypothesis for Language Structure." V. 
Yrigve, Proceedings of Am. Phil. Soci~ty, October 1960. 
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pick up the second. But, between learning a language and 
fully understanding its quirks, there is a wide gulf, and 
ALGOL in any machine version is likely to have as 
many idiosyncrasies as FORTRAN. 

Obj~ctive ld. - Proneness to Error 
FORTRAN itself is highly error prone, and although it may 
be a simple process to write a correct procedure in the 
language, the existence of such pitfalls may lead to many 
tries before a result is in hand. Among these pitfalls are 
the use of prefix and suffix letters to indicate' modes of 
variables and functions, respectively. This, coupled with 
a six letter maximum for variables, restricts the choice of 
names for variables. Since the designers' choice of' FOR
TRAN also assumed 'that integers should not exceed mem
ory size, the full range of integer variables is highly trun
cated, and in fact, the order of computation for integers 

, can become highly important. (A non-zero expression can 
become zero with ease.) 

The use of format statements in FORTRAN is also a prime 
source of unnecessary error. ALGOL, on the other hand, 
has none of the above objections, but its readab~lity can 
lead to other types of error, and since it ignores I/O com
pletely, it cannot even be compared in this respect. 

Objective Ie. - Range of Variables (mode) 
As has been stated, FORTRAN has only two modes with no 
provision for more. ALGOL does have three, and if the 
language were to be considered expandable, does have a 
simple mechanism for more. 

Objective If. - Logical Consistency 
FORTRAN is logically consistent to a great extent at the 
expense of requiring annoying conventions. ALGOL seems 
to be overly consistent. The stress on "syntactical" defini
tion, the treatment of the language consistently as one long 
symbol string, delimited by parentheses, or special word 
"symbols" all speaks to an intensively thought-out logical 
construction. There is, however, no meta-language for 
specifying the implications of this logical consistency as 
will be considered under objective 2. 

Objective 19. - Change 
Change in a language can be a double edged sword, par
icularly if the changes are major, somewhat inexplicable, 
and timed wrong. (See Pavlov's research' on dogs.) 
FORTRAN can hardly be accused of rapid Or drastic 
ch;mges. Those changes that have been made have been 
"compatible" to such all extent that they haven't accom
plished a great deal. The two year hiatus between ALGOL 
'58 and ALGOL '60 was in fact marked by a great deal of 

'progress and work. ALGOL '60, however, implied such 
a sweeping set of changes that shock, followed by apathy 
resulted. The major changes of recursion, dynamic storage 
allocation; etc., accompanied by a far more truculent at
titude with respect to compliance, universality, and time
lessness, (i.e., the end of the "let mallY flowers bloom" 
policy), seems to be mainly responsible for the suspended 
animation of the language with all of its virtues. 

Objective 2a. - Existence, of Translator, Symbol Set 
Although, FORTRAN was billed as a "machine independ
ent" language, it was clearly written with the limitations of 
the 700 series machines in mind. The publication language 
of ALGOL (which has been considered as synonymous 
with all machine realizations) clearly is written with no 
machine limitations of any sort in mind. For example, 
variables or constants may be indicated by symbol strings 
of any length. To mechanize this feature alone, in any 
translator is going to be difficult, and the inclusion of 
unbounded number strings is clearly at variance with the 

,normal, fixed precision (or fixed number or significant 
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figures) available in any machine. Double, triple, or 
n-tuple precision routines are still dealing with fixed 
length numbers. 

,ALGOL also uses a very large symbol set, that is not 
going to appear on new machines overnight. Therefore, 
transliteration is necessary, and ShOllld have been allowed 
for in an orderly way. Finally, in ALGOL, all symbols are 
not represented by single characters-some 30-odd words, 
such as "begin," "end," "array," "do," which while printed 
in bold face type for publication, are going to have to be 
recognized as a single symbol by any translator. Presum
ably, then the translator will have to distinguish by 
context (a time consuming feat) be,ween the appearance 
of any of these words or their inadvertant use as a symbol 
string in naming some other variable. 

Objective 2b. - Existence of Translator - Difficult 
Operations 

FORTRAN exists as a translator. ALGOL '60 does not. 
There are in fact many features of ALGOL '60 for which no 
methods exist. For example, ALGOL implies that arrayed 
variables need only be declared as such with no infor
mation as to the size of the array or clue as to ordering 
for multidimensional data. While this problem can be 
classed as "dynamic storage allocation," no reasonably ef
ficient methods exist for such allocation. As has been 
stated before, the non-existence of any form of I/O rules 
out all but core storage of finite extent. 

Finally, there are features in ALGOL, such as recursive 
use of functions, which if allowed for will inevitably result 
in both a time consuming compilation and a slow running 
program; high prices to pay for a feature of dubious merit 
in the context of numerical or logical computation. (If 
ALGOL allowed for symbolic manipulation, there would 
be a better reason for having this feature.) The fact that 
special-purpose machines can be designed to handle recur
sion easily is not germane to the issue of whether this 
feature is needed for ALGOL p~r se. 

Leaving aside for the moment a discussion of dialects 
of ALGOL, there can be no discussion at this point of 
what a pure ALG.OL translator can be in terms of its oWIl 
efficiency or of the efficiency of the program it produces. ' 
No one seems to know how to solve the problems that are 
implied by ALGOL's features. 

Objective 3. - Economics 
Pure ALGOL translators do not exist, FORTRAN does, and 
in the area of economics, the standard version of FORTRAN 
is no prize package. 

FORTRAN, particularly when embedded in standard op
erating systems, can be a horribly time consuming compiler. 
One minute, on a 7090 to' compile and run the single 

, operation of two times two is hardly a high water mark 
to point at with pride-particularly, on a machine with a 

, 2-microsecond memory access time. 
There is no easy figure of merit to point at with respect 

to, the balance between compile, run, and debug times, 
and much of the existing data is influenced by somew-pat 
error-prone compilers which inflate' the percentage on the 
side of compilation. ' 

It should not, however, be declasse to suggest that 
machine time is valuable, without at the same time, 
implying that the programmers' time is not. Both are im
portant, and the cardinal engineering virtue of not using 
a 16-inch gun to swat a mosquito can still apply, even 
if some trade-offs are needed. 

Finally, there is' the issue of the investment of human 
and machine time to produce an acceptable translator. It 
should again be taken as realism to expect that an overly
complicated task is going to take longer to write, check 
out, and debug. Trade-offs, in symbolism and conventions, 
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if they can make the job easier, may be worthwhile. 
Objective 4. - Changes 
We have already commented on the change between 
ALGOL '58 and ALGOL '60 and implied an effect. It 
should, however, be evident that the computer business, 
if we allow it to do so, has a far greater impact to make 
on our intellectual habits. To do so, it is felt in some 
quarters, better problem descriptive languages will be 
needed, as will newer devices, such as graphical inputs 
and outputs with close human interaction. 

For example, some types of symbol manipulation and 
numerical work (integration, algebraic manipulation with 
complex as well as real numbers, etc.) can almost, as of 
today, _be handled by machine, and with the proper lan
guages (such as GM's DYANA, Bell Lab's BLODI, etc.) 
can be utilized directly. 

-These and other higher level languages need some 
standard, algebraic language into which they can com
pile. Would it not make more sense in the long run to 
settle on a reasonable standard for ALGOL, encompassing 
those features which are within the state of the art, and 
while allowing provisions for some growth at the ALGOL 
level, swearing off for the moment from features and ob-

- jectives which are out of bounds of what is presently 
feasible? 

So much for my objectives, now let me summarize my 
feelings with respect to the current situation of ALGOL 
and what might be done with it. 

I think that from the foregoing set of objectives, it can be 
seen that I am very much in favor of improvement in 
algebraic language, and definitely not for the status quo. 

Now, at present, it seems as if there are at least five 
major camps on the ALGOL question: 

1. There is the committee that set up ALGOL, ac
companied by many eminent' people in the computing 
profession, whose attitude can be summarized as "Adopt 
ALGOL Now," and purge all other obsolete languages. 
This group is also apparently serving as a board of review 
to decide when a language is or is not ALGOL. 

2. There are the compiler writers who periodically are 
producing translators which are billed as "ALGOL," 
"Dialects - of ALGOL," "ALGOL-like" languages or non
ALGOL "Algebraic Languages." 

3. There are those who are working on problems for 
which ALGOL is either not the best language, or at best, 
it might be used' as an intermediate language. 

4. There is the bulk of the computing fraternity who 
have no strong bias, are content to use what is available, 
but wish the dust would settle. 

5. There are those who are violently anti-ALGOL, 
possibly because of a heavy investment in sonie other 
translator; or because of a reaction to the way -ALGOL 
has been introduced; or because of ignorance. 

The first two groups it would appear hold the key to 
resolving the situation. The first group by making a few 
changes in ground rules, and the second by getting to 
work. 

Let me explain what I mean here by referring to two 
particular "ALGOL-like" processors: the "MAD" lan
guage of Michigan, and the ALGOL processor of Duke 
University, because it would appear that these are highly 
typical of what can be achieved, as well as the pitfalls in 
acceptance. -

- "MAD" is a language which is not being accepted as 
ALGOL, though it is largely patterned on ALGOL '58, 
and provides for some of the provisions of ALGOL '60. 

The major difference appears to be primarily in the 
area of transliteration of symbols, primarily the "words" 
which ALGOL defines as single symbols. This difference 
is mainly dictated on the basis of the trade-offs necessary 
to produce a fast compiler. All of the "symbol words" 
in MAD are longer than six characters, while all of the 
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function and variable words are six or less. Thus, "if" 
becomes "whenever," "step" becomes "through," "do" 
becomes "execute," etc. Since MAD is meant to be 
punched on cards, one statement per card, there is no 
need for a semicolon delimiter, since it is implied. The 
other major difference is in the "begin-end" symbology 
of ALGOL which becomes for procedures: "internal func
tion," and "end of function." For iterations the delimiting 
in MAD is handled by the device of labeling the last state
ment to be executed with a name, and referring to it by 
name in the "through name" statement. Functions are identi
fied as such by a terminal period ".", and the inequality op
erators =, >, <, etc., are identified by a string: ".E.", 
".GE.", ".L.", etc. Since MAD is an existing translator, it 
could not ignore I/O, and has a full set of tape and off-line 
I/O commands. It -allows for recursion and list processing, 
and all of the operations of ALGOL with respect to multi
dimensioned arrays, conditional expressions, and modes 
of variables. 

It is small, fast, and amenable to future change, yet it 
is condemned as not "being" ALGOL. On the other hand, 
we have an article in the June issue of DATAMATION, 
"ALGOL at Duke" which describes a language even less 
"ALGOL-like" than MAD; openly billed, described, and 
apparently accepted as ALGOL. 

Yet it ,~~~s ~ot allow "recursio~:"" "p~rame~~rs called 
by name, vanable array bounds, SWItches, etc. Be
cause of a limited character set, Duke has done much 
transliterating using dollar signs, etc. In fact, the program 
(nicely indented) which they compare- to a FORTRAN 
(poorly formatted) version on Page 34 is not ALGOL 
(or is incorrect ALGOL) and is certainly not markedly 
superior, as is implied. 

To nit pick the same example for a moment: ALGOL 
merely requires arrayed variables to be declared as such, 
not given bounds of size; the arrayed variable "A" is 
never declared as "real," the integers I and J should have 
been declared as "integer;" there is no "write" statement 
in ALGOL (and the FORTRAN version "punches'" any
how), and the compiler does not know the users' intentions 
with respect to format. 

This is not at all intended to pick a dispute with Duke, 
for it appears as if they too are making their own set of 
modifications (as anyone must) in order to come up with 
a workable version of an ALGOL translator. 

Now let me come to the point of this article. I should 
like to recommend that the originators of ALGOL have 
themselves another meeting, with or without their Euro
pean colleagues, and loosen up their definitions to such 
an extent that languages, such as Duke's ALGOL and MAD; 
can legitimately be considered as acceptable ALGOL. 

Specifically, this would seem to involve: 
1. A more liberal attitude toward transliteration (if 

a word is to be considered as a single symbol, then the 
choice of words can after all, be dictated by other reasons 
such as efficiency of compilation). 

2. Some leeway on the begin-end convention to allow 
for more readability (i.e., labels). 

3. A workable set of I/O statements, recognizing the 
existence of tapes, cards, and printers. 

4. Removal of dynamic storage allocation and recursive 
procedures as necessary parts of the language, and instead 

-allowing for their provision, if possible. 
5. Stop fanning a totally unnecessary controversy, and 

let it cool down. 
Computers and computation hold within them the 

promise for future advances if we do not succumb to 
needless debate on the number of angels that can sit on 
the head of a pin, or the present "loyalty oaths" to various 
languages. It is in this sense and spirit that I feel we should 
settle ALGOL and move to more vital problems. • 
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UCLA 
& WDPC 
by IRWIN SCHORR, Assistant Editor 

D 
While there are detractors who maintain that the 

- -_.. Western Data Processing Center at the University 
, of California, Los Angeles, is "IBM's West Coast 

_ Showroom," this fact is hardly of major concern to WDPC 
management who are responsible for a major computing 
effort, involving the participation of 73 western schools 
in WDPC. -

The current keystone of UCLA's computing -efforts is 
the 7090, which, while physically located at the WDPC 
(which is heavily supported by IBM) is owned by the 
university, and administered by the university's Com
puting Facility. Responsibility for machine usage is divided 
into two parts: WDPC's concern is limited to problems 
generated by its participants, and for business research 
problems. All scientific and other campus-originated com
puting at UCLA comes under the purview of the Com
puting Facility, an inter-departmental organization report
ing directly to the vice-chancellor of UCLA. ' 

These lines of subordination will be rewritten when the 
WDPC, the Computing Facility, and the UCLA Medical 
Center, will each operate its own large-scale equipment. 
This fall, the Medical Center will install an IBM 7094 
and 1410, and in March, 1963, the' 7090' at the WDPC' 
will be moved to the Computing Facility, while the WDPC 
will put a 7094 into operation. The total value of hardware 
on the UCLA campus will be over eight megabucks. 

At -present, to help defray the cost of the 7090, the 
Computing Facility -sells machine time to IBM, who in 
turn donates most of the time to the WDPC; the bulk of 
the remaining IBM time is .devoted' to applied pro
gramming. One half of the machine' time available to 
WDPC - a minimum of five hours daily - is used for jobs 
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eig.htmegabucks of 
IBM affection 

originating from participants, and.the remainder to business 
research problems. 

While intra-university cooperation is evident at WDPC, 
the fact that the university is the owner of the 90 has led 
WDPC director George W. Brown to observe that the 
mutual accomodation is a rather unusual relationship. This 
association extends t.o the utilization of portions of the 90 
configuration. For example, the university owns two data 
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channels. and eight 729-IV tape unit of the overall con
figuration of four data channels and 20 tape units. How
ever, the Computing Facility is free to use the entire com
bination, and does so. 

The annual operating budget for operation of the WDPC 
is covered by IBM and UCLA, while some additional 
financial support is provided through a Ford Foundation 
grant, administered by the Western Management Science 
Institute, Graduate School of Business Administration. 
While IBM tells WDPC what equipment will be installed, 
WDPC determines what it will do with the equipment; 
with the aid of advisory committees. 

Under -the terms of the original agreement entered into 
by IBM and UCLA in 1956, the Center's equipment is 
supplied and serviced by IBM, operating costs are shared, 
the equipment is available for use by UCLA and parti
cipating institutions at least five hours each working day, 
and available machine time is divided equally between 
UCLA and participating institutions. Research and educa
tional activities are carried on without charge, and the 
agreement also stipulates that the Center may not under
take service activities for business and industry. 

Since the Center's function is strictly for educational 
pursuits, WDPC is a great boon for the independent in-

. Formally dedicated in January, 1959, the Western Data 
Proce-ssing Center provides 25,000 sq. ft. of space for 
computing equipment, classrooms, conference rooms, of
fices, and a library. 

vestigator without a budget; Dr. Brown states. Of the 73 
participants, about half are consistent users. Even so, 
WDPC has what Dr. Brown calls a safety valve-a policy 
of never giving any participant a commitment for proposal 
purposes, nor will WDPC sign an agreement to process 
any particular job. 

Productivity of the 90 is dependent on· the use of a 
monitor system, when the load consists mainly· of small 
jobs. In a five-hour period, some 50 or so jobs falling in 
this category can be processed. 

Users from UCLA and nearby participating institutions 
generally discuss their projects and programs with WDPC 
program consultants, while users from more remote schools 
submit their lobs by mail. They can usually obtain advice 
from either the WDPC representative at their school or by 
mail from a WDPC consultant. 

Many users travel to the. Center to conduct all or part 
of their research. At the Center, the library, educational 
and consultation services are available, in addition to pro
gramming manuals and office space. 
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Administratively, the WDPC is a division of the Gradu
ate School of Business Administration, and is not a teach
ing unit of the university. In this regard, Dr. Brown's 
small staff provides counsel. Although WDPC doesn't pro
gram for its members, Dr. Brown says that he and his 
staff try to educate the member schools by providing con
sultation service, with the ultimate goal of having people 
help themselves. 

Several non-credit courses in data processing are regu
larly offered. These include a one-day course in Beginner 
FORTRAN Programming, and longer Advanced· F.GR
TRAN Programming Classes. For the beginner class, a 
programmed text, "Computer Language: An Auto-Instruc
tional Introduction to FORTRAN," by Colman and Small
wood I(McGraw-Hill Book Co.) will be used when the 
book is published this fall. Participating schools will also 
use this material, which is based on the Skinner teaching 
machine method. 

A variety of publications has been prepared by WDPC, 
including a Users Manual; FAP (FORTRAN Assembly 
Program) Reference Manual, and Program Write-Ups. The 
latter includes FAP Buffered I/O Subroutines; Correlation 
Analysis Program (WDCORR); Questionnaire Analysis 
Program 4 (QUAP 4); BIMD 01 through BIMD 26, and 

Four data channel consoles (right) are part of. the 7090 
configuration which includes 20 729-IV tape units . 

QUAP Key Punching Data· Form. The BIMDs were 
prepared by the Department of Preventative Medicine and 
Public Health; and QUAP by John Whittelsey, Psychiatry 
Department. WDPC participated in the preparation of 
these programs. 

Current and future projects include improving the cur
rent FORTRAN Monitor System; preparing for IBM 
COBOL; selecting and installing a set of linear pro
gramming systems; investigating the SPS-1 Simulator Com
piler; and research on multi-programming. 

Also under consideration is a microwave link between 
the three campus computing centers. Recently, data trans
mission facilities were installed between the WDPC and 
some of the participants. 

the computing facility . 
Unlike the WDPC, which operates under clearly defined 
financial terms, the Computing Facility carries on its ex
tensive task of furnishing computer time for university 
research projects and data processing education without a 
budget. For this reason director Charles B. Tompkins says 
the Facility is "highly interdisciplinary - and we know 
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exactly what we want to accomplish. The objective of the 
Computing Facility includes the encouragement of people 
to learn computing sciences - without electrocuting them
selves!" 

Operating with alternate periods daily of closed and 
open shop, and extensive open shop runs on week-ends, 
the Computing Facility will not accept every problem that 
a sponsor may want to put on the machine. Each job is 
carefully screened by an advisory committee of scientists 
to determine whether the problem fits the computer, and 
whether the job actually should be run on ,the Facility's 
equipment. {A recent problem was estimated to require a 
thousand hours of machine time. It was returned to the 
researcher who was advised to reprogram the problem a 
little more judiciously.) 

To support the Computing Facility, users are charged 
for machine time if their research projects are aided by 
grants. If there are not outside grants, the university depart
ment in which the research is being conducted is billed 
for the time used. (The exception to this is the arrange
ment where IBM buys time for the WDPC.) 

In addition to the 7090, the Facility operates S\i\T AC, 
built a decade ago by the National Bureau of Standards, 
and a 1401. One piece of equipment, which might be 

Leonard E. Clark (left), VP arid western region manager 
of fBlM's Data Processing Div., describes the 7090 system 
to (left to right) Franklin D. Murphy, Chancellor of UCLA; 
Magnus R. Hestenes, Professor of Mathematics, UCLA, 
and Dr. George W.Brown, Director, Western Data Proc
essing Center. 

classified as a "computing curiosity," is an IBM 797, an 
electronic version of the CPC, with 1K core storage. 
Although the 797 is the property of the Engineering De
partment and has no administrative coimection with the 
Computing Facility, Dr. Tompkins observes that the 
machine, which came as a "gift" from IBM, is used by 
some for informal "puttering." 

A project headed by Dr. Gerald Estrin, in charge of 
the Digital Technology Group of the Engineering. Depart
ment, is underway. to develop a variable logic computer. 
When completed, the computer will be used by the 
Computing Facility. Since the acquisition of the 7090, 
some of the work in Numerical Analysis Research, such 
as language study, has been taken over by the Computing 
Facility. Both the Digital Technology Group and N.A.R. 
have strong liaison with the Computing Facility, but there 
is no administrative connection. 

About 80% of the jobs processed by the Facility are 
written in a modified FORTRAN, with the remainder in 
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FAP. "FORTRAN is quite easy to learn," remarks Dr. 
Tompkins, "So we let WDPC do the actual instruction. 
We do, however, teach FAP at the Facility, so our users 
can make more efficient use of the equipment." 

The Facility's full-time staff numbers 16 at present, and 
each member is expected to be a "jack-of-all-trades:- a 
progrommer, operator, and at times, a repairer." It is felt 
that future staffers should be drawn from the ranks of 
graduate students, as "outsiders" tend to suffer from what 
was described as a lack of versatility. 

In the area of computer education, there are 20 classes 
devoted to numerical analysis and computer programming 
and design, on both the undergraduate and graduate levels. 
The Computing Facility also lends support to UCLA's 
Computer Club, which claims about 200 members. 

the medical center 
"The research activities of the Medical Center have grown 
so rapidly," reports Dr. Will Dixon, director of the Com
puting Group of the Health Sciences Department, "that 
computing requirements have overtaxed our existing hard
ware." 

The hardware that Dr. Dixon refers to consists of a 
CDC 160A (the only non-IBM machine at UCLA ~.sed for 

The 7090 sy~tem at the Western Data Processing Center 
will be replaced by a 7094 in March, 1963, while the 
Medical Center will install its own 7094 in the Fall of 
1962. 

major research), utilized by the Brain Research Institute, 
. and as a participant in the WDPC, the Institute also uses 

time on the 7090. But giving credit where due, Dr. Dixon 
attributes the development of the Medical Center's com
puting activities through the availability of the WDPC's 
facilities. 

With the acquisition of large-scale equipment, _ the 
Medical Center will undertake more extensive research 
projects without facing the handicap of the comparatively 
limited time that would have been made available to them 
o~ the 90. The new 7094 system will pot completely over
shadow the 160A, but rather will enable researchers to 
utilize the 160A to better advantage. 

One project contemplated involves on-line recording of 
physiological data directly to the 160A, where the infor
mation, on mag tape, will be converted from analog to 
digital data, and then be further processed on the 7094. 

Major research efforts will be directed in the field of 
information retrieval, and with the faster speed of the 
7094, expanded projects centering around pathology and 
radiology will be facilitated. '. 
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The results of a private survey of computer installations 
with respect to utilization of programmer's time are given 
in Table 1. Only the uninitiated will be surprised that two 
items, "Preparing Demonstrations" and "Inventing Acro
nyms" take up almost fifty percent of the average pro
grammer's time. What is surprising is that so little effort 
has been expended to "Automate" these areas. The 

other areas (with the exception of "Analysis," "Flow Dia

gramming" and "Testing," which have been rightfully 
neglected because nobody wastes time on them anyway) 
have been the subject of much research and develop
ment work. This paper, then, proposes a system which 
strikes at the core of these tv.:o neglected problems. 

HOWTO 
AUTOMATE 
DEMONSTRA TIONS 

with painful ease 

by G. M. WEINBERG, IBM Systems Research Institute, 
. New York City 

Everyone knows the importance of 
demonstrations. There comes a point 
in the life of every programming project 
when it must produce a dazzling dem
onstration or suffer the agonizing death 
by drying of the money glands. What 
few project managers seem to know, 
however, is that the odds against pro
ducing a true demonstration of the 
system are thousands to one. The 

wastage of time comes, then, from attempting to make a 
real demonstration, when the end result is inevitably a 
phony demonstration rigged up hastily ~ and poorly - in 
the final few hours. 

The argument that the overall project is aided by the 
attempt to make a real demonstration is patently fallacious. 
The most knowledgeable programmers on the project must 
always be used, thus halting all current progress, not to 
speak of the convalescent period. What we want, then, 
is a way of producing really good, phony demonstrations 
using the least skilled trainee programmers in the shop. 
For this purpose, I propose a General Purpose Demon
tration Generator. 

There are two parts to the Demonstration Generator: 
the language and the compiler. Since the compiler is 
machine-dependent, we will not discuss it here except to 
point out that one machine may compile demonstrations 
for another - a handy feature when the demonstration 
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machine is not in very good shape and may not hold up 
through a compilation and a demonstration. 

Table 1 
Breakdown of Programmer Activity 

Analysis 
Flow Diagramming 
Coding 
Testing 
Documentation 

Preparing Demonstrations 
Inventing Acronyms 
Non-programming Activities 

.7 
1.2 
6.3 

15.4 
11.8 (seems like 91.8) 
31.2 
16.8 
14.2 

97.6* 

*The figures do not total 100 % because there seems 
to be a bug in the tabulation program. 

. The language is machine independept; though, of 
course, those statements which call for specific peripheral 
devices may only be used on configurations which contain 
those devices. One can hardly' hope to give a good dem
onstration without an adequate supply of peripheral de
vices. Unfortunately, this rule is often overlooked in 
specifying machine configurations. The Demonstration 
Generator, however, will always give the best possible 
demonstration with the available equipment, and, under 

):J.R.TRMATJCN 



sense switch control, will give a priority list of additional 
devices which, if ordered, will surely enhance the dem
onstration. 

The language consists of a number of basic statements, 
together with their modifiers, and the modifiers of the 
modifiers. The statements are described below. 

INpUT D 
The INPUT statement tells the compiler that there will 
be input on device D. If there is more than one source of 
input, several may be listed consecutively, separated by 
commas. No other specification is needed, as the object 
program will not actually use any of the input data and 
will set the sequence of input so as to harmonize with 
the rest of the demonstration. (NOTE: Just in case there 
is a sophisticated executive in the audience, you can rest 
assured that the object program will always read in at 
least one input before any output is generated.) 
Example: INPUT CARD READER, TYPEWRITER 

OUTPUT N, D, R(r) 
list 

The OUTPUT statement specifies how many lines of out
put are desired (n) on device' D during the demonstration. 
R specifies the rhythm at which the output is to be written 
and may take the values RANDOM, INTERMITTENT, 
SPASMODIC, or METER (r). When METER is chosen, 
the modifier, r, enclosed in parentheses, selects one 
of a number of popular meters built into the system. 
Standard values of t are WALTZ, FOX TROT, ROCK-N.:. 
ROLL, TWIST, GAVOTTE, MINUET, and, for the 
Department of Defense" MARCH. Additional meters may 
be added to the compiler's repertoire· to suit individuai 
executive's taste. , 

The "~ist" may be any number of lines long and is 
simply the literal output wanted in the course of the 
demonstration. If a great deal of output is desired and 
the programmer wishes to save the labor of writing it all, 
the list may consist of only a few representative lines. The 
object program will print these lines first, and then print 
additional authentic-looking random variations of them 
until the specified number (n) of lines has been printed. 
Example: 

OUTPUT 100, PRINTER, METER (FOX TROT) 
+ 3.97672 + 8.53491 -6.12385 + 8.81837 

SPIN TAPE n, R(r) 
SPIN TAPE will cause the object program to move n 
tapes in an impressive manner. R (r) specifies the meter, 
as described under OUTPUT. To put several tapes in 
motion with different metric patterns, more than one SPIN 
'TAPE may be written, and the object program will, to 
the best of its ability, integrate their rhythms. Example: 

SPINTAPE '2, RANDOM 
SPINTAPE 3, SPASMODIC 
SPINT APE 2, METER (W AL TZ) 

This sequence will move seven tapes in a delightful pattern. 

FLA,SH CONSOLE n, R(r) 
The FLASH, CONSOLE statement has the same param

eters as the SPIN TAPE statement, but naturally refers 
to the twinkling of the console lights. Although most 
machines have only one console, the parameter, n, pro
vides for the possibility of additional ones. These may be 
pseudo-consoles, obtained, by a minor modification of the 
compiler which aIiows defining separate parts of the 
console as individual consoles. 
Example: 

FLASH CONSOLE 1, INTERMITTENT 
FLASH CONSOLE 1, GAVOTTE 

will send each half of the console off on a separate 
gyration, pleasing to the eye and puzzling to the brain. 
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MESSAGE T 
No demonstration is really complete without a few mes
sages being typed out on an on-line typewriter. Nothing 
else but that one character at a time revelation quite gives 
such a feeling that the machine is trying to tell you 
somethinrr, thereby enhancing that secret, unutterable 
feeling that there is somebody in there - really. The 
MESSAGE statement is written once for each message 
the programmer desires to have appear during the dem
onstration. The parameter T specifies the tone of the 
messages, which will be taken from a carefully pretested 
repertoire. The standard tones available with the com
piler are listed below, with examples. 

BUSINESSLIKE: "All summary totals zero balance 
to batch adjusted net figures." 

HUMOROUS: "Please move away from the type
writer so those people in back can 
see." 

DRAMATIC: "Program has just completed Pass 
lA, 2.2 milliseconds ahead of dead
line. Program will now attempt 
Pass 2x, if you are willing." 

ESOTERIC: "The recursive algorithm was pre
empted on the n (j) th iteration by 
an error probability signal from the 
timing ring. Index registers contain 
X$ (I (I) (,AXZ-$$." 

These four have been fomid to be most popular, but 
should you have an executive whose tastes run to GRUE
SOME or SEXY, for 'example, others may be added to the 
compiler. 

One special aclditional paramete~ is PERSONAL. The 
statement 

MESSAGE PERSONAL 
followed by a comma followed by somebodies' name will 
print out a personal message to that person. Nothing will 
soften up a hardened executive faster than a nice 

MESSAGE PERSONAL, J.P. 

SPECIAL F(TJ 
Many machines come equipped with hardware features 
which may be used to add special flavor to a demonstra
tion. By using the SPECIAL statement and specifying (F) 
the feature available, the programmer may use this device 
in his demonstration, ~odified by an appropriate tone. 
Features built into the compiler are as follows: 

STILL PICTURE - this feature may be used on any 
machine with a printer, but is far n;tore effective when an 
on-line plotting device is available. All of the standard 
tones (see MESSAGE) are available. (NOTE: If you 
have a touchy executive, you should avoid using a MES
SAGE PERSONAL in the same program as a STILL PIC
TUREHUMOROUS, for you may get out a picture of 
Alfred E. Newman with the executive's name under it.) 

MOTION PICTURE - When a cathode ray tube output 
is available, MOTION PICTURE will produce a scenario 
in the requested tone. (NOTE: It was the initial tests of 
this statement which forced the decision to remove SEXY 
from the set of standard tones. The user who wishes to 
replace it does so at his own risk.) 

MUSIC - If some sort of sound generator is available, 
all sorts of musical effects may be attained through the 
use of MUSIC with appropriate modifiers. Both the 
-standard tone arid meter modifiers are available, written, 
for example, in the form 

SPECIAL MUSIG BUSINESSLIKE (TWIST) 

COBOL A 
As everyone knows, executives have a burning deSire to 
read programs. COBOL was invented to give them the 
impression that they know what this computer business 
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is all about, without of course, actually doing so. This 
represents a step in the right direction, but since we have 
seen that real demonstrations are a waste of time, we 
know that a real program listing is equally redundant. 
The COBOL statement causes the demonstration to begin 
with a printout of a genuine phony COBOL program 
which looks to any executive like the application specified 
by A. Thus the statement 

COBOL PAYROLL 
will produce a payroll-looking COBOL program. 

For demonstrations of integrated data processing, sev
eral A's may be used, separated by commas. For example, 
COBOL BILLING, ACCOUNTS RECEIVABLE, 

SHIPPING, INVENTORY, ORDERING, 
ACCOUNTS PAYABLE, MANAGEMENT 
INFORMATION SYSTEM 

New A's may be added to the compiler by supplying a 
list of O.K. words plus at least one formula appropriate 
to that application. 

ACRONYM PI, P2 , P3 , etc. 
The ACRONYM statement attacks that 16.8 percent of 
programmer time spent trying to pick system names (a 
"system" is merely a program requiring an "S" in its 
acronym). The importance of program names is not to be 
underestimated, for the program's name is not only a 
catchword which will cement your project in the public 
mind but a sort of continuing demonstration of the 
originator's genius (e.g. SAP). Therefore, an important 
part of any demonstration is the effect of the program 
name on the audience, so the inclusion of the ACRONYM 
statement in the Demonstration Generator is amply 
justified. 

ACRONYM has two modes: synthetic and analytic. The 
analytic mode is distinguished from the synthetic mode 
by the presence of a single - as opposed to multiple
parameter, Pl' In the analytic rIlOde, P 1 is the literal name 
you wish to give the program, for which the demonstra
tion generator will furnish suitable "nyms" whose "acros" 
will forrri the desired name. 
Example: The statement 

ACRONYM ASTRONAUT 
yielded the following ouput from a test version of the 
system: 

ASTRONAUT: A System To Replace Old Navigational 
And Utility Tables 

ACRONYM can be integrated with payroll accounting so 
as to seek out appropriately initialed employees who will 
then become systems programmers. For example: 

ACRONYM ANALYSIS 
yielded in a test: 

Arthur Nussbaum's Algorithmic Language for Yester
day's Semi-Interpretive System 

plus a payroll change card for lucky Arthur. 
In the synthetic mode, the parameters Pl' .. . P n are 

n words to be included in your acronym. The compiler will 
attempt to compose an acronym using all and only these 
words, but failing this, will add extra words (including 
names if integrated with payroll) as necessary to fill out 
a desirable acronym. For example, 

ACRONYM SYSTEM, NAVIGATIONAL, 
UTILITY, TABLE 

yielded 
NUTS: Navigational Utility Tables System 
Occasionally, the generator may produce a word which 

is unsatisfactory for some reason. By pressing START 
twice in rapid succession after the first name is produced, 
you will cause the computer to choose a new name. 
Following this procedure in the previous example yielded 

DONUTS: Demonstration of Navigational Utility Tables 
System and a subsequent try gave 
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YOURENUTS: Yves Own Uncontrolled Random Ex
periments on Navigational Utility Table System. 
(NOTE: A special feature is available which scans all ex
isting computer program acronyms to avoid duplications. 
This feature, however, requires at least 10 7 characters of 
random access storage.) . 

GAME, N 
One of the more popular forms of demonstration is the 
game, because of the feeling of participation it is supposed 
to impart to the spectators; Executives, however, never 
really' comprehend games like Nim or 3-dimensional tic-

. tac-toe, but must pretend to do so during the demonstra
tion. Thus parameters specifying the game are superfluous, 
and the only parameter necessary is N, specifying the name 
of the highest ranking executive present - who naturally 
will be the only one to' beat the machine at the random 
game produced by the compiler. 

END n, K 
One of the most frequent mistakes of inexperienced dem
onstration writers is failing to fit the demonstration into 
the busy schedule of the executive's tour. A second error 
is producing a demonstration which more or less dribbles 
to an end, whereas a good demonstration must always end 
on the upbeat. The END statement solves both of these 
problems. The parameter n specifies the time, in seconds, 
which the demonstration will take, while K specifies the 
kind of ending desired. Values of K built into the compiler 
are ST ATISTICAL - which provides an awesome array 
of pseudo-statistics about the job - CHECKLIST - which 
types out a meaningful-looking set of check point condi
tions, each followed by the symbols AOK - and PATRI
OTIC - which, prints a picture of the American Hag and, 
if MUSIC is available - plays the "Star-Spangled Banner" 
(in Britain, the Union Jack and "God Save the Queen"). 
The PATRIOTIC ending has the advantages of getting all 
spectators on their feet and ready to herd out the, door 
before questions arise. 

FALSE START n 
Any danger that someone will suspect the phony dem
onstration is eliminated by the FALSE START statement. 
No real demonstration ever runs without a hitch, and 
FALSE START insures that phony hitches {n of them) 
will be included in the phony object program to give the 
realism you need. Do not be alarmed at anything that ' 
happens when the program stops (though you must look 
alarmed), for all symptoms of malfunction are as mean
ingless as the norrrial operation. You may make whatever 
adjustments to switch settings, input decks, tape position
ing, and so forth that you feel are needed to convince 
the audience of the depth of yoUr understanding and 
mastery of the program, secure in the knowledge that none 
of these things have any effect on the demonstration. 
When you have finished, press the START button. Aftern 
depressions of this button (with intervening ritual to taste) 
the demonstration will proceed in the desired manner. 
(NOTE: The object 'program will deduct the false start 
time from the desired running time, so the schedule will 
not be interrupted. Be careful not to hog the whole show, 
however; give the computer a chance.) • 

The Demonstration Generator, you will notice, has no 
catchy name. Naturally, we are saving this job for the 
ACRONYM statement, to be completed shortly. Also 
although the Demonstration Generator is not quite com
pleted, we are preparing a demonstration for interested 
parties. That is, we are going to use the Demonstration 
Generator to generate I a demonstration of the Demonstra
tion Generator generating a demonstration: 
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The subject of information processl1'J9 In command and 
control is not new to DATAMATION readers, having been 
discussed in our June issue (p. 58) by authors Christie and 
Kroger. It is felt that the following thoughts on this topic 
will also be of interest and especially noteworthy in light 

of the transcript of The RAND Symposium, to be published 
next month. As stated in the June presentation, DATAMA
TION's editorial policy is not reflected in the following 
article. 

THE 
PROGRAMMING 
PROBLEM IN 

an editorial commentary 

COMMAND & CONTROL 
by W. H. WATTENBERG, University of Calif. lawrence Radiation lab., 
livermore, Calif. 

Computer Command and Control sys
tems are the most complex data com
munication and processing systems in 
existence. The complexity of new sys
tems being developed and those planned 
for the future stagger the imagination. 
These systems demand the most la
borious type of programming since 
each system includes a wide variety of 

..... special purpose input! output data ac-
quisition and display equipment which must be controlled 
by computer programs. The large C & C programs now 
running were generated . by hundreds of programmers 
using the machine language of a particular machine since 
no better programming tools were available. However, 
the programming requirements of present Command and 
Control systems are small compared to those of systems 
planned for the near future. 

The proble~ is obvious. The cost and delays in 
producing operational programs for new systems will be 
prohibitive unless much better programming tools and 
methods are available. 

Both the Department of Defense and Defense con
tractors have recognized this problem and proposed solu
tions. The heart of the solution is a standard programming 
language for Command and Control. The definition of the 
standard language is by no means the total solution to 
the programming problem, but it is the necessary be
ginning. Efficient compilers and operating systems must 
also be developed, and these will require standards in 
hardware as well as software. 

The Institute for Defense Analysis has studied the pro
gramming problem in Command and Control systems, and 
has issued a ·report entitled, "Computers in Command and 
Control." The report points out that a standard language 
for Command and Control can be developed without the 
need for further research in programming languages. The 
report also points out, "Neither ALGOL nor COBOL alone 
is sufficient in scope for Command arid Control system 
programming," and that blending these with additional_ 
features "would create a monster which would be neither 
fish nor fowL". IDA studied three languages-CL-2, 
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JOVIAL, and NELIAC, each of which reflect some con
sideration of Command and Control programming prob
lems, and concluded that none was sufficient -for the total 
Command and Control problem. IDA recommended, that 
a standard Command and Control language be adopted 
which was a blending of. the three languages. However, 
the IDA recommendation did not point out what parts of 

,the three languages would be desirable in a standard 
Command and Control language. Neither did it mention 
those areas in which the languages were lacking. 

At present, no existing language is adequate for the 
varied tactical programming problems jn computer Com
mand and Control systems. For -example, none of the three 
languages mentioned above is sufficient for describing the 
very important'real-time processing requirements of tactical 
systems. Unfortunately it is exactly the requirement for 
real-time operation which distinguishes' Command and 
Control programming from the areas in which most of the 
language development has occurred. 

There are three basic requirements which an acceptable 
standard language for Command and Control must satisfy. 

1) The facilities of the language must be adequate 
to describe Command and Control problems of 
major concern. 

2) The language must be easy to learn and use. 
3) It must be practical and possible to construct com

pilers and operating systems for the language 
which produce efficient object programs. 

The first requirement is obvious, but it will not be easy 
to satisfy. It is doubtful that anyone has described in detail 

. all the various Command and. Control operations being 
performed by computers, in particular the real-time data 
processing and communication operations., The Command 
and Control programming problems must be _ carefully 
formalized. A definition of the . language before this is' done 
is just guesswork, and the result may be of little value in 
the areas wher~ there is the greatest need. 

In examining the problem oriented languages which 
have been of most practical value one finds two common 
characteristics. A) They are simple in syntactic structure. 
B) They are easy to learn and remember. Such languages 
are uninteresting to the theorist; a blessing to the tech-
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lllcmn, but they are actually being used rather than just 
studied by programmers. The language we are seeking 
will be judged on the basis of .dollars and programming 
time saved, not on the basis of academic or research value. 

The three requirements stated above are certainly not 
independent. The, state of the art in compiler building 
indicates that efficient compilers and operating systems 
can be constructed for a language which is unambiguously 
defined and satisfies requirements 1 and 2~ The real 
question is the cost of the software. Compiler builders 
will not be allowed to adjust the two parameters of object 
program efficiency and implementation cost as freely as 
they have in compilers for scientific and business data 
processing. In the latter cases, the data being processed 
is normally by machine time rather than real-time. Object 
program efficiency cannot be sacrificed in many Command 
and Control programs. Loss of object program efficiency 
may mean failure to meet mission requirements and ob
jectives rather than just increased processing costs. On the. 
other side of the fence, system designers must give 'more 
consideration to programming characteristics of the various 
components assembled into the Command and Control 
system. They are too often satisfied by the fact that two 
devices fit together electrically without worrying about 
the languages they speak. The compiler builder's job is 
~ot made any easier by the existence of "almost identical" 
equipment in supposedly identical installations. 

Efficient compilers and operating systems will be ex
tremely expensive if the proliferation of equipment pro
gramming characteristics continues at the present rate. 
First and foremost is the need for standards in the control 
of input/output devices. This problem is not going to be 
defined away in a language. It requires standards for the 
logical design of hardware. . 

Assuming reasonable. standards in the programming 
characteristics of equipment, the costs of constructing com
pilers for a standard Command and Control language will 
be minor compared to the costs of documentation, main
tenance, and programmer trainirig. Compiler construction 
is basically a one shot affair for a given machine, whereas 

the latter activities must continue for the useful life of 
the language. Programming training in particular must be 
given the most careful and serious consideration in 
choosing a language. The virtues of simplicity in a lan
guage are only too well known to those who have faced 
this problem. 

The optimum approach for rapid development and ac
ceptance of an adequate Command and Control language 
with efficient compilers and operating systems is to work 
from the bottom up - from the specific to the general, 
not vice versa. Tactical programming requirements are 
the most difficult to meet. It is here that the real effort 
must be expended. Strategic programming requirements 
are much closer to scientific and business data processing 
requirements, and a great deal of experience is available 
in these areas. The greatest contributions can be made 
by those with experience in tactical programs who are 
willing to formalize their solutions and develop an ef
fective language for the tactical problems, as well as 
point out the aspects of hardware which create the most 
difficulty in developing programs. All major hardware and 
software contractors must be asked to participate in the 
solution of the Command and Control programming prob
lem. Unless this is done it is very probable that major 
portions of the problem will remain unsolved. Standards 
are needed in both the hardware and software. A forced 
separation of hardware and software development will 
only result in unnecessary costs and delays in producing 
operational Command and Control systems. 

Some ill-fated compiler projects have started from the 
top and attempted to work down to the programmer and 
the problem by a series of compromises and changes in 
the language and compiler. By the time acceptable sys
tems were developed, either the machines were obsolete 
or the problems had been solved. In this case the danger 
lies in the appearance of a multiplicity of languages and 
temporary solutions while the proper solution is being 
found. Contractors and programmers are not going to stop 
their work in the solution of immediate problems on the 
strength of promises of better things to come. • 

COMPUTER PLOTTING 
FOR ENGI~ 
NEERING 
-DESIGN 

O
. Meissner Engineers, Inc., 

Chicago, has developed a 
computer-plotter system 

which is capable of designing a wide 
range of engineering and architec
tural products, directly from prereq
uisite information; and producing 
fully dimensioned working .drawings.
The system employs an IBM 1620, 
1401, General Dynamics/Electronics 
S-C 4020, plus a microfilm processor 
and reproduction equipment. 

All software. for the system was 
designed by Meissner personnel, and 
utilizes the 4K memory of the 1401, 
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and the 1620's 40K digit memory, 
which can be expanded to lOOK 
digits. 

According to Robert C. Meissner, 
president of the engineering-construc
tion management firm, the MEISENG 
system can design anything that can 
be mathematically described. Cur
rent efforts have been concentrated 
on developing computer-plotter pro
gram and sub-routines in the broad 
fields of structural, civil, mechanical 
and electrical engineering, in addition 
to the production of business routines. 

In operation, mathematical design 
data, such as dimensional and load
ing details for structural steel prod
ucts and terrain elevation and width 

. for highway routing, is prepared for 
processing by conversion to punched 
cards, which are input for the 1620. 
The' output, incorporating the basic 
design program which is stored in 
memory, is expressed in plotting in
structions on cards. 

The 1401 translates this informa
tion from digital to binary instruc
tions . on mag tape, along with posi
tioning instructions, which were 
stored in memory. The plotting and 
positioning instructions determine 
the type, length, and direction of the 
drawing line to be placed by the 
electron beam within the cathode ray 
tube of the S-C 4020. 

The proper drawing details are 
symbolically traced, and all calcu
lated dimensions and instructions for 
the particular structural design seg
ment are inserted. A form projection, 
such as company symbol, logotype, 
etc., is sImultaneously superimposed 
over the design. The entire presenta
tion is recorded on 35 mm micro-' 
film by a camera in the S-C 4020. 
After processing, the film is prepared 
in strip form on mounted aperture 
cards. Using an electrostatic printer, 
dimensioned drawings up to 24x36" 
are made. • 
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Jhe physical support of a major computer installation is 
provided by means of a unique architectural system, 
esp'ecially designed and custom~tailored to fit the needs 
of individual data processing ce~ters. The advantages 
of a raised flooring system are numerous, outweighing 
by far the hazards that might be encountered if exposed 

THE 
FLOOR 
BELOW 

The components of elevated, or free access floor
ing systems for computer installations consist of 
individual, removable sections, providing access 

to electrical connecting cables, air-conditioning and heat
ing ducts. Each panel is a "sandwich" of 'aluminum, steel, 
plywood, hardboard, or specially-formed rigid material, 
topped with a bonded surface of vinyl or rubber tile or 
carpeting. The panels are maintained either by a frame
work of aluminum or steel stringers, or are self-supporting. 
In former design, the basic support is furnished by ad
justable pedestals or jacks. 

Functionally, there is 'no difference between one flooring 
system and the next, as all provide a utility area between 
the sub-Hoor and raised floor, contain a built-in safety 
factor to support heavy data processing equipment, and 
the elements are fire resistant or retardant. 

The physical properties and component design of each 
system will vary, however, as the following descriptions 
of representative manufacturers' products point out: 

COMPUTER FLOORS, INC.; Hackensack, N. r: 
Panels, measuring 18% x 18%" are made of die cast alu
minum plates, and covered with vinyl tile lfs" thick. A 
plastic lip the height of the tile makes the Hooring modules 
hon-conductive. Steel supporting structural hardware is 
plated for rust prevention. Finished Hoor heights are 
available from 5%" to 14" with under-floor free access 
areas from 4%" to 12%". Load capacity is 275 lbs. per 
sq. ft. 

CIRCLE 119 ON READER CARD 

CONSTRUCTION SYSTEMS, INC., Los Angeles: 
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cables were allowed to snake to, from, around, and be
hind peripheral equipment, main frame, console, cab
inets, etc. The systems described in the following article 
represent a sampling of the many types of computer 
floors currently available, and should not be viewed as 
an all-inclusive catalog. 

for heavy machines 
and overweight operators 

Three types of systems are available, incorporating alu
minum, steel, and steel and p.lywood. The all-aluminum 
design consists of extruded aluminum planks of 6063 
alloy, with interlocking edges of a concave-convex con
figuration for matching between adjacent modules. The 
panels, measuring 9 x 27", are covered with vinyl tile 
lfs" thick. Lateral beams, of slotted, roll-formed 12 gao 
steel and supported by pedestals, form the supporting 
structure. Load capacity is 250 lbs. per sq. ft. The module 
incorporating steel and plywood is made of 24 gao steel, 
laminated top and bottom to a plywood core. For extreme 
load conditions, the all-steel panel, of non-modular design, 
is available. 

CIRCLE 120 ON READER CARD 

FLOATING FLOORS, INC., New York City: Stringers 
are not used in this system, as each 18% x 18%" die cast 
aluminum module interlocks with the adjacent module, 
supported by a pedestal at the juncture. An electrica~ly 
non-conductive plastic lip surrounds the 18 x 18", lfs" 
thick vinyl covering. Positive contacts are provided in the 
structure to give electrical continuity for grounding all of 
the metal of the floor. The area beneath the raised floor 
can be utilized a~ part of a low pressure heating and 
ventilating air-conditioning system. Two modules are 
available, rated at 250 lbs. capacity per sq. ft. and 100 
lbs. per sq. ft. 

CIRCLE 121 ON READER CARD 

HARFORD METAL PRODUCTS, INC., Aberdeen, 
Md.: Panels are constructed of an aluminum honeycomb 
core, with a 16 gao steel sheet bonded to the top surface, 
and a 24 gao steel sheet bonded to the bottom. Sizes of 
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modules are 3 x 3' and 2 x 4'. The supporting framework 
is a fabricated steel channel 2 x 1 %". Load capacity is 
in excess of 250 lbs. per sq. ft. 

pedestal. Two points of the jack are bolted to the stringer 
framework, while the apex is bolted to the sub-floor sup
port. Panels are made of non-combustible fiberglass, 
molded around a wood core. Stringers and cross braces 
are l/S" gauge steel channel, 2% x PIz". A rubber seal is 
applied across the cross brace spacers, at right angles 
to stringers, and in short sections in the direction of the 
stringers, ,to form an air, water, and dust-tight seal. 
Panels, which measure 24 x 24 x 'Va", do not require floor 
tiles. Support load is 250 lbs. per sq. ft. 

CIRCLE 122 ON READER CARD 

CIRCLE .125 O~ READER CARD 

HASKELITE MANUFACTURING DIVISION EVANS 
PRODUCTS CO., Grand Rapids, Mich.: Floor panels 
consist of 24 gao zinc-coated steel, structurally bonded 
to both surfaces of exterior grade 'fir plywood. Startdard 
panel sizes are 3 x 3' and 2 x 2', one inch thick, covered 
with l/S" vinyl tile. A vinyl edge banding surrounds each 
panel, making installation grounding unnnecessary. Panels 
are interlocking, with support provided by a p~destal at 
each intersection. Load capacity is 200 lbs. per sq. ft. 

CIRCLE 123 ON READER CARD 

LISKEY ALUMINUM, INC., Glen Burnie, Md.: Two 
types of panels are offered: Steel-Core, consisting of a 1'" 
phenolic-bonded core material faced on both surfaces 
with 24 gao zinc-coated sheet steel, with panel edges 
slotted and sealed with an aluminum extrusion bonded 
to the plywood; and Elafloor, fabricated of extruded 
tongue-and-groove aluminum planks welded to extruded 
end bars. Steel-Core panels have three edge trim options: 
3/16" vinyl, aluminum, or' no visible edge trim. A 3/16" 
vinyl edge trim is optional with Elaflor. The substructure 
for Steel-Core is stringers made of rolled-steel channel with 
a vinyl rib on top. Elaflor stringers are extruded aluminum 
channel, also featuring a vinyl rib. The purpose of the 
rib is to prevent lateral movement of panels whenever 
adjacent panels are removed. Both systems support 250 
lbs. per sq. ft. Size of modules is 2 x 2'. 

UNISTRUT PRODUCTS CO., Chicago, Ill.: An auto
matic self-locking device secures the jack to the channel 
gridwork, eliminating the need for nuts, bolts, or spring 
locks except at terminating locations, such as walls and 
colum~s. 2 x 2' panels are of the pan formed type with 
.018 steel skins, bonded around exterior grade plywood; 
3 x 3' panels, also pan formed type, are made of .024 
steel skins. Both sizes are furnished with or without 
extruded .grey vinyl plastic edging. Framework grid 
members are 1%" wide, 12 gao steel channels with 
pyramid-shaped inturned edges. Total uniform load is 
250 ibs. ,per sq. ft. Jacks provide adjustability from 4" 
to a standard maximum height of 14". 

CIRCLE 126 ON READER CARD 

CIRCLE 124 ON READER CARD 

STRATO-FLOOR; INC., Cleveland, Ohio: This system 
incorporates a triangular jack, rather than a single-pillar 

WASHINGTON ALUMINUM CO., INC., Baltimore, 
Md.: Panels are constructed of a welded assembly of 
form'ed steel plates, and have periphery contact with 
frame for positive electrical grounding. The grid framing 
is fabricated of zinc-coated rolled steel. Vinyl, rubber, 
carpeting, and wood parquetry are optional floor coverings. 
Standard 2 x 2' x 1" panels support a minimum of 250 
lbs. per sq. ft. • 

people 
IN 
DATAMATION 

. .-...., 

• Frank Wagner, Group Leader, 
Numerical Sciences, North Ametican 
Aviation, Los Angeles, resigned his 
position last month to join Informat
ics, Inc., Culver City-based consult
ant firm, as Director of Plans and Pro
grams. Wagner who had been with 
NAA for 18 years, was founder of the 
NAA computing facility. He is a mem
ber of the executive council of the As
sociation for Computing Machinery, 
and is a past SHARE president. At 
press time, no successor has been ap
pointed. 

• John McCarthy has returned to 
Stanford University and will serve as 
professor of computer science. He had 
been on the MIT faculty since 1958, 
where he was professor of communica
tion sciences, and at Dartmouth Col
lege, 1955-58. He was an actirig as
sistant professor of mathematics at 
Stanford during 1953-55. McCarthy 
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has been active in the fields of multi
program~ing, artificial intelligence, 
and remote-control computer oper
ations. 

• Richard E. Utman has been ap
pointed director of standards of the 
Business Equipment Martufacturers 
Association's Data Processing Group, 
and will coordinate the standardiza
tion program sponsored by BEMA/ 
DPG under the American. Standards 
Association. His duties will also in
clude the international aspects of this 
effort. Utman's most recent position 
was at UNIVAC, where he was di
rector of systems standards. He re
places Herb Bright who is now with 
Philco Computer. 

• The ele~tion of Cuthbert C. Hurd 
to the position of board chairman of 
Computer Usage Co., Inc., has been 
announced by Elmer C. Kubie, presi
dent. In his new positIon, Hurd will 
be concerned primarily with long
range planning. Kubie remains as the 
company's chief executive officer. 
Hurd had been with IBM since 1949, 
and his most recent post there was 
special assistant to the vice president 
of research and engineering. 

• Eldred C. Nelson has been ap
pointed director of the Programming 
and Applied Mathematics Laboratory 
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at STL's Computation and Data 
Reduction Center, Redondo Beach, 
Calif. Associated with Ramo-Woold
ridge since 1954, Nelson joined STL, 
a TRW subsidiary, last January. He 
had been senior staff engineer in the 
Systems Research and Analysis Divi
sion prior to his appointment. He re
places Edward K. Blum, who resigned 
to direct computing activities at 
Wesleyan U niveristy. 

• Fred W. Bauer has joined UNIVAC 
as manager of product planning. 
Previously, he was with Bendix in a 
sales and marketing capacity. Bauer 
has also been associated with Bur
roughs and IBM. 

• Digital Electronics, Westbury, 
L.r., N.Y., has named Samuel Lubkin 
as chairman of the board. The finn, 
Lubkin stated, will concentrate. in the 
field of custom designed data conver
sion equipment, educational training 
devices, and a proprietary line of pulse 
and digital test equipment. Dr. Lubkin 
was associated with the ENIAC and 
EDV AC projects, and was responsible 
for 'the logic design of the SEAC 
computer at the National Bureau of 
Standards. He was founder and. presi
dent of the Electronic Computer Corp. 
(ELECOM) in 1947, before it became 
a division of the Underwood Corpora
tion. 
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-n-rl-q~ For $2,390 per month, you could have a 
lLli.J Q)) complete GE-225 computer installation, 
i1-11clllll rDJ ideal for scientific computation. The 
ll.Jll lLlL\LJ price includes the central processor 
with 4096 words of 18JLs memory, paper tape input 
and output, electric typewriter and console. We 
really mean it when we say "complete." You won't 
find out later that things like multiply and divide 
hardware are "extra." They are standard on the 
GE-225. 

The pricing structure on the GE-225 has been sim
plified to tell you exactly what you need and what 
you get. Pick the size of memory and the input/out
put equipment you want. You can't be misled, be
cause there are only 10 other options in the entire 
GE-225 line (and none are normally required with 
the $2,390 system to obtain results). The prices are 
clear and to the point. 

But don't get the idea that the system described 
above is the only GE-225 system available. This small 
system will do a wide range of scientific problems, 
but it will obviously have limitations in problem 
size with 4096 words of memory and no magnetic 
tape. Input/output will be in the form of paper tape. 
That's enough to meet many requirements, but if it 
is too small for y.ou, or you figure you might outgrow 
it, look what you could add: 

o Memory up to a total of 16,384 words. 
Note: By adding 4096 words, you can use WIZ, 

- the algebraic compiler. 
o Card reader. .. 400 or 1000 cards/minute. 
o Card punch ... 100 cards/minute. 

Note: The basic scientific system with a card 
reader (400 card/min.) and punch, in place 
of paper tape is $2,675/mo. 

o Magnetic Tape ... 15 KC, 41.6 KC or 66.6 KC. 
o High speed printers ... 900 line/minute on-line 

or on/off line. 
o Magnetic Random Access Data Storage ... 18.8 

million characters per unit. 
o Document Handler ... Reads and sorts 1200 doc

uments/minute. 



o Provision for up to 10 read/write operations si
multaneous with computing. 

o Floating point and double-word fixed point 
hardware. 

o BCD package ... 3-way compare, added index 
words, decimal add-subtract. 

o Automatic interrupt. 
o Real-time Clock 

Somewhere along the way in your expansion, you 
wi" probably have added data processing applica
tions to the work load. Good. The GE-225 is ideal 
for this combined use, with its full peripheral line 
and its binary arithmetic, backed up by BCD capa
bility. The addition of management planning, con
trol and decision applications won't throw it either. 

A very large GE-225 system has approximately ten 
times the capacity of the sma" system designed only 
for scientific applications. So start with whatever 
meets your immediate needs. Forget the idea that 
you wi" have to replace your GE-225 if your prob
lem load becomes bigger and more sophisticated. 

* * * * * 

The support behind every GE-225 matches fully 
the proven performance of the system itself. Take 
software. GECOM, the general compiler, combines 
a business oriented language, an algebraic language, 
a tabular language (TABSOL) for decision making 
problems, and an unusually capable report writer. 

WIZ offers simplified scientific programming and 
fast compiling speeds. GE-225/CPM brings control 
of time and cost in project management. ZOOM al
lows machine language programs to be written in 
"shorthand." A" of these program systems, plus 
many industry oriented programs are available to the 
GE-225 user. 

* * * * * 

Reliability of the GE-225 is becoming legend. Its 
conservative design produced exceptional reliability 
to start with. The thorough training of General Elec
tric's service engineers makes it a certainty that this 
kind of performance wi" continue. 

* * * * * 
Right down the line, General Electric provides the 

services needed to see you through the transition 
from manual methods (or from an obsolete com
puter, for that matter) to efficient, effective computer 
operation. 

Now you know perhaps half the story. There are 
many important features of the GE-225 which have 
only been touched on here, or not mentioned at all. 
Get the whole story and you wi" find the GE-225 to 
be far and away the biggest buy in its price range. 

How about a ca"? 



Q'FFICES Denver, Colorado New York, New York Syracuse, New York 
DU 8-4545 PL 1-1311 GR 6-4411 
Detroit, Michigan Philadelphia, Pennsylvania Washington, D. C. Area 
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Atlanta, Georgia Houston, Texas Phoenix, Arizona 
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WHY 
MULTI-COM'PUTERS? 

a proponent's view 

by WALTER F. BAUER, President, Informatics, Inc.; 
Culver City, Calif. 

The era of the. multi-computer system 
is apparently upon us. The computing 
field is now beset with multi-processing, 
satellite and polymorphic' systems with 
promises of many new and varied types 
to come. Meanwhile there seems to be 
little evidence of a firm understanding 
of multi-computer systems and a cursory 
investigation shows that there is much 
fiction mixed with the fact. It is the 

purpose of this article to review some of the fact and cut 
away some of the fiction. 

There are two unmistakable trends in digital computer 
systems: parallel processing, and modularity. The first step 
in the trend toward parallel processing (or multiple com
puting) probably took place when the 60-word buffers for 
tape operations were announced as part of the UNIVAC I 
system; here was the first step of an operation, although a 
simple one at that time, provided outsIde the main frame. 
The temporary storage of quantities and synchronizing of 
signals between the electronics of the main frame and the 
electromechanical devIces to which it is connected came 
to be standard items with computers like the Remington 
Rand 1103A and the IBM 705. With the advent of the 
IBM 109/7090 an important step was taken: the decen
tralization of part of the control from the main frame and 
its evolvement to data synchronizing channels to allow 
transfers independent of the main frame. In this same 
period the LARC computer with its completely inde
pendent processors came into being and Bull's GAMMA 
60 computer with ,its independent arithmetic-logic units 
was announced. Since then, nearly all computers have a 
parallel processing capability in varying degrees. Multi-
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computers as discussed here, is simply another step in 
this apparently inexorable march toward decentralization 
of functions. ' 

The other trend in computer systems, modularity, prob
ably first appeared in the UNIVAC I when the customer 
was allowed to buy any number of tape units up to 10. 
Since then, the customer has had the option of buying 
the number or amount of memory, printers, punches and 
other output devices, and more recently data synchronizing 
channels which provide a control capability. With the 
LARC computer, modularity took a very big step forward 
when an entire processor could be added to the system. 
Again, multi-computers are simply an extension of these 
ideas. 

Among more modern computers which have a multi
computer capability are the Burroughs B-5000 and the 
Bendix G-20. All of the most recently announced com-

- puters seem to have a multi-computer 'aspect. The IBM 
7040-7094 systems have multi-computer provisions, the 
CDC 3600 can be a multi-computer system, and the 
Bendix G-2l is a complex of C-20s. \ 

It should. be noted that the ability to process in parallel 
or simultaneously is quite a different' characteristic than 
modularity which has not proceeded nearly as far as 
parallel processing. 

definitions and classifications 
The definition of multi-computer system is in itself in
teresting and challenging if not contentious and contro
versial. A reasonable definition is one which satisfies the 
following four criteria: 
1. There are two or more separate arithmetic control units 

capable of operating simultaneously and with special 
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hard~arefacility for operating two or more programs 
simultaneously. 

2. There are two or more independently operating primary 
random access memories. 

3. Communications among major elements of the system" 
is of the memory-to-memory type at memory access 
speeds. 

4. All major components of the system are in use during 
normal operations. 
The first criterion is probably satisfied by most of the 

computers which in some sense claim parallel processing. 
However, there may be some question of interpretation 
in the case of the GAMMA 60, STRETCH, and Honey
well 800. Also, there is a continuous spectrum on how 
this criterion is. met by the different computers. A CDC 
1604-160 or IBM 7044-1410 configuration certainly' fits 
this requirement as does the LARC or the RW-400. Com
puters such as the GAMMA 60, STRETCH or the 800 
meet it to a lesser degree. In the case of the 800, for 
example, the arithmetic unit is time-shared by the various 
operation programs although up to eight problems can 
run simultaneously. In the case of STRETCH, there is 
no special provision for operating totally independent 
computer programs although the logic processor operates 
simultaneously with the arithmetic processor. 

Some of the systems which satisfy the first criterion 
fall by the wayside in consideration of the second. In
dependently operating random access memories implies 
that the selection and switch circuitry is such that two or 
more quantities can be accessed simultaneously. Thus the 
GAMMA 60 without this capability does not satisfy the 
requirement. Of course, the use of a hierarchal memory 

Hierarchy Concept 

Distributed Concept 

ASSIGNMENT OF FUNCTIONS 

figure i 

system such' as one using core and elisc file memory would 
not satisfy the criterion unless the primary memory was 
capable of multiple access. 

Criterion three means that most computer-to-computer 
communication schemes which use magnetic tape as an' 
interim medium (or cards, or paper tape) do not qualify as, 
multicomputer systems. This would be true of systems con
nected by communication systems as well as those in close' 
proximity which communicate by means which require 
manual operation such as the transfer of tape reels or the 
manual setting of a switch. 
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The fourth criterion referring to all major components 
being in use during normal operations is included to rule out 
systems such as SAGE where one computer is simply a 
reliability. backup for the primary one. This «duplexing" 
for reliability is in common use in the military. in systems 
like BMEWS and in some commercial systems like SABRE. 
i3ased on the preceding definition, none of these systems 
should be classified as multi-computer. 

The classification of multi-computer systems deserves 
some attention. First there is a question of the assignment 
of functions. Figure I shows two major concepts possible. 
The first, the hierarchy concept, is one where one or more 
central processors carry out the main processing load and 
a number of special processors carry out subordinate tasks. 
The case of a Philco S-2000 - 2400 system is a single 
thread special case of this hierarchy concept. The distrib
uted concept is the other way of assigning functions and 
it refers to having two or more processors each with ap
proximately equal power and each with roughly the same 
level of responsibility in the system. This is the approach 
used in the RW-400. Note that in the hierarchy concept, 
the problem is «torn apart" according to the functions to 
be. performed, while in the other concept it is «torn apart" 

. by the size of the problem. . 

Substation Communication 

Centralized Communication 

TOPOlOGY OF COMMUNICATION 

figure 11 

Once having considered the assignment of functiolls, 
the topology of communications comes under discussion. 
There seem to be two major approaches: the substation 
communication approach and the centralized communica
tion approach. They are shown in Figure II. In the sub
station approach there is a level of principal processing 
and there is a level of communication and switching such 
that all communication with peripheral units (drums,. tapes, 
displays, etc.) is ha~dled through communication with the 
substation. This approach is used in the Bendix G-20 and 
to some extent in the IBM 7090. It has advantages of 
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requmng no highly' specialized or unusual devices to ac
complish the switching processes since this is handled by 
smaller computer-like devices which could include smaller 
satellite computers like the CDC 160 or the H-400. It 
has the disadvantage that if the switching requirements 
become high, the computers used at the substation be
come expensive and awkward switching devices. 

The centralized communication approach has the ad
vantage of flexibility in the assignment of functions to the 
various modules since very few of the modules are dedi
cated to a particular task. Also, since no modules are 
critical to the operation of the system except the switching 
equipment itself, certain system reliability and flexibility 
advantages accrue. 

Perhaps it is clear that in the centralized communication 
concept the switching function can be centralized as with 
a switch of the crossbar type, or it can be decentralized 
as with the information bus arrangement. In Figure III 
there are depicted these two techniques for communication 

information bus 

Peri
equip 

Centrol Switch 

COMMUNICATION AND SWITCHING 

figure III 

Peri
equip 

and switching between elements. In the information bus 
technique, one module communicates with another either 
by specifying and decoding and addreSSing, or by using 
the dedicated time slot technique. The information bus is, 
of course, time-shared. The advantages of the information 
bus type switch is that the techniques are by and large 
conventional and it is inexpensive if the number of modules 
remains small. 

The other kind of switching approach is that of the 
cenfral switch as shown in Figure III. In this approach, 
pairs of modules are in communication and many pairs 
communicate simultaneously. This is the cross bar type 
switch similar to that used in the telephone central. The 
advantage of this switch is the low cost if the number of 
modules is high. Also, the communication rates through 
the switch can be very high since each of the communica
tion paths is independent of any of the others. Another 
advantage is that certain functions associated with switch
ing can be included with the switching equipment; assign
ment tables which allow communication only between 
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modules in a subset of the system, thereby reducing the 
inadvertent destruction of information; and symbolic ad
dressing can be used, under programmer control, for as
signment of names to the various "spigots" of the switch. 
The disadvantage is the fact that few electromechanical 
or electronic switches of this type suitable for computer 
use have been made, and for system ultra-reliability such 
as in military applications, need to be duplexed. Ramo~ 
Wooldridge has made three such devices for use with the 
RW-400. 

present systems 
At present there are. only a few truly multi-computer sys
tems (or multi-computer systems truly used as such) in 
operation anywhere in. the world. This is especially true 
if one ignores specialized military systems. Despite the 
fact that the CDC 160 was introduced as a satellite com
puter fully able to communicate with the 1604 there is 
only one system in such use to this writer's knowledge. 
This undoubtedly reflects the lack of developed use tech
nology of multi-computer systems and the lack of sophisti
cation of the user community rather than the efficacy of 
multi-computer systems or the particular design of the 
1604-160 tie-in. It should be noted that a number of 
1604-160 installations plan extensive multi-computer uses. 

An IBM 1401-1620 installation is in operation in Port
land, Oregon, for the purpose of processing highway engi
neering data. The system is considered to be in balance 
since the 1401 is able to perform the input function 
efficiently; whereas the 1620 can be used efficiently for 
the arithmetic operations required after input. An informal 
survey indicated that there are few IBM computers used 
in -a multi-computer configuration. LARC computers which 
are multi-computer processors, are in operation at the 
David Taylor Model Basin in the Washington, D. C. area 
and at the University of California Lawrence Radiation 
Labo. Last year at Ramo-Wooldridge a three-computer 
RW-400 system was tied to a CDC-1604 for a very large 
scale system. 

A very interesting discussion of the LARC multi-com
puter programming aspects is contained in a paper by 
Tonik and Schmittl • Another such paper is the one by 
Perkins and McGee2 reporting experience on the RW-400 
- CDC-1604 system. 

There are a number of military systems' in which com
puters are used in a multi-computer configuration. Two 
Remington Rand 1103As are used in classified command 
and control application fOJ the Navy. Two 1103As at 
Holloman Air Force Base have been used for data reduc
tion. The HARVEST system made by IBM is a multi
computer operation with certain specified processing capa
bility and the Naval Tactical Data System using the 
Remington Rand M480 computer is another such military 
example. In only a few of these cases are full descriptions 
of the systems available in open literature. It is uncertain 
whether these systems meet the -above criteria for multi
computer systems. 

motivations for multi-computers 
There are a number of motivations which are claimed for 
multi-computers. Some have basis in fact and analysis. 
Others are only apparent on the surface and do not hold 
up under close scrutiny. In the following paragraphs, 
some of these motivations are discussed in increasing order 
of their merit. 

To ease the Central Computing Load. This is the reason 
most frequently heard for a multi-computer system. It 
is also the reason which has the least merit. In very few 
cases does it pay to have the total capacity of the system 
increased by 5 - 15% with a satellite or an input/output 
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processor in the case where that associated processor is 
small and relatively incapable; usually the central com
puter can do the job faster and more economically than 
the smaller computer. The only tr,ue merit to this argument 
occurs when the problem is simply too big for the com
puter and there is· a sizeable input/output processor or 
sizeable satellite computer which can be used in the sys
tem to reduce the demand on the main computer. 

Lower Equipment Cost. Usually the smaller computer 
has a lower capability/cost ratio than the larger. If cost of 
equipment is the only consideration, then there is seldom 
a good argument. However, the economics of the system 
can sometimes be improved by a decentralized computer 
system. Consider, for example, the case of an extremely 
high duty cycle on the memory unit of the main computer 
where there is the desire to add more high-speed input 
data. Multi-computer systems can result in lower equip
ment costs but a careful analysis is required which depends 
on the many use factors of the system. 

Reliability. Here is certainly a good reason for multi
computers. For on-line military systems, the reliability 
which one gets from one central computer in consideration 
of the 24-hour, seven-day week required uptime of the 
computer is simply not high enough. For one thing, the 
computer must undergo periods of preventive mainten
ance. If one divides the total problem in half and applies 
a two computer system to perform the task, a single 
computer can carryon the high priority half of the 
problem while the other computer is down for preventive 
maintenance or malfunction. (Note that this is quite dif
ferent from the duplexing referred to earlier, where one 
computer is not normally used and provides backup only.) 
It is quite clear that in a highly decentralized, modular 
system a few extra modules give the system a reliability 
that is equal to' the duplexing of a larger computer. In a 
system where a large computer is used for central process
ing and a smaller computer is used for input and output, 
if either computer goes down, the system probably does 
not lose all its capability; and if the down period is not 
great, there is probably little time lost I in the total 
operation. 

Expansibility and Flexibility. Multi-computer systems 
are clearly expansible and flexible. In the case of a 
modular multi-computer system, additional modules can 
be added conveniently. In most cases, flexibility is gained 
by using the various larger elements in different ways at 
different times. Even in a multi-computer system which 
is not modular, it is still possible to easily expand the 
system capability by replacing one of the computers with 
a more capable computer, provided that the interface 
between the computers was such that the programming 
problem is not unduly complicated by this replacement. 

The Establishment of Control Hierarchy. From strictly 
a programming point of view multi-computers allow a 
more natural division of the problem into levels of control. 
The control of a large scale multi-computer on-line system 
is a complex matter. It requires various levels of control 
such as the control of the overall environment and its 
response to the people using it, the assignment of the 
various modules such as printers, buffers, tape units, etc. 
and the detailed control on a subroutine level of various 
information transfers. 

Programming Organization. The clearest advantage of 
multi-computers lies in the naturalness with which the 
programming job can be organized. Natural interfaces in 
programming can be developed between the various large 
program components such as input, output, analysis, in
formation retrieval, and the like. This is of great advantage 
in large programming jobs, especially where pieces of the 
programming might be subcontracted. In the event of in-
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dependent programming in independent computers' with 
simple communication interface between the two systems, 
programming of the two computers can be relatively' in
dependent. In the case of executive programs alone, for 
example, the separation from the executive control pro
gram of the input/ output executive' program greatly 
simplifies synchronization and memory allocation problems. 

It should be emphasized that the above paragraph 
refers to the programming problem where there is some 
"naturalness" to the division of the effort and where the 
multi-computer system allows the natural division. The 
programming of a complex trajectory analysis program 
would probably be a difficult job on a multi-computer 
system. On the other hand a system requiring extensive 
real-time input-output or servicing of display-interrogation 
units as well as a central processing function can be pro
grammed more easily in a multi-computer system where 
the satellite system handles the former functions and the 
main computer the central processing 'functions. 

A common myth in multi-computer systems is that the 
complexity of the overall master control program (in an 
n-computer system) must be so overwhelming as to render 
the whole plan infeasible. This is not true. A usable and 
quite comprehensive master control program for the RW-
400 - CDC-1604 system mentiond above' (three com
puters, six buffers, three drums, eight tapes, and one 
1604) was less than 5000 words in length. 

problem analysis 
In discussing the possible reasons for a multi-computer 
system, lower equipment cost was advanced as a motiva
tion. However, the question of equipment cost is a 
complex one and requires careful analysis on a case-by
case basis. In the following discussion it is assumed that 
the general question is raised as to whether a satellite 
type computer should be added to the central computer 
to provide a rudimentary multi-computer configuration. 
Certain specialized cases are discussed. No general policies 
or philosophies are generated and the cases are only 
meant to be illustrative of the type of analysis which 
should be undertaken. 

A Tape Limited Problem Where More Input is Desired. 
In this first case, it is assumed that the machine is tape 
limited - the main frame has to wait on tape input - and 
more input from a different source such as a data link is 
desired. This case is simple and. it is quite obvious that 
the main frame and communication channels in all like
lihood can handle the additional input and no satellite 
system would improve the economics of the system. 

A Tape Limited Problem - and There is an Urgent Need 
to Speed up ,the Total Processing. Consider, for example, 
an application where inputing the N + 1st record takes 30 
milliseconds, then processing requires 15 milliseconds but 
can proceed simultaneously with input and output, and 
outputting of the N - 1st record, 30 milliseconds. The 
total processing can obviously be speeded up by per
forming tape input simultaneously from two sources. This 
can be accomplished by reading tapes. simultaneously into 
the machine through two or more channels and out of 
the machine by two or more channels, or by utilizing 
satellite computers to read the tapes and predigest the 
information for the central processor. The addition of 
four satellites, for example, in this case, would approxi
mately double the total computing speed and might have 
other advantages over simply adding channels and tapes. 

A Certain Amount of the Computing is of a Specialtzed 
Processing Nature. Consider, for example, a case where 
20% of the main computer is used for a specialized process, 
say, the formatting of input data. The normalized cost 
figures for the main inputting plus' the input processing 
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. is 0.8 + 0.2 = 1.0. If a specialized satellite processor 
were available to perform the input formatting job at half 
the cost, the· 20% could be "deleted" from the main 
processor and the cost formulae for the mai~ plus input 
processing could then be 0.8 + .0.1 = 0.9, or a cost saving 
of 10%. This assumes that the 20% deleted from the main 
frame represents a cost saving on equipment or, equiva
lently, . a time saving on. th~ use of the equipment. 
Specialized processors to perform certain restricted jobs 
at low cost are coming closer to reality as the data process
ing industry burgeons and the cost savings such as these 
are becoming more likely. 

The Magnetic Core of the Main Processor is Saturated 
and it is Required to Input Data from High Speed Data 
Links. Assume' in this case that sufficient input/outputting 
is being done in the computer so that the magnetic .core 
of the machine is saturated; that is, there are insufficient 
memory cycles available to provide the processing of the 
data. In this case, if a high-speed data link were to be 
attached to the computer to be read in through a syn
chronizing channel, the computer would be idle (no 
processing) according to the· number of memory cycles 
which were peing used to read in the data from the high
sp·eed link. In this case a satellite computer could act as 
a buffer for the high-speed data link and provide pre
digestion of the input data to reduce the amount of input 
to the central computer. 

the future 

The future is seeing a steady decentralizing of the 
functions which have· been in the past accomplished by 
the main frame. The spectrum betw~en the main frame 
and the peripheral devices such as tapes, drums, etc. is 
gradually being filled. A first step in this direction was 
data synchronizing channels. Steps noW being taken are 
computers with an independen.t capability. Along with 
this, specialized processors such as message handlers are 
coming more and more into use and will provide a greater 
impetus toward multi-computer systems. We are seeing 
some evidence of these trends with ~he short word length 
in computers which now exist (CDC-160, SDS-910, DDP-
19, Remington Rand 1218, PDP-I, GE-225, RW-AN/ 
UYK-1, etc.) many of which do not have 36-48 bit built
in multiplication and division. These are the precursors 
of the many specialized processors which will be built in 
the future. 

The increasing use of on-line cornputersystems will 
provide the climate for increasing use of multi-computer 
systems. On-line systems tend to emphasize the segmenta
tion of the problem into input, central processing and 
output. They also tend to emphasize the need for reli
ability, expansibility and flexibility all of which are ad
vantages to be gained by multi-computer systems. 

Whereas large centralized processors will continue to 
have an important place in the spectrum it appears certain 
that multi-computers as defined here will command more 
attention and will represent an increasing percentage of 
the total computing systems in existence. • 

NOTES ____________ _ 

1. W. F. Schmitt and A. B. Tonik, "Sympathetically Pro
grammed Computers, ,j Proceedings of the International Con

ference of Information Processing, UNESCO, Paris, 15-20 
June 1959 . 

2. R. Perkins and W. McGee, "Programmed Control of Multi
Computer Systems," Proceeding of International Federation 

of Informatio~ Processing Congress-62, Munich, August 27 
to September 1, 1962 
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You'll rest easy if your clata processing 
system is resting on 

HASKELITE
T

.

M

. FLOORS 
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 pemlit 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
norriical installation. Cables, piping and ducts can be run in 
any direction under the raised decking-eliminating costly 
runways. Plymetl fio<,?rs can be installed on virtually any type 
subfioor. Standardization and interchangeability of basic 
components permit alteration, dismantling and reassembly 
at a new site with minimum time 
and effort. Plymetl panels can be 
fabricated with vinyl tile or other 
coverings of your choice. 

r---- I COUPON I ---';"'l 
I Please send information on Haskelite Free-Access I 
I Floors I 
I NAME TITLE I 
I I 
I COMPANY I 
I ADDRESS I L _______________ ~ 

Hallmark of Quality Products 

EVANS 
PRODUCTS 
COMPANY 

HASKELITE DIVISION 
GRAND RAPIDS, MICH. 
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High-Speed, 
Disc-Storage Option 
Gives Honeywell 400 
Random Access Capability 
Honeywell 400 with its choice of fast, faster or 
still faster tape units, expandable core memory, 
and peripheral overlap. capabilities is considered 
one of the most versatile, flexible and efficient 
computers in the small to medium category. 
The option of an expandable magnetic disc storage 
file adds still another dimension to the multiple 
taients of this popular computer: the ability to take 
on applications that require extremely fast access 
to any item in a large volume of data without 
regard to file or transaction sequence. 

F our Sizes to Pick From, 
The Honeywell 460 Random Access Slorage and Control 
Unit is available in four models containirig 6, 12, 18 or 
24 information discs. The capacities of the four models are: 
37,500,000, 75,000,000, 112,500,000 and 150,000,000 
decimal digits respectively. \ 
One of the features of Honeywell random access is the fact 
that the smaller, models carr be expanded up to 24 dists in 
the field with no interruption in service. There is no increase 
in physical size of the unit, and existing programs cail utilize 
the added storage area with a simple modification of limit 
checks on the disc-face portion of the data address. 

How to Read a Disc Without a Label 
A disc surface is divided into six concentric zones. 
Each zone tontains 128 data tracks, providing a total of 768 
concentric data ti'acks per disc face. ' 
The zones are sub-divided into sectors each of which may 
contain up to 64 50-bit words (48 information and 2 parity 
bits). These 64-word groups are considered reCOi'ds~ 
There are 32 sectors (records) on each disc face in varying 
numbers per zone as the following diagram shows. 
Note that the inner zone has 3 records, the next two have 
four each and zones 4, 5 and 6 have 6, 7 and 8 records, 
respectively. Each disc face has an access arm associated 
with it, and this arm contains six read-write heads (one for 
each zone), anyone of which may be activated at a time' 
for reading or writing. 
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A continuous address range is defined as that group of 
records lying on the sam~ track throughout all zone~ on all 
disc faces. (For progr~mming purposes, the disc file may be 
regarded as composed of 128 small tapes.) No more than 
128 track-to-track h~ad positionings are needed, therefore, 
to go from the lowest to the highest address in the fiie. 
The number of records available per tape is a function of 
the number of discs in the file. Since incrementation of the 
Control Unit address counter is automatic over the sector, 
face, and disc, up to 1536 records can be read or written 
consecutively with each Search instruction. Furthermore, 
these records can be read or written without intervening 
delays due to head positioning or disc latency. 

Here's How Fast You Can Find it. 
The access time of a random access file includes head 
positioning time and disc rotation delay (latency). 
The average time fequired to position the head system in 
preparation for reading or writing is ~pproximately 
80 milliseconds. Disc latency will vary between 0 and 
61 milliseconds. 

Here's How Fast You Can Move it. 
The rate of transmission of information depends upon the 
zone involved. The outermost zone will send or receive 
informatioq at a rate of 112,500 detimal digits per second. 
The inner zone rate is 41,250 digits per second. The middle 
zones have transmission rates between these two limits, 
averaging 13,850 decimal digits per second, or 10.4 
milliseconds per record transfer. The programmer need not 
concern hims~1f with which zone is involved, nor with the . 
rate of transmission, since these matters are taken care of 
automatically by the H-460 control unit. 

While You're Waiting 
Searching is initiated in the random access storage unit by 
means of a peripheraJ instruction issued in the J-l-400 
central processor. After searching is initiated, control 
reverts to the Diain program in the H-400 central processor 
and other work may proceed until such time as the 
searching operation is complete. Completion of the search 
operation is Indicated by an int~rrupt signal approximately 
two milliseconds prior to the time at which reading or 
writing may actually take place on the selected track. 
The interrupt signal causes a transfer of control to a 
location in memory which normally contains an instructiQn 
to perform the reading or writing process. All searchipg 
time may, therefore, be overlapped fully with other 
programs in the central processor. 

With Honeywell YOU Know It's Correct 
Honeywell's exclusive error-correction technique, 
Orthotronic Control, may be implemented in the disc file. 
When this technique is used, errors that are detected by 
the read parity check can be automatically corrected 
through use of an Qrthocorrection routine. Though many 
competitive systems can det~ct parity errors, only , 
Honeywell provide$ for automatic correction. 

In addition, the track position of the arm is automatically 
verified, eliminating the necessity for a programmed 
checking routine. A write tracking check will indicate any 
loss of track address , verification that might occQr 
during a write operation. 

The Hard Work is Done by the Software 
Features which simplify the programming req\lired for 
random' access applications are being incorporated into the 
automatic programming,aids provided with the H-400 
system. Some of the features of this software include: 
Loading Routines which provide for loading and 
maintaining disc storage data records. The incorporation 
of a randomizing technique enables a user to distribute 
master files on the disc in a true random sequence. 

Sort Routines designed specifically to optimize the use of 
the disc storage. The most imp9rtant consideration in this 
respect is minimizing the search or access time. 
Although the search time may be overlapped with 
processing, the objective is to maximize internal buffer 
areas. Thus several records can be read or written at a 
time as the result of one search order. 
Utility Routi~es such as disc-to-tape programs that 
unload a file of records onto magnetic tape or into a high
speed printer; and tape-to-disc programs that provide the 
means for reloading tape records produced by the disc
to-tape program or prepared in a similar format. 

Checkout Routines are being implemented in the 
Honeywell 400 EASY Assembly System to assemble disc 
search, read, and write instructions. The EASY Monitor 
will also be implemented to dump selected disc records 
as part of the Program Test System. 

So Much For a Starter 
If you would like more info~mation on Honeywell 400 and 
the H-460 Random A.cc~ss option, write to Honeywell EDP, 
Wellesley Hills 81, Massachusetts. 

Honeywell 
g ~ DlilOv p~~ 
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UWhy we ~hose the NCR Computer." -s and W Fine Foods, Inc., San Francisco 

"With the many items in our product line, 

we have urgent need for a data processing 

system which permits fast random access to 

data stored in our billing, accounts receiv

able, and inventory files. After a thorough 

investigation, we chose the NCR 315 Com

puter which features CRAM ... Card Ran

dom Access Memory ... as the one best 

suited to our particular data processing 

requ irements. 

"CRAM will enable us to store all the re

quired billing, accounts receivable, and in-

ventory data on-line with the computer. Then 

as sales data is' introduced, the computer 

will make all the necessary billing exten

sions, po~t the ,accounts receivable, and 

reduce the separate inventories-all on an 

extremely fast random access basis. 

"Being in a business where QUALITY is 

of paramount importance, we were very 

impressed with the quality built into the 

machines which make up the NCR 315 Sys

tem. Similarly, we were impressed with the 

quality built into 'NCR's software-in both 

the standard programs ahd backup support 

offered. 

"In summary, we are certain the NCR 315 

CRAM Computer System will be a highly 

profitable investment." 

Sand W Fine Foods, Inc. 

NCR PROVIDES TOTAL SYSTEMS-FROM ORIGINAL ENTRY TO FINAL REPORT
THROUGH ACCOUNTING MACHINES. CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING 

The National Cash Register Co.-1,133 offices in 120 countries-78 years of helping business save money 
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MAC Panel Computer Tape is thoroughly 
tested to give you greater assurance against 
tape-caused system malfunction. 

Quality control of MAC Panel Computer 
Tape does not end with the production opera
tion . . . it continues through a rigorous 
testing phase and even into packaging and 
shipment to computer installations. In fact, 
the pre-production and final testing facilities 

far exceed the normal criterion for attentio 
to detail. This means you can rely on MAl 
Panel Computer Tape ... Manufactured fe 
Performance . .. Tested for Performance .. 
Packaged for Performance. 

Ask your MAC Panel representative f( 
the full story ... and you'll also want to wri" 
for the informative booklet, "MAC Pan 
Computer Tape . . . Assured Performance 

CIRCLE 25 ON READER CARD 
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DataIll.anAssociates is expanding. 

To keep pace with the stepped-up demand for 

professional personnel consultant services in the' 

data processing and computer fields, we 

TVVO NEVV OFFICES TO 
SERVE YOU BETTER 

have moved to new and larger quar

ters at 120 Boylston Street, Boston. In 

addition, we have just opened a new 

office at 30 East 42nd Street, New York City. 

Our expansion program will enable us to provide 

better, more efficient services than ever before. 

Professional Opportunities for ••• 

Commercial Programmers 
Scientific Programmers 

Computer Sales Represent~tives 
Systems Analysts 

Systems Designers 
Numerical Analysts 

Operatioris Research Analysts 
Applied Mathematicians 
Research Programmers 

Language Specialists 

The above positions are only a few of the many 
openings' we are attempting to fill with our many 
clients - leading 'computer manufacturers and 
users. If you are a professional engaged in the fields 
of Computers, Electronic Data Processing, Opera
tions Research, Mathematical Sciences, or Manage-

Logic Designers 
Circuit Designers 
Information & Communications 
Systems Engineers 
Digital Systems Engineers 
Analog Systems Engineers 
Core Memory Specialists 
Control Systems Engineers 
Computer Research & Development Engineers 

ment Sciences, please submit complete resume with 
salary requirements and geographical preferences 
to either our Boston or New York offices. 

All inquiries are treated confidentially. Fees and 
relocation expenses are paid for by client companies. 

Ijyou're lookingjor broader opportunitiesinyour 
field, take the projessional approach to advance
ment: contact Dataman Associates at either office. 

® 

120 Boylston Street, Boston, Mass. 423-5858 
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ASSOCIATES 

PERSONNEL CONSULTANTS 30 East 42nd St., New York, N. Y. MU 7-6330 
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*DATA MANAGEMENT ... Recruiting Specialistsjor Data Processing and Computer Personnel Exclusively. 
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NEW FIRMS 
&~e~~s 

_ Data Systems Corporation, a new 
firm which will specialize in the de
velopment of custom-engineered pe
ripheral systems and computer modifi
cation, has been formed by E. 1. 
Blumenthal' and F. B. Hannon, both 
formerly with UNIVAC. Dr. John W. 
Mauchly, president of Mauchly As
sociates, Inc., was elected to the board 
of directors. The firm is located in 
Valley Forge Industrial Park, Pa. 

CIRCLE IlION READER CARD 

_ Computer Applications: Soft
ware-Hardware, a Corp., is a new 
consulting firm in Los Angeles, headed 
by Bob Kerr. Seymour A. Lesonsky, 
formerly chief of data processing for 
Los Angeles County, is director of 
programming. 

CIRCLE 112 ON READER CARD 

_ Business Supplies Corporation 
of America, Princeton, N. J., is a new 
firm which includes six companies in 
its organization: Tabulating Card Co., 
Data Processing Accessories Co., 

This is an 
ELEVATED FLOOR ... 

It FLOEj ... 

Does your 

Whiting Stationery Co., Data Process
ing Supplies Co., American Business 
Machines Co., and Data Processing 
Service Co. The principals in the com
pany are Clement V. Conole and L. 
Stanley Crandall. The latter was presi
dent of Royal Precision Corp. until 
his resignation in April. 
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_ Computer Accounting Corp., 
has been established in Massapequa, 
New York, to provide data processing 
services to banks and business firms in 
the Long Island area. Arnold B. 
Schacknow, formerly manager of the 
Computational Laboratory at the 
Arma Div. of American Bosch Arma 
Corp., is president. 
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_ Ampex Corporation has pur
chased International Computer, Inc., 
Los Angeles manufacturer of memory 
components. ICI, formed last year by 
Witold Modlinski, ICI president, and 
several others previously associated 
with Ampex, reported annual sales of 
approximately $400,000. Modlinski 
and seven key technical and produc
tion personnl have assumed new posts 
with Ampex. 
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_ Electro-Mechanical Res ear c h, 
Inc., Sarasota, Florida, has acquired 
Solartron, Inc., Anaheim, California, 

which will continue operation as a 
separate corporation under EMR cor
porate guidance. Solartron manufac
tures transfer function .analyzers, used 
in laboratory and field checkout of 
servo systems. EMR is engaged in 
the design and manufacture of telem
etry and dp equipment for missle 
and spacecraft testing. 
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_ Boothe Leasing Corporation, San 
Francisco, has established a Computer 
Leasing Division, to be located in 
New York City. The division will offer 
guidance and assistance in equipment 
selection. Services and maintenance 
will be provided through separate 
contracts with equipment manufac-
turers. 
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_ Codamite Corporation, a new firm 
located in Anaheim, California, has 
been announced by R. W. Johnson, 
president. The organization will spe
cialize in the field of subminiature 
digital communications equipment. 
Initial production will involve elec
tronic, keyboard-operated subminia-t 

ture code generators," while future 
plans call for subminiature automatic 
receivers and printers, tape equipment, 
and desk-top units suitable for remote 
communication with central compu-
ters. CIRCLE 118 ON READER CARD 

~ This time totalizer can pay for 
~ . itself within 3 weeks! 

Automatically records usage time on 

ELEVATED FLOOR FLOAT? _e IBM 1401 AND 1410 -::"~-

OUR ELEVATED 
FLOORS ARE FLAT ... 

For the best Elevated Floors contact 

I . . ......... 
ONSTRUCTION 'VSTEMS. INC. 

1023 WEST 1ST STREET Los Angeles, California 

Designers &: Manufacturers of Elevated Computer Floors 
phone 1524-2264 
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Eliminates the inaccuracies of manual time recording 

Lowest cost • Installs in 20 minutes 

Now in use in over a hundred installations 

Also available with special override switch 

to record usage time by any definition. 

Write or call collect to: 
ADVANCE DATA SYSTEMS CORPORATION 
Equipment Department 
2037 Granville Ave., Los Angeles 25, Calif. 
Telephone 478·0245 
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Quickly-thousands 
of points per day 

Thousands of 
points of data per 
day translated into 
your choice of out
put (typewriter, 
IBM key punch, 
punched paper 
tape, adding 
machine, etc.) 

Precisely -h ulnan error Ininilnized 

Economically-only $4995! (as shown) 

Here is good news for engineers and top 
management alike-a higher volume Digital 
Data Reader at a realistic price! 

Gerber's GDDRS-~B accommodates large or 
small quantities of data and makes short 
work of scanning, scaling and translating 
oscillograms, film or strip chart. 

Its record width is 0 to 16", any length; its 
record speed varies from 0 to 500 fpm in 
either direction. Multiple channels can be 
handled each with a different scale factor 
and zero reference. 

Low-cost Gerber Digital Data Reader saves valuable en
gineering manhours on'essential applications like these: 

'\} Measuring amplitudes of single or multiple chan
. nels having either linear or non-linear calibrations. 

'\} Measuring at random along the X axis to find the 
elapsed time from the origin. 

'\} Measuring amplitudes with a fixed nllmber of 
counts per inch from a given origin, or with scale 
factors and offset zero locations. 

Send for new folder on Gerber's versatile Digital Data Reader! 

~€)O 
THE GERBER SCIENTIFIC INSTRUMENT CO. 

P. O. Box 305 • Hartford, Conn • 

Sales and service offices at: Hartford 289·2731 (TWX·HFD 545) • Washington, D.C. RE 7.6992 • Los Angeles, Calif. MU 1·5745 • Toronto, Canada AX 3·7011 
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NEWS BRIEFS , , ,. 

NCR's COMPUTER SALES 
OVER 100 MEGABUCKS 
National Cash Register Co. has re
ported that it has installed or has on 
order more than 500 computer sys
tems. The sales value of this equip
ment is said to be more than 100 
megabucks. In its last semi-annual re
port, NCR pointed to the significance 
of its sales in edp as an impressive 
contribution to the overall growth of 
the company. 

The NCR 390, according to the 
report, has been installed in approxi
mately 150 companies in the U. S. 
and Canada and 40 firms in 23 over
seas countries. 

M";H, NIPPON ELECTRIC 
SIGN COMPUTER TRADE PACT 
Nippon Electric Co., Japan's leading 
manufacturer of dp equipment, will 
manufacture and market in Japan a 
full line of Honeywell's computing 
systems. In return, Honeywell will 
have aCcess to Nippon Electri~'s tech
nical data and specifications for its 
own use. 

Under the "Technical Know-How 
and Patent License Agreement," 
Honeywell will provide the Japanese 
firm with technical information and 
specifications to produce and sell in 
Japan the 400, 800, 1800, and 290 
computers. Also included in the agree
ment were specifications on I/O de
vices and software. 

1401 COB9L 
NOW AVAILABLE 
The availability of COBOL for 1401 
systems with 12 to 16K memories has 
been announced by IBM. In Novem
ber, COBOL for 1401s with 4 to 8K 
memories IS scheduled for release; 

Previously, IBM had released 
COBOL tor the 1410, 7070-74, 705, 
and 7080. IBM pointed out that while 
"several hundred copies of the 1410 
COBOL processor are now in the 
hands of users, a few are doing all 
their programming . with 80BOL, 
but many are experimenting." 1410 
COBOL; like all other processors, 
IBM added, "is not completely error
free." Modifications and improvements 
are being made "in the light of user 
experience," and as experience dic
tates, modifications and new versions 

. are released. 
COBOL processors for the 7090/94 

and 7040/44 (16 to 32K work storage) 
are expected to be available during 
1962 and third quarter, 1963, respec
tively. 
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AN ANALOG COMPUTER 
WITHOUT MOVING PARTS 
U sing a recently developed electro
luminescent -photoconductive com bina
tion, a device of smaller size and re
qui!ing less power than circuits previ
ously available can be made to obtain 
rate generation of a modulating volt-

...•... , ...• ~,.'-.~'.: : ........ _ :'.' .:.. .... ~.,~ .... ' .. ~: .. : :.~ .:.:::~ .. ::':::':':,:':':::':'::::,~ .. :I 

C-E-I-R WINS SUIT VS. COMPUTER DYNAMICS 

A lower court's ruling against C-E-1-R, 
Inc., who' sought' to prevent a rival 
firm, Computer Dynamics, established 
by former C-E-I-R employees, from 
seeking to do business with C-E-1-R' s 
prospective or former clients, has been 
reversed by the Maryland Court of 
Appeals. . 

The court ruled that the former 
employees, who had been engaged in 
a 90-day study contract while still 
with C-E-I -R, were placed in a unique 
position to compete against the cor
poration by establishing their own 
organization while still employed by 
C-E-I -R and to bid agairist their em
ployer for the subsequent contract. 
Further, the court said the former 
employees should be barred from 

September 1962 

making such a bid and testimony 
should be taken in the lower court 
on the amount of damages due to 
C-E-I-R. 

Among the general principles stated 
by the court in handing down its 
decision were: "It is an elementary 
principle that fundamental duties of 
an agent are loyalty to the interest of 
his principal and the need to avoid 
any conflict between that and his own 
self-interest ... an agent is under a 
duty to disclose to his employer any 
information concerning the agency 
which the employer' would be likely 
to want to know. The employee may 
not before the termination of his em
ployment, solicit his employer's cus-'
tomers for such ... business." 

---_ .. -., ... ~ .. ~-,,-... ,.,-... "''''''''- _ .. --~. ~.-.. " . 

age. Electronic or ,electromechanical 
equipment was needed in the past to 
perform the same task. 

The circuit, developed by William 
H. Lohneiss and Rubin Boxer, senior 
systems engineers at Servomechanisms 
/Inc., Goleta, Calif., is part of an 
R&D program in which optics and 
electronics are combined to replace 
motors, gear trains and potentiometers 
to obtain a solid state analog com
puter, which would function without 
moving parts. 

A patent has been granted for the 
circuit design. 
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NAA ORDERS 
CCC's DDP-19 
North American Aviation, Columbus, 
Ohio, has awarded a $235,000 con
tract to Computer Control Co. for 
a DDP-19. The computer will be used 
for real-time control techniques and 
navigation simulation. The system is 
to include a computer satellite digital 
function generator for on-line solution 
of trigonometric and hyperbolic func
tions. 
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• A UNIVAC 1107 is scheduled to 
be installed in November at the De
partment of Defense's Electromagnetic 
Compatibility Analysis Center at An
napolis; Md. The Armour Research 
Foundation, which has an Air Force 
contract to study the effects of radio 
frequency interference upon military 
radars and communication equipment, 
will use the 1107 for spectrum sig
natures analysis. 

CIRCLE 103 ON READER CARD 

• An ASI 210 W system has been 
delivered to Argonne National Labora
tory, Argonne, Ill., by Advanced 
Scientific Instruments, Inc., Minnea
polis. The system, sold at a reported 
price of slightly more than $117K, is 
a modified ASI 210. 

CIRCLE 104 ON READER CARD 

• Thompson Ramo Wooldridge, 
Inc., will build 29 computers and as
sociated dp equipment under a 4.5 
megabuck contract awarded by Sperry 
Gyroscope Co. The units will be 
part of an operational high-accuracy 
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Meet the 
DIscfILE:™ 
newest tnass 
ra,ndotn access 
memory - n01AJ 
on the job in 
customer 
sy~~temH 
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DIscfILE is a trademark of data products corporation 

At work on-line: latest and most effective 
. solution to a wide variety of problems 

demanding fast, random access to large· 
masses of stored data-the DIscfILE by 
data products corporation. Applied 
to any digital data system, the DIscfILE 
multiplies capacity by orders of 
magnitude, while simultaneously 
shrinking space requirements. 

Reliable, readily-integrated dp/f-5020 
DIscfILE systems are being delivered in 
capacities from 35 to 155 million bits, at 
costs-per-bit of 1/15 to 1/7 cent. With 
average access speed of 225 msec., these 
systems deliver: high density, 400-bits
per,;inch recording; individually 
addressable, linear head positioners for 

each disc; exceptional programming 
flexibility; successive records accessed 
without interrupt; fixed heads for 
26 msec. average data access; and easy, 
on-site maintenance. 

This is the DIscfILE: first in a new and 
unified line of technologically advanced 
data input/output/storage equipments 
from data products corporation.' For 
technical data and the DIscfILE Game, 
newest and inost sophisticated form of 
an ancient numerical diversion, write 
on your letterhead to: data products 
corporation/Room 812 
8535 Warner Drive 
Culver City, California 
Phone: 837-4491 

DATAMATION 
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navigation set for the Navy's Fleet 
Ballistic Missile Weapon System. 
Deliveries will start this month, and 
continue through late 1963. System 
components consist of the CP-677/ 
BRN-3 Digital Processing Computer, 
CV-1296/BRN-3 Digital Data Proc
essor, computer writer adapter, and 
paper tape reader and punch. 

• A Honeywell 800 and two 400s 
will be used for manufacturing and 
inventory control applications in con
nection with NASA's Project Apollo. 
The two megabuck contract calls for 
the systems to be operative by October 
1, 1962, in the Data Computing 
Center at Slidell, La. 
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• Data Products Corporation, Culver 
City, Calif., has received a contract 
in excess of $300,000 for an un
specified number of DISCfile systems 
to be used in conjunction with the 
U. S. Army's project ACSI-MATIC .. 

• A computer-oriented war gaming 
model will be produced by the Data
trol Corp., Silver Spring, Md., under 
the terms of a $66,000 contract 
awarded by the Department of De
fense Damage Assessment Center. The 
model .. will simulate pre-war and post
attack operations of offensive nuclear 
forces according to pre-planned strat
egies. 

• Electronic Associates, Inc., Long 
Branch, N. J., has been awarded a 
$679,000 Air Force contract to build 
a large-scale analog computer system 
for simulating various aspects of the 
X-20 (Dynasoar) space program. The 
system, to be installed at the Air Force 
F.light Test Center at Edwards Air 
Force Base, Calif., will consist of 
three PACE 231R gp analog com
puters, each capable of being .. pro
grammed independently. 
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• An IBM 7090-1401 system has 
been ordered by the University of 
Maryland for its new Computer 
Science Center. Delivery is scheduled 
for early 1963. Dr. Werner C. Rein
boldt has been named director of the 
center. 

• Control Corporation, subsidiary of 
CDC, has received a contract to 

'double the size of its 8000 Series Digi
tal Control' System installation, cur-
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HOGAN FAXimile recorders are available with up 
to 2000 individual styli for simultaneous recording. A 
wide range of stylus spacings is offered-up to 100 to 
the inch for high-speed facsimile, television and radar 
recorders and high resolution printers and plotters. 
Chart widths to 30" and feed rates to 50" per second. 

Hogan specializes in electrolytic techniques for event, 
spectrum analysis, oscillograph and facsimile recording,. 
frequency time analysis and special purpose binary and 
gray scale record applications. Hogan electrolytic re
cording papers provide a permanent high contrast black 
on white record which is reproducible on most conven-
tional office duplicators. .. 

Whatever your recording problem may be - contact 
HOGAN FAXimile, a subsidiary of TELautograph 
Corporation, 635 Greenwich Street, New York 14, N. Y. 
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PROGRAMMERS 
for immediate assignments at 

CHRYSLER Corporation 
SPACE Division 

NEW ORLEANS 
Included in the responsibilities of this new division 
of a pioneer in rocketry are programs to evaluate and 
modify the SATU RN space vehicle for varied· future 
missions as well as to maintain and improve the exist· 
ing design for greater reliability and performance. 
MANAGERIAL POSITIONS in ANALOG COMPUTATION, DIG
ITAL COMPUTATION and DATA PROCESSING. MS and 5 
years experience, or BS and 6 years experience, to include 
some in supervisory capacity. 

OTHER OPENINGS AT ALL LEVELS FOR: 
DIGITAL PROGRAMMING in broad areas of INFORMATION 
RETRIVAL, DATA REDUCTION and SCIENTIFIC COMPUTA· 
TION. Deg~ee in mathematics and related experience. 

DIGITAL PROGRAMMING to generate large·scale DATA 
PROCESSING CONTROL SYSTEM. BS, or BA in business, 
and 1 to 6 years experience. 

(Above programmers will utilize NASA central computer 
facilities. Equipment includes IBM 7090 and 1401, 
Honeywell H·800 and H·400, and G £·225) 

PROGRAMMING and OPERATING ANALOG COMPUTER for 
both general purpose and closed loop simulation. BS and 
related experience. 

Send resume in confidence to: 
Mr. L. G. Olsen, Personnel Department 

CHRYSLER CORPORATION SPACE DIVISION 
P. O. Box 26018, New Orleans 26, La. 

An equal opportunity employer. 
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A machine that can read source documents and be on the job everyday. The pile of documents 
mounts higher and all have to be read and translated into computer language. PROBLEM: 
How to eliminate the input bottleneck and tell the computer quickly, most economically, and 
100% a~curately, what it must know? 

SOLUTION: The Farrington Optical Scanner, such as the Model IP below, the machine that 
. reads pages, up to legal size and translates the data fast into computer language: punched 
cards, punched tape, or magnetic tape. Farrington Optical Scanners are now solving this every
day problem every day for TIME INC., u~ S. AIR FORCE, and others. 

for further information, write Farrington Electronics Inc. 

7019 Edsall Road, Alexandria, Virginia 

16 out of every 17 reading machines in use today are by 
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NEWS BRIEFS . . . 
rently used to control the flow of 
natural gas in a major pipeline com
plex. The addition of· three satellite 
stations is part of a proposed system 
for an ultimate 128 remote stations, 
including a computer at the master 

. station. 
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• A mobile process control center, 
containing a TRW-330 computer, has 
been leased by Phillips Petroleum Co. 
The firm plans to use the system for 
special measurements, data logging, 
analysis, and process control functions, 
and can be connected directly to 
equipment in its plants. 
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• Dr. Harry W. Mergler, associate 
professor of engineering at Case Insti
tute of Technology, has demonstrated 
a new technique which transforms 
human speech into numbers or digits 
that can be input to a computer. 
These numbers in turn can be re
constructed to form the original sound 
or word signal. Further work will be 
aimed at transforming alpha-numeric 
sound signals into digital signals in 
a form suitable for machine recogni
tion. 

• A Honeywell 400 will be installed 
at the University of Southern Cali
fornia's Computing Sciences Labora
tory, replacing a UNIVAC SS 80. 
The Laboratory also has an H-800 in 
operation. 

• Harvard University will establish 
a new Computing Center this Fall 
and will utilize an IBM 7090, cur
rently in operation at the Smithsonian 
Astrophysical Observatory. Named to 
direct the Center was Frank Engel, 
Jr. who has been with Westinghotlse 
as an advisory engineer with the Ad
vanced Systems Engineering and 
Analytical Department. 

• Honeywell's first Computer Service 
Bureau in Canada was opened in 
Ottawa recently, with a second center 
scheduled to be opened in Toronto 
in late summer. The Ottawa bureau is 
equipped with an H-800. 

• CUBE (Cooperating Users of Bur
roughs Equipment) is expected to be 
the new name of the organization 
formed by the merger of two existing 
Burroughs users groups, DUO and 
CUE. The merger meeting will be 
held October 24-26 at the Statler 
Hilton Hotel, Los Angeles.· The new 
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The new Model CTP Priden Com
putyper® is the world's most versa
tile billing machine. (It reads and 
punches tape or cards, and writes 
a complete invoice in one operation!) 
But because it can do so many jobs 
automatically, it is really an auto
mation work-center. 

Examples? 
BILLING: The Computyper writes 
and computes your invoices auto
matically. Then, by reading its own 
by-product punched-paper tape, it 
prepares an accounts receivable reg
ister or other statistical reports. By
product cards from this operation 
enable. the CTP (or tabulating ma
chines) to prepare statements auto
matically. 

INVENTORY: While doing your 
billing, the Computyper automati
cally updates your inventory figures. 

PURCHASE ORDERS: The Com
putyper writes your purchase orders, 
then it uses its own by-product 
tape to prepare voucher checks, re
ceiving reports, purchase commit
ment analyses-all automatically. 

SALES ORDERS: The Computyper 
prepares your sales orders, then
controlled by its own by-product 
tape-it produces work orders, bills 
of lading, shipping memos ... auto
matically, of course. 

There are other applications, too. 
And all the operator has to do to 
switch jobs is to change program 
panels. This takes only seconds be
cause the programming is already 
done for you by Priden. 

Get the full story on .how the CTP 
Computyper· can smooth out your 
data processing problems. Call your 
local Priden Systems man, or write: 
Priden, Inc., San Leandro, Calif. 

THIS IS PRACTIMATION: prac
tical automation by Friden - for 
business and industry. 

Friden 
Sales. Service and Instruction Througholltthe U. S. and World 
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On Thursday, June 21, 1962, 
your 

machine accounting 
equipment 

became obsolete. 
What happened? 
We came up with the world's· first 

self-con tained reader-printer-processor 
with magnetic-core memory. 

The UNIVAC@ 1004 Card Processor. 
The first major advance in- punched-

card accounting in over ten years. 
Not just our first major advance. 
The only one in the entire industry. 
The UNIVAC 1004 Card Processor is 

the missing link between conventional 
punched-card equipment and electronic 
computers. 

What does it do? 
To begin with, the UNIVAC 1004 Sys

tem will do everything conventional 
machine accounting equipment will do 
-as much as four times faster. 

It will read, print and compute in one 
card pass. 

It reads up to 400 cards a minute. 
80 and 90 column. cards. 
It prints up to 400 lines a minute. 
It will perform as many as nine oper

ations in one program step. 
A full line of 132 characters can be 

edited, spaced and punctuated in the 
same step that transfers data to print 
storage. 

Punctuation includes such symbols 
as dollar signs, decimal points, aster
isks, total and sub-total signs. 

The Chairman could read a report 
from the 1004. 

But the most important development 
in the UNIVAC 1004 is its processing 
ability. 

I ts magnetic-core memory is actually 
faster than that of many medium and 
large-scale computers. Access time: 8 
microseconds. 

6-8 

Now if you bear in mind that when 
the 1004 is reading for all it's worth, it 
still leaves itself 35,000 microseconds 
of compute time after each card -read 
-enough for, say, 200 six-digit addi
tions-you'll get some idea of its poten
tial. 

It adds, subtracts, multiplies and 
divides far faster than any punched
card calculator. 

Its totalling capacity is more than 
three times that of the largest conven
tional card-accounting machine. 

The magnetic-core memory has 961 
storage locations. These are never occu
pied by program instructions. They're 
always available for computations. 

(Up to 75 % of the memory space of 
many computers is taken up by the pro
gram.) 

What doesn't it do? 
It doesn't take up a lot of space, for 

one thing. 
Its vital statistics are 67"-55"-63". 
If you run a tape measure around the 

equipment you have now, you'll get a 
rough idea of the space you'll save. 

(Don't forget to include the space 
between your present equipment.) 

Another thing. 
The UNIVAC 1004 Card Processor is 

not a stripped-down computer. 
It was designed from scratch to be 

exactly what it is. 
A card processor. 
The way it's programmed is an excel

lent example of this. 
The UNIVAC 1004 is programmed on 

an external plugboard. 
The sort your present operators are 

used to. 

So they'll need only a smidgen of in
struction before they can get to work. 

Who needs it? 
Any business that's using (or think

ing of using) punched-card equipment 
should find out about our UNIVAC 1004. 

The chances are that it will save you 
a barrel of space, time and mcney. And 
do a lot of jobs your old machfnes 
couldn't. 

Maybe yours is one of the 25,000 busi
nesses whose punched-card machines 
just aren't up to scratch. 

How can you increase capacity and 
efficiency? 

You've got it. 
With the UNIVAC 1004 Card Processor. 
And if you're renting a stripped-down 

EDP system (or even a medium-scale one), 
you might well find that one little 1004 
will do the same job. 

How much does it cost? 
It comes in three models. 
They cost from $46,000 to $60,000 

(plus tax), if you'd like to own one. 
Monthly rentals range from $1,150 

to $1,500 (plus tax). -
A good deal less than you'd pay for 

the machines you'd need to do a similar 
amount of work. 

How soon can you get one? I 

Since we already have a stack of 
orders to fulfill, delivery may take a 
little while. 

Instead of pacing up and down till 
then, sit down and read a few brochures 
about the UNIVAC 1004. 

Write or can your local Univac Office 
and we'll gladly send them. 

DATAMATION 
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organization will be open to users of 
B200 and B5000' series systems as 
well as 205 and 220 computers. 

• Applied Data Research, Inc., 
Princeton, N. J., has issued a call for 
papers for a Sort Symposium the firm 
is sponsoring, to be held in late No
vember. Papers may be directed to
ward, but not limited to, the follow
ing areas: the influence of sorting on 
hardware design; new sorting tech
niques; the relationship between sort
ing techniques and equipment. Date 
and place of the symposium will be 
announced l;1ter. Papers should be ad
dressed to Martin A. Goetz, Sort Sym
posium, Applied Data Research, Inc., 
759 State Rd., Princeton, N. J. 

• Corporate headquarters for IBM 
will be moved to a permanent loca
tion in Armonk, N. Y., during the sec
ond quarter of 1963. About 200 head
quarters personnel, presently at the 
research center :in Yorktown, and 800 
employees now located in the .IBM 
building in Manhattan will be includ
ed in t~e move. 

• What is described as a complete 
automatic programming system for 
computer control of industrial proc
esses has been announced by" Honey
well's Special Systems Division. The 
new technique, termed CLEAR (Com
piler, Executive Program, Assembler 
Routines) , was devised specifically 
for the Honeywell 290. Included in 
the system is a compiler, called FAST 
(formula and staltement translator) 
and an assembler. The compiler ac
cepts most FORTHAN written pro
grams without conw~rsion, and the as~ 
sembler accepts a mlixture of computer 
languages, merges them into one main 
program, and produces a perforated 
tape in machine language. 
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• A UNIVAC 1107 is scheduled to 
be installed in Case Institute of Tech
nology's Computing Center early in 
1963. The 1107 will replace a UNI
VAC I, which has been in use since 
1958. The machine will be made avail
able to Case through the RemRand 
educational program, which offers edp 
equipment at a" substantial discount 
to selected educational institutions. 

• A five.:.year study recently con
cluded at Harvard presents new ways 
to design and coordinate the financing, 
engineering and govermental plan-
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Save Needless Research 
into EDP Systems 

STANDARD EDP REPORTS 
give you obiective, comparative 
studies of computers and 

programming packages 

STANDARD EDP REPORTS can save your EDP analysts 
hundreds of man-hours of laborious fact-finding on computer 
hardware and sof~ware commercially available in the United 
States. STANDARD EDP REPORTS include: 

Computer System Reports 
-Hardware 
Comprehensive analyses of 
specifica tions of all system 
units in standard terminology 
and format, together with 
typical configurations and 
precise descriptions of input
output operation 
Computer System Reports 
-Software 
Comprehensive data on key 
features, capabilities, and 
equipment requirements for 
languages, translators, utility 
routines, and problem
oriented programs 

Computer System Reports 
-Performance 
Detailed measures of per
formance of typical configur
ations of each system on 
standard business and scien
tific problems 

Comparison Charts 
Structured comparisons of 
key performance specifica
tions 

Selection Procedure Reports 
Techniques and measure
ments required in selecting 
the hardware and software 
packages most suited to the 
user's requirements 

Special Reports 
Analyses of significant EDP 

" trends and developments 

STANDARD EDP RE
PORTS provide a compre
hensive, objective, regularly 
up-dated source of data on 
EDP, in easily interpreted 
standard form -and include 
a built-in information re
trieval system. 

For further information on how STANDARD 
EDP REPORTS can help yoLi cut EDP costs, write to: 

! 
II 

I AUERBACH/ ~~_J 
The Bureau of National Affairs, Inc. 

Dept. 1243 • 1231 24th Street, N. W. 
Washington 7, D. c. 

CIRCLE 32 ON READER CARD 

69 



1. 3. 

PRODUCTS PHOTOMACROGRAPH ED APPROXIMATELY 30 TIMES ACTUAL SIZE 

close-up of maXImum reliabi,lity 
Lockheed Electronics' in-house capability produces ferrite 
cores, inulti;..aperture devices, printed circuit boards, memory 
planes and stacks, plug-in circuit modllles, and fabricated 
metal casings. Every step from design through test is under 
one management to assure maximum quality control and 
minimum cost. 

The enlarged photos above show three of the many types of 
memory plane assemblies produced by Lockheed Electronics. 

1. Standard commercial open frame ferrite core memory 
plane utilizirig either coincident current or linear select wiring. 

2. Lockheed designed memory array using multi-aperture 

cores to provide non-destructIve readout. This unique method 
of mounting and wiring provides the necessary rigidity for 
severe environmental applications. 

3. Memory plane with conventi()nal ferrite cores using im
bedded assembly and wiring techniques to meet exceptionally 
high environmental shock and vibration requIrements of mili
tary specifications. 

For further information on Lockheed cores, memory planes 
and stacks, or printed circuitry to fill your particular require
ments, write: Lockheed Electronics Company, 6201 East 
Randolph Street, Los Angeles ~22, California. 

LOCKHEED ELECTRONICS CC)MPANV 
A DIVISION OF THE LOC'KHEED AIRCRAFT CORPORATION 
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ning of river works. During the 
project, researchers used an IBM 704 
to alter the flow of a hypothetical 
river to create a design that would 
yield' the greatest net benefit to a 
community or nation. The river sys
tem included dams, reservoirs, flood 
control works, power stations and ir-
rigation canals. ' 

• An information updating and re
trieval system called Tellertron has 
been put into operation at the Provi
dent Institution for Savings, Boston. 
Developed by Stone Laboratories, 
Inc., Boston, the system presents 
visually the condition and balance of 
accounts. A memory connected to 
teller posting machines by a series of 
control "l-mits operates the system, and 
contains account number, status, stop 
payments, unposted interest and bal-
ance. 
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• A discount supermarket in Nice, 
France, distributes IBM punched cards 
with each purchase which shows the' 
discount pr,ice, standard price and 
description of the merchandise. When 
the shopper reaches the checkout 
counter, an IBM tabulating machipe 
re.ceives the pu~ched cards and prints 
an itemiz~d invoice, giving the total 
discount price and compares it with 
the t9tal standard price. 

• The first dp system in the gar
ment industry will be installed by the 
H. D. ~ee Co., man"l-lfacturer of work, 
utility, and play clothing. The system 
will be built around an NCR 315. 

• The EDP Newsletter, published 
by Chicago Teachers College-North, 
is' a new entry in the dp publishing 
field. Published six times yearly, the 
Newsletter covers the use of dp in 
education. Price of the publication is 
$5.00 for ~ix issues. The publication 
office is located at Chicago Teachers 
College-North, 5500 N. St. Louis 
Ave., Chicago ;25, Ill. 

• Experimental programs for mech
anized' information retrieval on pulp 
and paper problems have been initiated 
by The Institute of Paper Chemistry, 
Appleton, Wisc., and the Pulp and 
Paper Research Institute of Canada, 
Montreal. The two groups will be 
conducting separate but coordinated 
experiments with various system con
figurations. Th e experiment is ex
pected to result in a suggested sys": 
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EDP 
PROGRAMMERS 

. , 

AND ANALYSIS 
Thiokol Chemical Corporat!on, a leaqer in the missile field, 
has challenging, responsible 'assignments available in fu
ture aerospace programs of tomorrow for: 

DATA SYSTEMS ANALYSTS (MS level or above) 
Five or more years experience in EDP work. Data sys
tems procedures, compilation of cost information, 
knowledge of PERT costir'!g and material contrqls, with 
heavy stress on 'analysis of management data ~ystems. 

DIGITAL PROGRAMMERS (scientific and business) 
B.S. degree i'1 mathematics or business administration, 
one to four years in programmi'ng and analysis of 
scientific and business data. 

ANALOG ANALYSTS 
B.S' degree in mathematics, physics, or engineering 
with minimu l11 two year~ in analog computer experi
ence. 

Enjoy working . .. 'Enjoy living. 
Compute your chances fqr happy living 
and satisfying work with these factors: 

• Thiokol in Utah has had 5 years of steady growth as a result of 
highly successful research and development work on the USAF 
MINUTEMAN ICBM and BOMARC. 

• Modern facilities and equipment; present and future programs Qn 
704, 1401, 1410, and related EDP equipment, including specially 
designed scientific analog equipment. . 

• Opportunities to grow with Thiokol's solid expansion. 
• Salary, working conditions, and benef!ts are attractive. 
• This is an ideal place to live, work and play ... the Center of Scenic 

America ... a choice area for hunting, fishing, and water sports. 

For confidential consideration, send resume with present earnings and 
salary requirements to: 

Mr. William Labus 

CHEMICAL CORPORATION 
Employment Office, Oepart~ent 0-9 
120 South Main Street, Brigham City, Utah 

An ~qual opportunity employer 
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One of u series brief"~ describing Gill's reseurC/I in dept/I 

Adhesion: 
describing an elephant of science 

Adhesion has certain similarities to the elephant the blind 
men were asked to describe. This interdisciplinary subject 
has occupied the talents of the physicist, chemist, 
mathematician, metallurgist, and polymer scientist. But 
still, what adhesion is-its mechanisms and principles 
-seems to have eluded an overall scientific theory. 
Perhaps not for long. 

Food for inductive thought is being gathered from 
fundamental research studies around the world. At the 
General Motors Research Laboratories, for example, recent 
experimental work by our polymer scientists has supported 
the idea that adhesion is dependent on: 

(1) specific chemical groups in the adhesive film 

(2) surface roughness of the metal substrate to which 
the polymeric film adheres. 

Particularly, through a range of polymers synthesized in the 
lab, they have found that the more available the electrons 
in the chemical groups, the stronger the adhesion. 
Similarly, the rougher the metal surface, the more force 
required to break the adhesive bonds between the polymeric 
coating and the substrate. 

This experimental approach is enriching our understanding 
of some of the fundamentals affecting adhesion. I t is also 
finding practical use in General Motors, helping in 
improving the adhesion of paint, rubber, plastics, and 
metals to each other. It's another example of GM's 
continual quest for-A BETTER WAY. 

General Motors Research Laboratories 
Warren, Michigan 

Chemical 
Groups 

-N (CH 3 h 
-OC2 Hs 

-C6 HS 

- CH 3 

- CF3 

t 

-Surface Roughness 
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Speed is important. But computer operating speed is just a 
small part of the story. Save a few microseconds here and 
there and you haven't saved much. 

More important is total problem solving time_ 

In the small scale computer field there's a computer that 
marks savings in terms of hours ... not microseconds. 

It is called Recomp III. And it leases for just $1,495. 

Recomp III can save you hours in problem solving because 
it's simple to program and easy to operate. Here's why: 

1) large 40-bit word with 12 decimal digit accuracy; 2) 4096 
word memory with 49,000 decimal digit capacity; 3) built-in 
index register; 4) optional floating point hardware; 5) simpli
fied command structure; 6) advanced programming aids. 

The $1,495 lease price for Recomp III gives you a ready to 
operate computer complete with typewriter and 8 channel 
paper tape input/output equipment. However, if you wish to 
expand its capabilities, there is a complete line of peripheral 
equipment available. 
The one sure way to find the computer that will save you the 
most time is through your own feasibility study. And no feasi
bility study is complete without Recomp. Put Recomp side by 
side with any comparable computer on the market. Let the 
facts speak for themselves. 
We'll be glad to help you get all the facts. Write today for 
a helpful guide: "How to Conduct a Computer Feasibility 
Study." 
Write: Recomp, Department 69, 3400 East 70th Street, 
Long Beach, California. 

Recomp 
Industrial Products (l/fj) Autonetics Recom p is a product. of Autonetics is a Division of North America n Aviation 
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Speeds to 150 ips 
EVERY SECOND REALLY 

COUNTS when you employ 

CEC's unique DR-2700 

Vacuum -Buffered Digital 

Tape Transport-an instru

ment that has proven its 

exceptional reliability in 

shipboard, field-van, and 

computer environment 

applications. And the CEC 

DR-2700 is functionally 

designed to perform to its 

maximum capabilities at 

temperatures anywhere 

within 0° to 40°C and 10 

to 90% relative humidity. 

CEC 
Data Recorders Division 

CONSOLIDATED ELECTRODVNAMICS 
PASADENA, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 
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tern for paper manufacturers, regard
less of the firm's size. For small col
lections, manual use of index cards 
will suffice. Larger firms may want to 
duplicate the mechanized systems of 
IPC and PPRI which will center 
around the IBM 1620. 

• RemRand UNIVAC has formed 
a Systems Programming Department 
which will prepare programming pack
ages for all new UNIVAC systems, 
make major additions to existing 
packages, and organize and write 
programming manuals for direct field 
distribution. Dr. Werner W. Leutert 
is director of the new department, 
reporting to Jay W. Schnackel, vice 
president and general manager of 
RemRand UNIVAC. 

• Two IBM 1401 RAMACs will be 
used at the 1964 Olympic Winter 
Games at Innsbruck, Austria, to keep 
a running account of the scoring at 
the various sporting events which will 
be taking place simultaneously. The 
computers will be linked by direct 
lines to remote input terminals at each 
of the various event sites, so that 
times or judges' points can be relayed 
directly for processing. 

• Thirteen district sales offices of 
the National Tube Div. of U S. Steel 
Corp., will be linked to GE 225 com
puters at Ellwood City, Pa., and 
Gary, Ind. to provide greater efficiency 
for quoting customer inquiries. The 
computers will be combined with an 
information-accumulation and trans
mission system hooked into a tele
type network connecting the sales 
offices. 

.• The Telefile Savings Account Sys

. tern, made by the Teleregister Corp., 
Stamford, Conn., was recently put in 
operation at the Howard Savings 
Institution, Newark, N. J. The service 
allows tellers at all branch offices im
mediate access to 290K savings ac
counts stored in drum memory. The 
sorting and master report production 
control programs for the system were 
developed by National Computer 
Analysts, Inc., Princeton, N. J. 

• A. J. Whitmore, Westinghouse 
Corp., has been named chairman of a 
subcommittee of the maintenance 
committee of CODASYL (Confer
ence on Data Systems Language) 
whiCh will be responsible for de-
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veloping specifications for table 
handling and mass storage functions 
in COBOL. When the specifications 
are approved by the maintenance 
committee, they will be added to the 
existing COBOL language. 

• A contract to produce a single 
interpretive system for the ASI-210 
computer which will accept computer 
programs written in any of three 
source languages - Intercom 1000-S, 
Intercom 1000-D and 500-X, originally 
implemented on the Bendix G-15-
has been awarded to the Datrol Corp., 
Silver Spring, Md., by Advanced 
Scientific Instruments, Inc., Minne
apolis. 

clarification 
Listed as involved with Midwest Tech 
in a news report appearing in the June 
issue of DATAMATION was Kauke 
& Co. While the report is correct 
since Kauke & Co. received consi
derable financial assistance from Mid
west Tech, the impression may have 
been conveyed that Kauke & Co. was 
named in the SEC suit.· This is in
correct and no such impression should 
be· drawn since no employee or di
rector of Midwest Tech has ever pur
chased, held or sold a share of stock 
in Kauke & Co. 

NEXT MONTH IN 
DATAMATION 

Rated as one of the more wide
ly discussed, annual gatherings 
of industry leaders, the 1962 
RAND Symposium will receive 
DATAMATION's principle edi-

:::: subject: Programming Lan-' :~:~ 
t gu~~. t 
:::: Also on tap is a stimulating :::: 
:~:~ commentary on "Benchmarks ~:~: 
~:~: in Artificial Intelligence;" a re- :::: 
:~:~ port on IFIP, and some on-the- :~:~ 
:::: scene observations and. photo- ~:~: 
~:~: graphs of Russian computers. :~:~ 
:~:~ For the hardware oriented, ~:~: t DAr AMATION will offer :~:i 
:::: "Computer Memories" - with :::: 
:::: remarks on possible future de- ~:~: 
~:~: velopments by Jan A. Rajch- :~:~ 
:~:~ man, a fitting accompaniment ~:~: 
~:~: to the concluding part of the :~:~ 
:~:~ Burks, Goldstine and von Neu- :::: 

Ilt:::~~i~~~~~:~~~:1!:~~::JI 
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Densities to 555.5 bpi 
EVERY SQUARE INCH 

REALLY ADDS UP when 

you employ CEC's DR-

2700 Tape Transport~.start 

and stop distances are 

predictable and repeatable 

within ±.03 inch. Further

more, it's fully' transistor-

ized, has all-metal heads, 

is IBM-compatible and 

exhibits no programming 

restrictions up to 200 com

mands per second. Want 

complete data? Call your 

nearest CEe office or write 

for Bulletin CEC 2700-Xl. 

CEC 
Data Recorders Division 

CONSOLIDATED ELECTROPVNAMICS 
PASADE~A, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELl
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EAST 
VS. 

WEST 
DIAGRAMS 

VS. 

EQUATIONS 
THE COMPUTER'S ANSWER TO A LONG· 
STANDING COMPUTER ISSUE. 
For a decade East Coast and West 
Coast computer designers have 
been using different methods of 
representing computer logic-the 
Easterners with diagrams, the 
Westerners with equations. \ 

In the example illustrated here, the 
diagram and the equation tell us 
exactly the same thing. Either repre
sents a serial full adder where the 
sequence of pulses at the output, 
LBSM, will represent a serial binary 
number that is the sum of two serial 
binary input numbers occurring at 
LXAI and LXA2. (T~e asterisks 
indicate binary complements; for 
example, whenever LXAI is ener
gized LXAll;) is not, and vice versa. 
LFCA is a carry flip-flop.) 

There are persuasive arguments on 
both sides. Eastern proponents of 
diagrams point out that the logical 
interconnections can be seen at a 
glance and followed through any 
number of stages by eye. The logical 
structure of an entire system can be 
understood from a diagram more 
directly and intuitively, they main
tain, than from a set of equations. 

The '''estern argument for equa
tions goes like this. It's not true that 
diagrams communicate better to the 
viewer's intuition, except at first 
exposure. The human mind is highly 
adaptive. After working analytically 
with the equations for a while, the 
mind begins to operate intuitively 
in that symbology. Then the intrin
sic superiority of equations over 
diagrams begins to make itself evi-. 
dent. One advantage,· say the 
Westerners, is that equations can 
represent the same information 
more compactly and efficiently, as 
our illustration shows. Another is 
that equations lend themselves bet
ter to computer manipulation of 

. logical design information. 

As evidence of the latter advantage 
Westerners point to a recent 
achievement of some Litton Systems 
people: a completely mechanized 
procedure for translating logical 
designs into wiring lists, including 
operational simulation of the design 
to verify its accuracy. A procedure 
enormously facilitated by the com
puterizability of logical equations. 
It's easy to picture the benefits in 
cost, delivery schedules, reliability, 
price. Using only a partial develop
ment of this method Litton Systems 
recently brought a major computer 
system from concept to operation 
in less than a year. 

,.. ,., 
.... ...... 

Now under consideration at Litton: 
a machine that will accept as inputs 
a supply of standard computer 
components and a set of coded 
specifications defining the logical 
functions desired, and will crank 
out completely fabricated systems. 

Maybe you think we've loaded the· 
argument in favor of equations. 
You're right. But we're ready to lis
ten to arguments. on either side. 
Drop us a card. Or better still, 
drop in in person. You'll like the 

imagination-stretching atmosphere 
generated by Litton management's 
appreciation of the rewards of cre
ative controversy. We have a few 
excellent opportunities for com
puter design people. Ask for Harry 
Laur at Litton Systems, Inc., Data 
Systems Division, 6700 Eton Ave., 
Canoga Park, California. 
An equal opportunity employer 

LITTON 
SYSTEMS"INC . 

A DIVISION OF LITTON INDUSTRIES 
DATA HANDLING & DISPLAY SYSTEMS' • GUIDANCE & CONTROL SYSTEMS • COMPUTER SYSTEMS • SPACE-, SCIENCE • BIOELECTRONICS • ADVANCED. COMMUNICATIONS TECHNOLOGY 
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COMPUTER PROGRAMMERS, SYSTEMS ANALYSTS AND MATHE
MATICIANS providing applications and programming s~rvices for 
management and scientific programs for the NASA complex. 

THE POWER OF COMPUTER POWER 
(Or M~chines, Men and You) 

THE MACHINES: 5-G.E. 225's; 2·1410's; 10-1401's; 8 PACE Analogs; 1-1620; TRICE; PB250; 
Bendix Flight Simulator with Flight Table; plus others. This is computer power - the largest, most 
varied assemblage of digital and analog in the country. And this great machine complex is just 
one part of the whole package we offer Programmers, Systems Analysts and Mathe~aticians. 

THE MEN: To rub elbows with eminent men in your field is one thing. To CONSULT, discuss and 
actually work with them is another. Our staff members are in constant contact with authorities 
from the Marshall Space Flight Center's Computation Division, who are our customers; with 
G.E. management people, and with top specialists from G.E.'s Computer Department and OTHER 
company computer operations throughout the country: CONTACT-IS A KEY WORD AT HUNTSVILLE. 

YOU: Comput~r power and eminent colleagues are both important considerations. But one of the 
most important elements necessary for a successful G.E. Huntsville Operation is YOU. And what 
is important to you is the professional calibre of your assignments. A~ the Marshall Space Flight 
Center there is no such thing as working on "just one or two" pieces of NASA's lar~e-scale complex 
problems. You can become involved in every part of the operation - either management rep9rt 
producing or scientific projects and computer applications of a complex and large·scale nature. 
ALL THE ASSIGNMENT VARIETY Afo.JD JOB RESP9NSIBILlTY, YOU CAN HANDLE IS YOURS
FOR THE ASKING. 

OPENINGS;, At . . . Huntsvil,e, ~Iabama. 
BUSINESS PROGRAMMING AND ANALYSIS: To analyze and develop initial efforts 
'in comprehensi1}e management-oriented systems for efficient control of financial engi
neering, manufacturing, quality control and personnel applications for the'MARSHALL 
SPACE FLIGHT CENTER Prograin. Programmers and Analysts with experience wi~h 
1401's, 1410's, 705's desired. 

SCIENTIFIC PROGRAMMING, COMPUTER TECHNIQUES DEVELOPMENT: 
Requires programmers with good background in math mid strong on program crea
tivity. Will work on extremely complex (Lnd large problems associated with heat transfer, 
flutter analysis and boundary problems. Advanced and experimental studies on math 
models to simulate physical problems, fiightperformance, booster studies. Performance 
of a missile with full dynamics. ~pace fiights involving (Jelestial mecha'nics; movement 
of celestial bodies., 

If you would like more information about the calibre of opportunities offered, please send us an 
outline of your education and experience. Write to Mr. James Dittbrenner" General Electric Hunts
ville Operation, Roo~ 56·1, P.O. Box 988, Huntsville. Alabama. 

G ENE R A L • E LE C T RIC 
An Equal Opportunity Employer 

CIRCLE 79 ON READER CARD 

September 1962 77 



The world's smallest satellite has been developed by Space 
Technology Laboratories. Its shap~ will be different from all 
other. satelIite~ before it. STL engineers and scientists have 

'I . 
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need 
for batteries nor regulators in flight. The satellite will have 
no hot side, no cold side. It will require no attitude control 
devices. No matter how it tumbles in space it will. always 
turn one side toward the sun to absorb energy, and three 
sides away from the sun to cool instrumentation and telem
etry equipment inside. It can perform isolated experiments 
in conjunction with other projects. Or it can be put into 
orbit by a small rocket to make studies of its own, up to five 
or more separate experiments on each mission it makes. 

STL is active on hardware projects such as this and as prime 
contractor for NASA's OGO and an entirely new series of 
classified spacecraft for Air Fqrce - ARPA. We continue 
Systems Management for the Air Force's Atlas, Titan and 
Minuteman programs. These activities create immedia~e 
opportunities in: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro
waves, Analog Computers, Computer Design, Digital 
Computers, Guidance and Navigation, Electromechanic~l 
Devices, Engineering Mechanics, Propulsion Systems, 
Materials Research. For So. California or Cape Canaveral 
opportunities, please write Dr. R. C. Potter, Dept. M, One 
Space Park, Redondo Beach, California, or P. O. Box 4277, 
PatiickAFB,Florida.STL is an equal opportunity employer. 

496 

,. SPACE TECHNOLOGY LABORATORIES, INC . 
• , a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles • Van~enberg AFB .. Norton AFB, San Bernardino. Cape Canaveral • Washingt~n, D:C .• Boston. Huntsvill~ • Dayton 
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BE OPERATIONAL NOWI 

with TRW-130 (ANjUYK-1) Computer 

Hardware and Software 

Fully developed and operational since 1961, the TRW-130 
offers high-performance hardware, reliability and an excep
tlOnally. flex'ible instruction repertoire at the low price 
of $83,500. 'In addition) a basic softwflre package (Pro
gram Assembler, System Diagnostics, General Purpose 
I/O Routines) is suppiied with each computer. An RW
mamtaine(CTRW-130 Program Library gives new users 
access to 'operational programs developed for more than 20 
major system applications. The Library now includes more 
thaI! 100 powerful macro-instructions; examples: Sine-cosine 

(951 p.sec) ; binary to BCD (983 p.sec) ; h-word table search 
(12n p.sec) ; impact prediction (69.5 msec) ; polar to rectan
gular coordinate conversion (1708 p.sec). 
For details, call our offices: Washington, D. C., Rome, N. Y., 
Dayton, Boston, New York, Cocoa Beach. 

A 
Thompson Ramo Wooldr/dga Inc. 8433 FALLBROOK AVENUE' CANOGA PARK. CALIFORNIA' DIAMOND 6·6000 

RWOIVISION 
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<=0 NEW LITERATURE 
INFORMATION PROCESSING GLOSSARY: IBM CORPORATION, DP DIV., 112 

E. Post Rd., White Plains, N. Y. For This 110-page reference manual con
tains lists of both general and special 
terms, deRnitions for over 1,000 terms, 
definitions of over 500 acronyms and 
other abbreviations, 35 groups of in
verted terms, and a bibliography of 
glossaries for informatiori processing. 

copy: 
CIRCLE 130 ON READER CARD 

MICRO: An illustrated bulletin de
scribes this miniaturized digital com
puter for aerospace, defense and in
dustrial applications, and presents 

STAFFING CONSULTANTS TO THE COMPUTER INDUSTRY. 

We have developed an unexcelled reputation for 
matching your professional capabilities and 
g~als to the right position, and for conducting 
negotiations on the highest ethical level. 

CAREER OPPORTUNITIES ARE AVAILABLE WITHIN A 

BROAD SCOPE OF POSITIONS WTH NATIONALLY REC

. OGNIZED LEADERS IN THE RESEARCH AND DEVELOP
MENT, OPERATIONS RESEARCH, AND DATA PROCESS

ING INDUSTRIES. 

For exceptional professional and financial ad
vancement possibilities we invite you to explore 
the area most appropriate to your experience 
and professional objectives_ 

SYSTEMS ANALYSIS 

OPERATIONS RESEARCH 

COMPUTER PROGRAMMING 

SALES/MARKETING 

MATHEMATICS 

DIGITAL CIRCUITRY 

LOGIC CIRCUITRY 

ELECTRONIC ENGINEERING 

Salaries range to $25,000, 
some with stock options. 

All expenses are paid by our clients. 

Computer Staffing Consultants 

5i9 Shoreham Building Washington 5, D.C. RE 7-4754 
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packaging, production and component 
techniques. Specifications, perform
ance parameters and applications 
are included. AMERICAN BOSCH 
ARMA CORP., Roosevelt Field, 
Garden City, .N. Y. For copy: 

CIRCLE 131 ON READER CARD 

SPEDAC: This· brochure presents the 
applications, advantages, theory of 
computation and operation of this 
digital differential analyzer; HAZEL
TINE CORP., TECHNICAL DE
VELOPMENT CENTER, Weir Cook 
Municipal Airport, Indianapolis 41, 
Indiana. For copy: 

CIRCLE 132 ON READER CARD 

G-21 COMPUTING SYSTEM: This il
lustrated, 16-page brochure contains 
discussions on command and control 
systems, macro system, system equip
ment, information How, programming, 
command complement, execution 
times internal characteristics and in~ 
ternal checking. THE BENDIX 
CORP_, COMPUTER DIV., 5630 
Arbor Vitae St., Los Angeles 45, Calif. 
For copy: . 

CIRCLE 133 ON READER CARD 

PLOTTING NEWSLETTER: This bi-monthly 
bulletin is devoted to information on 
computer-controlled digit_al graph 
plotting techniques and applications. 
CALIFORNIA COMPUTER PROD
UCTS, INC., 8714 E. Cleta St., 
Downey, Calif. For copy: 

CIRCLE 134 ON READER CARD 

DIGITAL DATA RECORDER: This leaHet 
highlights the modell, high-speed 
data system to be utilized in the reduc
tion of analytical data to a suitable 
form for computer input. Use, per
formance and specifications are in
cluded. PERKIN-ELMER CORP., 
Norwalk, Conn. For copy: 

CIRCLE 135 ON READER CARD 

LINE PRINTER: This 12-page brochure 
includes general information and spec
ifications of the H-207. The printer's 
speed ranges from 150 lines per min
ute ( 64 character format) to 685 
lines per minute (ten character for
mat). HOLLEY COMPUTER PROD
UCTS CO., 11955 E. Nine Mile Rd., 
Warren, Michigan. For copy: 

CIRCLE 136 ON READER CARD 
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The information behind such decisions 

is incredibly complex. In volume, in 

variables, in interrelationships. And each 

decision itself may affect world-wide or 

continental forces and events. In making 

operational decisions, today's command

ers and governmental leaders use systems 

which provide information processing 

assistance. Developing these huge man

machine systems is the work of scientists, 

engineers and computer programmers at 

System Development Corporation. Their 

concern is system development, not hard

ware development. They consider the 

interaction and effect of men, doctrine, 

tradition, training; of organizations, chains

of-command and chains-of-succession; of 

communications, traffic centers, command 

posts, computers and displays. Their work 

begins with system analysis. It continues 

through system synthesis, computer 

instruction, system training, system evalu

ation-and then in adapting the system to 

the changing needs of its users. Through

out they strive to optimize man-computer 

relationships and also carryon research 

into future systems. Computer Program

mers, Human Factors Scientists, Operations 

Research Scientists and Systems-Oriented 

Engineers interested in joining this expand

ing field are invited to write to Mr. A. A. 

Granville, Jr., SOC, 2401 Colorado' Ave., 

Santa Monica, California. Positions ar'e 

open at SOC facilities in Santa Monica; 

Washington, D. c.; Lexington, Massachu

setts; Paramus, New Jersey; and Dayton, 

Ohio. 1/ An equal opportunity employer." 

~SDC 
Systems that help men make decisions and 

exercise control 

'System Development Corporation 

Decision-Making: Direction of Forces-What, Where, When? 
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How reliable are 
you, Computape? 
Come clean now. 

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 tothe manufacture of quality tapes for 
data processing and instrumentation. Investigate new Computape today. Better still, immediately. 

CDMPUTRDN INC. 
Send today for your free magnetic tape booklet. 122 Calvary Street, Waltham, Massachusetts 

CIRCLE 40 ON READER CARD 
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OC>NEW PRODUCTS 

tape reader and spooler 
The PTR-500 perforated tape reader 
and the PTS-500 perforated tape 
spooler features the new MONO
BRAKE tape stop system which, it is 
claimed, eliminates tape buckling and 
bounce at the tape read station. Also 
featured is photo-electric solar cell 

sensing for bi-directional reading, dual 
speed combinations, and optical end
of-tape sensing circuits. At a tape 
speed of 50 inches per second, start 
time is eight milliseconds. Cost of the 
unit is approximately $2,930. POTTER 
INSTRUMENT CO., INC., 151 Sun
nyside Blvd., Plainview, L. I., N. Y. 
For information: 

CIRCLE 200 ON READER CARD 

mag tape drives 
These new drives, developed for use 
with the H800, read and write at 
the rate of 48K decimal digits or 32K 
alphanumeric characters per second. 
Monthly rental is $550 and sale price 
is $26,400. HONEYWELL EDP, 60 
Walnut St., Wellesley Hills 81, Mass. 
For information: 

CIRCLE 201 ON READER CARD 

magnetic tape system 
This system has been designed for 
use with the 130 "Stored Logic" digi
tal computer. A single magnetic tape 
set consists of a 192 magnetic tape 
controller and one to four 170 tape 
units. Controls on the 192 permit 
selection of tape recording densities 
of either 200 and 556 bit rows per 
inch. Each bit row carries six informa
tion bits and a lateral parity bit. Speed 
of tapes· past the heads is 75 inches 
per second, with a transfer rate of 

September 1962 

90,000 bits per second at low density, 
and 250,000 bits per second at high 
density. THOMPSON RAMO WOOL
DRIDGE, INC., 8433 Fallbrook 
Ave., Canoga Park, Calif. For infor
mation: 

CIRCLE 202 ON READER CARD 

punched tape and reader 
The 570 punched paper tape reader 
and the 520 punched tape perforator 
are housed with drive motors, shaft 
position indication, electrical· con
nectors, tension and tape feed switches 
and are furnished with solid state logic 
modules. The 570, reading five to 
eight channel tape, in either direction, 
can operate at a speed of 50 characters 
per second. Price for either model is 
approx. $600. INDUSTRIAL PROD-
UCTS DEPT., ROYAL McBEE 
CORP., 850 3rd Ave., New York 22, 
N. Y. For information: 

CIRCLE 203 ON READER CARD 
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tape package unit 
Model 180 consists of punch, reader, 
tape handling, power supply and 
printed circuit modules. The reader 
can be used in any combination with 
I/O typewriters and can operate either 
the typewriter or the punch or it can 
feed directly into the computer. The 
punch can operate from the type
writer, reader or computer, or from 
any suitable source. INVAC CORP., 
26 Fox Road, Waltham 54, Mass. For 
information: 

CIRCLE 204 ON READER CARD 

electrostatic strip printer 
This alphanumeric printer, the Omni
Data, model ATR-7, records characters 
serially on %" paper tape at a rate of 
600 cps. Up to four parallel lines 
may be multiplexed and printed simul
taneously on one inch tape. Utilizing 
a 5 x 7 matrix, semiconductor diodes 
are sequenced in AND and OR gates 
to feed information to seven amplifiers 

world's smallest giant 
That's us. The practically brand-new software outfit that's 
still small-tightly integrated, fast on its feet, a bear for 
work. And, giant-with capability built on our five key 
people's 49 years' experience in modern computers. Led 
by Dr. Walt Bauer, we want to help you solve your com
puter systems analy.sis and programming problems. Or 
welcome you to a rewarding career. Contact: Room 911 
8535 Warner Drive / Culver City / California /837-0158. 

e • e • informatics inc. 
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is you'r programming career in a closed loop? 

Have you programmed your career into a corner? Create a loop exit for 

yourself ... apply for one of many openings in the area of AUTOMATIC 

PROGRAMMING SYSTEMS, MONITORS and EXECUTIVE SYSTEMS, 

SCIENTIFIC APPLICATIONS and WRITERS at Bendix Computer Division. 

Bendix Computer has been a leading manufacturer of digital computing 

systems for 10 years ... has long enjoyed a reputation for le~dership. Grow

ing acceptance of the Bendix G-20 and new military computer systems has 

created exceptional opportunities. The resulting combination of leadership 

and growth will help you out of that iterative loop ... and into ~ new open

ended career. 

Check it out for yourself. Call or write: Mr. William Keefer, Manager, 

Professional Staff Relations, Bendix Computer Division, 5630 Arbor Vitae 

Street, Los Angeles 45, California. 

Bendix Computer Division T~mf~ 
AN EQUAL OPPORTUNITY EMPLOYER 

CORPORATION 
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and then on to the seven -recording 
heads which print the appropriate 
number of dots in each of five col
umns making up any given character. 
OMNITRONICS, INC., 511 N. Broad 
St., Philadelphia 23, Pa. For infor
mation: 

CIRCLE 205 ON READER CARD 

military printer system 
Model E 2000 features "hypocycloi
dal" printing action accomplished by 
a compound motion of the type drum 
as it rotates at constant speed of six 
to 10 lines per second in 12 to 21 
columns. Each column displays 12 
characters. The system, which operates 
directly from binary-coded decimal 
data sources, is priced from $12,500, 
to $14,900. CLARY CORP., San 
Gabriel, Calif. For information. 

CIRCLE 206 ON READER CARD 

memory system 
The SEMA 2000 has been designed 
to add high speed dp capabilities to 
accounting machine equipment. De
pending on specific requirements, any 
number of memory drums can be used 
with the 2000, each drum having a 
capacitv of 20,000 digits. Price is 
$22,500. HRB-SINGER, INC., 396 
5th Ave., New York, N. Y. For in
formation: 

CIRCLE 207 ON READER CARD 

Digitork 
This solid state plotting and measuring 
instrument is capable of point-to-point 
or continuous line plotting. Utilizing 
Digitork stepping motors as mechani
cal actuators for the plotting table 
mechanism programmed plotting over 

a 47%" x 47%" surface to + .0025 of 
an inch may be accomplished. AERO 
SERVICE CORP.,. 210 E. Courtland 
St., Philadelphia 20, Pa. For infor
mation: 

CIRCLE 208 ON READER CARD 

drafting machine 
The Orthomat, a numerically con
trolled engineering drafting machine 
can automatically translate complex 
mathematical formula defined on 
punched or magnetic tape into engi
neering drawings at speeds up to 200 
inches per minute. It can operate in-

September 1962 

ELECTRONIC ENGINEERS 

FOR SATELLITE 

DESIGN PROJECTS 

TRANSIT • TRAAC • ANNA 
Several Engineers are urgently needed to assist in designing 
memory systems for APL-developed TRANSIT, TRAAC 
and ANNA satellites. These are coincident current memories 
containing some 25,000 ferrite cores and 200 transistors 
driven by 1 ~ watts. Counting, scaling, satellite control and 
other functions as well as protective (fail-safe) circuits are in
tegrated with the memories. Solutions will require many new 
and novel concepts. 

Accepted applicants will be primarily concerned with magnetic 
logic and circuitry. They will collaborate closely with pack
aging designers to assure survival in severe launch and orbital 
environments. Simplified circuits, fewer components and easier 
fabrication leading to long life are major objectives. The 
positions require BS or MSEE degrees and a minimum of 
three years' experience in transistor circuit design for digital 
equipment. 

A second assignment involves design, assembly and test of a 
small computer for shipboard doppler navigation. This is a 
low-speed serial device employing new and unique concepts 
of program control. Appointment to this group will afford an 
opportunity to learn magnetic design if desired. Respondents 
should have a BS or MS degree in EE or Physics, elementary 
undersianding of computer logic, and experience in transistor 
design. 

APL's modern and well equipped facilities are located an equal 
distance between U'ashington, D. C. and Baltimore, giving 
you a choice of country, suburban, or city living. Several 
nearby universities offer graduate study. Public schools in the 
area rate among the best in the nation. 

Direct your inquiry to: 

Professional Staff Appointments 

The Applied Physics Laboratory· The Johns Hopkins University 
8693 Georgia Avenue, Silver Spring, Maryland 

(A residential s,:,burb of Washington, D.C.) 

An equal opportunity employer 
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TYPEWRITER .. TRANSMITTER (TT~200) 

•.... TYPEW.RITER-RE(EIV~~ ...• · ....•. ·.·.{TR~~OO} .. ·.· ...•. :·.:·: •. · " 
TYPEWR.ITER-TRANSMITTER/RECEIVER (TTR .. 200) 

APPLicATIONS 
INVAC Corporation's inputjoufputtypewriter e~uip~ , 
mentmay he used as: .. on~Iinecomputer device> ..•.. >. 
off~1ineqevicefordatapreparati?n.~ .' .. communication . 
transmitter/receiver •.•.. inquiry and reply device in 
data . processing and information. retrieval,systetns .•.•••... 
data· logger fo~ .. process control~' datacoUection, :.: .. and 
check-out systems. . 

FEATURES 
• Type\Vriterswith'B~n or J3" writing line available. 
• PhotoeIectric, soHd state, rio contacts, lowRFI, for 

comPllter compatibility. and reliability.:. . ... • .. , 
.• Closed.· loop, rea~y-busy.· signal ... : for .. synchroniiirtg 

typc'vVriter .to colllPuter. 
• High-:speed operati(m--,J5.~ characters/sec~ 

OTH ER·. PRODUCTS 
Punches; .. ' Readers, .andP hot oelectricK eyboar,ds. 

INVAC Reps 

Bradley Assoc ... """", .. "",New York, N.Y ............ KI 9-8500 
DB Associates ................... Buffalo, N.Y ................. TF 5~6186 

Syracuse, N~Y. GI 6-0220 
Engineering Products ........ Chicago, III ................... RO 3-1259 

St. Paul, Minn. MI 8-5531 
F. R. Jodon ........................ Bethesda, Md ................ OL 2-5110 
Mardix ........................... ; ... Beverly Hills,.Calif ....... C)l 2-5852 

Palo Alto, Calif. DA 1-7013 
Harvey Teplitz ................... Cleveland, Ohio ........... RE 1-5676 

Dayton, Ohio CR 7-9178 
Detroit, Mich. KE 7-9058 

Williams Assoc ................. P.hoimix, Arizona .......... 254-2383 
Denver, Colorado SK 6-9403 
Albuquerque, N.M.. AL 5-9632 
Salt Lake City, Utah 328-2101 

26 FOX ROAD • WAL THAM 54, MASS. Area Code 61; - 899-2380 
CIRCLE 45 ON READER CARD 

VOLUME 
KEYPUNCH CAPACITY 

AVAILABLE' 

Do you require volume keypunching? Our 66 key
punches (35 equipped with self-checking devices), 
manned 15 hours daily, are available immediately. 

We can handle jobs from iOo,OOO cards up. Our 
recent conversion of 24 million cards to tape frees 
our facilities for your overload. 

O. E. McIntyre's 1000 Westbury employees are 
engaged in tabulating, computer operations, and 
mailing service work for many of the country's 
largest files. 

Call today for an appoJntment to tour oui' plant. 
If you are within 300 miles of N~w York City, our 
plane will pick you up and get you back the same day . 

Telephone Mr. Lyons at 516 EDgewood 3-3000. 

o · E · .l\I.l.c I N"T"YRE 
INCORPORATED 

WESTBURY, NEW YORK 

CIRCLE 43 ON READER CARD 

SCIENTIFIC PROGRAMMERS 

B.A. or B.S. in Mathematics or related fields, 

1 to 5 years experience in symbolic program

ming with 709/90 required. 

Challenging positions in space guidance and 

control techniques. Become a member of a 

R&D team whose objectives are advancing 

the State of the Art in space vehicle travel 

and related fields. 

An Equal Opportunity Employer 

Direct resume to 

James Kronner, 

'50 North Sepulveda Blvd., 

EI Segundo, California. 

AC SPARK PLUG THE ELECTRONICS 

DIVISION OF GENERAL MOTORS 
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NEW PRODUCTS ... 

dependently or as an integral pqrt of 
total computer engineering systems, 
correlating with other numerically 
controlled data, production and inspec
tion machines. UNIVERSAL DRAFT
ING MACHINE CORP., 1825 E. 
18th St., Cleveland 15, Ohio. For in
formation: 

CIRCLE 209 ON READER CARD 

stimuli generator 
This generator consists of two 3550A 
2 mc pulse generators with a built-in 
sine. square wave generator and a 22 
kc crystal-controlled oscillator. Out
puts include: two independent pulse 
trains, with pulse repetition rate from 
200 cycles to 2 mc; a 10-volt sine 
wave, with frequency range of 18 
cycles to 1 mc; a 22 kc sine wave 
output, available at two jacks, one a 
reference, the other variable in phase 

a full 3~0 0 with respect to the refer
ence. SERVO CORP. OF AMERICA, 
Hicksville, L. 1., N. Y. For in for
matiop: 

CIRCLE 210 ON REAOER CARD 

digital indicator 
Model 170 provides digital readout 
op tape or punched cards when oper
ating as a calibration standard for 
weight, force and thrust measuring 
systems. GILMORE INDUSTRIES, 
INC., 3355 Richmond Rq., Cleveland 
22, Ohio. For information: 

CIRCLE 211 ON READER' C;:ARD 

single ~rm plotting board 
Model 3305 has been designed for 
both analog and· digital computer ap
plications. Features include . isolation 
of x and y inputs from each other 
and ground, a plotting area of 30" x 
30", static accuracy of ±0.05% and 
dynamic accuracy of ±0.05% to' 20 
inches per second. It has a maxirrmm 
slewing speed of 40" Pt:r secon~ and 
a maximum writing speed of 2.:?" per 
second. COMPUTER' SYSTEMS, 
INC., Monmouth Junction, N. J. For 
information: 

CIRCLE 212 ON REAI?ER CARD 

solid state converter 
This four-bit 'conyerter, d~splay mod
ule, type DC-I, . features parallel 
p~'eset, yariable radix counter, and 

Stalllp out errors 
with EECO 

core lllelllories 
... the' magnetic memory units that 

, , '/ were developed by data processing ".I engineers for all systems engineers, with 
,1/" improved r~liability as a goal. Visual indicator 

, (stanpard equipment) shows both address and data 
'/ instaptly. Saves days of checkout time. All 

solid-state circuits on plug-in cards. Operation and 
automatic test of entir'e memQry at 200-kc rate, 

I 

-J 

and manual st~p-by-step test. 2Y2-microsecond access 
tilT1e: Non-destructive unload. Separate input & 

output registers. Noise rejection input circuits. 
Random access, sequential access or sequential 

interlace. Power consumption a low 120 
watts. Character c<!pacities up to 4096. 

, Write fpr complete specs. 

- ~~l~~!~~t~,~~, .~~,~!,~~~,~! ~!"~4~5~~~~! 5~!':P~;:~;'~;~~ 
EE 2-4M in Western Europe and Israel: Electronic Engineering S.A., C.P. 142 Fribourg, Switzerland. 
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Engi~eers 

GROW 
with the 
Engineering 
and Research 
Center of 
Honeywell EDP. 

The staff of Honeywell EDP has 
quintupled in the last three'years. 
The digital computer systems 
specialists at our Engineering 
and Research Center have, during 
this period, conceived and cre
ated some of the industry's most 
successful computer systems. The 
growing list includes the H800 
for parallel processing of busi
ness and scientific programs, its 
medium·scale counterpart the 
H400, the H290 industrial proc
ess' control computer and the 
powerful H 1800. 
The development of these sys
tems has been the complete 
responsibility of the Center's pro
fessional staff, who have grown 
and advanced with us. Our present 
programs, for. the development 
of new systems for government, 
business industry and science, 
have several significant assign
ments for qualified engineers who 
seek the personal and profes
sional rewards that can be found 
within this type of so'und grqwth 
at Honeywell EDP. 
Opportunity to join our profes
sional staff exists in the following 
areas: 

Logical Design 
Systems Design 
Systems Analysis 
Circuit Design 
Mi ero min i aturizati 0 n 
Mechanical Design 

Honeywell EDP provides a full 
tuition~assistance program for a 
wide range of· qay or evening 
courses, which may be taken at 
any of the 35 major colleges and 
universities in the greater Boston 
area. 

Address your resume to: 
Mr. Richard T. Buescher, 
Personnel Manager 
Engineering and Researc~ (enter 
151 Needham Street, Dept. 428 
Newton Highla'nds, MassachusEltts 

Honeywell ' 
[!!] e~ DolO.-P~4' 

"Opportunities also exist in other Honey
well divisions coast to coast. Send resume 
to H. E. Eckstrom, Minneapolis Honeywell, 
Minneapolis 8, Minnesota. An eqtfal oppor
tunity employer." 
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89 



Acme Super-Visible System 
lets operators find ... feed ... 
refile cards gunfighter fast! 
Super-fast because it's Super
Visible. Keeps the identification 
edge of every card visible to the 
operator's eye, in quick-flip 
,hinged aluminum frames. Cards 
slip out, slip back in a flash, 
faster than most machines can 

. use them. Guarantees you the 
full productive power of your 
investment in office automation. 
To see how,send coupon today. 

iM3Whi VI SIB LE 
I· ACME VISIBLE RECORDS, INC. 
I 8809 West Allview Drive. Crozet. Va. 

I 
I 
I 
I 
I 
I 
I 

Please give me facts showing how Super
Visible and other Acme Visible systems 
untangle the finding and filing snags in 
office automation. (8801) 

NAME _____ TITLE ___ _ 

COMPANY ________ _ 

ADDRESS ________ _ 

I CITY ZONE_S TATE __ L _________________ ~ 

CIRCLE 37 ON READER CARD 

90 

NEW PRODUCTS • • • 

shift register. Each module consists of 
a minimum of four parallel read-in 
gates, four single bit storage stages, a 
decoding matrix and 10 output drivers. 
The unit price is $95. HYPERION 
INDUSTRIES, INC., 127 Coolidge 
Hill Rd., Watertown, Mass. For infor
mation: 

CIRCLE 213 ON READER CARD 

1 00 optical reader 
Answer sheets may be fed into this 
machine and scanned at 2500 sheets 
per hour which utilizes photoelectric 
scanning and digital computer logic. 
In addition to scoring, the 100 may 
be used to perform information-search· 
functions. DIGITEK CORP., 147 
Lincoln Highway, Fairless Hills, Pa. 
For information: 

CIRCLE 214 ON READER CARD 

single unit power supply 
The Chal-Multi-Pak unit is a com
puter grade multi-output supply which 
offers from one to five individually 
regulated outputs and a selection of 
voltages and currents ranging from 

.0-50 volts and 0-10 amperes with a 
total output power capacity of one 
kilowatt. Each power 'supply has tran
sistorized regulators with the same 
short-circuit protection as single-unit 
power supplies. CHALCO ENGI
NEERING CORP., 15126 S. Broad
way, Gardena, Calif. For information: 

CIRCLE 215 ON READER CARD 

counter-timer 
A transistor dc to two megacycle uni
versal counter-timer, model 726B, 
combines the functions of a counter, 
time interval meter and frequency / 
period meter. Output information 
from each DUC will operate digital 
printers, punches, in-line readouts and 
other dp equipment. COMPUTER 
MEASUREMENTS CO., 12970 Brad
ley Avenue, San Fernando, Calif. For 
information: 

CIRCLE 216 ON READER CARD 

differential amplifier 
The P65 differential operational am
plifier has been designed for com
puting, instrumentation and control. 
The miniaturized plug-in amplifier has 
a direct-coupled input with a differen
tial input range of ± 10 volts and 
common mode rejection of about 
10,000 to one. Input current is about 
10-7 amperes and can be balanced out 
to 10-8 amperes with external cir
cuitry. PHILBRICK RESEARCHERS, 
INC., 127 Clarendon St., Boston, 
Mass. For information: 

CIRCLE 217 ON READER CARD 

electromechanical dp system 
A self-contairied electromechanical dp 
system records sales orders via a key-

As Used In Aero-Digitork 
Automated Plotting Systems 
As Manufactured By Pace 
Controls Corporation. 

Using a single silicon photovoltaic cell 
with nine separate elements for the sens
ing unit, Rheem photocell punched tape 
readers, with adjustment provided for read
ing 5, 7 and 8 track tapes, all outputs 
appear simultaneously and read with reli
ability figures of less than one error per 
108 characters. 

As a result of Rheem trouble,free 
operations, Pace Controls Corporation 
is now designing them into their new 
Machine Tool Controls. 
They are available in: 

20 line P IS; 100 line P /S 
300 line P IS; 1000 line P /S 

FEATURES 

1. Transistor control and output circuits. 
2. Precision mechanical construction. 
3. No contacts to wear or error due 

to bounce. 
4. Minimum moving part drive 

mechanism. 
5. Derated long life cartridge type lamp. 
6. Rack mount units and desk top units. 
7. Unidirectional and bidirectional 

models. 
8. low cost. 

Tape spoolers available for use 
with all reader models. 

~
END FOR CATALOG 

•
•• _ electronics 

5200 West 104 st. 
Los Angeles 45, California 

SPring 6-1800 
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·DRTRMRTICN 



.------.-.... --.-.. ---- ... ----------- ... -.--..... -.-.--.-.-- .... -....... _._._._-----------------------

COMPUTER 
RESEARCH 
ENGINEERS & 
LOGICAL 
DESIGNERS 

Rapid expansion of the Computer 
Laboratory at Hughes-Fullerton has 
created several attractive protes
siohal 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 
~stems and new large-scale, general
purpose computers. These multiple 
processor computers utilize advanced 
solid-state circuitry, gating and reso
lution times in the millimicrosecond 
regions; combine synchronous and 
asynchronous techniques for maxi
mum speed and reliability. 

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

• Distributed computers. Ad-
d vanced arithmetic processing 

techniques. Mechanized 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. Box 2097, 
Fullerton 1, Californ la. 

An equal opportunity employer. 

HUGHES 
L ____ ~ ______________ l 
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board or a pushbutton input, auto
matically retrieves stored data from 
punched-tape-memory reels, performs 
price calculations and selectively 
prints a variety of documents needed 
for manufacture, delivery and invoic
ing at multiple local or remote loca
tions. The system does not require 
highly skilled operating personnel, and 
features compactness, low power con
sumption, and expandability. CREED 
& COMPANY LTD., Telegraph 
House, Croydon, England. For infor
mation: 

CIRCLE 218 ON READER CARD 

606 magnetic tape transport 
The 606 features the selection of both 
high . and low recording densities of 
556 or 200 bits of digital information 
per inch, with a maximum data trans
fer rate of 83,400 characters per sec. 
The transport uses one-half inch tape 
and records information on seven 
channels. CONTROL DATA CORP., 
8100 34th Ave., South, Minneapolis 
20, Minn. For information: 

CIRCLE 219 ON READER CARD 

digital stepping recorder 
The DSR 1250 offers asynchronous 
operation commonly associated with 
paper tape and card punches. The 
recorder has a stepping rate of 150 
discrete steps per second and 300 
discrete steps per second on special 
order. Features include dual voltage 
transistorized circuitry, two position 
pressure roller and input gates for 
record amplifiers. DIGI-DATA CORP. 
4908 46th Ave., Hyattsville, Md. For 
informa tion: 

CIRCLE 220 ON READER CARD 

punched tape reader 
The model RR-301 photocell punched 
tape reader is a 300 character per 
second unit with completely transis
torized circuits and photovoltaic sens-

. ing cells. The RR-301 is priced at 
$845.00. RHEEM MANUFACTUR
ING CO., ELECTRONICS DIV., 
5200 W. 104th St., Los Angeles, 
Calif. For information: 

CIRCLE 221 ON READER CARD 

dual flip-flop module 
The FF -521 is comprised of two in
dependent transistor flip-flops which 
operate from dc to 250 kc. Each 
circuit has ac coupled "seC and "re
set" inputs and a dc reset input. 
CONTROL EQUIPMENT CORP., 
19 Kearney Rd., Needham Heights 
94, Mass. For information: 

CIRCLE 222 ON READER CARD 

self-programming scanner 
The SQ series of standard cross bar 
scanners can perform selective scan-

Programmers 
GROW 
with the 
Programming 
Systems Division 
of Honeywell EDP. 

The Programming Systems Divi
sion of Honeywell EDP is one of 
the first software-based divisions 
in the computer industry. With 
their own specially constructed 
facility in suburban Boston, 
Honeywell programmers engage 
in assignments involving the de
sign and development of COBOL, 
FACT, ALGOL-type Compilers, Ex
ecutive Routines, Scientific 
Libraries, and other advanced 
software packages. 

Backed by the Honeywell Cor
poration's 75 years of technical 
management experience, we've 
created and produced a growing' 
line of business and scientific 
digital computer systems that in
clude the H800, H400 and H290. 
Earlier this year our powerful 
new computer system, the H 1800 
was announced. Compatible with 
the H800 and H400, it. has 
broadened and deepened the 
software production requirements 
of our Programming staff and 
has helped create many new ad· 
ditional career opportunities for 
Honeywell Programmers. 

Opportunity to join our staff exists 
in the following departments: 

Automatic Programs 
COBOL Development 
FACT Development 
Program Management 
Scientific languages 
Scientific Programs 

In addition to modern employee 
benefits Honeywell offers a liberal 
tuition-support program. Reloca
tion expenses will be paid. 

Address your resume to: 
Mr. John O'Sullivan, 
Employment Supervisor 
Programming Systems Division 
60 Walnut Street, Dept. 661 
Wellesley Hills 81, Massachusetts 

,Honeywell 
[j]e~D~p~~ 

"Opportunities also exist· in other Honey
well divisions coast to coast. Send resume 
to H. E. Eckstrom, Minneapolis Honeywell, 
Minneapolis 8, Minnesota. An equal oppor
tunity employer." 

CIRCLE 87 ON READER CARD 
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PERFORATOR TAPES MEET 
EVERY, DEMAND OF ALL 
HIGH SPEED EQUIPMENT, 

The difference becomes very apparent in actual usage ... 
particularly in today's' high speed data processing systems. 
Perfection® tapes are made to the very highest standards of 
quality ... quality that is superior to most others and sec
ond to none! Punches are clean and sharp, avoiding the 
danger of garbled or distorted readings. And Perfection® 
Tapes won't tear or break under the terrific speeds of mod
ernequipmeflt, frequently as fast as 10 million perforations 
an hour! You can expect and get the maximum number of 
reruns and folds with Perfection.® 

There are Perfection® tapes, rolls or folded, for every 
application. A booklet containing actua(samples is yours 
for the asking. Please mail the coupon below for a copy 
"post haste," without cost or obligation. 

Perfection® is 
your Protection 

PAPER 
MANUFACTURERS 

COMPANY 
PHILADELPHiA 15, PENNSYLVANIA 

Branch Factories: 
INDIANAPOLIS, IND. • NEWARK, CALIF. 

Sales Offices: 
ATLANTA. CHICAGO. CLEVelAND • DALLAS 

KANSAS CITY • LOS ANGELES • NEW ENGLAND 
NEW YORK. SAN FRANCISCO • SYRACUSE 

SALES DEPARTMENT 
PAPER MANUFACTURERS CO., PHILA. 15, PA. 
Without obligation, please send me your booklet containing actual samples 
of PERFECTION® Communication Papers. 
Name ________________ ~ ______________________ ___ 

Firm ________________ --:-_____________________ _ 

, ~osition or Title _________________________________ _ 

Street ______ --:-_______________________ --..,;,. 

City ___________ Zone __ State _____ _ 
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DIGITAL CLOCKS 
Up to 86,400 contact combinations 

per day in Decimal or Binary Coded 

Decimal form for Programming ... 

Process Control ... Test Data Log· 
I 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: 

1 2 3 7:3 6 

FARAEAM 
DIVISION OF 1-1= HOUSTON FEARLESS CORPORATION 

12822 Yukon Avenue, Hawthorne, Calif.! OSborne 9·3393 

CIRCLE 27 ON READER CARD 

FREE Data Processing 
Opportunities Bulletin 

Shows the positions you could have in 
the field of Data Processing. 

Cadillac Associates, the nation's largest executive 
and professional placement' service, represents the 
majority df the nation's top companies in Data 
Processing. Their best jobs, at salaries from $6,000 
to $75,000 appear in our monthly Data Processing 
Opportunities Bulletin. . 

Both the Bulletin and our completely confidential 
placement service are available to you absolutely 
free of charge. Client companies pay our fees. 

For your free Bulletin without any obligation, 
circle Subscriber Service Card No. 78. Please use 
home address only. 

LON D. BARTON_ 
President 

Cadillac 
Associates, Inc. * 

29 E. Madison Bldg. 
Chicago 2, Illinois 

FI 6·9400 

• Where More Executives Find Their Positions 
Than Anywhere Else in the World 

In Los Angeles- Lon Barton Associates 3275 Wilshire Blvd. 
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WORLD'S 
FIRST! 
~IIIIIIIII .. ~~, -~ • 

.. COMPUTER = TAPE 

.. CONVERSION .. 

.. CENTER .. 
- Now you can let your computers .. 
_ talk to each other fast and at 
.. low cost through a brand new -.. mail order service. Your mag-= netic tapes, paper tapes, and 

IBM cards will 
reach us over
night via air mail 
and air express 

•••••••• • from anywhere in • 
the country. Ac- • 

cepted and generated at our. 
new center are magnetic tape • 
formats for IBM, Burroughs, • 
RCA, and Remington Rand com- • 
puters, 5 to 8-level paper tape. 
formats for Friden-Flexowriter, • 
Teletype, NCR, and IBM 1620, • 
IBM 80-column 
card Hollerith 
coding. For the 
first time, obtain 
rapid, economical 

~ direct data for
~ mat conversion 
i without leasing 
~ or purchasing costly conversion - . ~ equipment. 
i WRITE • WIRE· PH-ONE • • 

• 
• Electronic Enginef;!ring C~mpany 
\II) of California 

1601 E. Chestnut Avenue • Santa Ana, California 
Phone: 547-5501, P.O. Box 58 • Representative' in 
Western Europe and Israel: Electronic Engineering 
S.A., C.P. 142 Fribourg, Switzerland. EE 2-44 

CIRCLE 49 ON READER~CARD 
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ning operations at rates up to 30 
per second. The scanner crossbar is 
rated at 20,000,000 operations' per 
crosspoint; insulation of an open point 
is not less than 10k megohms, and the 
resistance of the longest closed-circuit 
path is not more than 0.2 ohms. 
JAMES CUNNINGHAM, SON & 
CO., INC., Honeoye Falls, N. Y. For 
informa tion: 

CIRCLE 223 ON READER CARD 

symbol generators 
A new series of Universal Symbol 
Generators is able to convert digital 
codes into readable alpha-numeric 
characters at rates up to 32,000 per 
second. Up to 64 characters can be 
provided in 16-character groups. IN
FORMATION PRODUCTS CORP., 
156 6th St., Cambridge, Mass. For 
information: 

CIRCLE 224 ON READER CARD 

serial memories 
Models SM-30 . and 'SM-32 employ 
magnetostrictive delay lines as the 
basic storage medium. Continuous 
storage is achieved by feeding the 
serial memory PAC output back to its 
input and recirculating the stored 
data. Maximum storage capacity of 
the SM-30 and the SM-32 are 1500 
bits @ 1 mc and 1200 bits @ 2 mc, 
respectively. COMPUTER CONTROL 
CO., 983 Concord St., Framingham, 
Mass. For information: 

CIRCLE 225 ON READER CARD 

miniature core memory 
This unit with sequential-access ad
dressing modes ha's a selection of 

,storage capacities from 72 to 4096 
characters and character loading and 
unloading rates of up to 100 KC. The 
unit is able to retain information in 
the memory when the power is shut 
off. DI/ AN CONTROLS, INC., 944 
Dorchester Ave., Boston 25, Mass. 
For information: 

CIRCLE 226 ON READER CARD 

staggered finger dissipator 
The configuration and' continuous 

surface area of the new LP dissipator 
maximizes efficiency in natural con
vection and forced air environments, 
due to the staggered finger design: 
INTERNATIONAL ELECTRONIC 
RESEARCH CORP., 135 ·W. Mag
nolia Boulevard, Burbank, Calif. For 
information: 

CIRCLE 227 ON READER CARD 

precision clock' 
The MV -4 has four frequency rates 

, available and is designed for applica
tions which require clock pulse trains 
of moderate frequency tolerences. 
TECH SERV, INC., 4911 College 
Ave., College Park, Md., For informa
tion: 
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Sales ana. 
Systems Service, 
Representatives 

GROW·· 
with the' 
Federal Systems 
Marketing Division 
of Honeywell EDP. 

Several career positions are avail
able in Washington, D.C. and 
other areas throughout the United 
States. The tremendous accept
ance of our H800, H400 and 
H 1800 systems for government
scientific applications has made 
us one of the fastest growing 
marketing teams within the 
Honeywell corporate structure. 
Ideally, the men selected for these 
new positions will have knowledge 
of the scientific applications of 
large-scale computer systems, 
with experience in programming, 
sales or data processing. In addi
tion, experience or proven in
terest in work involving the 
requirements of Federal Govern
ment, its agencies or similar 
large-scale customer will be con
sidered particularly advantageous. 

Sales Representatives 
Will be expected to represent us 
effectively in proposals to govern
ment accounts.' Knowledge of 
scientific applications, using 
large·scale systems, is required. 

Systems Service 
Rep resentatives 

Will assist in sales effort by con
tributing technical systems design 
support and will aid Honeywell 
customers in planning, program
ming and installing systems. 
These assignments are in Wash
ington, D.C. and throughout the 
U.S. Relocation expenses will be 
paid. 

Address your resume to: 
Mr. Donald Brosnan, 

Sales Manager 
Federal Systems Marketing Div. 
1801 North Moore St., Dept. 662 
Arlington, Virginia; 

,Honeywell 
[m ~ Do.1Ov'P~~· 

"Opportunities also exist in other Honey
well divisions coast to coast. Send resume 
to H. E. Eckstrom, Minneapolis Honeywell, 
Minneapolis 8, Minnesota. An equal oppor
tunity employer." 
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COMPUTER 
MARKEoTING 

OPPORTUNITIES 

The continued expansion of the 

PHILCO 
COMPUTER DIVISION 

has created 

a number of career opportunities 

for experienced computer marketing specialists 

in the following areas: 

Sales Representatives 

Systems Design Specialists 

Applied Mathematicians 

Technical Writers 

Educational Specialists ° 

Senior Programmers 

You are invited 

to investigate these opportunities 

in complete confidence. 

Please submit resume to: 

Mr. John Felos 

PROFESSIONAL EMPLOYMENT MANAGER 

PHILeQ 
A SUBSIDIARY OF !JI;;d~Cfl~ 

COMPUTER DIVISION 
Willow Grove, Pa. 

An Equal Opportunity Employer 
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C OM PUT E R 
PERSONNEL 
WASHINGTON, D.C. AREA POSITIONS 

ARE NOW BEING FILLED .THROUGH OUR 
SPECIALIZED PLACEMENT SERVICE 

positions also available in other preferred locations 

PROGR,AMMING ADVANCED TECHNIQUES 
Applied Compilers 
Scientific Languages 
Administrative Processors 

COMPUTER DESIGN TOTAL SYSTEMS 

$7,000 - $20,000 
the above postiions require B.S., B.A., M.S. or Ph.D. 

ALL EXPENSES AND FEES PAID BY EMPLOYER 
all inquiries treated confidentially 

write or forward resume to 

MR. J. M .• BROWN, DIRECTOR 

SYSTEMAT 
division of National Personnel Center 

"Serving the E.D.P. Industry" 
2446 Reedie Drive, Silver Spring, Md. 

Area Code 301 949-4232 

CIRCLE 89 ON READER CARD 

PACKARD BELL COMPUTER 
CORPORATION 

WEST LOS ANGELES 
and 

ANAHEIM, CALIFORNIA 

ELoECTRONIC ENGINEERS 
Needed for 

Design and Development 

IN THE AREAS OF: 
V Core Memories and Memory Systems 
V Hybrid Computer Systems 
V Computer controlled Data Acquisition Systems 
V Digital Computer Peripheral Equipment . 
V, High-speed solid state Switching Circuitry 

Applicants should be graduate Electrical Engineers 
with specific experience in circuitry and logic design 
for general and special purpose computers and com
puter systems and with specialized experience in 
memory systems, input-output equipment and ad
vanced transistor circuitry. 

For further information and personal interview;' 
call or write to R. J. Garner 

PACKARD BELL COMPUTER CORPORATION 
1905 Armacost Avenue, West Los Angeles, Calif. 

GRanite 'S-0051, Ext. 61 OS 

An equal opportunity employer. 
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·at IBM 

PROGRAMMERS shape the future of a new technology 
IBM programmers, working with professional associates 
in research, development and manufacturing, are con
tributing expert knowledge and ideas in the creation of 
future computing systems. ' . 

This teamwork represents a striking advance in the role 
ofthe programmerand dramatizesthe important part be
ing played by this young but rapidly growing profession. 
At IBM, programmers are creating new concepts in soft
ware, and contributing to the design of new systems for 
virtually every phase of business, science and industry. 

In response to the vastly increasing versatility of com
puters and their widespread applications, IBM program
mers at all. levels of endeavor are establishing new 
standards of achievement. They are designing programs 
that will simulate business and industrial operations. 
Theyare developing systems for government projects in 
space, defense and communications, where their data 
processing skills will help produce significant advances 
in tomorrow's computertechnology. Theyare also study
ing the complex programs for ... information-handling 
systems ... scheduling methodology ••• information-re
trieval studies. 

IBM programmers also face challenging tasks in devel
oping new programming systems. For example, they are 
devising programs that in turn use machine capability 

September 1962 

for formulating new programs. They are creating pro
grams that enable computers to diagnose the!r own 
faults through self-checking. And they are helping to de
sign the systems that will let scientists and engineers' 
"talk" to machines in the everyday language of science 
and engineering. 

Programmers at IBM take pride in their professional. 
status and enjoy the unusual opportunities offered bya 
leader of the computer industry. In an atmosphere so 
receptive to new ideas, their concepts flourish. They. 
find that their keen interest in exploring the capabilities 
of electronic computing is supported by IBM'S full re
sources. This combination results in significant accom
plishments recognized throughout the field. 

Openings for programmers exist in all IBM facilities, 
including: San Jose, California; the Wa~hington, D. C~, 
area; Lexington, Kentucky; Rochester, Minnesota; Oma
ha, Nebraska; and New York City, Endicott, Kingston, 
Owego, Poughkeepsie and Yorktown Heights, New York. 
In addition to its extensive benefits programs, the IBM 

Educational Program is one of the most extensive in the 
country today. IBM is an Equal Opportunity Employer. 

If you have experience in computer prQgramming anc~ 
would like to have more information about careers with 
IBM, we'd like to hear from you. Please write to: 

Manager of Professional Employment 
IBM, Dept. 701 W . 
590 Madison Avenue 
New York 22, New York 
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COMPUTER PERSONNEL 
"Participate in the development and implementation of 

advanced concepts in data communication and process
ing. CQllins Radio Company has the following p'ositions 
open with the Communications and Data Systems Divi
sion in Cedar Rapids, Iowa: 

Senior Business Programmers 
Business Programmers 

Computer Systems Programmers 
PERT System Programmers 

Scientific Applications Analysts 
Operations Research Analysts 

The minimum qualifications for programmers are an 
undergraduate degree and one year's programming ex
perience. Qualifications for analysts are a' graduate de
gree and one year's industrial experience or the equiva
lent. W~ite in co'nfidence to: 
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COLLINS RADIO, COMPANY 
Cedar Rapids, Iowa 

An equal opportunity employer 
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(with B. S. plus minimum 
of2 years 704~ 7090 
~xp~rience) 

O 0 U G L'AS Missile and Spac'e 
, Systems Division 

offers you o~tstan'ding career 
opportunities in the following fields: 

Scientific Appli~ations 
Data Processing App,ications 
Operating Systems Design 
Programming Research 

Please forward resume to F. V. Edmonds, 
Chief, Engineering Personnel Section 

DOUGLAS AIRCRAFT COMPANY 
3000 Ocean Park Boulevard 
Santa Monica, California 
An 'equal opportunity employer. 
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the 
most 
valuable 

• • engineering 
tool 
you 
can own! 

At $1,200 per month the PB2500ffers the greatest computing 
value available. Pac~ing large scale power into a compact 
desk·size computer/the PB250 combines features previously 
found only in computers costing several times its low $40,000 
purchase price. \Vhy pay more? 

The PB250 offers solid state reliability, a full complement of 
peripheral equipment,and software in abundance. It is backed 
by the resources of Packard Bell Computer Corporation 
(Subsidiary"bf Packard Bell Electronics). 

/. 

SPECIFICATIONS: PB250 gp digital computer 
Memor){~expandable by plug-in from 2320 to 15,888 words 
Word '_ength-21 bits plus sign 
Comrnand Structure-Single address with index register 

and next instruction location tag 
; 

Operation Times-Add/subtract-12 microseconds 
Multi.ply-276 microseconds 
Divide-252 microseconds 
Maximum operation rate-41,666 instruc
tions per second 

Power Requirements-115 volts, 60 GPs, 110 watts 
Peripheral Equipment (connected by plug-in): 

Magnetic tape units (up to six) 
High speed paper tape punch and 

reader 
Card reader 
Line printers 
Analog/digital converters 
Multiplexers and commutators 

This coupon will bring you all the facts you need to get the most productive 
computer, dollar-for-dollar, that you could possibly buy. Clip it now. Mail it today. 

TO: Packard Bell Computer Corporation, 1931 Armacost Avenue, Los Angeles 25, California. 

GENTLEMEN: Please send me literature giving full information on performance, flexibility, and applications of the PB 250 
and optional peripheral equipment. 

NAME ••••••.••...............•••....... _ .. _ ..•.•.....•........... _ ...•.•• TITLE ..••......................................•...•. 

COMPUTER APPLiCATION ........................•......•...•.•...•..•...........................•..........•.•..•..•....... 

COMPANy .....••••••••...............................•......•..........................•.....•................•....••....•..... 

ADDRESS •••..•...•••.•................••..•.•••••..•••..••..•.•.•...•.•..••................................•. _ ..•.•........... 
. (STREET) (CITY, ZONE) (STATE) 
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6 characteristics* controlled simultaneously 
Ferrite stability is born in the firing process-one of the many critical steps in the production of precision 
ferrite components. Ferroxcube ferrites are fired in custom-designed, instrument-controlled batch kilns that 
permit tight tolerance control over time, temperature and atmosphere, producing components that are precise 
in six important characteristics. 

The firing process is only one of the many processes in producing precision ferrites, and in every process 
Fer-roxcube incorporates the same care and close control, assuring adherence to prescribed· parameters of 
the finished product. . 

Design with precise Ferroxcube ferrites. Get complete information on the latest developments and 
capabilities of this high performance, money-saving material. Write for your copy of GENERAL INFOR
MATION ON FERRITES. 

FERROXCUBE 

':'Permeability, Temperature coefficient, Disaccommo
dation, Resistivity, Hysteresis factor, uQ product 

CORPORATION OF AMERiCA/SAUGERTIES. N.Y. 
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