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TMI Type l092-BQ8A 
Core Storage Buffer 
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DATA SYSTEMS COMPATIBILITY-with the New TMI Core Storage Buffer 

This fully transistorized unit stores up to 1092 eight-bit characters at lOO-kc rate. 
The buffer is compactly designed for relay rack mounting and is complete with integral 
power supply. Ideally suited to synchronizing data systems operating at different speeds. 

Features include: interlaced load and unload • capacity expansion • convenient clear 

control • internal checking circuits' ease of installation· economy • unit is priced 
22% below previously available buffers of similar characteristics. 

In addition to the Type 1092-BQ8A, TMI produces a full line of core storage buffers 

for an almost infinite variety of applications. Units are available in capacities from 
80 to 2184 characters. Components, assemblies, and completed buffers each undergo 

rigorous tests. Request copy of specification # 191 containing complete data. 

Circle 1 on Reader Sen'ice Card. 
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Research and Engineering is circulated without 
charge by name and title to the manufacturers and 
users of automatic, information-handling equip
ment in all branches of business, industry, govern
ment and military installations. Qualified indivi
duals in the United States and Canada are Invited 
to request this publication on their company letter
head, stating position and the firm's business. 
Available to others by subscription at the rate of 
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electronic data processing systems; articles cover
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when possible. Unsolicited manuscripts to be re
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editor assumes no responsibility for their safety 
or return (although all reasonable care will, be 
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· .. . will quickly and automatically plot 
your punched card and tape stored re
search, test, and statistical data. 

Data Input 
Punched Cards: Read with commercially avail-
able equipment. . 
Punched paper tape: Read with available 
accessory equipment. 
Keyboard: Manually operated (supplied with 
plotter) . 

Data Output Available 
Single points, 12 distinctive symbols, or con
tinuous line. 

Output Speed 
Points and symbols: Up to 50 points per minute. 
Continuous line: Up to 25 points per minute .. 

Output Accuracy 
Points or symbols: 0.05 % of full scale. 
Continuous line: 0.1% of full scale. 

MANUFACTURERS - DEVELOPERS: ANALOG COM
PUTERS - PLOTTERS - DATA-REDUCTION EQUIPMENT 

LONG BRANCH. NEW JERSEY. TEL. CAPITOL 9-1100 
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IT&T SELECTED 
FOR $150 MILLION AF ORDER 

FIRST 220 EDPS 
GOES TO HOFFMAN VIA SRI 

CONTRACT LET 
FOR MISSILE TELEMETRY 

G-15 USERS 
GATHER FOR THIRD MEETING 

in business and science 

International Telephone and Telegraph Corporation 
has been selected by the Air Force as the production 
source for a world-wide control system for the 
Strategic Air Command. As a result, IT&T has 
established a new unit, International Electric 
Corporation, to manage production of the system. 
IT&T president Edmond H. Leavey explained that the 
datamated electronic system is designed to transmit, 
process and display information required by the 
commander-in-chief, SAC, and his staff, in the 
planning, direction and control of SAC's global 
operation. The $150 million system, deSignated 465-L 
by the Air Force, consists of communications, 
data-processing and data-presentation subsystems •. 

An Air Force Source Selection Board solicited 
proposals from 18 companies representing a broad 
segment of the electronics industry. Fifteen 
companies were represented in the eight proposals 
finally submitted to the board. IT&T will utilize 
the capabilities of a number of other U. S. 
companies in ~arrying out this aSSignment. 

First installation of a Burroughs 220 EDPS was 
completed in October for the Hoffman Laboratory 
DiviSion, Hoffman Electronics Corp. Billed by 
Burroughs' ElectroData Division as lIan 
intermediate-priced computer with giant-system 
capabilities,1I the 220 will be temporarily installed 
at Stanford Research Institute for fulfillment of an 
Air Force Contract. The contract, AN/ALD-3--code 
name, IITal1 Tom ll 

-- calls for the development of a 
highly classified electronic reconnaissance system 
by Hoffman and a team of seven other companies. 

Two more 220's are slated for immediate 
installation at General Electric, Syracuse, N. Y. 
and Tactical Air Command, Langley Field, Va. 

A $1 million prime production contract for a 
transistorized telemetry system has been awarded to 
Uni ted ElectroDynamics. of Pasadena by the Air 
Force's Air Materiel Command Ballistics Missile 
Center. This award follows an earlier contract under 
which United ElectroDynamics designed and developed 
this system for the Atlas, Titan and Thor ballistics 
missile programs. 

Approximately 200 members of the Bendix G-15 Users 
Exchange Organization gathered in Chicago for their 
third national meeting in September." General 
sessions were held on the 25th,followed on the 26th 
by workshops. Exhibit rooms were set up at the Drake 
Hotel for the demonstration of the PR-2 special 
photo-reader and CA-2 punched card coupler. 

Research & Engineering, November/December 1958 3 
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Encompassing the latest in packaging 

and reliability, Consolidated's new 

MicroSADIC commutates and converts 

up to 10,000 analog inputs per second. 

Outputs' are recorded on digital mag

netic tape .in pre-selected formats com

patible with most computers and per

ipheral equipment. Digitizing may be 

in either bipolar binary, bipolar binary

coded decimal, or unipolar binary-coded 

decimal form. Completely transistor

ized, the system is packaged in modular 

"slices" for unusual flexibility. Write for 

complete story in Bulletin CEC 3004-X4. 

systems division Con sol ida ted 

Electrodynamics 

300 N. Sierra Madre Villa, Pasadena, California 

Olfiees in Principal Cities Throughout the World e 
FOR EMPLOYMENT OPPORTUNITIES 

with this progressive company, write 
Director of Personnel. 

The basic MicroSADIC 
consists of a commutator, 
digitizer, system 
programmer, time 
programmer, and digital 
tape unit. All-transistor 
circuitry on printed 
boards results in low 
power consumption and 
trouble-free operation. 

Circle 3 on Reader Service Card. 
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EDITORIAL~ 
MODERN COMPUTERS: OBJECTIVES, DESIGNS, APPLICATIONS 

Our conference theme, modem computers, is the basis for the Conference ses-

sions - Keynote, Reliability and Components, Impending Revolution' in Com

puter Technology, Organization and Processing of Information, Design Tech

niques, New Computers, Special Applications. 

These seven sessions describe exciting new applications of present day com

puters, the existing design of new computers and the current basic research 

which will help realize present and future computer objectives. What is the 

status of the transistors, cryotrons, thin-film memories, and other devices? How 

will they affect the possible obsolescence of your present computer? What are 

the new devices appearing on the computer horizon? How do they affect you, as 

a user of modern computers? Are we teaching computers to learn? You will 

learn the answer to these and other interesting questions at the 1958 Eastern 

J oint Computer Conference. 

Irrespective of whether you are a computer engineer, programmer, mathema

tician, active user, or only remotely connected with data processing equipment, 

you will find several sessions of this Conference of direct interest to you. 

Dr. Frank M. Verzuh, Assistant Director, 
Computation Center, Massachusetts Institute 
of Technology, Cambridge, Mass., joined the 
staff of MIT Center of Analysis in 1940 after 
receiving a B.S. in Electrical Engineering 
from the University of Denver that same 
year. He designed and constructed compo
nents for analog and digital computers and 
learned to apply both analog and digital 
equipment to the solution of engineering 
problems. After being appointed Director of 
Statistical Services in 1950 he began to set 
up computing services to fulfill the needs of 
the MIT educational and research projects. 

In 1956, Dr. Verzuh was appointed to the 
position he now holds at M.LT. where he is 
in charge of the operation of the IBM Type 
704 EDP machine. He is concerned with the 

DR. FRANK M. VERZUH 
Chairman, Program Committee 

Eastern Joint Computer Conference 

solution of scientific and business data proc
essing problems for the MIT family and 
several New England colleges and universi
ties. 

Dr. Verzuh, who also holds an M.S. (1946) 
and Sc.D. (1952) in Electrical Engineering 
from MIT, has, during the past seven years, 
been employed as a consultant by various 
business concerns and the Federal Govern
ment to assist them in studies dealing with 
application of automatic computing equip
ment to business and scientific computing 
problems. He has written a number of papers 
describing the utilization of computers for 
the solution of engineering and administra
tive problems and is currently completing a 
textbook entitled "Machine Computation." 

Research & Engineedng, November/December 1958 5 
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From the moment the keynote session' commands the attention of dele
gates on the mor~,ing of December 3 to the final closing of exhibits on 

!'Ftidayevening, December 5,the eighth annual Eastern Joint Computer 
ConJerence promises to offer something for everyone interested in the 
autoI?atic handling of information. 

Severt' technical sessions will explore a wide range of problems and 
possibilities in datamation while an 82-booth exhibit area will display 
the hardware of some 50 exhibitors. 

As in past years, this conference is being sponsored by the Institute 
of Radio Engineers, the American Institute of Electrical Engineers and 
the Associati~n for Computing Machinery, with participation by the Na
tional Simulation Council. 

A two-hour conference registration period will begin at 7 p.m. on the 
evening before opening day in the Bellevue-Stratford. Advance regis
trants who have met the November 22 deadline will be provided con
ference kits containing badge, final program, social events tickets and 
last minute notices. 

Conference registration will be held from 8 to 10 a.m. on December 3 
in the hotel's Burgundy Room. At 10 a.m., the registration desk will be 
moved to the Ballroom entrance lobby and remain there for the rest of 
the conference; 

Fees for registration at the conference are $4.00 for association mem
bers and $5.00 for non-members. 

Chairman of the 1958 EJCC is John BroomalL He is being assisted by 
Technical Program Committee Chairman Dr. Frank M. Verzuh; Local 
Arrangements Committee Chairman Peter Raffa and Publications Com
mittee Chairman Arnold A. Cohen. 

Assisting Dr. Verzuh are the chairmen of the technical sessions: N. P. 
Edwards, R. Rice, W. Orchard-Hays, F. Tendick, E. L. Harder and T. H. 
Bonn. Details of these sessions are outlined on pages 11, 12 and 13 of 
this issue. 

The exhibit area is located on the 13th Hoor of the Bellevue-Stratford. 
Admission is free and the area may be visited by the general publiq. 

Exhibits will be open at these times: Wednesday, Dec. 3, from 10 
a.m. to 9 p.m.; on Thursday, Dec. 4, from 10 a.m. to 6 p.m.; and on Fri
day, Dec 5, from 10 a.m. to 5 p.m. For a list of EJCC exhibitors and a 
map of the exhibit area, please turn to pages 14 and 15. 

A luncheon, featuring a luncheon speaker, is planned for all three con
ference days. See page 8 for details. 

On' Thursday, Dec. 4, a cocktail party will highlight the less formal 
conference events. It will be held in the Ballroom of the Bellevue
Stratford at 6 p.m. and the fee will be $3.50. A hospitality hour beginning 
at 5 p.m. will precede the cocktail party in the hotel's Hunt Room. 

A copy of the Conference Proceedings, including, the complete text of 
all papers and discussion from the Hoor, will be sent at no charge to all 
conference registrants. Additional copies of the Proceedings may be 
ordered at the conference or, from the sponsoring societies' headquarters 
at a cost of $3.00 including postage. 
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A MESSAGE OF WELCOME ... 
The increasing uses of the "modern computer" in business, industry and government 

is exemplified by the intense interest of computer equipment manufacturers in the 

1958 Eastern Joint Computer Conference. Here they are afforded the opportunity of 

displaying their newest products and techniques to potential buyers and users. With 

over 50 major companies and organizations in the industry exhibiting, and more than 

3,000 scientists, engineers and mathematicians from the U. S. and abroad expected to 

attend, this conference is developing into one of the largest and most interesting of 

the seven previous Eastern meetings. 

With this single meeting of the people who control the progress of the art, the 

theme of the conference, "Modern Computers - Objectives, Designs, Applications," 

presents the direction of current and future ideas and techniques. It also affords a 

sounding board for reports of the transformation of existing principles into usable 

hardware. And it gives an indication of the multiplicity of applications for the modern 

computer tool on the American and world -wide scenes of business, science and social 

activities. 

The very magnitude of the theme indicates that regardless of whether you are 

active in the planning, design or operation of a computer, or whether you are an active 

or potential user, the 1958 EJCC will provide a stimulating background for the ex

change of useful ideas and methods. 

John Broomall 
Chairman, 1958 EJCC 

THREE LUNCHEON MEETINGS 

8 

This year's Eastern Joint Computer Conference will 
offer a set of three luncheon meetings. They will 
be held from noon to 2 p.m. in the Burgundy Room 
of the Bellevue-Stratford Hotel, on each of the 
three days of the conference, December 3, 4 and 5. 
It has been arranged that at each of the two-hour 
luncheon meetings a speaker will deliver an ad
dress on a subject of certain interest to conference 
attendees. The fee per luncheon - $3.00. 

wednesday 
The selected subject and the speaker for the first 

meeting, on Wednesday, had not as yet been chosen 
as this issue was published. Both were to be an
nounced by the program committee chairman. 

thursday 
On Thursday, J. H. Felker, Director of Systems 

Engineering II at Bell Telephone Laboratories, 

Murray Hill, New Jersey, will speak on "A Knot 
Hole View of Russian Technology." Felker is well 
known for his pioneering work in the fields of 
transistors and transistorized computers. At Previ
ous Eastern Joint Computer Conferences, he has 
described several of his transistorized computers 
- the TRADIC, to mention one. 

friday 
On Friday, J. C. R. Licklider of Bolt, Beranek and 

Newman, Inc., Cambridge, Massachusetts will 
speak on "Man-Computer Symbiosis." Dr. Licklider 
is a supervisory engineering psychologist and Head 
of the Engineering Psychology Department at Bolt, 
Beranek and Newman, Inc. Holding various degrees 
from several Eastern universities, Licklider was As
sociate Professor of Psychology and Communica
tion at the Massachusetts Institute of Technology 
from 1950 to 1957. 

The Magazine of:C RTRivtRTI 0 N 



Three speakers, repre~enting industry, government and education will join Dr. Frank M. Verzuh, 
chairman, in the "opening or keynote session of the Eastern Joint Computer Conference. The 
three - Berijamin W. Taunton, assistant comptroller, First National Bank of Boston; Wilfred H. 
Tetley,· Colonel, USAF, Hdqrs. ADSID, Hanscombe Field, Lexington, Mass.; and Dr. Jay \tV. 
Forrester'of the M.LT: School of Industrial Management. 

The initial topic will be "Data' Processing in Banking and Other Service Industries." In 
treating this subject, Taunton wiU draw upon extensive backgrounds in the data processing 
field arid in all phases of banking. " 

Taunton is iIi charge of th~ electronic programming d~partrfient in his bank. This depart
ment has the responsibility of planning for and installing the'DATAmatic 1000, a large-scale 
computer. Research in the field of electronics is another responsibility. 

He has attended Boston University, the American Institute'of Banking, M.LT .. (digital com
puters), IBM Customer Administration School (702, 650 and 705), and Remington Rand'~ Univac 

KEYNOTE SESSION 

:. ~ WEDNESDAY, DECEMBER 3, 1958 

10 A.M.-NOON 

Programming classes. He is the author of the text book "Electronic Processing for Business" and 
has written numerous articles which have appeared in various technical magazines and periodi
cals.' He has. also prepared many technical papers. 

"Rqle of Computers in Air Defense" is Colonel Tetley's subject. 
As Deputy Commander for Engineering at Hanscombe Field's Air Defense System Integra

tion Division, he is concerned with basic engineering in air defense weapons systems . 

. : Col. Tetley is a U. S. Military Academy graduate and has an MS in Aeronautical Engineer
ing (Michigan, r947). He has done advanced graduate work both at Michiganand M.LT: As part 
6f his assignment in ADSID, he has prepared a government publication entitled "Cybernetics 
and.~. ~ogistics" which describes many of the pro blems in the air defense control system. . 

The third topic, "New Frontiers," will be covered by Dr. Forrester who is a Professor of 
Industrial Management at M.LT. In this capacity, he is directing a research and. teaching pro
gram·dn the use of computers for data processing and for analyzing business problems. 

He graduated from the University of Nebraska in 1939, received an M. S. degree in Electri
cal Engineering at M.LT. in 1945 and was honored by his alma mater in 1954 when he re
ceived the honorary Doctor of Engineering degree at the University of Nebras~a. 

Prior to 1956, he was head of the Digital Computer Division of the M. I. T. Lincoln Lab
oratory, which guided the technical design of the Air Force SAGE (Semi-Automatic Ground En
vironment) system for continental air defense, one of the most extensive applications thus far 
of digital computing techniques. 

From 1946-1951, as Associate Director of the M.LT. Servomechanisms Laboratory, Dr. For
rester was responsible for the design and construction of Whirlwind I, M.LT:s first high-speed 
digital computer which later became the prototype and testing ground for many SAGE de
velopments. 

(A brief biography of Dr. Verzuh will be found on page 5.) 

Research & Engineering, November/December 1958 9 
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bensc:»n-Iehner 

oscars 

boscars 

If you are gathering data in the form of trace or pictorial 

records for later processing by a digital computer; or if you 

require a graphic presentation of data as part of your computer 

output, you will be interested in Benson-Lehner's complete 

line of record reading and graphic display equipment. Write to: 

computer input-output 

electroplotters 

~ benson-Iehner 
corporation 

11930 Olympic Boulevard, Los Angeles 64, Calif. 

Offices: Los Angeles; Washington, D.C.; Dayton, Ohio; Service Centers in 28 cities throughout the world. 

Circle 4 on Reader Service Card. 
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opening session 
10:00 a.m.-12:00 noon Wednesday, December 3, 1958 
Chairman: Dr. F. M. Verzuh, Massachusetts Institute 

of Technology (See page 9) 

session II 
2:00 p.m.-5:00 p.m. Wednesday, December 3, 1958 

RELIABILITY AND COMPONENTS 
Chairman: N. P. Edwards, IBM 
Component developments and machine organization techniques which have 
been applied In the last few years have resulted in marked improve
ments in both machine performance and reliability. Three papers covering 
significant facets of recent reliability developments are intended to Indicate 
the Importance of reliability to the computer user and to highlight the de
velopments which give reliability improvements. The second half of the 
section presents three papers on representative new component develop
ments or improvements. 

PART A. RELIABILITY OF DATA PROCESSING 
EQUIPMENT 

ATHENA COMPUTER: A RELIABILITY REPORT 
Speakers: G. A. Raymond and L. W. Reid, Remington 

Rand 
A large, general purpose digital computer used in the ground-based 

guidance system for the ICBM TIT AN is described. The philosophy and meth
oc!~ that have resulted in this high reliability are outlined in the paper 
together with the operational history of three systems. 

PHILOSOPHY OF AUTOMATIC ERROR 
CORRECTION 

Speaker: R. M. Block, Datamatic Division of 
Minneapolis-Honeywell 

A system for automatic error correction - Orthotronic Control - has 
recently been developed. This system is reviewed with particular attention 
given to the correction of errors occurring in the input-output trunk system 
of data processors. 

THE SYSTEMS APPROACH TO RELIABILITY 
Speaker: H. D. Ross, IBM 

Techniques for achieving high reliability In very large military electronic 
systems have advanced markedly In the last few years. This paper will 
review the reliability concepts Incorporated in the design of one large 
system (SAGE) and the operational experience to date. 

PART B. MODERN COMPUTER COMPONENTS 
IMPULSE SWITCHING OF FERRITES 

Speaker: R. E. McMahon, Massachusetts Institute of 
Technology, Lincoln Lab. 

The need for Increased speed of memory elements which has led to the 
development of Impulse switching of ferrites Is treated here. By controlling 
the amplitude and width of the drive currents normally slow (1 mi~ro
second) SI ferrite cores will switch In less than one-tenth microsecond for 
both the read and write intervals. 

A HIGH SPEED, HIGH CAPACITY PHOTO MEMORY 
Speaker: C. A. Lovell, Bell Telephone Laboratories 

A random access, word organized, photo memory has been developed 
by Bell Telephone Laboratories. The capacity of this memory Is capable of 
extension to at least 135,000 BO-bit words. Tentative proposals are made 
for use of this type of memory as direct access memories for Input, internal, 
and output purposes in. digital computers. 

DESIGN CRITERIA FOR LONG-WEARING 
COMPUTER TAPE 

Speaker: J. W. Wenner, International Business Ma
chines Corporation 

This paper describes the technical aspects of a new magnetic recording 
tape specifically designed to extend the performance of data processing 
equipment. 

Research & Engineering, November/December 1958 

TECHNICAL SESSIONS 

session III 
9:00 a.m.-12:00 noon Thursday, December 4, 1958 

THE IMPENDING REYOLUTION IN COMPUTER 
TECHNOLOGY 

Chairman: Rex Rice, I.B.M. Research Center, Pough
keepsie, N ew York 

The advent of cryogenic, thin film magnetic, and other new devices 
promises to immensely reduce the physical size and cost 01 logical elements 
used in digital systems. Current research work has demonstrated feasibility 
of the Individual devices and much emphasis is being placed on mass 
production processes for microminiaturization. It may be anticipated that at 
least 10,000 logical elements may be placed on one square Inch of surface. 
The impact of this type of device on the technology promises to approach 
revolutionary proportIons. ThIs panel dIscussion Is In two parts. The first 
will cover some Interesting aspects of present research leading to the next 
generation of machines. Each speaker will present his views on the effect 
of the new technology in the field with which he is particularly concerned. 
In the second part each speaker will speculate on how to use these new 
tools. 

PART I-STATUS OF PRESENT RESEARCH 
INTRODUCTION 

Speaker: R. Rice, I.B.M. Research Center, Pough
keepsie. New York 

A broad picture relating proramming, components, circuits, system 
logic and manufacturing methods to total design Is outlined so that the 
following discussions may be understood as a part of the complete picture. 

COMPUTER DESIGN FROM THE PROGRAMMER'S 
VIEWPOINT 

Speakers: Walter F. Bauer, Space Technology Labora
tory, Ramo-Wooldridge Corp. 

An analysis of the present codIng systems Is made to develop the 
programmer's view of the desired logIcal structure in machines. Based on 
th.s foundation, it is assumed that this logical level may be obtained as 
"machine language" and the extrapolation Into the next generation of 
coding language schemes is discussed. 

DEVICE, CIRCUIT AND LOGICAL ELEMENT 
TRENDS 

Speaker: Dudley Buck, Massachusetts Institute of 
Technology 

The requirement for large numbers of logical decision elements l'n a 
machine system has led us to look for a batch of processes. The quest for 
components which are simple enough to be made In large numbers has 
led to a study of construction methods involving photographic or electron 
beam processes. This discussion develops and Illustrates the concept that 
last switching, relatively low power dissipation and small size go hand in 
hand with mass production techniques. 

NEW SYSTEM DESIGN TECHNIQUES 
Speaker: R. K. Richards, Consultant 

With the lusion 01 device, circuit and logical unIts into single complete 
machine elements, the methods utilized lor design will change. The relation 
of block diagrams, log.cal equations, and machine methods In design and 
manufacture 01 systems utillxing the new technology is discussed. 

PART II-SPECULATION ON FUTURE 
Should we abandon the general purpose coding and ma
chine concepts? 

Programming Perspectives 
W. F. Bauer 

System Design 
R. K. Richards 

Devices Leading to Self Organizing Systems 
Dudley Buck 

The speakers will present their views on what the luture potential lor 
new machIne systems may be. 
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session IV 
2:00 p.m -5:00 p.m. Thursday, December 4, 1958 

ORGANIZATION AND PROCESSING OF 
INFORMATION 

Chairman: W. Orchard-Hays, Corporation for Economic 
and Industrial Research 

One of the mo~t Important prob'emsJacing the technlca' wor.d In the mid· 
twentieth ·century Is the efficient handling, ana'ysls and retrleva' of In· 
formation. Today's giant computers or data processing systems have 
opened up the vista of very fast. and sophisticated mechanized file sys. 
tems. The apparent ease of applying these machines to such a task Is on.y 
an illusion, however. Not only are there many engineering prob'ems yet 
to be so'ved, but It now appears that we are woefully 'acklng In any ade. 
quate theory. This session will point up some of the loglca. and engineering 
prob'ems. One of Its main purposes Is to stlmu'ate peop'e to theoretlca' 
studies of. data handling techniques. 

PART A. ORGANIZATIONAL AND PROGRAMMING 
METHODS 

AN INFORMATION FILING AND RETRIEVAL 
SYSTEM FOR THE ENGINEERING AND MAN
AGEMENT REc'ORDS OF A LARGE-SCALE 
COMPUTER DEVELOPMENT PROJECT 

Speakers: G. A. Bernard III and Louis FeiI!, Ampex 
Corporation 

This paper describes the organization of the paper file and retrieval 
system developed for use on a 'arge.sca'e engineering proiect-the' de. 
ve'opment of the ERMA Mark •• 

FILE PROBLEMS CONNECTED WITH A 
NATIONAL MENU STUDY 

Speaker: Phil M. Thompson, Market Research Corpo
ration of America 

This paper covers the logical problems of organizing a magnetic tape file 
of variable length Information and constructing a complier to permit easy 
Boo'ean Interrogations. 

DATA PROCESSING AND INFORMATION 
PRODUCTION 

Speakers: Robert H. Gregory and Martin Trust, Mas
sachusetts Institute of Technology 

Presented in this paper· Is the theory that the function of Information 
selection' can succ~ssfully be delegated to mechanized elements In the 
sy.stem such that the output Is automatically screened for management 
significance. Rather than generating fixed vo'umes of reports, each 
period' covering a'" Items under consideration, the Idea Is that the report 
vo'umes will fluctuate to cover on'y those Items requiring management 
action. 

INTERMISSION 

PART B. HARDWARE AND SYSTEMS METHODS 
NBS MULTI,-COMPUTER SYSTEM 

Speaker: A. L. Leiner, W. A. Notz; J. L. Smith and A. 
Weinberger, National Bureau of Sta~dards 

", The new NBS systems designed for use on a wide range of experiment a' 
applications-ranging from automatic search and Interpretation of Patent 
Office records to rea.·tlme contra' of. commercia' aircraft traffic - Is 
described. 

DATA HANDLING BY CONTROL WORDS 
Speaker: G. A. Blaauw, International Business Ma

. chines Corporation 
Exp'alned In this paper Is the programming .oglc of Stretch which makes 

It possible to refer to data In such a way that .the programmer need not 
concern himself with actua' memory addresses. Contro' words are used for 
Input·output contro', Indexing operations, and tagged data sort. 
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session V 
2:00 p.m.-5:00 p.m. 

(Parallel Session) 
Thursday, December 4, 1958 

DESIGN TECHNIQUES 
Chairman: F. H. Tendick, Bell Telephone Laboratories 

Mushrooming growth of techno'ogy and continually Increasing needs of 
military and business for 'arger, more comp'ex data processing systems 
have placed tremendous pressure on design engineers. The dilemma Is not 
only must these systems perform comp'ex functions with extreme rella· 
bllity, but they must be designed on abbreviated time schedu'es with 
minimum amount of man effor.. Papers In this session present a number 
of Integrated steps toward a so'utlon. 'n the exp'oratory design phase, 
slmu'atlon and evaluation' of new system and circuit Ideas with the aid of 
existing computers gives greater, faster Insight to problems and engineer· 
Ing decisions. 'n the final development phase computer automation of the 
generation and checking of manufacturing Information decreases errors, 
relieves engineers for design, and provides results In 'ess time. In between 
the Initial and final design phases the use of systematic design techniques 
and Increased asynchronous circuit organization 'ead to Improved per· 
formance, rellablllty, and cost. 

SPECIAL PURPOSE COMPUTER DESIGN BY 
SIMULATION 

Speaker: P. L. Phipps, Remington Rand Univac, St. 
, Paul 

This paper describes severa' Interesting case studies In which the UN'VAC 
1103 computer was used to study, design, build and eva'uate the '~Athena" 
computer. 

LOGICAL DESIGN TECHNIQUES FOR CG-24 A 
GENERAL PURPOSE REAL TIME COMPUTER 

Speakers: G. P. Dineen, 1. L. Lebow and 1. S. Reed, 
M. 1. T., Lincoln Laboratory 

The systematic design of the CG·24 was accomplished by means of a set 
of generalized transfers 'descr/blng the operation of the machine. This 
technique provides a detailed description of the system In a concise form 
convenient for circuit engineers. The sequence of transfers specifying the 
machine operation were written without detailed knowledge of the 'oglca' 
circuitry which was to be used. 

DESIGN CRITERIA FOR AUTOSYNCHRONOUS 
CIRCUITS 

Speakers: J. C. Sims, Jr., Sylvania Electric Products, 
Inc., and H. J. Gray, University of 
Pennsylvania 

The circuits and organization of present computers are such that posslb'e 
operating speeds are 'ower than the capablllties of the components. The 
speed limitations of such synchronous computers' will be described and 
design criteria for higher speed operation set forth. 

ANALYSIS OF TRL CIRCUIT PROPAGATION 
DELAY 

Speakers: W. J. Dunnet, E. P. Auger and A. C. Scott, 
Sylvania Electric Products, Inc. 

A program to design TRL circuits and compile TRL propagation de'ay 
tab'es on a dlglta' computer Is present'y under' way at the Sy'vanla Data 
Processing Laboratory. This paper points to the need for such a program 
and describes transistor and TRL circuits studies that have resulted In the 
basic re.at/onshlps being programmed. 

THE RECORDING, CHECKING AND AUTOMATIC 
PRINTING OF TRANSISTOR LOGICAL 
DIAGRAMS 

Speakers: P.W. Case and M. Kloomok, IBM 
A program of automation of design-the use of genera'-purpose com· 

puters for the conversion of .oglc design data from hand sketches to 
punched card records, the computer checking of the associated logical 
design, followed by automatic printing of the resulilng transistor 'oglc 
diagrams Is described In this paper. 
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session VI 
9:00 a.m.-12:00 noon Friday, December 5, 1958 

SPECIAL APPLICATIONS 
Chairman: E. L. Harder, Westinghouse Electric Corp., 

Pittsburgh, Pa. 
Compu'er progress in 'he field of au'oma"on Is depend en' on 'he de

velopmen, of accessory da'a handling devices; ma'chlng capablli,ies of 'he 
compu'er '0 'he job '0 be done. These accessory devices, bo,h dlgl,al and 
analog, 'oge,her with 'he ,echnlques used In 'he compu'er "self, cons"tute 
a "bag of 'ricks" from which much practical au'omatlon Is being accom
plished short of the full computer. 

SYSTEM EVALUATION AND INSTRUMENTATION 
USING SIMULATION EQUIPMENT 

Speakers: A. J. Strassman & L. H. Kurkjian, Hughes 
Aircraft Co., Fullerton, Cal. 

To ascertain the system feasibility of integrated units it Is necessary to 
do either of 'wo things: I) duplicate the entire system and use it as one 
master test fixture to evalua'e each Individual functional unit; or 2) pro
vide Individual 'es' facilities for evaluation of each func,ional unit. The 
second approach requires slmula'ed or actual Inpu's providing 'he neces
sary con'rol and da'a '0 comple,ely check ou' the Individual uni,. " wlll 
be presen'ed 'hat this approach offers the greatest advan,ages for large 
mllitary special purpose dlgl'al compu'er systems. 

APAR-AUTOMATIC PROGRAMMING AND 
RECORDING 

Speakers: G. R. Bachand, J. L. Rogers, T. F. Marker, 
Sandia Corp., New Mexico 

This paper describes the general characteristics of a device '0 be em
ployed In atomic weapons systems and componen's tes"ng to automatically 
acquire in a digi,al machine language variables information transduced 
from force functions to common analogs of voltage and frequency. 

AUTOMATIC PROGRAMMING SYSTEM FOR 
TRANSLATION OF RUSSIAN TO ENGLISH 

Speaker: V. E. Giuliano, Harvard Computation 
Laboratory, Cambridge 

At the presen' time It Is exceedingly difficult to evaluate linguistic rules 
proposed for Russlan.English machine translation, because of the absence 
of any practical means for testing these rules automatically, on large bodies 
of text. An automatic programming system, for the automatic testing of 
translation algorithms, Is proposed and described. 

DYANA-DYNAMICS ANALYZER-PROGRAMMER 
Speaker: T. J. Theodoroff, General Motors Corp., 

Detroit 
Par' one of this paper deals with the types of physical systems which can 

be handled by DYANA, a program developed for the IBM 704, the language 
or symbolism used to describe the systems, and 'he fORTRAN program or 
the solution of the behavior of 'he systems. Part" covers salient fea'ures 
of the In'ernal structure and functioning of DYANA. 

UNIVAC AIR LINES RESERVATIONS SYSTEMS 
Speakers: C. W. Fritze, V. E. Herzfeld, D. K. Samp

son, Remington Rand Univac, St. Paul. 
This paper wlll deal with the incorporation into a system of a general 

purpose compu'er by means of the design of a· family of peripheral 
equlpments. Description will be made of presently-available equlpments 
which provide a two-way communications link between 'he computer and 
agents remote from the computer sl'e via standard telecommunications 
facilities. 

HIGH-SPEED TRANSISTORIZED ANALOG TO 
DIGITAL CONVERTER 

Speakers: R. C. Baron, T. P. Bothwell, Epsco, Inc. 
Operation of a fully transistorized, reversible, high-speed data con

verter using the programmed successive approximation technique Is ex
plained in this paper. Conversions are performed at 5 microseconds per 
bit or 16,000 conversions per second for an 1 7 bit binary code. 
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session. VII 
2:00 p.m.-5:00 p.m. Friday, December 5, 1958 

NEW COMPUTERS 
Chairman: T. H. Bonn, Remington Rand Univac, 

Philadelphia,. Pa. 
The radical improvements in computer techniques which the Invention 

of the transistor promised a decade ago are finally being realized In busi
ness machines. In this session a number of new computers, all of them 
transistor machines, are decribed ••• most of them for the first time In a 
public meeting. A broad range of applications can be handled by this 
equipment. General purpose machines which can perform a wide variety 
of business and scientific calculations and one machine especially designed 
to handle the peculiar problems of banks, are described. 

THE SIEMENS DIGITAL COMPUTER-2002 
Speaker: Dr. Heinz Guzin, Siemens & Halske, A. G., 

Munich, Germany 
The Siemens Digital Computer 2002, a medium-scale transistorized com

puter being developed by the Siemens and Malske AG, Munich, Germany, 
will be discussed. The 2002 Is a general purpose decimal machine with a 
word length of 72 decimals plus sign and an average speed of 2000 opera

tions per second. 

DESIGN OF THE RCA 501 SYSTEM 
Speakers: T. M. Hurewitz and J. G. Smith, Radio 

Corporation of America 
The RCA 507 system was designed specifically for data processing appli

cations. The requirements for this type of application are rellected both in 
construction and in performance capability. This paper describes the manner 
In which problem requirements have affected the balance of design empha
sis In the RCA 507. 

THE IBM 7070-DATA PROCESSING SYSTEM 
Speakers: R. W. Avery, S. H. Blackford and J. Mc

Donnell, International Business Machines 
Corporation 

The IBM 7070 Is a completely solid state data processing system with 
both tape and random access memory. With the addition of lIoating point 
arithmetic, its speed and memory are such that it is also applicable to 
scientific work. A comprehensive set of automatic programs, of the compiler 
type, have been prepared for simplified programming. 

PERFORMANCE ADVANCES IN A 
TRANSISTORIZED COMPUTER SYSTEM THE 
TRANSAC S-2000 

Speakers: R. J. Segal, J. L. Maddox and P. Plano, 
Philco Corporation 

The Philco Transac 5-2000 system is the first fully transistori~ed large 
scale data processing sytem in quantity production. This paper pres·ents the 
general structure of the 5-2000 system with emphasis on those ·features 
which constitute p~rformance advances In the computer art. 

PROGRAMMING DESIGN FEATURES OF GAMMA 
60 COMPUTER 

Speaker: Philippe Dreyfus, Cie Des Machines.Bull, 
Paris, France . . 

The original design of the main control unit of the GAMMA 60 results 
In a particular coding structure, described In this paper:' The s~ze of the 
Instruction Is variable enabling the specification of a variable ·number of 

addresses. 

THE C. E. 2B100 
Speakers: H. J. Levinthal, J. Weitzenbaum, R. Ha

gopian, G. E. Computer Lab. Mountain 
View, Calif. 
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EXHIBITORS 

Aeronutronic Systems, Inc. . ........ 28 
Sub. of Ford Motor Co. 
Ford Road 
Newport Beach, Calif. 

AMP, Inc •.................... 20, 22 
Harrisburgh, Pa. 

Ampex Corp. . ................ 53, 54 
934 Charter St. 
Redwood City, Calif. -

Bel Air Industries, Inc •.............. 36 
Baltimore, Maryland 

Bell Telephone Co. of Penn. . .... 44, 45 
1329 Chestnut St. 
Philadelphia 7, Pa. 

Bendix Computer Division ..•...... 7,8 
Bendix Aviation Corp. 
5630 Arbor Vitae St. 
Los Angeles 45, Calif. 

Burlingame Associates, Ltd. . ...•. 70, 72 
510 S. Fulton Ave. 
Mt. Vernon, N.Y. 

CG Electronics Corp. . ..•.......... 14 
·15000 Central East 

. Albuquerque, New Mexico 

C. P. Clare & Co. . .....•....•..... 69' 
3101 W. Pratt Blvd. 
Chicago 45, III. 

Computer Control Co., Inc. . .•..•.... 21 
92 Broad St. 
Wellesley 57, Mass. 

DATAmatic ........•.......... 46,47 
Div. Minneapolis-Honeywell Reg. Co. 
151 Needham St. 
Newton, Mass. 

DATAMATION .................... 11 
Research and Engineering 
103 Park Ave. 
New York 17, N. Y. 

Digital Equipment Corp ••....•.•.... 16 
Maynard, Mass. 

Elco Corp. . .....•.•........ : •... 39. 
M St. below Erie Ave. 
Philadelphia 24, Pa. 

ElectroData ........•......... 62, 63 
Div. of Burroughs Corp. 
460 Sierra Madre Villa 
Pasadena, Calif. 

Electronic Associates, Inc. . ...... 48, 49 
Long Branch Avenue 
Long Branch, N.J. 

Electronic Engineering Co. of Calif •... 58 
1601 E. Chestnut 
Santa Ana, Calif. 

Ferranti Electric, Inc. . ............. 82 
95 Madison Ave. 
Hem~stead, N.Y. 

General Ceramics Corp •...•..... 17, 19 
Keasbey, N.J. 

General Electric Company .......... 27 
Light Military Electronic Equipment Dept. 
French Road 
Utica, New York 

Hughes Aircraft Co. . ........... 13, 15 
Florence & Teale Sts. 
Culver City, Calif. 

Kenneth E. Hughes Co •.......... 23, 25 
4808 Bergenline Ave. 
Union City, N.J. 

IBM Corp. . ................... 40-43 
590 Madison Ave. 
New York 22, N.Y. 

Laboratory for Electronics, Inc •.... 65, 66 
Computer Products Div. 
141 Malden St. 
Boston 18, Mass. 
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Micro Switch .................... 24 
Div. Minneapolis-Honeywell Regulator Co. 
151 Needham St. 
Newton, Mass. 

Mid-Century Instrumatic Corp. . .. 80, 81 
611 Broadway 
New York 12, N.Y. 

Minnesota Mining & 
Manufacturing Co •.............. 34 

Magnetic Products Div. 
900 Bush Ave. 
St. Paul 6, Minn. 

The National Cash Register Co. . ..... 64 
Dayton 9, Ohio 

Nytronics· Group ................. 9 
New York Transformer Co., Inc. 
Third Avenue 
Alpha, N.J. 

George A. Philbrick Researches, Inc •.. 35 
285 Columbus Ave. 
Boston 16, Mass. 

Potter Instrument Co., Inc •....... 74, 76 
Sunnyside Blvd. 
Plainview, L.!., N.Y. 

Powers-Samas Accounting 
Machines, Ltd. . ............. 78, 79 

Ferranti Electric, Inc. 
95 Madison Ave. 
Hempstead, N.Y. 

Radio Corporation of America ....... 10 

Reeves Soundcraft Corp. • . . . . . . • • .. 4 
10 E. 52nd Street 
New York 22, N.Y. 

Remington Rand .............. 55, 77 
Div. Sperry Rand Corp. 
315 Fourth Ave. 
New York 10, N.Y. 

Rese Engineering, Inc •.......•.•.. 5, 6 
731 Arch St. 
Philadelphia 6, Pa. 

The I. E. Robinson Co. . ...•........ 18 
7404 W. Chester Pike 
Upper Darby, Pa. 

Rotron Mfg. Co •.••..............• 12 
Schoonmaker Lane 
Woodstock, N.Y. 

Royal McBee Corp •.•........•.. 29,30 
Westchester Ave. 
Port Chester, N.Y. 

Soroban Engineering, Inc. . .....•... 52 
Box 1717 
Melbourne, Fla. 

Sprague Electric Co ................ 71 
Marshall St. 
North Adams, Mass. 

Stromberg-Carlson-San Diego .... 73, 75. 
P. O. Box 2449 
San Diego 12, Calif. 

Sylvania Electric Systems .......... . 
Div. Sylvania Electric Products, Inc. 
100 First Ave. 
Waltham 54, Mass. 

Tally Register Corp •...•........ 59,60 
5300 14th St., N.W. 
Seattle 7, Wash. 

Technitrol Engineering Co •....... 67, 68 
1952 E. Allegheny Ave. 
Philadelphia 34, Pa. 

Telemeter Magnetics, Inc. . ...... 32, 33 
2245 Pontius Ave. 
Los Angeles 64, Calif. 

Union Switch & Signal .............. 26 
Div. Westinghouse Air Brake Co. 
Braddock Ave. 
Pittsburgh 18, Pa. 

John Wiley & Sons, Inc. . .......... 37 
440 Fourth Ave. 
New York 16, N.Y. 

• STORAGE 
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Now-at the test site-completely automatic test control and data 
reduction can be handled by a single system incorporating the 
Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300 
can schedule and closely control test routines, and it can collect, 
analyze, and record test data. 

The versatile RW -300 utilizes input data as feedback to modify control 
actions, thus substantially shortening many test routines. In addition, the 
RW -300 directly logs both instrument data and complex relationships 
among these data. Thus, test results are available immediately. The 
time-consuming task of processing raw data through a separate computer, 
often remote from the test facility, usually can be eliminated. 

For technical infonnation on automatic test control and data reduction 
with the RW -300 and with special digital systems which utilize solid-state~ 
components exclusively, write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P.O. Box 90067, 
Airport Station, Los Angeles 45, Californi~, or call OSborne 5-4601. 

THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
Circle 5 on Reader Service Card. 
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DRTR abroad 

LONDON SHOW 
FEATURES NEW EQUIPMENT 

ATOMIC CENTERS 
ORDER BRITISH MERCURY 

. SAS TO SWAP 
IBM 650 FOR NEW 7070 

European office equipment exhibitions have recently 
shown a marked trend to feature more and more 
data processing equipment. Some of it has done the 
Milan-Hanover-Utrecht-Stockholm-Paris circuit and 
will be shown at the ElectTonic Exhibition in 
Olympia Hall, London, November 28 to December 4. 
Her"e is a special report about two pieces of 
equipment which will be featured. A report on still 
another product .to be exhibited in London will 
be found on page 38. 

OLIVETTI AUDIT-TELEBANDA -- the fi~~ Ing. C. 
Olive~ti & C., S.p.A. of Ivrea, Italy will feature 
this new teletape. As input it can use an Olivetti 
Audit 322 with magnetic perforator, or an Olivetti 
Audit 332 with alpha-numeric perforator. The tape 
thus obtain~d is of an original design. It uses 
no sprocket hole because of the render speed, and 
the punching gives square holes. The present system 
uses an electronic reader capable of reading a 
minimum of 600 codes per second, the handling limit 
of the connected reproducer. 

BULL GAMMA 3B COMPUTER -- this French system 
can be used both for accounting and mathematical 
purposes. It has four standard registers, three 
input registers~ two outp~t registers and 32.program 
steps. Word length is twelve decimal digits. 
Access time to memories is 0.17 milli-seconds. 
Accessory equipment which can be us.ed with the 3B 
include model AEP program and storage extension 
unit, model AMS storage units and model AET 
magnetic drum extension unit. 

Mercury, a British computer claimed by its 
manufacturer to be the most advanced yet produced 
in Western Europe, has been ordered by the Belgian 
Atomic Energy authorities. Six other European 
atomic centers (in Geneva, Paris, Oslo, Stockholm, 
Harwell and Risley) have ordered the Mercury, 
produced by Ferranti, Limited. Calculations are 
involved which include computation of formulae 
necessary for th~ design of nuclear power reactors. 
Mercury was introduced twelve months ago and is said 
to be the· first computer system outside the U.S. 
especially designed for large scale scientific 
research work. 

Scandinavian Airlines System (SAS) have signed a 
contract for the deli very, in about two years,· of an 
IBM 7070. SAS has been using a 650 with a 533 and 
a 537. 'Officials felt that converting the 650 to 
magnetic tape would not provide them with a fast 
enough unit. It has been used for technical 
statistics, and traffic, crew and flight planning. 
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tape reader-booth 82 

The TR5 tape reader is a new unit using solid-state elec
tronic circuits throughout. All amplifiers, break control cir
cuits and power supplies are self contained and the user 

needs only to supply the appropriate stop-start signals and 
115 volt, 60 cps power. TR5 shows a family resemblance 
to the TR2and uses the same feed mechanism but at an 
increased speed of 300 characters per second still stopping 
on the stop character. For more information write FER
RANTI ELECTRIC, INC., 95 Madison Avenue, Hemp
stead,' New York, or use reader service card. 

Circle 150 on Reader Service Card. 

memory packages-booth 21 

Transistorized plug-in packages, specifically designed to 
handle core matrix driving and sensing circuits are incor
porated in a new magnetic core memory system for use . 

with digital data handling' equipment. Random access 
memories of 4,096 word capacity and 40-bit word lengths 
are now possible with the flexibility of this modular con
struction. Access time is four microseconds to any address, 
and cycle time between successive address locations may 
be as short as eight microseconds. The basic core memory 
building blocks consist of sensed amplifier, current driver, 
inhibit driver, and selection switch packages. These new 
components are completely compatible with all 3C stand
ard logic building block elements, making possible as
sembly of special purpose and general purpose core mem
ory systeIps. Also on EJCC exhibit - transistorized plug-in 
static DC to 100 AC digital computer components, tran
sistorized plug-in dynamic one megacycle digital computer 
components, transistorized plug-in acoustic memory, plug-
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. in tester for a logical element, special purpose digital sys
tems, coincident current random access core memory sys
tems, and mathematical services. For more information 
write COMPUTER CONTROL COMPANY, INC., 92 
Broad Street, Wellesley 57, Mass., or use reader card. 

Circle 151 on Reader Service Card. 

language translator-booth 58 

Model ZA 100 computer language translator performs 
specialized translations for system integration of comput
ers and data processing equipment. Both format and media 

conversions are accomplished without interfering with 
normal computer operations. The translation function is 
performed separately and independently as either an off
line operation, or in-line operation. Full utilization of 
computer and data processing systems can be made possi
ble with this translator, the manufacturer" states. For more 
information write ELECTRONIC ENGINEERING COM
PANY OF CALIFORNIA, 1601 E. Chestnut Avenue, 
Santa Ana, California or use reader service card. 

Circle 152 on Reader Service Card. 

design automation-booths 40, 41, 42, 43 

Design automation will be the highlight of this manu
facturer's EJCC display. Similar to the simulation tech
niques used to test complex equipment prior to actual con
struction, this exhibit will show how present computers 
are used in perfecting even more sophisticated computers 
of the future. All routine phases of design - the record
ing, analysis, and checking of logic and component details 
- are performed automatically according to rules laid 
-down by design engineers. From the engineers' sketches 
to the machine printed logic diagrams and wiring layouts, 
a large-scale computer coordinates and checks the work 
of many engineers while simultaneously producing com
prehensiverecords of every design phase. Also included 
in this display will be a type 729 III magnetic tape drive, 
a standard modular system, and description of the 7070 
data processing system. For more information write IN-
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TERNATIONAL BUSINESS MACHINES CORP., ,Data 
Processing Division, 112 East. Post Road, White 
Plains, New York, or use . reader service card. 

Circle 153 on Reader Service Card. 

building blocks-booth 16 

These system building blocks are transistorized digital 
circuits intended for use in making digital systems. They 
feature units which are said to be economical for use at 

high and low frequency and have compatible signals. Stat
ic flip-flops, have output levels' of ground and minus three 
volts. Pulses are 70 millimicroseconds wide and 2.5 volts 
in amplitude. Power voltages are plus 10 volts and minus 
15 volts. Physical dimensions of each building block are 
% in. by 4% in. by 7 in. They will operate at temperatures 
up to 120°F. without any cooling required. Also displayed 
will be digital test equipment (building block type). For 
more information write DIGITAL EQUIPMENT COR
PORATION, Maynard, Mass.;'or use reader service card. 

Circle 154 on Reader Service Card. 

mobile computer-booth 1 

Featured among this manufacturer's products will be a 
model of MOBIDIC, mobile digital computer. A general
purpose computer, MOBIDIC is designed to solve military 

problems ranging fr~m battle strategy and tactics to log~' 
istics. The first all-transistorized mobile digital computer 
will function in extreme climates and under battle field' 
operating conditions. It fits into a trailer and is des~gn~,d 
with an application flexibility which the mapufacturer 
claims represents a marked advance, in computer: design. 
For example, MOBIDIC e~ri acpept up: to ~3 input':output 
devices. If has operating speeds, including memor~, a:cc~ss, 
of frDin 16"microseconds for addition to 88' microseconds 
for division. The basic m'emory capacity is 4,096 38-bit 
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words. Other data proce-'ising products to be. exhibi.ted at 
EJCC include standardized computer plug-in units, low 
power indicators for transistorized ,computers, and com
puter coils. Data processing services which ,will be fea
tured include computer design and development services, 
computer assembly services, and computer programming 
and analysis services. For more information write SYL
VANIA ELECTRIC PRODUCTS, INC., 1740 Broadway, 
New York 19, New York, or use reader service card. 

Circle 155 on Reader Service Card. 

analog computer-booths 80, 81 

MC-5800 analog computer with 50 cps repetitive opera
tion will be shown at the conference for the first time. 
The packaging features an equipment door on which all 

operational and control components are mou~ted. For' 
maintenance, the' equipment door sWin'gs clear of the. e~
closure to provide unobstructed access to components. 
MC-5800 offers building block flexibility so that such 
complementary systems as diode function generators, elec
tronic multipliers, servo-set potentiometers, punched and 
printed tape read-out and control, etc., may be added in 
the field by means of plug-in assemblies without rewiring 
or mechanical modifications. Also on display will be a 
diode function generator, power supply unit, XY plotter, 
and six-channel recorder with rectilinear recording con
version kit. For more information write MID-CENTURY 
INSTRUMATIC CORP., 611 Broadway, New York 
12, New York, or' use reader setvice' card. 

Circle 156 on Reader Service Card. 

19 



photoreader-booths 62, 63 

Model 220 photoreader accepts information from standard
width commercial tapes at the rate of 1,000 characters per 
second. Despite this rapid reading rate, it will stop on a 

__ i1.) '," 

.j 

single stop-character. Maximum time required to read the 
character following the stop-character is five milliseconds. 
Other features include automatic rewind and end-of-tape 
sensing, and automatic reel-breaking and servo ~hutoff 
system, simple straight-line coding and local or remote 
control. Tapes of 350 or 700 feet are housed on disposable 
plastic reels which may also provide inexpensive storage. 
Also featured at this EJCC exhibit will be a magnetic tape 
storage unit a'ud scale models of the 205 and 220 EDP 
systems. For more information write BURROUGHS COR
PORATION, ElectroData Division, 460 Sierra Madre 
Villa, Pasadena, Calif., or use reader service card. 

Circle 157 on Reader Service Card. 
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random access store-booths 5, 6 

Model 3122 has a capacity of 512 eight binary digit 
characters, with random access for both writing and ~ead
ing. Read and write access cycles may' be arbitrarily 
mixed, and synchronous internal timing, or synchronous or 
asynchronous external timing may be employed, depend
ing on requirements. The 3122 uses solid state circuitry 
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throughout and is the first commercially available memory 
system to use the RCA standard apertured ferrite memory 
plate for the storage medium. Using a propriet:ary topo
logical technique, the output' signal to noise ratio of the 
plate read-out signals is comparable to that usually as
sociated with coincident-current core memory planes. Also 
featured at the EJCC will' be a millimicrosecond current 
pulse generator, programmed current pulse generator, 
flux-reset core tester, precision voltage-current c~librator, 
and digital systems engineering (service). ForI!lore in
formation write RESE ENGINEERING, INC., 131 Arch 
,St., Philadelphia 6, Penna. or use reader service card. 

Circle 158 on Reader Service Card. 

mag tape transport-booths 74, 76 

Model 908 digital magnetic tape transport is completely 
transistorized and designed for complete freed~m from 
programming limitations at speeds up to 150 ip~, with 1 

in. tape on 10% in. reels. A new tape guide system main
tains tape skew to much closer tolerances than 'Yas here
tofore possible. Designed for rack mounting, the 908 is 
24 in. wide, 48 in. high, 27 in. deep and weighs appro xi
mately 350 pounds. Features include bi-directional tape 
drive, fast stop/start mode with no programming limita
tions, 300 ips constant speed rewind, 3 msecs st~rt time, 
1.5 msec stop time and .125 nominal stop distance at 150 
ips. Also on exhibit will be the 905 and 906 digital mag
netic tape transport, a 903 perforated paper tape transport 
and a 3260 high speed alpha numeric printer. For more 
information write POTTER INSTRUMENT COMPANY, 
INC., Sunnyside Boulevard, Plainview, Long Island, 
New York, or use reader service' card. 

Circle 159 on Reader Service Card. 
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computer linkage-booths 48, 49 

A new system, known as Addalink, can be used to link a 
medium or large-scale digital computer with an analog 
computing facility for process control studies, flight siIilU-

lation, reactor control simulation, and computations neces
sitating accurate, coordinate transformations or long term 
integrations. This equipment optimizes the capabilities 
of analog and digital computers in their respective areas 
of problem solution, according to the manufacturer. Adda
link systems employ solid-state circuitry throughout, and 
are assembled in modular fashion from printed circuit 
building blocks. With delivery of the first unit toa major 
computer manufacturer now completed, this firm is ready 
to manufacture Addalink equipment in production quan
tities for' -this rapidly growing market. Also on display 
at the EJCCwill be a magnetic tape data plotter, portable 
high:-speed printer, model 1100E variplotter, transistorized 
variplotter and digital voltmeter; For more information 
write ELECTRONIC ASSOCIATES, INC., Long 
Branch, New Jersey or use reader service card. 

Circle 160 on Reader Service Card. 

digital indicator-, -booth 26 

Digital characters 0 to 9 and two blank spaces are ar
ranged in sequential ascending order. The iridicatorsmay 
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be provided with or without internal back lighting. The 
unit uses a motor developed and manufactured for this 
application. Ball bearings and enclosure permit use under 
environmental conditions specified by military require
ments. The modular unit measures 1f2 in. wide, 1-7/16 in. 
high and 5% in. long. The characters are 3/16 in. high. 
The individual sealed unit overall thickness is 9/16 in. by 
1% in. high at the front piece and 5% in. long. Weight is 
less than 7 oz. for the complete individual sealed units. 
Other products to be displayed include a one inch character 
digital indicator, an alpha numerical indicator, and minia-. 
ture relays for operation at 200 0 C. For more, information 
write UNION SWITCH AND SIGNAL, Division of West
inghouse Air Brake Company, Swissvale, Pa., or use card. 

Circle 161 on Reader Service Card. 

analog computer-'booth 35 

The K5 analog computer has been especially designed to 
fulfill the needs of the mathematical equation solver, ac
cording to the manufacturer. Because of its modular na-

. ture, the K5 may be as large or as small as budget permits. 
It is suitable for the solution of sets of algebraic or differ
ential equations, and non linear equipment is available 
in suitable variety for the solution of a wide range of non 
linear problems. The computer will operate repetitively or 
single shot at high or low speed. Readout can be per
formed by, any method of choice, including the manu
facturer's electronic graph paper, a form of calibrated 
multiple channel oscilloscope display. In addition, this 
EJCC exhibit will include operational amplifiers, dc power 
supplies, non linear auxiliary equipment for analog com
puters and several publications including the Palimpsest 
on the Electronic Analog Art. For more information write 
GEORGE A. PHILBRICK RESEARCHES, INC., 230 
Congress Street, Boston 10, Mass., or use reader card. 

Circle 162 on Reader Service Card. 

c·ontact, relay-booth 69 

Type HGS relay has mercury film contact surfaces and 
an operating life in excess of one billion cycles. It offers 
uniform low contact resistance and attainable operating 

frequencies of 200 cps or more. This relay has no contact 
bounce and virtually no contact wear, according to the 
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manufacturer. It has' d 'standa'rd, sensitivity adjustment of 
five milliwatts and '6p'erate and release times of one to two 
milliseconds., ' Its" SPDT(Form D) coritacts are rated at 
two" amp~):es or 500 volts -at a maximum product of 100 
volt-amperes. The relay is biased by permanent magnets 
in accord~nc~ with a wide variety of ~customer require
ments.Also to' be' featured at the EJCC are other types 
of ~ercury-wetted' contact relays -'types HG, HGP, and 
rilUltipl~.Jelerhent types - plus a large display of custom 
built ana subminiature "relays," spring-driven stepping 
switcheis, and lever keys, push keys and turn ,keys. For 
riiore:'information write C. P. CLARE AND COMPANY, 
3101 Pratt Boulevard, Chicago 45, Illinois or use card. 

" Circle 163 on Reader Service Card. 

digital plotter-booths 59, 60 

Model 201 high speed digital plotter plots visibly at speeds 
up to eight points per second with four symbols, or up to 
twenty per second with random symbols. Results of com" 

.• i' 

puters can be. pl~tted ill,lmediately so as to spotlight per
formance' wlthou~idelay. The' plotted result is' a s~ries of 
mechanically generiited printed impressions on paper or'vel
lum. The a'Ct of, plotting is a complex of mechanical ac
tions performed by a series of subsystems. The selection 

r-. ~' .• ··6 .,~-,;,1 t .... ,.:.,'-~ ,:,' '-r-1:' !il ..... - .~ ..• :~~-""L';""'-"'··;' . 

of symbol, plottin-g v~lu'e, ,paper positIon, etc., a're"qll per-
formed along tpe principles ,of a digital servo. Valu'es and 
instructions are entered into 'the secondary buffer. Upon 
receiph"'Ofa~r,.)nstruction signal :tlJe J:llechanical sy~tems 
are motivateq until their position is' in agreement with the 
contents tif th~e secondary buffer. After this, the a~t of 
printing occurs and the secorrdarybuffer is reset. Als'o on 
display at the EJCC (connected to the 201 plotter) will 
be a 421 pape~ tape reader and a 274 data control unit. 
For more information write TALLY REGISTER CORP., 
5300 14th Ave., N. W., Seattle 7, Washington or u'se card. 

Circle 164 on Reader Service Card. 
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transformer kit-booth, 9 

This set of pulse transformers for the laboratory engineer 
and experimenter is a valuable aid in assisting designers in 
the selection of the required characteristics for pulse 

transformer circuitry, states the manufacturer. These are 
three winding transformers with the first two windings 
being figured 1: 1 ratio. The third winding has three spe
cially selected taps which provide a multitude of, ratios 
over a 10:1 range. The set will cover a minimum pulse 
width range of .1 to 10 microseconds. These are ideal for 
computer circuits. High permeability, low loss cause are 
used providing maximum inductarice, minimum, droop and 
high efficiency. Winding configurations' are arranged for 
best high frequency performance. This is a product of the 
New York Transformer Company, Inc. Essex Electronics 
will feature high reliability modular delay lines at the 
EJCC. Sutton Electronic Company will, exhibit printed 
circuit assemblies. For more information write NY
TRONICS GROUP, Product Development Division, New 
York Transformer Co'.' Inc., Third Avenue, Alpha, N. J. 

Circle 165 o'n Reader Service Card. 

digital components-"-boo'th 28" 
~ , .. ,. 

Mutually compatible proven components from diode 'gates 
to memory drums, designed arqund solid-state· elements 
and pulse gated techniques, can' be the answer to digital 

circuit problems. To provide a solid basis for its digital 
computer development work, the manufacturer's computer 
-laboratory developed a set of basic electronic digital com
puter circuit packages which include these features: re-
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liability, ruggedness, light weight, small size and low 
power consumption. These components include the fol
lowing: flip-flops, diode logic boards, read amplifiers, write 
amplifiers, blocking oscillators, magnetic drums, power 
supplies and mounting racks. Also to' be exhibited - the 

, digital system simulator. A short movie will feature ASI 
Flight Data Entry. For more information write AERONU
TRONIC SYSTEMS, INC., a subsidiary of the Ford Motor 
Company, )234 Air Way, Glendale, Calif., or use card. 

Circle 166 on Reader Service Card. 

desk-size computer-booths 7, 8 

LGP 30 is a single address, fixed point, binary, stored pro
gram automatic computer. Its integrated logical design 
utilizes fewer components that serve for many operations. 

The manufacturer states that this design principle has 
resulted in a computer of substantial capacity that can be 
housed in a desk-size unit. LGP 30 dimensions are 26 in. 
deep, 33 in. high, 44 in. long, exclusive of electric punched 
paper tape typewriter and shelf. The unit weighs 800 
pounds, operates from a conventional wall outlet and 
requires no special installation or external air conditioning 
equipment. LGP 30 is marketed and serviced by the data 
processing division of the ROYAL McBEE CORP., Port' 
Chester, N. Y. Write them for more information or use card. 

Circle 167 on Reader Service Card. 

digital controls-booths 13,15 

What is described as "the nation's first all-electronically 
'controlled line of machine tools" operated from punched 
tapes and controlled by transistorized digital computers 
will be on display at the EJCG by means of ' a motion 
picture. In the film, the line is producing vital parts for 
the manufacturer's Electronic Armament ContI'tH,'Systems 
which are "heart and brains" of all.{\inerican and ,Canadian 
Air Force all~weather interceptor airplanes. Og~ company 
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official claims "what we have here is the nucleus of the 
nation's first eleotronically automated factory." This firm 
will also exhibit a memoscope-oscilloscope model 104, 
typotron character display storage tube for high speed 
computers, readout, diodes, transistors, capacitors and 
rectifiers. For more' information write HUGHES AIR
CRAFT CO., Culver City, California or use reader card. 

Circle 168 on Reader Service Card. 

output printer-booths 78, 79 

Each individual character in this output printer is formed 
by traversing a single stylus some 15 times across the width 
of one character above the printing paper. As the paper 
moves forward ~t, a,.yniform speed, 140 styluses are ·9on
tinuously oscillated. 'Thus each stylus produces a scanning 
effect in much the same manner, as the spot on a television 
screen scans the picture area. The actual print is produced 
by pulsing the styluses onto an inked ribbon or carbon 
paper at appropriate times during the scanning cycle., The 
dots caused by pulsing the styluses can be produced at any 
point'on the scan to form solid, distinct printed characters. 
For more information write POWERS-SAMAS ACCOUNT
ING MACHINES, LTD., Ferranti Electric, Inc, 95 Madi
son Avenue, Hempstead, N. Y. or use reader service card. 

Circle 169 on Reader Service Card. 

computer fan-booth 1 2 

A s~~cer shaped fan developed expressly Jor cooling of 
electronic console equipment represents an entirely new 
concept . ~n desig?:, according to the pIanufacturer. The 

electrical driving motor is entirely built into the propeller 
hub reducing the axial length of the fan to no more than 
the thickness of the propeller. The fan measures approxi
mately 7. in. by 2% in. and weighs 1 lb. 9 oz. Air delivery 
is 260 CFM against zero static pressure. In cooling ap
plications this results in a temperature rise of only 25°F. 
f~r 2 KW' heat' dissipation inside a cabinet. Supplied for 
operation on 115 volt AC, 50-60 cps, 1 powersupply only, 
this fan will meet all government specifications for high 
humidity, fungus and altitude requirements. Also on dis-
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Pumps, turbines, cryogenic hardware and fuel system~~everything 
- \'-' 

short of firing the- rocket-will soon be tested byaCEC process 

control system. Working with dangerous propellants and limited 

time, the system will pr<?vide complete, automatic programming, 

rapid control, and data in 80 seconds. Write for the complete story 

in Bulletin CEC3016-X2.1~f;lI 
systems division Con sol i da te ~ ___ ' '~J Off! c tr Qd y n a In i c S 

I-

soo N. Sierra Madre Villa, Pasadena, California I Officesin'~rincipaICities ThrouYhout the World e 
FOR EMPLOYMENT OPPORTUNITIES 

in this progressive company, write Director of Personnel. 
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From a central block house, the operator controls 
and reads air pressure, exhaust temperature, 

turbine speed, flow rate, pump suction pressure, and ' 
receiver tank pressure. -The system automatically 

corrects for rates of change of test parameters -
to insure maximum data in limited time. _ 

Circle 6 on Reader Service Card 
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play will be axial flow fans of varying sizes and per
formance ratings for flushing computer consoles, miniature 
400 cps fans for cooling airborne computers, centrifugal 
blowers for spot and remote cooling in computer .consoles 
and high pressure6r vacuum multistage blowers for com
puter tape slack control. For more information write 
ROTRON MANUFACTURING CO., Schoonmaker Lane, 
Woodstock, New York or use reader service card. 

Circle 170 on Reader Service Card. 

buffer storage-booths 32, 33 

A new core storage buffer designated type 1092-BQ8A, 
stores up to 1,092 characters of eight bits each and op
erates at a 100 kc rate. 'Characters are loaded and un-

loaded sequentially with all bits of each character being 
handled simultaneously. Solid-state elements ~ ferrite 
cores, transistors and diodes - are used throughout and a 
high reliability is claimed. The unit features interlaced 
load and unload, internal checking circuits, integral power 
supply, expandable capacity and installation ease, the 
manufacturer states. Also to be exhibited .:.... examples of 
core and core array products. Supplementing this manu
facturer's EJCC exhibit will be a series of symposia on 
selected subjects. "Word Selection System," "Application 
Problems For Core Storage Buffers," and "High Speed 
Transistorized Core Memories" will be discussed. The sym
posia will be held at the Bellevue-Stratford beginning at 
9:30 a.m. each morning of the conference. For more in
formation write TELEMETER MAGNETICS, INC., 
2245 Pontius Avenue, Los Angeles 64, Calif. or use card~ 

Circle 171 on Reader Service Card. 
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teletypewriter service-booths 44, 45 

This exhibit will demonstrate the application of the manu
facturer's private line teletypewriter service for a typical 
IDP order entry procedure. Operating at high speed (100 

'!,',: , .. , l' ~ 

l' " 
I 

I 

words pe~ minute, 75 bits per 'second) it will show how the 
automatic reproduction of the order data from' the receipt 
of an order up to its billing and the delivery of the data 
to a computer will reduce clerical labor and time by as 
much as 80%, practically eliminate . human erro~, and 
provide up-to-the-minute administrative and inventory con
trol reports, the manufacturer states. Master, by-product 
and selective tapes will be used in the demonstration. 
Also to be demonstrated is the dataphone, a new product 
developed to offer high speed transmission (up to 800 
words per miimte, 600 bits per second) and usage over 
regular telephone lines on either a per, message or private 
line basis. For more information write BELL TELE
PHONE COMPANY OF PENNSYLVANIA, 1401 Arch' 
Street, Philadelphia 2, Pa. or use reader service 'card. 

Circle 172 on Reader Service Card. 

computer flooring-booth 36 

This computer flooring withstands uniform loads in excess 
of 200 pounds per square foot and nominal casler loads of 
more than 1000 pounds. It permits 360 0 freedom in place
ment of cables and ducts and provides interchangeable and 
removable panels to permit instant access to intercabling 
and duct work. Fire resistant, the flooring meets building 
codes. For more information write BEL AIR INDUS
TRIES INC., 8125 Pulaski Highway, Baltimore 6, Mary
land. 

Circle 173 on Reader Service Card. 

representative-booths 23, 25 

This firm will present the products of the companies listed 
bel9w, at the conference: Elgin Metal Formers, Corp.
modular enclosure system. Engineered Electronics Co.
plug-in circuits and transistorized indicators. McLean 
Engineering Laboratories - cooling fans and blowers for 
electronic cabinets. Erie Instrumentation, division of Erie 
Resistor Corp.-digital instruments . and timers. Hycon 
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Eastern, Inc.-tape indexing equipment and ultra stable 
ascillatars. Electramath Carp.-precisian patentiameters. 
Milman Enginee'ring Ca.-digital and message readauts. 
Precisian . Specialties, Inc.-matarized tape punch. R D 
Instruments-autamatic multiple switch. Far mare infarma
tian write KENNETH E. HUGHES CO., 4808 Bergenline 
Avenue, Unian City, N. J. ar use reader service card. 

Circle 174 on Reader Service C~rd. 

high speed printer-booths 73, 75 

The S-C 5000 high speed electronic printer-utilizes a Char- . 
actran shaped beam tube and a Halaid XeroX, Inc., capy
flO' printer far printing at rates up to' 5,000 . lines per min
ute. When used with the M-10 registratian buffer this 
unit is capable af printing an pre-printed farms such as 
·'invaices, stack recards, premium natices, and checks. 
AlsO' an EJCC exhibit will' be direct viewing displays, 
bright displays, high speed cammunicatians printers, high 
speed micro film printers and high speed electranic print
ers. Far mare infarmatian.write STROMBERG-CARLSON, 
'a Divisian af General Dynamics Carp., ,1895 Hancack St., 
San DiegO' 12, Califarnia, ar use reader service card. 

Circle 175 on Reader Service Card, \ 

pulse transformers-booths 67, 68 

New blacking ascillatar and' inner stage caupling pulse 
transfarmers have been manufactured by a campletely 
new technique utilizing a campressian maulding pracess. 

The new transfarmers affer improved electrical and phy
sical design features aVer industry-standard epaxy encap
sulated transfarmers, the manufacturer states. Pulse widths 
available fram 0.1 to' 25 usecands, far transistar ar vacuum 
tube aperatian; tatal pulse energy is six watt-usecands 
maximum; pulse repetitian rate to' 10 mc. The unit is 
maisture resistant, has plug-in ar pigtail leads, ane ar twa 
secandaries, and waund inverting ar nan-inverting. It sur
passes mast MIL-T -27 A specificatians. This firm will alsO' 
display its line af pulse test equipment - in particular 
a new pulse pawer amplifier far ,testing magnetic switch 
cares. Far'mare infarmatian write TECHNITROL ENGI
NEERINGCOMPANY, 1952' E. Allygheny A~enue, 
PhlIadelphia 34, Pennsylvania, ar use readecservice card. 

Circle 176 on'Reader Service Card. 
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double throw switches-booths 20, 22 

This new line af multiple pale dauble thraw switches, 
shielded and nanshielded, are available in a range af 80 
pale dauble throw to' 1500, pale dauble thraw. These 
switches are manually aperated by a lever mechanism and 
are recammended far instrumentatian applicatians requiring 
law resistance, naise free, lang life cantacts. The manu
facturer states that these switches can replace high quality 
telephane type relays in many applicatians., Other prod
ucts to' be displayed include shielded wire terminatian, 
printed circuit edge cannectar lacks, campanents, tips, 
paper pins, harness ~annectars, test probe cannectars, large 
cable cannectars and cable wrapping. Far mare infar
matian write AMP, INC., Harrisburg, Penna., ar use card. 

Circle 177 on Reader Service Card. 

medium size computer-booths 7, 8 

Haused in the tap af the G-15 general purpase camputer 
is a tape punch and high speed, magazine laaded, phata
electric tape reader. The paper tape equipment and the 

input/autput cantral typewriter are supplied as standard 
equipment. An impart ant feature af the G-15 is plug-in 
use af accessary equipment. Introduced in September was 
the CA-2 caupier which processes punched cards at 100 
cards per minute and has a print-aut speed af 100 lines 
per minute. Cards can cantain alpha-numeric and special 
characters. Other input/autput aperatians may.take place 
simultaneausly with the CA-2 aperatian. Anather accessary 
is the PR-2 high speed photareader. The PR-2 permits 
any cade punched an 5, 6 ar 7 channel tape to' be read 
intO' the camputer. Tape speed is 400 characters per 
secand and will stop an a character. On display with the 
G-15 at the canference will be a magnetic tape unit and 
a digital differential analyzer. Far mare infarmatian write 
BENDIX COMPUTER DIVISION, 5630 Arbar Vitae 
Street, Las Angeles 45, Califarnia, ar use reader card. 

Circle 178 on Reader Service Card. 
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increment c,omputer-booth 27 
Gevic, a new variable increment computer combines rapid 
solution rates otthe general-purpose digita}' computer with 
the high iteration rates of the fixed increment type. Small 

and light (less than 2 cu. ft., 70-90 lbs. including . input
output equipment), Gevic has the speed and "capacity to 
provide the central computer functions for typical ad
vanced fighter-bombers, or the pre-launch computations 
for inertially guided missiles. For more information write 
GENERAL ELECTRIC CO., Defense Electronics Div., 
Light Military Electronic Equipment Dept., French Road, 
Utica, N. Y. 

Circle 179 on Reader Service Card. 

. repres~ntative-booths 70, 72 
This display at the EJCC will feature the following prod
ucts of the companies listed: Brush Instruments-direct 
writing oscillographs for computer readout. Donner Scien
tific Company - analog computer. ElectroInstruments -
digital voltmeters and analog-to-digital converters. Electro 
Pulse-precision pulse generators and core testing equip
ment. Magnetics Research"":"cores; pulse storage and control 
components. NJE-solid state computer power supplies. 
For more information write BURLINGAME, ASSOCI
ATES, LTD., 510 S. Fulton Avenue, Mount Vernon, N. Y. 

Circle 180 on Reader Service Card. 

enclosures-booth 39 
"Varipac" is a printed circuit board enclosure designed to 
be adapted· to any packaging technique utilizing printed 
or etched circuitry; and to provide maximum density from 
shelf stocked parts. It holds boards and printed circuit 
connectors in alignment and when used in conjunction 
with special printed circuit connectors an.d etched wiring 
boards, it can automatically replace the technicians solder
ing time of approximately 40 hours per card cage, : accord
ing to the manufacturer. Also on EJCC display will be 'a 
full line of tube sockets,' shields, printed' circuitry com
ponents and connector~.' For more info'rmationwrite. EL
CO CORP., M St. below Erie Ave., Philadelphia 24, Pa. 

Circle 181 on Reade'r Se;vice Card ' 

Research & Engineering, NOiJ~fnberlPecember 1958 

Typical ELAFLOR*' 
installation, showing free access, modern 
appearance of aluminum extrusions and 
vinyl tile floor surface. 

ATTRACTIVE ALUMINUM 
FREE-ACCESS FLOORING 

GIVES COMPUTER 
ROOMS EFFICIENCY 
PLUS APPEARANCE 

Designed to meet requirements prescribed 
by manufacturers of electronic computers 
... ELAFLOR*' is elevated aluminum 
flooring with tile covering' that may be 
installed over existing floors or. as a com-
pletely new installl:!-tion. . 

ELAFLOR* provides a strong, raised, 
fireproof' floor with lightweight remov
able panels under which ducts, cables, 
piping, etc. can travel in any direction 
and yet be instantly accessible. 

Offers custom-built advantages ••• but 
price is in the prefabricated flooring range. 
Write today for complete information 
and list of ELAFLOR* installations. 

·Pat. App. Far 

LISKEY 
ALUMINUM 
INC. 

1405A ROME RD., BALTIMORE 27, MD. 
, . " Circle 7 'on Reader Service, Card. 
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SELECTING 

ELECTRONIC DATA PROCESSING EQUIPMENT 

by MYRON B. SOLO 
Chief, Electronic Data Processing Division 
County of Los Angeles 

The following is a case study describing. the procedure 
used in selecting electronic data processing equipment for 
the County of Los Angeles. The same procedures, perhaps 
with less fonnality in obtaining bids, could apply to indus
. try. The conclusions reached will be of value to all groups 
selecting EDP equipment. 

The County of Los Angeles followed a conventional 
pattern of preliminary study (1) by surveying the data 
processing activities of the County for areas where con
version to EDP might pay' off, (2) by thoroughly studying 
the area selected, and (3) by establishing an EDP division 
as a result of management approval of the proposal sub
mitted. Equipment selection was not attempted during 
this period. 

There were four basic steps in the process of selecting 
computer equipment: 

(1) A relatively small but typical part of a major· ap
plication was chosen as a "benchmark" problem. 

(2) The benchmark problem, together with a set of 
specific questions, was submitted. to interested and reliable 
maIlUfacturers in . the form of a request for bid. The 
principal questions were: the time each manufacturer's 
system required to perform the benchmark problem, and 
the cost of that system. . 

(3) The. manufacturer's data was inserted in a formula 
to obtain, for each system, the cost of processing the 
benchmark problem. 

(4) The costs .of each system were also extrapolated to 
the time 10 years hence when all of the planned applica
tions will be converted to the electronic system. 

The file maintenance of the County Assessor's basic file 
of all assessed properties was chosen for' the representative 
problem. The problem consisted of the daily recording 
and key punching of 7500 transactions of 13 principal 
types 'concerning changes in ownership; in land value, new 
subdivisions, inquiries, etc. There was a need for weekly 
conversion of 37,500 transactions to magnetic· tape, 
followed by sorting of this data; and monthly maintenance 
of a file of more than 1,800,000 records of variable length. 
A printed report of every record in the file was required 
during two of the monthly file mainten':>.n~e runs each 
year, requiring 100 percent proces·sing of the file. During 
the remaining 10 months only a 10 percent collation ratio 
occurs with 134,000 documents . needed each month; 
1,937,000 documents are printed in each of the two remain
ing months. The sorting requIrements are several; fhe 
overall annual load was simulated by two large sorts of 
600,000 items of 175-character records. 

The request for bid-proposals required the bids to include 
provision for a brief training course for the County's EDP 
staff before bids were due. The basic criterion for selection 
was cost-per-unit of work processed; also considered were 
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programming ease, reliability and the ability to handle the 
total d~ta. processing load as extrapolated from the bench· 
mark problem by the County. 

The benchmark problem was described in the request 
and detailed information was given. Manufacturers were 
not allowed to modify the output format in any way. The 
total assessor-tax collector problem was described briefly, 
as background. 

Specific information requested by the County includ~d: 
• Equipment recommended by the manufacturer. 
• Specifications of this equipment. 
• The time required by each component of the equip

ment to do the benchmark problem. 
• Price of recommended equipment; rental and pur

chase. 
• Delivery date. 
• Level of reliability 

(percent down time and mean error-free time). 
• Cost ·of maintenance contracts. 
• . Operating personnel required. 
• Power and space required. 
• Cost of magnetic tape, and estimated rate of tape 

wear. 
• Cost of installation. 
• Availability of another identical system for use 

during emergencies. 
• Ease of programming. 
• The actual code for a portion of the benchmark 

problem. 
Preparation of the Request for Bids took two months. 

Manufacturers were given two and one-half months to 
prepare their proposals. 

The six proposals received were analyzed by the EDP 
staff. 

The times incurred on the four acceptable proposals for 
doing the various runs for the benchmark job are shown in 
Table 1. . 

(Note: All specific data shown applies to the County 
problem only. lLis given only as an example of the tech
nique.) 

formulas used to determine costs 

(1) Annual Operating Cost. The numerous costs .which 
J go into the operation of an EDP system were put into a 

formula in order to derive an overall annual cost to operate 
an EDP system for one shift. This formula is shown as 
Formula 1. 

(2) Cost of Doing a Representative Workload. The times 
to do the various runs of the benchmark problem were 
multiplied by the equipment costs for each kind of equip
ment used in each "run" to give the cost of the benchmark 

. workload. Formula II is used to determine this operating 
unit cost. 

A 10-year depreciation period was allowed. 
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1 TABLE I-COMPARATIVE TIMES FOR BENCHMARK PROBLEM RUNS 

Input Card-to-Tape 
Batch Check 
Sort Transactions 
Merge Transactions 

RUN 

Low Density File Maintenance 

Normal File Maintenance (Hrs./Month) 
Low Density Printing (Hrs./Month) 
High Density File Maintenance or 
Extra Edit Run for Special Reports 
High Density Printing (Hrs./Year) 

a-included in sort 
b-includes 0.5 hour of misc. printing· 
c-includes 0.1 hour of low density edit 

I FORMULA I 

Annual operating 
cost of EDP system 
for primary shift 

+. 

+ 

+ 

II FORMULA II 

MACHINE 
A B C 

15.0 8.3 4.7 
a 0.7 1.0 

3.7 1.5 1.0 
0.9b 0.5 0.1 

13.6 12.4 6.4c ---
33.2 23.4 13.2 

4.1 3.7 2.2 

26.3 33.1 11.0 
1,022.1 1,126.9 . 709.3 

Purchase price of 
system minus lO% 
residual value 

Total physical 
installation costs 

10-year overall life 

Annual power cost 

Annual maintenance 
costs (primary 
shift) 

+ 

10-year overall life 

+ 

+ 

+ 

D 

7.8 
1.1 
6.4 
0.7 

16.8 

32.8 
3.4 

32.1 
1,361.1 

Freight, 
4 % sales tax, 
insurance 

Annual 
space cost 

Tape cost 

10-year use 

Operating 
personnel 
costs 

Sum of cost of doing the 
Cost of doing = representative workload 

benchmark work = on each component of 
the system 

Sum,Oj 

~==============~Qc====~~ 

-X-Apportioning annual operating cost 
in proportion to equipment purchase 
(or ?'ental) cost was felt to be 
sufficiently accurate. _ 

= 
= 
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Rat.io of 
Component 

price to total 
pnce":-

A nnual operating 
X cost of EDP X 

system for one 
shift (from 1) 

Actual time 
used on the 
component for 
the benchmark 
problem 

The number of 
hours available 
annually during 
one shift 

For each component 
of equipment 
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Tape costs were based on the initial stock of magnetic 
tape required for all applications contemplated. 

Depreciation and installation were written off in the 
first shift. For computing the costs when renting, the first 
term of Formula I is replaced by the annual rental costs. 

The results of Formula I are shown in Table 2. The 
results of using this data in Formula II are shown in Table 
3. At this point, the purchase of Machine C appears to be 
indicated. 

Formula II calculations for Machine C are shown in 
more detail in Tables 4 and 5. 

The EDP staff had estimated, based on size of files and 
amount of activity, that the complete property assessment 
and tax collection problem represented a workload of 
about 6 times the benchmark problem. 

An adjustment of 60 percent was added to all work
loads for these factors: downtime, reruns, setup, engineer
ing changes, program debugging, scheduling difficulties. 

Then other applications W.ere judged in relation to the 
property tax problem. This study indicated that the total 
County EDP applications represents 15.0 times the bench
mark problem, including an allowance for growth over 
10 years of 1.2 units (such functions as registration of 
voters, Bureau of· Public Assistance records, and some en
gineering work were !consider~d). It was assumed that 
these applications will be programmed and concerted to 
EDP at a uniform rate over a 5-year period. Based on this, 
a 10-year plan could be developed, indicating that the cost 
of owning System C was the least o~er the .lO-year period, 
as shown in Figure 1, page 32. . 

'. 
other factors and final selection 

There are four factors the above-mentioned formulae 

do not cover: 
(a) The reliability of the equipment manuacturer. 
(b) In the case of machines not yet field tested (B 

and C were in this category), assurance that the 
machine will perform as specified. 

(c) Programming costs. 
(d) Legibility of printed output (from high-speed 

printers). 
Study of these factors largely based on judgment, previ

ous experience, and analysis by consultants with engineer
ing experience, lead to the conclusion that all manu
facturers still under consideration must be judged as 
equivalent on these points. 

These four .factors then, did not change the selection of 
Machine C, for which an order was placed. 

evaluation of the relation procedure 

If this gr9l.Jp had to go through another equipment selec
tion program, below are the points we feel would be re
tained and those we might change from the procedure 
actually used. These points are discussed here as an aid 
to others selecting EDP equipment: 

1. The use of a carefully prepared "benchmark" prob
lem is an excellent way to pin down the wide variety. of 
claims made by the manufacturers in regard to special 
features, such as overall data processing speeds, prices, and 
specific contractual proposals. In this way hardware and 
programming "gimmicks" are tested to see how useful they 
actually are and what they mean in dollars and cents in a 
specific situation. 

2. The formulae for developing the cost-per-benchmark 
process appear sufficiently accurate for the purpose, in 
view of the many judgment factors involved. 

2 TABLE 2-COMPARATIVE ANNUAL OPERATING COSTS FOR 
PURCHASED EDP SYSTEM (FORMULA I) 

30 

MACHINE 
COS T F ACT 0 R S Db C A 

Primary Shift, Total $398,648 $561,166 $444,239 
Purchase Factora 163,182 236,155 219,265 
Installation -:- 10 20,099 32,561 12,898 
Space 10,500 15,900 10,500 
Power 6,410 9,150 6,340 
Tape -:- 10 10,430 24,800 10,320 
Primary Maintenance 137,772 187,065 134,661 
Personnel 50,255 55,535 50,255 
(This analysis was made for each shift, for lease as well as purchase) 

B 
... "' $408,636 

195,607 
12,400 
10,500 
11,070 

8,804 
120,000 

50,255 

(a)-Purchase factor equals (90% of Purchase Price plus Freight & Ins. plus Sales Tax) divided by 10. 
(b)-Certain modifications of this proposal were made by the manufacturer which resulted in lower costs. 
. These are not reflected in the figures for the "D" system. For the purposes of the example these 

are not significant. ,. 
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TABLE 3-RESULTS OF FORMULA 11 

Rental 
Purchase 

COST TO DO BENCHMARK WORK IN 
DOLLARS PER YEAR 

A 

83,800 
61,200 

MACHINE 
B C 

76,900 
56,700 

61,400 
44,500 

TABLE 4-TIME DATA FOR MACHINE C-HOURS PER YEAR (If Purchased) 

No. Times Card-To-
Per Year Computer Tape Unit Tape 

Total 
No. Hours 

Input 12 1 56.4 56.4 
Batch Check 12 11.6 4 46.4 
Sort 12 12.0 8 96.0 
Merge 12 1.3 ,6 7.8 
Low Call. Ratio 

File Maintenance 12 75.7 8 605.6 
Low Call. Ratio -,' 

Edit 12 1.4 5 7.0 
Edit Preprint & 

Map Book 2 22.0 8 176.0 
Printing (Regular) 12 1 26.4 
Printing (All ,Records) 1 1 709.3 
Large Sort 1 10.5 6 63.0 
Total Hours/Year 
(to do benchmark work) 134.5 1793.9 564 

TABLE 5-FORMULA II DATA FOR MACHINE C (Purchase) 

A B C D E F G: 

Annual 
Unit Total Ratio Annual Cost Per Annual Ratio 

UNIT Cost Cost A/B Cost (1) Unit· Hours (2) F 

D 

not estimated 
74,600 

Printer 

Total 
No. Hours 

, r. i • ~ 

1 26.4 
3 709.3 

735.7 

H 
-.,,:r: 

Cost Per 
Unit Total 

(CXD) 2080 (3) (EXG) Cost (4) 

Computer 
Tape Units 
Input 
Converter 
Printer 

985,000 .3949 
61,745 ~a. .0247 ea. 

185,000 .0742 

215,000 .0862 
2,494,200 . 

(1) from Formula I 
(2) from Table 5 
(3) 2080=hours per shift per year 
(4) sum of column H 
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221,604 134.5 .0647 14,338 
13,861 ea. 1793.9 .8625 11,955 
41,639 56.4 .0271 1,128 

48,373 735.7 .3537 17,110 
561,166 44,531 
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1 FIGURE 1 

Capacity used 
in machine 
shifts. 

5 

3 

2 

D 

A 

B 

c 

58 59 60 61 62 63 64 65 66 67 68 

year 

'::'second machine required over 2.5 shifts/day 

similar data was estimated for printing and conversion 

shaded areas show capacity which must be acquired at one time 
(lst shift of each machine) 

3. The preparation of a detailed request for bids was 
believed justified, at least for a governmental agency, 
wherein impartiality is especially important. The prepara
tion and evaluation of the bid was educational since a 
number of ways of designing this EDP system were 
proposed both formally and informally, during the equip
ment selection program. After the "benchmark problem" 
formulation, 'the extreme importance of careful design of 
the real system could genuinely be appreciated by the 
EDP group. 

4. The training presented by manufacturers before due 
date for submitting proposals was valuable but the trainees. 
do not come to really appreciate the problems of pro
gramming· such as: handling variable length records and 
editing for unusual formats. The programming courses 
should revolve around actual difficult problems and not 
examples that show how the machine is "easy" to use. 

5. Making a 10-year estimate' of work-load is well 
worthwhile if it aids in selecting-the most efficient com
puter. Otherwise the entire systems study and equipment 
selection has to be repeated in three to five years. 

6. The time allowed manufacturers for preparing bids 
should be extended from 3 to 3% months. 

7. Care should be taken to see that all details of the 
benchmark problem are very clear; a briefing session for 
bidders would be helpful. 

8. The exact data which the manufacturer is expected to 
submit should. be listed in one place in the' request for 
proposals. 

9. Care should be taken to see that the manufacturer is 
not proposing to obtain a high speed of operation by meth
ods that require extremely tricky programming or a "loop" 
based on precise and critical timing. One should carefully 
evaluate the programming problems and possibility of 
timing errors involved in techniques such as: multi-pro-. 
gramming, use of buffers in special ways, methods of 
"packing" data with fixed word-length machines, and the 
use of complex programs with many sub-routines, switches, 
etc. Manufacturers should be pre-warned that estimated 
processing times that result from critical use of, complex 
programming will not be considered by the user, and that 
safety factors may be added to these times. 

10. Manufacturers should be asked to program and 
code in detail both a section of the file maintenance flow 
diagram and the "traffic and control" loop permitting the 
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passage of a "no-hit" record from the old master tape to 
the new, updated, master file. 

. 11. The user must define in advance the audit control 
system he wants to keep on magnetic tape. EDp'machines 
can be programmed. to make continuous trial balances of 
a file to check against group control records as tbey occur 
throughout the file. To some extent, the proposeQ file con
trol system to be used will make some machin~s less at
tractive than they appear on paper. 

12. The assistance of a qualified consultant to assist in 
making the systems study, preparing the economiC justifica
tion and selecting equipment can be helpful. 

summary 
By a careful study of the data processing requirements 

of an organization it was possible to prepare 'a typical 
benchmark problem. This problem then formed the basis 
of a request for proposals from equipment manufacturers 
which allowed a fair, quantitative evaluation . and com
parison of the proposed systems. ' 

In this paper it has not been possible to give all of the 
details of the selection procedure. It is hoped th~t enough 
data is given to allow other groups to develop similar 
quantitative selection procedures for their own ':organiza
tions. (Also note reference 1, below.) We feel that this 
approach. has merit for selecting EDP equipment for any 
application, industrial or governmental, although for indus
try a formal bid may not always be required. 
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Processing System," County of Los Angeles, Board of Supervisors, 
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6. See also "Factors to Consider in a Contract· for a Large-Scale 
Electronic Computing System," Data Processing Digest, Vol. II, 
#11, (Nov., 1956)p. 15-18. : 

7. Evaluation of Bids, for an Electronic Data Processing System," 
County of Los Angeles, Board of Supervisors, May 7~ 1957, (on 
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This letter moved an engineer ahead 5 years 

Two years ago a man took 10 minutes to write this letter. Today he enjoys the 
responsibility and professional standing in the Autonetics Division of North 
American that might have taken 5 years to achieve elsewhere. 

COMPUTERS AT AUTONETICS-A FIELD OF OPPORTUNITY 

At Autonetics we have concentrated on developing original techniques 
in transistor circuitry, miniaturization, and quantity manufacture of 
precision components. For only with these new arts is it possible to 
create computers so small, rugged, reliable-yet so big in performance 
-that they can meet the demands of the space age or the increasingly 
complex problems of industry. 

Our engineers have designed and built both analog and digital com· 
puters-for inertial navigation, bombing·navigation, armament. con· 
trol, flight control and data processing equipment. Out of this experi· 
ence, Autonetics built the first transistorized digital computer of true 
general purpose capacity. 

Today at Autonetics there's a respected combination of scientists, 
engineers, and production men constantly forging ahead into vital new 
technologies. Every state of the art is represented, from preliminary 
conception right through manufacturing. Facilities are the finest-and 
it's just a short jaunt to mountains, beaches or desert. 

You owe it to yourself to consider how far you can advance by 
entering this exceptionally promising field right now. Here are the 
opportunities: 

LOGICAL DESIGN • SMALL COMPUTER PROGRAMMING • SYSTEMS 
DESIGN, DEVELOPMENT AND TEST • TRANSISTOR CIRCUITRY • 
MAGNETIC MEMORY • SYSTEMS INTEGRATION • FIELD SERVICE 
ENGINEERING. 

Write your letter today. Please include a resume of your qualifications. 
Decide now to investigate your opportunities at Autonetics. Reply will be 
prompt, factual, confidential. 

Write Mr. F. L. Benning, Manager, Employment Services. 
9150 E. Imperial Highway, Downey, California 

Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

NERVE CENTER OF THE NEW INDUSTRIAL ERA 

Circle 8 on Reader Ser1Jice Card. 
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THE ROLE OF LARGE MEMORY 

IN SCIENTIFIC COMMUNICATIONS 

by DR. MORTON M. ASTRAHAN 
Manager, Systems Research 
IBM Research Laboratory, San Jose, Calif. 

The words large memory imply, for me, a store of at 
least a million alphanumeric-coded machine-readable char
acters, or a million reduced picture images. Automatic ac
cess is implied for the coded characters, although manual 
access may be suitable for the picture images. The access 
. may be directly to a specific body of information, called 
a record, with little or no scanning, or it may involve 
scanning the entire file. Records may be identified or 
addressed by their physical location or by their content. 

coded memories 

Access speed is an important characteristic of coded 
memories. Random access time is the time required to 
reach any desired area of the memory and read out a 
record. Serial scan time is that needed to read all the 
records. 

Present commercially available large coded memories 
range from 15-million-bit (binary digit) drums with 1/5 
second random access time to 40-million-bit disk arrays 
with % second random access time, and on to reels or 
strips of magnetic tape which require many seconds for 
random access to hundreds of millions of bits. 

High-speed tapes are available which can be read at a 
rate of % million bits per second on 31 parallel channels. 
If used for continuous serial scan, a 2700-foot reel con
taining % billion bits could be searched in 5% minutes. 

The current state of the art of magnetic and photo-

Dr. Morton M. Astrahan 
was recently appointed 
functional manager of 
small systems and ma
chines research at IBM's 
Research Laboratory, San 
Jose, Calif. After obtaining 
his PhD from Northwest
ern University in 1949, Dr. 
Astrahan joined IBM and 
participated in' the plan
ning and 'logical design of 
the 701 computer. He was 

in charge of systems planning on the AN/FSQ-7 
computer for the SAGE air defense system and di
rech~d input-output development and prototype test
ing for AN IFSQ-7. In '1956, he became manager of 
the lab's systems research . 

. He was first chairman of the IRE Professional 
Group on Electronic Computers during 1952 and 
1953. Dr. Astrahan is now chairman of the National 
J oint Computer Committee. 
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graphic recording, as well as, the descriptions of labora
tory models of large memories which have been presented, 
make it evident that it is now technically feasible to pro
duce memories of 1 to 10 billion bits with random access 
times of less than a second. Economic feasibility is, of 
course, another question and one which I do not propose 
to discuss. 

High density of recording is an important key to achiev
ing high capacity, high speed, and low cost. Let us ex
amine the densities that seem achievable. It appears that 
the density limitations in both magnetic and photographic 
recordings will be due for some time to the reading and 
writing apparatus rather than to the resolution of the 
medium. For both media 100,000 bits per square inch is 
achievable now in the laboratory and a goal of a million 
bits per square inch is regarded as achievable for a prac
tical machine. Theoretically attractive techniques for 
achieving a hundred times higher densities have been 
suggested, but not yet critically evaluated. I will come 
back to all these numbers later in describing applications. 

Scanning speed is another important property, since a 
complete scan of a file is a straightforward way of achiev
ing an associative access, that is, one based on the content 
of a record. A complete scan is certainly not aesthetically 
neat compared to direct associative access, but it definitely 
is technically attractive if the scanning speed can be made 
sufficiently high. For magnetic stores, we can expect to 
achieve scanning speeds of 10 million bits per second for 
a single reading head. This same rate can be achieved' 
optically, using flying spot scanners. One attractive possi
bility for use 'in searching a photographic file for exact 
matches is the use of mask comparison for the searching 
data. This technique leads to severe registration problems 
at the densities I am bandying about, and it also leads to 
format restrictions, but it can greatly increase the search
ing speed with a single searching element. 

All these speeds can, of course, be greatly increased by 
parallel reading heads, at greater cost. 

I have deliberately not discussed writing rates, since 
these are less important in the applications I will consider. 
The rate of duplicating a whole file for distribution is of 
interest, and here the possibility of high resolution con
tact prints makes optical tecording attractive. 

picture storage 

For storing picture images, there is microfilm, which can 
put several thousand frames on a 100 foot reel. There are 
also systems available for putting several page images on 
a film card. At present, one hundred-to-one reductions 
are possible for sheets containing typed text. This results 
in a storage density of a hundred pictures per square inch. 
One thousand pictures per square inch is a reasonable 
goal for a practical machine. Devices which have been 
demonstrated include Minicards, with a 60:1 reduction 
and 12 frames plus coding to a card about % in. X 1 % in., 
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and the National Bureau of Standards system which pro
vides direct access to any of ten thousand frames on a 
piece of film 10 inches square, which is a 100; 1 reduc
tion. In the latter, each frame represented an individual 
character, and so did not involve a high reduction. 

indexing 

The most evident application of large memory to scien
tific communication involves communication by means of 
written information. In the category of written informa
tion, I include photographs and drawings. Large memo
ries will help answer the following questions: 

l. What is written? 
2. Where is it? 

Large memories will also help to carry out the following 
orders: 

1. Get it. 
2. Translate it. 

The other category' of scientific communication involves 
spoken information, and here too, large memory can 
playa role. 

Probably the most pressing application is getting the an
swers to the two questions. "What is written," and "Where 
is it." Variations of this problem are called Information 
Retrieval, Literature Search, Indexing, and other similar 
names. The problems described with these names cover a 
wide range of complexity. An example of the simplest 
kind of problem would be the following. Given a set of 
research reports, each defined by a unique number, find 
the location of the report corresponding to a specific 
given number. An example of the most complicated kind 
of question would be the following. "What has ever been 
written concerning the photoconductive properties of 
materials in a specified incident radiation frequency 
range?" 

For purposes of considering large memory require
ments, we can describe a general problem which covers 
the whole range of problems. And following this tack, 
I will call the general problem the Indexing problem, thus 
avoiding the need for naming variations of it. Any 

two U.S.-made memory units 
ElectroData's Datafile system is used in conjunction 
with a Burroughs 205 computer. Each Datafile stores 
20-million characters in a single memory unit the size 

of a deep-freeze. Up to 10 Datafiles can be integrated 
into one computer system providing a memory of 
some 200-million characters. 

The unit's design concept physically "segmentizes" 
information by eliminating convential tape reels. 
This principle not only affords large file capacity but 
achieves high processing speed, according to the 
manufacturer. Fifty 250-foot tapes inside each unit 
magnetically store the business records at hand. In
formation is calibrated into addressable blocks of 
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200 characters each. The tapes, housed in static-free 
metal bins, move backward or forward over guide 
rods at 60 inches per second. 

Shown here is the disk memory unit of the IBM 305 
RAMAC, with 50 magnetic disks capable of storing 
five million alpha-numeric characters of information. 

Data is recorded on or read from each side of the 
disks by a rapidly-moving electronic "arm." 
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indexing problem involves a finite set of documents, D 
in number. In the most general case, D might be the total 
number of documents ever written. In a very restricted 
case, it might be a set of numbered reports issued by a 
laboratory. I define the word document as being a unit 
of written information which I am willing to search 
through if there is a high probability that the information 
I am looking for is somewhere within it. This means to 
me the length of the usual article in a technical journal 
or a chapter in a book. 

In any specific problem there is an average number of 
characters, C per document, including all the text tables, 
titles of pictures, mathematical symbols, chemical formu
las, texts on graphs, etc. I take a character to be 7 to 8 
bits, including a check bit. 

choosing terms 

All of the indexing techniques I have heard used or 
proposed involve choosing one or more index terms for 
each document from a set T of all possible index terms. 
These terms may be just an identification number, or they 
might perhaps be chosen from a catalog of suitable index 
concepts for the subject being considered, or they might 
be derived from the words in the articl~ using more com
plicated logical analyses. (DC/I0), which is 10% of the 
total number of characters in all the documents, is proba
bly a good upper bound to the number of characters 
that might· be needed for complete indexing. This is my 
guess based on work done by Phyllis Baxendale of this 
lab on determining index terms automatically from origi
nal text by use of rules based on language structure. I 
believe that these techniques offer the only hope of 
achieving high speed searching equivalent to the ques
tioner's reading all the searched documents. 

Any inquiry will be expressed by means of the index 
terms, either directly, or perhaps through a logical analy
sis of an inquiry statement similar to the analysis used in 
indexing the documents. The indexing process then in
volves searching the file of index terms for matches with 
the inquiry terms. The output is the identification and 
location of documents, and possibly abstracts. The matches 
could be exact or they might involve. other logical rules, 
such as those which would result in selecting the closest 
matches. 

There are two general ways that a large memory can 
be organized for Indexing. If the memory has direct ac
cess, we can organize the memory into a unit record for 
each index term and store in each of these records the 
identification of the documents which are characterized 
by that index term. We then search only the records for 
the inquiry terms. With a serial scanning memory, we 
organize the memory into a record for each document, 
where each record contains the index terms for that docu
ment, and inquiry then requires a search through all the 
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records. If the document numbers, which are repeated 
for every appropriate index term in the first case, average 
the same number of characters in length as the index 
terms, which are repeated for every appropriate docu
ment number in the second case, then the same file capa
city is required for indexing in both systems. Systems 
exist today using 5 million character magnetic tapes or 
Ramac Disk Files which can accommodate tens of 
thousands of documents with several manually assigned 
concepts or index terms for each document. 

I will mention a few of these that have been reported. 
At the Naval Ordnance Test Station at China Lake, 

California, over 14,000 reports on magnetic tape have 
been searched. Chemical structure searches on tape were 
tried at Dow and Monsanto. Our experimental system 
using a Ramac now contains 5,000 documents I tried it 
in preparation for this paper and got a long list of refer
ences. Of course, I got most of my information by the 
proven method of asking people who know. 

FOSDIC 2 should also be mentioned here. It was 
developed by the Bureau of Standards and provides for 
selective reproduction of punched card images stored at 
a density of 13,000 card images to a 100-foot reel of 
16 mm microfilm. It searches at 4,000 cards per minute. 
The experimental model is being delivered to the Air 
Weather Service at Asheville, N. C. for evaluation. They 
have a file of 300 million cards to search. 

Two other jobs are worth mentioning as examples of 
Indexing. These are the use of magnetic tape systems in 
the preparation of a Bible Concordance and in the index
ing of the Dead Sea Scrolls. 

future needs 

I will now indulge in speculative mathematics about 
memory sizes that might be needed in the future for 
Indexing. I have found a second-hand reference~ which 
states that there are approximately 60 million pages of 
technical literature currently published every year through
out the world. From other references, I have gotten 
figures of almost 2 million magazine articles and more 
than 60 thousand technical and scientific books published 
each year. Together, these probably would account for 
about 25 million pages, so I will accept the 60 million 
figure. Let us assume that we wish to search this whole 
mess and ignore everything but the memory requirements. 
I will assume that there are an average of 500 words 
per page, so my 10% rule calls for 50 index terms per 
page. This comes to a total of Ilbout 3 billion index terms, 
or about 300 per document if we assume 10 million docu
ments. The index store will thus require about a 150 
billion bits, assuming 50 bits per term. This could be 
halved with better coding, but more tables and less 

(please turn to page 38) 

,.. Vagtborg, R., Tomorrow Through Research, 7, No. I, p. I, Feb. 1955, Southwest 
Research Institute. 
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electronic 

carrousel-

memory 
One of the newest developments in ran
dom access memory systems is covered 
in a report from our Swedish corres
pondent, Etienne Guerin. His subject
the ECM-64 FACIT Random Access 
Memory. 

ECM-64, which stands for Electronic 
Carrousel Memory is the result of three 
years of research, under the direction of 
engineers, Erik Stemme and 'Sven-Erik 
Wallstrom. In order to reduce access time, 
individual magnetic tape lengths are 
wrapped around 64 individual spools, 
which are extruding from a large wheel 
rotating on a horizontal axis. The spools 
and the wheel are both easily removed. 

Code symbols on the wheel axis desig
nate the contents .of the spool tapes, and 
by indicating the symbol desired the 
wheel is activated toward the reading/ 
recording head, which is located below 
the center of the wheel. The design per
mits the wheel to rotate left or right, 
whichever is the closest for the spool to 
reach the head. Here it is stopped, a 
weight at the free end of the tape is re
leased and the tape unreels downward in 
a serpentine movement into a tank. The 
speed is self-regulating, both in the down
ward movement and for rewinding, vary
ing from 0.5 to 2 seconds according to the 
length traveled by the tape before the 
selected block of information has been 
reached. The snap-back does not encroach 
on machine time. 

As this memory is an external appar
atus, the time required for the electronic 
selection of the desired program depends 
on the central unit. Once this selection has 
been made, the memory handles the re
maining processing in from 0.6 to 3.2 
seconds. 

Tape speed is 5 meters/sec., tape width 
r'Ys in. There are 8 channels of which one 
is for checking and seven for code. Time 
displacement error between the outermost 
channels is less than 5 microseconds. Re
wind time is about 2 seconds (uneven
faster at the start, slower at the end). 
A verage time to select a spool: 1 second 
maximum, % second average. After select
ing a spool, the first information block is 
reached in 0.6 seconds, 1.9 seconds aver
age access time for one or more blocks. 
The amplifier is fully transistorized. 

With the ability to rotate left or right, the carrousel wheel can automatically stop 
its rotation. A weight at the free end of the tape is released in the center guide 
pulling the tape. After it passes the reading head and photocell, it unreels down
wards in a serpentine movement into the tank (see below). 

The complete wheel weighs 4,700 
grams and file size is 44 x 44 x 7 cms., 
with a thickness of 63 mm. and a diameter 
of 430 mm. Each station can house two 
wheels and they measure 166 x 62 x 87 
cms. The spools, of special aluminum, 
when brought into position are activated 
by an electric motor moving forward in
side . the spool core .. Each spool houses 
about 8.5 meters of tape. Each tape can 
hold 8,192 words of 40 bits, divided into 
128 blocks of 64 words. A fully loaded 
wheel contains more than 3.1 .millions 
alpha-numeric characters or alternatively 
more than 5.2 millions decimal figures. 
Two photocell readers have control func
tions on the operation. 

Track width is 1.5 mm., gap length 
1/100th mm., track spacing is 2 mm. Air 
gap between head and tape (to obtain 
higher reliability) is 1/100th mm. 

The amplifier has an input voltage from 
the head of five millivolts. Write current 
is 80 milliamps. 
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ROLE OF LARGE MEMORY 

redundancy in the search matching would result. 
At a million bits per square inch, we could put 150 

billion bits on a recording surface one inch wide and 
12 thousand feet long. A series scan of the whole memory 
at 10 million bits per· second would take 4 hours. If we 
could afford to be in a hurry, we might provide a hundred 
parallel channels and a hundred comparing circuits and 
run the tape at a thousand inches per second. The search 
would then take about 2 minutes. If the inquiry only takes 
about 10 words, however, it would be profitable to make 
a memory with more direct access. For example, the one.,; 
inch-wide surface mentioned previously could be divided 
into a 120 hundred-foot strips. Assuming 10 seconds to 
select a strip and 10 seconds to run an average of 25 feet 
out and 25 feet back to the center of the strip, each access 
would take 20 seconds, and the whole search would take 
about 3 minutes. Using 12,000 one-foot strips we might 
be able to cut this down to 1 second per access, with a 
total of 10 seconds for the search. Other arrangements on 
disks and drums could just as well have been considered. 

Consider the Library of Congress. Dr. King once es
timated that it contains 1014 bits. Using the same indexing 
factor of 10% that I used before, we come out with about 
30 to 100 times as much storage required as in the pre
ceding example. Thus, it would not take too much further 
improvement in resolution and speed to make possible a 
practical singl~ store for all of this information. 

now available? 

Of course, if we had these memories today, we would' 
not be able to make use of them.We do not really know 
how to use the large memories available today. There 
are many successful punched card special purpose in
dexes in use, but hardly any magnetic tape systems. What 
tape systems there are, are mostly experimental. One 
reason is that there are many other techniques that need 
to be developed. These involve input methods and search
ing logic. 

Manual assignment of index terms and. preparation of 
the machine-readable index entry for a document is costly 
and of limited value. We must have means for automati
cally entering text information and for automatically 
generating the index terms from it which are independent 
of the opinions of a human cataloguer. Character sensing 
readers which will read all type styles might be achievable 
at a cost \Vhich would make them practical, if used. in 
conjunction with people to point out thEl thingli to be 
read and the prop~r order. I think that machines to do 
this whole job, so that you could hand them a magazine 
or a book and come out with indexed documents, are 
further off than the index memories themselves. Thus, 
for some time our systems will be limited largely by the 
input problems. We ca:~ at least hope· that in the next few 
years it will be possible to begin having all published tech-

38 

nical information produced in a machine-readable form 
in addition to the human-readable form. A lot of work 
is going into the automatic indexing problem and it seems 
reasonable to hope that solutions to this problem will be 
available when needed. With automatic entry and auto .. 
matic indexing, it will become practical for central agen
cies to maintain up-to-date indexes in special areas. These 
might contain a hundred thousand documents, at 1000 
index terms for each document. A basic billion character 
memory would be needed, and it would be revised regu
larly, either by the addition of supplementary units or by 
complete replacement of the storage element. 

document store 

You will notice that I have kept the job of indexing sepa
rate from the job' of retrieval of the document, which is 
the answer to "get it." We can imagine picture storage 
memories in which rapid mechanical access to any of a 
large number of pieces of film is available. Each piece of 
film would have pictures stored on it at a density of be
tween 100 and 1000 pictures per square inch. The coded 
index files would provide the information concerning the 
specific location of any desired picture. The first justifica
tion for such systems will be' in terms of access time. With 
improved print-out and display techniques, these systems 
will compete on a cost basis with manual access. We 
might someday look forward to a system whereby libraries 
have mainly an indexing search machine and a docu
ment file. We might further hope for remote display and 
print-out at many locations, or we might provide each 
individual with a complete set of hundreds of thousands 
of picture images with manual or even automatic access, 
along with a viewer and copier. In either case, a searcher 
would call the library to find where to look, and would 
do the actual reference work at his own desk. 

translation 

Language translation is another area which will-be helped 
by large memory. Here again, current memory techniques 
are ahead of our knowledge of the logic of the problem. 
Most present systems use dictionaries which translate 
single words into their alternative translations, leaving 
the reader to make sense out of the resulting mish-mash. 
Automatic production of. a clean translation, such as a 
good human translator could produce, will require more 
storage to hold the language structure and idioms. Even 
so, memories of one to ten million characters with ran
doin access in one-tenth second should be able to handle 
realtime translation, wh.en the language structure and 
data. input problems are solved. 

voice recognition 

·;Speaking of realtime translation, brings us to one other 
me'ans of' communication which should be considered, 

'r, '-. • ,...... .•. r '~J,:~.r .. ' ... -._ .~ 
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datamation details on 
magnacard 

Magnacard System, developed by The Magnavox Com
pany, stores data on 1 in. by 3 in. magnetic cards, 
which can be processed at rates up to 100 per second. 
Cards are transported by means of rotating vacuum' 
drums. The four-drum array shown is the Magnacard 

handling unit, capable of performing all basic card-
handling operations. . 

Shown behind this unit is a file block with a capa
city of 300,000 cards or a. total of 1 5 billion bits of 
information. A wide variety,. of machines' form the 
Magnacard system, including· sorters, collators and 
large-file access units. , 

minicard 
A piece of film th~" size' 6£: a postage stamp known as 
the Minicard film rec'o:(d is:the. "memory" of the East-

namely, voice communication. Voice recognition for 
purposes of translation;" control, or recording for print
ing will eventually be handled with the aid of large mem
ories in a manner' similar to the langti~ge translation 
problem. Schemes for builqing .up words'by recognizing 
individual phonemes will be 'replaced by systems wherein 
whole words at atim'e are recognized by an indexing 
process. The. index terms will be characteristics such as 
energy distribution . of various frequenci~s for a succes
sion of phonemes. Simple lariguage structure' rules will 
make' it possible to distinguish between words which 
sound the. same but are spelled differently. The indexing 
rules would. probably have to call for nearest. matches, 
rather than for exact matches. A' vocabulary of· ten thou
sand words would probably be quite satisfactory for a 
voice operated letter writer. A million-character memory 
completely' scanned several times a second, would handle 
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man Kodak Company's Minicard System (marketed by 
a subsidiary, Recordak Corporation). In the area 16 
by 32mm the Minicard film record has a storage capa
city of five times the code information contained in a 
tabulating card. By "filing" documentary information 
with the indexing code the film is a complete unit 
record, makes single searching automatic. Once the 
coded film records are retrieved electronically (speed: 

1000 film records a minute) the information is im
mediately available for reference, dissemination and 
reproduction into hard copies, original size. In lieu of 
punched holes, the record utilizes clear and opaque 
areas for binary code, exposed as square "dots" in the 
film emulsion. 

Up to twelve, legal-size documents can be repro
duced on a single record and space remains for 294 
bits, or 49 characters, of alphanumeric code. If the 
documentary information consists of only six written or 
printed pages, maps, charts, photographs . the code 
pattern can be increased to 1554 bits, or 259 characters. 

this job and is certainly achievable within the density and 
speeds mentioned earlier. 

Large memories provide automatic reference to millions 
of "words of machine-readable coded information or to 
millions of images of document pages. Higher densities of 
storage will make possible low-cost memories of billions 
of words with access to any part in a few seconds or 
complete searches in minutes. These memories will serve 
. as ind~xes to the deluge of technical literature when the 
problems of input and of the automatic generation of 
classification information are solved. Document files will 
make the indexed literature rapidly available to the 
searcher. However, memory capacity is currently well 
ahead of our ability to use it, and much work remains in 
this area. Machine translation of languages and recogni
tion of spoken information are two other areas which 
will require fast, large memories. 
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he compact '909' Perforated Tape Strip Reader now makes it possible 
to process information from perforated tape into digital data computer 
systems at high speed and low cost. Simple to operate by clerical personnel, 
the '909' is completely transistorized, and will give maximum performance 
with complete reliability. 

The '909' is a compact unit, suitable for console or rack mounting. Here 
are some of the performance features, available for the first time in equipment 
of this type: 

• Character reading speeds up to 1000 
char/sec. 

• Simple In-Line threading 
• 3 Millisec starting time 
• Stops on STOP Character, (0.2 millisec) 

and will read next character after start 
• 100 x 106 operation pinch roll 
• Photo Diode Head reads any tape (in

cluding oiled yellow teletype tape) 
• Reads 5, 6, 7 or S level tape with 

sprocket channel 
o Ambient temperature up to 125 0 F. with 

10,000 hour life 
• Built to meet requuements of MIL-E· 

415SA 

Tape. Speed: 
10 to 100 ips 

Tape Width: 
Any Standard Width 

Power Requirements: 
115V, 60 Cycle, 1 Phase 

Control: 
Remote/Level Inputs 

@) 
Contact your Potter represe1ttative or call 
or write direct for further in/ormation. 

T~of 
Engineering Quality 

POTTER INSTRUMENT COMPANY, INC. 
. Sunnyside Boulevard, Plainview, N. Y. 

OVerbrook '·3200 

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it. 
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INTERNATIONAL 
COMPUTATION 
MEETING HELD 

Second meeting of the preparatory 
committee of the International Com
putation Center was held in Rome in 
late June. In attendance were par
ticipating committee members from 
UNESCO, Belgium, Ceylon, France, 
Italy, Japan and Mexico. Observers 
were present from Greece, the Ger
man Federal Republic and the United 
States (Professor S. Cairns). Repre
sentatives of UN specialized agencies, 
international scientific unions and 
Italian institutions and private firms 
also attended. 

Following are five of the 15 resolu
tions submitted as part of the group's 
scientific program: 

• A number of public and private 
institutions will become corresponding 
members of the International Center. 
As such, they will undertake to inform 
the center of the problems with which 
they are concerned and the methods 
of solution which they have studied or 
tested. In turn, when these institutions 
encounter new problems, the center 
will provide all available documenta
tion dealing with them. 

• The center shall collect all exist
ing terminology relating to its own field 
with a view to publishing a multi
lingual glossary covering the principal 
languages. 

• A special scientific symposium 
will be held in Rome in late January, 
1959 (see Dates). 

• The committee will encourage 
exchange of personnel between vari
ous institutions. 

• The committee entrusted the ex
ecutive secretary to continue negotia
tions with the manufacturers of com
puters with a view to installing oJ?e 
or two medium-size machines at the 
Center in 1 959, provided this could 
be done without excessive commit
ments. Also, the secretary was in
structed to inform interested states 
that following the. committee's next 
meeting (see below) the Provisional 
Center should be in a position to con
clude long-term agreements for the 
installation of computers on the Center 
premises .. 

The committee will meet again in 
Rome on January 26 and 27, 1959 
(see Dates). 
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WJCC 
SESSIONS, 
CHAIRMEN 

San Francisco's Fairmont Hotel will 
be the headquarters and meeting place 
for the 1959 Western Joint Computer 
Conference, March 3, 4 and 5. Joint 
sponsors of the conference are the 
Institute of Radio Engineers, the 
American Institute of Electrical Engi
neers and the As'sociation for Comput
ing Machinery. 

Theme of the 1959 Western Joint 
Computer Conference is, "New Hori
zons with Computer Technology." The 
chairman of the complete technical 
program, Richard W. Melville of Stan
ford Research Institute, recently an
nounced the twelve regular program 
sessions to be held and their respec
tive chairmen, as follows. Inquiries re
garding the technical program should 
be directed to Melville at Stanford 
Research Institute, Menlo Park, Cali
fornia. 

"New Components and Circuits," 
C. L. Wanlass, Aeronutronic Systems, 
Inc., Santa Ana. "Information Re
trieval and Language Translation," 
Charles P. Bourne, Stanford Research 
Institute. "Computer Communication," 
Hardy C. Martel, California Institute 
of Technology, Pasadena. "Education 
and Training for Use of Computers," 
George W. Brown, University of Cali
fornia at Los Angeles. "Achieving Re
liability in Operation Control," Louis 
Fein, Palo Alto. "Learning Concepts 
and Pattern Analysis," Patrick Suppes 
of Stanford University. "New Ma
chines and Systems," Michael Montal
bano, Kaiser Steel Corp., Oakland. 
"Computer Applications in Business 
Environments," Roger R. Crane of 
Touche, Niven, Bailey and Smart, 
Detroit, Michigan. "Numerical Analy
sis," Richard D. Levee, University of 
California Radiation Laboratory, Li
vermore. "Blue Sky," Louis N. Ride
nour of Lockheed Missile Systems Di
vision, Sunnyvale. "New Applications 
of Computer Technology," Harry D. 
Huskey, University of California, Ber
keley. "Philosophy and Responsibility 
of Computers in Society," Ralph W. 
Tyler, Center for Advanced Study of 
Behavioral Sciences, Stanford. 

TRANSISTORIZED DIGITAL 
MAGNETIC TAPE HANDLER 

rv~~~[L ~~~ 

Check these new standards 
of reliability and performance 

• Completely transistorized for maximum 
reliability 

• Trouble free brush less motors 

• Over 50,000 passes of tape without sig
nal degradation 

• Linear servo system 

• Life expectancy of pinchroll mechanism: 
over 100,000,000 operations 

• Skew ± 3 ,us~c. Y2" tape, center'clock at 
100 i.p.s. 

• Vacuum loop buffer 

• Continuous flutter free cycling 0 to 200 
cps 

• Normal speed up to 100 i.p.s, 

• Rewind or search speed constant at 300 
i.p.s. 

• Six speeds forward or reverse up to 
150 i.p.s. 

• Better than 3 milliseconds start, 1.5 
millisec. stop 

• Front panel accessibility 

• In line threading 

• End of tape and tape break sensing 

• All functions remotely contro.llable Tape 
widths to 11,4" 

The 906 is usually supplied with the Potter 921 transistorized Record-Playback Ampli

fier; a unit that features: 

Pulse or level out'puts 
Output gating 

Manual, relay, or 
electronic function switching 

1 i.p.s. to 150 i.p.s. Dual read-write operation 

Potter also manufactures a complete line of Perforated Tape Readers, High Speed 
Printers and Record-Playback Heads. 

@ 
Tbe mark of 

Eng'n Q l't 

Contact your Potter representative or call 
or write direct for further information. 

POTTER INSTRUMENT COMPANY, INC. 
Sunnyside Boulevard, Plainview, N. Y. . 

OVerbrook 1-3200 

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it. 

u 
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MASTERMIND 
THE COMPUTER 
MARKET 
WITH 
BURROUGHS! 

The most stimulating marketing 
challenge of tomorrow ... with 
outstanding financial rewards and 
personal satisfactions today! This is 
the fascinating field of electronic data 
processing systems, where dynamic 
advances are being made by the 
ElectroData Division of Burroughs 
Corporation. Here in a Southern 
California setting, as well as in other 
areas of the country, our creative 
staff deals with the marketing 
challenge of today's EDP systems and 
gives direction to the electronic 
equipment of the future. Sense the 
challenge? It can be yours. We have 
openings of major responsibility 
for people who have grown with the 
data processing field-who thoroughly 
understand computers and their 
application to scientific and 
husiness problems: 

Mathematicians, Applied Scientists, 
Product Planning and Applications 
Analysts, Applied Programmers, 
and others who are specialists in this 
growing field. For complete details, 
contact your local ElectroData district 
or regional office-or write to 
Professional Personnel Director in 
Pasadena, address below. 

Burroughs Corporation 
ELECTRODATA DivISION 

PA SAD E N A. CAL I FOR N I A 

"NEW DIMENSIONS lin electronics and data processing systems" 

Circle 11 on Reader Service Card. 
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NEW 
DATAMATION 
LITERATURE 

PRECISION ANALOG COMPUTER: 
A fully illustrated eighteen page 
brochure and folder describes this 
company's new 80-amplifier precision 
analog computer MC-5800. The folder 
photographically illustrates how the 
computer may be instantly "unzip
pered" from its cabinet for unob
structed access during maintenance. 
Other features covered - the circuit 
logic required for building-block flexi
bility, adaptability for high speed 
repetitive operation, bivariable f~nc
tion generation, automatic problem 
check. For copy write MID-CENTURY 
INSTRUMAf:fcS' CORPORATION, 
611 Broadway, New York-lg;:New 
York or use reader ser~ic6' ': card. 

Circle 200 on Reader Service Card. 

ANALOG COMPUTATION 
CENTERS: An illustrated, twenty 
page booklet, Bulletin No. CC-821, 
details this company's analog comput
ing equipment installed at their com
putation centers in Princeton, N. J.; 
Los Angeles, Calif;; and Brussels, 
Belgium. The staffs supporting these 
centers are identified and a substantial 
list of problems suitable for solution 
by analog computation are included 
, . . for the benefit of firms exploring 
the possible application of analog 
simulation to their engineering prob
lems. For copy write ELECTRONIC 
ASSOCIATES, INC., Technical Liter
ature Group, Long Branch, New 
Jersey or use reader service card. 

Circle 201 on Reader Service Card. 

INFORMATION RETRIEVAL: 
Pamphlet UC 892 entitled "Basic 
Concepts of Information Retrieval" is 
the first of a series of papers aimed at 
providing a broad theoretical founda
tion for the problem of information 
retrieval of electronic computers. De
signed to help fill the need for a 
standardized point of view from 
which to evaluate different systems or 
design new systems satisfying given 
requirements, it is the result of re
search being conducted by Dr. John 
W. Mauchly, Director of Univac Ap
plications Research Center. Future 

Designing reliability into 
electronic components and 
instrumentation is Borg 
Equipment Division's business. 
Borg's reliable engineering, 
research and production 
facili ties are at your service 
for commercial or military 
projects. Bring your component 
reliability problems to Borg. 
You'll enjoy working with 
our cooperative, creative 
engineering staff. The result 
will be a sound, practical 
and reliable solution at 
a considerable saving of time 
and money. Here are just 
a few of the products 
manufactured by Borg . . . 

FREQUENCY STANDARDS 

AIRCRAFT INSTRUMENTS, 

POTENTIOMETERS 

MULTI-TURN COUNTING DIALS 

FRACTIONAL H. P. MOTORS 

SPECIAL DESIGNS 

WRITE FOR COMPLETE ENGINEERING DATA 

BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 

JANESVILLE, WISCONSIN 
Circle 12 on Reader Service Card. 
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GIVE AN ENGINEER 

THE MOTOR HE 

SUB-FRACTIONAL 

HORSEPOWER 

MOTORS 

BUILT BY 

BORG 
Why restrict yourself to marginal reliability? 

Borg sub-fractional horsepower motors supply the quality 

needed in your precision equipment for longer life 

and continued high-level performance. 

Borg-Motors are available in various models from 

1/2000 to 1/750 horsepower ... in synchronous 

and induction types ... with or without gear trains. 

They are totally enclosed in precision machined housings. 

Borg-Motors have excellent performance records on 

closed circuit industrial television installations, 

medical equipment, recorders, timing devices 

and many other applications. 

Write for complete engineering data and 

the name of your nearest Borg "Tech-Rep." 

BORG EQUIPMENT DIVISION 

, 
• 

THE GEORGE W. BORG CORPORATION 

JANESVILLE, WISCONSIN 

MOTORS 
MICROPOTS 
MICRODIALS 
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NEW LITERATURE 

papers will cover standard models of 
information retrieval systems, repre
sentation and storage of information, 
etc. For copy write REMINGTON 
RAND DIVISION, Sperry Rand 
Corp., 315 Fourth Avenue, New York 
10, N. Y. or use reader service card. 

Circle 202 on Reader Service Card. 

DIGITAL COMPUTER: The use of 
the LGP-30 digital computer in creat
ing heat exchanger designs for an 
Ohio. company, is described and illus
trated in this application report No. 
S-449. A sample problem is illustrated 
by a typical data load sheet for pro
gramming the input data, the solution 
is diagrammed, as computed by the 
LGP-30, and the output report is illus
trated. For copy write ROYAL Mc
BEE CORPORATION, Data Process
ing Division, Port Chester, N. Y. 

Circle 203 on Reader Service Card. 

ELECTRONIC READING AUTO
MA TION: A sixteen page, fully illus
trated booklet defines the ERA (elec
tronic reading automation) machine, 
described by the manufacturer as a 
roll reader. Designed to recognize 
printed characters and to convert this 
information for use by standard 
punched-card or computer installa
tions, it reduces the cost of feeding in
formation to computers, states the 
manufacturer. For copy write SOLAR
TRON, INC., (Eastern Division), 
530/532 Cooper Street, Camden 2, 
New Jersey. 

Circle 204 on Reader Service Card. 

EDP ECONOMY: A special 170-page 
report entitled "Cutting the Cost of 
Your EDP Instalhttion," attempts to 
provide efficient, economical, tested 
solutions to the problems of physically 

. installing a computer. Contending the 
installation,and preparation of person
nel areas involves one of the largest 
outlays of cash, over the shortest peri
od of time, it points out the direct 
benefit to be derived from the experi
ence of other firms in reducing costs. 
For copy write CANNING, SISSON 
AND ASSOCIATES, 1140 South 
Robertson Boulevard, Los Angeles 35, 
California. 

Circle 205 on Reader. Service Card. 
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Important dates in :c 1=1 T 1=1 I 

Nov. 17-18: Federal Govt. Accountants Association's 8th 
Annual Symposium. Theme: "Management and Electronic 
Data Processing." Contact Martin C. Powers, 1523 L. St., 
N. W., Washington 5, D. C. 
Nov. 17-20: Fourth Annual Conference on Magnetism 
and Magnetic Materials, Sheraton Hotel, Philadelphia, 
Penna. Sponsored by AlEE. Contact John Leslie Whitlock 
Associates, Exhibition Managers, 6044 Ninth St., North, 
Arlington 5, Virginia. 
Nov. 19-20: Northeast Electronics Research and Engi
neering Meeting, Mechanics Hall, Boston, Mass. Sponsored 
by IRE. Contact J. J. Faran, General Radio Company, 22 
Baker Avenue, West Concord, Mass. 
Nov. 20-21: Conf~rence on Electronic Computation, 
Kansas City, Missouri. Sponsored by the Kansas City Sec
tion and the Committee on Electronic Computation of the 
Structural Division, ASCE. Contact Secretary, Steven J. 
Fenves, 203 Civil Engineering Hall, University of Illinois, 
Urbana, Illinois. 
Nov. 20-21: American Mathematical Society Meetings; 
Pomona, Calif.; and Nov. 28-29: Northwestern University, 
Evanston, Illinois; and Durham, North Carolina. 
Nov. 28-Dec. 4: National Physical Laboratory Symposi
um and Electronic Computer Exhibition, London, England. 
Contact C. V. Wattenbach, Deputy Managing Director, 
Dictograph Telephones, Ltd., London, England. 
Dec. 3-5: Eastern Joint Computer Conference, Bellevue
Stratford Hotel, Philadelphia, Penna. Contact John M. 
Broomal, Burroughs Corp., Paoli, Pa. (conference chair
man) or Dr. F. M. Verzuh, MIT Computation Center, 
Cambridge 39, Mass. (program chairman). (See cover
age, this issue). 
Dec. 9-1 0: Mid-America Electronics Convention, Munici
pal Auditorium, Kansas City, Missouri. Contact Wilbert 
O'Neal, The Vendo Co., 7400 E. 12th, Kansas City, Mo. 

1959 
Jan. 20-22: American Mathematical Society-65th An
nual Meeting, U. of Penn., Philadelphia, Pa. 
Feb. 12-13: Transistor and Solid State Circuits Confer
ence, University of Pennsylvania, Philadelphia, Pa. Spon
sored by the PGCT, the AlEE and the University of 
Pennsylvania. Contact Arthur B. Stern, General Electric 
Co., Building 3, Syracuse, N. Y. 
Jan. 26-27: Provisional Committee of the International 
Computation Center, Rome, Italy. Third meeting. For in
formation contact J. A. Mussard, Executive Secretary, 
Palazzo degli Uffici, zona Dell'E.U.R., Rome, Italy. 
Jan. 29-30: Symposium on the Numerical Treatment of 
Partial Differential Equations with Real Characteristics, 
Rome, Italy. Sponsored by Provisional International Com
putation Center, Rome. Contact Prof. A. Ghizzetti. 
Mar. 2-6: Western Joint Computer Conference, Fairmont 
Hotel, San Francisco, Calif. Sponsored by PGEC; AlEE; 
and ACM. Contact M. L. Lesser, IBM Research Labora
tory, San Jose, Calif. 
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May 5-6, 1959: Interdisciplinary Conference on Self
Organizing Systems, Museum of Science and Industry, 
Chicago, Illinois. Sponsored by Information Systems 
Branch of Office of Naval Research and Armour Research 
Foundation of Illinois Institute of Technology. Contact 
Scott H. Cameron, Electrical Engineering Research Dept., 
Armour Research Foundation, 10 W. 35th St., Chicago 16, 
Illinois. 

May 6-7: Electronic Components Conference, Ben Frank
lin Hotel, Philadelphia, Pa. Sponsored by PGCP; AlEE; 
EIA; WCEMA. Contact Gen. E. R. Petzing, Lane Tech. 
School, Board of Education, 2501 W. Addison St., Chicago 
18, Illinois. 

May 6-8: IRE Seventh Regional Conference and Trade 
Show, University of New Mexico, Albuquerque, New 
Mexico. Contact Mr. H. S. Westcott, Jr., Hoover Elec
tronics Co., 1122 C. San Mateo, SE, Albuquerque, New 
Mexico. 

May 11-13: Joint Conference on Automatic Techniques, 
Pick-Congress Hotel, Chicago, Illinois. Sponsored by 
PGIE, AlEE, AS ME. Contact Mr. W. R. Thurston, Gen
eral Radio Co., Cambridge, Mass. 
June 15-20: International Conference on Information 
Processing, Paris, France. 

Summer, 1959: ACM National Conference 1959, 
M. I. T. Contact F. Verzuh, Massachusetts Institute of 
Technology, Cambridge, Mass. 

"It's not office problems that's creating all the interest, 
chief! ... They're having it estimate the size of their 

Christmas bonus! ... " 
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NUMBER SYSTEMS, MEN AND COMPUTERS 

by BRUCE K. SMITH 
Executive Product Analyst 
E{Jsco Incorporated 

We are exposed to a surprising variety of number systems 
in everyday life and have learned to either cope with 
them or to make use of them, depending on their value to 
our existence. 

Many of the systems which have been forced upon us 
by tradition may ultimately be scrapped in favor of a more 
rational form of expression. New systems of measure and 
numerical notations have already gained widespread ac
ceptance in scientific circles because of the expanded· di
mensions of modern technology and the computational 
requirements of this technology. The "why" of new sys
tems is, perhaps, best prefaced by defining number systems 
in general then taking a closer look at some of the ones we 
now take for granted. 

A number system is a method by which one or more 
different symbols are employed to designate an equivalent 
quantity of linearly related values. Since magnitude is re
lated to the unique level of zero, it is usually convenient 
to reserve one of the symbols for that condition. Thus, 
while there are ten symbols in Arabic decimal notations, 
we can denote only nine non-zero levels with one symbol 
and must employ two or more of them for magnitudes 
greater than nine. Each additional symbol position multi
plies the number of values which can be designated by a 
factor equal to the number of symbol varieties. This factor 
is, of course, ten in conventianal decimal arithmetic. 

systems and rules 

All number systems' .Obey the same rules far addition, 
muliplicatian and ather arithmetic aperatians. Hawever, 
the camplexity .Of applying thase rules gaes up rapidly 
with the number .Of different symbal values (number base). 
If our sale can cern was simplicity, we would cantinue 
through life using the system .Of notatian which farmed 
the basis .Of .Our mathematical training. This is the "base 
I" or "unitary" system wherein a symbol (finger, mark 
ctc.) has the exclusive value of one unit and the magnitude 
is the sum .Of the number of symbols. The fact that we da 
not use that system far tasks other than keeping bridge 
scares and camp arable caunting aperatians is due, first .Of 
all, ta our inability to laak at a large number .Of marks 
and rapidly camprehend their magnitude. Furthermore, 
the space requirements .Of such a notation are prohibitive 
in mast filing or identifying applications. 

The "warth" .Of a number system, therefare, depends an 
the complexity .Of daing arithmetic with it, the number .Of 
symbol pasitians which must be used ta denote a specific 
range of values and the importance of each .Of thase fac
tors in a particular applicatian. Any chaice must represent 
a compromise. For most human camputatian and identifi
cation requirements the compromise at base 10 is probably 
at or near .Optimum. 

Research & Engineering, November/December 1958 

But what about our methad of telling time? The base 
60 nUI~ber system used for secands and minutes hardly 
permits the decimal symbols ta be used in their appropri
ate decimal fashian and the base 24 used for haurs is 
even less reasonable. The latter is further camplicated by 
an alternative notatian .Of base .12, multiplied by base 2 -
the ·binary chaice .Of am or pm. From this we progress bath 
ta a week scheme of base 7 and to a manth scheme whjch 
is sametimes base 30, sametimes 31 and (except for leap 
year) accasianally base 28. No wander we need calendars! 

Our system .Of measuring distances in inches, feet, 
yards, miles and miscellaneous other units is only slightly 
more ratianal and certainly much less decimal than the 
European metric standard. Why? Perhaps because we are 
toa busy doing arithmetic in these ,systems ta find the 
time to change them. 

numeric base 

A high numeric base is distinctly advantageous where 
we are interested in identifying and not camputing (except 
in the sense of sorting). Similarly, a low numeric base 
holds very definite interest in applications where computa
tional simplicity is more impartant than the factors of 
magnitude recognition (by humans) and conventional file 
storave. These situatians are, in large part, respansible for 
the widespread use of both the unitary and binary number 
systems in electronic digital computations. Since digital 
circuitry is intrinsically an "off" or "on" proposition, any 
numeric character greater than 2 must be represented by 
more than one symbol position. Consequently, the usual 
considerations of number size do not apply and the advan
tages of simplified computation assume a much more 
significant weight in the design. 

The following paragraph provides a brief introductian 
to one of the most interesting of the simpler schemes of 
notation - the binary or base 2 system. 

binary number system 

Number Base: 2 
Permissible Integers: 0, 1 
Integer Multipliers: 

2-00 = zero 

2-4 = 0.0625 
2-3 = 0.125 
2-2 = 0.25 
2-1 = 0.5 
20 =1 

20 =1 
21 =2 
22 =4 
23 =8 
24 = 16 

200 = Infinity 
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NUMBER SYSTEMS 

Example: Decimal 732.625 into Binary 

Binary Decimal 
512 

Example: Decimal 491 + 118 

1+8= 9 
9 0 + 10 = 00 + carry 100 

400 + 100 + (100) = 600 
1 x 29 or 1000000000 

+ 1 X 27 or 10000000 
+ 1 X 26 or 1000000 
+ 1 X 24 or 10000 
+ 1 X 23 or 1000 
+ 1 X 22 or 100 
+ 1 X 2-1 or 0.1 
+ 1 x 2-3 or 0.001 

1011011100.101 

128 
64 
16 

8 
4 
0.5 
0.125 

732.625 

The Addition 

1 

609 

(carries 1111111) 
111101011 

1110110 

1001100001 

Which Equals: 

examples of binary arithmetic 

29 or 512 
+ 26 or 64 
+ 25 or 32 
+ 20 or 1 ADDITION 

The Rules: 
609 

As Before 
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0+0=0 
1+0=1 
0+1=1 
1 + 1 = Two 

= 0 + carry 
= 10 

1 + 1 + 1 = (1 + 1) + 1 
= 10 + 1 
= 11 

ENGINEERS - MATHEMATICIANS 

MULTIPLICATION 

The Rules: 

OxO = 0 
Ox 1 = 0 
1 x 0 = 0 
1 x 1 = 1 

NEW OPENINGS AT SYLVANIA'S DATA PROCESSING 
LABORATORY IN SUBURBAN BOSTON 
Programmed staff expansion offers exceptional growth opportunities 

,,"'" 
,.,./ 

"...""'" 
to engineers and scientists in Digital Computer Activities ...,...""'" 
If you have the potential to assume increasing technical responsibilities in ...,..."'" 
this field, look into the expanding analysis and development activities at ....... "... 
Sylvania's newly formed DATA PROCESSING LABORATORY ...,...""'" 
where MOBIDIC, the mobile large scale digital computing ...,... ....... 
system is being developed for the US Army Signal ...,...,.,. 
Generating Laboratories. Assignments here are ....... "......,... 
of a nature to bring rapid professional ....... ...,... 
growth to the talented and creative "...""'" 
man. The environment en- .............. 
courages initiative and "...""'" 
original thinking. .... "... 

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

.................. 

Positions are open for: 

................ 
................. 

• DEVELOPMENT ENGINEERS 
Circuit development and high speed 
transistorized computers and peripheral 
equipment. 

• LOGICAL DESIGNERS 
Logical design of data processing systems 
with emphasis on transistorized circuits 
and switching circuits. 

• MECHANICAL ENGINEERS 
Cabinet and plug-in package design, . 
van installations, environmental testing 
of these completely new computers • 

Please send resume in complete 
confidence to: BRUCE STRYKER 

................. 

.................. (Previous digital data processing experience 
....................... is important for most assignments.) 

Interview and relocation expenses paid by Sylvania. Inquiries will be 
answered within 2 weeks. Convenient Saturday interviews arranged. 

DATA PROCESSING LABORATORY Sylvania Electronic Systems 
A Division of 

~SYLVANIA~ 

................. 
........ ........ 

.................. 
................. 

................. 
................. 

................. 
................... 

SYLVANIA ELECTRIC PRODUCTS INC, 189 B Street, Needham 94, Massachusetts 

Circle 14 on Reader Service Card. 
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Example: Decimal 24 x 3 

24 
x 3 

24 
+ 24 
+ 24 

72 

The Binary Equivalents Are: 

24 = 11000 
3 = 11 

The Multiplication 

11000 
11 

11000 
+ 11000 

= 1001000 
answer 

Which Equals: 

The Rules: 

26 or 64 
+ 23 or 8 

72 
As Before 

DIVISION 

Accept 1 if . subtraction is pOSitive} 
Reject 1 if subtraction is negative 

(Absolute Values) 

Example: Decimal 25 -;- 5 
= Not 9, since 9 x 5 = 45 

Not 8, since 8 x 5 = 40 
Not 7, since 7 x 5 = 35 
Not 6, since 6 x 5 = 30 
But 5. since 5 x 5 = 25 

The Binary Equivalents Are: 

25 = 11001 
5'= 101 

The Division: 

Try 

100 

10 

1 

+ 

11001 -;- 101 

Test 

11001 
101 

00101 

00101 
101 

11011 
(- three) 

00101 
101 

00000 

Accept 

100 

reset 

101 = answer = 5, as before 

I< ('search & Kngineering, November/December 1958 

"Our engineers get 

more done, thanks to the 

computer " 

says J. H. MITCHELL, vice-president 
LOCKWOOD. KESSLER & BARTLETT • SYOSSET, NEW YORK 

"As a civil engineering firm with a part in many major 
construction projects we have a heavy load of design 
computations. Before we acquired a Bendix G-15, 
our engineers had to do this tedious work themselves 
as part of each highway or stluctural design prob
lem. Now the computer does these mathematical 
chores, and the engineers can use their time for more 
creative work. The G-15 enables us to give our 
clients optimum designs in the shortest possible time:' 

THE G·15 PROVIDES • Low-cost versatility for thousands 
of office and laboratory applications • Simplified operat
ing methods • Memory and speed of computers costing 
four times as much • Typewriter input-output, paper tape 
output and 250 char/sec paper tape input at no added 
cost • Expandability through accessories for 1,200,000 
words of magnetic tape storage and punched card input
output • Extensive program library • Users share programs 
Proven reliability • Nationwide service· Lease or purchase. 

DIVISION OF 

BENDIX 

AVIATION 

CORPORATION 

Built and backed by Bendix. the G·15 is serving scores 

of progressive businesses large and small through· 

out the world. For details, write to Bendix Computer. 
Department E5. Los Angeles 45. California. 

Circle 15 on Reader Sen'ice Card. 

47 



MORE ICIP DEY AILS GIVEN 
grabbe to headu. s. exhibits committee 

As announced in DATAMATION's 
July / August issue, the First Interna
tional Conference on Information 
Processing, sponsored by UNESCO, 
will be held in Paris in June, 1959. 
Details of this first global computer 
conference have now been disclosed 
by the United States Committee for 
ICIP (IRE, ACM, AlEE representa
tives) in Washington. The overall con
ference program will include both 
technical sessions and corollary back
ground reports, survey reports of 
work in each country, symposia, and 
technical presentations in conjunction 
with a major equipment exhibit. 

. Commencing June 15, 1959, the 
conference will continue for six days 
and the exhibit, expected to attract 
visitors and equipment from all over 
the world including Communist coun
tries, will span ten days from June 13 
to 22. The technical meetings will be 

held in the new quarters of UNESCO 
House - now being completed - but 
the exhibit, due to its size, will be 
housed in a· nearby exhibition hall. 

exhibits chairman 

Dr. Eugene M. Grabbe, senior staff 
consultant on automation for the 
Ramo-Wooldridge Corporation, has 
been selected to head the Exhibits 
Committee, it was announced by Isaac 
L. Auerbach, Chairman of USICIP. 
As chairman of the Exhibits Commit
tee, Dr. Grabbe will be responsible 
for coordinating the exhibits of United 
States firms which will be participat
ing. Dr. Grabbe, currently in Moscow 
with a group of American automatic 
control specialists, will be remembered 
as the project head for the first air
borne digital computer for automatic 
Right control. In handling U. S. ex-

COMPUTER ENGINEERS 
Positions are open for computer engineers cap- . 
able of making significant contributions to 
advanced computer technology. These positions 
are in our new Research Center at Newport 
Beach, California, overlooking the harbor and 
the Pacific Ocean-an ideal place to live. These 
are career opportunities for qualified engineers 
in an intellectual environment as stimulating as 
the physical surroundings are ideal. Qualified 
applicants are invited to send resumes, or 
inquiries, to Mr. L. T. Williams. 

Positions Open: 
Systems Engineers 
Logical Designers 
Programmers 
Circuit Engineers 
Mechanical 

Engineers 
Applications 

Specialists 
Sales Engineers 

Areas of Interest: 
Computers & 

Data Processors 
Input/Output Equipment 
Storage Units 
Display Devices 
Computer Components 
Solid State Devices 
Electromechanical 

Equipment 

AERONUTRONIC SYSTEMS, INC. 
a subsidiary of Ford Motor Company 

1234 Air Way. Bldg. 26, Glendale, Calif. • CHapman 5-6651 

Circle 16 on Reader Service Card. 

hibitor arrangements,he will be as
sisted by L. David Whitelock, Navy 
Department, Bureau of Ships, as vice 
chairman; Ralph Mark, IBM World 
Trade Headquarters; Paul A Dennis, 
Bendix Computer Division; and David 
Weinberg, Ramo-Wooldridge Corpo
ration. 

A U. S. Program Committee has 
been set up under the chairmanship 
of Dr. Alston S. Householder, Dr. 
Arnold A. Cohen, vice chairman, and 
is now contacting U. S. computer spe
cialists for papers to be presented at 
the technical sessions. The U. S. Pro
gram Committee is eliciting the best 
possible contributions from this coun
try and the papers are to be essentially 
devoted to techniques and applica
tions, rather than hardware (which 
will be covered in the technical equip
ment presentations). A preliminary 
selection will be made late in October 
from abstracts before them at that 
time. Suggested length for the ab
stracts is about 300 words - can be 
more or less. From these· abstracts 
authors will be invited to submit full 
papers, to be in by January 15, and 
the final selection will be from among 
these. 

six maior topics 
Papers may deal with any of the 

following six major topics and should 
represent original, unpublished, per
sonal contributions to the field: 1. 
Method of digital computing. 2. Logi
cal design of digital computers. 3. 
Common Symbolic language for digi
tal computers (includes automatic pro
gramming). 4. Automatic translation 
of language. 5. Collection, storage, 
and retrieval of information. 6. Pattern 
recognition and machine learning. 

This international conference will 
feature 11 plenary sessions of 3 hours 
each, beginning Monday, June 15 and 
ending Saturday, June 20, when a 
total of about 66 papers from interna
tional authors will be presented, allot
ting a half hour to each paper. The 
Program Committee will soon refer 
several quality papers to a group of 
UNESCO consultants for evaluation 
which may involve an invitation to 
the authors to speak at symposia. 

48 The Magazine oj :CRTRf:v1H'1~1 0 L".3 



ADVANCING THE ART 

Digital Computers 

Data Communications 

It's not every day that a great engineering organization 
like International Telephone and Telegraph Corporation is 
challenged to develop and produce a world-wide electronic 
control system ... a system which will transmit, process 
and display information required in military operations
global, in seconds. We have accepted this challenge. 

This requires new concepts, new solutions, which will 
come only from engineering imagination ... first-rate 
thinking by first-rate engineers. We have many such men, 
but we need more to help us open up new horizons in the art. 

International Electric Company has been formed as an 
ITT subsidiary, to serve as systems and project manager. 
We are seeking experienced engineers of highest technical 
competence, comparable to senior project engineers, with 
engineering management backgrounds. These are positions 
of great responsibility, with corresponding reward. 

To ITT Laboratories-long famed as Federal Telecom
munication Laboratories-goes the prize research and 
development assignment. To men of imagination, requisite 
training and experience, the door is open to unusually 
fine engineering positions. Among them: 

DIGITAL COMPUTER ENGINEERS-for research, de
velopment and logic design of complex digital computer 
equipment. 

TRANSISTOR CIRCUIT ENGINEERS-for design and 
analysis of pulse circuitry. 

DATA COMMUNICATIONS ENGINEERS-for prepa
ration, coding, transmission and presentation of digital' 
data. 

ELECTRONIC ENGINEERS-for design and develop
ment of data processing equipment-magnetic storage 
devices and input-output equipment. 

PROGRAMMERS-high level, for design of service rou
tines and the preparation and organization of flow charts 
for complex EDP systems. 

INTERNATIONAL TELEPHONE and TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 

To obtain details of these 
positions or to arrange inter
view, please write Director 
of Technical and Professional 
Placement, ITT. 



OF ALL COMPLETE COMPUTERS, 

ONLY THE COMPACT, POWERFUL 

ROYAL 'PRECISION 

GIVES YOU THE SPEED, CAPACITY 

AND MEMORY YOU WANT 

AT LOWEST DOLLAR COST I 

Desk-sized, mobile. Plugs into ordinary 

wall outlet. Self-cooled. Installed 

without charge • Lowest cost ever for a 

complete computer system • Sub

routines and programs available 

• Customer training • Large staff of ap

plications analysts • Sales and service 

facilities available coast-to-coast. 

High-speed photoelectric reader-with or without 
mechanical punch-available for system expansion. 
Loads entire drum in approximately 5 minutes. 

Circle 18 on Reader Service Card. 

Remarkably simplified command structure and 
controls require only minimum computer experience. 
Front panel oscilloscope for concise display. 

Full flexibility of stored
progra m operation 
with unusually large 
non-volatile memory 
of 4096 words-2000 
more than the next 
computer in its class. 

Complete format control. 
Alpha-numeric input
output via keyboard or 
punched paper tape. No 
additional equipment 
needed to operate. 

For further information and specifications, 
write Royal MCBee Corporation, Data 
Processing Division, Port Chester, N. Y. 

ROYAL MCBEE 
data processing division 
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