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TH.E EDITOR'S N.OTES 
AUTOMATIC PROGRAMMING 

In this issue we commence publication as 
a paper,of a manual on automatic programming, 
"The A 2 Compiler System", written by the 
Programming Research Section of the Eckert -
Mauchly Division of Remington Rand. As we 
say at the start of the paper, "the subj ect 
of automatic programming is so interesting 
and important that it seems desirable to re
print in these pages a large section" of that 
manual. 

We are interested in printing or reprint
ing authori tati ve information on auto mat i c 
progrannning. The "educ ation of a computer", 
to use the phrase of Dr. G.M. Hopper, is in 
our opinion certainly as important as the cre
ation and propagation of computers. 

THE MARKETING OF A COMPUTER 

One of the problems which every company 
that makes a computer faces is "How shall we 
market this computer?" 

It is not an easy question to answer. It 
has many parts: finding prospective customersi 
meeting competitioni satisfying all the mem
bers of the prospective customer's buying com
mitteei keeping the machine sold -- there are 
examples of contracts that have been signed 
and agreed to, and then later on the customer 
says "I don't want this computer and I want my 
advance payments back,"i keeping the machine 
operatingi provision for changes to meet scien
tific developments, such as the shift from m~ 
cury tank memory to magnetic core memory. And 
more besides. These are easy things to saYi 
and very hard things to carry out in concrete 
fashion. 

Nor can many manufacturers rest in the 
position where they have at least dozens of 
orders for nearly every kind of machine they 
can deliver. 

CORRECTIONS 

In the July issue, in Part I of "Linear 
Programming and Computers," by Chandler Davis, 
the statement of "The First Problem" on page 
10 was unfortunately garbled. It should read 
as follows: 

"The first problem: Suppose we have a plant 
equipped to produce bottled gin sour or Tom 
Collins in any amounts. The only materials 
whose supply is limited are gin, sugar and 
bottles. Enough sugar is available daily to 
allow production of 1200 bottles of gin sour, 
but a bottle of Collins uses twice as muc h 
sugar as a bottle of sour. Enough gin is ~l
able daily to fill 225 bottles; the gin sour 
is 3/8 gin, the Collins is 1/8 gin. Only 800 
bottles are available daily. The profit per 
bottle of Collins is $1.00; per bottle of sou~ 
$2.00. To maximize total daily profit, how 
many bottles of each should be produced daily?" 

The problem was restated correctly in Part II 
in the August issue on page 10. 

The heading of the article "The Automa
tion of Bank Check Processing" by R. Hunt 
Brown, on page 6 of the August issue, should 
have contained the following note preceding 
the text: "Taken from chapters in a forth
coming book entitled 'Office Automation' by 
R. Hunt Brm'ln." 

INDEX OF NOTICES 
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dress, and allow three weeks for the change. 

Many people believe that the trend of de
velopment in the computer field will be to
wards fewer and fewer companies -- and these 
the big ones -- making and selling computers. 
The basic answer to marketing a computer would 
then be,to be part of a big company, or to be 
bought up by a big company. * * * 

But the electronic handling of informa
tion, pulses of ones and zeros, basically does 
not require a huge or very expensive machine. 
Computers may be expected to develop so that 
continually less expensive hardware is re -
quired for each binary digit of information 
handled. So some of the market for computers 
will very likely go to small manufacturers of 
computers, as well as big manufacturers. The 
b~sic answer to marketing a compute~ made by 

(contin"~d in next column) 
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a small manufacturer, will depend on the usual 
advantages of small companies -- when they 
have advantages --:in a phrase perhaps, su
peri or adaptability. And not the least of 
this adaptability is the capacity to tell the 
facts about the manufacturer's computer to 
many people in terms that they can understand 
and are interested in. 

One of the important functions of "Com
puters and Automation" is to help in this job. 

- END -



Gauged To Perfection 

Perfection of the finished product re
quires precise control in the manufac
ture of jet fuel. Such control is vital in 
the refining of oil, as it is in most indus
tries. And, with the coming of age of au
tomation, the controls must not only be 
precise- they must also be supervised 
automatically. 

That's the function of such electronic 
computing systems as the Remington 

Rand Univac Scientific. Its ability to 
control, simultaneously and automati
cally, a wide variety of input-output de
vices makes the Univac Scientific ideally 
suited to on-line operations. 

Fully automatic control requires a 
computing system which is able, for ex
ample, to take a met'h reading, then
acting on its own instantaneous decision 
-throw a switch, set a rheostat, or adjust 

The Univac Scientific Computing System 

a ,'alve. This the Univac Scientific can 
do easily-and much more. Operating at 
extremely high speeds with superb 
efficiency, the Univac Scientific provides 
large storage capacity, great program
ming versatility, and far greater reliabil
ity than any computer in its class. 

For information about how a Univac 
Scientific system might be applied to 
your particular problem, write to ... 

ELECTRONIC COMPUTER DEPARTMENT ~ ~ ROOM 1960,315 FOURTH AVE., NEW YORK 10 
DIVISION OF SPERRY RAND CORPORATION 
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A BIb- INVENTORY PROBLEM AND THE IBM 702 

Neil Macdonald 
New York, N. Y. 

On July 20, 1955, International Business 
Machines Corporation opened its new center for 
automatic electronic processing of data on the 
main floor of the company's headquart e r sin 
New York. This center has as one of its main 
purposes the helping of organizations planning 
to obtain an EDPM (an Electronic Data Proce~
ing Machine) such as the IBM 702, IBM 701, or 
IBM 650. There a customer can bringms prob
lems and make completely sure that his program
ming is correct in advance of the delivery of 
the machine he has ordered. 

Of the several new automatic data process
ing machines operating at the center, the larg
est, most powerful, and one of the newest ma
chines was the IBM 702. It was busy with cal
culations of the IBM inventory problem fo r 
manufacturing operations in Poughkeepsie. Both 
the machine and the problem are remarkable and 
have considerable interest. 

1. The Type 702 

The machine consists of the follow i n g 
units: 

Type 702, Arithmetic and Logical Unit 
(containing also the E 1 e c
trostatic Memory and the 
Accumulator) 

Type 712, Card Reader 
Type 717, High Spee~ Printer 
Type 722, Card Punch 
Type 727, Magnetic Tape Uni ts (up t 0 

eight units) 
Type 732, Magnetic Drum Storage Un i t 

(one or two) 
Operator's Console 

The machine is completely serial, us i n g 
one million pulses a second, I.e. one micro
second pulses. The basic character rate is 23 
microseconds. There is no fixed field length 
or "machine word" length: a field -- a grou p 
of characters to be treated as a unit, a "ma
chine word", -- can·be as long or as short as 
desirable or necessary. A character consists 
of seven binary dig! ts, yeses or noes, 0 n e s 
or zeroes; the code may represent a letter of 
t:le alphabet, a decimal number, or any of eleven 
different pun~tuation marks or symbols used in 
printing ~eports. 

- 6 -

The Rapid Memory 

The high-speed memory of the Type 702 con
sists of electrostatic storage, dots or dashes 
stored electrostatically on cathode ray tube s 
of IBM's own manufacture. 

Each one of the 10,000 pos i tions of th i s 
memory is numbered from 0000 to 9999, and each 
stored character occupies one of these po s i
tions, known as its "address". (Incidentally, 
all memory positions in the machine are address
able, and therefore data can be handled in non
uniform record lengths, blocks, or words.) In 
the 702 there are two accumulator storage units, 
each with a capacity of 512 character positrons. 
An accumulator storage unit is used for temporm.y 
storage of information from the electrostatic 
memory while such information is being act e d 
upon either logically or arithmetically'. 

The reading and interpretation of ani n
struction calling for the location of information 
in the memory is performed in 138 microseconds. 
Characters are read or stored at the rate of 23 
microseconds each. Therefore, a record 0 f 100 
characters can be located and transferred to ac
cumulator storage from memory in 2.438 mi 11 i -
seconds. 

The Magnetic Drum Memory 

The magnetic drum contains 60,000 charac
ters. The access time to any character stored 
on it is 40 microseconds. 

The Magnetic Tape Memory 

The principal medium for storage of records 
is magnetic tape. This is plastic tape contain
ing magnetizable particles. The machine and the 
magnetic tapes communicate at the rate of 15,000 
characters per second, or 67 microsec 0 n ds per 
character: this is the rate for input and out
put. The magnetic tape can be brought from rest 
up to full speed in 5 milliseconds, and similarly 
can be stopped in 5 milliseconds. 

Programming and Operations 

The Type 702 can perform 32 separate oper
ations, such as reading, writing, compari n g, 
arithmetical operations, and other operations. 
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A feature of IBM's new Data Processing Center at its New York City headquarters is this 702 Electronic Data Pro
cessing Machine. An operator is shown here giving instructions to this "giant brain." In the background are eight 
magnetic tape units~through which information is fed to and delivered from the machine. Each 2,400-foot reel of tape 
may contain over 5-million characters (either letter, digits, or symbols), so the total "memory capacity" of the units 
shown is in excess of 40-million characters, all of which are available to the machine at the rate of 15,000 characters 
per second. In addition to the 702, the new IBM center in New York contains 701 and 650 data processing machines and 
smaller electronic accounting machines. 



INVENTORY 
A single instruction or program step con

sists of two separate parts. The first pa r t 
is the "operation" part of a character, and it 
determines the operation to be performed. The 
second part of the instruction is the "a<ilress" 
part cons isting of four digits.. This is the 
address of some position in the memory, an in
put-output device1 a drum section or an'lndi
cator" (such as the instruction check indica
tor, machine check indicator, read-wri te chrek 
indicator, etc.). The machine automatically 
checks the. validi ty of each character handled. 
In addi tion, of course, programming can b e 
arranged to check consistency of res u 1 t s • 
When an error is detected, the signal may be 
used either to stop the machine, or to cause 
it to take corrective steps, at the choice of 
the programmer. 

The speed of the machine is: 3950 ad di
tions or subtractions per second (5 dig it) ; 
833 multiplications per second (5 digits by 
5 digi ts); 400 di vis ions per second (6 dig i t 
dividend divided by 4 digit divisor); and 7233 
logical decisions per second. 

The input speed is 15,000 characters per 
second from magnetic tape, or 4 and 1/6 punch 
cards per second. The speed of out put i s 
15,000 characters per second to magnetic tape, 
1 and 2/3 punch cards per second to the c ar d 
punch, 2 and ~ lines of characters per second 
to the regular printer, and 16 and 2/3 1 in e s 
of characters per second to a new high-spee d 
printer (Type 719 or 730, operating thr 0 ugh 
the use of wire-printing). 

2. Applications 

The first IBM Type 702 was install e din 
March, 1955, at the Monsanto Chemical Co. i n 
St. Louis. There it is leading to a f u 1 1 y 
automatic accounting system. Another 702 i n 
use at the Poughkeepsie plant of IBM calculates 
an 8,000-employee payroll in 24 minutes, and 
does other work besides. A 702 install e d at 
the atomic energy plant of General Elec t ric 
in Hanford, Washington, is devoted part ill the 
time to payroll preparation, inventory control, 
and general accounting, but is also being~ed 
to solve scientific problems. At Poug~keepsi; 
International Harvester ran an engi nee r in g 
problem on a 702, preparation of cam de s i g n 
reference tables. A single engineer do i n g 
nothing else and using manual methods w 0 u 1 d 
have completed the tables in 75 weeks. Th e 
702 required a total 20 minutes, a factor 0 f 
advantage of 9000 to 1. 

3. The Big Inventory Problem of IBM 

An outstanding application of the T y P e 
702, however, is its use in the in ve n tory 
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PROBLEM 
problem of the IBM plant in Poughkeepsie. The 
machine is now used to control the invent or y 
on approximately 40,000 part numbers. These 
consist of detail parts, assemblies, purchased 
parts ', and parts manufactured at the Poughkeep
sie plant. The requirements planning for com
ponent parts is generated from some 2400 major 
assemblies. 

of: 

of: 

Input 

The monthly input into Type 702 consists 

the new production schedule, on punch 
cards; 

the engineering changes, 0 n pun c h 
cards; 

the information as to "where used", 
on magnetic tapes. 

The daily input into Type 702 co ns is t s 

the "old balance" inventory, on magnet
ic tape; 

the day's transactions, about 9000 per 
day. 

Materials Requirement Planning 

The master magnetic tape showing part s -
usage contains a 511 character record for each 
part. Each record contains all indicativedma, 
each machine in which the part is used, and the 
quanti ty required for each machine. Tills quan
ti ty is shown in thirteen sections to indicate 
the effect of engineering changes for the pre
vious and the next twelve months. Engineering 
changes affecting the number of parts to be used 
in a machine are automatically reflect edt 0 

show in which month the use of the new par t 
should be started. This permits a reductio n 
of inventory of the part presently used, prior 
to the new part being used in a machine. Each 
month the thirteen periods are all moved 0 n e 
section to the left, replacing the old previous 
month with last month and adding a new twelfth 
month to the forecast. In this way, all engin
eering changes are reflected in the mas t e r 
parts-usage tape; it presents a "parts \p e r 
machine" picture for the next twelve months. 

After up-dating the master parts-us age 
tape, the calculation of material requirements 
begins. 

Production schedules provide the basis for 
setting the daily production quanti ties for 
each finished machine during each month in the 
planning cycle. The schedule of the quantity 
of machines to be built is stored on the mag
netic drum. The machine numbers on the master 



Cathode ray tubes used in the IBM 702 are contained in removable sub-assemblies 



INVENTORY 
parts-usage tape for the first part number are 
compared with the machines scheduled. Thequan-
ti ty scheduled is then multiplied by the quantity 
of parts required for each machine. This ex
tension is made by part number for each mcchioo 
which is scheduled for this period. The re
quirements are accumulated and then wr itt e n 
on the material requirements summary tap e 
record for that part number. Material requis
ition cards are automatically punched for re
quirements of the month's production schedule. 

The material requirements summary tape is 
now ready for use in the inventory con t r 0 1 
procedure. 

Inventory Control 

The summary tape for the master bal anc e 
forward inventory control summary tape contains 
394 characters for each of 40,000 part records. 
Information contained in this record gi v e s a 
complete part description, indicative data,and 
all quantities - current, monthly and ye a r
to-date -- necessary for complete contro 1 0 f 
inventory movement to support manufac t uri ng 
requirements. Twelve months' spread mmater
ial requirements, plus quantities of scrapfor 
analysis, are also available. This recordoon
tains information at one centralized point wch 
would otherwise require several different files 
at various locations. Each month the new mater
ial requirements are reflected in the mas te r 
inventory control 'tape. At this time all nnnth
ly inventory calculations are made, in addition 
to evaluating the inventory, punching overage 
notices, and requirements variance reports. 

Each day the balance forward inve n tor y 
control summary record, plus all transact io n 
cards for every entry affecting the inventory, 
are put into the daily inventory control pro
cedure. The trans action cards are i n par t 
number sequence like all parts on the magne~ 
tape. The first part number on the tap e is 
compared wi th the part number on the fir s t 
transaction card. If they agree, the 702 per
forms all necessary tests and calculat ion s , 
prints the summary of transactions, and records 

. the transactions on the new balance forwa r d 
inventory control summary tape. Ail transac
tions for that part thus are entered. Inactive 
items are wri tten unchanged on the new balance 
forward inventory control summary tape. I n 
this way the complete inventory is re cord e d 
and controlled each day. The new b a 1 an c e 
forward inventory control summary tape is the 
master input for the next day. 

Output 

The monthly output of the Type 702 c 0 n
sists of the following: 

PROBLEM 
-- the "where used" tape, up-d ate d 

for the engineering changes; 
a new material requirements tape; 
inventory overage notices; 
requirements variance notices. 

The daily output is: 

-- the "new balance" inventory tape; 
-- order cards; 
-- expediting cards; 
-- the inventory summary register. 

Economic Order Quantity 

In determining orders, the machine c a 1-
culates the "economic order quantity" in the 
case of those parts where this is needed. The 
formula used is: 

24xRx(s+0) 
2 x V x F+I x C 

the formula is explained in the last part 0 f 
this report (quoted from a memorandum fro m 
Plant 1 of IBM at Endicott, N. Y.). Because 
of the speed of the computer, the formula,even 
with its square root, which is carried out by 
an iterative process of successively improved 
approximations, is no barrier to swift inven
tory calculation. 

Generality of the Inventory Program 

The appl ic ation of the Type 702 tot h e 
IBM inventory calculation is according to the 
company 

"qui te flexible and could very eas i ly 
be used by almost any large manufac
turer. In discussing the processing 
of our inventory 'with a wide variety 
of customers (aircraft, automotive, 
machine tool, Air Force, Navy, Ar~, 
mail order house, etc.) each expressed 
the opinion that with slight modifi
cations the application could be used 
nicely in their operations." 

4. Formula to Calculate 
"Economical ManUfacturing Quantities"* 

Definition. An economical manufacturing 
quanti ty is that order quantity w hi c h tIT i 11 
yield the lowest ultimate cost per piece, all 
relevant costs considered. 

Explanation. In the manufacture of a par
ticular part, certain costs will result. The 
more pertinent are: 

- 10 -



Electronic tube assembly used in the IBM 702 Electronic Data Processing Machine. 



INVENTORY PROBLEM 
1. The cost of preparing, process i n g , 

and controlling the order. 

2. The cost of setting-up, or changi n g 
over, the manufacturing facilities. 

3. The cost of running these facilities. 

4. The cost of carrying the inventory. 

That portion of the unit cost ari sin g 
from costs #1 and #2 can be minimized by i n
creasing the lot size. The lot size does not 
affec t #3. That portion of the unit cost causal 
by #4 can be reduced only by decreasing the lot 
size. Thus, attempts to reduce cost #1 and #2 
conflict with a reduction of #4. To resolve 
this conflict, formulas have been develo p e d 
to yield the minimum cost per piece. 

This paper will consider just one of many 
possible formulas. Others may be found in the 
books listed under bibliography. (For a num
ber of general formulas and their variations, 
consult "Quantity and Economy in Manufacture" 
-- F. E. Raymond -- McGraw Hill Book Company). 
Generally, these differ by the number of cost 
factors considered. The character of the par
ticular business will determine which must be 
considered. 

For instance, if the manufacturing 1 e a d 
time is usually longer than six months, carry
ing charges pn the work in process should b e 
included. However, to facilitate its use, the 
formula should be as simple as possible. The 
addi tion of several factors to make the formu
la applicable to every part may not be justi
fied if the formula becomes cumbersome touse. 

Cautions. The use of economical 0 rd e r 
quanti ties may not increase the in v e n tor y 
turnover. The formulas are designed to yield 
the lowest total cost of all factors consider
ed in the formula, not just the dollar inven
tory. 

The formulas give the best re suI t sin 
plants manufacturing to a level schedule on a 
lot size basis. If the parts requirements 0 r 
other factors considered in the formula are 

_subject to tV'ide fluctuations, the expense of 
maintaining up-to-date information may be pro
hibitive. 

The formula cannot account for many prac
tical cons iderations. If tools m u s t be re
paired or cutting tools sharpened before a run 
is completed, ei ther the computed qua n tit Y 
must be reduced or better tools purchased. The 
latter action is often indicated but might not 
be possible. Limitations of storage for work 
in process may also necessitate reduc in g the 
calculated quantity. 

Factors in IBM Formula 

Order Cost. Actual departmental and ac
tivi ty costs were studied to obtain this figure. 
It includes the cost of automatically schedul
ing and printing the order, obtaining the part 
print, processing and expedi ting the 0 r d e r 
through the shop, and closing it out. It also 
includes an allocation of production contro 1 
expense. It is constant. 

Setup Cost. This figure is determ i ne d 
from experience. It includes all expenses in
volved in gathering tools and preparing mach
ines for the job. 

Requirements. This figure is com p u ted 
by extending a master parts lis t for e a c h 
product by the requirements of that pr 0 duct. 
The lists are then summarized by part number. 

Cos t Per Piece. This includes all mater
ial, direct labor, and burden expenses associ-
ated with the part. . 

Interest Rate. This includes those inven
tory possession charges which vary with the 
cost of the part -- insurance, desired return 
on investment, and obsolescence. A return on 
investment rate was used rather than the cur
rent borrowing rate because it was felt t hat 
the inventory investment should be made to earn 
as much as any other investment in the busi
ness. Actually, inventory earns no m 0 n e y .• 
But, charging it with this theoretic cos t 
tends to reduce the size of the order and the 
size of the inventory. 

Space Charge. This is the product of a 
constant, the storage cost per cubic inch, and 
a variable, the space required for the partic
ular part. The constant was determined by div
iding the annual storage costs not depende n t 
on unit cost by the number of cubic inches of 
~vailable bin space. These costs inc 1 u ded 
handling, equipment and building depreciation, 
and moving expenses. The variable was deter
mined for each part by using variable volume 
boxes to determine the space occupied b y a 
number of parts and di vid~ng that space by the 
number of parts. The resul t is the st ora g e 
space requirements of each. This latter fig
ure was not expensive to obtain and permitted 
a later determination of the proper bin size 
needed for each part. 

Q=. 

where: 

THE FORMULA 

24 x R x (s + 0) 
2 x V x F+I x C 

(continued on page 38) 
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Publications For Business On Automatic Computers: A Basic Listing 

Lecturer, 
Ned Chapin 

Illinois In~titute of Technology 
Chicago, Ill. 

The man who has a business background and 
business interests is faced with a problem which 
has become worse and worse as time has pass ed. 
To learn about automatic computers and how they 
can be used in business, he is advised from all 
sides to read books and articles. But whichboo~ 
and articles? Much of what has been published in 
the field of automatic computers is repetitiousj 
much is not germane to businessj of the remain
der, some is well worthwhile and some is not. A 
few words of guidance appear to be in order. 

This paper lists for business men what a p
pears to the author to be a basic reading 1 is t 
of public ations in the field of automatic com
puters. The comments are based on the author's 
own opinions and experiencej the basis for th e 
selections of these publications has bee nth e 
author's background in explaining automatic com
puters to businessmen and in advising businesses 
on automatic computer applications. So me 0 n e 
elise with a different background however w 0 u 1 d 
probably make different choices and different com
ments. 

The publications listed in this paper are 
grouped by subject matter. Within each group, 'Ire 
publications are listed approximately in the or
der of scope and depth of coverage, the more el
ementary being listed first, the more advancedre
ing listed last. In a few groups, some good back
ground material has been included, and these nems 
have been identified as such. 

Most of the books and most of the magazines 
that carry the articles listed can be found fufue 
business departments of most state libraries, of 
most university and college librari~s, and of fue 
larger municipal libraries. Most of the proceed
ings of conferences can be purchased from the or
ganization cited in the listing of the item. Many 
of the authors whose articles are cited here send 
out reprints of their articles upon request. Ad
dresses of the authors can be obtained by refer
ence to Computers and Automation's Computer Di -
rectory (the June 1955 issue), or if missing fuere, 
by writing to the magazine or organizations that 
published the article. 

Basic Sources 

The following two books appear to be basic 
sources, and provide a solid foundation for fur
ther reading: 

Elizabeth Marting, Editor, Electronic Data Pr 0-
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cessing in Industry (New York: American Manage
ment Association, Inc., 330 West 42nd St., New 
York 36, N. Y., 1955), 257 pgs., $7.75 

A very good collection of papers on automat
ic computers. The general level of the p a -
pers is well above average. The papers i n 
the book that are part of this bibliography 
are cited individually in later listings. 

Ned Chapin, An Introduction to Automatic Cbmpu~: 
A Systems Approach for Business (Chicago: Tech
nology Center, 1955j available from Publication 
Sales, 407-C Gunsaulus Hall, 3140 So. Michigan 
Ave., Chicago 16, Ill.), 245 pgs., $9.00 

A comprehensive introductory book. Business 
systems, programming, computer funct ioning, 
and compari ti ve data on avail able auto m a tic 
computers are included. 

A third book is suggested for those who wis h 
to build a library, although it covers little not 
covered in the two books just cited: 

Staff of "Management Methods" as Editors, Work
shop for Management: Proceedings of the Seventh 
Annual Systems Meeting of the Systems and Pro
cedures Association of America (New York: Man
agement Magazines, Inc., 141 E. 44 St., New York 
17, N. Y., 1955), pg. 294-436, $19.00 

Part of this book is a collection of papers 
on automatic computers. Some of the papers 
are very goodj most are average. The papers 
in the book that are part of this bibliogra
phy are cited individually in later listings. 

Use of Computers in General 

Simon Ramo, "Futu.re Possibilities and Limitations 
of Electronics in Management", General M anage
Series Number 164 (New York: Americ.an Management 
Association, Inc., 1953), Pg. 3-11. 

Some sound argument on the ,so-called "Second 
Industrial Revolution". 

John C. Windsor, et. a1., The Autbmatic Of
fice (Westboro, Mass: Alden Systems Co., 1952-), 
48 pgs. Appears in condensed form in: The Offire, 
V 35, #5 (May 1952), pg. 110--124. 

Some good philosophy on how automatic compu
ters can best be used in business. 

John F. Feagler, "Making a Feasibility .Study.: The 
. .Q.ne--Shot,Proce~s", Electronic Data Processing
in Industry (New York: American Management As
sociation' Inc., 1955), pg. 74-83. 

A presentation of a basic philosophy of com
puter usage: have the automatic computer do 
as much as possible at one time, on ore ~t. 
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Roddy F. Osborn, "GE 

ness Review, V 32, 
107. 

and Univac," Harvard Bus i - #1 (Feb .• 1953), pg 12-18. 
#4 (July-Aug. 1954), pg. o/t- What every system man should be aware of a

bout using an automatic computer in business. 
Some popular misconceptions are 
in this article based upon some 
tric applications. 

laid to rest 
General Elec-

Jay w. Forrest~r, "Computer Applications to Man
agement ProbYems", General Management S e r i e s 
Number 178 (New York: American Management ~
iation, Inc., 1955), pg. 22-31 

Some illuminating ideas on how to use an auto-, 
matic computer in business. 

Feasibility Studies 

Joseph Pelej, et aI, Electronics--A Company Pro
gram (New York: Price Waterhouse and Co., l%fl, 
16 pgs. Also in: Electronics Data Processing 
in Indus try (New York: Americ-an Management As
sociation, Inc., 1955), pg. 55-64. 

A general outline is presented on how mmake 
a feasibility study. Cost matters are only 
lightly touched upon. 

Price, Waterhouse and Co., How to Analyze Your 
Financial Operations for the Application ofEk£
tronics (New York: Price Waterhouse and Co.,l%D, 
16 pgs. 

This is just another name for the-Pelej art
icle cited above. 

Beardsley Graham, "Reduction of Clerical Cos ts 
Through Mechanized Processing", General Manage
ment Series Number 164 (New York: American Man
agement Association, rnc.~ 1953), pg. 12-21. 

A discussion of some of the requirements of 
a sound feasibility study. Some case mater
ial is used to illustrate the points. 

Ned Chapin, "Determining Automatic Computer Pro
fi tabili ty," Automation, V 2, #? (Sept.?, 1935), 
pg. unknown. 

A presentation, illustrated with a case st1rly, 
of how to show whether or not an auto ma tic 
computer will pay for itself. 

Richard F. Clippinger, et aI, "Automatic Digital 
Computers in Indus trial Research", Journal 0 f 
Machine Accounting Systems and Managemel11, V 6, 
#2 (Feb. 1955), pg 7-11, 14-17, and #3 (March 
1955), ~g 9-11, 19. 

A brief but thorough discussion of computer 
characteristics and computer costs by three 
experts in the field. 

L. R. Johnson, "Installation of a Large Electron
ic Computer," Proceedings of the Association for 
Computing Machinery' (Washington, D. C.: Sa u Is 
Lithograph Co., 1952), pg. 77-81. 

An excellent discussion of physical consid
erations in ins taIling an automatic computer. 

Systems Analysis 

William B. Worthington, "Application of Electron
ics to Administrative Systems," Systems and Pro
cedures Quarterly, V 4, #3 (Aug. 1953), pg 3 - 9. 
Also in: Systems and Procedures Quarterly, V 4, 
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Arthur A. Brown and Leslie G. Peck, "How Electron
ic Machines Handle Clerical Work," Journal of 
Accountancy, V 99, #1 (Jan. 1955), pg31-37. 

A simple comparison of doing a task by hunm 
labor, by an automatic computer, and by JlIrlEd 
cards. 

A. B. Toan, "Auditing, Control, and Electronics," 
Journal of Accountancy, V 99, #5 (May, 1955), 
pg 40-45. 

Al though there are a-number of articles 0 n 
this general subject, this one covers more 
ground than most. The reader will probably 
be impressed with how much thinking is still 
to be done on auditing and control by elec
tronics. 

Dean E. Wooldridge, "Trends in Electronic Bu s i
ness Data Systems Development," Trends in Com
puters (New York: Institute of Radio Engineezs, 
Inc., 1954), pg 16-22. 

High quality systems work on possible auto
matic computer applications is needed but~ 
lacking. Many systems men seem still to be 
unprepared for such work. 

William B. Worthington, "Business Decisions by 
Electronic Choice," Office Management S e r ies 
Number 131 (New York: American Management A s
sociation, Inc., 1952), pg 22 -29 

A brief presentation of how applying an auto- -
matic computer could help solve troublesome 
sys tems problems. 

Claude E. Shannon, "Computers and Automata," Pr0-
ceedings of the IRE, V 41, #10 (Oct. 1953), pg 
1234-1241 

A background article. 
need not be restricted 
ness-applications like 
their logical ability, 
wide area of potential 

Automatic com pu ters 
to the obvious busi
payroll. Because of 
computers have a very 
application. 

H. John Ross, Technique of Systems and ~dures 
(New York: Office Research Institute, 1948) 

A background book. Although this book says 
nothing about automatic computers, yet it 
gives an excellent statement of the princi
ples of systems analysis. 

Francis Bello, "Information Theory," Fortune, V 
48, #6 (Dec. 1953), pg. 136-158. 

A background article. Automatic computers 
are machines that in effect handle informa
tion. This article discusses in readable 
terms the theory of information itself. 

Human ReI ations 

Marion A. Bills, "Human Relations Aspect, ""Office 
Management Series Number 135 (New York: Ameri
can Management Association, Inc., 1953) pg 32-
35. 

Sound practical advice illustrated with ex
,amples drawn from the writer's own experi
ence on how to handle the introducing of 
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changes in methods and equipment. 

J. Douglas Elliott, "Will Electronics Make People 
Obsolete?" Office Management Series Number 136 
(New York: American Management Association, Inc., 
1954), pg 47-60. 

A practical discussion of the employee rela
tions problems that arise from the use of an 
automatic computer, and some suggestions for 
dealing with the problems. 

Examples of Automatic Computer Applications 

W. W. Smith, "Impact of the Computer on Methods," 
Office. Management Series Number 136 (New York: 
American Management Association, Inc., 1954), 
pg 3-16. Also in: Automation, V 2, #5 (May 195@, 
pg 107-110. 

A discussion of the benefits expected from 
the use of an automatic computer by General 
Electric, in terms of how various clerical 
tasks are to be performed. 

Byron F. Burch, "The Computer at Work on Payrolls," 
Office Management Series Number 136 (New York: 
A~rican Management Association, Inc., 1954),pg 
l6~25. 

A discussion of the General Electric payroll 
application with some comparisons of systems 
before and after the use of the computer. 

A. C. Vanselow, "Programming the Computer for Cleri
cal Production," Office Management Series Number 
136 (New York: American Management Association, 
inc., 1954), pg 26-40. 

A discussion of the Franklin Life automatic 
computer applications and the steps that were 
taken to put the computer into productive rer
vice. 

E. 'J. Cunningham, "A Case Study in Electronic Ac
counting," Office Management Series Number 131 
(New York: American Management Association, Inc.,' 
1952), pg 3-8. 

One of the early users of automatic computers 
reports on his company's feeling toward and 
use of automatic computing equipment. 

Integrated Data Processing 

Harold F. Van Gorder, et al~ A New Approach to . 
Office Mechanization (New York: American Manage
ment Association, Inc., 1954), 62 pgs. Also in, 
in somewhat condensed from: The Office, V 39,#4 
(April 1954), pg 66-101. 

Integrated data processing presented by the 
pioneers in the field, with extensive illus
tmtive material on just how the paper tape is 
used. 

Automatic Computer Fundamentals 

Arthur L. Samuel, ~'Digi tal Computers Made Easy," 
Proceedings of the IRE, V 41, #10 (Oct. 1953), 
pg 1223-1230. 

An excellent presentation in very readable 
language of the machines called "automatic 
computers. " 

AUTOMATIC COMPUTERS 
Staff of Cresap, McCormick, and Paget, "Evolution 

of Data Processing," Electronic Data Processing 
in Industry (New York: American Management Asso
ciation, Inc., 1955), pg 17-53. ' 

An easily read presentation of the history of 
data-handling. 

William B. Elmore, 'i'Reliabili ty in Electronic Data 
Processors," Computers and Automation, V 4, #5 
(May 1955), pg 6-9, 38. Also in, in modified 
form: Electronic Data Processing in Industry 
(New York: American Management Association,Inc., 
1955), pg 139-147. 

Automatic computing equipment is very relia
ble when properly maintained. The writer 
illustrates the point with some easily under
stood comparisons. 

J. Melvin Jones, "Marginal Checking-An Aid in 
Preventive Maintenance of Computers," Computers 
and Automation, V 4, #4 (April 1955), pg 10-14. 

An easily read discussion of what marginal 
checking is, how it is done, and what can be 
expected of it. 

R. K. Richards, Arithmetic Operations in Digital 
Computers (New York: D. Van Nostrand Co., Inc., 
1955), 397 pgs. 

This book gives a good statement in rather 
simple language of how arithmetic operations 
are done in automatic computers. 

John G. Kemeny, "Man Viewed as a Machine," Scien
tific American, V 192, #4 (April 1955), pg 58-
67. 

A background articl~. An important part of 
the article °is the information and explana
tion supplied on how automatic machines are 
able to be automatic. 

E. C •. Nelson, "An Algebraic Theor~ for Use ip Di
gital Computer Design," Transactions of the IRE 
Professional Group on Electronic Computers, V 
EC-3, #3 (Sept. 1953), pg 12-2l. 

A background article. The basic point of 
the article is the relation between the in
put and output of an automatic comp~ter. Al
though the diagrams and tables are simple, 
the writing is rather technical. 

Arnold Tustin, "Feedback," Scientific American, V 
187, #3 (Sept. 1952), pg 48-54. 

A background article. Feedback is fundamen
tal both in the operation and application of 
automatic computers. The article expla~ns 
and discusses feedback in si~ple language. 

Programming 

Walker H.' Thomas, "Fundamentals of Digital Compu
ter Programming," Proceedings of the IRE, V 41, 
#10 (Oct. 1953), pg 1245-1249. 

An excellent presentation in rather readable 
language of the basic aspects of programming, 
with a few short examples worked out for il
lustration. 

Everett C. Yowell, "Some General Precepts for Pr0-
grammers," Proceedings of the Electronic Compu
ter Symposium (Los Angeles: Institute of ~adio 
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Engineers-~Professional Group on Eleetronic Com
puters, 1952), pg X:I-X:6. 

AUTOMATI~ COMPUTERS 

Although the precepts are common sense, they 
are easy to forget when programming. 

Grace M. Hopper, "Education of a Computer," Pro
ceedings of the Association for ComputIng Ma -
chinery (Pittsburgh, Pa.: Richard Rimback Asso
ciates, 1952), pg 243-249. 

A discussion of programming in terms of the 
contents of a prograrmner's possible "set of 
tools" • Alit tle technical. 

Grace M. Hopper, "Compiling Routines," Computers 
and Automation, V 2, #4 (May 1953), pg 1-5. 

A discuss ion of advanced programming tec h -
niques by an expert. The writer assumes the 
reader has a good knowledge of computer ter-· 
minology. 

Storage Devices 

Louis Ridenour, "Computer Memories," Scientific 
American, V 192, #6 (June 1955), pg 92-100. 

A well illustrated and somewhat popular pre
sentation of storage devices with some e m -
phasis on magnetic cores. 

Isaac L. Auerbach, "Fast-Acting Digital Me'm ory 
Systems," Electrical Manufacturing, V 52, #4 
(Oct. 1953), pg 100-107, and V 52,#5 (Nov.1953) , 
pg 136-143. 

A well illustrated survey article discussing 
the characteristics of storage devices. 

Jasper P. Eckert, '''A Survey of Digital Computer 
Memory Systems," Proceedings of the IRE, V 41, 
#10 (Oct. 1953), pg 1393-1406. 

An authority discusses available types 0 f 
storage devices in a rather readable way. 

Input-output Devices 

Arthur W. Tyler, "Recording Techniques for Digi
tal Coded Data," Review of Input-Output Equip
ment (New York: Institute of Radio Engineers, 
Inc., 1953), pg 3-7. 

An introductory discussion of input-output 
devices, and the characteristics needed in 
such equipmept: 

S. N. Alexander, "Summary and Forecast," Review 
of Input-output Equipment (New York: Institute 
of Radio Engineers, Inc., 1953), pg 137-139. 

Some thoughtful comments on the general area 
of input-output equipment in terms of data
handling needs. 

G. B. Bower, "Versatility in Analog to Digital 
Conversion," Automation, V 1, ft5 (Dec. 1954), 
pg 98-102. 

A good introduction to analog-digital devices. 
Although work is still not far advanced in 
this area, the importance of devices like 
these will increase. -

David H. Shepard and Clyde C. Heasly, "Photoelec
tric Reader Feeds Business Machines, "Electronics, 
V 28, ft5 (May 1955), pg 134-138. 
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The use of the printed word as eith~r stor
age or input-output for an automatic compu
ter still lies in the future. This article 
tells of the efforts of one company to bring 
that future closer to the present. 

Particular Automatic Computers 

John M. Carroll, "Electronics for the Business 
M~n," Electronics, V 28, #6 (June 1955), pg 
122-131. 

A survey of computer manufacturers was made 
and the results tabulated. The data presen
ted suffers somewhat from a· lack of thorough 
editing, but it is still worthwhile. (For 
other surveys, see the Controllership bib
liography cited later, and the Chapin book 
cited earlier. 

Lawrence Wainwright, "Digital Computer Question
naire," Computers and Automation, V 2, #6 (Sept. 
1953), pg 3-7. 

This very comprehensive questionnaire lists 
the areas of importance in learning about 
any particular automatic computer, and sug
gests important questions to ask. 

Office of Naval Research, A Survey of Automatic 
Digital Computers (UpBll1293) (Washington,D.C.: 
Office of Technical Services, Department of 
Commerce, 1953), 109 pgs. 

A comprehensive survey in technical terms of 
over 90 scientific and commercial automatic 
computers. 

John Plain Company, 140 GP Distributon, (Chicago: 
John Plain Co., 1953), 24 pgs. 

A widely publicized example of special pur
pose magnetic drum equipment, told in the 
company's own words and pictures. 

Argument on "Can Machines Think?" 

Elliot Gruenberg, '~at are the Possibilities for 
Reflective Thinking, ~n M~chinest" Comput~rs , 
and Automation, V 3, #2 (Feb. 1954), pg 12-19, 
26, 28. Also in: Systems and Procedures Ouar
terly, V 5, #3 (Aug. 1954), pg 10-19. 

A well presented defense of the "machines 
can think" position. 

M. V. Wilkes, "Can Mathines Think?" Proceedi n g s 
of the IRE, V 41, #10 (Oct. 1953), pg 1230-1234. 

A well presented defense of the "rna chi n e s' 
cannot think" position. 

General Reference Information 

The magazine Computers and Automation/make s 
a specialty of regular publication of useful 
reference information. To cite one example: 

Staff of Computers and Automation, "Glossary of 
Terms in the Field of Computers and Automatio n, " 
Computers and Automation, V 3 #10 (Dec. 1954) p g 
8-23. 

·One of the two most extensive g los sa r i es 
presently available. 

(~ontinued on page 38) 



FRANCHISE 

Isaac Asimov 
Waltham, Mass. 

It was two days before Election Dayan d 
Norman Muller swayed with shock as he stared 
at the Secret Service man who had entered the 
house. As though from a distance, he hear d 
the man say with ritualistic formality: "Mr. 
Norman Muller, it is necessary for me to in
form you on behalf of the President 0 f the 
Uni ted States that you have been computed a s 
one of those who will represent the Americ an 
electorate on Tuesday, November 4, 2008." 

So the lightning of Multivac, that giant 
computing machine, had struck. Nor man had 
been computed out of the millions and was cho
sen. 

And in a presidential year at that. 

Norman managed, with difficulty, to walk 
unaided to his chair. He sat there, whi te
faced and almost insensible, while his wife, 
Sarah, brought water, and slapped his hands. 

The agent said, "Now you're going to have 
me wi th you for a while. My name is Phil Hand
ley. None of you will be able to leave the 
house from now on till Election Day is over. 
We will transact your business for you, or it 
will have to wait. You understand?" 

Norman, recovering a remnant of self-con
trol muttered, ''Yes.'' 

"Your daughter will stay home from school, 
too. I'll try to be as little a nuisance as 
possible. The government will pay for my mmn
tenance of course. I'll be relieved ec£h night 
by someone who will sit up in this room, so 
there will be no problem about sleeping accom
modations. Now, Mr. Muller---" 

"Sir?" 

"You have two days in which to grow a c
customed to the situation. We want to have 
you face Mul ti vac in as normal a state of mind 
as possible. Just relax." 

But Norman shook his head violently. "Why 
me? All that responsibility." 

"Well," said IIandley, "let's get that 
straigh t to begin with. Mul ti vac is a computer 
which can handle in a moment the am 0 un t 0 f 
data the entire human population of the country 
couldn't deal with in a year-" 

"Yes, yes. I understand that." 

"Good. Multivac can weigh all sorts of 
known factors, trillions of them, in attemptfug 
to judge for which of the various nominees the 
American electorate will vote for in -all the 
various elections, federal, s tate and 10 cal. 
One factor only cannot be handled by Multivac 
without special conditions because the men who 
service it cannot evaluate it into nume ric a 1 
relationships. 

"This factor is referred to as the 'i r
rational component' of- the human mind.. Af t e r 
all, minds can be swayed by impulses, emotions, 
whims, superstitions and so on. To judge the 
effect of these irrationals, Multivac m u s t 
study a number of men and women directly. From 
those minds, the bent of all other minds in the 
country can be estimated. At any given time, 
some men and women are more representative than 
others. Mul ti vac computes the most represent
ative and you are included among them. Surely 
you don't question Mul tivac 's competenc e i n 
making the selection~" 

"Couldn't it make a mistake?" asked Norman, 
wildly.. "Couldn't it?" 

"Yes, it can," admitted the agent. "I n 
1993, a selected Voter died of a stroke two 
hours before it was time for him to be notified. 
Multivac could not foresee that. Mult i v a c 
can 't know everything about everybody un 1 e s s 
it is fed all the data in existence. T hat I s 
why al ternate selections are alway she 1 d in 
readiness. They rarely need be used, however. 
So take it easy, Mr. Muller,---and Vote." 

In bed that night, Norman Muller st a red 
blankly up into the darkness ~ Elec t ion time 
had always been exciting for him as for every
body. There were the Election guesses concern
ing the states and town~ in which the various 
Voters would live; the excitement as rum 0 r 
struck close; the political rallies ink e y 
areas i the speculations and guesses; the under
cover gambling pools----

It was such a pleasant time in which to be 
a spectator. Norman Muller' had never aspired 
to anything more. He was a small, quiet man 
with a thin, blonde mustache that had 0 n c e 
given him a debonair quality but which, wit h 
gradual graying, had declined merelyw lack of 
distinction. His forehead bore deepening lines 
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born of the gradual realization that his life unfriendly dawn did not help. (The TN eat her 
as clerk in Kendall Department Store had crys- prediction was for a raw, cloudy day tvith pros-
tallized and fixed itself into permanence. pects of rain before noon.) 

"Well; he had never thought he was b 0 r n 
great or t'Jould, under any c.ircumstances, achieve 

(greatness. A jOP, a wife, a little girl--- It 
: tIlas an adequate,/bargain he had struck with life. , , 

But now his wife stirred sleeplessly next 
to him and murmured, "Oh, Norman, I can't be
lieve ,it. All the excitement and your name in 
the papers. They'll come to you for endorse
ments and for articles in magazines. Yo u 're 
sure to get a promotion. Or maybe yo u can 
leave Kendall's and start a little business of 
your own, the way we always wanted---" 

But none of that really penetrated. He 
knew only that he dreaded Multivac. 

Less than a we~k ago, in the growing hub
bub of approaching Election, he had tal ked 
about it to Linda, his daugh ter, who at 10 was 
beginning to take an interest. 

He had said, "In the old days, Lind a, 
everybody voted. We'd all say which man we 
wanted. Then they'd count how many said this 
man and how many that man and the man who got 
the most votes was elected." 

Linda nodded and had said, "How did all 
the people know who to vote for? Did Multivac 
tell them?" 

Norman had shaken ,his head, "They jus t 
decided for themselves. But you see, s 0 m e
times it took all night to count all the votes 
and people were impatient to know who wo u 1 d 
win. So they invented special computers which 
could consider the first million vote san d 
compare them wi th the votes from the sam e 
places in previous years. That way the machine 
could compute how the total vote would be and 
who would be elected." 

"Like Mul tivac. " 

"The first computers were much smaller 
than Multivac. But the machines grew bigger 
and they could tell how the electio~ would go 
from fewer and fewer votes. Now Mul t i v a c 
needs only a dozen voters from diffezent parts 
of the country." 

That was it. It had seemed so normal to 
-Norman. But that had been before he had the 
slightest notion that he himself would become 
one of the dozen. Who could have dreamed it? 

Now it was everything but normal! The 
whole country would be staring at him! 

It was early breakfast, the morning of the 
4th. Norman Muller ate mechanically. The grey, 

The Secret Service agent was in full uni
form now, including side-arms ,in heavily-brassed 
holsters. 

"We'll keep this house insulated til 1 
Mr. Muller is back," he said to Sarah. "After 
that, we'll be off your necks." 

Norman completed his second cup 0 f black 
coffee, wiped his lips with a napkin, stood up 
and said haggardly, "I'm ready." 

The armored car purred down empty streets. 
They were empty even for that hour of the morn
ing. 

Handley indicated that and said, "T hey 
always shift traffic away from the line of drive 
ever since the attempted bombing that n ear 1 y 
killed a Voter in '92." 

The car stopped in an underground d r i v e 
whose walls were lined with soldiers at atten
tion. 

Norman was led into a brightly-lit ro 0 m, 
in which three white-uniformed men greeted him 
smilingly. 

Norman said, sharply, "But this is the 
hospital?" 

One of the three men in white said at once, 
"There's no significance to that. It's jus t 
that the hospital has the necessary facilities." 
He nodded toward Handley, "I'll take over now, 
agent." 

Handley saluted and left the room. 

The man in white said, "Won't you sit down, 
Mr. Muller? I'm John Paulson, Senior Computer. 
These are Samson Levine and Peter Dorogobu z h, 
my assistants." 

Norman shook hands numbly all about. Paul
son was a man of middle height with a s 0 f t 
face that seemed used to smiling and, a v e r y 
obvious toupee. 

Paulson said, "In the first place, Mr. Mul
ler, I want you to feel at ease. Get used to 
the surroundings. If you wish, we nee d 'n t 
start proceedings till noon." 

"It's all right," said Norman. "I jus t 
want it to be over." He remained rigidly erect, 
wondering how the other eleven Voters were feel
ing at this moment. 

"I understand your feelings," said Paulson. 
"Well, let's run through some things. In the 
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first place, Multivac isn't here." 

"It isn't?" Somehow through all his anx
ieties, Norman had yet looked fOrt\Tard to see
ing Mul ti vac • It was s aid to be half ami 1 e 
long, three stories high. Fifty technicians 
were supposed to patrol the corridors with i n 
its structure at all timES. It was the wonder 
of the world. --

Paulson smiled. "It's not portable, you 
know. It's located underground, in fact, and 
very felIT people know exactly where. You can 
understand that, since it is our greatest nat
ural resource. Believe me, elections aren't 
the only things it's used for." 

Norman said, "Then how---" 

"How is it done? Well, we are plug g e d 
into Multivac right here by beam transmission, 
as are the other Voters. In a sense, we're in 
its presence." 

Norman looked about. The machines within 
the room were all meaningless to him. 

"But to continue, Mr. Muller," Paul son 
went on, "Mul tivac must check certain impon
derable attitudes of mind and we cannot p r e
dict how it will go about that. We .do not know 
in advance what questions it will ask, and they 
may not make much sense to you, or even to us. 
It may ask how you feel about garbage-disposal 
in your town; whether you favor central incin
erators. It might ask you whether you have a 
doctor of your own or whether you make use of 
National Medicine, Inc. Do you understand?" 

"Yes, sir." 

"Whatever it asks, answer in your own words 
in any way you please. If you feel you m u s t 
explain a bit, do so." 

"Yes, sir." 

"One more thing. We will have to m a k e 
use of some simple devices which will automat
ically record your blood pressure, heart beat, 
skin conductivity, and brain wave pattern as 
you speak.- Jhe machinery will seem formidable, -
but it's all absolutely painless. You won·t 
even know it's going on." 

The other two technicians were al re ad y 
busying themselves with apparatus on 0 i led 
wheels. 

Norman said, "Is that to check on whether 
I'm lying or not?" 

""Not at all, Mr. Muller. There's no ques
tion of lying. It's only a matter of emotional 
intensity. If the machine asks you your opin-

ion of your child's school, you may say, 'I think 
it is overcrowded.' Those are only words. Fl'OOl 
the way your brain, heart, and stITeat 91 and s 
work, Multivac can judge exactly how' intensely 
you feel about the matter. It will understand 
your feelings better than you yourself." 

"I never heard of all this," said Norman. 

"I'm sure you didn't. Most of the details 
of Multivac's workings are top secret. For in
stance, when you leave, you will be as ked to 
sign a paper swearing that you will never re
veal the nature of the questions you were asked, 
the nature of your responses, what was done or 
how it was done. The less is known about th e 
Multivac, the less chance of attempted outside 
pressures upon the men who service it,." H e 
smiled, grimly, "Our lives are hard enough a s 
it is." 

Norman nodded. "I understand." 

"Are you ready, then?" 

Norman swallowed wi th difficulty. ''Yes, 
sir." 

Paulson nodded, and raised his hand" in a 
gesture to the others. 

They advanced with their frightening equip
ment and Norman Muller felt his breath come a 
little quicker as he watched. 

The ordeal lasted nearly three hours, with 
one short break for coffee. During all t his 
time, Norman Muller remained encased in machin
ery. He was bone-weary at the close. 

He thought sardonically that his promi s e 
to reveal nothing of what had passed would be 
an easy one to keep. Already the ques t ion s 
were a hazy mish-mash in his mind. 

Somehow he had thought Mul tivac would speak 
in a sepulchral, superhuman voice, res 0 nan t 
and echoing, but that, after all, was just an 
idea he had from seeing too many telev i s i 0" n 
shows, he decided. The truth was distressingly 
undramatic. The questions were slips of akind 
of metallic foil patterned with numerous punc
tures. A second machine converted the pattern 
into words and Paulson read the words to Nor
man, then gave him the ques tion and let him read 
it for himself. 

Norman's answers were taken down by a re
cording machine, played back to Norman for con
firmation, with emendations and added remark s 
also taken down. All of that was fe'd in to a 
pat tern-making ins trument and that, in t urn, 
was radiated to Multivac. 

The one question Norman could remember at 
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the moment. was an incongruously gossipy: "What "Payment?" Norman seemed stunned. 
do you think of the price of eggs?" 

He had answered, blankly, "I don't k no w 
the price of eggs." 

Now it was over, and gently they removed 
the electrodes from various portions 0 f his 
body, untlfrapped the pulsating band fro m his 
upper 'arm, moved the machinery away. 

Be stood up, drew a deep, shudde r i n g 
breath and said, "Is that all? Am I through?" 

"Not quite," Paulson hurried to him, smil
ing in reassuring fashion. "We'll have to ask 
you to stay another hour." 

"Why?" as~ed Norman, sharply. 

"It will take that long for Mul tivac to 
weave its new data from you and th~ other Vot
ers into the trillions of items it has. Thou
sands of elections are concerned, you k now. 
It's very complicated. It may be that an odd 
contest here or there, a comptrollers hip i n 
Phoenix, Arizona or some council seat in Wilkes
Barre, North Carolina, may be in doubt. I n 
that case, Mul tivac may be compelled to ask 
you a deciding question or two." 

"Oh, no," groaned Norman. 

"It probably won't happen," Paulson said, 
soothingly. "It rarely does. But jus tin 
case, you'll have to stay." A touch of steel, 
just a touch, entered his voice. "You h a ve 
no choice, you know. You must." 

Norman sat down wearily. "Very well." 

The door opened, snapping him to 0 p e n
eyed attention. For a moment, his s to mach 
constricted. More questions? 

But Paulson was smiling. "That wi 11 be 
all, Mr. Muller." 

"No more questions, sir?" 

"None needed. Everything was quite clear
cut. You will be escorted back to your home 
and then you will be a private citizen onc e 
roore. Or as much so as the public will allow." 

"Thank you. Thank you." 

"But first--" 

Norman froze instantly. "What else?" he 
asked sharply. 

i'Why, the question of payment,." 

"Oh, not money, of course. We can't pay 
money for a civic duty. Still, it was a great 
responsibility and you were put to considerable 
inconvenience and may be put to more. Multi
vac has, in the course of quest ion in g you, 
learned a great deal about your aptitudes and 
attitudes, your emotions and intelli g en c e. 
Also, as a resul t of our investigat ion, i t 
knows a great many facts about you." 

"Well, what about it? Is there anything 
wrong?" 

"Nothing. It is just that we know from 
past experience that for a period of tim e to 
come, you will be of great publicity value to 
others. You will be asked to endorse and ad
vertise; you will be asked to speak, w r it e , 
and dedicate buildings. You will be offer e d 
business opportunities, chances far investment. 
Your name is valuable; this year, at any rate." 

"I know all that," said Norman, uneasily_. 

"From pas t experience, Mul ti vac can evalu
ate the types of offers you are likely toget. 
Knowing you, it can estimate the probabilities 
of success in each of these cases. The 1 as t 
hour has been spent by part of Multivac's vast 
potential in analyzing your situation. It is 
customary to advise the Voter on his fu t u r e 
actions. " 

Norman looked astonished. "Do you me a n 
Multivac can foretell the future?" 

"Not at all." Paulson smiled wistfully. 
"It can merely compute probabilities. For in
stance, Mr. Muller," and he handed a piece of 
onion-skin paper to Norman, "the probabilities 
of your attaining appreciable success or hap
piness in any venture Which will be opened to 
you is quite low. The probability of a c on
tinued reasonable happiness in your pres e n t 
position is 0.923. The chances of a rise i n 
happiness with time is 0.841, a moderate rise, 
of course. The chances of a fall are 0.123. 
Keep your present position, Mr. Muller~" 

Norman's face fell. "That's not much of 
a prediction, is it?" 

Paulson looked stern, "You are not obli
gated to follow Multivac's advice. You can 
open your own haberdashery and take a 0.052 
chance of remaining solvent after five years. 
That is your privilege. I jus t want you t 0 

realize that your present glimpse of the future 
is one which is available to very few. The 
President of the United States himself couldn t 
get one for his own son unless it invo 1 v e d 
the public good." 

(continued on page 31) 

- 20 -



AUTOM'ATIC CODING FOR DIGITAL COMPUTERS 

Dr. G.M. Hopper 
Director of Programming Research 

Ecl"ert Mauchl y Division, Remington Rand 
Philadelphia, Pa. 

(Presented at Louisiana State University, February, 1955) 

Automatic coding is a means for reducing 
problem cos ts and is one of the answers to a 
programmer's prayer. Since every problem must 
be reduced to a series of elementary steps and 
transformed into computer ins truc tions, any 
method which will speed up and reduce the cost 
of this process is of importance. 

Each and every problem must go t h r ou g h 
the same stages: 

Analysis, 
Programming, 
Coding, 
Debugging, 
Production Running, 
Evaluation 

The process of analysis cannot be assisted 
by the computer itself. For scientific prob
lems, mathematical or engineering, the analysis 
includes selecting the method of approximatWn, 
setting up specifications for accuracy of sub
routines, determining the influence of round
off errors, and finally presenting a lis t 0 f 
equations supplemented by defini tion of toler
ances and a diagram of the operations. For the 
commercial problem, again a detailed statement 
describing the procedure and covering eve r y 
eventuality is required. This will usually 
be presented in English words and accompanied 
again'by a flow diagram. 

The analysis is the responsibility of the 
mathematician or engineer, the methods or sys
tems man. It defines the problem and no a t
tempt should be made to use a computer unti 1 
such an analysis is complete. 

The job of the programmer is that 0 f a
dapting the problem definition to the abilities 
and idiosyncracies of the particular computer. 
IIe will be vitally concerned with input an d 
output and with the flow of operations through 
the computer. He must have a thorough knowl
edge of the computer components and their rela
tive speeds and virtues. Receiving diagrams 
and equations or statements from the analysts, 
he tvill produce detailed flow charts for trans
miss ion to the coders. These wi 11 differ from 
the charts produced by the analysts .i nth a t 
they will be sui ted to a particular compu te r 
and wi 11 contain more detai 1. In some cases, 
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the analyst and progranuner will be the sam e 
person .. 

It is then the job of the coder to reduce 
the flow charts to the detailed list of computer 
ins truc tions. At this point, an exact and com
prehensive knowledge of the computet, its code, 
coding tricks, details of sentinels and 0 f 
pulse code are required. The computer is an 
extremely fast mron. It will, at the spe e d 
of light, do exactly what it is told to do -
no more, no less. 

After the coder has completed the instruc
tions, it must be "debugged". Few an d far 
between and very rare are those coders, human 
beings. who can write programs. perhaps c 0 n
sisting of several hundred instructions, per
fectly, the first time. The analyzers, auto
monitors, and other mistake hunting routine s 
that have been developed and reported on bear 
witness to the need of assistance fufuis area. 
When the program h as been finally deb u g g e d • 
it is ready for production running and there
after for evaluation or for use of the resul t5. 

Automatic coding enters these operations 
at four points. First, it supplies to the ana
lysts, information about existing chunk s 0 f 
program, subroutines already tested an d d e
bugged, which he may choose to use in his prob
lem. Second, it supplies the programmer with 
similar facilities not only with respecttothe 
mathematics or processing used, but also with 
respect to using the equipment. For example, 
a generator may be provided to make edi tin g 
routines to prepare data for printing, 0 r a 
generator may be supplied to produce sort i n g 
routines. 

It is in the third phase that automatic 
coding comes into its own, for here it can re
lease the coder from most of the routine and 
drudgery of producing the instruction cod e. 
It may, someday, replace the coder or release 
him to become 'a programmer. Master or execu
ti ve routines can be designed which will wi th
draw subroutines and generators from a library 
of such routines and link them togethe r t 0 
form a running program. . 

If a routine is produced by a mas t e r 
routine from library components, it does not 
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require the fourth phase -- debugging - from that if the instructions were stored 'r~, the 
the point of view of the coding. Since the same fashion as the data, the conputer cou 1 d 
library routines will all have been checked then operate on these instructions. However, 
and the compiler checked, no errors in coding it was not until 1951 that Wheeler, Wil ke s , 
c an be introduced into the program (a 1 1 0 f and Gill in England, preparing to run the EDSAC, 
which presupposes a completely checked com- first set up standards, created a library, and 
puter). The only bugs that can remain to be the required satellite routines and wrot e a 
detected and exposed are those in the. 1 0 g i c book about it, "The Preparation of Progr a m s 
of the original statement of the problem. for Electronic Digital Computers". In t his 

Thus, one advantage of automatic cod i n g 
appears, the reduction of the computer tim e 
required for debugging. A still great e r ad
vantage, however, is the replacement 0 f the 
coder by the computer. It is here t hat the 
significant time reduction appears. The com
puter processes the units of coding as it does 
any other units of data -- accurately and rap
idly. The elapsed time from a programmer I s 
flow chart to a running routine may be reduced 
from a matter of weeks to a matter of minutes. 
Thus, the need for some type of auto mat i c 
coding is clear. 

Actually, it has been evident ever since 
the first digital computers first ran. Anyone 
who has been coding for more than a month has 
found himself wanting to use pieces 0 f 0 n e 
problem in another. Every programmer had de
tected like sequences of operations. There is 
a ten year history of attempts to meet thes e 
needs. 

The subroutine, the piece of coding, re
quired to calculate a particular function can 
be wired into the computer and an instruction 
added to the computer code. However, this con
struction in hardware is costly and only the 
most frequently used routines can be treate d 
in this manner. Mark I at Harvard incl u de d 
several such routines -- sin x, 10910x, lOX • 
However, they had one fault, they were inflex
ible. Always, they delivered complete accuracy 
to twenty-two digits. Always, they treated the 
most general case. Other computers, Ma r k II 
and SEAC have included square roots and other 
subroutines partially or wholly buil t in. But 
such subroutines are costly and invariant and 
have come to be used only when speed wi tho u t 
regard to cost is the primary consideration. 

It was in the ENIAC 'that the first use of 
programmed subroutines appeared. When a cer
tain series of operations was completed, a test 
could be made to see whether or not i twa s 
necessary to repeat them and sequencing con
trol could be transferred on the basis of this 
test, either to repeat the operations or go on 
to another set. 

At Harvard, Dr. Aiken had envisioned li
braries of subroutines. At Pennsy 1 van i a , 
Dr. Mauchly had discussed the techniques of 
instructing the computer to program its elf. 
At Princeton, Dr. von Neuman had pointed 0 u t 

country, comprehensive automatic tech n i que s 
first appeared at MIT, where routines to fac
ilitate the use of Whirlwind I by students of 
computers and programming were developed. 

Many different automatic coding sys te m s 
have been developed -- See-saw, Dual, Spee d
Code, the Boeing Assembly, ~d others for the 
701, the A--series of compil rs for the UNIVAC, 
the Summer Session Computer fo Whirlw i n d , 
MAGIC for the MIDAC and Transcode for the Fer
ranti Computer at Toronto. The list is Ion g 
and rapidly growing longer. In the pr 0 c e s s 
of development are Fortran for the 704, B 10 R 
and GP for the UNIVAC, a system for the 705, 
and many more. In fact, all manufacturers now 
see m to be including an announcement 0 f the 
form, 

"a library of subroutines for st and a r d 
mathematical analysis operations is avail
able to users", 

"interpreti ve subroutines, easy prog ram 
debugging - ••• - auto~tic program as
sembly techniques can be used." 

The automatic routines fall int 0 t h re e 
illajor classes. Though some may exhibit char
acteristics of one or more, the classes may be 
so defined as to distinguish them. 

(1) Interpretive routines which transla\e 
a machine-like pseudo-code into machine code, 
refer to stored subroutines 'and execute the m 
as the computation proceeds -- the MIT Summer 
Sess ion Computer, 701 Speed-Gode, UNIVAC Short
Code are examples. 

(2) Compiling routines, which also read a 
pseudo-code, but which withdraw subrout in e s 
from a library and operate upon them, finally 
linking the pieces together to deliver, as out
put, a complete specific program for f u t u re 
running -- UNIVAC A -- compilers, BIOR, and 
the NYU Compiler System. 

(3) Genera~ive routines may be called for 
by compilers, or may be independent routines. 
Thus, a compiler may call upon a generator to 
produce a specific input routine. Or, as i n 
the sort-generator, the submission of the spec
ifications such as item-size, position of key
word, etc. instructs the generator to produce 
a routine 'to perform the desired oper at ion. 
The UNIVAC sort-generator, the work of Bet t y 
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Holberton, was the first maj or automatic rou-
tine to be completed. It was finished in 1951 
and has been in constant use ever since. At 
the University of California Radiation Labor
atory, Livermore, an editing genera tor was 
developed by Merrit Ellmore - later a routine 
was added to even generate the pseudo-code. 

The type of automatic coding used for a 
particular computer is to some extent depend
ent upon the facilities of the computeri~. 
The early computers usually had but a single 
input-output device, sometimes even manually 
operated. It was customary to load the COIn

puter wi th program and data, permi tit to "cook" 
on them, and when it signalled completion, the 
results were unloaded. This procedure led to 
the developroont of the interpretive typ e 0 f 
routine. Subroutines were stored in c los e d 
form and a main program referred to the mas 
they were required. Such a procedure conservoo 
valuable internal storage space and s pe ede d 
the problem solution. 

I 

With the production of computer systems, 
like the UNIVAC, having, for all practic a 1 
purposes, infinite storage under the computer's 
own direction, new techniques became possible. 
A library of subroutines could be sto red 0 n 
tape, readily available to the,computer. In
stead of looking up a subroutine every tim e 
its operation was needed, it was possible to 
assemble the ~equired subroutines into a pro
gram for a specific problem. Since most prob
lems contain some repetitive elements, thiswas 
desirable in order to make the interpretive 
process a one-time operation. 

Aroong the earliest such routines were the 
A--series of compilers of which A-O first ran 
in May 1952. The A-2 compiler, as it stan d s 
at the moment, commands a library of ma~mat
ical and logic~l subroutines of floating dec
imal operations. It has been successf u 1 1 Y 
applied to many different mathematical pro b
lems. In some cases, it has produced finished, 
checked, and debugged programs in three minutes. 
Some problems have gaken as long as eigh tee n 
minutes to code. It is, however, limited by / 
its library which is not as complete a sit 
should be and by the fact that since it p r 0-

duces a program entirely in floating decimal, 
it is sometimes wasteful of computer tim e • 
However, mathematicians have been able rapidly 
to learn to use it. The elapsed time for prob
lems -- the programming time plus the running 
time -- has been materially reduced. Improve
ments and techniques now known, derived fro m 
experience t\li th the A--series, will ma k e i t 
possible to produce better compiling systems. 
Currently, under the direction of Dr. Herbert 
F. Mitchell, Jr., the BIOR compiler i s l? e in g 
checked out. This is the pioneer -- the first 
of the true data-processing compilers. 

CODI"lG 
At present, the interpretive and compiling 

systems are as many and as different as we r e 
the computers five years ago. This is natural 
in the early stages of a development. It will 
be some tire before anyone can say this is the 
way to produce automatic coding. 

Even the pseudo-codes vary widely. Fo r 
mathematical problems, Lani'ng and Zeirler a t 
MIT have modified a Flexowriter and the pseudo
code in which they state problems clings very 
closely to the usual mathematical not a t ion. 
Faced with the problem of coding for E NI A C, 
EDVAC and/or ORDVAC, Dr. Gorn at Aberdeen has 
been developing a "universal code". A problem 
stated in this universal pseudo-code can then 
be' presented to an executive routine pertain
ing to the particular computer to be use d to 
produce coding for that computer. Of the Bur
eau of Standards, Dr. Wegstein in Washington 
and Dr. Huskey on the West Coast have developOO 
techniques and codes for describing a flo w 
chart to a compiler. . 

In each case, the effort has been three
fold: 

(1) to expand the computer t s vocabula r y 
in the direction required by its users. 

(2) to simplify the preparation of pr 0-

grams both in order to reduce the a
mount of information about a computer 
a user needed to learn, and to reduce 
the amount he needed to write. 

(3) to 'make it easy, to avoid mistakes, 
to check for them, and to d e t e' c t 
them. 

The ultimate pseudo-code is not yet i n 
. sight. There probably will be at least two in 

common use; one for the scientific, mathemat
ical and engineering problems using a pseudo
code closely approximating mathematical s y m
bolism;- and a second, for the data-processin~ 
commercial, business and accounting problems. 
In all likelihood, the latter will approximate 
plain English. 

The standardization of pseudo-code and 
corresponding subroutine is simple for mathe
matical problems. As a pseudo-code Its in x" 
is practical and suitable for "compute the sine 
of x", "PWT" is equally obvious for "compu t e 
Philadelphia Wage Tax", but very' few commercial 
subroutines can be standardized in s u c h a 
fashion. It seems likely that a pseudo-c 0 de 
"gross-pay" will call for a different subrou
tine in every installation. In some cas e s, 
not even the vocabul ary will be connnon sin c e 
one computer will be producing pay checks and 
another maintaining an inventory. 

Thus, future compiling routines mus t be 
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independent of the type of program to be pro
duced. Just as there are now general-purpose 
computers, there will have to be general-pur
pose compilers. Auxiliary to the compilers 
will be vocabularies of pseudo-codes and cor
responding volumes of subroutines. The s e 
volumes may differ from one install at ion to 
another and even within an installation. Thus, 
a compiler of the future will have a vo 1 urn e 
of floating-decimal mathematical subroutines, 
a volume of inventory routines, and a vol urn e 
of payroll routines. While gross-pay may ap
pear in the payroll volume both at installation 
A and at installation B, the corres p 0 n din g 
subroutine or standard input item may be com
pletely different in the two volumes. Certam 
more general routines, such as input-out put. 
editing, and sorting generators will rema i n 
conunon and therefore are the first t hat are 
being developed. 

There is Ii ttle doubt that the development 
of automatic coding will influence the design 
of computers. In fact, it is already happen
ing. Instructions will be added to facilitate 
such coding. Instructions added only for the 
convenience of the programmer will be omitted 
since the computer, rather than the progra m
mer, will write the detailed coding. However, 
all this will not be completed tomorrow. There 
is much to be learned. So far as each group 
has completed an interpreter or compiler, they 
have discovered in using it "what they really 
wanted to do". Each exec uti ve routine p r 0-

duced has led to the writing of specifications 
for a better routine. 

1955 will mark the completion of several 
ambi tious executive routines. It will also see 
the specifications prepared by each group for 
much better and more efficient routines since 
testing in use is necessary to discover these 
specifications. However, the routines now 
being completed will materially reduce the time 
required for problem preparation; that is, the 
programrndng, coding, and debugging time. One 
warning must be sounded, these routines cannot 
define a problem nor adapt it to a computer. 
They only eliminate the clerical part of the 
job. 

Analysis, programming, defini tion 0 f a 
problem required 85%, coding and deb u g gin g 
15%, of the preparation time. Automatic cod
ing materially reduces the latter ti me. It 
assists the programmer by defining st and a rd 
procedures t'IThich can be fre q ue n t 1 Y use d. 
Please remember, however, that automatic pro
grarmning does not imply that it is now possible 
to walk up to a.computer, say "writemypayroll 
checks", and push a button. Such efficiency 
is still in the science-fiction future. 
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Automatic: Programming: The, A 2 Compiler System - Part 1 

Programming Research Section 
Eckert Mauchly Division, Remington Rand 

Philadelphia, Pa. 

lEditor's No~e: - The subject of automatic programming is so interesting and important that it seems 
desirable to reprint in these pages a large section of the recently issued and authoritative instruc
tion manual for Remington Rand's automatic programming technique known as the II A :2 Compiler".) 

PREFACE 

The "A-2 Compiler" is a technique develo p e d 
by the Prograrmning Research Group of the Ecke r t
Mauchly Division of Remington Rand. Its specific 
purpose is to expedite the preparation ofinstruc
tions for the Univac electronic computer Men solv
ing mathematical problems. Its use makes possible 
rapid solution of many mathematical pro b 1 ems 
previously considered not economical from ei th e r 
a time or cost standpoint. 

The A-2 Compiler might be called a tIc ann e d 
program" - a set of instructions previously pre
pared and stored on metallic magnetic tape. This 
set of tape recorded instructions act un de r th e 
direction of a special code called a Pseudo-Code. 
The Pseudo-code instructs the compiler to assemble, 
in ordered form, all computer operations nee d e d 
for the solution of a problem. 

This instruction manual has been prepared for 
those having no previous experience wi th electronic 
computers. The text presents application of the 
A-2 in ~ simple straightforward manner. A brief 
description of the Univac System equipment is pre
sented to facilitate a better understanding of the 
compiler. 

Those advanced in the art of writing instruc
tions for the computer will find in the appendfues 
detailed information concerning the compiler. 

BRIEF DESCRIPTION OF TIill UNIVAC SYSTEM 

The Univac System is a large scale gen era I 
purpose electronic data-processing unit. The name 
Univac is an abbreviation for Universal Automatic 
~omputer, and, as the term uni~al imPlies, the 
computer can be applied to the solutionof complex 
mathematical problems as well as to the soluti 0 n 
of large data-processing operations. 

Basic components of the System are: acentral 
computer, input-output devices which t ran s po r t 
information into or out of the central compu ter, 
and equipment for preparing data for sub seq u e n t 
processing. 

The- Central Computer 

The Central Computer, the core of the Univac 
System, performs all arithmetic and logical ~per
ations. These operations and their sequenc 1 n g 
are completely automatic and no human intervention 
is required once processing has begun. 
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In the solution of a typical problem the Cen
tral Computer performs the following basic opera
tions: 

1. It "reads" raw problem data from magnetic 
tape and stores the data internally. 

2. Instructions stating specifically the op
erations to be performed on the raw prob
lem data are received (or "read in") from 
magnetic tape and stored internally by the 
Central Computer. 

3. Obeying the stored instructions, the Cen
tral Computer then performs all necessary 
operations and stores results internally. 

4. Results are then automatically "read out" 
of the Central Computer and record e don 
magnetic tape, ready for transcrip t ion 
to printed form. 

Supervisory Control 

The Supervisory Control is a device directly 
connected to the Central Computer. It contains a 
control panel of switches and neons which provide 
a continuous picture of all current operations of 
the computer and which permit human intervention 
in the automatic operations of the computer. It 
is through this means that human control may b e 
maintained over the computer at all times. 

Uniservos 

Uniservos are magnetic tape handling devices 
each of which contains a magnetic "read-\'~ r i t e" 
head and a mechanism for moving the magnetic tape 
past the head. Uniservos are controlled by the 
Central Computer. 

INPUT DEVICES 

Uni typer II 

The Uni typer II is a mechanism containing a 
keyboard similar to that found on a standard elec
tric typet'Jriter. It converts data into apr e
determined pattern of pulses on Univac magneti c 
tape. Each keystroke of the Uni typer records 0 n 
the magnetic tape the specific pulse patt~cor
responding to that particular keystroke character. 

~-~ 
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Punched Card-To-Magnetic-Tape Converter 
PROGRA~1MING 

The Cara-to-Magnetic-Tape Converter automat
ically transcribes data from punched car d s t 0 

Univac magnetic tape. Vfuen the conversion process 
has been completed the tape may then be mounted on 
a Uniservo and the recorded information may b e 
read directly into the Central Computer. D a t a 
from the punched cards in transcribed to tap e at 
the rate of 240 cards per minute. 

Teletyp~ Tape-To-Magnetic Tape Converter 

The Teletype Tape-to-Magnetic Tape Converter 
is a device which converts information on punched 
paper tape to Univac magnetic tape. As a by;>roduct 
a printed copy of the information is prod u c e d. 
The most common source of punched paper tape used 
in this converter is Teletype equipment. Conver
sion speed is about the same as the receiv.mgspeed 
of a Teletype machine. 

OUTPUT DEVICES 

High-Speed Printer 

Computed results of a problem are automatically 
read out of the Central Computer and recorded 0 n 
magnetic tape. The High-Speed Printer is a un i t 
which converts these tape recorded results in t 0 

printed form. It prints numbers, letters or punc
tuation marks on a line, a maximum of 130 charac
ters wide at a rate of 600 lines per minute. B y 
means of a plugboard the computed results may be 
arranged in any desired format. Either b 1 a n k 
paper or pre-printed forms may be used. Paper is 
sprocket fed, and can vary in width between 4" and 
27" • 

Uniprinter 

The Uniprinter consists of two assemblie s 
connected by a cable: the Tape Reader and the Print
ing Unit. A reel of Univac tape, containing the 
information to be printed and the symbols for the 
operation of such keys as the carriage re t urn, 
tabulator and shift keys, is mounted on the P rint
ing Uni t. The pulse code for the letters, numbers 
and symbols (recorded on the tape at a density of 
20 characters per inch) is read from the tape and 
activates the applicable key on the electric type
wri ter mounted on the Printing Unit. Th e U n i
printer is usually referred to as the low s pee d 
printer inasmuch as it operates at·a rate of 10, 
characters per second. A skip switch all ow sa' 
tape to be searched quickly, skipping over unwanted 
data at 18 characters per second in order to print 
selected areas. 

By setting a function switch, either a "nor
mal" or "computer digi t" typewritten copy may be 
produced by the Printing Unit. A computer digit 
copy provides an exact one to one correspondence 
between the number of columns or characters 0 n a 
line of typing and the number of symbols recorded 
on a corresponding length of tape. 

Preprinted forms, with a continuous fee d , 
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may be used. The editing required is usually per
formed during the final processing of the tape by 
the Central Computer. The Uniprinter is usuall y 
used for low volume output printing, such as the 
preparation of management reports. 

Magnetic Tape-To-Punched-Card Converter 

Information stored on Univac magnetic tap e 
can be transferred to 80 column punched cards by 
means of the Tape-to-Card Converter; informatio n 
is transferred at the rate of 120 cards per minute. 

Magnetic Tape-To-Paper Tape' Converter 

This is a device which converts informati 0 n 
recorded on magnetic tape to five channel punched 
paper tape. It is primarily used for producin g 
the punched paper tape utili~ed in the transmission 
of data over a Teletype Network. 

ADDITIONAL EQUIPMENT 

Verifier 

The Verifier is a machine used for checki n g 
the correctness of information recorded on tape; 
it enables an operator to replace, incorrect infor
mation on the tape with correct information by de
pres sing the appropri ate key on the mach in e key
board. The Verifier may also be used as a type r 
or a printer. 

CONVENTIONAL METHOD OF PROBLEM SOLUTION 

Before Univac can solve a given proble mit 
must receive two essenti al ingredients; data for 
the problem and instructions which tell the co m
puter what mathematical operations to perfor m on 
this data. The instructions must be prepared in 
a form understood by the computer. This is known 
as "C-IO" coding. An example of some typical "C-IO" 
coding appears below: 

B 001 
L 012 
H 001 
C 002 

A 013 
Q 007 
A 014 
U 015 

In the conventional method of problem solution 
using the Univac system, the steps involved are as 
follows: 

f. Analysis of the Problem. Problem analysis 
is a study necessary to determine the com
putational steps required for solution. 

2. Translation into Computer Language arCade. 
The computational steps (or operations) 
indicated by problem analysis are trans
lated into explicit instructions (on pa
per) in "C-IO" computer code. This trans
lation is performed by a compu te r spe
cialist, one who is familiar wit h the 
logic and language of the computer. 
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3. Recording on Tape. The "C-IO" coded in- it into the computer. The square root routine i s 

structions are then recorded on IOOtallic, then processed for integration with all other sub-
magnetic tape by means of the unityper. routines summoned from the library by the Compiler. 

4. Problem Data. All problem data that will 
enter the calculations is also rec orded 
on separate reels of magnetic tape by use 
of the unityper. 

5. Computation. The instructions and data 
previously recorded on tape (steps 3 and 
4) are then "read" into the central com
puter and stored there. The c e n t r a 1 
computer then automatically performs all 
computations according to the stored in
structions. 

6. Computed results. Results of all compu
tations are automatically read out of the 
central computer and recorded on magnetic 
tape. 

7. Printed Results. The reels of tape con
taining computed results may tlIen be mounted 
on a device which converts the information 
into printed form. 

A-2 COMPILER METHOD OF PROBLEM SOLUTION 

Of necessity, there will always be an ini tial 
human analysis of a problem. However, the physical 
preparation of a problem for computer solution can 
be accomplished more, swiftly and economically by 
turning over much of the preparatory work to Uni
vac itself. 

Step two of the conventional method of prob
lem solution, the translation of the problem into 
computer language, can now be eliminated throug h 
use of the A-2 Compiler System. No longer does 
the problem analyst have to rely on a com put e r 
specialist to translate the problem into computer 
code, for without previous computer knowledge, the 
analyst can now quickly master a relatively simple 
A-2 Compiler Code and apply it to code hi s ~ 
problems. The analys t, who certainly has the 
greatest grasp of the problem, now retains control 
of his problem from conception to final solution. 

The first procedure for preparing a solution 
to any problem is that the analyst "break down" 
the problem into computational steps. Sequencing 
of the steps is determined at this point accord~ 
to the method of solution. For example, analysis 
of a problem may call for steps such as addition, 
subtraction, computing the sine of an angle, etc. 
The computational steps must then be trans la ted 
into A-2 pseudo-code, and this is accomplished by 
referring to the A-2 Compiler manual which contains 
the method of writing the pseudo-code for each of 
the computational steps. When all pseudo-c 0 de d 
instructions have been prepared in proper sequence 
they are recorded on tape. 

The Compiler is now read into the computer. 
It iIDIOOdiately "calls" for pseudo-coded instruc
tions. If one of the pseudo-coded instructions is 
"take the square root" t the Compiler then searches 

. the library tape for the "square root sub-routine ", 
extracts the routine from the library and re ads 
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When all sub-routines have been summoned, pro
cessed, an~ linked together in proper sequence as 
specified by the pseudo-code, they are rec 0 r de d 
on magnetic tape; this is known as the "Comp il e d 
Program". All necessary detailed instructions in 
C-IO Code that the computer requires to solve the 
problem are now contained in the "Compiled Program". 

It should be emphasized that no computations 
have been performed on data in processing up t 0 

this point. The compiled program is now ready to 
accomplish the data-processing desired. 

BASIC ELEMENTS OF THE A-2 COMPILER SYSTEM 

Four basic elements are fundalOOntal t o' the 
operation of the A-2 Compiler System. They are: 

1. Sub-Routines 
2. Library 
3. Pseudo-Code 
4. Compiler 

SUB-ROUTINES. A sub-routine may be def ine d 
as a set of instructions necessary to direct the 
computer to carry out a well defined mathematical 
or logical operation. For our specific purpos e s 
it is a list or set of "C-IO" coded instructions. 
A typical sub-routine may be one that is coded to 
calculate the sine of an angle, or perform the four 
basic arithmetic operations of addition, subtrac
tion, multiplication, or division. 

LIBRARY. A library is an ordered set or col
lection of standard and p~oven sub-routines. In 
the A-2 Compiler System, these sub-routines a re 
permanently recorded and stored on magnetic tap e 
in alphabetical order. 

PSEUDO-CODE. Pseudo-code is a special cod e 
which must be translated into computer code if it 
is to direct the computer. The A-2 Com p i 1 e r 
Pseudo-Code is intelligible to the Compiler S y's
tem only (unintelligible to the computer itself). 

THE COMPILER. The A-2 Compiler is a Maste r 
Routine which translates the pseudo-code into com
puter code (C-IO). This translation must always 
be performed prior to the actual solution of the 
problem since Univac will only execute code d in
structions expressed in its own language. 

DEFINITION OF TERMS 

Before proceeding it is necessary that certain 
terms reI ati ve to the reader's use of the Compiler 
be defined and clarified. 

UNIVAC "WORD''. The Univac "Word" is a set of 
twelve characters which occupy one storage 10 c a
tion and are treated by the computer circuits as 
a unit and transported as such. These characters 
may be alphabetic, numeric, or a combination 0 f 
both. When the "word" represents a numeric quan
tity, the twelve characters in the word are the 
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ABSOLUTE 
ADDRESS 

000 
I 
I 
I 
I 
1 

058 RELATIVE 
059 ADDRES~ 

--060- 000-1\ 
061 001 
~2 O~ ~ 
063 003 ~ 
06~ 0 5 ij 6 8 9 ij 3 2 I 8 5 OOij ~~ 
065 005 -t 0 

I I ~." 
I I > $; 

I I ~~ 
I I . ~ 
I I :z 
I I Q 

118 058 ,L 
119_'-_________ -..II......1059 _ ~ 

I 000 
I 061 
I 062 
I I 
I I 
I I 
I 179 
I 
I, 

999 Figure 1 

1000 WORD MEMORY LAYOUT OUR I NG PROBLEM RUN 
ABSOLUTE 

ADDRESS 000 CONTROL 
RELATI VE 
ADDRESS 

059 
060 

~ 
120 

179 
180-

239 
2~0-

780 

899 
900 

9~0 

999 

BLOCK 

WORKI NG 

STORAGE 

9 BLOCKS 
FOR 

COMP I LEO PROGRAM 

2 BLOCKS 

OF 

FLOAT I NG 
DECIMAL 

ARITHMETIC 

2/3rds BLOCK 
POOL OF CONSTANTS 

OUTPUT BL O·C K 

TOTAL - 16 2/3 BLOCKS 
Figure 2 

__ 000 

~ 
060 

.J.!!. 
120 

BIN PUT 
BLOCK 

A I N PUT 
BLOCK 

(continued on page 29) 

ADVERTISEMENT 

SYMBOLIC LOGIC- Part I, Eleroontary 

by LeL~is Carroll, 

fourth edition, published 1897, 
240 pages, and long out of print, 

has just been reprinted by Berkeley 
Enterprises, Inc. 

Example No. 22, p. 115 

"(1) No acrobatic feats, that are not announc
ed in the bills of a circus, are ever at
tempted therei 

(2) No acrobatic feat is possible, if it in
volves turning a quadruple somersaulti 

(3) No impossible acrobatic feat is ever an
nounced in a circus bill." 

... 
Example No. 35, p. 118 

" (I) No birds except os triches, are 9 feet hlghi 

(2) There are no birds in this aviary that be
long to anyone but mei 

(3) No ostrich lives on mince-piesi 

(4) I have no birds less than 9 feet high. 

This book contains a large n urn b e r 0 f 
problems in symbolic logic, in ~ewis Carroll's 
inimi table and entertaining style, a 1 soh i s 
method of solution (now partly out cf date), 
and his important sketches of Parts II and III, 
which he apparently never wrote, since he died 
in 1898. .. ••••• $2.50 

----------------Mail This Coupon---------------
I 
I I Berkeley Enterprises, Inc. 
136 West 11 St., R 126, New York II, N. Y .. 
I 

l Please send me P 32, Lewis Carr 0 11 ' s 
1 "Symbolic Logic", and your announcement of 
(' publications. I enclose $2.50. Returnable in 
I seven days for full refund if not satisfactory. , i My name and address are attached. 

" 
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algebraic sign (a plus or minus), followe d by 
eleven decimal digits. For example: the numb e r 
5,152 may be represented as 000000005152. Zeroin 
the sign position represents a positive quantity; 

PROGRAMMING 
is multiplied by 104 (l0,000) , the res u 1 tis 
3186.319, the desired number. 

a minus in the sign position represents a negative 
quantity. Univac always assumes that a decimal 
point lies immediately to the right of the first, 
or sign position -- that is, the decimal point is 
assumed to be between the first and seco n d digit 
positions. Thus, all numeric quantities are re
garded by Univac as falling in the range between 
-1 and 1. It will be seen later how quan t i tie s 
outside this range are handled. 

MEMORY. The central computer is capabl e of 
storing 1,000 Univac words. These 1,000 word 
locations are terred the "Memory", are numbe I' e d 
from 000 to 999, and the numbers are called "Abso
lute Addresses". Transfer of data into a memo r y 
location automatically erases previously s tor e d 
information. When transferring data to a new lo
cation, the data is still retained at the old lo
cation. Hence information is in both old and new 
locations. -

BLOCK. When the central computer reads i n
formation from magnetic tape or wd tes information 
on magnetic tape, it always does so in uni t s of 
sixty words. Sixty word units are called "blocks". 
Any sixty consecutive locations wi thin the central 
computer remory also constitute blocks. The first 
word of the block should have an address end i n g 
in zero when reading or writing. 

WORKING STORAGE. The area in the compute r 
memory designated by the coder for storing qu an
tities used in the solution of a problem is called 
working storage. The area used for storing inter
mediate and final results of computations is also 
considered working storage. 

FLOATING DECIMAL. The A-2 Compiler produces 
a program that operates on nurerical quantitie s 
expressed in "two word" form, that is, two Univac 
words, in consecutive order, are used to represent 
the complete numeric quantity to be expressed. 
The first word contains the actual numeric quan
ti ty without the decimal point, and the sec 0 n d 
wora contains a number (exponent of 10) who s e 
purpose is to position the decimal point in th e 
numeric quantity represented by the first word. 
For example, 3186.319 is expressed as: 

031863190000 
000000000004 

(lst word) 
(2nd word) 

It will be recalled that Univac alway s as
sumes that a decimal point lies immediately to the 
right of the first or sign position. Therefore, 
the number expressed in the first wordabovewould 
read 0.31863190000. Since zero is in the s i g n 
posi tion, this number represents a positive quan
tity. It is necessary then, that the second word 
act upon the number represented by the firstword 
in order to properly position the decimal point. 
This is done by signifying in the second w 0 r d 
(always at the extreme right, or least signifi -
cant digi t position of the word) the po \II e r of 
ten necessary to indicate the proper position of 
the decimal point. In the above example the nec
essary power of 10 is 104 , for if 0.31863190000 
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Additional examples showing how the floating 
decimal principle is employed are listed below. 

Decimal Exponential Floating Decimal 
Form Form Form 

31863190000 .3186319xlOll 031863190000 
000000000011 

-3186.319. -.3186319xl04 -31863190000 
000000000004 

.003186319 .3186319xlO-2 031863190000 
-00000000002 

-.003186319 -.3186319xl02 -31863190000 
-00000000002 

ABSOLUTE AND RELATIVE ADDRESSES 

As stated previously, an "Absolute Address" 
refers to a specific word location wi thin the 
memory of the central computer, and in Univac I 
absolute addresses are numbered from 000 to 999. 
Since the coder, when utilizing the A-2 Compiler, 
will be interested only in the area k now n as 
working storage, another numbering system has been 
employed called Relative Addressing. Al thou g h 
the working storage may occupy Absolute memor y 
address locations 060 to 119, the Relative me m
ory addresses directly corresponding to the s e 
absolute addresses are 000 to 059. [This may be 
seen in Fig. 1 which illustrates the di re c t 
relationship between absolute and relative a d
dresses:j [The user of the A-2 Compiler Sys t e m 
will always employ relative address coding. As 
shown in the figure the coder would then regar d 
the number (054689432185) as occupying the rela
tive address location 004, since he will not be 
concerned with the corresponding absolute address 
(in this case 064) J 

RUNNING MEMORY LAYOUT. It should be clear
ly borne in mind that there are two dis tin c t 
phases in which Univac is used for the solution 
of a problem. Phase one is the compilation dur
ing which the compil~r produces a program capable 
of solving the given problem. Phase two consists 
of the execution of this compiled program. The 
memory during phase two is utilized in 'a ve r y 
specific and predetermined format; this is ternai 
the "running memory layout". Fig •. 2 ill u s
trates the running rremory layout used during phase 
two. Any problem solved with a program produced 
by the A-2 Compiler uses this format. 

A detailed description of the running me m
ory layout will be given in Part II. 

- TO BE CONTINUED -
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CONFERENCE ON "THE PRACTICAL UTILIZATION 
OF KNOWLEDGE", CLEVELAND, JANUARY 1956· 

The School of Library Science of Western 
Reserve Uni versi ty is now l'aying plans for a 
national conference on "The Practical Utili -
zation of Knowledge." It is to be held in Jm
uary of 1956 in conjunction with the dedica
tion of the University's new Freiberger Li
brary, which will house the School of Library 
Science and the recently established C e n te r 
for Documentation and Communication Research. 

In connection with these acti vi ties, we 
are arranging an exhibition of equipment, sup
pI ies, and services for the benefit of the cre
umentalists, librarians, and information spec
ialists, who will attend the Conference and 
the dedication ceremonies. 

Dean Jesse H. Shera 
School of Library Science 

11,111. Euclid Ave. 
Cleveland 6, Ohio 

Forum 

CONFERENCE ON INSTRUMENTATION FOR 
DATA HANDLING, ATLANTA, NOVEMBER, 1955 

D. L. Finn 
Atlanta, Ga. 

The Professional Group on Instrumentation 
and the Atlanta Section of the Institute 0 f 
Radio Engineers are holding an Instrumentation 
Conference and Exhibit at the Atlanta BiltmoIe 
Hotel on November 28, 29, and 30, 1955. The 
theme of this Conference will be "Data Hand
ling." Papers on any topic in the field 0 f 
instrumentation for data handling will be con
sidered, such as: 

Analog-Digital Conversion 
Computation (use aspects) 

Analog 
Digital 

Editing Equipment 
Information Content 
Information Theory.Aspects 
Plotters 
Recorders 

Direct Writing 
Magnetic 
Oscillographic 

Tabulators 
Transducers 

D. L. Finn 
School of Electrical Engineering 

Georgia Institute of Technology 
. Atlanta, Georgia 

Forum 

EASTERN JOINT COMPUTER CONFERENCE, 
BOSTON, NOVEMBER, 1955 

The 1955 A.I.E.E., I.R.E., A.C.M. Eastern 
Joint Computer Conference and Exhibition will 
be held at the Statler Hotel, Boston, Mass. on 
November 7, 8, and 9, 1955. 

The theme is "Computers in Business and 
Indus trial Sys tems". 

Exhibitions have been invited in the fol-
lowing categories: 

Electronic Data Processing Systems 
Process Control Systems 
Storage Systems 
Input--output Equipment 
Conversion Devices 
Sensing Devices 

Detailed information will be sent out by 
the Local Arrangements Committee, Box 223,8os
ton 1, Mass. 

Forum 

COMPUTER SESSION AT THE CONFERENCE ON 
INDUSTRIAL HYDRAULICS, OCTOBER, 1955 

The 11th Annual Meeting of The National 
Conference on Industrial Hydraulics will be mId 
October 27-28, 1955, at the La Salle Hotel in 
Chicago. The application of electronic analog 
computers to hydraulic problems is being dis
cussed in a "Computer Session", which is the 
General Session, Thursday morning, October 27. 
The program is: . 

1. "The Components of an Electronic An
alog Computer", John D. S tr 0 n g , 
Electronics Associates Inc. 

2 • "An Introduc tion to the Use of Elec
tronic Analog Computers", Hugo M. 
Martinez, Beckman Instruments, 1m. 

3. "The Use of the Analog Computer in 
the Design of a Hydraulic Velocity 
Control System", Gerhard Re e thof, 
Massachusetts Institue of Technol
ogy. 

For more information about the conference, 
please write to: 
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Chester A. Arents 
Conference Secretary 
National Conference on Industrial Hydraul- . 

ics 
Technology Center 
3300 So. Federal 
Chicago 16, Ill. 



FRANCHISE 
(Co~tiD~e!i _,~r~~ page 20) • 

Norman looked at the paper. 'Its fIgures 
were meaningless at first glance. He w 0 u 1 d 
have to study it and decide. It might mean an 
argument with Sarah--

He said, suddenly, "Oh, by the way." 

"Yes?" 

"I wonder--- Who was elected?" 

Slowly, Paulson shook his head. "T hat 
will have to wait for the official announce
ment. The rules are quite strict." 

"Oh--- Yes, I suppose so." He felt fool
ish at having asked. 

Holding the paper that carried his future 
in the figures upon it, Norman Muller let him
self be led out of the building and tow a r d 
home. 

END -

~::--------- * ----------... 

Forum 

PROPOSED SYMPOSIUM ON 
NUMERICAL ANALYSIS 

F. J. Maginniss 
Schenecta,dy, N. Y. 

I am interested in the possibility of a symposium 
to bring methods of numerical analysis up to date 
from the point of view of the man operating a com
puting center. This might perhaps be the theme of 
a future Joint Computer Committee Conference. 

I think it is probably true in some Wliversity in
stallations and certainly in,many industrial organ
izations that digital computers are being improper
ly or inefficiently used because of ignorance of the 
appropriate numerical methods. Even people who 
are familiar with proper methods for analysis 0 r 
hand calculation frequently fail to recognize the 
need to change their thinking when they go to large 
scale computers. 

I would certainly appreciate it if any reader of 
"Computers and Automation" would let me have his 
thoughts on the feasibility of holding a conference 
on this theme. I would be particularly glad to have 
suggestions for participants in such a me e tin g . 
For instance, it would be helpful to have s ugge s
tions of the names of half a dozen or so people who 
may be considered to have made the greatest con
tributions in the field of problem solving as it ap
plies to digital computers. 

Please send any ideas or suggestions to: 

F. J. Maginniss, Manager, 
Special Engineering Investigations, 
Analytical Engineering, 
Apparatus Sales Division, 
General Electric Co. 
One River Road 
Schenectady 5, N. Y. 

~::----------~: ----------* 
MANUSCRIPTS 

We are interested'in articles, papers, and 
fiction relating to computers and automation. 
To be considered for any particular issue, the 
manuscript should be in our hands by the fifth 
of the preceding month. 

Articles. We desire to publish article~ that 
are factual, useful, understandable, and inte
resting to many kinds of people engaged in one 
part or another of the field of computers and 
automation. In this au~ience are many people 
who have expert knowledge of some part of the 
field, but who are laymen in other parts of it. 
Consequently a writer should seek to explain 
his subject, and show its context and signifi
cance. He should define unfamiliar terms, or 
use them in a way that makes their meaning un
mistakable. He should identify unfamiliar per
sons with a few words. He should use examples, 
details, comparisons 0 analogies, etc.,whenever 
they may help readers to understand a difficult 
point. He should give data supporting his ar
gument and evidence for his assertions. We 
look particularly for articles that explore 
ideas in the field of compute'rs and automation, 
and their applications and implications. An 
article may certainly be controversial if the 
subject is discussed reasonably. Ordinarily, 
the length should be 1000 to 4000 words, and 
payment will be, generally, $10 to $40 on pub
lication. A suggestion for an article should 
be submitted to us before too much work is done. 

Technical Papers. Many of the foregoing r e
quirements for articles do not necessarily ap
ply to technical papers. Undefined technical 
terms, unfamiliar assumptions, mathematics, 
circuit diagrams, etc., may be entirely appro
priate. Topics interesting probably to only a 
few people are acceptable. Payments will 'be, 
made for papers, generally $5 to $20 on publi
cation, depending on length, etc. 

Fiction. We desire to print or reprint fiction' 
which explores scientific ideas and possibil

ities about computing machinery, robots, cy
bernetics, automation, etc., and their impli
cations, and which at the same time is a good 
story. Ordinarily, the length should be 1000 

, to 4000 words, and paylmnt will be, generally, 
$10 to $40 on publication if not previously 
published, and half that if previously publ~lr 
ed. 
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Program-Association For Computing Machinery 
National Meeting-September 14, 15, 16, 1955 University of Pennsylvania, Philadelphia, Pa. 

Wednesday 9:45 A. M .. 
Opening Remarks: Dr. Morris Rubinoff, Chm., Local Arrangements Comm. 

Welcoming Address: Dr. Carl C. Chambers, V.P. in charge of Engr. 'Affairs 

Presidential Address: Dr. Alston S. Householder, Pres. of A. C. M. 

Matrices and Linear Equations I 
Chm: John Todd, 

National Bure<:Ju of Standards 

1. An Automatic Program for Matrix and Vector 
Operations (16) David P. Perry, Sperry Rand 
Corp. 

2. An Interesting Set of Test Matrices (22) 
Mark Lotkin, RCA. 

3. An Iterative Procedure for Calculating the 
Eigenvectors and Eigenvalues of a Real Sym
metric Matrix' (77) Richard E. von Holdt, 
Univ. of Cal. 

4. Numerical Computation of the Characteristic 
Vectors of a Real Symmetric Matrix (109) 
Wallace Givens, Univ. of Tenn. and Oak 
Ridge Nat. Lab. 

Wednesday 10:30 A. M. 
Programming I 

Chm: Dr. Ruth Goodman, 
Westingnouse Res. Labs. 

5. EASIAC (132) Robert Perkins. Ramo-Woold
ridge, Corp. 

6. The 702 Auto Coder System (121) Hollis A. 
Kinelow, IBM 

7. Automatic Encoding System I (79) E. K. 
Blum, U. S. Naval Ord. Lab. 

8. Transcode (42) J. N. P. Hume, Univ. of 
Toronto 

9. Dual-Purpose Use of the 702 (5) F. J. Gruen
berger, G. E. 

Systems Design 
Chm: James E. Robertson, Univ. of III. 

10. The ERMETH and Other European Digital 
Computers (105) John R. Stock, Union Car
bide & Carbon Corp. 

11 .• The Logical Design of CONAC (131) 
Stanley Frankel, Continental Oil Co. 

12. The System Design of the IBM Type 704 
(137) G. M. Amdahl and I. W. Backus, IBM 

13. TheNATPAC General Purpose Digital Com
puter (139) William E. Smith, North Amer
ican A viation Corp. 

14. Experience with the ERA 1103 Computer 
(102) Charles J. Swift, CONVAIR 

Wednesday Lvtncheon 12:15 P. M. Penn Sherwood Hotel 
"Computer Applications in Science and Research" 

Dr. Charles R. DeCarlo, Director, Applied Sciences Division, IBM 

Data Processing 
Chm: Walter K. Halstead; 

Radio Corporation of America 

15. Wind Tunnel Data Reduction Using Paper
Tap~ Storage Media (27) W. R. Hoover, 
J. I. Wedel, J. R. Bruman, Cal. Inst. of Tech. 

16. Sequencing and Selecting Items on Magnetic 
Tape (72) Norman Grieser, Underwood 
Corp. 

17. File Reference (78) J. A. Postley, Rand 
Corp. . . 

18. Tape Identification and Rerun Procedures 
(31) L. Eselsen, Sperry Rand Corp. 

26. 

27. 

28. 

29. 

Sorting 
Chm: Sidney Kaplan, 

Radio Corporation of America 

Sorti~g by Address Calculation (1) Earl J. 
Isaac and Richard C. Singleton, Stanford Re
search Institute 
Criteria for Comparing Methods of Sorting 
(13) Benjamin L. Schwartz, Battelle Memo
rial Institute 
Sorting and Merging on Electronic Data Pro
cessing Machines (122) R. L. Cline, Inter
natiC?nal Business Machines Corporation 
Sorting (40) Edward H. Friend, New York 
Life Insurance Company 

Numerical Analysis " 
Differential Equations 

Chm: Franz L. Alt, 
National Bur.eaU--. of Standards 

37. A Method for the Numerical Solution of End 
Value Problems (.113) E. M. Oettel and D. 
L. Shell, G. E. Co. , 

38. A Method for Computation of Solutions of 
the Equation " 
A'I!(X,Y,Z) = b(y,z) 'I!(X,y,Z) . (35) 
Stefan Bergman, Stanford Univ. 

Wednesday 2:00 P. M. 
Programming " (Compiling Routines) 

Chm: John W. Carr, University of MichiJlan' 

19. Automatic Routines for Commercial Instal
lations (26) Mary K. Hawes, Sperry Rand 
Corp. ' 

20. The ELECOM 125 Compiler (71) Leon 
Nemerever, Underwood Corp. 

21. Compiler and Assembly Program for the 
IBM 704 (145) I. A. Porter and D. L. Shell, 
G.E. Co. 

22. Compilers -with Mathematical Symbol Input 
(89) A. E. Roberts, Ir., General Kinetics, 
Inc. ' 

Wednesday 3:30 P. M. 
Numerical Analysis I 

Chm: D. E~ Muller, University of Illinois 

30. An Unrestricted Method of Stepwise Integra
tiol1 (21) J. H. Allen. Tenco Aircraft Corp. 

31. The Convergence of Iterative Methods for 
Solving Linear Systems (25) A. S. House
holder, Oak Ridge Nat. Lab. 

32. Accelerating Convergence of Iterative Proc
esses (47) I. H. Wegstein, N.B.S. 

33. Numerical Integration for ,he Digital Com
puter (31) S. G. Campbell, Oak Ridge Nat. 
Lab. 

Thursday 9:00 A. M. 
I 

Programming '" 
Chm: Grace M. Hopper, Sperry Rand Corp. 

41. An OptimiZing Routine for the IBM Type 
650 (46) Barry Gordon, Equitable Lite As
surance Soc. 

42. An Integrated Computation System for the 
ERA 1103 (4) Walter F. Bauer, Ramo-
Wooldridge Corp. 1/ 

43. Analysis of Programming Mistakes (58) I. 
Wright, Univ. of Mich. 
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Basic Principles of Digital Computers I 
Chm: Arvid Jacobson, Wayne University 

*23. General Structure and Basic Components. 
Dean Arden, Massachusetts Institute of 
TechnlJ[ogy 

*24. Arithmetic of Digital Computers. lames E. 
Robertson, University of Illinois 

*25. Storage Devices. Norman R. Scott, Univer
sity ot Michigan 

Basic Principles of Digital Computers II 
Chm: Arvid Jacobson, Wayne University 

*34. Input and Output Equipment, Ragnar Thor
ensen, Magnavox Corporation Research 
Laboratories 

*35. Instruction Codes and Programming. Alan 
I. Perlis, Purdue University 

*36. New Developments and Future Trends, 
C. W. Adams, Westinghouse Electric Cor
poration and Massachusetts Institute of 
Technology. 

Linear Programming and Statistics 
Chm: Walter F. Bauer, 

Ramo-Wooldridge Corporation 

45. Multiple Regression and Correlation Analysis 
on the Type 70 I and Type 704 Electronic 
Data Processing Machines (84) F. S. Beck
man and D. A. Quarles, Jr., IBM 

46. Similarity Analysis on the Illiac (53) David 
I. Fitch, Univ. of Ill. 

47. Computing Experience with Linear Pro
gramming and Its Vanants (98) William 
Orchard-Hays, RAND Corp. 



Numerical Analysis IV 
Chm: W. W. Leutert, Ballistic Research Labs. 

94. Filtering Sampled Functions ( 19) 1. 
McNamee and E.D. Fullenwider, U.S. Naval 
Ord. Lab., Cal. 

95. Numerical Solution of a System of Partial 
Differential Equations (106) H. Flatt, Bal
listic Res. Lab. 

96. Pipe Stress Calculations on the Oracle (115) 
E. C. Long, Oak Ridge Nat. Lab. 

FORUM 

Friday 10:30 A. M. 
Switching Theory 

Chm: Edward F. Moore, 
Bell Telephone Labs. 

9S. Transient Output and Race Conditions in 
Asynchronous Electronic Switching Circuits 
(51) David E. Muller, Univ. of Ill.-

99. The Design and Use of Hazard-Free Switch
ing Networks (93) D. A. Hoffman, MIT 

100. Networks of Multipole Sequence Transduc
ers (36) Manfred Kochen, Inst. for Ad
vanced Study 

Statistics II 
Chm: F. M. Verzuh, 

Massachusetts Institute of Technology 

101. A General Least Squares Differential Cor
rection Curve Fitting Program (120) John 
O. Lilly, U. S. Naval Ord. Test Sta. 

102. Statistical Computations Using the Census 
Univacs (69) James L. McPherson, Bur. 
of the Census 

103. Use of the Digital Computer by an Agri
culture Statistical Laboratory (141) W. C. 
Jacob, Univ. of Ill. 

104. Factorial Classification of Cerebral and 
Autonomic Reaction Patterns (142) Chris
tine Eris, Univ. of Chicago 

105. A Study of the Validity of Multiple-Choice 
Test Items (55) Jack C. Merwin, Syracuse 
Univ. 

Friday Luncheon 12:15 P. M. Penn Sherwood Hotel 
"Computer Applications in Accounting and Management Decisions" 

Mr. Milton E. Mengel, Vice President, Product Planning, Burroughs Corp. 

Numerical Analysis V 
Chm: V. J. Eckert, IBM Corporation 

106. Codes for the Membrane Problem (30) 
C. L. Gerberich and W. C. Sangren, Oak 
Ridge Nat. Lab. 

107. On the use of NORC for Solving Free 
Boundary Problems in Hydrodynamics 
(49) R. J. Arms, D. F. Elieser, L. D. Gates, 
Jr., and D. M. Young, Jr., U. S. Naval 
Proving Grd. 

lOS. A Two-Dimensional Reactor Calculation 
(70) Elizabeth Cuthill and Ruth M. Davis, 
David Taylor Model Basin 

109. Computation of Components for Logarith
mic Networks on a High-Speed Digital 
Computer (116) Robert C. Miller, Jr., and 
Ralph G. Selfridge, U. S. Naval Ord. Test 
Stat. 

l1S. 

119. 

120. 

121. 

Numerical Analysis VI 
Chm: R. F. Clippinger, 
Raytheon Corporation 

On the Propagation of Errors in the Digital 
Evaluation of Convergents to Continued 
Fractions (41) Nathaniel Macon, Alabama 
Polytechnic Inst. 
Programming a Restricted Random Walk 
(66) R. S. Lehman and G. N. Weiss, Ballis
tic Research Labs. 
Statistical Study of Non-Intersecting Ran
dom Walks (99) ,W. F. Atchison, F. T. Wall 
and L. A. Hiller, Jr., 'Georgia Institute of 
Technology and Univ. of Ill. 
The Computation of Energy Levels in a 
One Dimensional Crystal Lattice (133) J. 
Gardner, R. Page, and O. L. Tiffany, Univ. 
of Mich. 

Friday 2:00 P. M. 
Business Applications 

Chm: Daniel R. Nason, IBM Corporation 

110. The Computer as the Center of the Corpor
ate Accounting Function (126) W. M. 
Harris, A. G. Smith Corp. 

111. Extrapolation of Classified Sales Data (14) 
P. A. Zephyr, Westinghouse Electric Corp. 

112. Payroll Systems on Univac (90) Stephen 
E. Wright, Sperry Rand C011J. 

113. Mathematical Programming in Sales and 
Marketing (33) Nyles V. Reinfeld, Ex
ecutive Services 

Friday-3:30 P. M. 
Business Applications 

Chm: J. Reed Stovall, Sperry Rand Corp._ 

122. Programming for a Production Operation 
(10) R. E. Utman and Margaret H. Harper, 
A viation Supply Office 

123. The Mechanization of Stock Transfer (4S) 
Anthony G. Oettinger, Harvard Computa
tion Lab. 

124. Application of Electronic Data Processors 
in Shop Loading (S7) W. F. Bauer and A. 
Vassonyi, Ramo-Wooldridge Corp. 

125. Application of an Electronic.Data Proces
sing Machine to Inventory Control (111) 
R. P. Beals, Chrysler Corp. 

Special Sessions 

Analog and Digital Control 
Chm: R. E. Meagher, University of Illinois 

114. An Application of a Digital Co~puter to 
Numerical Control (17) Arnold Siegel, 
MIT 

115. A Study of the Effect of Digitalization on 
the Performance of a Feedback Control 
System (75) R. E. Spero and J. Stuart, 
Sperry Gyroscope Co. 

116. A Comparjson of an Analogue and a High
Speed Digital Solution to a Fuel Tank Heat
ing Problem (S2) J. K. Slap, Northrop Air:' 
craft Corp. 

J 17. Solution of Large Problems on the REAC 
(143) A. Karen and B. Loveman, Reeves 

,126. 

127. 

128. 

129. 

Instrument Corp. / 

Analog Computers 
Chm: Morris Rubinoff, 

University of Pennsylvania 

Automatic Function Recording and Play
Back in an Electronic Analog Computer 
(15) Louis B. Wadel and B. B. Mackey, ' 
Chance Vought Aircraft, Inc. 
Hitachi Electronic Analog Computers and 
Their Applications (3S) Takeo Miara and 
Tashiro Numakura, Hitachi Central Res., 
Tokyo 
Transfer Function Simulation by Means of 
Amplifiers and Potentiometers (56) L. E. 
Heil,er, CONVAIR 
A Method for Solving Boundary Value 
Problems on an Electronic Analog Compu
ter (95) M. Yanowitch, Reeves Instr. Corp. 

FRIDAY 9:00 A. M. FRIDAY 10:30 A. M. 

*lnvU.d Pap.r. 

Joint Seuion with 
Society for Industrial and Applied Mathematics (SIAM) 

Chrri: Dr. John W. Mauchly, 
Sperry Rand Corp. 

*S4. An Experiment in Universal Coding (101) 
Saul Gorn, Aberdeen Proving Grd., Md. 

*85. State Diagrams of Sequential Machines 
Franz Hohn, Univ. of Ill. and Bell Tel. Lab. 

*86. Numerical Solution of Chemical Processing 
Problems, Arthur Hoerl, Engr. Servo Dept., 
Du Pont 

Panel Discussion 

Chm: Charles W. Adams, MIT and 
Westinghouse Elec., and Mfg:, Co. 

'97. Applying Automatic Coding Techniques to 
Business Data Processing 
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39. A General Code for Certain Boundary Value 
Problems (SO) Stanley Katz and lack Warga, 
ElectroData Corp. ' 

40. General Code for Elliptic Equations (81) 
lack Heller, H. B. Keller and Samuel Schech-
ter, New York Univ. 

Matrices and Linear Equations II 
Chm: A. H. Taub, University of Illinois 

49. A Method for Finding the Roots of Arbitrary 
Matrices (83) lohn Greenstadt, IBM Corp. 

50. A New Method for Rapid Formation of the 
Characteristic Equation of a Complex Ma-
trix (86) E. G. Kogbetliants, IBM Corp. 

51. An Inverse Characteristic Value Problem 
(100) Arthur G. Downing and Alston S. 
Householder, Oak Ridge Nat. Lab. 

52. Codes for the Solution of Systems of Linear 
Algebraic Equations (110) Wallace Givens, 
Univ. of Tenn. and Oak Ridge Nat. Lab. 

44. Prevention of Propagation of Machine Errors 
in LOlli Problems (80) I. H. Brown, lohn 
W. Ca" Ill, Boyd Larrowe, and I. R. Mc-
Reynolds, Univ. of Mich. 

Thursday 10:30 A. M. 
Programming 

Chm: J. H. Wegstein, 
National Bureau of Standards 

53. An Evaluation of Automatic Programming 
(91) Stephen E. Wright, Sperry Rand Corp. 

54. A General System for Handling Alphemeric 
Information on the 701 (117) Bruce G. Old-
field and Robert H. Bracken, U. S. Naval 
Ord. Test Stat. 

55. How to Solve Simple Problems Economically 
on a High Speed Digital Computer (118) 
Bruce G. Oldfield, U. S. Naval Ord. Test Stat. 

48. New Applications of Linear Programming 
(134) loseph V. Natrella, Directorate of 
Mgt. Anal., U.S.A.F. 

Business Applications I 
Chm: Arthur Wheeler, 

New York Life Insurance Co. 

56. Factors Influencing Choice of Electronic 
Data Processing Systems for Business Use 
(68) Howard S. Levin, Ebasco Services Inc. 

57. The Computer Specialist's Role in a Business 
Application Group (2) Helen Meek and 
Leon Gainen, Hughes Res. and Dev. Lab. 

58. Justifying Business Applications of Automat
ic Computers (45) Ned Chapin, Ill. Inst. of 
Tech. 

59. The Function of Automatic Programming in 
Business Data Processing (140) R. I. Ross
heim, U. S. Steel Corp. 

Thursday Luncheon 12:15 P. M. Penn Sherwood Hotel 
"Computer Control-Scope of the Field" 

Experimental Mathematics I 
Chm: A. H. Householder, 

Oak Ridge National laboratory 

*60. Numerical Experiments in Algebra and on 
the Vibrations of a Membrane, G. E. For
sythe, Univ. of Cal. 

*61. Proper Values and Proper Functions of 
Sturm-Liouville Differential Equations, A. 
H. Taub, Univ. of Ill. 

Experimental Mathematics II (Panel) 
Chm: A. S. Householder, 

Oak Ridge National laboratory 

*69. Conformal Mapping, lohn Todd and Philip 
Davis, N. B. S., Computation Group 

*70. Non-Linear Vibrations, I. Pasta and S. 
Ulam, Los Alamos, N. M. 

Prof. Donald Campbell, Dept. of E. E. at MIT 

Thursday 2:00 P. M. 
Advanced Programming I (PACT) 

Chm: Pau,1 Armer, Rand Corporation 

62. A Descnption of a Cooperative Venture in 
the Production of an Automatic Coding Sys
tem (65) Wesley S. Melahn, RAND Corp., 
Cal. 

63. The PACT I Automatic Coding System for 
the IBM Type 701 (61) Charles L. Baker, 
Douglas Aircraft Co., Cal. 

64. Logical Organization of the PACT I Com
piler (62) Owen R. Mock, North American 
Aviation, L. A. Cal. 

Thursday 3:30 P. M. 
Advanced Programrfling " (PACT) 

Chm: Paul Armer, Rand· Corporation 

71. Producing Computer Instructions for the 
PACT Project I Compiler (60) Robert C. 
Miller, Ir., and Bruce G. Oldfield, Naval 
Ord. Test Station, Cal. 

n. Loop Generation (64) lules 1. Schwartz and 
Gus S. Hempstead, RAND Corp., Cal. 

73. Semi-Automatic Allocation of Data Storage 
for PACT I, (63) Richard C. Luke, Lock
heed Aircraft Co., Cal., and Tohn 1. Derr, 
RAND Corp., Cal. 

74. Conclusions after Using the PACT I Ad
vanced Coding Techniques (128) Hiram G. 
Martin, Douglas Aircraft Co., Cal., and Irwin 
D. Greenwald, RAND Corp., Cal. 

Components I 
Chm: Norman R. Scott, 
University of Michigan 

65. Ferroelectric Applications to Digital Compu
ters (97) Ramon Aloneo and Thomas Con
ley, Ballistic Res. Lab. 

66. Development of Criteria for the General Use 
of Magnetic Drums (20) Bill L. Wadell, G. 
M. Giannini and Co. 

67. The IBM 705 EDPM Memory System (138) 
R. E. Merwin, IBM 

68. Core Storage (37) Raymond Stuart-Williams, 
Milton Rosenberg and M. A. Alexander, In
ternational Telemeter Corp. 

Components II 
Chm: J. G. Brainerd, 

University of Pennsylvania 

75. Optimization of a Non - Saturating Single 
Transistor Flip-Flop (96) R. K. Gerlach and 
D. O. Miles, Ballistic Research Lab. 

76. A Set of Direct-Coupled Transistorized Log
ical Elements for the 10-7 Second Range 
(39) W. I. Poppelbaum, Univ. of Ill. 

77. Advances in Beam Switching Tube Computer 
Techniques (112) lohn R. Bethke, Bur
roughs Corp. 

78. Accuracy of a Binary Operational Multiplier
(88) E. R. Beck, Bendix Aviation Corp. 

79. Arithmetic Features of New NBS Computers 
(124) I. L. Smith and A. Weinberger, Na
tional Bur. of Standards 

Thursday 5:30 P. M. Cocktail Party Penn Sherwood Hotel 

80. 

81. 

82. 

83. 

Numerical Analysis III 
Chm: George E. Forsyth,e, 
University of California 

Minimizing the Number of Operations in 
High Speed Computing of Elementary Func
tions (85) E. G. Engbetliantz, IBM 
Automatic Computations with Power Series 
(104) Peter Henrici, National Bur. of 
Standards 
Polynomial Relaxation Coefficients (107) 
R. W. Berner, .Lockheed Aircraft Corp. 
Rational Approximations of FunctIOns (127) 
Bengt Carlson and Max Goldstein, Los Ala
mosLab. 

Friday 9:00 A. M. 
Logical Algebra 

Chm: Stanley Frankel, Continental Oil Co. 

87. A Truth Function Evaluator (6) William 
Miehle, Burroughs Res. Ctr. 

88. Digital Computer Arithmetic (29) lames L. 
Maddox and Ralph H. Beter, Philco Corp. 

89. Arithmetical Analysis of Logical Nets (135) 
Richard C. Jeffery, MIT 

34 

Statistics I 
Chm: K. J. Arnold, Michigan State College 

90. Remarks on the Gordon Research Confer
ence (67) Max A. Woodbury, George Wash-
ington Univ. _ 

91. Generation of a Random Multivariate Sample 
(52) Gene H. Go/ub, Univ. of Ill. 

92, Automatic Many-Variate Non-Linear Mul
tiple Regression Analysis on a Large-Scale 
Computer A. E. Hoerl, E.I. DuPont 

93. A General Curve Fitting Subroutine for 
Transcendental Functions (119) Robert H. 
Bracken, U. S. Naval Ord. Test Stat. 



NOW! 
dependable relays for printed circuits 

Maybe you, too, have been awaiting availability of a 
good relay for direct insertion into printed circuits. Now 
Automatic Electric can solve your problem with a minia
ture relay that is just right. 

120 million operations, without a single readjustment 
or relubrication! That's what you get from. this rugged, 
improved Series SQD Relay, because it features a special 
heavy-duty bearing and bearing pin. Also a recess in +b.e 
bearing plate retains an adequate supply of lubricant 
for long-term lubrication of the bearing pin. 

Consider these additional advantages: 
1. The sections of the terminals that insert into the 

printed circuit board are NOT brazed or welded 
into place, but are integral parts of the coil ter
minals and contact springs-thus preventing m
ternalloss in conductivity or continuity. 

2. Terminal design permits direct plug-in of the relay 
into a printed circuit board, ready to be secured-in 
place with any acceptable soldering technique. 

Usually the desired contact spring combination, or 
pile-up, is sufficiently large so that additional mounting 
(support) of the relay is not necessary. _ 35 

SQD Miniature Printed Circuit Relays are available 
with many different contact spring arrangements, and 
for a multitude of applications. Springs can be made of 
phosphor-bronze, HBronco" metal, or other special
purpose materials, as required. 

Of course the long life, heavy-duty features of the 
improved SQD Relay can be had in the conventional 
type of plug-in relay, if regular sockets are preferred for 
use, whether in printed circuitry or other applications. 

To get complete details, write: Automatic Electric Sales 
Corporation, 1033 West Van Buren St., Chicago ,7, 
Illinois. In Canada: Automatic Electric (Canada) Ltp., 
Toronto. Offices in principal cities. 
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BOOKS AND OTHER PUBLICATIONS 

Jewell Bown 

Oist.17. COMPUTERS AND AUTOMATION, vol. 4. no. 9, Sept. ]955) 

This is a list pf books, articles, periodicals, papers, and other publications which have a significant rela
tion to computers or automation, and which have come to our attention. We shall be glad to report other 
information in future lists, if a review copy is sent to us. The plan of each entry is: author or e d ito r / 
title / publisher or issuer / date, publication process, number of pages, price or its equivalent / a few 
comments. If you write to a publisher or issuer, we would appreciate your mentioning the listing in COM
PUTERS AND AUTOMATION. 

LaJoy, Millard H / Industrial Automatic Controls 
/ Prentice-Hall, Inc. 70 5th Ave, New York 
il, N. Y. / 1954, printed, 278 pp, $6.65 

This book has been written as a begin
ning text in the study of industrial auto
matic controls on the coilege level. 
Two-position, proportional, floating 
(integral), and rate (derivative) modes 
of automatic control are analyzed sep
arately and in various combinations. 
The internal circuitry of pneumatic, 
hydraulic, and electronic controls is 
treated in detail. Concluding chapters 
consider representative industrial ap
plications and theor e tical considera
tions of the process. A knowledge of 
differential equations is required for 
these chapters; a knowledge of calcu
lus for the rest of the book. 

~oskowitz, Sidney, and Joseph Racker / Pulse 
Techniques / Prentice .. Hall, Inc, 70 5th Ave, 
New York il, N. Y. / January, 1954 (3rd print
ing), printed, 300 pp, $6.65 

This book is an elaboration of a series 
of articles prepared by the authors for 
the Radio-Electronic Engineering sec-

I, 
tion of Radio and Te~~vision News~ It 
comprises a complete manual on pulse 
generation and reception, conta:inir!-g 
analysis, design and maintenance data. 
The book is intended to enable individu
als with electrical engineering back
grounds to analyze and design circuits 
for transmission and uti liz at ion Q f 
pulses. Sufficient mathematical mater
ial is presented to enable such individ
uals to apply these methods to practi
cal problems;- lengthy derivations have 
been omitted. . 

Sokolnikoff, I. S. / Tensor Analysis, Theory and 
Applications / John Wiley & Sons, Inc. 440 4th 
Ave, New York 16, N. Y. / 1951, printed, 335 
pp, $6 

A book in the field of applied mathema
tics on graduate or professional level. 
The first two chapters cover linear 

vector spaces, linear transformations, 
matrices, the algebra and calculus of 
tensors, etc. The remaining four chaP
ters deal with applications to geometry 
mechanics, relativity, elasticity, fluid 
dynamics, etc. 

Wilder, Raymond L. / Introduction to the Founda
tions of Mathematics / John Wiley & Sons, Inc. 
440 4th Ave, New York 16, N. Y. / 1952, print-
ed, 305 pp, $5.75 

This book offers a broad study of the 
source and nature of mathematical con
cepts and methods and should be of in
terest to mathematicians, scientists, 
logicians, and others. Among the topics 
examined are: development of various 
viewpoints on foundations of mathematics 
with reference to the theses of Frege, 
Russell, Zermelo, ~tc.; the methods of 
symbolic logic, Intuitionism, etc; what 
constitutes mathematics and mathema
tical existence; the axiomatic method, 
theory of sets, basic concepts of analy
sis, and basic concepts of algebra and 
geometry; and the position of mathema
tics in the culture of human beings. It 
may be used as a text if deSired. 

Institute of Radio Engineers / mE Convention Re
cord, 1955 National Convention, "Part 4-Com
puters, Information Theory, Automatic Con
trol" / mE, 1 East 79 St., New York 21, N.Y. 
/ 1955, photooffset, 208 pp, $6.75 

Contains 32 papers presented at the 1955 
mE National Convention rei at i n g to 
computers, information theory, and au
tomatic control. Two sections on auto
matic control con t a i n 5 papers deal
ing with trends in automation of proced
ures in business and industry, and 5 on 
other subjects. Three sections on infor
mation theory include 12 papers. Thrre 
sections on electronic computers con
tain a total of 10 papers dealing with 
magnetic memories, transis tors, elec
trographic recording technique, and el
ectronic generation of functions. 

_ END -
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Engineers 
with experi~nce in 

CQ'niputers 
• + 

microwave 

pulse techniqlJes. 

servo-mechanisms 

related circuit design 

reading designers and ma~nuf~ct .. 
urers of electron i<: i nstrumentatioo 
offer outstanding opportunity,. 
top p,oy, moving allowancer 

benefits, plus the cha rm of san 
fro ncisco living .. 

ple9se send resume. 

Berkeley BECK~~ INSTRUMENTS lNC. 

~200 WRIGHT AVf.+~ RI'CHMOND J, CAUF. 

ENGINEERS 

/ 
Creative 

Opportunities 

vvith 
,/' I Republic 

; 
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DynamiCS 

Dynamics Engineer 

A broad program involving analytical and 
experimental investigations of the complex 
dynamics problems associated with super
sonic aircraft offers a real -opportunity for 
young engineers with ability. You 'will gain 
invaluable experience under competent super
vision to develop a professional background 
in such areas as servo-mechanisms, analogue 
computers, control system dynamics, non
linear mechanics and hydraulic system anal
ysis. A program of laboratory investigations 
on actual systems in conjunction with ana
lytical work, as well as a coordinated lecture 
program, offers an outstanding environment 
for rapid professional development. A degree 
in ME, AE or Physics with good Math back
groWld is preferred. 

Research 

Computer Engineer 
To supervise maintenance and to design spe
cial circuitry for computers. Experience with 
either analogue or digital computers required. 
College graduate preferred. 

NE\V ALL-EXPENSE-PAID RELOCATION PLAN 
For those livingl outside the New York City and Long 
Island area, Republic offers an unusual plan which re
lieves you of all financial worries. This plan offers these 
no-cost-to-you benefits: Interview expenses paid for qual
ified candidates; Educational Refund Plan pays up to 
2/3 of tuition and laboratory fees; life, health and ac
cident insurance" - up to $20,000 company-paid; plus 
hospital-surgical benefits for the whole family. And of 
course you'll live and work on fabulous Long Island, 
playground of the east coast. 

Please address complete resume, 
outlining details of 
your technical background, to: 

Assistant Chief Engineer 
Administration 

Mr. R. l. Bortner 

IIEPUBLIC A I/IATIDN 
FARMINGDALE, LONG ISLAND, NEW'YORK 



INVENTORY PROBLEM 
(continued from page 12) 

Symbol Definition Units 

0 Order cost -. dollars 
S Set up cost dollars 
R Average monthly pieces per 

requirements month 
C Cost per piece dollars per 

piece 
I Interest rate percent per year 
F Storage cost rate dollars per cubic 

inch per year 
V Space r~quirements cubic inch per 

per pIece piece 
Q Economical quantity pieces 

* Memorandum from In te rna t ion a 1 Busines s 
Machines Corp., Plant No.1, Endicott, N. Y. 

- END 

:.'( _________ ~:c---------* 

PUBL ICATIONS ON AUTOMATI r. COMP UTERS 
(continued from page16) 

Grace M. Hopper, et aI, First Glossary of Pro
gramming Terminology (New York: Ass ociation 
for Computing Machinery, 1954), 25 pgs. Also 
in: 'Electronic Data Processing in Industry 
(New York: American Management Association, 
Inc., 1955), pg 243-257. 

One of the two most extensive glossaries 
presently available. 

Staff of Controllership Foundation. Electronics 
in Business (New York: Controllership Foun
dation, Inc., 2 Park Ave., New York 16, N.Y., 
1955), 176 pgs, $2.00. 

This general reference compendium c on
tains a listing of computer installatims, 
descriptive material on the more popular 
computers, and an extensive bibliography 
of arti~les, proceedings, and books. 

The author wishes to thank the members in Chi
cago of the two chapters' of the Systems and 
Procedures Association of America (and in par
ticular, Mr. R. R. Ross) for their encourage
ment in the preparation of this bibliography. 

- END -

SPECIAL ISSUES OF 
\!\!COMPUTERS AND AUTOMATION" 

The issue of "Computers and Automation" 
in June, 1955, was a special issue: "The Com
puter Directory, 1955", 164 pages, containing: 
Part 1, Who's Who in the Computer Field; Part 
2, Roster of Organizations in the Computer Field; 
and Part 3, The Computer Field: Products and 
Services for Sale. It is expected that the next 
Computer Directory issue will be June, 1956. 

The next two special issues will be De
cember, 1955, and January, 1956. The Decem
ber issue will be mainly devoted to useful in
formation for people who have been in the com
puter field for some time: a "Glossary of Tenns'~ , 
and also cumulative editions of other piecesof 
reference information. 

The January, 1956. issue will be mainly 
devoted to useful information for people who 
have newly entered the computer field: an in
troduction to computers (and to "Computers and 
Automation") i and reprints and revisions 0 f 
some of the more introductory articles and pa
pers that "Computers and Automation" has pub
lished. 

~~ --------- ~~ --------- * 

BULK SUBSCRIPTION RATR~ 
These rates apply to subscriptions coming in 
together direct to the publisher. For example, 
if 5 subscriptions come in together, the sav
ing ·on each one-year subscription will be 25 
percent, . and on each two-year subscri.ption will 
be 33 percent. The bulk subscription rate s , 
depending on the number of simul taneous s ub -
scriptions received, are shown below: 

Table 1 -- Bulk Subscription Rates 
(United States) 

Number of 
Simultaneous 
Subscriptions 

10 or more 
5 to 9 

4 
3 
2 

Rate for Each Subscription,and 
Resulting Saving to Subscriber.' 

One Year Two Year 

$3.00, 3310 
3.38, 25 
3.75, 17 
4.00, 11 
4.25, 5 

$5.40, 4()o~ 
6.00, 33 
7.00, 22 
7.50, 17 
8.00, 11 

For Canada, add 50 cents for each year; out
side of the United States and Canada, add$l.OO 
for ea~h year. 
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ROBOT SHOW STOPPERS 

From time to time you may need to help organ
ize a display in a business show including 
some device that you hope will "STOP" every 
person attending the show and make him notice 
your display -- a device which may be called 
a "SHOW STOPPER". 

In addition to publishing the magazine "COM
PUTERS AND AUTOMATION, " we have for five years 
been developing and constructing "IDooT SlDI 
STOPPERS," small robot machines that respond 
to their environment and behave by themselves. 
Here are some of them: 

'RELAY MOE 
A machine that will play the game Tit
Tat-Toe with a human being, and either 
win or draw all the time, or (depending 
on the setting of a switch) will some
times lose, so as to make the game more 
interesting for the human being; 

SQUEE 
An electronic robot squirrel, that will 
flhunt".for a "nut" indicated by a per
son in the audience, pick it up in his 
"hands", take the nut to his" nest", there 
leave it, and then hunt for more nuts; 

FRA'NKEN 

A mechanical rat that will explore a 
maze, find "food", and learn the path 
through; the maze may be set up by any 
person in the audience, using little 
partitions in any way that he wants to; 

SIMON 
A miniature mechanical brain, that dis": 
plays the powers of a big automatic com
puter or giant brain, but uses small 
numbers only. 

FOUR.HUNDRED.YEAR 
CALENDAR MACHINE 

A machine that takes in the year, the 
month, and the day of the month. Gives 
out the day of the week. 

and others 

Besides these we have a number of othe~ small 
robots finished or under development. Some 
of these machines have been on the front 
covers of the magazines "Scientific AmeriC3l" 
and "Radio Electronics". These machines may 
be rented for shows under certain conditi~i 
also, modifications of the small robots to 
fit a particular purpose are often possible, 
such as use of particular components, dis
play of particular slogans, etc. 

We are planning to have an exhibit before 
long of our small robots to whow them to 
men interested in advertising. If you woWd 
like to come to this exhibit, or if you hare 
any questions, please write us or send us 
the note below. 

To: Berkeley Enterprises, Inc., 36 West 11 St., R 125, New York 11, N.Y. 

We would like to\know more about ( ) your ROBOT SHOW STOPPERS, ( ) the exhibit of them, 
() "Computers and Automation." The advertising application we have in mind is: 

From: Organization~ ________________________ Address, ________________________________ . ____ ___ 

Filled in b~y ____________________ Ti tle~ _____ ~Date. __________________ _ 

- 39 -



-

--., 

ForUln 

SQUA.RE ROOT TO EIGHT DECIMALS 
Bill Danch 

Munich, Germany 
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" - But, Miss Feeley, Can't you See? This is all so Old-fashioned __ we have automatio 
cOlllputers now!" 
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MONROBOT COMPONENTS 
Researched and Developed 

, A bank of Monrobot Ring-type Heads 
on adjustable mounting 

for the Electronics Field/ 

Monroe, for many years a leader in the design and 
production of desk calculators, is devoting its experi

ence and research facilities to developing not only 
digital electronic computers but also component parts 

that are unique for their originality of design and 
numerous advantages. 

The components, illustrated here, are Monrobot Ring
type Read/Record Heads and an adjustable fixture for 

magnetic drum memory systems. 

Monrobot Read/Record Head assemblies have a place 
in any magnetic storage or arithmetic drum system. 

Their advantages are many_ They are small and com
pact. Their mounting design permits accurate place

ment with a minimum of costly machining. When 
assembled and mounted they permit fine, accurate ad

justments both parallel and perpendicular to the drum. 
They are ruggedly built to last. In their pre-engineered, 

precision mounting they cost less than similar un
mounted head stacks; also replacement of a single head 

is easily mad~. 

Monrobot components of this kind offer the user of elec
tronic equipment many'worthwhile benefits. There's a 

lot to the Monrobot component story that's worth in- ' 
vestigating. Inquiries are invited. 

~ 
~ROBOT 

MONROE CALCULATING MACHINE COMPANY 
MONRO.BOT LABORATORY 

MORRIS PLAINS NEW JERSEY 
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ROSTER ENTRY FORMS 

"Computers and Automation" publishes from time 
to time reference information of the folIo win g 
three types: (1) a who's who or roster of individ
uals interested in the computer fieldi (2) a roster 
of organizations active in the computer fieldi and 
(3) a classified directory or roster of produc t s 
and services offered in the computer field. The 
last cumulative roster appeared in "The Comput e r 
Directory, 1955", the June 1955 issue of "Computers 
and Automation." If you are interested in sending 
information to us for these rosters and their sup
plements, following is the form of entry for each 
of these three rosters. To avoid tearing the mag
azine, the form may be copied on any sheet of paper, 
or upon request we will send you forms for entries. 

(1) Who's Who Entry Form 

1. Name (please print) ___________ _ 

2. Your Address? _____________ _ 

3. Your Organization? ___________ _ 

4. Its Address? _____________ _ 

5. Your Title? 

6. YOUR MAIN COMPUTER INTERFSTS? 

Applications 
Business 
Construction 
Design 
Electronics 
Logic 

( ) Mathematics 
(" ) Programming 
( ) Sales 
( ) Other (specify): 

7. Year of birth? ____ _ 

8. College or last school? ________ _ 

9. Year entered the computer field? ____ _ 

10. Occupation? _________________ _ 

11. Anything else? . (publications, distinctions, 

etc.) --------------------------
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(2) Organization Entry Form 

1. Your organization's name? _____________ _ 

2. Address? _________________ _ 

3. Telephone number? ____________ _ 

4. Types of computing machinery 0 r c ompon ents, 
or computer-field products and services that 
you are interested in? 

5. Types of activity that you engage in: 
( ) research ( ) other (please explain): 
( ) manufacturing 
( ) selling 
( ) consulting 

6. Approximate number of your employees? __ __ 

7. Year when you were established? _______ _ 

8. Any comments? _______________ _ 

Filled in by ___________________ _ 

Ti tle ____________ Date ____ _ 

* -----------* --------- * 
(3) Product Entry Form 

1. Name or 'identification of product (or service)? 

2. Brief description (20 to 40 words)? ____ _ 

3. How is it used? ________________ _ 

4. What is the price range? _________ _ 

5. Under what headings should it be listed? 

6. Your organization's name? _________ _ 

7. Address? _____________________ _ 

Filled in by ______________ _ 

Title ___________ Date _____ _ 



transistor & 
digital computer 

techniques 
- ~ -

APPLIED TO THE DESIGN. DEVELOPMENT 

AND APPLICATION OF -- ----- --
AUTOMATIC RADAR 

DATA PROCESSING, 

TRANSMISSION AND 

CORRELATION IN LARGE 

GROUND NETWORKS 

Digital computers similar to 
the successful Hughes 

airborne fire control computers are 
being applied by the Ground 
Systems Department to the 
information processing and 

computing junctions oj 
large ground radar weapons 

control systems. 

The application of digital and tran
sistor techniques to the problems of 
large ground radar networks has cre
ated new positions at all levels in the 
Ground Systems Department. Engi
neers and physicists with experience 
in fields listed, or with exceptional abil
ity, are invited to consider joining us. 

TRANSISTOR CIRCUITS 

DIGITAL COMPUTING NETS 

MAGNETIC DRUM AND CORE MEMORY 

LOGICAL DESIGN 

PROGRAMMING 

VERY HIGH POWER MODULATORS 
AND TRANSMITTERS 

INPUT AND OUTPUT DEVICES 

SPECIAL DISPLAYS 

MICROWAVE CIRCUITS 

Scientific an~Engineering Staff 

Culver City, Los Angeles County, California 
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N(UI)/ 
STANDARD HERMETICALLY SEALED 

A,ND SPECIAL PURPOSE DELAY LINES 

• EXCELLENT TRANSIENT 
RESPONSE 

• LOW ATTENUATION 

• EXTREME STABILITY 

CODERS AND DECODERS 
NAVIGATIONAL SYSTEMS 

STABLE TIME REFERENCE UNITS 

SERIAL TO PARALLEL CO'DE CONVERTERS 

TELEMETERING SYSTEMS 
DIGITAL COMPUTERS 
PULSE FORMING CIRCUITS 

ANALOG COMPUTING FUNCTIONS 

SPECIAL REQUIREMENTS 

Current developments in navigational systems, guided 
missile controls, computers and telemetering have 
placed increasingly rigid requirements on Delay 
Lines. EPSCO has paced the delay line field by 
promptly evaluating new requirements and provid
ing industry with products engineered for tomorrow's 
applications. The considerable technological ad
vances made by EPSCO in the design of special 
production and test equipment, plus the utilization 
of new materials and techniques, allows us to pro
d uce de lay lines of unusual characteristics at 
minimum cost. 

SEND TO'DAY FOR YOUR COPY OF BULtETIN DL-55 
DESCRIBING THE STANDARD AND SPECIAL EPSCO 
DELAY LINES. 

EPSCO, INCORPORATED 
588 Commonwealth Ave., Boston 15, Mass. COmmonwealth 6·3228 



MAKE YOUR OWN BABY GENIUS COMPUTERS WITH 

GE,NIAC 
Electric Brain Construction Kit No.1 

SCIENTIFIC -- ENTERTAINING -- INSTRUCTIVE -- SAFE -- INEXPENSIVE 

This kit is an introduction to the design of arithmetical, logical, reasoning, computing, puzzle
solving, and game-playing circuits for: 

BOYS -- STUDENTS -- SCHOOLS -- COLLEGES -- DESIGNERS 

The kit is simple enough for intelligent boys to assemble, and yet is instruc tive to compu t e r 
men because it shows how many kinds of computing and reasoning circuits can be made from simple 
components. 

The kit is an outcome of five years of design and development workwiili small robots br B~rkeley 
Enterprises -;- Inc., publisher of "Computers and Automation". 

With this kit and manual, you can easily make dozens of small electric brain machines t hat e x
hibit intelligent behavior •. Each runs on one flashlight battery. All connections with nuts and 
bolts; no soldering required. Price, $19.95 -- returnable in seven days for full refund if not 
satisfactory. 

SOME OF THE SIMPLE ELECTRIC BRAIN 
MACHINES THAT YOU CAN MAKE WITH THE 
GENIAC KIT AND THAT ARE DESCRIBED 

IN THE MANUAL 

Logic Machines 
Comparing 
Reasoning 
Syllogism Machine 
Intelligence TestIng 

Cryptographic Machines 
Secret Coder 
Secret Decoder 
Combination Locks 

Game Playing Machines 
Tit Tat Toe 
Nim 

Ari thmetic Machines (Decimal and Binary) 
Adding Machine 
Subtracting Machine 
Multiplying Machine 
Dividing Machine 
Arithmetical Carrying 

Simple Circuits 
Burglar Alarm 
Automatic Oil Furnace Circuit, etc. 

Puzzle Machines 
The Space Ship Airlock 
The Fox, Hen, Corn, and Hired Man 
Douglas Macdonald's Will 
The Uranium Shipment and the Spac e 

Pirates 

MANUAL 

"GENIACS -- Simple Electric Brain Machines 
and How to Make Them" by Edmund C. Berkel ey, 
pub lish e d b Y Berkeley Enterprises, Inc., 
March, 1955, 64 pp. - Describes over 30 small 
electric brain machines that reason arithmet
ically or logically, solve pu~zles, play games, 
etc~ Each machine operates on one flashlight 
battery. Gives sufficient details so that each 
machine can be constructed with the materials 
in Geniac Kit No. I, or with other materials. 

P ARTS LIST: -r -- Man ual -
6 Multiple Switches, of a new design 
1 Mounting Panel 
1 Flashlight Battery 
1 Battery Clamp 
10 Flashlight Bulbs 
10 Bulb .Sockets 
50 Feet of Insulated Wire 
Nuts, Bolts, Jumpers, and other necessary 

hardware ' 

(NO SOLDERING REQUIRED -- COMPLETELY SAFE) 

---------Mail this Request or a Copy of 1t------

Berkeley Enterprises, Inc. 
36 West 11 St., R126, New Yor~ 11, N. Y. 

Please send me Geniac Kit No. 1 and Man u a 1. 
I enclose in full payment:' ( ) $-18.95, U. S. 
east of Mississippi; ( ) $19.95, elsewhere m 
U. S.; ( ) $20.95, outside U. S. 
(If in good condition, it is returnable i n 
seven days for fu~l refund.), My name and 
address are attached. \ 
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ELECTRONICEIGI lEE IS MEeHAN_CAL 

opportunities n ever at 
II""d 

$NGINEERING ~SEARCH ,fsSOCIATES 

Advancement 
ERA plans to triple its staff. 

Good Pay from the Start 
Highest salary offer compatible 
with your job qualifications. 

The ERA Division 
Is a leader in developing 

Electronic Digital Computers, 
Automatic Data-Handling and 
Control Systems, Mechanisms, 

and Weapons. 

DIVISION 

Evervthing you want in a job 
Stimulating Work Most of our engineers are 
having the time of their lives doing creative re
search and development on important newappli
cations in mechanical and electronic engineering. 
Men work as prqject teams, and each man learns 
all aspects of his project. Pulse circuits, magnetic 

Good Living cores, tra,nsistors, printed wiring, miniaturization, 
Own a home or rent close to and precise mechanisms are used in designing 
work and shopping-on the out- computers, automatic data-handling and control 
skirts of a city with outstand- systems, mechanisms, and special weapons. 
ing cultural and educational Oth 11 t . . . b ·1 bl . 
activities-in a vacation land er exce en engIneermg JO s are aval a e In 
of 10,000 lakes. production, testing, specifications, quality con- , 

__ ,I t _ ' tr~l~ contract administration, and technical ...... __ ~_~ ___ ~ wrItmg . 
• ~''''''~'''If&. . ,_ ~ _ 5end an outline of your training and experience \0 Dept. 52: 

···SPERRY UND ;;, .. ~NGINEERING ~SEARCH ,1sSDCIATE~ DIVISION 
CORPORATION 1902 W. Minnehaha Ave., St. Paul W4, Minn. 

*----------------------------------------------*-----------------------------------------------* 

IInd.rs.n SOLID ULTRA-SONIC DELAY LINES 

Andersen engineers will be 
glad to design delay lines to 
meet your specifications, or 
assist you with special research. 

Andersen solid ultrasonic delay lines offer proven advantages for 
pulse storage in digital computers land special instruments. 

DELAY TIMES: 1 to 3300 microseconds. 

BANDWIDTHS: Up to 100% of the carrier frequency in some cases. 

INSERTION LOSSES: Usually specified between 25 and 60 db. 

CARRIER FREQUENCIES: From 5 to 70 mc. 

Specifications for a typical computer line, in production: 384.6 
microseconds delay; 30 mc. carrier, with 7 mc. bandwidth; insertion 
loss 48 db, with all spurious signals down at least 34 db with , 
respect to desired signals. 

Do you have a problem in ultrasonics? Write today for new bulletin 
on solid ultrasonic delay lines. 

39-C Talcott Road 

WEST HARTFORD 10, CONN. 

Phone ADams 3-4491 
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COMPUTERS AND AUTOMATION Back Copies 

ARTICLES. ETC.: May. 1954: Ferrite Memory De
vices -- Ephraim Gelbard and William Olander 

Fli~ht Simulators -- Alfred Pfanstiehl 
Autonomy and Self Repair for Computers -- Elliot 

L. Gruenberg 
A Glossary of Computer Terminology -- Grace M. 

Hopper 
July: Human Factors in the Design of Electroni c 

Computers -- John Bridgewater 
What is a Computer? -- Neil Macdonald 

September: Computer Failures -- Automatic Internal 
Diagnosis (AID) -- Neil Macdonald 

The Cost of Programming an d Co din g -- C. C. 
Gotlieb 

The Development and Use of Automation by For d 
Motor Co. -- News Dept., Ford Motor Co. 

Reciprocals -- A. D. Booth 
October: Flight Simulators: A NflV Field -- Alfred 

Pfanstiehl . 
Robots I Have Known -- Isaac Asimov 
The Capacity of Computers Not to Think -- Irving 

Rosenthal, John H. Troll 
November: Computers in Great Britain -- Stanle y 

Gill 
Analog Computers and Their Application to Heat 

Transfer and Fluid Flow -- Part 1 -- John E. 
Nolan 

All-Transistor Computer -- Neil Macdonald 
December: The Human Relations of Compu te r sand 

Automation -- Fletcher Pratt 
Analog Computers and Their Application to Heat 

Transfer and Fluid Flow -- Part 2 -- John E. 
Nolan 

Economies in Design of Incomplete Selection Cir
. cuits with Diode Elements -- Arnold I. Dumer 

January. 1955: Statistics and Automatic Computers 
-- Gordon Spenser 

Eastern Joint Compmer Conference, Philadelphia, 
Dec. 8-10, 1954 -- Milton Stoller 

-The Digital Differential Analyzer -- George F. 
Forbes 

A Small High-Speed Magnetic Drum -- M. K. Tay
lor 

An Inside-Out Magnetic Drum -- Neil Macdonald 
February: . Problems -for . Students -of Computer s -

John W. Carr, III 
Recognizing Spoken Sounds by Mea n s of a Com

puter -- Andrew D. Booth 
The Significiance of the New Computer NORC 

W. J. Eckert 
The Finan-Seer -~ E. L. Locke 
Approaching Automation in a Casualty Insurance·' 
_ Conpany -- CarlO •. Orkild 

March: Question -- Isaac Aslmov 
----COmputers and Weather Predic ti 0 n -- Br u c e 

Gilchrist 
Random Numbers and The ir Generati on -- Gor don 

Spenser 
Problems Involved in the Application of E 1 e c

tronic Digital Computers to Business Ope ra
tions -- John M. Breen 

Computers to Make- -Administrative Decis ions? -
Hans Schroeder 

April: Thinking Machines and Human Personality-
Elliot L. Gruenberg 

Marginal Checking -- An Aid in Preventi v e 
M:tintenance of Comput~rs -- J •. Melvin Jone s 
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M2Y.: Reliability in Electronic Data Proces s (, r s
-- William B. Elmore 

Numerical Representation in Fixed-PointCompm
er~ -- Beat~ice H. Worsley 

Automation -- A .. Report to the UAW-CIO Economic 
and Collective Bargaining Conference 

The Skills of the American Labor Force -- James 
P. Mitchell 

Automation Puts Industry on Eve of Fanta s tic 
Robot Era -- A. H. Raskin 

The Monkey Wrench -- Gordon R. Dickson 
dune: THE COMPUTER DIRECTffiY:· 1955 064 pages): 
--Part 1: Who's Who in the Computer Field 

Part 2: Roster of Organizations in the Com
puter Field 

Part 3: The Computer Field: Products and 
Servic~~ for Sale , 

July: Mathematics, the Schools, and the Oracle 
-- Alston S. Householder 

The Application of Automatic Computing Equip
ment to Savings Bank Operations -- R. Hunt 
Brown 

The Book Reviewer -- Rose Orente 
Linear Programndng and Computers, Part I -

Chandler Davis 
August: The Automation of Bank Check Processing-

-- R. Hunt Brown 
Linear Programming and Computers, Part II, 

Chandler Davis 
Justifying the Use of an Automatic Computer -

Ned Chapin 
Charting on Automatic Data Processing Systems 

-- Ha'rry Eisenpress, James i.. McPherson, and 
Julius Shiskin 

A Rotating Reading Head for Magnetic Tape and 
Wire -- National Bureau of Standards 

Some Curiosities of Binary Arithmetic Useful in 
Testing Binary Computers -~ Andrew D. Booth 

·REFERENCE INFORMATION (in various issues): 

Roster of OrganizatIons in the Computer Field/ 
Roster of Automatic Computing Services / Ros
ter of Magazines Related to Computers and 
Automation / Automatic Computers: List /Auto
matic Computers: Estimated Commercial Popula
tion / Automatic Computing Machinery: List of 
Types / Components of Automatic Computing Ma
chinery: List of Types / Products and Servi~ 
in the Computer Field / Who's Who in the Com
puter Field / Automation: List of Outstandmg 
Examples / Books and Other Publications /Glos
sary I. Patents 

BACK COPIES: Price, if available, $1.25 each, 
except June, 1955, $6.00. Vol. 1, no.l,Sept, 
1951, to vol. 1, no. ·3, July,,1952: out of 
print. Vol. 1, no. 4, Oct. 1952: in print. 
Vol. 2, no. 1, Jan. 1953, to vol. 2, no. 9, 
Dec. 1953: in print except March, no. 2, 
and May, no. 4. Vol. 3, no. 1, Jan. 1954, to 
yolo 3, no. 10, Dec. 1954: in print. Vol. 
4, 1955: in print. 

A subscri"ption (see'rates on page 4) may be spec
ified to begin with the current monthls or . 
preceding month's issue. _ 

WRITE TO: Berkeley Enterprises, Inc. 
Publisher of COMPUTERS AND AUTOMATION 

36 West 11 St., New York 11, N. Y. 



Panel 
of decision 

makers 

Today, IBM electronic panels like 'this are 
paving tQe way for a whole new family of 
lightning-fast computers and data proc
essing machines - "decision-makers," 
adaptable to large or small business, that 
can be mass-produced with'typical IBM 
precision. 

These tiny, power-packed transistors 
mounted on printed wiring panels replace 
bulky vacuum tube ~ssemblies. By greatly 
reducing heat output and by effecting dra
matic savings in space and power require
ments, their use in IBM electronic data 
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@IBM 

processing machines results in vastly sim
plified installation. 

Tprough the use of developments such as 
this, IBM is bringing the revolutiona,ry, yet 
practical, benefits of electronics to more 
businesses than ever ... helping America 
work better and faster-ar.less cost. 

International BusIness Machines Corporation 
New York 22, N. Y. 

DATA 
PROCESSING 



ADVERTISING IN ~~COMPUTERS AND AUTOMATION" 

Memorandum from Berkeley Enterprises, Inc. 
Publisher .. of COMPUTERS AND AUTOMATION 

36 West 11 St. ' .. New 'York 11, N. Y. 

1. What is "COMPUTERS AND AUTOMATION"? It is 
a monthly maga2ine containing articles, papers, 
and reference information related to computing , 
machinery, robots, a~to~ati,c' control, cy
bernetics, automation, etc. One importantpiece 
of reference information published is the "Ros
ter of Organi2ations in the Field of Computers 
and Automation". The basic sUbscription rate 
is $4.50 a year in the United States. Single 
copies are $1.25, except June, 1955, "The Com
puter Directory" (164 pages, $6.00). For the 
titles of articles and papers in recent issues 
of the maga2ine, see the "Back Copies" page in 
this,.i~sue •. 
2. What is the circulation? The circulation 
includes _17~ subscribers (as ofJu.ne. 20) ::over 
300 purchasers of individual back copies; and 
an estimated 2500 nonsubscribing readers. The 
logical readers of COMPUTERS AND AUTOMAT ION 
are people concerned wi th the field of computers 
and automation. These include a great number 
of people who will make recommendation s t 0 

their organizations about purchasing computinJ 
machinery, similar machinery, and components, 
and w~ose decisions may involve very substan
tial figures. The print order for the S e p t. 
issue was .2,300 copies. The overrun is largely 
held for eventual sale as back copies, and in 
the case of several issues the overr u n has 
been exhausted through such sale. 

3. What type of advertis ing does COMPUTE R S 
AND AUTOMATION take? The purpose of the mag
azine is ,to be factual and to the point. For 
this purpose the kind of advertising wanted is 
the kind that answers questions factually. We 
recommend for the audience that we reach, that 
advertising be factual, useful, interesting, 
understandable, and new from issue to issue. 

4. What are the specifications and cos t of 
advertising? COMPUTERS AND AUTOMATION is pub
lished on pages 8~" x 11" (ad size, 7" x 10") 
and produced by photooffset,e~ptthat print
ed sheet advertising may be inserted and bound 
in with the magazine in most cases. The clos
ing date for any issue is approxima tely the 
10th of the month preceding. If possible, the 
company advertising should produce final copy. 
For photooffset, the copy should be exa c t 1 y 
as desired~ actual size, and assembled, and 
may include typing Q writing, line drawing, 
printing, screened half tones, and any 0 th e r 
copy that may be put under the phot 0 0 f f set 
camera without further preparation. Unscreened 

photographic pri.nts and any other copy requir
ing additional preparation for,photooffse t 
should be furnished separately; it will be pre
pared, finished, and charged to the advertiser 
at small additional costs. In the cas e 0 f 
printed inserts, a sufficient quantity for the 
issue should be shipped to our pri-nter, address 
on request. 

Display advertising is sold in units of full 
pages (ad size 7" x 10", basic rate, $170) and 
half pages (basic rate, $90); b~k cover, $33); 
inside front or back cover, $210. Extra for 
color red (full pages only and only in certain 
positions), 35%. Two-page printed insert (<?ne 
sheet), $290; four-page printed ins e r t (two 
sheets), $530. Classified advertising is sold 
by the word (50 cents a word) with a mini mum 
of ten words. We reserve the right not to ac
cept advertising that does not meet our stand
ards. 

5. Who are our advertisers? Our advertisers 
in recent issues have included the followin g 
companies, among others: 

The Austin Co. 
Automatic Electric Co. 
Cambridge Thermionic Corp. 
Federal Telephone and Radio Co. 
Ferranti Electric Co. 
Ferroxcube Corp. of America 
General Ceramics Corp. 
General Electric Co. 
Hughes Research and Development Lab.
International Business Machines Corp. 

. Lockheed. Aircraft Corp. 
Logistics Research, Inc. 
Machine Statistics Co. 
Monrobot Corp. 
Norden-Ketay Corp. 
George A. Philbrick Researches, Inc. 
Potter Instrument Co. 
Raytheon Mfg. Co. 
Reeves Instrument Co. 
Remington Rand, Inc. 
Sprague Electric Co. 
Sylvania Electric Products, Inc. 
Telecomputing Corp. 
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FERRANTI 
HIGH SPEED 'APE READER 

", ~ , 

The Ferranti High Speed Tape Reader accelerates 
to full speed within 5 milliseconds and stops within, 
3 milliseconds. It has been in use at leading computer 
installations for over two years and has achieved a sound 
reputation for simplicity and reliability in regular operat!on. 

_IJi. ( 1) Mark II model reads at speeds up to 200 characters per 
second, and stops the tape from full speed within a character position
within .03 inch. The tape is accelerated to full speed again in 5 milliseconds 
and the following character is ready for reading within 6 milliseconds of 
rest position. ' 

(2) Mark IIA model reads at speeds up to 400 characters per second, 
and stops within .1 inch. 

VERSATILE Both models read either 5 level, 6 level or 7 level tape 
by simple adjustment of an external lever . 

• iMfg,. The tape is easily inserted without complicated threading. 
Lap or butt splices are taken without any difficulty. The same tape may be 
passed thousands of times without appr~ciable tape wear. The optical 
system has no lenses or mirrors to get out of alignment. Friction drive is 
independent of sprocket hole spacing. 

LARGE· OUTPUT Amplifiers are included for each channel, including 
a special squaring circuit for the sprocket. hole signal. Output swing 
between hole and blank is greater than 20 volts. 

Dimensions: 9'c x 11 V2" X 11 V4" Weight: 371bs. 
For use with long lengths of tape up to 1000 feet, spooling 
equipment operating up to 40 inches per second for take-up 
or. supply is available separately. , 

FERRANTI ELECTRIC, INC. 
30 Rock.feller Plaza New York 20, N. Y. 
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ADVERTISING IN,DEX 
The purpose of COMPUTERS AND AUTOMATION is to 
be factual, useful, and understandable. For 
this purpose, the kind of advertising we de
sire to publish is the kind that answers ques
tions, such as: What are your products? What 
are your services? And for each product: What 
is it called? What do~s it do? How well d~ 
it work? What are its main specifications? 
We reserve the right not to accept advertising 
that does not meet our standards. 

Following is the index and a summary of adver
tisements. Each item contains: Name and ad
dress of-the--advertiser / subject of the adver-
tisement / page number where it appears. -

Aircraft Marine Products, Inc., H a r r i s burg, 
Pa. / Miniature Taper Pins / page 2 

Andersen Laboratories, Inc., 39-C Talcott Rd., 
West Hartford 10, Conn. / Solid Ultrason i c 
Delay Lines / page 45 

Automatic Electric Co., 1033 W. Van Buren St., 
Chicago, Ill. / Relays / page 35 

Berkeley Division, Beckman Instruments, Inc., 
2200 Wright Ave., Richmond 3, Calif. / En
gineers Wanted / page 37 

Berkeley Enterprises, Inc., 36 West 11 St., New 
York 11, N. Y. / Publication on Symboli c 
Logic, Robot Show Stoppers; Geniac / p age s 
28, 39, 44 

*---------------------------------------

Computers and Automation, 36 West 11 St., New 
York 11, N. Y. / Roster Entry Forms; B a c k 
Copies; Advertising / pages 42, 46,. 48 

Epsco, Inc., 588 Commonwealth Ave., Boston 15, 
Mass. / Components, Functional Units, Opera
tional -- Digital Systems / page 43 

Ferranti Electric Inc., 30 Rockefeller Plaz a, 
New Y~rk 20, N. Y. / High Speed Tape Reader / 
page 49 

Ferroxcube Corp., East Bridge St., Saugerties, 
N. Y, / Magnetic Cor~ Materials / page 50 

Hughes Research and Development Labor a tories, 
CuI ver City, Calif. / Engineers Wan ted / 
page 43 

International Business Machines Cor p., 5 90 
Madison Ave., New York, N. Y. / Electronic 
Panels / page 47 

Lockheed Aircraft Corp., Burbank, Cal if. / 
Career Opportunities / page 51 

Monrobot Corporation, Morris Plains, N. J. / 
Computer Components / page 41 

Remington Rand, Inc., 315 4th Avenue, New York 
10, N. Y. / UNIVAC / page 5 ' 

Remington Rand, Inc., ERA Division, 1902 West 
Minnehaha Ave., St. Paul, Wlinn. / Engineer
ing Opportunities / page 45 

Republic Aviation Corp., Farmingdale, L. I. / 
Opportunities for Engineers / page 37 

Sprague Electric Company, 377 Marsh all St., 
North Adams, Mass. / Pulse Transformer Kit/ 
page 52 (back cover) 

John Wiley & Sons, Inc., 440-4th Avenue, New 
York 16, N. Y. / Book / page 24 

*--------------------------------------* 
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Mathematical Analyst Keith Kersery loads 
jet transport flutter problem into one 
of Lockheed's two 701 'so On order: two 
704's to help keep Lockheed in fore
front of numerical analysis and pro
duction cororol data processing. 

704's and 701's speed 

Lockheed research in 

numerical analysis 

LOCKHEED 
BURBANK 

With two 701 digital computers already in operation, Lockheed 
has ordered two 704's to pennit greater application of numerical 
analysis to complex aeronautical problems now being 
approached. Scheduled for delivery early next year, the 704'8 
will replace the 701's. 

Much of the work scheduled or'in progress is classified. 
However, two significant features are significant to career-minded 
Mathematical Analysts: 1) the wide variety of assignments 
created by Lockheed's diversified development 'program and 
2) the advanced nature of the work, which falls largely into 
unexplored areas of numerical analysis. 

Career positions for Mathematical Analysts 

Lockheed's expanding development program in nuclear energy, 
turbo-prop and jet transports, radar search planes, extremely high
speed aircraft and other classified projects has created a number of 
openings for Mathematical Analysts to work on the 704's. 

Lockheed offers you attractive salaries, generous travel and moving 
allowances which enable you and your family to move to Southern 
California at virtually no expense; and an extremely wide range of 
employe benefits which add approximately 14% to each engineer's 
salary in the form of insurance, retirement pension, etc. 

Those interested in advanced work in this field are invited to 
write E. W. Des Lauriers, Dept. MA-31-9. 

AIRCRAFT CORPORATION • CALIFORNIA DIVISION 

CALIFORNIA 
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HERE'S THE IDEAL TOOL FOR 

ENGINEERING DEVELOPMENT 

OF CIRCUITS USING 

PULSE TRANSFORMERS 

Type 

41ZZ 0.5 

UlJ 5.0 13 15 1:1 
15 2:1 
25 3:1 
30 5:1 

20ll 10 20 12 12 
40 

Sprague on request will provide 
you with complete application 
engineering service for optimum 
results in the use of pulse 
transformers. 

Sprague's new Type 100Z1 Pulse Transformer Kit 
contains five multiple winding transformers. each 
chosen for its wide range of practical application. 

Complete technical data on each of the trans
formers is included in the instruction card in each 
kit so that the circuit designer may readily select 
the required windings to give transformer 
characteristics best suited for his· applications ... 
whether it be push-pull driver. blocking oscillator. 
pulse gating. pulse amplifier. or impedance match
ing. The electrical characteristics of the transform
ers in the kit have been designed so that they 
may be matched by standard Sprague subininiature 
hermetically-sealed pulse transformers shown in 
engineering bulletin 5028. 

For complete infor-mation on this kit, as well as 
the extensive line of Sprague pulse transformers. 
write to the Technical Literature Section. Sprague 
Electric Company. 377 Marshall Street. North 
Adams. Massachusetts. 

Export for the Americas: Sprague Electric International Ltd ., North Adams, Massachusetts. CABLE: SPREXINT. 


