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Burroughs Continues to Grow! Complementing Burroughs' rec­
ognized leadership in the commercial research, development a~d 
manufacture of machines for business, is the sound expansion of the 
Military Field Service Division. 

FIELD ENGINEERS ... To direct 3 to 5 field teams in installation and main­
tenance of Digital Computers for tracking and guidance systems. EE degree or 
equivalent training-plus extensive field experience. (Work is in Philadelphia, Pa. 

DATA PROCESSING ENGINEERS ... Staff positions for study, analysis 
and evaluation of the application of Digital Computers and other types of data 
processing equipment-with emphasis on failure analysis. Responsible for 
recommending immediate remedial action and modifications on existing Digital 
Computers and test equipment. Requires EE degree and minimum 2 years' ex­
perience. (Work is in Philadelphia, Pa.) 

TECHNICAL LIAISON ENGINEERS ... To advise, consult and maintain 
liaison between various Burroughs departments and military and civilian officials 
in the operation and maintenance of large scale Digital Computers and data pro­
cessing systems. Requires EE degree or equivalent training. (Field assignments.) 

INSTALLATION ENGINEERS ... To supervise installation and maintenance 
of Digital Data Procesing Equipment at the field location. EE degree or equivalent 
experience. Willing to travel and relocate. 

-Burroughs CorporatioD 
Military Field Service Division 

511 NORTH BROAD ST., PHILADELPHIA 23, PA. 

ttThe Foremost Name In C~mputation" 
COMPUTERS and AUTOMATION for September, 1957 



The Editor's 

Readers' 

FRONT COVER: PROGRAMMED 
COMPONENT ASSEMBLY SYSTEM 

THE FRONT COVER picture is a photo of the 
new prograI?med component assembly system, made 
by. Int~rnahon~l B~siness Machines Corp. This ma­
ch.lI~e. IS operatIng In the Manufacturing Engineering 
DIVISIOn at the company's plant in Poughkeepsie, N. Y. 

The new IBM machine automatically inserts com­
~onents in 'print~d wiring boards according to instruc­
tIons contaIned In punched cards. When a change in 
the layout and components of a printed wiring board is 
called for, a new set of IBM cards is fed into the 
syste~ which then automatically adjusts itself for the 
new Job. 
Th~ new ~evice was dev~loped and built by manu­

fac~~r~ng .engIneers at I~M s computer manufacturing 
fa~I.hhes In PoughkeepsIe. It is currently turning out 
WIrIng pane~s for the company's data processing equip­
ment 10 tImes faster than is possible by manual 
assembly methods. 

For more information, see the article in this issue. 

ON LANGUAGE TRANSLATION 

I. From the Editor 

ONE OF THE most interesting papers given at the 
~eeting of the Association for Computing Machinery 
In Houston, Tex., in June was "Conclusions on Lan­
gua~e Transl~tion" by A. F. R. Brown of Georgetown 
Umv., WashIngton, D.C. This paper described a com­
puter method for translating chemical French, which 
probably can be applied to any language translation 
problem. The technique used and the amount of prog­
ress reported both seemed remarkable. Your editor 
was fortunate enough to get permission to make a short 
report on the paper, after it was given and before it is 
sUbI?itte.d in ampler form to a technical journal. Fol­
lOWIng IS the report, no part of which should be 
credited in any way to your editor. 

"In December and January I tried out my basic ideas 
with rules expre~sed in words and written out on filing 
cards. I found It was possible to arrive, in about 110 
hours of work, at a system that would translate 220 
consecutive sentences from a French chemical journal 
into acceptable English. So it seemed reasonable to try 
to mechanize the system immediately. 

"The computer programming needed to handle the 
systeI? has been completed but not checked out yet, 
and It appears that the system of translation can be 
expanded and corrected indefinitely with hardly any 
more programming. By the end of the summer, I hope 
to have prepared the dictionary material needed for the 
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Notes and 

Forum 

system to handle those 220 sentences, and to have 
tested tl~e material by ~aking the computer go through 
the motIOns of translatIng the sentences. After that it 
sh~uld b~ pos.sible to develop the system and dictionary 
qUIte rapIdly Into something that will translate say 90% 
of the sentences in most French chemical literature. 

"To start with, it is assumed that the French words 
have been looked up in a special dictionary and items 
have been brought out of the dictionary, one for each 
French word. Each item begins with a fixed number 
?f .binary digits that indicate the grammatical character­
IStICS of the French word in fairly conventional terms. 
!hen co~es a number indicating what the French word 
III the Item corresponds to; and then the English 
equivalent which will appear as part of the final transla­
tion unless it is changed in the course of working out 
the sentence. After these essential parts there may fol­
low one or more instructions, then one or more con­
stants that are used in carrying out the instruction, and 
finally one or more diacritics whose presence or ab­
sence may affect the performance of these instructions 
or instructions in other items . 

. ",!,he sentence in the form of items found by the 
dIctIOnary search routine contains instructions that will 
have t~ be car:ied out before a translation is produced. 
These InstructIOns correspond to the rules which were 
originally invented in mechanical terms. Some rules are 
how~ver so general in their application that it is in­
efficI~nt. t.o rep~esent them by instructions planted in 
the IndIVIdual Items. For instance, there has to be a 
rule providing that adjectives, which mostly follow the 
nouns they modify in French, should be moved around 
to the English position, before the nouns. 

"After each instruction is carried out it is discarded' 
and when there are no instructions l~ft, the English 
words remaining in the items of the sentence are 
printed out; they compose, one hopes a translation of 
the original French sentence. ' 

"The sequence in which instructions are to be car­
ried .out has to be ~ontrolled very carefully to avoid 
conflIcts. The most Important reason for this is that 
instructions for shuffling the items into English word 
order must be delayed until all the syntactical questions 
that depend on the original French word order have 
been asked and answered. The sequence of execution is 
fixed by beginning each instruction with a priority 
number, within a somewhat arbitrary range of one to 
126. Whenever the computer has .to decide which in­
struction to follow next, it chooses the one with the 
lowest priority number. 

"As my system is currently set up, an instruction con­
sists of 19 binary digits. When the moment comes for 
it to be carried out, the computer discards the first 

(Please turn to page 13) 
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Basic Source Information 

available to you from 

COMPUTERS 
and AUTOMATION 

PEOPLE: 
Who's Who in the Computer Field. 

1956-57. Over 12,000 entries (names 
addresses, and other information) in~ 
cluding 4500 new entries since 1955. 

S17.50 
Mailing plates for over 15,000 com­

puter people; includes additions and 
corrections since the Who's Who was 
published. We address your envelopes. 

S19 per M 

ORGANIZATIONS: 
~he Computer Directory and Buyers' 

GUIde. 1957 (the June, 1957, issue of 
Computers and Automation): 790 or­
ganization listings, 1370 product and 
service listings. 

S6.00 

MACHINES: 
(Source Information in back issues.) 
Types of Automatic Computing Ma­

chines and Components, March, 1957. 
SI.25 

Roster of over 220 Automatic Com­
puters, June, 1956. 

S4.00 
Commercial Automatic Computers, 

December, 1956. 
SI.25 

GLOSSARY OF TERMS: 
Over 480 careful, clear understand­

a.bIe definitions. 4th cu~ulative edi­
tIon, as of October, 1956. (20 or more 
copies, 10% discount.) 

SI.00 

BACK COPIES: 
(For six years of publication.) 

If ava~lable, SI.25 each, except Di­
rectory Issues June 1955, 1956, S4.00 
each; June, 1957, S6.00. 
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30-channel, analog-digital converter connecting 300-amplifier analog computer 
to n03A digital computer 

Production of communications equipment in new Los 
Angeles manufacturing plant 

Data Reduction Center designed and built by 
Ramo-Wooldridge 

One of three new'research and development buildings completed this year 

I 
! 

~ First unit of Denver manufacturing plant now nearing completion 

! 
Input-output unit of the Ramo-Wooldridge RW·30 airborne 
digital computer 

L." u,_'_' __ ."_"m, • 

Pictorial PROGRESS REPORT 

The photographs above illustrate some of the recent developments 

at Ramo-Wooldridge, both in facilities and in products. 

Work is in progress on a wide variety of projects, and positions 

are available for scientists and engineers in the following 

fields of current activity: 

Communications and 
Navigation Systems 
Digital Computers and 
Control Systems 
Airborne Electronic and 
Control Systems 
Electronic Instrumentation 
and Test Equipment 
Guided Missile Research 
and Development 
Automation and 
Data Processing 
Basic Electronic and 
Aeronautical Research 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET. LOS ANGELES 45, CALIFORNIA 
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THE MARKET FOR COMPUTERS IN 
BANKING: REPORT NO. 2 

Ed Burnett and Leland Hewitt 
New York, N. Y. 

I N the lVJay issue of Computers and Automation we 
published the "Computer Market Survey - Report 
No.1", in which the entire U.S.A. market for com­

puters and computer products over the next five years 
was estimated to total between $4Y2 and $7 billion. A 
projection of this survey indicates a market by 1965 of 
some $2 billion per year. 

To indicate at least in part what quantity of com­
puters and what kinds are likely to be sold to which 
industries, Computers and Automation is beginning a 
series of reviews, industry by industry. The facts reported 
in this series are based on the original survey findings 
and are augmented by special research and interviews in 
each specific field. Here is the first of these reviews, a 
survey of the market for computers in banking. 

The Banking Industry 

The permanent functions of banking are to assemble 
money, invest money, and return money on demand to 
its owners. 

These functions of banking are undertaken by more 
than 14,000 commercial banks operating some 21,000 
banking offices in some 12,000 cities and towns. Total 
deposits held by all U.S. banks approximate $225 billion, 
of which 85 percent is held by commercial banks. A 
few commercial banks are giants - 19 banks, for ex­
ample, have deposits of $1 billion or more (10 have over 
$2 billion); the next 30 banks have deposits in the $Y2 
billion to $1 billion range. And at the other end of the 
scale there are 3500 banks with deposits of less than $2 
million; there are 10,000 more banks with deposits from 
$2 million to $40 million; thus, from a marketing stand­
point, banks would seem to fit into four classifications: 
Very large (with over 5,000 employees) 1 percent; Large 
(with 501 to 5000 employees) 2 percent; Medium (with 
50 to 500 employees) 8 percent; Small (with under 50 
employees) 89 percent. 

Some 12,500 of these banks operate as individual units 
from a single location, while 1,700 banks operate 8,000 
additional branches or offices. Interestingly enough, 
more than half of all branch banking operations are in 
five states - New York, Ohio, Pennsylvania, Michigan, 
California. 

Banking as measured in deposits, items, loans, has 
grown with the national economy. Business is booming 
and more business of course means more bookkeeping. 
Loans and investments of commercial banks now total 
over $200 billion, a rise of over 50 percent in the last 
five years. This ha~ resulted in a huge increase in man­
power in banking, and a resultant increased attention 
bv banks to all forms of automation. The total number 
of banking units however has not changed appreciably. 

What has changed appreciably during this period has 
been the growth of services offered by banks both to 
attract new depositors and customers, and to shield 
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current depositor-customers from competitive lures. The 
banker essentially is a merchandiser of money. The basic 
competitive merchandising trend is towards a retail 
operation involving more and more small accounts, and 
more and more bookkeeping. And to get these retail 
accounts banks now offer more and more services. 
Among these services, in addition to conventional bank­
ing and loan operations, are: 

Special money handling: coins, money orders, travel­
ler's checks, bills of credit, handling of foreign currency, 
foreign bonds. 

Savings: savings bonds, Xmas clubs, school savings 
programs, savings clubs, banking by mail, night, and out­
door services. 

Collect and disburse: coupons, drafts, rent payments, 
mortgage payments, bills, dividend disbursement, ser­
vice payrolls, act as escrow agent. (Even merchandising 
of coupons and stamps!) 

Protective services: rent safe deposit boxes, maintain 
night depository, custody of securities. 

Special aids to business and individuals: assist in in­
come tax preparation, financial advice, business assist­
ance, credit information, statistical information, provide 
customer conference rooms, correspondent bank facil­
ities, operate business-aid library, provide letters of 
introduction, stock transfer, investment advice, handles 
securities. 

Trust Services: estate planning, management of 
estates. 

From an engineering standpoint, banking operations 
are usually analyzed into the number of handlings or 
transactions. For example, for a bank with 100,000 
deposit accounts, the maintenance of deposit account 
records involves some 250,000 daily transactions (for 
records, account number, branch number, name, ad-
dress, balance, debits, credits, new balance, service 
charges, other data). There are over 130 million deposit 
accounts in banks insured by the Federal Deposit In­
surance Corporation. 

It has been estimated that each of the 9 billion checks 
written annually on some 52 million checking accounts 
(about 36 million per day in the U.S. alone) is handled 
approximately seven times during the collection process. 
This is an annual handling of 63 billion pieces of paper. 
Over 90 percent of the business of the country is trans­
acted through checks drawn against bank deposit ac­
counts. By 1960, if the present growth trend continues, 
the handling figure will increase by some 50 percent to 
98 billion handlings . . . for checks alone. The 1960 
figure promises to virtually double by 1970. 

One banker notes, "The people involved in handling 
checks represent one of the largest job classifications, 
have the highest rate of turnover, and consequently the 
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highest training expense, require the most supervision, 
use the greatest amount of mechanical equipment in­
vestment, and occupy a substantial amount of space." 
Checks alone thus afford a tremendous potential for 
electronic machine handlings. 

Probably the greatest squeeze in banking operations 
today is the manpower shortage. Banks are hard put to 
hang on to those people they now have, much less 
attract the additional clerical forces they need. Turnover 
in banking, which has one of the largest ratios of clerical 
employees to total employees, is reputed to be at the 
rate of 25 percent per year. This relatively high rate, 
surveys indicate, is influenced primarily by the heavy 
monotony of the vast amount of paper work. From a 
starting salary basis, and long range viewpoint, banking 
personnel offers are quite comparable to those made by 
other industries. The banking system now employs 
some 600,000 persons. 

The Economics of Computers 

'The manpower squeeze, brought on by the spectacular 
growth in transactions and services, emphasizes the 
importance of the economics of computers in the 
banking industry. It is safe to say that the application 
of electronic data processing occupies the attention of 
bankers at virtually every conceivable level. 

In general, the larger the bank, and the greater the 
number of transactions, the greater the interest in auto­
mation. Yet the average bank is really quite small. And 
various heads of committees set up by the banking 
fraternity to consider methods of electronic data pro­
cessing have recognized and deplored the "general 
apathy among smaller banks.", 

To the banking giants, the multi-million dollar in­
vestment in large computers will undoubtedly prove a 
sound investment in saving in clerical time, increased 
accuracy, greater speed, and ultimately higher profits. 
To almost any bank with 50 or more employees, com­
puters, particularly the smaller, lower cost units now 
coming on the market, offer a good economic choice. 
The host of small banks, while they are prospects for 
low-priced specialized bookkeeping machines, are not 
prospects for computers yet. 

Size of the Bank Market 

There is some evidence that for every $100,000,000 of 
deposits, large banks can be expected, on the average to 
expend approximately $200,000 over the next five years 
for computers and computer-type products. Banks may 
already be ahead of their own professional association 
which in a 1957 release indicated that "banks with over 
$200,000,000 in deposits need to begin gathering 
accurate information immediately on the subject of 
automation." From discussion it seems likely that 
smaller banks will expend less per million of deposits 
for computers than larger banks. It seems likely that 
almost all sales will be to the top half of banks by size. 

In the following table, which is at best a partly 
educated guess, no sales are contemplated from some 
7,000 of the over 14,000 banks in the country. It must 
be emphasized that the figures are approximate averages 
only. 

This table suggests that makers of systems in the 
million-dollar-and-up class are restricted to just 85 in-
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TENTATIVE ESTIMATE OF MARKET FOR COMPUTERS 
IN VALUE OF PRODUCT 

Dunks, 1Iy rallk A ,'erllge totalillstlllla· Total value 
III IlellOsits tloll over next;; years for group 

Top 10 banks $3,000,000 $30,000,000 
Next 25 2,000,000 50,000,000 

" 50 1,000,000 50,000,000 

" 100 500,000 50,000,000 
" 1000 100,000 100,000,000 
" 2000 25,000 50,000,000 
" 4000 12,500 50,000,000 

7185 banks approx. $50,000 $380,000,000 

stitutions - and some of these already have equipment 
in hand or on order. In the medium-priced computer 
range, from $100,000 to $500,000, there would seem to 
be over 1000 prospects. For makers of specialized off­
line electronic bookkeeping aids in the $10,000 to 
$25,000 range some 6000 more banks are prospects. The 
bulk of the market awaits equipment in the $100,000 
class so efficient, so economic that banks cannot afford, 
due to the competitive situation, not to rent or buy. 

The total market for banks alone over the next five 
years thus appears to be as large as the total computer 
market was for all applications in 1956 (1956 volume, as 
measured in value of product, was estimated by Fortune 
Magazine to be $350,000,000). 

What Computers Can Do 

In 1956, the American Banking Association's Bank 
Management Commission, Technical Subcommittee on 
Mechanization of Check Handling, published a progress 
report, which included the following analysis: 

"The thing we arc all striving for as individual bankers and as 
the industry as a whole is the ability to substitute a mechanical 
method for existing bank operating processes performed manually 
or semi-manually. \Vhen we break down elementary clerical facil­
ities, we find only the following: 

1. The movement of substance. 
2. The reading of data. 
3. The recognition -of information. 
4. The ability to compare. 
5. The facility to select. 
6. The capacity to adjust. 
7. The means to record. 

"As outlined in our presentation to the manufacturers, what 
we are seeking really arc replacements for the hands, the eyes, 
and the more automatic phases of mental activity. We arc looking 
for a method that will relieve monotonous clerical detail, provide 
greater accuracy in operation, produce greater individual pro­
ductivity, and perform all of this with either lower cost or no 
greater cost than what is presently being incurred." 

Machines are now available that compute and record 
interest; sort, select, collate, analyze, and accumulate 
data; verify results; and print visible records. The day is 
fast approaching when most checks, as approved by the 
American Bankers Association, will bear in a band one-

Note: Some articles on computers in banking previously pub­
lished in Computers and Automation arc: 

Magnetic Ink Character Recognition - The Common Machine 
Language for Check Handling, October, 1956. 

Automation of Bank Check Processing, August, 1955. 
Application of Automatic Computing Equipment to Savings 

Bank Operations, July, 1955. 
Report of American Bankcrs Association Committee on Elec­

tronics (Sept., 1953), January, 1954. 
(Please turn to page 30) 
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UNIVAC pinpoints the weather 
Irving P. Krick 

Irving P. Krick Associates 
Denver, Colorado 

(Reprinted with permission from Systems Magazine, March-April, 1957, 
published by Remington Rand Division, Sperry Rand Corporation.) 

SINCE the beginning of time, man has had to ad­
just himself to the elements in order to survive. 
Weather was of such importance to early peoples 

that they established gods for the sun, the rain, the 
wind, and the snow. Regularly they offered sacrifices to 
these gods to bring about the weather they needed. 

Though we have come a long way since the days of 
the rain gods, our dependence upon weather is as great 
as ever-perhaps greater. This need cuts across the 
world's entire economy, since virtually every business 
has a weather factor to consider in making decisions. It 
is not whim nor curiosity that causes companies from 
every part of the world to come to us for long- and 
short-range weather forecasts. In every case, it is im­
perative that management know what the weather will 
be like for stated periods. 

That we have been able to provide this information 
with a continuing degree of success, and to increase 
through cloud-seeding rainfall when needed, is a testi­
monial to comparatively recent advances in the science 
of meteorology. By making use of these advances, and 
combining them with our own weather theories, we 
have been able to predict the weather accurately for any 
spot on the globe-and, if necessary, years ahead of 
time. 

Now another scientific tool has been put to work in 
our laboratories, one which shortly will enable us to 
prepare, practically on a moment's notice, exact weather 
forecasts day by day for any future time in any given 
city or for the entire globe. And these forecasts can be 
made on the basis of past records alone. If through 
some unforeseen circumstance, new weather data be­
came unavailable we could make accurate predictions 
for the next five years for any part of the world. 

Computer Is New Tool 

The electronic computer is the tool that makes such 
accurate long-range weather forecasting possible. The 
mathematical computations necessary can be done fast 
enough for practicability because of the Remington 
Rand Univac 120 punched-card computer we use. Soon, 
our capacity for handling such work will be vastly in­
creased through the magnetic drum Univac File-Com­
puter we have on order. With this system the extent to 
which accurate weather forecasting can be accomplished 
will be limited only by our capacity to utilize the equip­
ment to its best advantages, along with our own years 
of experience in the field of "rain or shine." 

Our most significant recent forecast was for President 
Eisenhower's inauguration January 21 in Washington, 
D.C. It was also the first official long-range forecast to be 
made with Univac, having been worked out two full 
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weeks before inaugural day. The computer was fed data 
consisting of pertinent pressure patterns for the East 
Coast ranging over the years 1935 through July 1955. 
Univac did the mathematical calculations necessary to 
determine whether an equation from this bloc of ma­
terial could be projected to January 21, 1957. It came 
up with three equations which fit the inaugural date. 

Our prediction was that January 21 "will mark a one­
day break in the storm which will hit the city over the 
w~ekend. Cold, brisk, reasonably clear weather will pre­
VaIl from the time of the inauguration ceremony 
throughout the rest of the day." The weather behaved 
on schedule-even to the extent that as the President 
stepped upon the reviewing dais, the sun broke through 
for the first time that day. 

,The theory involved is one we have been working 
wIth for over 20 years. It relates to the behavior of 
atmosphere rather than to behavior of weather. While 
there is little consistent rhythm in weather itself, there 
is a definite rhythm in the pressure patterns which pro­
duce weather. The atmo~phere is not as chaotic as most 
people think. It is a sort of fluid envelope around the 
earth, and like the ocean it has systematic oscillations 
which never exceed certain limits. 

Testing the Theory 

We tested this theory exhaustively by studying se­
quences of pressure maps covering long periods of time 
around the world, and established beyond doubt this 
systematic behavior pattern. We combined this theory 
with actual weather records for a period of 40 to 50 
years, and were able to develop ways to predict the 
weather accurately anywhere in the world. 

However, the forecasts could seldom be pinpointed 
and could not be extended beyond a few months except 
in very general terms. A tremendous number of mathe­
matical calculations are necessary to analyze the mass of 
data involved, and the analyses must be brought to such 
a fine point that these calculations would take literally 
thousands of people more time than is available. By the 
time the work would be finished, the weather being 
predicted would long since have passed. Moreover, the 
inevitable human errors in computations would cause 
considerable inaccuracy in the final result. 

The Univac 120 has provided the answer to this 
bottleneck. It can do the necessary computations error­
free in a matter of minutes or hours, depending on the 
complexity of the material and the solutions that are 
sought. Thus, the ability to pin-point a forecast, sought 
for so long by meteorologists, is now at hand. Depend­
able, long-range weather forecasting has become an 
established fact. 

(Continued on next page) 
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IBM'S PROGRAMMED COMPONENT 
ASSEMBLY SYSTEM 

Neil D. Macdonald 
New York, N. Y. 

ON AUGUST 22, International Business Machines 
Corp., New York, announced an automatic ma­
chine for the assembly of printed wiring circuit 

boards. The machine is used to fasten resistors, capaci­
tors, diodes, transistors, and similar components into 
circuit panels bearing printed wiring, before these 
panels are made into complete plug-in units for inser­
tion into computers and other electronic equipment. 

But the most important and novel thing about this 
machine is that when a change in layout and insertion 
of components on a panel is called for, the machine 
takes its new instructions from a pack of IBM punched 
cards, and is thereby programmed to reset and work in­
stead on a changed assignment. 

The new machine is called the Programmed Com­
ponent Assembly System. It was developed and built 
by manufacturing engineers at the IBM plant in Pough­
keepsie, N. Y. The first machine is currently hard at 
work assembling wiring panels for the company's data 
processing equipment. Assembly speed is more than 10 
times faster than by previous manual methods and a 
more uniform product is obtained. 

The system was built for the company's own use, but 
IBM's new Special Engineering Products Division is 
considering making similar machines available to in­
dustry. The system now in use at Poughkeepsie inserts 
onc component every second and one-half. The pro­
posed market version of the system is a one-a-second 
machine with a probable price in the $100,000 range. 
IBlV! believes the extreme simplicity and economy of 
the changeover operation makes the new system par­
ticularly adaptable to low production runs of a great 
variety of board assemblies. 

Characteristics Standardized 

A key to the successful design and operation of the 
Programmed Component Assembly System was the 
decision to standardize many characteristics of printed 
panels as well as dimensions of electronic components. 
Now, for example, all components are packaged in one 
of two ranges of size regardless of their individual 
characteristics. Prior to this, the great variety of shapes 
and sizes of these components resisted automated 
assembly methods. 

Components are grouped according to their electrical 
values, mounted on masking tape "belts," and wound 
on "cut-off" reels, much in the same way that machine 
gun bullets are loaded in drums. Several thousand com­
ponents are stored on each reel in this fashion. The 
system has a capacity of 20 reels, although it can be 
expanded to accommodate many times that number 
if necessary. The reels are set in place on the selection 
"rack" and the taped componen ts are fed into cut-off 
stations. 
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In order to attach a component onto a printed panel, 
three instructions are provided simultaneously by the 
system's card reader. Two columns of an IBM card 
contain the three instructions needed to insert anyone 
component. The first tells the device which one of 20 
different stored components to select, cut off from its 
reel, and deliver to the insertion system. The second 
and third instructions position the panel so that the 
selected holes are accurately aligned under the insertion 
mechanism. When all three instructions have been 
obeyed, the insertion system automatically inserts thc 
selected component and staples it' to the panel. This 
process continues over and over until all instructions 
have been followed and the printed panel is completely 
assembled. 

The Programmed Component Assembly System will 
accept a panel of any size up to 10 inches square, and 
will operate to accuracies of better than 1/500 of an 
inch. A two-directional servo system performs the posi­
tioning operation and can locate the panel to receive a 
component at any intersection of a grid with 1/20th 
inch spacing in each direction. 

Univac Pinpoints the Weather 
(Continued from page 8) 

Teamwork Brings Progress 

Continued progress in our work, of course, is entirely 
dependent on teamwork-the combined efforts of our 
own staff plus government agencies. We get exact de­
tails of what the weather is up to-temperatures, atmos­
pheric pressures, wind strengths and direction, cloud 
heights and visibility-funneled directly to us by the 
U .S. Weather Bureau. They come to us by way of Civil 
Aeronautic Authority Teletype circuits, 24 hours a day, 
seven days a week, through arrangement with the De­
partment of Commerce. 

For cloud seeding this constant flow of information is 
absolutely essential. If we have been asked to "provide 
rain" in a given area, we must know when conditions 
will be propitious. No one can create a cloud. All we do 
is to make use of existing ones. As these "moisture 
banks" move along they pick up deposits, and they're 
inclined to be stingy, making us labor to secure a with-
drawal. . 

Usually not more than five percent of a cloud's mois­
ture is given up during a rainstorm. With the use of 
silver iodide crystals for cloud-seeding, we try to release 
seven or eight percent. This is no loss to anyone, be­
cause a cloud automatically makes up for lost moisture 
as it moves along. When compiled weather data show 
that the moment is right, we bombard the target cloud 

(Please turn to page 30) 
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MATHEMATICAL SUBROUTINES 
For the UNIVAC SCIENTIFIC COMPUTER - a Survey 

Werner L. Frank 
The Ramo-Wooldridge Corporation 

Los Angeles, California 

I N THE three-year period since the delivery of the 
first of the UNIVAC Scientific Computers by the 
Sperry Rand Corporation, the program libraries of 

the various installations employing these machines have 
developed a repertoire of mathematical subroutines which 
reflect, in a large sense, the basic computational needs of 
industry and science. In addition, the programs also give 
indications of the status of the computing art with respect 
to the mathematical methods and numerical techniques 
which are employed. Presented here is a survey of such 
available routines for the UNIVAC Scientific Model 1103 
and 1103A computers. As an aid to the reader, some 
characteristics of these two computers are presented in 
Table 1. Though there are important differences between 
the computers, programs prepared for the 1103 will oper­
ate on the 1103A with minor modifications; the converse 
is true only if certain instructions of the 1103A are not 
used. 

Elementary Functions 

Subroutines for the elementary functions are a necessary 
building block for all computing centers and have prob­
ably been given more attention than any other type of 
function. While many mathematical methods are available, 
the popularity of the rational function approximations of 
Hastings [1] are evident since most subroutines employ 
these expressions for the determination of trigonometric, 
exponential and logarithmic functions. 
There are, however, applications of Chebyshev polynomial 
(RR) * and minimax fits (RW) for a few of these func­
tions. An example of the former is a routine which 

evaluates sin ; x and cos ; x, while the latter has been 

applied to finding logex and eX. The technique of con­
tinued fraction expansions (WS) is used for finding eX 

and arctan x in one instance, while the Taylor se~ies ex­
pansion (AP, CV) has been employed for finding sin x 
and cos x. 

Agreement seems to be universal for finding the nth root 
of a number by the Newton-Raphson procedure. However, 
one of the more popular routines (RR) for square root 
makes an initial rational function approximation to ,Ix 

* Letter pairs in parentheses identify the computing installation 
which has prepared the subroutine in question. The identification 
is according to the following: 
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(AP) Applied Physics Laboratory, Johns Hopkins University 
(BO) Boeing Airplane Co., Seattle, Washington 
(CV) Convair, San Diego, California 
(OR) Operations Research Office, Chevy Chase, Maryland 
(RR) Remington Rand Univac, St. Paul, Minnesota 
(RW) The Ramo-Wooldridge Corporation, Los Angeles, 

California 
(WS) White Sands Proving Grounds, New Mexico 
(NA) National Security Agency, Washington, D. C. 

and follows this by one cycle of the Newton-Raphson 
iteration. 
Most of these routines are available for the 1103 and 
1103A and operate in fixed and floating point real arith­
metic. In one instance a square root subroutine has been 
prepared for operation in double precision, real arithmetic 
and also for complex arithmetic. 
The availability of these routines is given in Table II. 

MATRIX ALGEBRA 

Among the more important mathematical subroutines are those 
which find solutions to linear systems of equations and inverses 
of matrices. In most of the available programs these closely asso­
ciated problems are solved by a single subroutine designed to 
determine the unknown matrix X in the linear matrix equation 
AX = B. The three direct methods [2] of Gauss, Jordan and 
Crout and the iterative Gauss-Seidel procedure [2] have been 
coded and are summarized in Table III. 
To find the determinant of a matrix the technique of elimination, 
to the point of a triangular matrix, is performed. The product of 
the elements on the diagonal of this reduced matrix is then the 
desired result. Routines (CV, RW) operating in floating point, 
real and complex arithmetic are available. Limits on the order 
of the matrices are n~170 and n~115 respectively for the arith­
metics mentioned. 
The determination of eigenvalues and eigenvectors of both real 
symmetric and arbitrary complex matrices has been given consid· 
erable attention. Among the methods coded to solve the sym­
metric case are the well known Jacobi rotational procedure [3, 4] 
and also the gradient method due to Hestenes and Karush [5]. 
As a result of an intensive research program a number of codes 
have been prepared for the non-Hermitian case which employ the 
power method, root finding techniques and condensation of data 
by applying symmetry transformations [6]. A description of these 
routines is presented in Table IV. 
In addition to these standard problems many installations possess 
special abstractions which perform some of the basic matrix oper­
ations. Such codes are usually part of an interpretive system. They 
include computing vector norms, scalar product and matrix 
multiplication. 

ROOTS AND EXTREMA OF 

NON-LINEAR FUNCTIONS 

A variety of root finding techniques are available for the 1103 
and 1l03A computers, including two new methods due to Ward 
[7] and Muller [8]. Although in most cases such subroutines 
are prepared to find the zeros of polynomials, there is one pro­
gram which can also handle arbitrary functions. The character­
istics of these codes are given in Table V. In connection with 
polynomials a number of subroutines have been prepared which 
evaluate this function, for given argument, by the well known 
nesting algorithm. 
A subroutine has also been prepared to minimize a function of 
n variables with one constraint by a modified steepest descent 
technique. This program (RW) is carried out in floating point, 
real arithmetic and can handle problems of dimension up to 
order 20. 

DIFFERENTIAL EQUATIONS 

The problem of finding the solution to a system of ordinary 
first order differential equations has been treated by a number 
of subroutines. The three methods programmed include a modified 
Euler method, the Runge-Kutta-Gill [9] procedure and the 
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Adams-Moulton predictor corrector method (10). In all cases 
equations of order larger than one can also be handled by suitable 
representation. The characteristics of these routines are sum­
marized in Table VI. 
It is noted that no standard library routines are available for 
solving partial differential equations, although special programs 
have been prepared for specific problems. 

INTEGRATION AND DIFFERENTIATION 

Definite integral evaluation is performed by a combination of 
techniques. These include: 
(a) Combination of Simpson's rule and Newton's three-eighths 

rule (RW) for equally spaced points Xn where 2~n~16,000. 
(b) Combination of Simpson's rule (RW) and formulas of 

Milne (11] for equally spaced points Xn where 8~n~4095. 
(c) Gauss' Quadrature (WS) for up to 16 points and for a 

selected set to 48 points. 
All three programs are prepared for operation in real, fixed point 
arithmetic. In addition (b) is also available in a real, floating 
point version. Methods (a) and (b) are fourth and fifth order 
processes respectively. 
One subroutine (CV) is available which evaluates the first and 
second partial derivatives of a function of up to 48 variables by 
a central difference scheme. 

INTERPOLATION AND CURVE FITTING 

Three basic interpolation subroutines have been prepared. The 
first program (RW) performs third order interpolation by Neville's 
method for any tabulated function of one variable. The independ­
ent variable may be unequally spaced and up to 4095 points are 
admissible. Two other programs (CV) are available which per­
form four point Lagrange interpolation for bivariate and trivariate 
functions. These subroutines also find interpolated values for the 
first partial derivatives. The calculations for the above routines 
are performed in real, fixed point arithmetic. 
Curve fitting of discrete data has been given considerable atten­
tion. In addition to the usual least squares procedure of solving 
the associated set of normal equations, a routine has been pre­
pared which makes the fit by orthogonal polynomials generated 
by a three term recurrence relation (12]. Also programmed is 
the procedure for polynomial fitting according to the mini-max 
criterion (13). A summary of available subroutines which perform 
this operation is contained in Table VII. 

LINEAR PROGRAMMING 

A linear programming routine (RR) has been prepared to max­
imize (minimize) a linear form subject to a set of linear re­
straints. The method of solution adopted is the alternate algorithm 
of the Revised Simplex Method due to Dantzig (14). The 
program takes advantage of zero entries in the coefficients and 
the computation is performed using floating vector arithmetic. 
The number of restraints cannot exceed 106 and the number of 
variables, including slack variables, is restricted to be less than 
258. Also, the product of these two dimensions must not exceed 
15,000. 

STATISTICAL ANALYSIS 

The following statistical operations have been programmed and 
standard subroutines are available. 
( 1) Analysis of Variance-Performs an analysis of variance on 
up to 1536 observations of at most 7 variables with associated 
levels ranging from 2 to 7. There can be as many as 217 effects 
and interactions but no interaction of more than 2 factors. Each 
variable can have associated with it an orthogonal polynomial 
of up to fourth degree. The program (CV) operates in real, 
floating point arithmetic. 
(2) Moments of a Function-Three subroutines (CV) are avail­
able which compute the central moments of a function. The first 
of these finds the average, standard deviation, second through eighth 
central moment, skewness and kurtosis. Also a histogram is pro­
vided. The second routine approximates the first four central 
moments of a function of up to 15 variables. One also obtains 
the mean and standard deviation of the function. Knowledge of 
the first eight central moments of the independent variable is 
necessary in addition to the first and second partial derivative of 
the function. Finally, the mean, second, third and fourth central 
moments of a function of n variables are estimated having given 
these same quantities for each of the up to 15 independent vari­
ables. A modified Edgeworth series, together with a Monte Carlo 
technique, is used to represent the distribution of each of the 
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variables. These programs all operate in real, floating point 
arithmetic. 
(3) Multiple Regression and Correlation-This program (RR) 
performs a regression analysis for up to 30 independent and de­
pendent variables with up to 400 observations for each. A number 
of statistical quantities are computed in addition to the basic 
regression coefficients. The routine employs both fixed and float­
ing, real arithmetic in an optimum fashion. 
(4) Auto-Correlation-Two subroutines (AP, RW) compute an 
estimate of the autocorrelation function for a given lag m, em­
ploying real, fixed point arithmetic. Up to 16,000 points can be 
admitted and m is restricted to be less than 850 or 2047 depend­
ing on the routine. I.' 

(5) Power Spectral Density-Two subroutines (AP, RW) esti­
mate the power spectral density function from given values of the 
autocorrelation function associated with a time series, by the tech­
nique due to J. Tukey (15). The time series must be such that 
the two functions are related by the Fourier transform. The 
number of values of the autocorrelation function is limited to 
2047 and the computation is performed in real, fixed point arith­
metic. 
(6) Random Number Generation-The question of pseudo­
random numbers has been given attention in at least five different 
subroutines (CV, OR, RR, RW, WS). All of these operate in 
fixed point arithmetic and tests have been performed to check 
the degree of randomness. All programs employ a method de­
scribed by Lehmer (16] and Juncosa (17]. Included in this 
repertoire are uniform, normal and negative exponential (e-") 
distribution. In addition a routine (AP) for generating normal 
deviates is also available which employs the Fibonacci Series (18]. 

CONCL USIONS 

The information presented in this article is a summary of re­
sponses to inquiries which were made to the various users of the 
UNIVAC Scientific Computers. While most of these subroutines 
were designed for operation on the 1103 rather than the more 
recent 1103A, more activity is currently being devoted to the 
development of programs for the latter machines. Instrumental 
in this endeavor is the Mathematics Committee of the USE 
(UNIVAC Scientific Exchange) organization which promotes and 
coordinates mathematical subroutines, 

TABLES 

Table I: CHARACTERISTICS OF THE UNIVAC 
SCIENTIFIC COMPUTERS (APRIL, 1957) 

Each item in the following tabulation shows: Feature / Report for 
the 1103 machine / Report for the 1103A machine. The slant 
signs ( / ) are the equivalent of the vertical separating lilIes in the 
usual table. 

Number of machines delivered / 11 / 6 
Number of machines on order / 0 / 13 
Delivery date of first machine / October, 1953 / October, 1956 
Word length / 36 bits / 36 bits 
High Speed Storage Capacity / 1024 words, electrostatic; 1024 

words, magnetic core / 4096, 8192, _ or 12,288 words, 
magnetic core 

Magnetic Drum Storage Capacity / 16,384 words / 16,384 words 
(up to 2 such uo,its) 

Magnetic Tape Storage Capacity / Four units with 65,386 words 
each / Up to 10 uniservos with 326,000 words each (384,000 
words optional) 

Basic Input / Paper tape, punched cards / Magnetic tape, paper 
tape, punched cards 

Basic Output / Paper tape, punched cards, flexowriter, line 
printer / Magnetic tape, paper tape, punched cards, flexo­
writer, line printer 

Floating point / No / Optional 
Operating Speeds in Microseconds / 36-66, addition; 266, multi­

plication; 490, division / Fixed point: 32-60, addition; 259, 
multiplication; 486, division. Floating point: 156-308, addi­
tion; 182-386, multiplication; 650-660, division. 
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Table II: SUMMARY OF AVAILABLE 
ELEMENTARY FUNCTION SUBROUTINES 

Each item in the following tabulation shows: Type of function 
subroutine / Method employed / Fixed point arithmetic em­
ployed? Floating point arithmetic employed? 

Yx / Rational function approximation combined with Newton­
Raphson iteration / fixed, floating. 

n Y X / Newton-Raphson / fixed, floating. 

sin ~ x, cos !!-.- x / Chebyshev fit / fixed, floating. ' 
2 2 

sin x, cos x / Sheet Nos. 14 and 16*; Taylor Series / fixed, 
floating. 

sin- 1 x, cos-1 x / Sheet No. 39; Taylor Series with refinements / 
fixed, floating. 

tan x / sin x (-75 o~x~75 0); Modified Taylor Series / fixed, 
cos x 

floating. 
tan- 1 x / Sheet No. 13; Continued fraction expansion; Taylor 

Series / fixed, floating. 
loge x / Sheet Nos. 42 and 56; mini-max fit / fixed, floating. 
log2 x / Sheet No. 42 / fixed, - . 
eO: / Sheet No. 20; continued fraction expansion; mini-max fit / 

fixed, floating. 
e-:1: / Sheet No. 59 / fixed, - . 
2" / Sheet No. 20 / -, floating. 
(*Sheet Numbers refer to the identification made in refere11ce [1].) 

Table III: CHARACTERISTICS OF LINEAR EQUATION 
AND MATRIX INVERSION SUBROUTINES 

(AX = B, AX = I) 
Each item in the following tabulation shows: Method and Source / 
Arithmetic, number of mantissa bits, number of exponent bits / Ca­
pacity in solving linear systems / Capacity in inverting matrices 
/ SPecial devices and limitations. 

Gaussian Elimination (RW) / real fixed arithmetic, 35 mantissa 
bits, - / n~179 / n~104 / determines pivot by inter­
changing rows. 

Gaussian Elimination (RW) / real floating arithmetic, 27 mantissa 
bits, 8 exponent bits / n~179 / n~104 / determines pivot 
by interchanging rows. 

Gaussian Elimination (RW) / real floating arithmetic, 62 mantissa 
bits, 8 exponent bits / n~103 / n~52 / determines pivot 
by interchanging rows. 

Gaussian Elimination (RW) / complex floating arithmetic, 27 
mantissa bits, 8 exponent bits / n~103 / n~52 / determines 
pivot by interchanging rows. 

Gaussian Elimination (RR) / real floating arithmetic, 27 mantissa 
bits, 8 exponent bits / - / n~30 / Finds inverse of sym­
metric matrices only. Has option to improve computed inverse 
Xo by iterating on Xk+l = X k (2 - AXk). 

Crout (CV) / real floating arithmetic, 35 mantissa bits, 35 ex­
ponent bits / n~51 / n~51 / improves solution Xo of Ax = b 

k 
by iterating on AXk+1 = b - A ~ Xi. 

i=o 
Jordan (WS) / real floating arithmetic, 27 mantissa bits, 8 ex­

ponent bits / n~63 / n~63 / - . 

Gauss-Seidel (WS) / real fixed arithmetic, 35 mantissa bits, - / 
n~23 / - / Solves linear system, Ax = b where A is a 
positive definite matrix. 

Table IV : AVAILABLE SUBROUTINES FOR FINDING 
EIGENVALUES AND EIGENVECTORS OF MATRICES 

Each item in the following tabulatiOlz shows: Method and Source / 
Arithmetic, 1zumber of mantissa bits, number of exponent bits / Ca­
pacity / SPecial devices and limitations. 

Jacobi rotational method (RW) / real fixed arithmetic, 35 man­
tissa bits / - / capacity: for eigenvalues and eigenvectors 
n~38, 75 (1l03A); for eigenvalues only, n~40, 85 (1l03A) 
/ Obtains eigenvalues and eigenvectors of real symmetric ma­
trices only. 
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Hestenes-Karush near optimum gradient method (CV) / real 
floating arithmetic, 35 mantissa bits, 35 exponent bits / n~64 
/ Takes advantage of zero entries in storage allocations. 
Finds eigenvalues and eigenvectors of real symmetric matrices 
only. 

Leppert's Method (CV) / complex floating arithmetic, 35 man­
tissa bits, 35 exponent bits / n~lO / Obtains eigenvalues 
for arbitrary complex matrices having given good estimates of 
eigenvalues. Eigenvalues must be distinct. 

Leppert's Method (RW) / complex floating arithmetic, 62 man­
tissa bits, 8 exponent bits / n~20 / Obtains eigenvalues for 
arbitrary complex matrices having given good estimates of 
eigenvalues. Eigenvalues must be distinct. 

Roots by determinant evaluation (RW) / Complex floating 
arithmetic, 27 mantissa bits, 8 exponent bits / Tri-diagonal 
matrix n~219 (effective only if n~72). Full-bodied matrix 
n~73 (effective only if n~15) / Finds eigenvalues for 
arbitrary complex matrices by locating zeros of IA - All = o. 

Lanczos bi-orthogonalization procedure (RW) / complex float­
ing arithmetic, 27 mantissa bits, 8 exponent bits / n~20 / 
Finds eigenvalues for arbitrary complex matrices by producing 
a tri-diagonal matrix and finding its roots by method of 
determinant evaluation. 

Danilewski method (RW) / real floating arithmetic has either 
27 or 62 mantissa bits, 8 exponent bits, with capacity n~128 
and n~64, respectively; complex floating arithmetic has 
either 27 or 62 mantissa bits, 8 exponent bits, with capacity 
n~64 and n~32, respectively / Determines eigenvalues for 
arbitrary matrices by finding the associated characteristic 
equation and locating its roots. Choice of arithmetic is 
governed by nature of the matrix. 

Wielandt (RW) / complex floating arithmetic, 27 mantissa bits, 
8 exponent bits / n~32 / Given estimates to an eigenvalue 
and eigenvector, this program obtains these quantities to an 
accuracy determined by a preset parameter. 

Generalized eigenvalue problem (RW) / complex floating arith­
metic, 27 mantissa bits, 8 exponent bits / g + 2n~147 where 
g = number of roots sought; n = order of the matrix A / 
Finds zeros of the determinant of a matrix A(x) having 
elements which are polynomial in x. Determinant evaluation 
is employed. 

Power method (RW) / complex floating arithmetic, 27 mantissa 
bits, 8 exponent bits / n~50 / Finds eigenvectors of arbitrary 
matrices by iterating Ax. = Xl+1. Acceleration is incorpo­
rated. Estimates eigenvalue from Rayleigh quotient. Suc­
cessive values and vectors are obtained by employing matrix 
deflation. 

Power method (NA) / real, vector floating arithmetic, 35 man­
tissa bits, 15 exponent bits / n~25 / Finds dominant eigen­
value and eigenvector only. 

Table V: SUBROUTINES AVAILABLE FOR 
FINDING ZEROS OF FUNCTIONS 

Each item in the following tabulation shows: Method and Source / 
Arithmetic, number of bits in each mantissa, number of bits in 
each exponent / Capacity / Special devices and limitations. 

Ward's Downhill Method (WS) / complex floating arithmetic, 
27 mantissa bits, 8 exponent bits / n~63 / Finds roots of 
polynomials. Deflates polynomial after obtaining each root. 

Muller's Method I (RW) / complex floating arithmetic, 27 man­
tissa bits, 8 exponent bits / 1z~150 / Finds roots of poly­
nomials. After convergence has taken place employs one 
Newton-Raphson step. Deflates polynomial after obtaining 
each root. 

Muller's Method II (RW) / complex floating arithmetic, 27 
mantissa bits, 8 exponent bits / - / Roots of arbitrary 
function are obtained. "Deflation" is replaced by the device 
of considering f (x) 

II ~ = 1 (x - Xi) 

when searching for the (r + 1) th root. 
Newton-Raphson (CV) / complex floating arithmetic, 27 mantissa 

bits, 8 exponent bits / n~50 / The Newton-Raphson proce­
dure is modified to include the second order term of the 
Taylor series expansion. The polynomial is deflated after 
obtaining each root. 
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Table VI: SUBROUTINES AVAILABLE FOR INTEGRATING 
ORDINARY DIFFERENTIAL EQUATIONS 

Each item in the following tabulatioll shows: Method and Source / 
Arithmetic, l11mzber of bits i12 each mantissa, number of bits in 
each exp011ent / Capacity / SPecial devices and limitatiolls. 

Runge-Kutta (RW) / real fixed arithmetic has 35 mantissa bits; 
real floating, 27 mantissa bits and 8 exponent bits; complex 
floating, 27 mantissa bits and 8 exponent bits / Capacity 
essentially unlimited if magnetic drum is used. Systems up 
to 84th order have been solved / Employs Gill's modification 
for storage minimization. Also, a fixed point version adopts 
Gill's device for control of round-off error. 

Modified Euler Method (BO) / Real floating arithmetic, 27 
mantissa bits, 8 exponent bits / 1l~1O / Length of step 
determined by accuracy required. 

Adams Moulton Predictor-Corrector (RW) / real floating arith­
metic, 27 mantissa bits, 8 exponent bits / limited only by 
storage capacity / Program chooses optimum stepping intervals 
according to the accuracy required. Uses modified Euler 
method for starting. 

Table VII: SUBROUTINES AVAILABLE FOR 
CURVE FITTING 

Each item ill the following tabulation shows: Method and 
Source / Arithmetic, nll1nber of mantissa bits, Ilumber of expO/lent 
bits / Description and limitations. 

Mini-Max, one variable (RW) / real fixed arithmetic, 35 mantissa 
bits, no exponent bits / Finds a polynomial of specified 
degree (~16) such that the maximum error of the poly­
nomial over the tabular points is minimized. The points 
must be equally spaced and less than 582 in number. 

Least Squares I, one variable (RW) / real fixed arithmetic, 35 
mantissa bits, no exponent bits / Fits tabular data by poly­
nomials of degree ~63 according to least square criterion. A 
three term recurrence relation is used employing orthogonal 
polynomials. The data points may be unequally spaced and are 
limited to less than 300. 

Least Squares II, one variable (CV) / real floating arithmetic, 
35 mantissa and 35 exponent bits / Fits tabular data by 
either a polynomial f(x) of degree ~6 or by an expo­
nential curve ef(X) according to least squares criterion. The 
data points may be equally or unequally spaced. Limit on 
the number of points is 2500. 

Least Squares I, n variables (RW) / real floating arithmetic, 
either 27 or 62 mantissa bits, 8 exponent bits / Fits tabular 
data by linear combination of simple analytic expressions in 
the independent variables according to the least square crite­
rion. The program employs a Gram Schmidt orthogonaliza­
tion procedure. The number of points N is limited only by 
the capacity of the drum storage. 

Least Squares II, n variables (CV) / real floating arithmetic, 35 
mantissa and 35 exponent bits / Fits tabular data by a 
polynomial in n variables of specific degree p according to 
the least square criterion, found as a solution to the normal 
equations. The program is designed to carry out the special 
problem n = 4, P = 2 and for 44 points. Other variations 
can be set up by simple changes. 
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The Editor's Notes 
and Readers' Forum 

(Continued from page 3) 

seven, which make up the priority number, stores the 
last three as a parameter, and uses the other nine digits 
to look up in a table the address of the operation to 
which the instruction refers. The operation is a series 
of consecutive computer words carried in permanent 
storage. An interpretive routine converts the operation 
into a number of suboperations. An operation, as a 
program of suboperations, can use loops, logical deci­
sions, and orders for making changes in the sentence 
where appropriate. 

"There are 48 basic suboperations. Some of the basic 
suboperations are used for choosing which item to look 
at, or to alter. A sUboperation can also look forward or 
backward from the current item under consideration 
until it finds an item that satisfied some condition. 
Other suboperations can insert or delete whole items, 
or rearrange the order of items in the sentence. 

"The method by which the rules, and the dictionary 
items for them to work on, was arrived at follows. I 
opened a recent French chemical journal at random, 
went to the beginning of the article, and copied out 
the first sentence. Then I wrote a straightforward trans­
lation below it and set out to formulate the verbal rules 

(Please turn to page 21) 
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EXPERIMENTS IN CHESS ON 
ELECTRONIC COMPUTING MACHINES 

P. Stein and S. Ulam 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 

(Reprinted with permission from the Chess Review, Jan., 1957. Note: Readers of COMPUTERS and 
AUTOMATION who are not familiar with the game of chess should omit the middle section, but 
are still likely to find a number of important and interesting ideas in this thought-provoking article.) 

(To the Editor, Chess REVIEW) 

COMPLYING with a request of my friend Dr. 
Claude E. Shannon of M.LT., I am transmitting 
to you the appended article which the well known 

mathematician and mathematical physicist Stan Ulam 
and a colleague of his, P. Stein, have written on chess­
playing machines. 

Prof. Ulam has done some very important work in 
connection with atomic energy and computing ma­
chines. He is normally working at Los Alamos Scientific 
Laboratory where atomic research is carried on, but is 
currently a visiting professor in the mathematics depart­
ment at M.LT. He is also a good chess-player. 

The experiments described in the article represent 
the first instance in which an electronic computer has 
been made to play essentially a whole game of chess on 
the basis of operating instructions of strictly general 
nature. 

Previous attempts never concerned themselves with 
more than either short mating combinations (prob­
lems), where a computer would find the solution by 
running through every legal series of moves, or elemen­
tary endings, like King and Rook against King, where 
comparatively simple instructions would enable the 
machine to avoid blunders, or where certain routine 
ways of forcing mate were embodied in the instructions 
move by move, so that the machine could consult these 
instructions, similar to a human player who consults 
Fine's book on end-games when he gets stuck in analyz­
ing an adjourned position. 

Previous Literature 

Undoubtedly, your readers will remember one or the 
other of the fantastic pieces which have off and on ap­
peared in the press on the subject of chess-playing 
machines, ever since Norbert Wiener, in his famous 
book, lICybernetics," first speculated on the possibility 
of constructing a computer which lImigh t be as good a 
player as the majority of mankind," and Claude Shan­
non actually enabled a little home-made computer to 
playa few simple positions with few enough pieces not 
to overtax the memory of the machine. 

Some chess players who discussed the subject with 
me at the time, and who had not read Shannon's paper 
on a practical method of handling the problem, flatly 
n~fused to believe that a machine could arrive at making 
amove which had not been previously lIput into it" by 
the operator. It was most amusing how violently they 
rejected the idea of a machine doing something akin to 

14 

lIthinking," though I ventured to say that it was really 
a question of definition whether or not we could dignify 
the machine's performance with that term. 

Since we do not as yet understand the mechanism of 
our own thinking, we can, of course, not design a ma­
chine which thinks the way we do. But in operating on 
given premises in accordance with given instructions, 
the machine arrives at results which the human mind 
can discover only by "thinking." Moreover, neuro­
physiological research has established that the com­
plicated interactions between our nerve cells involved 
in thinking is partly of an electrical nature and that 
there is a certain parallelism in the ways in which nerve 
cells and the electronic elements of a computer behave 
in transmitting their informatory signals. Thus, when 
we say that a computer thinks, we are perhaps still 
within the limits of permissible poetic liberty even 
though human instructions must guide the thinking to 
avoid nonsensical results. 

Recently, I had occasion to playa game of checkers 
against one of the most advanced electronic computers 
hitherto designed at LB.M. The mathematician, Dr. 
Arthur Samuels, had worked out checker-playing in­
structions which permitted the machine to calculate 
three moves in advance. I play checkers worse than 
chess, but I felt that I could easily see three moves 
ahead anyway. 

In the. early middle game, out of a clear sky, the 
computer sacrificed one man, and then two more, and 
I was just about to make a polite remark to Dr. Samuels 
about the machine's deplorable oversight, when I 
noticed to my horror that no matter what I played-I 
had the choice between two continuations-the ma­
chine would win back the three men with the better 

I game. 
A computer of this type is expected at M.I.T. early 

this year. It would no doubt lend itself to a considerable 
elaboration of the chess instructions designed for the 
Los Alamos machine and thus lead to a tremendous im­
provement of the quality of the game the machine can 
play. I do hope that Dr. Shannon and Prof. Ulam will 
find some spare time to devote to this problem and that 
I may have occasion to offer a few chess-strategic sug­
gestions. Edward Lasker 

IS CHESS an art or a science? All devotees of the 
game know that the great player is one who possesses 

superior lIinsight" -but what, precisely, is its nature? 
One view is that chess skill is a divine gift; some players 
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seem to possess an intuitive feeling for the pregnant 
situation, amounting at times to an almost mystical 
perception. At the other extreme lies the theory that 
great chess is the result of consistent application of 
rational principles. Most writers on the game will be 
found to have taken their stand somewhere in between. 
They speak, indeed, of "rational principles," but when 
it comes to the question of "consistent application" 
they throw up their hands and, at least by implication, 
support' the intuitionists. One suspects that many 
authorities regard the "rational principles" of chess as 
somehow inferior, indispensable but prosaic guides to 
lead the player through the maze of complications 
when his intuition is unhappily dormant. Alternatively, 
one can very well argue in reverse, i.e., that chess is 
basically an exercise in logic and that intuition is only 
called upon when the process of calculation becomes 
too difficult or, at least; too time-consuming. * 

Our knowledge of chess to-date tends to support the 
view of the game as more an art than a science. Only in 
certain standard situations, e.g., the simplest end-games 
and mates, can chess be thought of as reduced (some 
die-hards might prefer the word "elevated") to a SCIence 
in the sense that a certain well-defined procedure will 
invariably produce the expected result. Despite many 
decades of intensive study and analysis, the "correct" 
handling of the opening remains an art rather than a 
science. Innovations are constantly appearing as early as 
the fourth or fifth move in what were previously 
thought to be the best-established lines. 

"Best Play" Theories 

As for the middle game, technique in this phase of 
play can hardly be described logically, except in the 
most general terms and illustrated, paradoxically, by 
elucidation of a few very special situations. Yet no one 
can deny that there must exist, in theory, principles 
capable of more or less precise formulation that con­
stitute the basis of "best play." The first, and in some 
ways the most thorough-going, attempt to enunciate 
such principles is that of Wilhelm Steinitz. 

Steinitz's theory is discussed at length in Dr. Emanuel 
Lasker's famous book "Manual of Chess." Lasker was a 
mathematician by profession, and one would not be 
surprised to see him exalt the rational element in chess. 
Curiously enough, while praising reason in general, and 
Steinitz's theories in particular, Lasker seems to have 
felt that the net result was insufficient. That is, while a 
knowledge of the rational principles laid down by 
Steinitz is indispensable, it is not enough. One needs 
imagination and, above all, the ability to act in the face 
of the unforeseen, both in the chess "struggle" and in 
life, of which he considered chess to be a sort of puri­
fied miniature. (Cf. Reinfeld's excellent introduction to 
Lasker's book.) 

One feels that Dr. Lasker would not have applauded 
efforts to reduce chess to a set of essentially numerical 
rules. Steinitz's dicta concerning the attack and the de­
fense, and above all, the principle of the "accumulation 

• It is hardly necessary to mention that, mathematically 
speaking, chess is in principle completely determined, that is, 
a well-defined strategy exists which leads to a unique outcome. 
Practically, of course, the determination of this strategy is not 
feasible. Cf. von Neumann and Morganstern's "Theory of Games 
and Economic Behavior" for a short discussion of this point. 
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of small permanent advantages," have been the basis of 
all later rational developments. On the practical side, 
certain concepts such as rapid development, weak 
squares, open files, etc., have shown themselves to be 
highly relevant in the majority of situations. 

These concepts are certainly basic to the analysis of 
positions as well as being indispensable guides in actual 
play.l They, at least, have a statistical validity. (We 
might add that they are the meat and drink of the com­
mentators; without them, the art of annotation would 
consist solely in the listing of continuations.) 

These precepts give rise to criteria by which the rela­
tive strengths of certain types of positions may be 
judged. Do they, then, constitute a set of ttprinciples" 
for the play of the game? It is permissible to doubt it. 
There must be some more fundamental ideas involved. 
The authors are not prepared to say what these are, but 
at least two obvious postulates must be included. The 
first and most obvious is the principle of 'tMaterial Ad­
vantage," i.e., the securing and maintaining of a plus in 
material. This point needs no discussion; specific tac­
tical considerations apart (and certainly "ceteris par­
ibus," as Lasker would say), it is clearly a good thing to 
be a piece up. 

Secondly, there is the principle of "Superior 
Mobility," i.e., the securing of more freedom for one's 
pieces and the restriction of the opponent's field of 
action. This principle can be seen in operation even in 
the play of the average chess amateur. No one can 
doubt the validity of these elementary desiderata: the 
interesting question is how far method of play can be 
based on these two principles alone. What then about 
combinations? What about direct mating attacks? 

We think that such tactical points are to some extent 
taken care of in the application of the two general 
principles. (A combination can be looked on, roughly, 
as a device to win material or to gain room for maneu­
ver.) As for mating attacks, the mate is the most ex­
treme case of immobility for the player mated (the case 
of stalemate, of course, requires special consideration). 

Programming the Code 

These simple thoughts appeared to merit some sort 
of test. Accordingly, a group of scientists at Los Alamos, 
including amateur chess players,2 decided to construct 

. a method (technically known as a ttcode") which 
would enable an electronic computing machine to play 
chess utilizing just these two criteria of material ad­
vantage and mobility. A well known article by C. 
Shannon, ttProgramming a Computer for Playing 
Chess," Philosophical Magazine, May, 1950,s descr~bes 
such possibilities in admirable fashion. 

Chess-playing "codes" for automatic computers have 
been successfully constructed in the past-by the late 
Professor A. Turing in England and, quite recently, by 
a Russian group. No details are yet available on the 
Russian effort,4 but Turing's attempt is fully reported in 
the book, ttFaster Than Thought," edited by Bowden. 
Without going into details, we need only say that 
Turing's code allowed his electronic player to see only 
one move ahead, except in certain particularly vital 
situations. Needless to say, the machine did not succeed 
in playing a very good game and was easily beaten by its 
"trainer ." 
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N ow the restriction of the machine's range of fore­
sight to a single move was necessary in Turing's case in 
order that the time required per move should not be too 
long. To readers who are unfamiliar with the workings 
of automatic computers, this may seem surprising, 
hence a few remarks on the general problem of coding 
chess for machine play may not be out of place: 

Let it be said once and for all that computing ma­
chines do not "think" (the term, "giant brains," not­
withstanding!). They add, subtract, multiply and divide, 
in addition to which they can make elementary deci­
sions: e.g., whether or not a given number is larger, 
smaller, or equal to a second given number. All more 
complicated operations must be compounded from 
these simple ones. 

To make a computing machine perform any given 
task, all the rules must be provided in advance, and 
these in quite explicit form. The more complicated the 
problem, the more detailed and elaborate must be the 
code embodying the rules of calculation. In a game like 
chess, the computer must proceed in a quite naive 
fashion, essentially trying all possibilities which are 
allowed by the rules of the game, and then picking the 
"best" in accordance with some pre-arranged criterion. 
Starting from a given chess position, a sequence of 
moves of prescribed length can very well include mil­
lions of possibilities. 

64 Million Sequences 

For instance, if we consider a sequence four moves 
long, (two moves by each side), and assume for the 
sake of argument that there are 20 legal moves possible 
at each stage, then the number of different possible 
sequences (in the following we shall call them 
"chains") is 160,000. If we wish to consider three moves 
by each player, keeping the number of legal moves avail­
able equal to 20, then some 64 million chains can occur! 

Lest the reader feel that 20 is too high a figure for 
the number of possible legal moves at each stage of such 
a chain, we give a concrete example. Starting from a 
position reached in a standard line of the King's Indian 
after seven moves on each side (M.e.O. p. 89, col. 46), 
the average number of legal moves at each stage of the 
six-move chain (three moves by each side) following the 
actual column is just over 31. (These are the legal 
moves, not necessarily good or even sensible moves.) 
There are thus roughly 890 million chains possible. 

In human play, all but a very few of these chains are 
rejected almost instantaneously, and the remaining con­
tinuations are subjected to relatively careful scrutiny. 
How the human brain does this is certainly a great 
mystery; and, until we know more about the mechanism 
of thought, we cannot incorporate such features into a 
machine code. That the machine can achieve any worth­
while result by its naive method of trial and error is 

1. An admirably lucid discussion is given by Dr. M. Euwe in 
his book, "Chess Strategy and Tactics." 

2. In addition to the authors, J. Kister, W. Walden, and M. 
Wells were involved in the planning and preparation of these 
experiments. Cf. an article to appear in the Proceedings of the 
Western Joint Computer Conference. 

3. Given in essence in "20th Century Chess-Playing Automata" 
by Edward Lasker, page 104, Chess Review, April, 1950. - Editor. 

4. A short report appeared in Pravda; apparently, some games 
were played on a computer in Moscow. According to the article, 
the machine can not hold its own with a "good" player. Just 
how "good" is not stated. 
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due to the great speed with which it performs its ele­
mentary operations. 

The computers of two or three years hence will be 
able to perform nearly a million of these elementary 
operations in a second. Even at that rate, and even if 
the machine did not have to spend time separating out 
the legal moves from those forbidden by the rules of 
chess, it would take well over two hours to make a 
single move in our above example. Incidentally, it 
should be mentioned that present-day machines are 50 
to 100 times slower. 

Thus we see that, even with this great advantage of 
speed, the length of the chain that can be considered 
at any stage of a chess game is severely limited by time 
considerations. In addition, if the machine had to "re­
member" too ,much information during the course of 
the game, it might well run out of space in which to 
store this information; another way of putting this is 
to say that its "memory" capacity might be exceeded. In 
practice, this is usually not so serious a limitation as 
that imposed by the time required per move, since the 
amount of information that must be retained from 
move to move can be reduced by ingenious coding. 

On the other hand, if one should wish to incorporate 
a large set of rules applying to special situations that 
arise in practice, one might well overtax the memory of 
even the largest computer. For example, suppose that 
our main purpose were to make a computing machine 
playa better-than-average game of chess. In view of the 
impracticability of extending the "range of foresight" 
beyond, say, three moves, it might seem a good idea to 
incorporate into the machine's memory several thou­
sand typical positions (arranged, perhaps, in some 
thematic order). 

The machine could then, by direct comparison, 
choose that pattern most relevant to the actual position, 
after which it could consult a library of suggested con­
tinuations and tentatively select its move, subjecting the 
result to some standard evaluation. The machine would 
then be playing, so to speak, by analogy. To do so prop­
erly might require a tremendous amount of storage 
space. Actually, the authors do not feel that such an 
approach is fruitful as yet, less because of the technical 
difficulties involved than because the results would not 
shed much light on the fundamental structure of the 
game. 

Try "6x6" Chess 

With these considerations in mind, we decided to 
test our ideas, not on the classical game of chess, but 
rather on a somewhat simplified version which we call 
"6x6 chess." This is a game in which the Bishops and 
Bishop Pawns are omitted and the rest of the pieces are 
arranged in the usual order on a 6x6 board. The rules of 
the game are identical with those of ordinary chess ex­
cept that castling is not allowed, and the initial Pawn 
advance is restricted to one square. (The reason for this 
last rule becomes obvious on setting up the board.) 

It turns out that 6x6 chess is an interesting game in 
its own right, though vastly simpler than its 8x8 parent. 
Much of the flavor of chess is retained, though it soon 
becomes clear that there is little room for maneuver. 
The reason we chose this game for our initial experi­
ments was to enable a machine to look two moves 
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ahead, i.e., two by each side, and still make its moves in 
a reasonable time (the number of legal moves at each 
stage is roughly half the number for classical chess). 
Therefore we get a factor of 16 = 24 for chains, and 
the machine could make a move in about 10 minutes; 
on the average 8x8 game, it would take over one hour 
per move. 

finally selecting that continuation which resulted in the 
greatest net mobility, coupled with the greatest material 
advantage. (This description of the procedure is not 
strictly accurate, but the actual prescription is too in­
volved to be discussed here.) 

We did not use the fastest machine available in our 
laboratory, but rather a slower and older machine 
known officially as MANIAC 1. This computer can per­
form about 10,000 elementary operations per second 
and was ideally suited to the simplified problem we 
wished to study. Omitting technical details, we need 
only say that the machine examined all legally allowed 
four-move chains (i.e. two moves by each player), 

Mobility was defined for this purpose as the number 
of legally available squares; certain weightings were ap­
plied later in order to avoid a few obviously senseless 
moves (cf. White's first move in Game I). Material 
strength was evaluated by assigning to each Pawn the 
value of eight legal moves and valuing the other pieces 
accordingly, following the scale generally accepted as 
applying to the classical game (the correct relative 
values are undoubtedly different for our game; as yet 
they are unknown) . 

THESE CRITERIA are admittedly ex­
tremely crude. Nevertheless, the actual 
games revealed several amusing features. 
The first game pitted the machine against 
itself. The very first move indicated that 
the code needed revising. 

GAME I 
Maniac I. Maniac I. 
White Black 

1 N-K3 P-93 
White did not "expect" ... P-Q3. 

His shortsightedness results in loss of time. 
Later, this weakness was corrected. 

2 N-N1 
3 P-K3 
49-K2 

P-9N3 
P-K3 
P-94 

White continues to waste time. 

5 PxP 
6 9-91 

NPxP 
9-R3 

Black gives up his advantage; he is 
afraid of the check at R3. 

7 9-R3t 9x9 
8 Nx9 K-91 

Black avoids being checked at N5. 
Though we give a few diagams to set 

the visual picture for the reader, we 
advise him to follow the moves care­
fully on a properly blocked off board. 
There are a number of mild surprises 
for a player used to the conventional 
board and notation.-Editor. 

9 N-R3 K-92 
Black leaves the Pawn en prise. 

10 R-9N1 
White fails to take it. He feels his 

Queen Knight is not secure. 
10 . • • • K-K1 12 PxN R-91 
11 N-94t NxN 13 R-N5 

White wins a Pawn, anyway. 
13 . . . . N-92 
14 RxP R-9N1 

Black threatens mate on the move. 

t = check; :j: = dbl. check; § = dis. ch. 

15 R-N5 R-R1 17 NxNP KxN 
16 P-R3 P-R3 18 RxNt K-N1 

19 R-K5? R-K111 
Here Black failed to see the win: 19 
•. RxP 20 P-N3 (forced), P-R4! 21 

any, R-R6 mate. 

20 RxRt KxR 
21 P-95t 

White's play is hardly precise. 

21 • • . • KxP 23 P-N3 
22 K-91 R-KN1 24 PxP 

KPxP 
R-N31 

Black will not play 24 . 
fear of the Rook check. 

PxP for 

25 RxP 
26 PxR 

RxR 
K-N2 

And now it's all over. 

27 P-R5 K-R3 
28 P-R6(9) KxP 
29 9-K4 

And mate the next move. 

BY MINOR ADJUSTMENTS in the 
evaluation procedure, we were able to cor­
rect some of the more serious weaknesses 
in the machine's play which the first game 
exposed. We now felt ready to let MANIAC 
play against a suitably handicapped human 
player. Dr. Martin Kruskal, of Princeton, 
graciously accepted the challenge. Since 
Dr. Kruskal is a strong (8x8 chess) player, 
we felt it only fair to have him give the 
machine odds of a Queen. As a slight 
compensation, he was allowed to play 
White. The game follows. 

GAME II 
(Remove 

Dr. M. Kruskal 
White 

1 P-K3 
2 P-9N3 

White's Queen) 
Maniac I 

Black 
N-9R3 

N-N1 
Black's shortsightedness has not yet 

been cured. 
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3 P-93 
4 P-94 
5 KPxP 
6 N-9R3 
7 K-K2 

P-K3 
PxP 

P-9R3 
P-KN3 

K-N2 

8 P-R3 
9 K-92 

10 PxP 
11 N-K3t 
12 KxN 

P-N4t 
PxPt 

N-KR3 
NxN 

White has succeeded in closing the 
position so that Black's Queen has no 
scope. If the Queen ever gets loose, White 
might as well resign. Black can, of course, 
free himself by sacrificing his Knight for 
a Pawn, but such subtlety is well beyond 
him. 

12 .••• K-R3 
13 K-92 

White wants to make room for his 
Knight at K3. This plan occurred to him 
just as he was on the verge of conceding 
a draw. Note that, if he plays 13 N-Q2, 
then 13 ... K-N21 forces the Knight 
back to R3: e.g., 14 RxR? Q-N3tl 15 
PxQ (forced), PxP mate. 

13 R-R2 
14 K-N2 R-N1 
15 KR-K1 

White prevents the dangerous advance, 
15 ... P-K4. 

15 ...• R-KN2 
This weak move gives White an idea for 

a mating trap. 
16 N-Q2 RxR 
17 KxR R-N1 
18 K-N1! 

~~~.E_ 

~ •. --• ~~ -t . ~~ . 
.~~ ~ .~~.Q ~ 

_~W'~ !f~~ 

-~- ~~~ -,4J_ft_ 
~ .~. ~ ~?{$l::::!l. 

This waiting move is the key to the 
combination. Kruskal thinks he can predict 
the Machine's next move. 

18 • . . . R-N2?? 
\Vhite has guessed correctly. Black now 

loses his Queen. 
19 N-N1! 9-N3t 

Black's last move is heart-breaking, but 
necessary. In eminently human fashion, the 
machine "deliberated" 20 minutes before 
giving up its Queen. But, otherwise, 20 
N-K3 is mate. 

(Please turn to page 20) 
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Spectral Response of Sylvania's new IN77B 

Type IN77B 

... puts tinier beams 

Sylvania designs a smaller photodiode 

with improved capabilities to handle 

applications where space is limited 

Sylvania, leader in diode development, introduces the 
IN77B, a new smaller junction photo diode with superior 
power dissipation and higher temperature capabilities. 
The improved unit, with a diameter of .077 inch, is ideal 
for highly compact assemblies and other applications 
where space is at a premium. The new IN77B, which 
replaces type IN77A, is now available at substantially 
lower prices in volume quantities. 

The compact construction and fast response of the 
Sylvania IN77B make it ideal for rapid, highly sensitive· 
scanning and reading applications, such as in computer 
tape or punched cards readout. The new unit is also readily 

"Sylvania-synonymous 

with'Gf) Semiconductors" 
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A fraction of an inch in diameter, new Sylvania photodiode, type IN77B, is ideal 
for computer tape readout. It operates in the visible and infrared regions 

of light to work 

adaptable to infrared detection and heat-seeking devices 
because it is sensitive to light wave lengths extending 
from near ultraviolet into infrared. Other applications 
for the new 1N77B include liquid level control, headlight 
and street light dimmers, intensity controls" photoelectric 
controls and motion picture sound pickup. 

Sylvania's improved photodiode has a higher lumen 
intensity than other types and a high output impedance. 
This is especially advantageous when coupling into 
vacuum tube or grounded collector transistor circuits. 
The new units are hermetically sealed in glass with a 
built-in lens that focuses light on the sensitive portion of 
the junction. The light interruption frequency response 
of the 1N77B photodiode is flat from 300 cycles to 15 kc 
at 100 percent with 260 lumens/sq. ft.; R L ... 110,000 
ohms, -45 v. 

Contact your Sylvania representative for further in· 
formation on the new 1N77B. 

.010" Dia. ~±V.63 

1
- Tinned ¥.." 

_ Leads 

~1."'~ T 
Mm. .07,7 Dia. 

=.008 

Sylvania's new photodiode, type IN77B. 
is nearly 20 percent smaller in diameter 
than type IN77 A which it replaces 

TABLE OF RATINGS & CHARACTERISTICS 
Absolute Maximum Ratings (at 25°C): 

Operating ,Voltage • • • • • • • • • • • • • 50 volts de 
Ambient Temperature (Maximum) •••••• 75°C 
Power Dissipation •• « • • • • • • • • • • 40 Milliwatts 
Forward Current • • • • • • • • • • • • • 10 Ma dc 

CHARACTERISTICS 1 

Reverse Current--Dark (ER= -10 volts} ••• 15 ua max. I 
Reverse Current-Dark (ER= -50 volts) ••• 100 UI max. j 

Noise Voltage--Dark (ER>;= -45 volts, , ~' 
Rl=lOO,OOO ohms) • 15 Millivolts max. ' 

light Sensitivity •••••••• 18.7 peak.to·peak,volts-min: 
light Sensitivity. • • • • • •• 37.5 peak.lo-peak volts-max. 
Typical Minimum Frequency Response. • • .,15.0 KC 

, '::', , " ...... " '~,.:., ,'" ~~ ",;:..<V:......".:;.~.~~» »,~-."""~""",,;,,.~" ,: 

SYLVANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 

Shell Tower Bldg., Montreal 

LIGHTING • R A D I 0 • TELEVISION • ELECTRONICS 
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Experiments in Chess GAME III N-Q4t, etc. If White doesn't take the 
Pawn, then ... P-Q4 decides quickly. 
White's sixth move is certainly very weak; 
but Black lets him get away :with it. 

(Continued from page 17) Maniac I 
White 

1 P-K3 

Beginner 
Black 

20 PxQ 
21 K-Q2 

PxP 
P-K4t 

Black's inherent limitations afford him 
no chance in the end-game. 

An improvement over the opening move 
of Game 1. 

7 NxN NPxNt 
7 ... KPxNt is much better. 

22 PxP P-N5 30 NxR K-Q2 
23 R-Rl R-Nl 31 K-K3 K-N3 
24 R-R5 PxPt 32 K-K4 NxP 
25 K-K2 R-N3 33 PxN K-N4 
26 RxP R-Nl 34 P-Q5 K-N3 
27 NxPt K-N3 35 P-96 (Q) K-N4 
28 KxP K-K3§ 36 N-K3 K-R5 
29 R-N5 RxRt 37 Q-Q3 K-N6 

38 Q-N2 mate 

1 •••• 
2 N-KR3 
l P-QN3 

6 

P-QN3 
P-K3 
P-N3 

4 N-Nl 
5 PxRP 
6 K-K2? 

N-Q4? 

P-QR3 
NxP 

8 K-Kl P-R3 12 Q-R3 Q-N2 
9 P-QR3 R-Nl 13 Q-R2t K-N2 

10 P-R4 R-Rl 14 R-Nl 
11 P-R5 K-K2 15 RxQ 

16 R-Nl 

RxP 
RxQ 

R-QR2 
White's Queen-side demonstration has 

resulted in the loss of a Pawn; but his 
general play conveys at least as good an 
impression as does Black's aimless wander­
ing. Now White starts action in earnest on 
the King-side. 

17 P-R3 R-R3? 
Black is oblivious to the danger. 17 

... P-N4 is necessary. 
18 RPxP P-Q3 21 PxR(Q) N-Q2 

THE THIRD GAME matched the ma­
chine against a beginner with one week's 
experience, who had, in fact, been taught 
the game expressly for the purpose of 
participating in this contest. The play was 
naturally weak on both sides, but as the 
ending shows, MANIAC enjoyed a slight 
advantage in precision. 

Analysis indicates that 6 ... P-Q3 
wms. If 7 PxP, QxP, most of the winning 
lines start with ... N-KR3 or, when 
that fails (as on 8 K-Kl), with . . . 

19 N-R3t K-Kl 22 QxPt K-Ql 
20 P-N5t K-K2 23 N-N5 mate 

All things considered, the machine 
handled the final attack most impressively. 

WE MUST NOW ASK, what do these simple ex­
periments indicate for the future attempts? It appears 
that these games, though weak, tend to confirm the 
over-ruling importance of our two simple criteria. One 
must remember that our code had absolutely no "ex­
perience," tactical or strategic, built into it. One might 
think that many of the elementary blunders could be 
corrected by allowing the computer to explore certain 
special chains of, for example, exchanges farther than 
our standard two moves.5 We definitely plan to do so, 
in the near future. 

One result of this procedure should be to make 
almost three of four-move mating combinations trivial, 
even in the 8x8 game. We feel confident, for instance, 
that the machine will find Marshall's famous "golden 
move" (Marshall-Levitsky, Breslau, 1912), starting from 
the same position (and without any coaching from the 
sidelines!). To be sure, when we do experiment with 
real chess (as we hope to this winter), we shall have to 
include as a general principle something equivalent to 
"King safety." 

In defining mobility, we shall also not merely count 
available moves but weight them differently, e.g., mov­
ing a Knight closer to the enemy's camp should count 
more than retracting it, etc. Whether or not other 
criteria will be required cannot be answered in advance 
of the experiment. The authors feel strongly that, per­
haps in contrast to the popular view, it is not the "bril­
liancies," i.e. on the whole, forced tactical combina­
tions, but their preparation-the general feeling for 
strategy-which constitutes the deepest part of the 
game and the most difficult to incorporate in any future 
machine code. 

This factor manifests itself with the greatest clarity 
in the games of Alekhine. Cf. the comment of Spiel­
mann on Alekhine games: "I see well enough the com­
binations themselves, but where he gets the positions 
enabling him to start the combinations is beyond me." 

A second look at our 6x6 games, however, reveals a 

5. This device was extensively employed by Turing, who divided 
all positions into two categories, "dead" and "considerable." 
Turing's code followed only the "considerable" positions in any 
detail, i.e., farther than one move by each player. 
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truly shocking weakness. In our comments on Game 
III, we have mentioned that White's sixth move leads 
to a lost game. It is quite likely that the exchange on the 
rook file initiated by White's fifth move is already suffi­
cient to doom him-the unnecessary freeing of Black's 
King Knight is fatal. 

It seems that in 6x6 chess, control of the center plus 
the slightest freedom to maneuver is decisive, mainly 
because the adversary is almost necessarily in "Zugz­
wang" on the crowded board. While it is easy enough 
to correct the particular fault of White's fifth move by 
a slight adjustment, it is by no means clear how to avoid 
the evil via the invocation of a precise and general rule. 
(Of course, the principle of mobility would be sufficient 
if coupled with an extended range of foresight.) We 
hope that further experiments will shed light on this 
problem. 

Finally, we must state our feeling, very likely, that no 
machine will be coded to play master chess within the 
next 10 or perhaps even 20 years. Nevertheless, we feel 
that experimentation along the lines we -have discussed 
is useful in helping to fix the balance between foresight 
and rule in chess. It is also our hope that such studies, if 
pursued sufficiently far, may be suggestive in regard to 
learning about the functioning of the brain itself-cer­
tainly the most efficient chess-playing machine yet 
imaginable. 

Note on Computer-Chess 

The significance to chess of these experiments, related in the 
foregoing article, is tremendous. 

This machme able to play under the guidance of general prin­
ciples permits the testing of such principles. The faster, newer 
machines can work on our orthodox game. And the vast power of 
their "memory banks" makes the tests permanently applicable. 

True, the testing reported in this article is so elementary as to 
be even crude-to the expert, laughable. But, in time and as 
each "proved" principle is made a part of a machine's guiding 
directions, the play of the machine will improve, at an accelerated 
pace! 

As devotees to chess, and so possibly biased, we feel that the 
game cannot be reduced to any mathematical formula-not even 

(Please turn to page 30) 
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The Editor's Notes 
and Readers' Forum 

(Continued from page 13) 

that would convert the French into English. This 
sentence had about 40 words in it, and it took some 10 
hours to work out the rules from scratch. 

"Turning to the second sentence, I added new items 
to the dictionary, invented new rules, and modified 
existing rules un til the system would handle both 
sentences. The third sentence was attacked in the same 
way, and so on up to 220. By the 200th sentence, the 
time for adding each new sentence to the repertory was 
about 15 minutes per sentence. 

"To my own satisfaction at least, this showed that by 
the time 200 sentences of running French text had 
been processed in this way, most of the major diffi­
culties had been encountered, and given solutions that 
could be called good first approximations. Further prog­
ress, once the computer version of the system is work­
ing properly, should be very rapid." 

II. From A. F. R.' Brown 
Institute of Language and Linguistics 

Georgetown University 
Washington 6, D. C. 

THE ILLIAC program that I mentioned in my 
paper on machine translation is now working; not flaw­
lessly I find, but the interpretive routines work properly 
and show up the faults in the "macro-programming" of 
constants and suboperations into linguistic operations. 
So I now have the first crumb of concrete success. 

COUNCIL FORMED BY SCHOOLS AND 
INDUSTRY FOR IMPROVING 
SCIENCE INSTRUCTION 

Hughes Aircraft Co. 
Culver City, Calif. 

NEARLY 100 national leaders in science, education 
and industry gathered on July 7 for a week-long national 
industry-education conference at the new University of 
California extension conference center at Lake Arrow­
head, Calif., 5000 feet above Los Angeles. Their purpose 
was to take a calm look at the nation's scientific man­
power shortage, and decide how industry and education 
could best cooperate to end it. The sponsors of the con­
ference included the National Academy of Sciences, a 
key scientific advisory body to the federal government, 
and Hughes Aircraft Co. of Culver City, Calif., one of 
the \Vest's biggest developers and manufacturers of 
electronic equipment. 

For five days the conference delegates listened to 
national authorities outline the dimensions of the 
manpower problem. Robert L. Clark, executive secretary 
of the President's Committee on Scientists and Engi­
neers, warned that "the scientific manpower shortage 
can be ended onlv in the local classroom" by improved 
teaching of scien~e courses from grade school through 
junior college. A science specialist of the U. S. Office of 
Education, Ellsworth S. Obourn, pointed out that the 
number of new science and mathematics high school 
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teachers had dropped more than 50 percent between 
1950 and 1954, and only now is beginning to climb 
slowly toward 1950 levels. 

Finally teachers, businessmen and scientists from 
eight different states described local teamwork between 
industry and education that had improved science in­
struction in the nation's schools. 

By Thursday afternoon, the delegates had begun to 
process the facts, data, and ideas through discussion 
groups. By Friday evening they were evolving a plan for 
organized industry-education cooperation that could be 
used first in the Southern California area and then 
extended to other areas and communities. 

By Saturday noon, when the conference adjourned, 
the delegates had: 
- Established a permanent Southern California Indus­

try-Education Council, with a full time paid executive 
secretary and a five-man steering committee represent­
ing both industry and education. The Committee 
members were Dr. Joseph B. Platt, chairman, presi­
dent of Harvey Mudd College in Claremont, Calif.; 
Dr. Lester C. Van Atta, associate research director, 
Hughes Aircraft Co.; Everett Chaffee, associate super­
intendent, Los Angeles city schools; Adm. C. F. 
Horne, vice president of Convair and manager of the 
company's Pomona, Calif. division; and T. Stanley 
\Varburton, superintendent of Fullerton, Calif., high 
school and junior college districts. 

- Appointed five area "salesmen" within the Southern 
California area, each with the responsibility of getting 
together more industries and schools to improve 
science teaching programs. 

- Approved a drive to raise funds from industry for 
running the new Council, and received informal 
assurances from industrial delegates that the needed 
money would be forthcoming. Both the National 
Academv of Sciences and the National Science Foun­
dation ~lso promised financial backing if necessary. 

- Agreed to publish a manual, with the backing of the 
National Academy of Sciences, to show other areas 
how to start their own industry-education cooperative 
programs. 

- Employed as the Council's first executive secretary 
James T. Robinson, 34, a brilliant high school science 
teacher from Whittier, Calif., with a knack of dis­
tilling complex scientific principles into simple 
language. 
Robinson is to serve the Council until the middle of 

September, when he will leave to study at Stanford on 
a National Science Foundation scholarship. When 
Robinson's successor takes over, the Council steering 
committee expects the industry-education cooperative 
program to be well under way. 

"Industry and education delegates to the Arrowhead 
conference quickly discovered that they had the same 
goals," said Dr. Van Atta. "Industrialists discovered that 
educators want industry's help in making science teach­
ing come alive through demonstrations of the practical 
applications of scientific theory. Educators found that 
industrialists want their future scientists to get plenty 
of English and other non-scientific courses as well as 
technical training, to help them 'think big' and then 
communicate their ideas to others. 

t 
(Please turn to page 26) 
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INDUSTRY NEWS NOTES 
Ed ·Burnett 

New York, N. Y. 

SIZE OF COMPUTER MARKET 

FORTUNE MAGAZINE has estimated that the cur­
rent market for computers (about zero as late as 1952) 
is now about $350,000,000 (or some 3 times the figure 
published by Forbes). The Fortune estimate for 1960 
is $1 billion, $2 billion annually by 1965. These last 
compare favorably with the results of a nationwide sur­
vey by Computers and Automation published in the 
May 1957 issue which indicates the computer market in 
the next five years uwill be between four billion and 
seven and one-half billion dollars." Fortune reports that 
there are now over 1200 computers in use, more than 
200 in the $1 million-plus class, more than 800 in the 
$100,000 to $500,000 class, and about 250 in the under 
$100,000 class. 

GRADUATE EDUCATION 

WESTERN ELECTRIC CO., New York, has 
launched a program of graduate education for its 
engineers on six college campuses (N ew . York U ni­
versity, Northwestern, Illinois lnst. of Tech., Cornell, 
Duke, North Carolina State) and in three specially 
equipped centers in New York, Chicago, and Winston­
Salem. About 2000 students each year are planned for. 
The new centers will give courses in communications 
systems, planning for manufacture, product design prin­
ciples, communicating ideas, operations research, in­
dustrial control devices, engineering statistics, planning 
of manufacturing facilities, advanced tool design, com­
puter theory, and other subjects. Completely supported 
by the company, the new program is designed to ease 
the critical shortage of engineers by making recruits 
more quickly effective, and by increasing the capabilities 
of experienced engineers. The scope of the program is 
equal to the establishment of a new engineering school 
of 1000 full-time students. 

NEUTRON FLIGHT ANALYZER 
GRAPHS REACTOR ENERGY 

A NEW electronic computer at General Electric's 
Knolls Atomic Power Laboratory now measures, counts, 
and classifies the flight of neutrons from a nuclear 
reactor. A counter at the end of an established flight 
path detects the neutrons, and relays the data to the 
analyzer, which then produces a graph showing the 
energy characteristics of the reactor. Formerly, it took a 
full month of laborious recording to determine the 
energy distribution from different reactor setups. With 
the new tool, developed by scientists Elmer J. Wage 
and Donald S. Davidson, an analysis in graphic form re­
quires only one hour. 
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THIRD ANALOG COMPUTING 
CENTER OPENED 

ELECTRONIC ASSOCIATES, INC., Long Branch, 
N. J., has opened its third analog computing center, in 
Brussels, Belgium. The Electronic Associates computer 
there is equipped with 100 amplifiers, comparable to the 
EA computing center in Los Angeles and about half the 
size of the EA computing center in Princeton, N. J. 
The three centers represent a total investment of about 
$1 million. 

The company has found that Brussels is the hub of 
the European market they want to reach. It has heli­
copter service to Paris and Rome, excellent rail facil­
ities, and a cluster of industrial research around it; 
Belgium has a sound currency, a stable government, an 
excellent location, and a favorable attitude towards 
American business. 

The Brussels computing center will make computa­
tions for aircraft and missiles, petroleum, and nuclear 
energy. (While the United States plans 1 ~ billion 
kilowatts of nuclear electrical capacity by 1962, Eura­
tom plans for ten times that by 1967.) It is expected 
that the new computing center will add 70 percent to 
the company's income from foreign sales during 1957, 
as compared with 1956. 

Planning New Series 

The company is planning to bring out a new series 
of computers called Operations Control Computers. 
These will give optimum solutions to linear program­
ming problems such as gas blending, rate of recovery, 
economic scheduling, feed mixing, and metal alloys. 
While this type of problem can be solved by a digital 
computer, the analog computer generally solves this 
kind of problem in a very short time, so quickly in fact 
that one can solve the problem over and over as condi­
tions change, and ukeep riding the optimum." 

The company has noticed that an engineer familiar 
with vectors and ratios becomes a competent analog 
computer user in a short time, as for example in prob­
lems of .'~utomotive computations, on engines, pistons, 
electrical and mechanical systems, heat transfer prob­
lems, stability, vibration. To accomplish the same with 
a digital computer, the engineer usually finds he needs a 
middleman, the mathematician, in between him and 
the machine. An engineer quickly learns to master the 
analog computer, and make it his own tool. Because it 
is a "model" of his conditions, he gets a ufeel" for his 
problem, and he can ((imagine" the piece of equipment 
he is working on and how it behaves, because there is 
almost no time-lag between the information in the 
mind of the engineer and the information provided by 
the analog computer; the relationship is close and 
intimate. 

(Please turn to page 24) 
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The development and production of the finest quality solderless terminals for your 
electrical circuitry requirements is AMP's primary objective. We also constantly 

search for allied products and application techniques that will speed, simplify, 
and obsolete present time-consuming sub-assembly operations. AMP-SPIRAP and 

its application technique stems from such constant searching actiVity. 

AMP-SPIRAP is a unique, spirally-cut plastic wrapping that • •. 

o eliminates tedious cable lacing, insulation damage, and pulling of wires 
through spaghetti tubing 

o is quickly applied to wire bundles of any size up to 3 Y2 inches diameter 

o permits individual wires to be entered or led out at any point 

o is quickly unwound to allow wires to be added, removed, or relocated­
thereby eliminating the necessity for cutting into the ca ble bundle after assembly 

o holds wires together tightly, but permits flexibility for forming cable 

o provides mechanical protection over entire length of cable 

When required for your maintenance and repair needs, 0 
AMP-SPIRAP is available in the U.S.A. through American a n I 
Pamcor Inc. AMERICAN I':,CORINC. 

Additional information about AMP-SPIRAP and its application versatility 
is available on request. SEND FOR YOUR FREE SAMPLE TODAY. 

GENERAL OFFICES: 

3132 Eisen hower Sou I evard, Harris burg, Pa. 
Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England • Societe AMP de France, 
Le Pre St. Ger~ais, Seine, France • AMP-Holland N.V. 's-Hertogenbosch, Holland 
Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 



THE SECOND UNIVAC-LARC 

THE SECOND Univac-Larc has been contracted for 
by the U.S. Navy Bureau of Ships with Remington 
Rand, Division of Sperry Rand. It will cost about $3.5 
million, will be able to perform more than 100,000 
multiplications per second, and is expected to be de­
livered at the end of 1958 to the Applied Mathematics 
Laboratory at the David Taylor ~10del Basin near 
Washington. 

The first LARC (Livermore Automatic Research 
Computer) was designed for the Radiation Laboratory 
of the University of California at Livermore, Calif. 

A major use of the Navy's LARC will be to solve 
problems associated with nuclear reactors and their in­
corporation into shipboard power plants. The Bureau 
of Ships, in designing the Navy's vessels using nuclear 
reactors, has used tens of thousands of hours of elec­
tronic computer time. The speeds of the computers 
used, fast as they have been, have still been slow 
enough to force undesired limitations upon scientists 
and engineers responsible for designing reactor power 
plants. In order to complete their designs within the 
specified time limits, the mathematics used has had 
to include certain gross approximations. 

With the new LARC, it will be possible to obtain 
solutions to reactor problems which more closely ap­
proach reality than has previously been possible. 

Work in other fields of interest to the Navy, such as 
hydrodynamics, ship-hull design, sonar and radar propa­
gation, and logistics planning can be processed with in­
creased savings over present computer costs. 

LARC uses transistors-numbering in the tens of 
thousands-almost to the exclusion of vacuum tubes. 
This increases the reliability of the computer, while 
decreasing the electrical power and air conditioning 
needed. 

The computer is divided both mechanically and 
functionally into separate cabinets, so that the 
capacity of the computer can be increased in many ways 
by adding different types of these cabinets. This will 
enable the computer to handle still larger problems 
that are expected to occur in the future. 

Another feature of the LARC is the use of two 
separate computers to make one integral computer 
system. One of the computing units is used exclusively 
for performing the arithmetic (additions, multiplica­
tions, etc.) used in the solution of a problem, while a 
second computer simultaneously controls the flow of 
data required by the first computing unit. Each unit 
has been designed to perform its function with max­
imum efficiency. The use of the second computing unit, 
the "input-output processor" that controls the flow of 
data, greatly expands the capacity and speed of the 
Univac-Larc system. 

For the LARC, the Bureau of Ships has also con­
tracted for a very high speed computer readout, a Char­

, actron readout, from Stromberg Carlson, Division of 
General Dynamics Corp. 

The computer readout will be able to display and 
record on film split-second "thoughts" of the LARC 
computer at the rate of 15,000 characters per second, 
50 percent faster than any computer r~adout ~reviously 
built by the company. The speed compares WIth about 
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1,200 characters per second achieved by the fastest 
mechanical printers in general use with computers. 

Dual cameras for recording the data on 35 mm. film 
will be the only moving parts in the readout. Two com­
plete recording systems will be provided so that one 
can be loaded with film while the other is operating, to 
give continuous service. The film will be taken from the 
machine for normal darkroom photographic processing 
and later study. 

LONG RANGE MISSILES REPORT 
TO TAPE RECORDERS 

TAPE RECORDERS to receive information directly 
from missiles passing in flight nearby are being installed 
at more than 100 points, both on the ground and on 
ships over the South Atlantic, throughout the test range 
of the intercontinental ballistic missile of the Air Re­
search Development Command. This range to test 
guided missiles extends from the missile launching site 
near Patrick Air Force Base in Florida across the 
Atlantic to Ascension Island off the coast of Africa. 

The recording equipment, valued at over $1,000,000, 
collects the data broadcast by the missile on tempera­
tures, pressure, and thrust and then plays it back to give 
an "in-flight" pattern of operation. Designed and built 
by Consolidated Electrodynamics Corp., Pasadena, 
Calif., the units simultaneously can record up to 14 tape 
tracks or information channels on a single tape reel. 
The data is so recorded that it can be automatically 
translated and transferred to punch cards or coded tape 
for computer analysis. 

VALUE LINE INVESTMENT SURVEY 
OF OFFICE EQUIPMENT STOCKS 

A TEN-PAGE section of a recent issue of The Value 
Line Investment Survey, New York City, appraises the 
investment opportunities in the stocks of Address­
ograph-Multigraph (AIN), Burroughs (BGH), Inter­
national Business Machines (IBM), Marchant 
Calculators (MRC), National Cash Register (NC), 
Pitney Bowes (PBI), Royal McBee (RMB), Smith­
Corona (SCT), Sperry Rand (SY); and Underwood 
(UNX). 
, While formerly highly cyclical and thus regarded as 

a sensitive business barometer, the office machine busi­
ness "through diligent research ... has created new 

, revolutionary products . . . has thus created new mar­
kets ... and has changed into a growth industry." 

But the Survey warns that investors, looking at the 
phenomenal prospects of the office equipment com­
panies, have bid up their stocks to " ... levels which 
ignore current values and discount earnings too far into 
the future." The Survey predicts "Competition in the 
electronic computer field has become progressively 
keener, a situation that is likely to result in lower rental 
fees or sale prices for these machines." 

(Please turn to page 26) 
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MANUSCRIPTS 
WE ARE interested in articles, 
papers, reference information, and 
discussion relating to computers and 
automation. To be considered for 
any particular issue, the manuscript 
should be in our hands by the first 
of the preceding month. 

ARTICLES: We desire to publish articles 
that are factual, useful, uuderstandable, 
and interesting to many kinds of people 
engaged in one part or another of the 
field of computers and automation. In this 
audience 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 significance. He should defiue un· 
familiar terms, or use them in a way that 
makes their meaning unmistakable. He 
should identify unfamiliar persons with a 
few words. He should use examples, de· 
tails, comparisons, analogies, etc., when· 
ever they may help readers to understand 
a difficult point. He should give data sup· 
porting his argument and evidence for his 
assertions. 

We look particularly for articles that 
explore ideas in the field of computer:. 
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 3000 words. A suggestion for 
an article should be submitted to us be· 
fore too much work is done. 

TECHNICAL PAPERS: Many of the fore· 
going requirements for articles do not 
necessarily apply to technical papers. Un· 
defined technical terms, uufamiliar as· 
sumptions, mathematics, circuit diagrams, 
etc., may be entirely appropriate. Topics 
interesting probably to only a few people 
are acceptable. 

REFERENCE INFORMATION : We desire to 
print or reprint reference information: 
lists, rosters, abstracts, bibliographies, 
etc., of use to computer people. Weare 
interested in making arrangements for 
systematic publication from time to time 
of such information, with other people 
besides our own staff. Anyone who would 
like to take the responsibility for a type 
of reference information should write us. 

NEWS AND DISCUSSION: We desire to print 
news, brief discussions, arguments, an­
nouncements, letters, etc., anything, in 
fact, if it is not advertising and is likely 
to be of substantial interest to computer 
people. 

PA YlVIENTS: In many cases. we make small 
token payments for articles and papers, if 
the author wishes to be paid. The rate is 
ordinarily % ¢ a word, the maximum is 
$15, and both depend on length in words, 
whether printed before, whether article or 
paper, etc. 

All suggestions, manuscripts, and in­
quiries about editorial material should be 
addressed to: The Editor, COMPUTERS AND 
AUTOMATION. 815 Washington Street, 
Newtonville 60, Mass. 

NCR Research offers exceptional oppor­
tunity to men with strong experience in 
the digital computer industry. 

Many important openings exist in both 
basic and development phases of com­
puter and data processing componentry. 
NCR uses the team approach to 
solving problems in physical chemistry, 
ceramics, and solid state physics in­
volving magnetics, ferroelectrics, phos­
phors, photoconductors, electrolumines-

cence, crystal structure, memory devices, 
and non-mechanical printing. 

Challenging projects in electronics also 
need men with new ideas and superior 
know-how for systems analysis, switching 
circuits, logical design, indication media, 
random access, input and read-out devices. 

These men should have one or more 
degrees in the fields of electrical or elec­
tronic engineering, physics, chemistry, ce­
ramics or mathematics. 

INVESTIGATE NCR's research program! We have 
other interesting openings. 
Write or wire: Director of Scientific Personnel, 
Section C 9-A, The National Cash Register Com­
pany, Dayton 9, Ohio. 

THE NA TIONAL CASH REGISTER COMPANY 
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Industry News Notes 
(Continued from page 24) 

These new machines, particularly "the fabulous elec­
tronic computers, do not replace or displace standard 
office equipment. Rather, each of them presents a 
brand new concept of mechanizing office routine. For 
that reason, instead of depending on the replacement 
market, the sales growth of the office equipment makers 
is now keyed principally to the widening acceptance by 
businessmen of new products designed to mechanize 
business procedures and speed the flow of paper work. 
In today's extremely competitive economic environ­
ment, it has become highly necessary for management 
to obtain complete and significant company informa­
tion far more rapidly than is possible with conventional 
methods." 

DIGITAL TRANSCRIBER 
~ 

MINNEAPOLIS HONEYWELL Industrial Division, 
Philadelphia, has purchased a license to make and sell 
a new electronic test data computer from ROCKET­
DYNE division of North American Aviation, Inc. 
Called the IDIOT II, the new instrumentation digital 
on-line transcriber reportedly can handle 128 pieces of 
information at one time, in measuring such conditions 
as temperatures, pressures, strains. Rocketdyne has been 
using the computer to analyze data from test runs of 
engines for guided and ballistic missiles. Production of 
the computer, tentatively priced in the $200,000 class, 
has been assigned to the Honeywell Beltsville, Md., 
plant now making high speed data recording systems 
using 'magnetic tape. 

The Editor's Notes 
and Readers' Forum 

(Continued from page 21) 

"With this kind of mutual understanding, the new 
Council can serve as a catalyst for increased industry­
education cooperation, and also as a clearing house 
where industry and education can make contact with 
one another to plan new joint projects." 

Hughes has one of the broadest industry education 
programs in the country. The company sponsors college­
level courses and scholarships for more than 1000 of its 
own employees, and has a cooperative program with the 
Los Angeles high schools that was cited at the Arrow­
head meeting as a good example of an industry-educa­
tion project. The Hughes high school program has threc 
parts: 

l. A summer employment program for high school 
science and math teachers that enables them to work 
side by side with top-level Hughes scientists, gaining 
first-hand knowledge of practical applications of the 
classroom theory that they teach during the school year. 

2. Lectures to high school science classes by Hughes 
scientists, bring students up-to-date on the latest scien­
tific developments and stimulating their interest in 
scientific careers. 

3. A summer research project in the Hughes labora­
tories for outstanding high school students, giving them 
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first-hand experience in scientific work as it is carried 
on by industry. 

The Southern California Industry-Education Council 
(SCIEC) plans to encourage more industries and com­
munities to adopt programs such as this and other pro­
grams cited in reports at the conference, such as: 

- Programs for math teachers, to help them help one 
another in reviewing advanced courses in summer 
sessions (Arlington, Va.). 

- Television instruction for science classes, with a top­
notch teacher-scientist and with dramatic laboratory 
experiments (Pittsburgh, Pa.). 

- Scholarships paid by industry, to help poorly-pre­
pared teachers get more training in science instruction 
(Atlanta, Ga.). 

- Teamwork among industry and professional scientific 
societies, providing each school with a single liaison 
scientist to coordinate outside aid to science teaching 
in the schools (St. Louis, Mo., Charleston, W. Va., 
and southeastern New York). 

- Statewide efforts by interested citizens to build more 
public awareness of the importance of science educa­
tion (Oklahoma). 

EXCHANGES OF INFORMATION 

I. From V. Barashenkov, Director 
Saltykov-Schcdrin State Public Library 

Exchange Section, Sadovaya 18, 
Leningrad-Centre, USSR 

OUR LIBRARY is very much interested in the estab­
lishment of friendly exchange relations with your in­
stitution. 

We have available for exchange periodicals and 
monographs issued in the USSR on any branch of 
science. Further details about them you will find in 
"Handbook on the International Exchange of Publica­
tions," Paris, UNESCO, 1956, pp. 442-448, or in other 
catalogs and handbooks. 

In return we should like to receive your publication, 
Computers and Automation. We shall be very grateful 
to you if you find the possibility of sending it to our 
library on the exchange basis. Please note that we pro­
pose to begin exchanging with current issues. 

We sincerely hope that the establishment of such 
relations will be of mutual benefit. 

II. From the Editor to Mr. V. Barashenkov 

WE THANK YOU for your friendly letter of July 
23. We are entering an exchange subscription for 
your library for Computers and Automation. 

In return we would appreciate it very much if you 
would send us, from time to time, copies of reports 
written in English (we have no one in our organization 
who can translate from Russian) on activity relating to 
computers and data processing in the USSR, as you 
may be able to obtain them. 
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Federa/o ANDICON 
CONVERTS ANALOG DATA 

Bulk Subscriptions 
These rates apply to prepaid subscriptions 
to "Computers and Automation" coming 
in together direct to the publisher. For 
example, if 7 subscriptions come in to· 
gether, the saving on each one·year sub· 
I;:cription will be 211 percent, and on each 
two·year subscription will be 31 percent. 
The bulk subscription rates, and savings 
to subscribers depending on the number 
of simultaneous subscriptions received, 
follow: 

into ENGINEERING UNITS - in decimal form 
Reduces data processing time and com­
plexity ..• in military and industrial ap­
plications ... through these outstanding 
IT&T design features: 

1. Modular construction 

2. Mixed radices possible 
3. Positive and negative 

counts available 
4. Serial or parallel read-out 
5. Binary-coded decimal 

output 
6. 10 counts per revolution 
7. Fixed standard synchro 

flange mount 
8. Lightweight-low torque 

Decimal 
Angular 
Latitude 
Longitude 
Time 

For more information, 
write to Dept. V-122. 

Industrial Products Division 

BULK SUBSCRIPTION RATES 
(United States) 

Number of Jtate for Each Subscription, 
Simultaneous alHI Jtesulting Saying: 
SulJscriptions One Year Two Years 
7 or more $4.20, 24% $7.25, 31% 

4 to 6 4.60, 16 8.00, 24 
3 5.00, !l 8.80, 16 
2 5.25, 5 !l.o5, !l 

For Canada, add 50 cents for each year; 
outside of the United States and Canada, 
add $1.00 for each year. 

Special Issues 
The June issue of COMPUTERS AND 

AUTOMATION in each year commencin~ 
with 1955 is a special issue, "The Com· 
puter Directory and Buyers' Guide" con· 
taining a cumulative "Roster of Organi. 
zations" and a cumulative "Roster of 
Products and Services in the Computer 
Field", and other reference information. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

100 Kingsland Road • Clifton, N. J. 

From time to time we publish a cumu· 
lative "Who's Who in the Computer 
Field", as an extra number of COMPUTERS 
ANI! AUTOMATION. The last one published, 
"Who's Who in the Computer Field, 1956· 
57", was issued in March 1957, and con· 
tained over 12,000 entries. 

11·9 

To one looking beyond the four walls of his office, 

environment might be deflned as the sum of (1) work responsibilities 

and (2) colleague personalities. 

The computer programmer we presently seek could not fail to be 

stimulated by (1) work involving the construction of 
broad mathematical models of complex situations for simulation 

purposes on a 704 digital computer, and by (2) colleagues 

with considerable attainments not only in mathematics 

but in systems engineering, psychology, cybernetics, and sociology. 

THE ELEMENT OF ENVIRONMENT 

To qualify, at least one year's solid experience in high-speed 

digital-computer programming is required, 

plus conceptual and logical capacities of a high level. 

A degree in mathematics or science is necessary. 

Call collect or write for more information. 

System Development Division 

The Rand Corporation 

2406 Colorado Ave., Santa Monica, Calif. GRanite 8·8293, Extension 53 or 54 
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NEW PRODUCTS and IDEAS 
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"So far it's a draw - they both come up with 
the same answers, in exactly the same time." 

THE RELIABILITY OF A 
SAGE SYSTEM PROTOTYPE 

t. 

~ 

U( 

A PROTOTYPE digital computer for the Sage System 
has reached a reliability of 87% - according to infor­
mation in a report by W. J. Canty, Lincoln Laboratory, 
M. 1. T., Lexington, Mass., even though this type of 
information-handling system is significantly larger and 
more complex than any other. The Sage System (SAGE: 
initial letters of "Semi-Automatic Ground Environ­
ment") is a large real-time information-processing sys­
tem for air defense including a great digital computer as 
its chief control element. 

The system being tested contains a prototype digital 
computer (called the XD-I) and an experimental air 
defense system. The purpose of the prototype system is 
to gain experience in solving problems of great size and 
complexity that occur in air defense situations. 

In tests over a five-month period, the reliability pf 
the XD-I has averaged 87.8% during 17 hours per day 
used for programmed machine operation. The mean 
free time between machine failures during such opera­
tion has averaged 2.4 hours - a shorter time than de­
sired or expected but now lengthening. More than 5/6 
of the pluggable units removed from the XD-I com­
puter in one month period because they were defective, 
were removed because they were discoverd during 
periods of preventive maintenance and marginal check­
ing. 

The philosophy of performance which has been guid­
ing testing and development is that (1) factors affecting 

28 

reliability should be found out and controlled early ill 
the design of the equipment, and that (2) deteriorating 
components should be identified and removed before 
they fail. 

DISTRIBUTION OF 
EMPTY BOX CARS 

AF1.'ER THREE YEARS of study of car movements 
and application of operations research, the Southern 
Pacific Railroad, in cooperation with the Stanford Re­
search Institute, now helps govern the movement of 
empty box cars with an IBM 650 Computer. 

Control and movement of empty cars is one of the 
major problems of all large railroads. It involves sea­
sonal changes, weather, grading of cars according to 
needs of shippers, divisional movement, switching 
points, "gateways" to connecting railroads, in-transit 
operations, and "foreign" cars (those owned by other 
railroads). The net result is often a total supply of 
empties in excess of actual need, but not distributed ill 
the right places. The expense of maintaining non­
revenue-producing rolling stock is costly. Every car-day 
lost is irretrievable; and, in addition, each t'host" rail­
road must pay to the foreign road rent of $2.75 per day 
for every foreign car on its lines. 

By processing some 70,000 to 100,000 car movement 
cards daily, the new data automation system will 
evaluate car-handling efficiency, forecast traffic trends, 
and provide the basic intelligence needed to move 
empties to maintain optimum car supply. 

On the basis of early test operation, it seems certain 
that the new system will result in a significant reduc­
tion in the number of empty box cars required by the 
railroad for its own operation, and the release of more 
cars to obtain loan-out income from other roads. This 
will increase the service of the line to its shippers, and 
result in a substantial saving in operation expense. 

The Southern Pacific inaugurated this system July 1 
on 11 geographical divisions, covering over 8000 miles 
of track from Portland, Ore., to El Paso, Tex. The new 
system measures car needs, car supply, and car handling 
efficiency for each of these divisions. These data arc 
then fed into the IBM 650, which once each week solves 
a complex equation in a matter of hours. The computa­
tion could be performed by conventional methods, but 
only weeks after the daily data had any useful applica­
tion. 

ELECTRONIC COMPUTERS AID 
THE SEARCH FOR OIL 

THE GROWING DEMAND for oil has fostered 
the design of a number of electronic brains with sim­
ulated degrees in geophysics. In seismic prospecting, 
small explosives are utilized to send sound waves 
through the various rock layers-and the returning 
echoes vibrate a sensitive recording pen. Until recently, 
the translation of these wavy lines into cross-section 

(Please turn to page 30) 
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GENIACS and 
Tyniacs ARE FUN 

lor boys Irom 12 to II I 
Build your own Tiny Genius Com­
puters - Scientific - Instructive -
Entertaining - Safe - with easy­
to-use Parts & Plans in our new K9 
Kit! 

Here is the 
fun of 
creation .. as 
this 14-year­
old boy wires 
his first com­
puter with 
reusable, sol­
derless parts. 

What Is GENIAC Kit K9? 
An improved GENIAC and TYNIAC 

KIT (an electric brain construction 
kit) with which you can make over 45 
small electric brain machines and toys 
which can think or display intelligent 
behavior ... including several semi­
automatic computers. Each one works 
on 1 flashlight battery ... is fUTl to 
make, use and play with ... teaches 
you something new about electrical 
computing and reasoning circuits. (All 
connections with nuts and bolts; no 
soldering; completely safe.) They are 
the outcome of 7 years of Berkeley 
Enterprises development work with 
small robots, including Simon (minia­
ture mechanical brain), Squee (elec­
tronic robot squirrel), Relay Moe (tit­
tat-toe machine pictured in LIFE 
Magazine), etc. 

What Can You Make With 
The GENIAC Kit? 

Logic lUachines: Intelligence test, 
syllogism prover . . . Game·Playing 
lUachines: Tit-Tat-Toe, Nim, Black 
Match, Sundorra 21, ... Computers: 
To add, subtract, multiply or divide, 
using decimal or binary numbers ... 
Cryptographic l\lachines: Coders, de­
coders, lock with 65,000 combinations 
· .. Puzzle·Solying l\lachines: Fox-Hen­
Corn & Hired Man, Bruce Campbell's 
Will and many more. 

What Comes With 
The GENIAC KIT? 

• 64-page GENIAC Manual & 48-page 
TYNIAC Manual (both by E. C. 
BERKELEY) showing how to make 
46 machines. 

• Introduction to Boolean Algebra for 
designing circuits. 

• Wiring Diagrams in full-scale tem­
plate form to help beginners. 

• Over 400 Parts including panel, 
switch discs, jumpers, wipers (im­
pro ve d design), bulbs, soc k e t s , 
washers, wire, battery ... everything 
you need. 

How Can You Order? 
Simllly send check or money order 

for $17.95 to Dept. RHO for each kit you 
want ••• for shipment West of l\1iss., 
add 80¢; outside U. S., add $1.80. Buy 
it now on our 7·day Full Refund Guar. 
antee if not satisfactory. 

r---MAIL THIS COUPON----, 
I Berkeley Enterprise1I, Inc., Dept. R 110 I 
I 815 Washington St., Newtonville 60, Mass. I 
I I WANT TO HAVE FUN with I 
I GENIACS on your MONEY -BACK I 
I GUARANTEE OFFER. Please send I 

I I 
I.me ------------------ K9 Kit (s) - I I 

I enclose $-------------- -- in full pay- I 
I ment. I 
I My name and address are attached I 

The New 

BRYANT MAGNETIC 

STORAGE 

DRUM 

The new 512A Bryant general purpose magnetic storage drum 

is built to meet the exacting requirements of all permanent storage 

problems, yet is versatile enough to be used as a laboratory in· 

strument. It is the result of 25 years' experience in designing and 

producing high·speed precision spindles. These standard 5" dia. x 

12" long drums are stocked for immediate shipment at a price 

that reflects quantity manufacture, far below the cost of customer· 

designed drums. 

Features: 
• Guaranteed accuracy of drum run·out, .00010" T.I. R. or less. 

• Integral motor drive - Bryant precision motor 

• Capacities to 625,000 bits 

• Speeds up to 12,000 R. P. M. 

• 500 kilocycle drum operation possible 

• Accommodates up to 240 magnetic read/record heads 

• Provides for re·circulating registers as well as general storage 

• High density ground magnetic oxide coating 

• Super'precision ball bearing suspension 

• Vertical mounting for trouble·free operation 

Write for complete details on the new No. 512A 

BRYANT GAGE and SPINDLE DIVISION 

P. O. Box 620-K, Springfield, Vermont, U. S. A. 

DIVISION OF BRYANT CHUCKING GRINDER CO. 
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New Products and Ideas 
(Continued from page 28) 

charts partially showing depth, thickness, type and posi­
tion of rock layers has been a long time-consuming task, 
carried out by clerks known as "computers." 

"seisMAC," made by Texas Instrument, and recently 
shipped to Europe to help probe for oil there, performs 
many of the computational tasks involved in getting 
seismic records in shape for interpretation. 

A new aid developed by engineers of GULF OIL 
CORP. transforms returning sound waves from seismic 
probing directly into cross-section pictures of the under­
ground area. The result according to Gulf is one of the 
most detailed and accurate pictures of underground 
features yet available from surface, observations. 

Computers in Banking 
(Continued from page 7) 

quarter-inch wide, located one-quarter-inch from the 
bottom edge, a "common machine language code" in 
magnetic ink which can be "read" by the machines of 
all of the makers. A list of some of the kinds of banking 
jobs these machines are now doing or will be doing in 
the near future includes: 

Deposit Account Records (Including Interest and 
Statements). 

Check Processing Accounting (Coding, Sorting, List-
ing, Bookkeeping). 

Signature Verification. 
Stockholder Records. 
Installment Loan Accounting. 
Personal Trust Accounting. 
Real Estate Loan Accounting (Mortgages). 
Factoring Accounts. 
Payroll Accounting. 
Club Deposit Accounting. 
Inter-Office Record Transmission, Filing and Recall. 
Electronic Index Filing. 
Central Processing Centers for Groups of Smaller 

Banks. 

Among the banks which have already publicized their 
planned computer installations are the bank of America 
(which purchased 30 General Electric ERl\1A com­
puters); Chase-l\IIanhattan. which is readying a complete 
computer service based on Laboratory for Electronics 
equipment; and over 100 small and medium-sized banks 
which have ordered National Cash Register Post-Tronic 
units. 

The Post-Tronic operates by reading information re­
corded on a magnetic film on the back of each account 
card. Two manual operations are required - selecting 
the card, and punching in the figure to be posted. 
ERMA (Electronic Recording Machine Accounting) is 
a larger, costlier, and more sophisticated posting system 
which can do all of the following automatically: idenfify 
preprinted account numbers on checks and deposit slips, 
select the proper account card, refile the card after 
posting. 
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Univac Pinpoints the Weather 
(Continued from page 9) 

system. The crystals act as freezing nuclei in the warmer 
cloud regions, where natural agents would fail to cause 
precipitation. Long range forecasts help us to determine 
the overall effectiveness of a cloud-seeding program. In 
marginal farm lands during drought years we may be 
compelled to recommend against such operations if 
rainfall will fall short of crop requirements. 

Obviously, we do no more than take advantage of 
what the elements provide. But the knowledge which 
permits us to do so is the fulcrum; unless we know a 
cloud system will be over the target area, we can't take 
advantage of it. Similarly, unless a construction com­
pany can be sure that a building site will be free of 
heavy rainfall for a stated period, it may make a heavy 
investment in time and money only to have work crews 
stand around idle. 

Predicted Current Drought 

This is the great significance of accurate, pinpointed 
weather forecasting. There is little we can do to head 
off a drought, but the knowledge that it is coming can 
enable us to greatly minimize its effects and plan relief 
measures realistically. 

For example, we predicted the current serious drought 
in the southwest back in 1946. With this knowledge, we 
could have relieved conditions in many areas. Our warn­
ing went unheeded at that time. Our views were con­
sidered merely as another "professional opinion." Now 
with the completely objective approach provided by 
Univac to produce dependable weather projections 
these "opinions" are lifted from this intangible category 
to a completely realistic and fundamental framework 
within which all interests affected by the drought can 
plan remedial action. 

An accurate weather prediction that a given three­
month period, for example, will be unusually cold-or 
wet-can be of great importance to business, especially 
those companies which produce for public consump­
tion. 

Many other examples could be cited. Their signifi­
cance is obvious, the potential for human welfare all 
but limitless. We are no longer dealing with trinkets 
invented by medicine men to appease recalcitrant gods. 
Our tools are powerful beyond belief just 10 short years 
ago. With them, using data we are constantly docu­
menting, the accurate long range weather forecast will 
soon become a common management report. 

Experiments in Chess 
(Continued from page 20) 

as complicated and extensive as Einstein's tensor equations. Yet, 
by batting back and forth the augmented total of all "proved 
principles" under the rapid play of a computer, even that point 
may be put to the final test! 

Some such set of principles, too, as Weaver Adams gives in 
his "White to Play and Win": attacking power, mobility, options, 
king safety, much enlarged, can come close to selecting a move 
with quite limited calculations. 

At the very least, principles of good chess play will be the 
more quickly set. Testing old and trying new in hundreds of 
games, a computer can give a statistical verdict, as its play shows 
improvement, with or without each. 

Editors, CHESS REVIEW 
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decisive move 
Here is a battle in progress. Not a shot fired, but the 
outcome may affect major military tactical and organiza­
tional decisions for years. It all takes place in a two-sided 
map maneuver, perhaps involving thousands of troops 
and weapons. For realism, almost infinite data on logistics, 
geography, weapons effects, economics, communications­
as well as thousands of decisions-must be integrated into 
the game's dynamics. To fit all these factors into a game 
played in "real time" is typical of the broad, varied 
problems being solved by tech/ops scientists. 

You may make the decisive move that points your career 
in a new and profitable direction, when you join one of 
tech /ops' groups in military and civilian operations research. 

Address: ROBERT L. KOLLER 

TECHN,ICAL OPERATIONS, INCORPORATED 
Burlington, Massachusetts 
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for your career at 

WASHINGTON, D. C., where an 
operations group chairman is needed to direct 
scientists In conversion of data into quanti­
tative terms; PhD in physical sciences with 
five years of group leading experience. 

FORT MONROE, Virginia, where 
scientists with experience and training in 
physical sciences are needed for work in 
military operations research. 

MONTEREY, California, where an 
experiment planning and research group 
chairman will direct scientists In deSign, 
planning, interpretation of large-scale experi­
ments with men and equipment, five years In 
operations research, part as group leader. 

BUR LIN G TON, Massachusetts, 
where senior computer applications are 
needed, to be responsible for development of 
computer techniques to solve complex opera­
tions research problems. 

-*» 
/ 
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NEW PATENTS 
RAYMOND R. SKOLNICK, Reg. Patent Agent 

Ford Inst. Co., Div. of Sperry Rand Corp. 
Long Island City 1, New York 

THE following is a compilation of patents pertaining 
to computers and associated equipment from the 

"Official Gazette of the United States Patent Office," 
dates of issue as indicated. Each entry consists of: 
patent number / inventor(s) / assignee / invention. 
Printed copies of patents may be obtained from the U.S. 
Commissioner of Patents, Washington 25, D. C., at a 
cost of 25 cents each. 

June 4, 1957: 2,794,593 / Hendrik Alkema, Baltimore, Md. / - / 
A "Great Circle" disk computer. 

2,794,594 / \Villiam K. Ergen, Oak Ridge, Tenn., and Albert H. 
Palya, Haddon Heights, and Alfred W. Frick, Camden, N. J. / 
U.S.A. / A heading computer for radio navigation systems. 

2,794,595 / Grant C. Ellerbeck, San Leandro, Calif. / Friden 
Calculating Machine Co., Inc., Calif. / A calculating machine. 

2,794,851 / George V. Morris, Chicago, Ill. / Zenith Radio 
Corp., Ill. / An apparatus for supplying a plurality of indi­
vidual control signals to an encoding device. 

2,794,910 / Jacobus Ludovicus Arends, Hilversum, Netherlands / 
North American Philips Company, Inc., New York, N. Y. / An 
automatic frequency stabilizing circuit. 

2,794,914 / Peter Daniel Van Der Knaap and Antonius Bock­
horst, Eindhoven, Netherlands / North American Philips Co., 
Inc., New York, N. Y. / A circuit for separating pulsatory 
SIgnals. 

2,794,937 / Frederic Calland Williams, Timperly, and Tom 
Kilburn, Davyhulme, Manchester, Eng. / National Research 
Development Corp., London, Eng. / An electronic information 
storing device. 

Paste label on envelope + 

2,794,970 / John J. Yostpille, Livingston, N. J. / Bell Telephone 
Lab., Inc., New York, N. Y. / An identification system of 
serial stored information. 

June 11, 1957: 2,795,226 / Allan L. Bralove, Wash., D. C., and 
Clarence F. Rogier, Chicago, Ill. / The Electrofile Corp., 
Chicago, Ill. / A card selection apparatus. 

2,795,376 / Robert R. Williamson, Hoboken, N. J. / Stevens 
Research Foundation, Hoboken, N. J. / A computing unit for 
addition and multiplication. 

2,795,377 / Robert J. Loofbourrow, Roland B. Stelzer, and Clar­
ence B. Scotty, Bellair, Tex. / The Texas Co., New York, 
N. Y. / An e'Iectrical analogue. 

2,795,378 / Raymond H. Beranger, Paris, France / Compagnie 
des Machines Bull (Societe Anonyme), Paris, France / An 
apparatus for subtracting numbers represented by coded pulses. 

2,795,696 / David C. Evans, Los Angeles, Calif. / Bendix 
Aviation Corp., Detroit, Mich. / A flip-flop circuit. 

2,795,776 / Herman Epstein, West Chester, Pa. / Burroughs 
Corp., Detroit, Mich. / A binary counter. 

June 18, 1957: 2,795,840 / Anton Salecker, Poughkeepsie, N. Y. / 
International Business Machines Corp., N. Y. / A memory tube. 

2,795,862 / Tomas J. Poole, Seattle, Wash. / - / An adding and 
subtracting device. 

2,795,957 / Benjamin C. Muzzey, Mercer Island, Wash. / 
Boeing Airplane Co., Seattle, Wash. / A multiple derivative 
instrument. 

2,796,218 / Geoffrey C. Tootill, Shrivenham, Frederic C. Tim­
perley, and Tom Kilburn, Manchester, Eng., and Gordon E. 
Thomas, Port Talbot, and David B. Edwards, Tonteg, Wales / 
National Research Development Corp., London, Eng. / An 
Electronic computing device with subsidiary storage. 

2,796,219 / Charles M. Hill, Alameda County, Calif. / Marchant 
Research, Inc., Calif. / A word counter. 

2,796,314 / Robert P. Bishop, George Bruck, Parker Painter, Jr., 
and George S. Shaw, Melbourne, Fla. / Radiation, Inc., Mel­
bourne, Fla. / A quantizing recorder. 

2,796,521 / John J. Lentz, Pasadena, Calif. / International 
Business Machines Corp., New York, N. Y. / A storage 

(Please turn to page 34) 
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READER'S IN9UIRY FORM 
Name (please print) ....................................................................................................................... . 

Your Address? .................................................................................................................................... . 

Your Organization? .................................................................................................................... . 

Its Address? ................................................................... . 

Your Title? .............................................. . 

Please send me additional information on the following subiects for which I have 
circled the CA number: 

1 2 J 4 5 31 32 33 34 35 61 62 63 64 65 91 92 93 94 95 121 122 123 124 125 

6 7 8 9 10 36 37 38 39 40 66 67 68 69 70 96 97 98 99 100 126 127 128 129 130 

11 12 13 14 15 41 42 43 44 45 71 72 73 74 75 101 102 103 104 105 131 132 133 134 135 

16 17 18 19 20 46 47 48 49 50 76 77 78 79 80 106 107 108 109 110 136 137 138 139 140 

21 22 23 24 25 51 52 53 54 55 81 82 83 84 85 111 112 113 114 115 141 142 143 144 145 

26 27 28 29 30 56 57 58 59 60 86 87 88 89 90 116 117 118 119 120 146 147 148 149 150 
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I • ________________ .J. _______________________________________ --
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use it on the iob! 

1. DIGITAL COMPUTER 

PROGRAMMING 
By D. D. McCRACKEN, General Electric Co., Phoenix, Arizona 

A lucid, down-to-earth presentation of the practical aspects involved in 
actually working with automatic digital computers, plus a clear-cut 
picture of the basic fundamentals underlying this fast-growing field. 

A key feature of this readable new book is TYDAC (Typical Digital 
Automatic Computer), the mythical computer devised by the author to 
illustrate principles and techniques of operation. Because it combines 
elements from all models currently on the market, the use of TYDAC 
makes the book cspecially valuable where there is no computer avail­
able for practice. 

Digital Computer Programming can also be used for specific machines, 
and much of the matcrial is applicable to all digital computers. Thus 
you gain a better understanding of your own machine, and a wider 
knowledge of programming in general. 

Check these chapter headings: Computing Fundamentals. Coding 
Fundamentals. Binary and Octal Number Systems. Decimal Point 
Location Methods. Address Computation. Loops in Computing. Flow 
Charting. Indcx Registers. Subroutines. Floating Decimal Method. 
Input-Output Methods. Magnetic Tape Programming. Program Check­
out. Relative Programming Methods. Interpretive Programming Meth­
ods. Double Precision Arithmetic. Miscellaneous Programming Tech­
niques. Automatic Coding. 

1957 

253 pages 

Illus. 

$7.75 

2. INTRODUCTION TO 
OPERATIONS RESEARCH 
By C. WEST CHURCHMAN, RUSSELL 
L. ACKOFF, and E. LEONARD ARNOFF, 
all of the Case Institute of Technology. In 
collaboration with 11 other experts. 

Answers your questions about operations re­
search - what it is, what it can do, and what 
new tools it offers you. Convincing discussions 
of lincar programming, inventory, waiting 
line, replacement, sampling, etc., help you 
cvaluate and understand its potentialities and 
procedurcs. 1957. 645 pages. l36 illus. $12.00. 

3. ON HUMAN COMMUNICATION 
A Review, a Survey, and a Criticism 
By COLIN CHERRY, Imperial College, 
University of London 

Reviews recent trends in the study of human 
communication and the relationships existing 
between such communication sciences as: 
linguistics, cybernetics, psychology, semantics, 
and phonetics. A valuable source book of 
references, citations, and definitions. A Tech­
nology Press book, M.I.T. 1957. 333 pages. 
53 illus. $6.75. 

4. AUTOMATIC DIGITAL COMPUTERS 
By M. V. WILKES, Cambridge University 

Furnishes a general introduction to the prin­
ciples underlying both the design and use of 
digital computers. Covers logical design, pro­
grams, and methods by which the machine 
itself can assist the programmer in his task. 
Written by a pioncer in the field. 1956. 305 
pages. Illus. $7.75. 

5. TRANSISTOR CIRCUIT 
ENGINEERING 
Edited by RICHARD F. SHEA. Eight co­
authors, all of the General Electric Company. 

Provides the necessary tools for doing actual 
circuit designs and developing usable circuits 
in all potential fields of application. Shows 
vou how to build successful audio amplifiers, 
radio frequency amplifiers, etc., using avail­
able transistors. 1957. 468 pages. 104 illus. 
$12.00. 

You can order ON-APPROVAL copies of these 
books. Mail this coupon TODAY! 

150 YEARS 

~ i------------------~------

COMPUTERS and AUTOMATION for September, 1957 

OF PUBLISHING 

JOHN WILEY & SONS, Inc. CA-97 
440 Fourth Ave., New York 16, N. Y. 

Please send me the book(s) circled below to read and examine ON 
APPROVAL. In 10 days I will return the book(s) and owe 
nothing, or I will remit the full purchase price(s), plus postage. 

234 5 

Name 

Address __ ................................................................................. . 

City ................. _ ........... _ ...................... Zone ...... State ............. . 

o SAVE POSTAGE! Check here if you ENCLOSE payment, 
in which case we will pay postage. Same return privilege, of course. 

L ___________________ ~ ________ J 
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New Patents 
(Continued from page 32) 

device for use in storing for an indefinite period data reprc­
sented by a voltage impulse. 

2,796,537 / Alan S. FitzGerald, San Francisco, Calif. / Beckman 
Instruments, Inc., South Pasadena, Calif. / A magnetic am­
plifier binary counting system. 

2,796,566 / John E. Maynard, Mercer Island, and Leland T. 
Thomasson, and Floyd Hamilton, Scattle, \Vash. / Boeing 
Airplane Co., Seattle, Wash. / A shaft positioning binary 
digital to analog conversion system. 

2,796,567 / Carl N. Boode, Riverside, Calif. / Bourns Lab., Inc., 
Calif. / A resistor calibrating servosystem. 

2,796,596 / Harry Kenosian, Upper Darby, Pa. / Burroughs 
Corp., Detroit, Mich. / An information storage system. 

2,796,598 / John Robert Cartwright, Letchsorth, Eng. / The 
British Tabulating Machine Co., Limited, London, Eng. / An 
analogue to digital converter. 

June 25, 1957: 2,797,318, "'alter S. Oliwa, Summit, N. J. / 
Monroe Calculating Machine Co., Orange, N. J. / A diode 
logic circuit. 

2,797,321 / Jan. A. Rajchman and Max H. Mesner, Princeton, 
N. J., and Milton Rosenberg, Santa Monica, Calif. / Radio 
Corp. of America, Del. / A matrix for the selective generation 
of bias voltages. 

2,797,323 / Robert L. Hronek, Mineola, N. Y., and Harry Cook, 
North Plainfield, N. J. / U.S.A. / Apparatus for dividing 
intervals between successive pulses of a repetitive input signal 
into a predetermined number of equal sub-intervals. 

July 2, 1957: 2,797,862 / Ernest G. Andrews, Baldwin, N. Y .. , 
Orfeo Cesareo, Wash. Twp., Bergen County, N. J., and Paul 
B. Murphy, Grand View, N. Y. / Bell Telephone Labs., Inc., 
New York, N. Y. / A digital computer. 

2,797,864/ Corstiaan Le Comte, Hilversum, Netherlands / North 
American Philips Co., Inc., New York, N. Y. / A device for 

producing a voltage varying linearly with the sine of an input 
angle. 

2,797,865 / Clare L. Beattie, Ballston Lake, N. Y., and Herman 
D. Parks, Norwalk, Conn. / General Electric Co., N. Y. / An 
electronic generator of a function of two variables. 

2,797,868 / Raymond Henry Beranger, Paris, Fr. / Compagnie 
des Machines Bull (Societe Anonyme), Paris, Fr. / An ap­
paratus for calculating check elements of recorded data. 

2,798,118 / Piet van Tilburg, Eindhoven, Netherlands / North 
American Philips Co., Inc., New York, N. Y. / A system for 
pulse code modulation. 

2,798,212 / Edward S. Peterson, Elmwood Park, III. / General 
Telephone Lab., Inc., Del. / An impulse storage unit. 

2,798,216 / Jacob Goldberg and Bonnar Cox, Palo Alto, Calif. / 
A data sorting system. 

July 9, 1957: 2,798,554 / Charles B. Smith, Vestal, N. Y. / 
I.B.M. Corp., New York, N. Y. / A data processing system. 

2,798,667 / Arnold M. Spielberg and Ivan H. Sublette, Haddon· 
field, N. J. / R.C.A., Del. / A code apparatus for converting 
a first plurality of signals representative of a number in a binary 
code to a second plurality of signals representative of the nines 
complement of said number. 

2,798,668 / Wilfrid B. C. Watkin, Beckenham, Eng. / Powers­
Sam as Accounting Machines Limited, London, Eng. / An 
apparatus for locating a record card. 

2,798,671 / Harvey N. Bliss, Windsor, Conn. / Veeder-Root, 
Inc., Hartford, Conn. / An electromagnetically operated sta· 
bilized counter. 

2,798,950/ Joseph G. Edrich, New York, N. Y. / Del-Pro Corp., 
Brooklyn, N. Y. / A pulse detecting network. 

2,798,992 / Samuel Adler, Asbury Park, and Jerome Corwin, 
Long Branch, N. J. / U.S.A. / A fine and coarse control servo 
system. 

2,798,994 / Robert H. Dicke, Princeton, N. J. / - / A follow· up 
system. 

ADVERTISING INDEX 
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Following is the index of advertisements. Each item con­
tains: Name and address of the advertiser I page number 
where it appears I CA number in case of inquiry (see note 
below) I name of the agency if any. 

AMP, Inc., Harrisburg, Pa. / Page 23/ CA No. 70 / 
11. Russell Berger, Inc. 

Berkeley Enterprises, Inc., 513 Ave. of the Americas, 
New York 11, N. Y. / Page 25 / CA No. 71 

Bryant Chucking Grinder Co., Springfield, Vt. / 
Page 29 / CA No. 72 / Henry A. Loudon Ad­
vertising, Inc. 

Burroughs Corp., 511 N. Broad St., Philadelphia 23, 
Pa. / Page 2 / CA No. 73 / Diener & Dorskind, 
Inc. 

Douglas Aircraft Co., Inc., Santa Monica, Calif. / 
Page 35 / CA No. 74/ J. Walter Thompson Co. 

Electronic Associates, Inc., Long Branch, N. J. / 
Page 36/ CA No. 75 / Halsted & Van Vechten, 
Inc. 

International Telephone & Telegraph Corp., 100 
Kingsland Rd., Clifton, N. J. / Page 27 / CA 
No. 76 / J. M. Mathes, Inc. 

National Cash Register Co., Dayton, Ohio / Page 
25 / CA No. 77 / McCann-Erickson, Inc. 

Ramo-Wooldridge Corp., 5730 Arbor Vitae St., Los 
Angeles, Calif. / Page 5 / CA No. 78 / The 
McCarty Co. 

Sylvania Electric Products, Inc., 1740 Broadway, 
New York 19, N. Y. / Pages 18, 19 / CA No. 
79 / J. Walter Thompson Co. 

System Development Division (Rand Corp.), 2406 
Colorado Ave., Santa Monica, Calif. / Page 27 
/ CA No. 80 / Stromberger, LaVene, McKenzie 

Technical Operations, Inc., Burlington, Mass. / 
Page 31 / CA No. 81 / Bywords 

John Wiley & Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. / Page 33 / CA No. 82/ Norman 
D. Waters & Associates 

READER'S INQUIRY 
If you wish more information about any products or ser­
vices mentioned in one or more of these advertisements, 
you may circle the appropriate CA Nos. on the Reader's 
Inquiry Form on p. 32 and send that form to us (we pay 
postage; see the instructions). We shall then forward your 
inquiries, and you will hear from the advertisers direct. If 
you do not wish to tear the magazine, just drop us a line 
on a postcard. 
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wi" train yoU to 
PROGRAM 

\G COMPU1ERS I ' 
, ~--~:'---:._, ... a challenging new field that 

offers ground-floor opportunities to qualified personnel 

Five years ago, there were less than 100 specialists 
programming big computers. It is expected that by 
1965, industry's needs will exceed 100,000. 

Douglas Aircraft, a pioneer in this field, is rapidly 
expanding its computing operations. You will be 
trained while working with expert programmers. In 
Southern California, you can conveniently attend 
some of the nation's leading universities offering 
specialized courses in computing. Advancement will 
be as rapid as your ability to apply your new talents. 

I 
GO FURTHER WITH 

COMPUTERS and AUTOMATION for September, 1957 

Our computing engineers are involved in every 
phase of aircraft and missiles work ••. including 
many long-range commercial and military projects 
of vital importance. 

Programming requires an alert and logical mind 
and the ability to organize large proj ects without 
losing sight of details. If you have had formal train­
ing in mathematics, science or engineering, your 
professional future at Douglas in programming can 
be unlimited. ' 

For complete Information, wrlte:­

JOHN LOWE 
CHIEF, COMPUTING 
ENGINEERING SECTION 
DOUGLAS AIRCRAFT COMPANY 

FIRST IN AVIATION SOX R-620 
SANTA MONICA, CALIFORNIA 
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ELECTRONIC 

ASSOCIATES 

:2t-m-F?~d' 

For details on thislPACEIAnalog Computer Group 131R 
and on time rental at EAI's Computation Centers-serving 
eastern industry in Princeton, New Jersey-serving West­
ern industry in Los Angeles, California-serving European 
industry at Brussels, Belgium, write Electronic Associates, 
Inc., Dept. CA-9, Long Branch, New Jersey. 

EAI SETS THE p A c E 
PRECISIOr-.& ANALOG COMPUTING EQUIPMENT 

LONe BRANCH· NEW JERSEY 


