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the Cobol, Fortran, and Assembly flow 
charting · program for most computers! 
Why not? It's the way to get to the top in your company. "QUICK-DRAW" produces completely accurate 

computer drawn flow charts directly from your source decks or tapes. No input preparation or special codes 

required. Leased for as I ittle as 2.30 per day ( to qualified users). Produces charts conforming to ASA 

standards. Fast service too. Stop thinkin~. ACT! 
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Send us your deck 
for a free sample .trial 
chart. No obligation. 
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Please address all inquiries to: 

NATION AL COMPUTER 
ANALYSTS, INC. 

INTERNATIONAL SALES OFFICE 

500 Fifth Ave., New York, N. Y. 10036 

phone: (212)-594-4955 

for more information, circle No. 8 on the Reader Service Card 



• 7 reasons why you should choose 
a career with Digital. 

1. WORK WITH THE BEST. We believe our team of· programmers is one of the best ever assembled, anywhere. We can 
prove it by showing you the work they 've done, the work they' re doing and the work they expect you to be doing if you 
join them. They don ' t know it all, but few programming groups know more. And ours is learning every day. 2. VARIED, 
CHALLENGING, AND TECHNICALLY ADVANCED WORK. Openings exist in the following areas: Developing time-sharing 
systems • real-time monitor systems ·advanced graphic systems• state-of-the-art compilers and assemblers• Developing 
special packages for customers' application • Pre- and post-sale software support for our sophisticated time-sharing sys­
tems. 3. SOFfWARE COMES FIRST, LAST AND ALL THE WAY. Digital software systems are developed as the hardware 
design is taking place, not as an afterthought. They keep pace with the hardware design, even to the extent of modifying 
it as the entire system takes shape. At Digital a programmer is a professional, with the privilege - and the duty - to 
make sure his work is followed up by other departments. 4. THE ENVIRONMENT IS STRICTLY "HANDS ON". Because 
our Programmers are professionals, they're given the tools required to do a professional job. Our Programming Depart­
ment doesn ' t have to beg, borrow, or steal computer time. It "owns" its own profusion of hardware systems. 5. DIGITAL 
IS GROWING. Growth is relative, but by any standard Digital is one of the nation's fastest-growing computer systems 
manufacturers. Our commercially-based sales of computer systems, peripheral equipment and modules has quadrupled 
over the last five years to nearly 40 million dollars. Our Programming Department's rate of growth has been even greater 
than the company's, creating abundant opportunities for advancement. This growth furnishes you with as much responsi­
bility as you're willing to assume. 6. SMALL GROUPS THAT THINK BIG. We're vitally interested in maintaining the same 
reputation of quality for our software systems that our hardware systems have always enjoyed. Programmers are persons 
with names, not just sets of experiences with social security numbers. Our programmers work in very small, informal 
groups, all of whom have a stake in what their group is doing, and the direction it's working in. 7. WHERE WE ARE. 
Digital Equipment Corporation 's headquarters is in Maynard, Massachusetts, bordering Concord and several other 
picturesque historic communities with excellent public schools, a wide range of housing, and only 45 minutes from 
Boston or Cambridge. You can enjoy all the advantages of country living with a cosmopolitan city nearby, or vice-versa. 

For prompt consideration of your interest, call (617) 897-8821, or send your resume (or a detailed letter) in confidence to 
Mr. Graydon Thayer, Manager of Professional Staffing, Digital Equipment Corporation, 146 Main St., Maynard, Mass. 01754. 

mnmnomn 
An Equal Opportunity Employer 
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Computer 
Programmers 
and Analysts 

The Bendix Navigation and Control Division Engineering 
Computation Center and Corporate Data Center, both 
located in Teterboro, New Jersey, have several excellent 
career opportunities for B.S., M.S. and PhD. graduates in 
Engineering, Physical Science , Computer Science or 
Mathematics with varying degrees of experience in pro­
gramming and numerical as well as systems analysis for 
a wide range of third generation IBM computers in the 
System/ 360 and 1130 families. A few of the most urgent 
application areas are: 

• ADVANCED AEROSPACE GUIDANCE SYSTEMS analysis and 
design 

• ELECTRONIC CIRCUIT analysis and design computer 
systems 

• AIRLINE AIRCRAFT avionic systems and cost of ownership 
analysis 

• MANAGEMENT INFORMATION SYSTEMS design and 
implementation 

• DATA COMMUNICATIONS SYSTEMS programming for 
operations in commercial and industrial activities 

• COMPUTER SYSTEMS SOFTWARE in support of all computers 
and digital plotting equipment. 

Located in the heart of many suburban communities in 
Northern New Jersey and accessible to Metropolitan New 
York area within 20 minutes. 

Send resume including salary history to Mr. W. Morrison. 
PROFESSIONAL PLACEMENT OFFICE, The Bendix Corporation, 
Teterboro, New Jersey 07608. 
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PROGRAMMERS 

Your career at Xerox can be a doorway 
~{st~ -

Because our most important product is better service 
for our customers, there are no programmers at Xerox: 
only programmer-analysts. The reason? We utilize EDP 
and systems thinking in their broadest sense to provide 
practical solutions to the multi-faceted problems of our 
dynamic marketing environment. 

At Xerox, you'll apply EDP to almost every phase of 
our business operations, ranging from market research 
and business modeling through inventory, manufactur­
ing and quality centre.I to scientific programming (not to 
mention some areas so unique we can't even talk about 
them). Since almost all these aspects are interrelated, 
you'll gain valuable experience making practical trade­
offs against important time, reliability and economic 
constraints. 

Most important, you won't be exiled to a sub­
specialty: Xerox programmers get involved in all the 
types of systems mentioned above. Our development 
and training program rotates you by plan among them, 
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with a number of simultaneous projects to broaden you 
faster (average project length, 6 months). 

And you can move ahead fast: keeping EDP opera­
tions apace with corporate growth on the order of a 
1600% sales increase in the last decade requires similar 
growth within. If you would like to work in scientific 
and/or business programming and have a Bachelor's 
degree (or experience with an IBM 360 or 7000 system, 
or Univac 1108, using COBOL or AUTOCODER) we'd 
like to.tell you about Xerox opportunities tailored to your 
talents and interests ... and provide you with a projection 
of your advancement. To start the dialogue, send your 
resume, including salary history and requirements, to 
Mr. Robert A. Moore, Department MZ-69-Cl, Xer9x 
Corporation, P.O. Box 
1995, Rochester, New 

York 14603.We are an XJE~O~ 
Equal Opportunity Em-
ployer (m/f) 
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IBM 
SOFTWARE 
SPECIALIST 
It's possible that Celanese won't 
appeal to you. Not everyone can 
match the pace. We are looking for a 
Software specialist who rebels at 
being dropped into a slot. We need 
a competent, flexible, imaginative 
individual because we are that kind of 
Company with involvement in 

• DIVERSIFICATION 
• OPERATING UNDER FULL 

OS/360 
• MULTI-TASK ENVIRONMENT 
• TELEPROCESSING/ 

COMMUNICATIONS 
• GRAPHICS 

Qualificat.ions must include a 
working knowledge of 

• OS/360-MVT VERSION 
• ASSEMBLER LANGUAGE 
• SYSTEM AND DAT A 

SET UTILITIES 
• DIRECT ACCESS 

STORAGE DEVICES 
• DATA MANAGEMENT 
• TASK MANAGEMENT 

Does Celanese expect a lot? Obviously. 
But we have a lot to offer. The 
environment is right. The work 
involves a completely integrated, 
corporate-wide computer I communica­
tions network. The opportunity 
and rewards are based solely on 
performance. 

Interested? Then tell us about 
yourself in confidence. 

Write to Mr. Steven Miller, 
Employment Su.pervisor. 

CELANESE 
P. 0 . Box No. 1414 
Charlotte, North Carolina 28201 

An Equal 
Opportunity Employer <M&FJ 

new installations 

The Control Products Division of 
Texas Instruments Inc., Attleboro, 
Mass. received a computer-centered 
circuit designer I calibrator from IRA 
Systems Inc. The system will speed 
up the process of economical control 
of industrial processes. 

• • • 
The University of Indiana has or-

dered a SDS (Scientific Data Sys­
tems) Sigma 5 computer to aid in 
analysis of high-energy physics ex­
periments. The Sigma 5 will be used 
initially to monitor a precision en­
coding pattern recognition system. 
Dr. Jack Martin, Professor of high 
energy physics at the university 
stated that the computer is expected 
to allow the physics group to handle 
nuclear data five to ten times faster 
than present methods. 

• • • 
North Hudson Hospital in Wee-

hawken, New Jersey, acquired a 
General Electric 115 computer sys­
tem to cut costs of hospital admin­
istration and to aid in analyzing 
medical records. First applications 
for the computer system are for 
payroll and accounts payable. In the 
future, the computer will also be 
used for diagnostic analysis on dis­
charged patients. 

• • • 
The Boston Globe has completed 

installation of a million-dollar com­
puter system to automate hot-metal 
typesetting and photocomposition. 
Two Honeywell computers have 
been connected to 20 photoelectric 
keyboards and two teletypewriters 
to control printing functions, while 
other applications are being directed 
toward financial management. 

• • • 
Applied Data Research, Inc., a 

computer, software and service com­
pany, has contracted to buy 50 PDP 
8/I computers from Digital Equip­
ment Corp. during the next 10 

months. ADR plans to use the com­
puters in many ways including leas­
ing them to computer users, leasing 
them in conjunction with its pro­
prietary software product ESI, and 
using them internally on various 
ADR research and development 
programs. 

• • • 
United Air Lines' suburban Chi­

cago computer center has installed 
three Univac 1108-11 computer sys­
tems. The systems are part of real­
time electronic information network. 
The network is expected to be fully 
operational by the fall of 1968. 

• • • 
Florida Technical College is in­

stalling four IBM 360, model 20 
computers. The computers will be 
of 8000 memory positions equipped 
with multi-function card machine, 
printer, two tape drives. It will be 
available for student application. 

• • • 
Interstate Electronics Corporation 

of Anaheim, Calif., has received two 
FORTRAN systems from Computer 
The systems, for use on Interstate's 
IEC-1010 Computer, include com­
piler executive, run-time package, 
library of functions, loader, and run­
time monitor. 

• • • 
A McDonnell-Douglas Corp. di-

vision will use a new RCA Spectra 
70/55 computer for the design of 
aircraft and space vehicles. The 
system will also be made available 
to the McDonnell Automation Co's 
clients. 

• • • 
The U.S. Naval Electronics Lab-

oratory received three multi-purpose 
data communication system units 
from Communitype Corp. of New 
York City. The system is a data 
storage and communication termi­
nal capable of high-speed transmis­
sion and reception of digital data. 
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what does 
Honeywell 

Other. Computer Company 
offer you? 

For one thing, a wider door to 
apply your imagination and creativity. At 

Honeywell 's EDP Technology Center, you will be designing 
approaches and developing techniques 

for better and more competitive software systems. 
There's a dynamism at Honeywell that comes only w ith 

the knowledge of success and achievements. 
Ours is a non-monolithic organization that is small enough 

to be able to communicate, but large enough 
to support your ideas. For example, 

there are 20 computers in-house which are 
expressly for your use in Honeywell 's continuing 

search for technological innovations. 

If you are interested in creating orig inal work, we would 
like to talk with you about openings in these areas: 

I 

PROGRAMMER/ ANALYSTS 

To be engaged in researching, designing and 
developing software packages which will maximize 

the efficiency of present and future generations of 
hardware. To demonstrate the imagination and 

creativity necessary to the original conception and 
development of complex software systems. Openings 
exist at the intermediate (2 years' experience) through 

senior levels. We are specifically interested in: 

PRIMARY SYSTEMS DEVELOPMENT: 

The design of complete operating systems to act as 
interface between customer applications and 
computer systems in a real time environment. 

COMMUNICATIONS SOFTWARE: 

To monitor , control and interface comm uni cations 
networks and computer systems in a real 

time environment. 

MASS STORAGE: 

The design of software to control and utilize random 
access storage devices . 

COMPILER TECHNIQUES: 

Translation and simulation of existing programs and 
systems so that they may be more effectively used 
with new hardware and software. 

SCIENTIFIC SOFTWARE PACKAGES: 

Development of software for use in Operations 
research, linear programming, numerical control,· 
math modeling and simulation. 

Please forward your resume to Mr. David McGowan. 

The Other Computer Company : 

Honeywell 
ELECTRONIC DATA PROCESSING 

200 Smith Street Dept. SA-3 
Waltham, Massachusetts 02154 

O ppo rtu n ities exis t in other Hone ywell Divisions . Send resu me to F . E. Laing, Honeywell , Minneapolis , Minnesota 55408 . An Equ a l Opportunity Employer. 
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Artist John Des.atoff, in illustrating the article by James Dix 
of Control Data Co.rp., shows that the incredible complexity 
of three-dimensional chess is child's play compared to "the 
ultimate game" of war. 

Out of the growing need to better man's grasp 
of the real world in this technological revolution 
of today, game theory has emerged. It has given 
us a new tool on which we can rely when deci­
sions are so difficult. The purpose of this article 
is to enlighten the reader on a problem with which 
he might never come in contact but is neverthe­
less as important a problem as he might ever en­
counter. Namely, how to cope with rapidly chang-
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ing military warfare in our times where thousands 

or millions of people's lives are in the balance. 

This article does not pretend to be so general 

that at once a whole new world of ideas regard­

ing soluti1ons to other applications appear but 

rather it makes an attempt to find some under­

lying principles on which problems of this sort 

can be approached. 
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• Games of strategy are important. Consider 
for a moment if you will, some situation (impor­
tant) for which you, as an adversary, do not 
know the outcome of your actions before you 
begin them. A moment's thought should reveal 
a great number of such situations. But let's 
not dwell on these; let's think of decisions on 
which the life or death of millions or thousands 
of people or even just one person ride on the 
correct action. This is part of the problem in 
gaming. 

MARCH, 1968 

Note that, under this guise, a most important 
fact about game theory has pushed its way out­
ward. This fact is called value or objective. In 
order to qualify as a game, the objective(s) of 
the adversaries must be established. Now then, 
certain aspects of the play are considered more 
1.mportant than others. These aspects are essen­
tially what we are searching for in gaming. As 
can be easily seen, though, the importance of 
a play depends very directly on the rules by 
which the game is played. Take chess. Suppose 
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the objective of each side is to win the game. 
The rules state that in order for one side to win 
he must mate his opponent's king or force him 
to resign (which states that he concedes that 
the mate is inevitable). One result of this rule is 
that "safety of the king" is an important princi­
ple. Were the rules changed to, say, make one 
side, in order to win be forced to capture all 
the opponent's material, I dare say that the 
corresponding principle of "safety of the king" 
would be severely modified. Note also that a 
change in the objective forces changes in the 
importance of the plays. For example, you can 
play the game to have as a result a "good" 
game. The rules, unfortunately, are not given for 
this objective and hence the principles one can 
derive from this are limited. This does not im­
ply that there are no rules because in fact there 
are, but that it would take an application of 
Psychology or perhaps Philosophy to discover 
them. It is interesting to note that these rules 
(laws of nature) in which man is seeking are 
being mirrored by the importance with which 
man attributes his plays. 

To the subject of real life games, consider a 
war game where the question of what weapon 
should be used on this target comes up. Mili­
tary strategists who seek answers to this ques­
tion should really say: Assuming that this target's 
destruction is important, what is the "best" 
means by which we can destroy this target tak­
ing into consideration the overall objective? 

What could some of these considerations be? 

• Cost of weapon that would destroy the 
target 

• Side effects 
• Counter attack 

In addition, because of uncertainty, some de­
gree of "confidence" must be attached to the 
answer. 

Taking into consideration these factors, we 
could come up with an answer. But there is 
more. What about righteousness? Did Genghis 
Khan actually lose all his wars even though 
there were no side effects (essentially), no coun­
ter attack and the cost (to his side) was within 
his economical objectives. The rules of life will 
probably remain a mystery for a long time. 

Back to the strategists who feel compelled 
to make a decision. They say to themselves: · 
"Let's not worry about what's right or wrong. 
That's the job of someone higher up than our­
selves. Let's merely answer the problem as best 
we know how without consideration of right­
eousness." What they are really doing is con­
straining the game by making an additional 
rule, thus reducing or eliminating the impor­
ance of the world outside this constraint. 

All this 1s to say that the most important as­
pects of decision making from a practical stand­
point are those which are knowable or observ­
able. For the remainder, we let our "conscience" 
be our guide. In computer models, we cannot 
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measure this "conscience," hence we must ignore 
or code around it. 

Let us carry the problem further. Cost is a 
factor which at best is difficult to describe, but 
in which strategists seem to be most at home. 
This is mainly due to the simplification that we 
can reduce every play to a dollars and cents 
amount or, if necessary, to a number of people 
not saved or to some other convenient measure. 
Further, since, during destruction, at least one 
stockpile is drained at every play (namely, the 
weapon) a minimization of this cost is usually 
employed when investigating alternatives. 

On the other side of the coin we have retalia­
tion. This is where the gaming comes in. Two 
factors influence his play. One is ability; the 
other is motivation. In fact, since it is a reaction, 
each play of ours can be expected to generate 
its own reaction based upon his ability or 
motivation. Motivation in some respect is based 
upon the change in the ability to retaliate · as in 
the following graphs. Figures la, b, and c give 
a possible representation of this dependence. 
Figure le is a composite of the other two. 

This last graph reduces motivation and ability 
to react to a cost equation. This procedure (or 
one like it) is always done by strategists before 
they make their decisions. It is essential if they 
are going to make any comparison of the oppos­
ing forces. Note here that it is beginning to 
resemble a game with only offensive type weap­
ons. Each side making the next move, in turn, 
until one side wins. Add to this complications 
like defensive weapons, passive shelters, back­
firing, immoral acts (killing civilians, etc.) and 
you have some of the elements of a brilliant 
( and important) game. 

Thus in the back-back lines (back in the 
States) a game of strategy and tactics is taking 
place long before the play is made or, for that 
matter, before any play is made. Consider the 
decision which Secretary MacNamara has been 
facing for about six years; whether or not to 
deploy an antimissile defense system, and if so, 
what size. At first, he said "no" because of 
ability. The NIKE ZEUS system could not de­
fend against a decoyed attack. Then w~en NIKE 
X came along, it was important to decide if we 
should spend as much as proposed to deploy 
the system. Of course, it would mean more jobs 
in defense work in every state in the Union. 
Congress might even pass such a biH becau~e of 
this. MacNamara hedged saying that now was 
not the time to decide. Now, under the influence 
of President Johnson, he explains that there is 
a strong chance that Russia (considered as the 
main opponent) and the United States would 
be locked in an arms race at a point in history 
which could lead to great instability and be­
cause of the possibility of total disaster would 
all be wasted effort. Our side is even going so 
far as to throw in a tactical shot at convincing 
the other side of the futility of such effort on 
both sides. This is true gamesmanship! 
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CHANGE IN ABILITY TO RETALIATE CHANGE IN ABILITY TO RETALIATE 
MOTIVATION 

Figure la Figure lb Figure 1 c 

We have come to an era in warfare where 
decisions are based not on the outcome of the 
next battle or the next campaign, but on the 
entire complex of the socio-political area years 
in advance. The decision to "escalate" the war 
in Vietnam is a difficult one. There are many 
and subtle nuances to each decision. The block­
ading of the Haiphong port, for instance, could 
spell disaster if Russia were motivated to 
retaliate. 

The question that comes to mind next is how 
in the vastness of the technological expansion 
can we cope with these decisions. How do we 
know we would even have the ability to make 
the plays? How do we know that, if we are able 
to make the plays, they would succeed in their 
intentions? How do we know what would hap­
pen if they failed? What enables us to make 
decisions about events which have not yet hap­
pened and are based upon knowledge of tech­
nology which is not yet upon us (both our side 
and theirs)? Secretary MacNamara has said that 
our side can defeat their side in missile warfare 
even though they have deployed an ABM de­
fense system. He continues that this is true 
regarding any system that they could develop 
over the next five years. 

How does he know this? You say he doesn't 
really. Can you afford to assume that he does 
not know this if you were a strategist on their 
side? Now he certainly does not have any experi­
ence in the matter. All the simulation raids in 
the past have not added one drop of experience. 
All past wars are outdated. What makes him 
so sure? 

The answers to these questions are in part the 
subject of this paper. The decision makers, them­
selves, however, must take great care when 
finally passing judgment. Four areas come to 
mind where a decision is concerned regarding 
the subjects. He must be able to: 

• trust his delegated advisors to make cor­
rect judgments 

• trust his ability to have an overview 
• trust his ability to understand charts and 

figures 
• trust his ability to interpret so-called 

demonstrations of effectiveness. 
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In the following, the reader will see just how 
important each one is. The methods given are, 
by no means, the only ones that are available. 
I'm sure there are many others. It so happens 
that these are the ones with which I am most 
familiar. My experience dates back to my tour 
in the service at Colorado Springs, Colorado. 
There, at the Headquarters, Army Air Defense 
Command, one of our major tasks was to deploy 
a NIKE X Weapons System around the Conti­
nental U. S. at the major cities. Depending on 
dollars spent, we could deploy X number of 
sites. I cannot go into great detail about the 
system as much of it is still classified, but I will 
attempt to discuss methods that were known 
on solving this problem. 

I have not had the opportunity to work on a 
generalized computer solution using any of the 
methods; hence only suggestions and possibili­
ties are given. On a cursory examination of the 
problem of generalization, I find that it is a most 
difficult one. One, in fact, that might take years 
to develop. 

THE GAME-THEORETIC MODEL 

This method proposes an exact solution-the 
so-called minimax. That is, if the opposition 
applies the best strategy against all of my 
strategies, which strategy gives him the least 
value even though he has applied his best 
strategy. However, in most cases, the problems 
are so complex that we cannot delimit all the 
strategies and so we are stuck with merely find­
ing the important principles. 

In the following, I will be using some terms 
with which many of you are not familiar. I will 
give some brief definitions now so that they can 
be used as a reference. I will not depend on 
many without prior warning. 

• Firing Doctrine: A set of rules by which 
the defense assigns missiles to objects 
and determines where and when to 
launch them. 

• Cloud Pattern: An ICBM (or other 
ballistic missile) is launched from a site 
that is far away. As it approaches the 
target, it breaks up in a predetermined 
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fashion. The result is called a Cloud Pat­
tern or a Cloud. It contains warheads, 
decoys, scrap metal, jamming devices, 
and what have you. The purpose of the 
defense is to single out the warheads 
from the rest. 

• Fusing Distribution: This is a term used 
by the offense when setting up the tim­
ing for the actual fusing and detonating 
of the warhead. It is usually rigged by 
altitude and so can be called a Fuse 
Altitude Distribution. 

• Payoff Per Warhead: This represents 
how much damage a warhead does. Over 
many warheads, this is used as a goa1l 
by both sides. The offense wants as high 
a payoff per warhead as it can get while 
the defense wants as small as it can get. 

• Price of Admission: This represents the 
number of ICBM's necessary to accom­
plish a specific goal 

• Penetration: This term is used many 
times and refers to the ability of the of-: 
fensive warhead to burst at an altitude 
low 1enough to do more than a specific 
amount of damage. 

In examining the alternatives for selecting a 
certain firing doctrine, you consider that the 
opposition knows exactly what cloud pattern 
and fusing distribution is best against each one. 
Now, knowing this, you select the firing doctrine 
so that no matter which cloud pattern and fus­
ing distribution he selects, he will be able to do 
no better than the worst of the bests. Let us 
consider some of the important aspects of both 
sides. 

First of all, the objective of the defense is to 
defend as many people as possible. This could 
be changed to defend as many goods or retalia­
tion capability or whatever. The point is that 
the assumption given to the offensive objective 
is that he must desire to destroy as many people 
as possible or as many goods or as many retalia­
tion capabilities or whatever the defense (our 
side) has as an objective. If not, you are essen­
tially fighting separate wars, which, in that case, 
you could win or lose depending on whose view­
point you took. Although this might happen in 
reality, it is clear that if you are not prepared 
for all of the most probable eventualities, the · 
opposition can crush you. The mathematical 
equation describing this is: 

( 1) v( o) = - v( d) 
v( o) =measure of value of offense 
v( d) = measure of value of defense 
This is often called a zero-sum game 
since v( o) + v( d) = 0 

The second assumption you make is that, with 
a fixed number of dollars on the defense and 
an infinite number of dollars on the offense, 
the offense will, with enough money, defeat the 
defense. Saying this, I must add that fixed de-
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fense dollars are the only practical way of judg­
ing the merits of the system because in this 
case the sites once deployed are fixed and the 
opposition can then observe and adjust before 
making their attack. Various fixed dollar de­
fenses can be tried to determine which is the 
most attractive. Moreover, it is not practical to 
vary this dollar amount in any convenient man­
ner because of the method by which appro­
priations are made in Congress. This rule re­
stricts play a great deal, but in turn makes the 
decisions easier. The assumption above, then, 
implies that you want to get the most for your 
money. That is, your objective is to find the 
deployment that makes the offense pay the 
highest price of admission at a reasonable cost 
to your side. This approach is often referred 
to as optimizing the cost-effectiveness ratio. 

The third assumption is that due to integral 
restrictions, some cities will not be defended 
at all. (Let us assume that our objective is to 
defend people.) That is, since you cannot spread 
a local defense system so thin that it covers 
everyone (there is no such thing as a half of an 
ABM) there will be one city that is ranked 
highest (in population) among those which are 
undefended. This city is usually used as the key. 
The principle is to avoid overprotecting the 
large cities since the offense can get what they 
want (i.e., what the defense doesn't want them 
to have) at minimum cost by going to the unde­
fended cities. Similarly, don't underprotect the 
large cities. A balanced defense then is the 
objective. By noting the key city's population, 
one 'Can then say that the objective of a bal­
anced defense is to limit the offense to a payoff 
per offensive warhead less than or equal to this 
population. 

(2) Pw .c:: POP(k) . 
k = is the number of the first unde­

fended city 

This is a restriction which, when coupled with 
the next, states that you must achieve a suffi­
ciently strong defense to make his price of ad­
mission, Pa ~ POP ( i) P w, where POP ( i) is the 
population of the it11 local defense (if any). This 
assumption states that once the offense has 
"penetrated", he has wiped you out (that is, one 
good blow is sufficient to incapacitate the de­
fense). This implies that the missile defense 
system must be extremely reliable and accurate 
as long as there is a stockpile. It further states 
that penetration depends entirely on defensive 
stockpile of ABM's rather than any inherent 
weakness. This assumption is in part based 
on the fact in nuclear warfare that, in gen­
eral, surface damage increases the deeper the 
penetration. 

With these basic assumptions, we then draw 
up a plan for setting up a game-theoretical 
model which will lead us to solve the problem 
of siting. Because of the correlation above re­
garding penetration and stockpile, it turns out 
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PROGRAMMERS ... HAVE A REAL-TIME AT GRUMMAN 

Unprecedented "hands-on" opportunities are immediately 
available at Grumman on projects covering advanced 
aircraft, space vehicles and undersea technology to 
programmers interested in working with and developing 
programs for state-of-the-art Multi Real-Time 
Telemetry links and providing computerized CRT 
Real-Time displays for on-the-spot engineering decisions. 

In addition, opportunities are also available to pro­
grammers interested in implementing computer-based 
Management Information Systems for Engineering, 
Material and Manufacturing. 

Specific positions require the following qualifications: 

SOFTWARE SYSTEMS PROGRAMMERS 
Minimum 4 years experience in large-scale operating system, including 
1/0 supervisory routines, and real-time task management. Must be 
capable of mastering systems internals with a minimum of instruction, 
knowledge of computer hardware and a BS in physics, mathematics, 
engineering (or equivalent) are required. Tasks will include design and 
maintenance of a real-time multi-programming data reduction system. 

TEST DATA ANALYSTS/PROGRAMMERS 

Team leaders to design and implement programming systems for the 
reduction and analysis of aircraft and spacecraft telemetry and in­
strumentation data. BS (or equivalent) required with minimum 3 years 
experience in programming large-scale scientific computer systems. 
Fundamental knowledge of test vehicle instrumentation valuable. 

(Multi Real-Time, That Is) 

APPLICATIONS PROGRAMMERS 
To assist in development of state-of-the-art a·pplications programs for 
the reduction of aircraft and spacecraft test data. BS required, 1-3 
years programming experience. Current operations include: evaluation 
of aircraft weapons systems, radar and electronics, structures and 
total performance, spacecraft checkout, thermal vacuum testing and 
total mission performance. 

AIRBORNE COMPUTER SYSTEMS PROGRAMMERS 

To develop and implement software for real-time Airborne/Spacecraft 
Computer Systems. Experience in real-time multi-programming and 
ground-based support simulations is desirable. 

MANAGEMENT SYSTEMS PROGRAMMERS 

Will write programs to implement advanced Management Information 
Systems for Engineering, Material and Manufacturing control. Should 
be familiar with concepts of medium-to-large-scale general purpose 
systems employing time-sharing teleprocessing and multi-processing. 
Knowledge of IBM S/360 and COBOL desirable. 

NOTE: Junior Programming Positions are also available. 

MARCH, 1968 

To arrange an immediate interview, 
send comorehensive resume to: 

Mr. Jack W. Anderson, 
Engineering Employment, 

Dept. GR-45 

:.~i~ _GRUMMAN 
T. • . . · ··,,,·==::.:::::: :::::==--. AIRCRAFT ENGINEERING CORPORATION 

• Bethpage •Long Island• New York, 11714 
.·::~ ...- WHERE MAN IS THE HEART OF THE SYSTEM 

An Equal Opportunity Employer (M/F) 
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SECTIONAL 
SURFACE 

REENTRY TRAJECTORY 
OF WARHEAD 1 

ABM SITE 1 

TRAJECTORY 

INTERCEPT 

~~ ABM TRAJECTORY 

SURFACE 

ABM SITE 2 

Figure 2 

that the best plan is to give each city a fixed 
number of ABM's to work with and to deploy 
them as it chooses. Further, since sites are gov­
erned by terrain and government owned land 
or acquirable land, it turns out that the number 
of plays that can be made are fairly limited. 

The next question to ask is given a deploy­
ment, how good is it? I.e., given sufficient stock­
pile for the assigned site locations, could it 
adequately defend the city whose population 
is distributed in some known manner. The ques­
tion amounts to: Where are the intercepts (if 
any) going to take place and who is going to do 
the intercepting. 

This question is a natural one since (a) the 
intercept has to take place and ( b) because of 
the objective of a balanced defense, it cannot 
allow a penetration below the Pw line. The 
offense wants to know the answer to that ques­
tion, too. He is anxious to get his burst off, but 
would also like to penetrate the Pw surface. The 
Pw surface is that surface which, if a burst of 
the assumed weapon took place, would just kill 
Pw people. Since in order to make an intercept, 
you must first "see" your target, you must wait 
as long as possible before making the shot. Also, 
because you are more accurate the closer the 
intercept, you must wait longer. But you are in 
a dilemma because of (a) and ( b) above to 
get him as soon as possible. 

Figure 2 is an illustration of the defense's 
plan. 

It turns out after some rigorous mathematics 
using game-theory that under all the above 
assumptions, if you select your intercepts ex­
actly on the Pw surface, you can best determine 
which sighting scheme prevails. 
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In the simplified model just presented, this 
last answer is surely a significant one since with 
it you have obtained an extremely valuable sit­
ing criterion. In other words, you place your 
sites so as to be nearest your intercepts. Further, 
because the intercept ( Pw) surface is fixed inso­
far as the size of the warhead is fixed, you have 
almost solved your problem. 

There are, however, overriding criteria all of 
which push this surface higher and farther away. 
Since these are tactical rather than strategical, 
they cannot be given too much weight. Also, 
they are not given too much coverage in this 
report. Among them, though, are firing doctrine 
requirements Hke avoiding suicide, avoiding a 
bad crossing angle (angle of attack versus ABM 
angle of intercept), offense reentry maneuver­
ing vehicles, and blackout of radars due to pre­
cursor bursts. 

Before launching into various computer 
models, I must say a few words about the 
offensive threats. 

You must, on the defense, be capable of 
defending against all reasonable attacks. Any 
weakness will surely be discovered and all your 
efforts to defend the city will be wasted. 

What are some of the options of attack that 
he has? 

( 1) He can vary his warhead size or number 
of warheads. Yes, but the deterring factor 
is weight of the ICBM (or other type of 
ballistic missile) . 

(See Figures 3a, 3b, 3c and 3d) 

The payoff, however, might make it worth 
the risk. 
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( 2) He might vary his reentry angle. Here 
too. his penalty is weight. The payoff 
curve is also given. 

(See Figures 4a and 4b) 

REENTRY ANGLE 90° REENTRY ANGLE 

Figure 4a Figure 4b 
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A bold challenge 
for an unusual individual 

DIRECTOR of 
INFORMATION 

SCIENCE CENTER 
for the 

Defense 
Intelligence Agency 

(Openings for Course Chairmen, 
Associates and Instructors, too} 

DIA was established to combine and coordinate the in­
telligence gathering mechanisms of the Department of 
Defense . . . and to provide a central, responsive source 
of military intelligence data. 

As you can well imagine, computers and other modem 
tools and techniques of information science play vital 
roles in this mission. This is where DIA's Information 
Science Center comes in. 

Now we seek a topflight Director for this Center, to 
supervise and coordinate all of its activities. You will 
plan, recommend and promulgate educational policy, doc­
trine and procedures related to instruction; prepare pro­
grams of instruction; and formulate instructional stand­
ards for courses involving the application of information 
science to specific intelligence problems. Other, related 
responsibilities are also involved. 

The successful candidate must have extensive data proc­
essing and software expertise. Hopefully, academic cre­
dentials will include a PhD and college-level teaching 
experience. Hopefully, too, the candidate will have some 
experience with one or more sectors of the defense­
related community. 

While Government employment cannot offer a top salary 
for this top position (the range is $20,982 to $23,778), 
career benefits are liberal and comprehensive, and the 
nature of the work is such that professional satisfaction 
and the chance to contribute substantively to the national 
purpose will represent major "fringe benefits" in them­
selves. 

ADDITIONAL OPENINGS AT THE CENTER 

Other attractive career openings are offered at the DIA 
Information Science Center to individuals qualified as 
course chairmen, associates and instructors. 

For more information about DIA careers, we urge you to 
send your resume or Standard Form 57 (Application for 
Federal Employment, available in any post office) to: 

DEFENSE INTELLIGENCE AGENCY 
Civilian Personnel Division, S-27, Room 2E-239 

The Pentagon, Washington, D. C. 20301 

An Equal Opportunity Employer M & F 

( 3) He might vary his reentry azimuth. Here, 
though, the weight penalty is severe. 
That is, you either fire the great circle 
or don't fire. 

(See Figures 5a and 5b) 

0° REENTRY AZIMUTH 

Figure Sa 

0° REENTRY AZIMUTH 360° 

Figure Sb 

~:S~~~~~~~ES~:~/~E~~~~!!~~~ ~==~=====-=!!§ 
BS, MA, PhD-Physics, MATH, EE, AE, IE, Ch, ChE 

Career Opportunities available NOW with over 800 major 
Client-Companies. 

Starting salaries from $8000 to $30,000 = 
In confidence and under no obligation, call (collect) to § 

di""" 1nrem1 ., 1o~:ro0;~~~!~~!~~~·~: ~;====_;;;;; 
Richmond 2-5040 
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( 4) Another possibility is to select various 
aim points in the city to do one's damage. 

(See Figures 6a and 6b) 

PRACTICAL LIMITATION 

~ 

! 
OPTIMUM DEFENSE 

AIM POINT CHOSEN FOR A 
KILL (UNDEFENDED CITY) 

AIM POINT CHOSEN FOR A 
KILL (DEFENDED CITY) 

Figure 6a Figure 6b 

INICIRI 
PROFESSIONAL PROGRAMMER/ ANALYST 

How Is Your Journey Progressing? 
Has your road to success been a smooth one? Or, have you had a few 
detours along the way? If you find you are among the group that is 
by-passed when promotion time rolls around, then perhaps a change 
in route is in order. 

Why Not Give NCR An Opportunity To 
Discuss Your Career Path! 

Attractive starting salaries and a professional atmosphere in which to 
continue, to develop and advance your career will be offered to all 
applicants who qualify for current openings in our EDP Division. 
In addition to OPPORTUNITIES a full range of benefits are offered. 

For confidential consideration, se.nd letter or resume to: 

MARCH, 1968 

Robert l. Creviston 
Executive & Professional Placement 
The National Cash Register Company 
Main & K Streets 
Dayton, Ohio 45409 

AN EQUAL OPPORTUNITY EMPLOYER 
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• 80 PROBABILITY 
OF DEFENSE CONTOUR 

.60 PROBABILITY OF 
DEFENSE CONTOUR 

~----..JL- • 90 PROBABILITY OF 
DEFENSE CONTOUR 

SURFACE DEFENDED AREA 

Figure 7 

The ability to put all of these together is a 
formidable task, but not unsolvable (at least 
to the satisfaction of most). I plan to resolve 
the problems in two ways. 

The first is a simple one which is perhaps 
misleading by its simplicity. It tackles the prob­
lem by finding one or two key factors which 
can be computed moderately easily. These fac­
tors can be arrived at through searching the 
physical spacial world and coming up with geo­
metrical shapes that are inherent to the prob­
lem. These are not necessarily easy to find, but 
once formed, a much simpler computer program 
can be written. It is called as the above suggests, 
the Geometrical Approach. 

The second is a more complex one and is 
better because of its flexibility. It is called the 
Monte Carlo Approach and as the name sug­
gests, is more geared to gaming. It uses a simu­
lation of the Weapon's system as the backbone 
of the model. Success or failure is measured by 
drawing random numbers. 

~ SYSTEMS ANALYSTS 6 Teleprocessing, EDP Systems, 
· Quality Control, Procedural Writers 

The largest single state writer of automobile insurance needs 
experienced personnel for EDP systems in operation now-
360/M30 and 360/M40's, with 360 / M50's, 2314's and 2321 
on order. 

Call or Write: D. E. SCHMEISER 

AUTOMOBILE CLUB OF MICHIGAN 
Detroit Insurance Exchange 

150 Bagley, Detroit, Michigan 48226 
(313) 963-2911, Ext. 311 

There is one other approach which deserves 
mention, but with which I am not too familiar. 
It is called the Probabalistic Approach. I will 
mention only a few of the important points 
here. 

Since every event or aspect of play is subject 
to uncertainties, a method can be developed 
which produces an uncertainty of defense. The 
long mathematical procedure of finding this 
probability turns out to be a reasonable way to 
conceive the real world. Figure 7 gives an ex­
ample of what is meant. 

(See Figure 7) 

This is as much as I will say about this 
approach. I will proceed to discuss the other 
methods in the next two sections. 

PART TWO of Game Theoretic Applications 
will appear in the April issue of Software Age. 

WE SPECIALIZE IN CAREER CORRECTION 

ARE YOU "UNDERED"? 
UNDER ... PAID or UNDER THE WRONG BOSS 

UNDER THE WRONG CLIMATE or UNDER PROMOTED 
UNDER UTILIZED or UNDER THE WRONG HOURS 

UNDER THE WRONG POLICIES ... 
or just "UNDERED"? 

FOR "OVERING" ... CONTACT: T. E. FALCONE 

LAWRENCE PERSONNEL 
1015 Chestnut, Philadelphia, Pennsylvania 19107 

. ALL FEES PAID BY CLIENT COMPANIES 
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Programmers/ Analysts 

If you're interested in 
working five years ahead of 
the times, learn about IBM 
in Washington, D. C. area. 

MARCH, 1968 

We're working at state-of-the-art levels-and we need programmers 
and analysts now. 
Our Federal Systems Division is involved in a series of real-time proj­
ects for the Government that are about as advanced as anything in 
the field of computer technology today: trajectory analysis, orbit 
prediction, multi-programming, multiple-access concepts, acous­
tic instrumentation. And most of this work is being done using 
the latest computers and peripheral equipment available. 

Our positions are located in and around Washington, D. C.­
from the convenient downtown area to the gracious country­
side near Gaithersburg, Maryland, 15 miles northwest of the 
nation's capital. Housing and recreational facilities are plen­
tiful. And IBM's generou·s benefits program is company paid. 

Are you one of these people? 
We need programmers and analysts with experience in one 
of two basic areas: information-handling systems and sci­
entific-engineering programming. 

Ideally, you should have a Bachelor's degree in Mathe­
matics, Physics, Engineering, Economics, or Statistics. 
(Equivalent experience in some instances is acceptable.) 
You should have at least one year's experience. 

Contact IBM today 
If you're interested in one of the hottest careers 
going in computer technology, we want to talk to 
you. Send a brief resume to: Mr. J.F. Ryan, IBM 
Corporation, Department UH5-P, 18100 Fred­
erick Pike, Gaithersburg, Md. 20760. 
It could be t

1

he most i~portant 'ijl'i0)1Y,7 
resume you ve ever wn tten. .!JJ~lM.!i ® 

An Equal Opportunity Employer 
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First Step Towards • • • 

TOTAL INFORMATION , 
The new GE-400 Parts Explosion System, first 
step toward a total integrated manufacturing 
information and control system, will operate 
on any medium-scale GE-400 Series informa­
tion system with 16K memory and disc storage 
capability. 

A revolutionary new approach to 
computerized manufacturing infor­
mation and control has been intro­
duced with the new GE-400 Parb; 
Explosion System being announced 
by General Electric Co. this month. 

In actuality, the System has been 
thoroughly pre-proven at several cus­
tomer sites, where it already is in 
use at this time. 

The GE-400 Parts Explosion Sys­
tem is the first increment in a fresh, 
new concept in manufacturing cun­
trol developed by GE's corporate 
Manufacturing Services experts. This 
concept is called MIA CS ( Manufac­
turing Information and Control Sys-

20 

tern ) . Where most manufacturing 
systems report what is happening in 
a given manufacturing area, the 
MIACS approach reports and con­
trols. It looks at the entire manu­
facturing business as a complete, 
integrated system, and provides a 
means by which the system can be 
tied together more efficiently and 
effectively. 

The Parts Explosion System offers 
the user the first step in achieving 
this control. It is a random access 
application package that is oriented 
to an integrated data base. It will 
work in virtually any type of manu­
facturing operation-in job shops 

(specialized products), in flow shops 
( high volume products ) and in the 
process industries. It functions 
equally well whether the manufac­
turer produces a single product or 
a whole set of product lines. 

In most manufacturing businesses, 
literally thousands of raw materials, 
parts, sub-assemblies and assemblies 
are used to make up final products. 
These create extremely complex data 
relationships between material item 
and product structure files. Through 
the use of GE's exclusive Integrated 
Data Store (IDS) technique for ac­
tual, practical data base manage­
ment, the GE-400 Parts Explosion 
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System eliminates the need to carry 
part numbers in several file locations, 
and as a result, permits the most 
efficient use of valuable disc storage 
space in other such systems. 

The use of COBOL in the system 
is a key factor in permitting the 
user to understand the logic used in 
developing the programs, and to 
modify them as necessary to meet 
changing business needs. 

Using both IDS and COBOL, the 
GE-400 Parts Explosion System: 

• Automatically establishes master 
and detail material record rela­
tionships. 

• Greatly simplifies the traditional 
data chain relationship problem 
when adding, deleting or modify­
ing parts list records. 

• Gives more accurate and consist­
ent product structure information, 
regardless of where parts list in­
formation is used. 

Furthermore, the system is geared 
for growth. All the information the 
user needs is stored in a single inte­
grated file. Changing or expanding 
records is greatly simplified. 

The system offers unparalleled 
access and flexibility. It: 

• Lets the user manipulate product 
structure information easily. 

• Builds and maintains a Bill of 
Materials file. 

• Accepts demands and existing or­
der information against raw mate­
rials, parts, sub-assemblies or as­
semblies in file. 

• Explodes demands down through 
the structure by levels, consider­
ing the quantity on hand and 

existing orders. Establishes net 
material requirements for up to 
52 time periods. 

• Explodes demands vertically 
through a product structure, pro­
viding an indented explosion 
report. 

• Furnishes single and multi-level 
parts list and component where­
used lists. 

FILE MAINTENANCE REPORT 

• • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Fl LE MAINTENANCE RADIOS 

MATIDN ITEM NO. CMPIDN 

STO COMPNT 00006880 T01400DOOO C 031 86880922 - 0101 
STO COMPNT 00006881 T01400DOOO C 032 86880922- 0103 
STO COMPNT 00006882 T01400DOOO C 033 86880923- 0223 
STO COMPNT 00006883 T01400DOOO C 034 86880923 - 0225 
STO COMPNT 00006884 T01400DOOO C 

*** INPT ERR 44400T01420DOOO 1 
035 88100692 - 0001 

T014200000 0 

- 30-

• • 
• 

PEROTY PERCOD • 
• • 
• 0 

TRANCODE • 

• 
• 
• • 
• • 

AND CONTROL 
By S. B. Williams 

Manager-Application Software 
Engineering 

General Electric Company 

Stanley B. Williams is Manager­
Ap p Ii cation Software Engineering, 
General Electric Special Systems De­
partment, Phoenix, Ariz. 

A native of Utica, N.Y., he received · 
a Bachelor of Science degree in Me­
chanical Engineering from Rensselaer 
Polytechnic Institute in 1945 and 
joined General Electric as a student 
engineer in 1946. He has worked for 
several components within the com­
pany over the years. 

Williams is a member of the IEEE 
and the ACM and holds two patents. 
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SUMMA.RIZED TRANSACTION ANALYSIS REPORT 

• • 
• 
• 
• • 
• • 
• 
• • 
• 
• 

RADIOS 

IDS- FI LE ACTIONS 
STO MATITM 557 
DUP MATITM 10 

CALO UT 0 
MOD MATITM 0 
DEL MATITM 0 

CALO UT 0 
WR USED 0 

MOD INVEN. 27 
ADDINVEN. 0 
STO COMPNT 177 
MOD COMPNT 0 
DEL COMPNT 2 

INPUT TRANSACTIONS 
ACCEPTED 

030 
032 
033 
UNDEF . 

TOTALS 

567 
27 

179 
0 

773 

11 / 30/ 67 PAGE 20 

REJECTED 
3 
0 
5 
1 

9 

TOTAL 
590 
27 

184 
1 

782 

• 
• 
• 
• 
• 
• • 
• 
• 
• • 
• 
• 

23:02.7 • 
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Pick your spot at 
McDonnell Douglas: 

East, Midwest, 
or West. 
We have immediate openings for data processing 
professionals in St. Louis, Denver, Southern 
California, Houston, New York and Washington, D.C. 
Just indicate your location preference on the coupon, 
and we'll do the rest. 

We're looking for systems analysts, programmers, 
math modelers, information system specialists, 
computing engineers, business consultants, 
computer-oriented salesmen, and other experienced 
data professionals. 

You'll find what you're looking for at McDonnell Douglas: 
R&D programs; real-time, on-line systems; business, scientific 
and software programming; management information 
systems; and automation-to name just a few activities. 

You'll find opportunities in commercial data service 
at our McDonnell Automation Company Datadromes 
and in engineering scientific and business computing and 
data processing at all our aerospace 
and electronic centers. 

To arrange an interview, mail the coupon today; please 
attach your current resume, if available. 

.----------------------------------, 
Mail to: Mr. W. R. Wardle, Professional Employment, Box 516, St. Louis, Missouri 

63166. Or: Mr. L. P. Kilgore, Professional Employment, 3000 Ocean Park 
Blvd. , Santa Monica, California 90406. 

Name _ ______________________ ___ _ 

Home address _ _ ______ _______________ _ 

City & State ____________ Zip code ____ Phone ___ _ 

Education: BS ____ MS _ ____ PhO ____ Major Field ___ _ 
(date) (date) (date) 

Primary experience area _________ __________ _ 

Present position /,. 

Location preference: East __ Midwest __ West __ g__ 
SWA-3 M CDONNELL DOUGLAS 

An equal opportunity employer 

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

Once installed, the GE-400 Parts 
Explosion System provides a wide 
variety of printed reports. These are 
pre-programmed in the system, not 
individually generated by the user. 

Included among these reports are: 
A comprehensive file maintenance 

log which shows the action per­
formed, material items parts num­
ber, quantity used per assembly, and 
other pertinent data. 

A summarized analyses report of 
transactions, file actions, and error 
conditions. This is helpful in achiev­
ing maximum product structure ac­
curacy and easier error correction. 

A wide variety of bill of material 
inquiry reports, including: 

• A bill of material report which 
shows assembly and part con­
tent information. 

• A where-used inquiry report 
showing the part number re­
quested and all the places in 
which it is used. This report is 
extremely valuable to businesses 
in which profit potential de­
pends on cost reductions in ma­
terials or part standardization. 

• An indented parts list inquiry 
report which portrays the prod­
uct structure down to the low­
est level. 

• A vertical explosion inquiry re­
port which is an extension of 
the indented parts list report. 

Several types of explosion reports 
are under the user's control through 
the use of input parameter cards, 
including: . 

• A net explosion summary report 
which shows the material items 
required, their description, ma­
terial quantity on hand, unit of 
measure, and most important, 
material lead time. Under each 
time period is the net material 
requirement value or quantity 
needed. Up to 52 time periods 
may be selected. 

• A total information explosion 
report has time periods arranged 
vertically, and shows complete 
information on all elements in­
volved in a particular explosion. 
Information shown is material 
on hand, inventory balances, 
available inventory, gross and 
net requirements. 

Of particular importance, how­
ever, is the fact that the GE-400 
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• • PROGRAMMERS AND 

MARCH, 1968 

ANALYSTS • 

... in our 

SCIENTIFIC & COMMERCIAL 

COMPUTER-BASED 

ANALYSIS & 

DESIGN SYSTEMS 
You can. You'll like what you see at Sikorksy 
Aircraft-a company dedicated to producing the 
most advanced VTOL airborne and surfaceborne 
transportation systems. 

And you 'll like working with a select group of 
stimulating, top-talent people ... on abundant 
and provocative challenges. You would be applying 
your professional talents to specifying, designing 
and implementing advanced computer-based tech­
nical and commercial systems. 

Our current equipment includes Univac 1108's 
and IBM 360's with Graphics and Teleprocessing. 

Current and planned applications include­

Scientific: Man/Machine Interactive Graphics in 
Engineering Analysis and Design. 

Development of Batch Programs and Systems in 
all engineering disciplines. 

Commercial: Data Base and Real Time applica­
tions in Accounting, Manufacturing, Purchasing, 
Inventory Control and other related areas. 

We have exceptional assignments at all levels 
of experience for: 

COMPUTER SYSTEMS 
PROGRAMMERS AND ANALYSTS 

FOR BOTH COMMERCIAL 
AND SCIENTIFIC FIELDS 

You and your family will find the unique cultural 
and recreational advantages of pleasant Connec­
ticut to be abundantly satisfying. And our interest 
in your continuing professional development is 
exemplified by our corporation-financed Graduate 
Education Programs. They are available at these 
fully accredited schools: Bridgeport • Brooklyn 
Poly • CCNY • Columbia • Connecticut • NYU 
• Rensselaer (Hartford Grad. Center) • Stevens 
• Trinity • Yale. 

Send your resume in confidence, stating salary 
requirements, to Mr. Leo J. Shalvoy, Professional 
Employment. 
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BILL/MATERIAL REPORT 

INOUI RY RADIOS 10/25/67 

BILL OF MATERIAL REPORT : 17 :31 .5 #0002 

T01400DOOO C CHASSIS MUMEAS: PC 

ITEM NO. COMPNT 

001 106C2035- 0001 

DESCRP 

SPEAKER 
BOARD ASSY 
TRANSFORMER 
RC NETWORK 
TERMINAL 
SCREW 

PERQTY PERCOD MUMEAS 

PC 
002 106C2467- 0006 
003 109C6176- 0001 
004 113A6284-0002 
005 113A6425- 0001 
006 113A6584-0167 
007 113A 7154- 0003 
008 113A 7154- 0004 
009 113A7216-0011 
010 113A7216- 0012 

TUBE SOCKET 
TUBE SOCKET 
VACUUM TUBE 
VACUUM TUBE 

WHERE USED REPORT 

INQUIRY RADIOS 10/25/67 

WHERE USED REPORT: 

T01400DOOO C CHASSIS MUMEAS : PC 

PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 

MATIDN 

T01420DOOO 
T01410DOOO 
T01430DOOO 

DESCRP 

RADIO ASSY 
RADIO ASSY 
RADIO ASSY 

ITEM NO. PERQTY PERCOD MUMEAS 

001 ] 1 PC 
001 1 PC 
001 1 PC 

INDENTED PARTS LIST 

INQUIRY RADIOS 10/25/67 

INDENTED PARTS LIST : 

172104 RADIO 

. POSITION COMPNT DESCRP ITEM NO. PERQTY PERCOD MUMEAS 
1 T01410DOOO RADIO ASSY 001 1 PC 
2 T01400DOOO CHASSIS 001 1 PC 

3 106C2035- 0001 SPEAKER 001 2 PC 
3 106C2467- 0006 BOARD ASSY 002 1 PC 
3 109C6176- 0001 TRANSFORMER 003 2 PC 
3 113A6284- 0002 RC NETWORK 004 1 PC 
3 113A6425- 0001 TERMINAL 005 2 PC 
3 113A6584- 0167 SCREW 006 1 PC 
3 113A7154- 0003 TUBE SOCKET 007 1 PC 
3 113A7154- 0004 TUBE SOCKET 008 2 PC 

• 
• • 
• 
• 
• • 
• 
• • 
• 
• • 

• 
• 
• 
• 
• • 
• • 
• • • 
• 
• • 

• 
• 
• • 
• 
• • 
• 
• • 
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Parts Explosion System develops the 
data base-the foundation-for a 
truly complete and integrated manu­
facturing information and control 
system. The use of IDS and COBOL 
permits the user to build up a com­
plete system in less time and in a 
well-planned and organized way. 
Starting with Parts Explosion, the 
integrated data base becomes the 
basis for such future business system 
requirements as inventory manage­
ment, shop scheduling and monitor­
ing, order processing, purchasing, 
accounting, sales forecasting, and 
other functions . 

The MIACS concept, of which the 
GE-400 Parts Explosion System is a 
part, forms an information network 
through various control centers, each 
of which corresponds directly to a 
work center in the plant. 

MIACS recognizes that there is a 
common physical Bow of materials 
in any manufacturing business and 
that this Bow can be identified read­
ily, managed and controlled. It 
breaks down manufacturing into a 
simple three-part framework: 

1. The shop . 
2. The main line information 

system. 
3. The advance planning system . 

The shop is the manufacturing 
arena. Typically, purchased mate­
rials, either raw or finished, move 
into a shop from outside suppliers . 
After receiving and inspection, labor 
is applied at manufacturing centers. 
Finally, a completed product is . 
formed and warehoused or shipped 
directly to customers. 

The main line information system 
is the logistics planning and con­
troller used to accomplish the manu­
facturer's objectives, serving as the 
basis for other related activities· in 
manufacturing. It starts with cus­
tomer orders or sales forecasts and 
incorporates them into business re­
quirements. The requirements then 
are compiled into a dynamic master 
plan through the use of master 
scheduling functions. 

The master plan is split apart into 
detailed lower-level elements . . Here, 
a procedure called net explosion 
checks the material requirements 
against previous plans, and require­
ments that cannot be satisfied by 
those plans are divided into two 
categories: "stock" items and "requi-
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ow 
The "second generation" 
of the famous Digi(omp, 
enormously more "sophisticated" as additional "switches" and "core 
positions" permit many more decisions and "branching" possibilities. 

Like its predecessor the DigiComp-1 (see below) it is entirely mechan­
ical in operation but affords the functions common to electronic com­
puters in a form far more comprehensible. The best way ever to learn 
(or to teach) the principles of modern data processing. 

$16.95 Postpaid 

DIGITAL COMPUTER 

Ingenious mechanical equivalent of an electronic digital computer. 
Can be "programmed" to perform, individually, every operation of a 
digital computer. Best thing ever for teaching binary math, how a 
computer operates, how and why problems must be broken down for 
machine solution. In kit form-1 hr. to assemble. $5.98 Postpaid 
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WFF'N PROOF 
Developed in the course of the 
ALL Project !Accelerated learn­
ing of Logic) Wff'nProof incor­
porates 21 games of progres­
sive difficulty; has been used to 
teach propositional calculus to 
elementary school children but 
challenges the intellect of pro­
fessional logicians. Complete 
with 224-page manual which 
is an introduction to the world 
of modern logic; filled with 
valuable tips to clear thinking. 

$6.25 Postpaid 

TWIXT 
Another famous "bookshelf" game, 
package matches that of Oh-Wah­
Ree above. A stimulating game with 
a fascinating chess-like strategy of 
move and countermove. Two or four 
players. 

$7.95 Postpaid 

OH 
WAH 
REE 

The ancient game of mathe­
matical strategy which has in­
trigued millions for more than 
30 centuries. A game at once 
so simple in its basics that a 
pre-schooler can enjoy it yet so 
complex in its possibilities that 
its fascination multiplies with 
the mathematical grasp of the 
player. 

$7.95 Postpaid 

CONFIGURATIONS 
Based on concepts from the geometry of incidence, CONFIGURATIONS 
is a series of intriguing mathematical and geometric puzzles that will 
challenge and delight those who enj.oy careful reasoning. It is authored 
by Professor Harold L. Dorwart, Chairman of the Mathematics De­
partment, Trinity College, Hartford. 

$4.95 Postpaid 

SCIENCE/SYSTEMS :~~:t:n~x 1:1~ 7:0204 SA-3 
Please send me at the addretl below: 

Save $ 1 by ordering any 3 items or $ 2 
on any order for 4 or more of the above 

(Gomes are shipped from separate warehou.ses} 

(name) 

(ciddress) 

(city) (state) (zip code) 

1 Illinois residents add 5% OES 
I 
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Few programming 
opportunities can match the 
career-expanding challenges 
at Montgomery Ward. 
If you see challenge as potential, you've got to be interested in 
Montgomery Ward. Here, you ' ll face the challenge of changing an entire 
systems structure; of attacking a total management information 
system from 8 different areas simultaneously; of broadening your skills with 
the largest 3rd generation control center in retailing! 
Rewards come quickly in terms of salary increases and promotions. 
No waiting for long-range promises. This is a "now" operation charged 
with the challenge of building the new, dynamic Montgomery Ward .. 
and you can be part of the action! 
All you need is 2 or more years COBOL or BAL experience, plus stamina 
to spare. For details, write: M. K. Fenwick, Personnel Representative 
Corporate Systems Division 

• • • . ...... . ...... . ~. 
•TT• 
• • • 

26 

MONTGOMERY WARD 
6th Floor, Data Center/140 S. State Street, Chicago, Illinois 60603 
An Equal Opportunity Employer 

Montgomery 
Ward? 

sition" items. If either type of re­
quirement calls for the purchase of 
materials, it moves through an order­
ing process which prepares vendor 
purchase orders. If it calls for mate­
rials to be manufactured in-house, 
the system generates the necessary 
shop papers (instructions). 

Advance planning is the creative, 
long-range direction of the business 
-business, product, process, facili­
ties, and financial planning . . It also 
involves product, process, and mate­
rials flow engineering, and estab­
lishes the management policies, such 
as the control parameters, product 
design data, etc. 

MIACS' three-part framework 
makes up a detailed master plan­
the architecture around whkh a 
manufacturer's overall objectives and 
time schedules can be met. The 
feedback link between the shop and 
the system enables the shop to re­
port back on its accomplishments 
relative to the plan; and the results 
then are matched against the main 
line information system plan and 
adjustments are made. 

MIACS integrates materials, re­
sources and work tasks into a single 
data bank. It uses three basic plan­
ning and control models to com­
pletely describe the material flow 
in a manufacturing business, and 
these models plan, schedule and 
control: 

• The flow of materials (raw mate­
rials, parts, sub-assemblies and 
products). 

• The use of resources (man, ma­
chines, space). 

• Activities (work tasks that go into 
making a completed product). 

This concept develops integrated 
business data networks using the 
three models to describe all the ma­
terials, resources and activities re­
quired to produce what the customer 
wants. Plans and schedules provide 
the basis for control once work is 
released. 

THE MATERIAL INVENTORY MODEL 

The material inventory model situ­
ation pertains to a particular mate­
rial item, which can be anything 
from an end product to a raw mate­
rial, stocked or otherwise, high cost 
or low cost. It is modeled in terms 
of quantity on hand at the present, 
and the quantity and times of fore­
casted supplies and demands. Each 
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expected withdrawal ( demand) and 
each expected replenishment (sup­
ply) is assigned a time and quantity 
figure, so that a quantity-time pro­
file of net inventory can be gener­
ated whenever desired. 

THE WORK PROCESS MODEL 

The work process model consists 
of one or more activities (work 
tasks) that goes into replenishing a 
given quantity of a material item. 
As these activities process material 
from one inventory stage to the 
next, they make demands on lower­
level material items depending on 
the needs of the higher-level items. 
Material work activities also create 
demands on men, machines and 
facility resources. 

This model is used for receiv­
ing, inspecting, machining, punch­
ing, forming, treating, fabricating, 
winding, assembling, testing, pack­
aging, shipping, and transporting 
material items. The process is mod­
eled between inventory points with 
each activity having an anticipated 
elapsed time and definite relation­
ship with its sister activities. 

THE RESOURCE INVENTORY MODEL 

Under the MIACS concept, re­
sources may be a single operator or 
machine, a group of operators or 
machines, or a factory floor space 
or assembly area. Each situation is 
modeled three ways: in terms of its 
gross capacity, and time and quan­
tity of withdrawals (loads) and re­
plenishments. Each withdrawal and 
replenishment of a resource associ­
ated with an activity is assigned a 
quantity time load against that re­
source. The sum of all these loads 
results in a load "profile," which can 
be available instantly and is altered 
whenever activities are scheduled or 
rescheduled. Under this concept, re­
sources are not consumed or altered 
by an activity; instead, they are re­
turned after a period of use to the 
resomce inventory in exactly the 
same form. Resources are withdrawn 
from inventory as a result of proc­
ess activities and are returned upon 
completion. 

These three material flow models 
are structured to completely describe 
all situations required to produce a 
customer's order or to replenish stock 
based on a forecast. With MIACS, 
there is no limit to the degree or 
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PROGRAMMERS SCIENTIFIC/ SYSTEMS/ COMMERCIAL 

Space shots to the moon ••• 
golf shots to the green ••• 
JOIN US IN BOTH AT THE J. F. KENNEDY 
SPACE CENTER IN SUNNY FLORIDA. 

NASA's lunar module (LM), which took 
its first space journey in late January, 
was a talkative "bug." ITT Federal Elec­
tric Corporation's project team listened 
in and monitored each action and reac­
tion of the craft from when it was first 
mated to its launch vehicle until the mis­
sion 's end. The successful flight was a 
significant step toward the manned lunar 
landing. 

As a prime contractor, Federal Electric 
Corporation has some 1500 professionals 
on the talented NASA/ industry team 
involved with the Saturn Apollo program. 
Our fast expanding computation work at 
the Center provides real -time scientific 
test support, data reduction, systems 
analysis, computer operations and data 
storage and retrieval. This scientific, 
engineering and administrative support 
activity utilizes two GE 635 time sharing 
digital computer systems with 16 mag­
netic tape units, 128K word storage, a 
786K word drum and real-time input/ 

output controllers on each system. We 
also use an IBM 7010 computer system 
for financial management and an IBM 
1050 connected to a separate IBM 1440-
7010 computer system for a real-time 
30K item inventory system. 

While the size and complexity of our 
mission provides you with talent-extend­
ing excitement, the great climate here in 
the heart of Florida's beautiful East Coast 
offers you unmatched relaxation. There's 
sun, sand and seashore plus water ski­
ing, surfing, fishing, hunting and superb 
golf. It's comfortable living (at well below 
the national average cost), lots to do, 
and the perfect climate for doing it. 

Please forward your resume, including 
salary history, in complete confidence to 
Mr. L. A. Hamilton, Federal Electric Cor­
poration, Suite 501, Cape Royal Building, 
Cocoa Beach, Florida 32931. 

FEDERAL ELECTRIC CORPORATION ITT 
ITT's World-Wide Service Associate. A Plans for Progress Equal Opportunity Employer (m/f) 
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• • • • • • • • • • • • • • 
THE NURTURING 
OF PROFESSIONAL 
INTEGRITY 
The scientists and engineers who make 
up Booz · Allen Applied Research Inc. 
work in an atmosphere uniquely suited 
to the fulfillment of their professional 
goals. Project teams composed of 
specialists representing every pertinent 
d iscipline approach problems through 
the creative interaction of diverse 
minds. A synthesis is reached which 
broadens the outlook of the researchers 
far more than any summary of isolated 
insights. 

Their assign ments are broad and deep, 
ranging from undersea warfare systems 
development to aerospace engineering 
and astronautics studies. The sophisti­
cated methodology brought to bear on 
each problem further contributes to indi­
vidual growth in professional attainment. 
No corporate proprietary interests 
intrude on research objectivity. 

O ur growing, international organization 
now encompasses more than thirty 
scientific and engineering specialties. 
The majority of our 500 staff members 
are professionals of advanced 
competence and experience. 

Booz · Allen Applied Research Inc. has 
grown to established leadership in the 
fiel d of scientific and technical services. 
Within this environment of growth, 
opportunities for increased individual 
responsibility have kept pace. 

If you are interested in learning more 
about Bo oz · Allen Applied Research Inc., 
con tact Mr. Robert M. Flint, Director of 
Professional Appointments. 

BOOZ•ALLEN 
APPLIED RESEARCH Inc. 
135 South LaSalle Street-Room 1743 
Chicago, Illinois 60603, Phone (312) 372-1728 

CH ICAGO /KANSAS CITY 
WASHINGTON, D.C./LOS ANGELES 

~ An equ•I oppMunHy employe. 
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VERTICAL EXPLOSION 

INQUIRY RADIOS 10/25/67 

VERTICAL EXPLOSION : 

172 104 RADIO ORDER QUANTITY - 50 ORDER NUMBER 16791 
EXP 

POSITION COMPNT DESCRP ITEM NO. PER QTY PERCOD MU MEAS QTY 
1 T01410DOOOO RADIO ASSY 001 1 PC 50 
2 T01400DOOOO CHASSIS 001 1 PC 50 

3 106C2035- 0001 SPEAKER 001 2 PC 100 
3 106C2467- 0006 BOARD ASSY 002 1 PC 50 
3 109C6176- 0001 TRANSFORMER 003 2 PC 100 
3 113A62S4- 0002 RC NETWORK 004 1 PC 50 
3 113A6425-0001 TERMINAL 005 2 PC 100 
3 113A65S4- 0167 SCREW 006 1 PC 50 
3 113A7154- 0003 TUBE SOCKET 007 1 PC 50 
3 113A7154- 0004 TUBE SOCKET oos 2 PC 100 

NET EXPLOSIONS SUMMARY REPORT 

EXPLOSION RADIOS 10/26/67 PAGE 4 

LEVEL 01 TIME PERIODS 01-52 

SS100692- 0001 CKT BOARD MQTYOH : 0 MUMEAS : PC LDTIME : 2 17 :2S.6 
T1 T2 T3 T4 T5 T6 T7 TS T9 T10 T11 T12 T13 

175 300 150 600 

S6SS0923- 0225 RESISTOR MQTYOH: 0 MUMEAS: PC LDTIME : 2 17 :2S.6 
T1 T2 T3 T4 T5 T6 T7 TS T9 T10 T11 T12 T13 

150 300 200 400 

S6SS0923-0223 RESISTOR MQTYOH : 0 MUMEAS : PC LDTIME : 5 17 :2S.6 
T1 T2 T3 T4 T5 T6 T7 TS T9 T10 T11 T12 T13 
75 200 300 200 

• 
• • 
• 
• 
• • • 
• • 
• 
• • 
• 

• 
• 
• 
• • 
• 
• 
• • • 
• 
• 
• • 

TOTAL INFORMATION EXPLOSION REPORT 

• • • 
• • 
• • 
• 
• 
• • 
• • 

EXPLOSION RADIOS 10/26/67 PAGE 1 

LEVEL 04 TIME PERIODS 01 - 52 

T01430DOOO RADIO MQTYOH : 50 MUMEAS: PC LDTIME : 1 17:19.7 

PERIOD ON HAND ON ORD AVAIL GR REQ NET REQ 

T03 50 150 200 300 100 

TOS 0 75 75 300 225 

T01420DOOO RADIO MQTYOH: 0 MUMEAS: PC LDTIME : 1 17 :19.7 

PERIOD ON HAND ON ORD AVAIL GR REG NET REQ 

T03 - 0- 100 100 100 - 0-

TOS - 0- - 0- - 0- 200 200 

T01410DOOO RADIO MGTYOH : 150 MUMEAS: PC LDTIME : 1 17:19.7 

PERIOD ON HAND ON ORD AVAIL GR REG NET REQ 

T03 150 50 200 100 -0-

TOS 100 150 50 

FIRST STEP TOWARDS TOTAL INFORMATION AND CONTROL 
(Continued on page 35) 

• 
• 
• 
• • 
• 
• 
• 
• • • • 
• 
• 
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THE REVOLUTIONARY NEW 

U.S. & FOREIGN PATENTS PENDING 

Wall or 
Table Model $14. 95 

World's First and Only 
Rooord Holder With 
Permanent Index for 
Instantaneous Selection 
and Replacement 

• HOLDS 120 RECORD ALBUMS IN ONLY 17" OF SPACE 
• ALL RECORD ALBUMS ARE COMPLETELY CATALOGED 

AND NUMBERED 
• ONLY THE RECORD IS REMOVED, NEVER THE ALBUM 
• PLACES ANY DESIRED RECORD AT YOUR FINGERTIPS 

IN A SECOND 
• ENDS RECORD CLUTTER AND TIME CONSUMING 

SEARCHING 
• PROTECTS RECORDS BY ELIMINATING CARELESS 

HANDLING 
• DISC JOCKEY STAND IS 17" WIDE X 30" HIGH 
• FINISH IS GOLDEN PLATED HEAVY DUTY TUBING 

Complete with Heavy 
Duty Punch, Index 
and 240 Number T aba 

Self Mounted Floor Model 
$16.95 Postpaid 

SCIENCE/SYSTEMS 
P. 0. Box 1176, Evanston, Ill. 60204 
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market place 
CLASSIFIED 

ADS 
• IA 

where you can 

reach 91,000 software age 
programmers, mathematicians, 
analysts and EDP managers. 

CLASSIFIED ADVERTISING 
Non-Display Classified: For firms or individuals offering commercial prod­
ucts or services, 75¢ per word (including name and address). Minimum 
order $7.50. For Blind Ad Service, an additional $10.00. For "Positions 
Wanted" Ads, 55¢ per word (including name and address). No mini­
mum. Payment must accompany copy except when ads are placed by 
accredited advertising agencies. Frequency discounts: 5 % for 6 months; 
10 % for 12 months paid in advance. 
Display Classified: One inch by one column, $70.00. Column width 2 % ". 
Photographs accepted for an additional $20.00. Advertiser to supply 
all photo, art, cuts, or camera ready copy. 
General Information: Helped wanted ads will not be accepted in the 
classified secHon. Employment ads are subject to General Advertising 
Rates (see rate card). Employment ads Va page or more will be keyed to 
the resume form in back of publication and will qualify for free daily 
resume service. First word in all non-display ads set in bold caps at no 
extra charge. All copy is subject to publisher's approval. 
Closing Date: 1st of preceding month (for example, May issue closes 
April 1st). 

Send order and remittance to: Classi,fied Dept., Software Age, 1020 
Church Street, Evanston, Illinois 60201. 

software age 
1020 CHURCH STREET • EVA!N'STON, ILUNOIS • 60201 

· ·····························································~····················~ 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to the above information for complete data concerning terms, frequency discounts, 
closing dates, etc. Cash with order. 

--- 1 - -
2 3 4 5 

6 7 8 9 10 

-----
11 12 13 14 15 

16 17 18 19 20 

-----
~1 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

___ Words ~ @ 55!! (Reader Rate) } 
$ 

l @ 75!!· (Commercial Rate) 

____ Include Photograph @ $20.00 additional (Display Ads Only) 

0 Run Ad Blind $10.00 Insert ____ time(s) Total Enclosed $ 

NAME 

ADDRESS __ _ 

CITY _____________ STATE ________ ZIP ___ _ 

Signature 

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) 
counts as one word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip 
Code if space does not permit.) Count each abbreviation, initial, single figure or group of figures or 
letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words 
count as two words. SA-3 

·················································································~ 

29 



The Upward Software Spiral 

In the primitive days of the com­
puting industry programming was 
done at the machine by a one-man 
team. He was a combination of engi­
neer or accountant, systems analyst, 
and programmer. Computers were 
slow, relatively cheap, small, and 
could reasonably be used by a one 
man effort. As computers advanced 
in technology, size, and cost, this 
primitive one-man show had to be 
abandoned. A special technology 
was created-software-and along 
with it programmers and systems 
analysts. 

Programming assumed the role 
of a specialized art and occupation. 
Computer users were removed from 
the programming end of computer 
problem solving by hiring program­
mer analysts. This introduced a sec­
ond party between the computer 
and the originator of a computer-

30 

solvable problem. Since thinking is 
highly abbreviated in transmitting 
a problem description from one 
party to another, the programmer 
had to assume the role of super 
sleuth, or analyst, in accurately de­
fining a customer's computer appli­
cation. This analysis frequently took 
longer to perform than the actual 
coding of the well defined applica­
tion. The time required to define 
a problem, program and debug it, 
and communicate the results back 
to the source in intelligible form, 
turned out to be quite considerable 
and made programming a very time 
consuming technology. 

It became apparent that problem 
analysis by a disinterested party 
(programmer) resulted in communi­
cation problems between the com­
puter customer and programmer. 
Why not simplify this problem by 
eliminating the programmer and 

Computer hardware has evolved 
with lightning speed, leaving soft­
ware in the clouds. Industry is cur­
rently facing a programming short­
age in meeting a myriad of software 
applications which advanced com­
puter technology has germinated. 
Meeting this shortage through effec­
tive management is the "software 
multiplier" detailed in this article. 

placing the onus of programming 
back in the hands of the user? To 
do this, sophisticated procedure 
oriented languages were developed 
to replace clumsy assembly lan­
guages. Theoretically, these lan­
guages could be easily learned and 
used by the computer customer him­
self. For engineers, the computer 
industry offered the procedure 
oriented languages of FORTRAN, 
ALGOL, JOVIAL, BLODI and 
others. For business, COBOL was 
offered. Recently PL1 for both the 
business and scientific communities 
has made its appearance. 

Procedure oriented languages, it 
was thought, would permit program 
writing analogous to an individual's 
normal expression of a business or 
scientific problem. In actual prac­
tice, these powerful languages were 
not as easily or instantly applied to 
computer problem solving, as had 
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Donald S. Rich 

Donald S. Rich does research work for 
Univac in the area of automation of the 
programming process. He is currently 
working on automatic coding. 

been expected. Debugging persisted 
as a major time consuming process, 
even though programming language 
facility could be developed in two 
months by a trainee, scientist, or 
business engineer. Some problems 
proved to be insolvable by higher 
order languages, and had to be tedi­
ously coded in machine language 
by programmers. At best, the proce­
dure oriented language provided a 
partial solution to the programming 
crisis. 

The most recent attack on the 
software shortage has been the 
Time Shared System (TSS). While 
time sharing is a great breakthrough, 
the old ills of the programming 
process (training, debugging, com­
munication) are ever present. Now 
they can be dealt with, however, 
in a real time environment, and thus 
expedited more rapidly than previ­
ous 'batch' mode systems. 

Having exhausted most hardware 
and software devices as not being 
up to the current programming 
crisis, the path to at least an interim 
solution, parallels classical cost cut­
ting. In this case, multiplying the 
effectiveness of a given software 
staff is suggested through skillful 
management. 

Software and the Programmer 

A computer system or problem 
can be designed in countless ways 
to accomplish a given goal, but one 
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truth common to all is that they 
must be programmed. An architect 
can design a structurally and 
aesthetically gorgeous dwelling, but 
his design in the hands of a clumsy 
builder can result in a shack rather 
than a stately house. In software, 
the most brilliantly designed system 
can turn into a computerized night­
mare if the programming aspects are 
improperly managed. Just as a house 
needs a skillful builder, so too, a 
software system requires an articu­
late programmer(s) carefully coordi­
nated into the complex mosaic of 
software management. 

Optimizing the Variables of 
Software Management 

Efficient management of a soft­
ware effort, regardless of its size, 
should attempt to optimize the vari­
ables of system programming. Be­
fore considering optimization, the 
variables that are central to this 
goal must be identified. Heading the 
list is problem definition; i.e., is the 
aim of a software effort clearly and 
consistently defined? Intrinsically re­
lated to this is the second variable 
-communication; i.e., is there a 
professional attitude towards com­
munication among the participants 
of a software effort? Selecting a 
programming language is the third 
variable; i.e., for a given task and 
computer configuration, what pro­
gramming language is most suit­
able? Once a language is selected, 
the fourth variable to emerge is 
that of orderly debugging and docu­
mentation; i.e., is debugging 
planned in advance and is docu­
mentation simultaneous with cod­
ing? A molar variable is the trade­
off between development time and 
computer space; when should space 
be sacrificed for time? Last, but not 
the least, is the human variable of 
motivation; i.e., is management pro­
viding a motivating force sufficient 
to propel the programming staff? All 
of these variables must be consid­
ered in scheduling the development 
of a software package and fulfilling 
this schedule. 

Problem Definition involves two 
stages-the definition itself and the 
verification of the validity of the 
definition. To insure accuracy and 
clarity in problem definition, a pro­
fessional attitude toward communi­
cation between programmers, ana­
lysts, and customers should be 
encouraged. Some props for attain-

for 
programmers 

only: 

The hard 
facts 

about Software 
-and you! 

As you well know, in the 
computer field, Hardware 
and Software go together­
like ham & eggs, red, white 
and blue, boys and girls, 
and other natural and essen­
tial combinations. 

As you also know, a Soft­
ware progra111 can be no 
betterthan the Hardware that 
will handle it.Now-UNIVAC 
Hardware is acknowledged 
to be number one techno­
logically in the computer 
business. And that is an im­
portant reason why our Soft­
ware programming section 
is so attractive to talented 
people looking for the like­
liest place to work and grow. 

Right now, there are es­
pecially desirable oppor­
tunities available in real time 
applications, command and 
control, compiler and ma­
chine language develop­
ment, and research and 
methods programming. 

If you'd like more hard 
facts about what Univac has 
programmed for talented 
Software people, write: R. K. 
Patterson, Personnel Man­
ager, Dept. 118. 

UNIVAC 
FEDERAL SYSTEMS DIVISION 

2750 WEST SEVENTH BLVD. 
ST. PAUL, MINNESOTA 55116 

AN EQUAL OPPORTUNITY EMPLOYER M/F 
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PROGRAMMERS 
FOR EUROPE 

AND 
CALIFORNIA 

Go where there's 
room to grow! 

At Hughes, you'll be able to work in large-scale, real-time 
operational command and control systems. 

Assignments are in Europe and in beautiful, suburban 
Orange County in Southern California. 

Growth opportunities exist for: 

Real-Time Operational Programmers· Software/ Hardware 

Interface & Design Requirements Specialists· Assembler/ 

Compiler· Language Programmers • Diagnostic Program­

mers ·Associative Processing Programmers ·Operational 

Program Performance/ Design Requirements Analysts 

·Systems Analysts· System Test Engineers· Management 

Information Systems Specialists. 

For additional information on these exciting openings 
and to arrange for a personal interview appointment, 

please airmail your resume to: 

MR. R. S. ROTH 
HUGHES-FULLERTON 

P.O. Box 3310-S 
Fullert9n, Calif. 92634 

r------------------, 
I I 

: HUGHES: 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

U.S. Citizenship is required • An equal opportunity employer - M & F 

ing this goal include orderly docu­
mentation, clearly defined communi­
cation channels, copious flow charts, 
and dictaphones. The last item is an 
invaluable aid in accelerating the 
documentation effort and provides 
a nice change of pace for the pro­
grammer who is at pencil and paper 
a good part of the day. 

A verification prop to 'cross foot' 
the problem definition generated by 
a software team with the problem 
as the customer visualizes it, is 
accomplished most professionally by 
an auditing technique. An · outside 
party, the auditor, should review 
the problem definition generated by 
the Software Team and the Cus­
tomer's pro bl em specifications for 
consistency. As a final check before 
coding starts, a formal verbal­
graphic presentation should be 
given to the customer by the soft­
ware participants, covering the 
molar aspects of the problem as 
well as any subtle but significant 
aspects. 

Selection of a Programming 
Language 

Reduction of the problem defini­
tion to flow charts to coding for a 
particular computer configuration 
which has the capacity to process 
more than one programming­
language, necessitates the selection 
of a suitable programming lan­
guage. The plurality of program­
ming languages available eliminates 
a simple algorithm for selecting a 
language. To live with this situa­
tion, the following considerations 
are suggested for selecting the most 
appropriate programming-language. 

If a tight schedule must be met, 
choose the language of least resist­
ance. In general, this is the language 
best known by the programming 
staff. 

Should the problem/ application 
be of an extended nature likely to 
involve long range future modifica­
tions, choose the most easily patched 
language. 

A rule of thumb is to work with 
the languages available that offer a 
good debugging facility. 

The trade-offs in language selec­
tion are generally program develop­
ment time and computer space. 
Tight storage dictating lower level 
assembly language and extended 
development time, while larger stor­
age allowing higher level compiler 
languages and an accelerated pro-
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Senior 
Programmer 

Lockheed Electronics Company has available 
a position of senior programmer within the 
Design and Development Group. This senior­
level managerial position requires extensive 
experience in the development of com­
mercial computer assemblers, compilers, 
diagnostics, and deliverable software sub­
routines for small commercial computer 
applications. 
For further information please send resume, 
in .confidence, to Mr. A. J. Petit, Professional 

Placement Office, 6201 LOCKHEED. 
E. Randolph Street, Los 

Angeles, California ELECTRONICS 
90022. Or call col-

lect: (213) 722-6a10. COMPANY 
An equal opportunity employer. 

A Division of Lockheed Aircraft Corporation 

"If I were a 
Computer Programmer ••• " 
" ... I would want to be certain that I was earn­
ing a top salary commensurate with my ability. 
I would want to be aware of new and greater 
opportunities for growth, and with growth com­
panies. I would want to be sure that my poten­
tial in the data processing field was being devel­
oped to the fullest. I would want the experience 
and advice of computer specialists who have a 
demonstrated record of success ." If this interests 
you, phone or write Bill Geary. We respect your 
privacy. Our clients pay all fees. 

. ' ' Suite 1202, 624 ·sout!i Michigan Ave. t 
COMPUTER PERSONNEL 
CONSULTANTS, INC. 

CPC Chicago, Illinois 60.605 13121 
922-7880 

Agency licensed 
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~· Information 
\.f!JJ} Systems 

Time-Sharing 
Service 

Time-Sharing 
is today's 

foremost opportunity. 

General Electric 
wants you to make 

the most of it! 
CAREERS IN: 

• PROGRAMMING/SYSTEMS DESIGN 

•CUSTOMER APPLICATIONS 

•SALES 

The time-sharing industry is growing today at the rate 
of 75 per cent per year. General Electric Time-Sharing 
is growing even faster! 

In more than 40 metropolitan areas across the country, 
GE Time-Sharing is already a fact. And this is only the 
beginning. You can still get in on the ground floor and 
take advantage of the unparalleled career opportunity 
represented by our current openings for : 

SOFTWARE SYSTEMS DESIGNERS/PROGRAMMERS 

BS in engineering, mathematics, or physics and at least 
2 years in scientific software design. Positions are in 
suburban Washington, D.C. 

CUSTOMER APPLICATIONS SPECIALISTS 

Minimum of 2 years in FORTRAN, machine or assembly 
language on large-scale computers; degree preferred . 
Positions available nationwide . 

SALES REPRESENTATIVES 

Should have a degree and 2 or more years of sales 
(preferably technical), programming, or related exper­
ience. Positions available nationwide. 

Get the Facts ... Call Us Collect 
For the full story about GE Time-Sharing careers, please 
call Mr. Stuart Vangsness collect at (301) OL 4 -9360, 
or send your resume to Mr. Vangsness at: General Elec­
tric Co., Information Servic·e Dept ., Room 302, 7735 
Old Georgetown Road, Bethesda, Maryland 20014. 
If you write, be sure to include your home telephone 
number. 

INFORMATION SERVICE DEPARTMENT 

GENERAL fl ELECTRIC 
An equal opportunity employer M&F 
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TRANS WOllLD AIRLINES 

is seeking. 

SYSTEMS ANALYSTS 
AND PROGRAMMERS 

TWA-a leader in the dynamically growing airline industry-has openings 

for resourceful and technically qualified systems analysts and programmers to 

work in the design and development of advanced business and scientific appli­

cations. Opportunities also exist for professional senior level programming 

personnel to participate in the design and development of software packages, 

particularly data management systems and control supervisors, to be used in 

real - time and multi-programming environments. 

These opportunities exist at TWA's modern, third generation computer facilities 

in both Kansas City and Rockleigh, New Jersey (a NYC suburb). 

KANSAS CITY CENTER 

Project Systems Analysts with scientific degrees and several years 

of systems experience and accomplishments. These individuals 

will assist in the development of Engineering and Management 

Science applications using on-line systems for the analysis and 

support of aircraft operations. 

ROCKLEIGH CENTER 

Programmers, preferably with ALGOL experience, to work on the 

development of advanced applications on a Burroughs 5500 sys­

tem . Openings also exist for experienced .programmers for TWA's 

real-time reservations system, and other advanced applications 

being developed to introduce jumbo jet and supersonic aircraft. 

TWA offers an attractive starting salary commensurate with experience and 

education, comprehensive benefits, free and reduced rate airline travel privi­

leges, and the opportunity to work in a truly professional atmosphere on 

stimulating and challenging programs. Select your location and send your 

resume including salary history and requirements, in confidence to: 

KANSAS CITY 

Mr. J. Vazbys 
Manager Personnel Administration 
Trans World Airlines 
1735 Baltimore Avenue 
Kansas City, Missouri 64108 

ROCKLEIGH 

Mr. R. E. Moran 
Manager Personnel Administration 
Trans World Airlines 
605 Third A venue 
New York, New York 10016 

An Equal Opportunity Employer (M&F) 

gramming pace. To meet a close 
schedule,. it is expedient to sacrifice 
elegant coding, time . and space in 
lieu of a slightly more cumbersome 
solution which can help meet a 
schedule. 

Debugging 

Debugging, regardless of the lan­
guage used, is one of the most time 
consuming elements in the software 
process. The most valuable debug­
ging prop is a well developed con­
stantly updated How chart. The How 
chart is often the most neglected 
child in programming; it should be 
the most pampered. Management 
must insist on detail level How 
charts from their programming staff 
before a line of coding is generated. 
To be included in each How chart 
should be well annotated explana­
tions of 'those boxes' as well as 
'check points.' These check points 
should occur at crucial stages and 
be related to a development sched­
ule. They should consist of a print­
out, to be reviewed by management, 
which demonstrates proper function­
ing of the program up to the check 
point. This technique has proved 
very effective in checking out elec­
trical circuits in everything from 
airplanes to satellites to moon 
rockets. It is time to apply this engi­
neering technique to program de­
bugging to prevent the cascading of 
multiple errors and costly un-met 
delays and deadlines. 

Motivating Programmer 
Productivity · 

Motivating the programming staff 
means giving them work inducing 
pellets. The first pellet is privacy; 
literally let the programmer work 
in his own office. If space and cost 
restrict, provide dividers to suggest 
the dignity of a private office space, 
or time share one private office 
among several programmers. In­
cluded in privacy is a minimum 
of supervision; do not stand over his 
shoulder while he works. Produc­
tivity is inversely related to the 
closeness of a supervisor. 

Create a feeling of responsibility 
in the programmer. Make him aware 
of the significance of his parcel in 
the total package, regardless of how 
small it might be. Praise him when­
ever the opportunity avails itself. 
Avoid duplication of effort; nothing 
is more deadly. (If security in the 
problem dictates duplicate effort, 
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make sure the efforts are totally 
independent and preferably differ­
ent in approach). 

If the programmer is talented, 
personable, and presents a neat 
appearance, let him do the work of 
two or more people. This is to say 
that the programmer and systems 
analyst should, where talent per­
mits, be encompassed in one job. 
Not only will this stretch manpower 
and simplify communication, but it 
will engender a strong responsibility 
in the programmer and motivate 
him in a total picture. 

Conclusion 
Communication, motivation, time 

and space, and debugging have been 
identified as the crucial variables of 
software management. By careful 
treatment of these variables as this 
article has suggested, the current 
acute shortage of programming and 
systems personnel may be compen­
sated for and the software dollar 
stretched to new dramatic dimen-
sions. 

FIRST STEP TOWARDS TOTAL 
INFORMATION AND CONTROL 

(Continued from page 28) 

• 

number of interrelationships that can 
be handled. 

These modeling concepts approxi­
mate how the business is going to 
operate in the future and makes an 
excellent vehicle for recording plans. 
These plans are communicated to 
the shop, or "real world," as work 
progresses. When the real world has 
completed its task of withdrawing 
and replenishing materials and re­
sources and performed its work, the 
status of these events in terms of 
time and quantity is fed back and 
compared. If the comparison indi­
cates deviation from control limits, 
the system will determine the need 
for corrective action. 

Applications such as the GE-400 
Parts Explosion System fit the total 
MIACS architecture. At first glance, 
this is not unlike many other systems 
of this type which automate such 
important business segments as 
scheduling, parts explosion, bill of 
materials, and inventory-on a sub­
system basis. The unique element in 
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MIACS is that all the parts are truly 
integrated into a single, common 
data base and changes in plans are 
immediately reflected throughout the 
entire manufacturing area. IDS 
makes single data base management 
a practical reality. 

The newly-announced GE-400 
Parts Explosion System forms the 
foundation-the product structure 
data base-upon which other 
MIA CS capabilities can be added, . 
building to a complete system. Once 
the product structure is established, 
for example, the next logical func­
tion to add is inventory manage­
ment, which includes item replen­
ishment scheduling, item release and 
completion feedback, and statistical 
forecasting. Building on this IDS­
managed data base, shop schedul­
ing and monitoring capabilities could 
be added. Further extensions logi­
cally would be order processing, 
purchasing, quality control, account­
ing, traffic, sales forecasting, and 
so on. 

The GE-400 Parts Explosion Sys­
tem is a free-standing, fully pro-

grammed system, ready to use today. 
It can run on any 16K GE-400 Series 
medium-scale information system 
and is disc-independent, meaning 
that it can run on a variety of GE 
disc storage equipment. Users can 
grow without costly reprogramming 
and file redesign. 

Because of IDS and COBOL, the 
system is easier to learn, apply and 
adapt, so that user's operating results 
show up sooner. Actual customer ex­
perience has shown a time/ cost sav­
ings up to 50 percent through the 
greater efficiency, detailed system 
design, programming, debugging, 
implementation, and training bene­
fits afforded by the system. 

The specific product ( s), materials 
used, or work performed by the 
manufacturer does not matter to the 
system under the MIACS concept. 
In this respect, MIACS is the first 
control concept specifically designed 
to work in almost any kind of manu­
facturing business. 

The free-standing building block 
approach of MIACS permits the 
user to grow at his own pace. • 

PROGRAMMER 
ENGINEERING · SCIENTIFIC 

Internationally respected engineering consulting 
firm with Chicago Loop headquarters . is seeking 
an experienced Engineering Programmer. Mathe­
matics or engineering degree preferred, but sound 
equivalent experience accepted. Knowledge of 
FORTRAN a must. 

Company offers challenging work on major new 
systems programs implementing engineering de­
sign applications utilizing our computer complex 
consisting of our expanded in-house IBM 1130, 
and IBM 360's and 7094 at universities and serv­
ice bureaus. 

For prompt and confidential consideration, please 
contact or send resume to: Mr. T. H. Linnell, 
SARGENT & LUNDY Engineers, 140 So. Dearborn 
Street, Chicago, Illinois 60603. (312) Fl 6-7600. 

SARGENT~ LUNDY 
-----------'J ENGINEERS.._ 
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an algorithm 
for rapid calculation 
of products 
of boolean matrices 

• Boolean matrices are used in con­
nection with a variety of applica­
tions. Frequently the matrices are 
quite large. When large matrices are 
used in specific problems to be 
solved often, attention turns to the 
development of rapid algorithms to 
replace the slower straightforward 
methods. One example of this is the 
problem of finding the union of all 
powers of a Boolean matrix, which 
was investigated by Warshall (4), 
described by lngerman (1) and most 
recently applied by Ramamoorthy 
(2, 3). 

Considered here is the problem of 
finding the product of two Boolean 
matrices. 

Algorithm 

Given matrices A, B, and C, of 
dimensions m-by-n, n-by-r, and 
m-by-r, respectively, in order to 
compute the product A· B and place 
it in C: 

1) Clear C to zeros. 
2) For every row i (1 ~ i..::::::: m) 

of A, repeat step 3. 
3 ! For every column k ( 1 ~ k 

..:::::::. n) of A: 

a) If a ik = 1, OR the kt11 row 

36 

Dr. Thomas C. Lowe 

Informatics, Inc. 

of B into the ith row of C. 
b) If aik = 0, continue. 

In step ( 3a ) , 0 R is the inclusive or. 

Explanation 

First note that: 

all, ai2, 
a'21, a22, 

A= 

ami, am2, 

b11, bi2, 
b21, b22, 

andB = 

bni, bn'2, • 

It is desired to compute 

C11, C12, 
C:n, C22, 

C= 

Cm1, Cm2, , Cmr 

, bir 
, h2r 

where the elements of C are given 
by the formal definition of Boolean 
matrix multiplication: 

Since the algorithm is stated in 
terms of operations on rows of ma­
trices, the following row vectors will 
be useful. Let 

A'i = [an, ai2, .· .. , ain], 
B'i = [bn, bi2, ... , bir], 

and C'i = [ cn, ci2, ... , Cir]; 

Thus A'i is simply the original it11 

row of the matrix A. 
Applying the definition of Boo­

lean matrix multiplication and sub­
stituting for c i1, etc., in the above 
definition of C' i produces: 

C'i = I\) aik · bki, 
Lk = 1 

But this is equivalent to: C'i = 

n 
V aik · B'k. 

k=l 
Which is exactly 

the formula described constructively 
by "If a ik = 1, OR the kt11 row of B 
into the it11 row of C". 
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Mechanization 

EDP 
For either algorithm it is antici­

pated that mechanization would al­
most a1ways be performed using one 
bit per element of an array. In both 
cases the basic loop would be a shift 
and sign test, with an index register 
used to keep track of the column 
position being tested and the end of 
word condition. On some machines, 
commands used for floating point 
arithmetic could be used to locate 
the bits that are set-for example, 
one specific machine 0 has a com­
mand called Shift Left and Count. • 

SCIENTIFIC 
PROGRAMMERS 

Fast, 
Efficient, 

• Programmers confidential 

• Analysts 

• D. P. 
Management 

service to 
individuals 
seeking new 
positions in 
the field 
of data 

join 

LOCKHEED 
in surburban 

Washington, D. C. or on 
the New Jersey Shore. 

CLIENT 
COMPANIES 

ASSUME 
OUR FEE 

processing. 
Call, write 
or visit . one 
of our 
offices. 

° Control Data Corporation RPC-4000. 
You will be engaged in Operations Research 
Systems Analysis and Development of Soft­
ware Techniques for Communications and 
Aerospace Programs. Positions require a BS 
degree in Mathematics, Physics or Electronic 
Engineering, or equivalent, with 2 or more 
years' experience and a good knowledge of 
machine and assembly language. 

Data 
Processing 
Placement 
since 1959. 

REFERENCES 

Computer Personnel 
Agency, Inc. 

1. Ingerman, Peter Zilahy. Algorithm 141 
-path matrix. C. ACM 5 (November 
1962), 556. Excellent salaries, relocation allowance and 

outstanding company benefits. 

KENT MURPHY 

2. Ramamoorthy, C. V. The analytic de­
sign of a dynamic look ahead and 
program segmenting scheme for multi­
programmed computers. Proc. 21st Na­
tional Conference ACM. Thompson 
Book Company, Washington, 1966. 

Forward your resume in confidence to Mr. 
H. F. Fey, Lockheed Electronics Company, 
A Division of Lockheed Aircraft Corp., P. 0. 
Box 446, Metuchen, New Jersey. 

12 Geary Street, San Francisco, Calif. 

Phone: 982-0840 

NATIONWIDE DATA PROCESSING 
OPPORTUNITIES 

3. Ramamoorthy, C. V. Analysis of graphs 
by connectivity considerations. J. ACM 
13 (April 1966), 211-222. 

4. Warshall, Stephen. A theorem on 
Boolean matrices. J. ACM 9 (January 
1962), 11-12. 

An Equal Opportuni ty E m ployer 

If you've got what it takes to 

BEA LEADER 
IN SOFTWARE 
prove it at Informatics. 

Informatics is one of the fastest-growing software com­
panies in the world . Since we were founded in 1962, the 
company has expanded to more than 350 employees and 
now has offices in seven U.S. cities and a field office in 
Europe. By plan, our markets represent the greatest 
growth areas in the computer industry, and that is why we 
need more people who feel and work like leaders. 

About 80% of our work is concentrated in on-line and 
real-time systems, with increasing emphasis on advanced 
information systems, command and control, system engi­
neering, and commercial software products. 

We are seeking professionals with experience and 
goals in our major fields of interest . . . individuals who are 
innovative enough to make outstanding contributions in 
an industry and company that demands top creative ability. 
Opportunities exist at our Eastern Operations Office and 
various other East and West Coast locations. 

There is much more to tell about prospects ·at 
Informatics. For additional career information , send your 
resume or phone Mr. Peter Kaminsky, (301) 654-9190. 

Programmers 
Opportunities for software specialists with varying 
degrees of experience are available at the Indian 
Hill location of the Western Electric Company. 

Projects with which qualified Programmers may become 
involved include optimizing equipment and information 
utilization, and maximizing traffic economies thru analysis 
of engineering information. The individuals we seek must 
be able to accept responsibility for analysis and applica­
tion and carry projects to completion with a minimum of 
supervision. 

Positions require at least 1 year of extensive program­
ming experience with working knowledge in one or more 
of the following languages: PL/I, Fortran IV, Assembler, 
and COBOL, and experience in 360 series computers. 
Positions require a Bachelor's degree with mathematics 
background. 

For detailed information about a position with Western 
Electric, send your resume to: 

MR. BOB MELE, Department 2013-1 

Westem Eledric Company, Inc. 
Naperville, Illinois 60540 
or phone him at (312) 682-3206 

e 
I 
e 

informatics inc. 
Eastern Operations Office 
4720 Montgomery Lane 
Bethesda, Maryland 20014 

@Western Electric 
I MANUF.A:CTURING AND SUPPLY UNIT OF THE BELL SYSTEM 

An Equal Opportunity Employer 
An equal opportunity employer 
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TROUBLE-TRA. ·":· ~\=>-~.: .'... . · 

for fun and profit 
Yes, profit, too-TWO WAYS! 

Send your ANSWER to the problems 
posed here in each issue to: 

TROUBLE-TRAN EDITOR 

software age 
1020 Church St., Evanston, Illinois 60201 

The correct answer bearing the earliest 
postmark will net the reader submitting 

You can also profit by submitting PROBLEMS 
for this feature. If your problem in FORTRAN 
programming is selected for use in this feature, 
you will receive . . . . . . . . . . . . . . . . . . . . $25.00 it ........................... $25.00 

The second correct answer with 

earliest postmark wins ......... $15.00 

Contest Rules: 
1. ASA standard FORTRAN IV is assumed. 
2. The IBM FORTRAN IV compiler is used 

in verifying answers. 
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EDP PROGRAM 
VERIFICATION 
MADE EASY 

r------------------, 
I Wilson Jones I 6150 Touhy Ave. I Chicago 60648 I 'VJ I Ls o N J o N Es : Please send me more information about P.V.O.'s : 

I Name I 
INVENTOR OF THE NYLON POST BINDER I I 

I Address · I 

A Division of S~tJlnc. I I 
I City State Zip- t 

8160TOUHYAVENUE •CHICAGO 80648 , ____________________ • 

For more Information, circle No. 9 on the Reader Servlc:e Card 
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new products 

New disk pack library units with full 
suspension drawers for safe handling and 
storage of 4" or 6" disk packs have been 
introduced by Wright Line, Worcester, 
Mass. 

Using the same cabinet and drawers, 
these library units may be arranged to 
accommodate 12-1316 or 8-2316 disk 
packs. Both 1316 and 2316 disk packs 
may be intermixed in the same cabinet 
by varying spacing between the drawers. 
The cabinets may be stacked 2 deep to 
take maximum advantage of library space. 

For more information, circle No. 80 
on the Reader Service Card 

0 0 0 

Data Technology Corporation an­
nounced today a family of digital panel 
meters which will find application in elec­
tronic systems and control equipment. 

The DT 340 features Nixie tube (TM 
Burroughs Corporation) read out, and 
solid state circuitry throughout (discrete 

semiconductors and integrated circuits). 
Front panel calibration permits zero ad­
justment to 20 digits and a full scale ad­
justment to 50 digits. In addition, there 
are overrange and wrong polarity indica­
tors on the meter face. The product 
family has five DC volt ranges (from 0-
199.9 mV to 0-999 V) and seven current 
ranges (0-199.9 nA to 0-199-9 mA). The 
dimensions of the DT 340 family are 2.4" 
High X 5.2" Wide X 7.5" Deep. Weight 
is less than 20 ounces. 

For more information, circle No. 79 
on the Reader Service Card 

0 0 0 

Data-Control Systems, Inc., has an­
nounced a new programmable FM de­
modulator. Center frequency, deviation 
and low pass filter cutoff are independ­
ently controlled by thumbwheel switches 
or computer command. Up to six refer­
ence frequencies for tape speed compen­
sation are also programmable. 

Designated the Series 3000 Universal 
Demodulator, the system's oriented unit 
is capable of accommodating carriers in 
the 300 Hz to 1.5 MHz range, with devia­
tions from 300 Hz to 250 kHz. Low pass 
filter cutoff may be selected from 1 to 
25,000 Hz. 

For more information, circle No. 78 
on the Reader Service Card 

0 0 0 

A X-Y recorder has been introduced by 
Houston Instrument, Division of Bausch 
& Lomb, Inc. The new OMNIGRAPHICtm 
6756 X-Y recorder features a six pen X-Y 
or T-Y recording capability. The X or 
paper axis can be driven with an analog 
input or on a time base by means of push 
button selection. Speed ranges are .05, 
.1, .2, 15, 1 and 2 in/sec., in/min., and 
in/ hr. The 6756 also utilizes the z-fold 
paper approach of moving the paper on 

Lawrence Radiation Laboratory with over 
5700 employees is located in the San Fran­
cisco Bay Area and is engaged in virtually 
all phases of nuclear energy research. 

PROGRAMMERS & 
ANALYSTS 

40 

MANAGEMENT SYSTEMS 
ANALYST and PROGRAMMER 
Participate in the development of advanced c;oncepts of man­
agement information systems using the latest hardware and 
software development. Degree required. 

Current projects include optical character recognition, graphic 
display, remote terminals and mass storage. Opportunities 
exist for rapid personal and professional growth. Independent 
thinking and creativity are prerequisites. 

For further information, please submit resume to 
Mr. John Gloekler, Personnel Department. 

An Equal Opportunity Employer U.S. Citizenship Required 

Would You Like To Know What It's ALL About? 

Opportunities exist now. Start work on all levels of the 
programming of on-line, real-time computer systems at 
Automatic Electric. 
Imagine developing a real-time executive to control the 
operation of dual processors that run the switching of up 
to 20,000 telephone liriesl 
Or, design an interrupt control program, a job scheduler, 
an 1/0 executive, restart and error recovery programs, etc. 
If your area of interest is applications, consider programs 
that analyze all the data for routing information-or even 
--design the data base for this operation. 
If this isn't enough of a challenge-try simulating this 
package on a 360/50, using GPSS! 
There are other equally exciting areas-like writing as­
semblers or file manipulation software. 
Don't stand by while the opportunity is here now-at 
Automatic Electric-to learn the entire system, not just 

· one isolated part. 
These opportunities await individuals with two or more 
years of programming experience, who have a desire to 
learn and grow in a professional environment. 
Stimulate your growth along managerial lines while de­
veloping technical responsibilities. 

THIS Is What It's All About! 
For more information call or write: 

Gary Askam, 562-7100, extension 1078 

Automatic Electric Laboratories 
(a member of the GT &E Family of Companies) 

400 North Wolf Ro.ad, Northlake, Illinois 60164 
an equal opportunity employer 
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the X axis instead a beam across the 
paper. 

For more information, cirde No. 77 
on the Reader Service Card 

0 0 0 

United Computing Corporation of Re­
dondo Beach has released its Sigma 5/7 
simulator of the SDS 900 series com­
puters. The package, called UNITE I, 
allows software written for 900 series 
computers to be run directly, without 
modification, on the Sigma 517. 

UNITE I features include: trace, break­
point, core dump, panel interrupts, and 
the ability to jump back and forth be­
tween 900 and Sigma code. 

Spokesmen for United claim 900 series 
computers can be "on-the-air" instantane­
ously after the Sigma 517 is installed and 
have all of the software capabilities pres­
ently available on their 900 series 
machines. 

For more information, circle No. 76 
on the Reader Service Card 

0 0 0 

The new F0-200 series of six FET­
lnput Positive Followersi featuring a gain 
accuracy of 1.0000 + 0, -.0003; band­
width from 2 to 50 MHz and slewing 
rates from 3 V / usec to 60 V /usec is 
available from CPS Instrument Company, 
Newton, Massachusetts. 

A wide range of voltage temperature 
coefficient specifications are available, 
providing a wide choice of cost/perform­
ance considerations. Further, up to 20 
mA output current is available for driv-

ing low impedance loads, while quiescent 
currents are typically 5 mA for high 
efficiency. 

For more information, circle No. 75 
on the Reader Service Card 

0 0 0 

A new RCA all-electronic Videocomp 
typesetter that can set the complete text 
for a magazine page in less than four sec­
onds or write information for · microfilm 
storage at computer speeds was announced 
today by RCA. 

The Videocomp 70/830 generates char­
acters at a rate of up to 6,000 per second 
-a thousand times faster than manual 
typesetting machines. 

In addition, the new unit provides full 
page composition through its 70 pica 
( 12 inch) line length and its ability to 
write in sizes from 4 to 96 point type 
(approximately l 1h inches high) with 
proportional reduction for 35mm micro­
image output. 

The new unit makes possible quality 
typeset printout of computer information 
at speeds well in excess of the 1,100 lines 
per minute typical of high-speed printers 
now used for computer readout. This could 
result in easier handling and reading of 
the business and scientific data now being 
processed by computers. 

Videocomp 70/ 830, in processing data 
coming from a computer, could either 
produce short run offset plates that are 
press ready in only a minute, or with 
a simple lens change, write the data in 

SYSTEMS 
ANALYSTS 

AND 

PROGRAMMERS 
Have you investigated the challenge 
and financial rewards of association 
with the Computer Services Division of 

CDI 
Our Computer applications organiza­
tion provides both business and scien­
tific data processing services at every 
level. Opportunities are nationwide and 
offer extremely attractive compensation. 

We invite your resume 
Or Call R. N. Cherwinski 

1215) 569-2200 
for further details. 

CDI COMPUTER SERVICES 
Div. of Comprehensive Designers, Inc. 

Department SA 
# 4 Penn Center Plaza 

Philadelphia, Pennsylvania 19103 

An Equal Opportunity Employer 

EDP 
SPECIALISTS 

arnUGGING 
The "career debugging" exper­
tise of MANAGEMENT SCIEN­
TISTS is a mustl Our consul­
tants examine your short and 
long range potential, diagnose 
your problems, and help you 
formulate a realistic career 
strategy that can be imple­
mented. 

Large, nationwide, Chicago based data processing organization 
is proceeding on an expansion of its extensive on-line tele­
processing systems. Large scale 360 system experience and 
college degree required. 

Outstanding opportunities for the right individuals. Excellent 
fringe benefits and salaries. A stimulating working environ­
ment in an unique organization will add to the attractiveness 
of this opportunity. 

SYSTEM ASSURANCE SUPERVISOR-Directs and sup.ports the 
activities of the "System Simulation Specialist," "Computer 
Hardware Specialist," "Operating System Specialist" and the 
"Software Programmer." 

SYSTEM SIMULATION SPECIALIST-Monitor system development 
for operational practicality, develop system simulation models, 
conduct system testing programs and oversee .. pilot operations. 

COMPUTER HARDWARE SPEC.IALIST-Provide computer, data 
communications and auxiliary hardware evaluations, system 
and network designs, special implementation su.pport, physical 
installation plans and operational guidance. 

OPERATING SYSTEM SPECIALIST-Develop operating system 
policies, create customized operating system by systems macros 
and modifications, select standards, assist users and monitor 
system performance for improvements. 

SOFTWARE PROGRAMMER-Provide programming support in 
area as simulation, telecommunicatio.n control, channel pro­
grams, and systems macros. 

If you are qualified for any of these opportunities submit 
your resume, including salary history, in strict confidence to: 

... ~our 
career? Computing is everywhere. It 

follows that you need to know 
WHERE the action is-WHERE 
your career future lies. As con­
sultants to leading corporations 
on the national a"d inter­
n at ion a I s c en e, we've pro­
gram med a lot of futures. 

And MSI is ready to flowchart 
yours NOW. Contact us in 
complete confidence, s.pecifying 
salary and geographic prefer­
ences. We will put our knowl­
edge and experience to work 
for you immediately. Best of 
all, our clients assume all 
expenses. 

111110 
Management Scientists, Inc. 

101 Park Avenue-Dept. SA-3 
New York, N. Y. 10017 
1212) 532-77l0 

Dept. SA-3 Exclusively: DATA PROCESSING & MANAGEMENT SCIENCES 

Career Planners-Recruitment Specialists 
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SERVICES 

HATE TO WRITE 
A RESUME? 

CALL COLLECT-DAY OR NITE 
YOU RECITE-WE WRITE 

WE WILL ALSO-

• Distribute your resume in a 
manner responsive to your ob­
jectives 

• Provide career guidance using 
using knowledge gained from 
our own actual 6 years program­
ming and 5 years personnel 
management experience 

• Provide middle man services d'ur­
ing job negotiations 

NO FEE-NO CONTRACT 

NO OBLIGATION 

CALL COLLECT ANYTIME 

INCLUDING WEEKENDS 

(609) 662-6621 

If you prefer, send a resume or 
rough notes of education, experi­
ence and requirements or Software 
Age resume form to : 

Howard Levin, Director 
RSVP SERVICES 
304 Victor Avenue 
Cherry Hill, N. J. 08034 

microimage mode for storage and later 
retrieval. 

In operatif.n, original copy and com­
position instructions are fed to a com­
puter which produces an output magnetic 
tape or sends signals directly to the 
70/830. In response to taped or direct 
signals, the machine generates characters 
on a cathode ray tube. 

As characters appear on the tube, which 
is similar to a television picture tube-only 
with resolution of 1,800 lines per inch­
they expose standard or 35mm microimage 
film, stabilization paper for quick proofing, 
or short run offset plates. 

Videocomp stores typefonts in electronic 
memory where they can be used instantly. 
This internal storage reduces load on com­
puter memory and permits use of the 
Videocomp off-line with any computer. 

Videocomp can store and write any spe­
cial form including scientific, mathemati­
cal and engineering symbols, foreign alpha­
bets, ideographs or trademarks-literally, 
almost any visual image. 

For more information, circle No. 74 
on the Reader Service Card 

0 0 0 

The Model 720 simulator, according to 
Simulators, Inc., offers three times the 
Analog/ Hybrid computation capacity of 
the Model 240 Simulator which is being 
used widely in educational, scientific, en­
gineering, and research institutions. In ad­
dition to increased capacity, the 720 has 
provisions for adding an extensive Opera-

tional Logic System and a Hybrid Control 
Interface. 

The amplifier used in the 720 recovers 
from saturated overload in less than 10 
microseconds and is capable of remaining 
stable with infinite capacitive loading on 
the output stage. 

The 720 uses electronic digital attenua­
tors (in place of servo-set potentiometers) 
for iterative problem solution. The digital 
attenuator provides setting speed, ac­
curacy, and reliability features which 
reflects current state-of-the-art in hybrid 
systems. 

For more information, circle No. 73 
on the Reader Service Card 

0 0 0 

An electronic test-scoring instrument 
that automatically scores both teacher­
made and standardized, objective tests in 
a matter of minutes, is available from 
Automata Corporation, Richland, Wash­
ington. Called the Automata 450, the ma­
chine can be used by higher elementary 
grades up through college level. 

The Automata 450 utilizes computer cir­
cuitry-input-output, memory, logic and 
control-to score tests at a rate of 30 
every four minutes. One hundred test 
cards can be scored in one loading, and 
up to 450 can be marked in one hour. 

The Automata 450 enables the teacher 
to determine, at a glance, the progress of 
the entire class. 

For more information, circle No. 72 
on the Reader Service Card 

0 0 0 

THE QUAKER OATS CO. OFFERS PROFESSIONAL 
CHALLENGE FOR SYSTEMS ENGINEERS 

AND PROGRAMMER ANALYSTS 
The Quaker Oats Co. is in the process of designing and pro­
gramming a communications-based Management Information Sys ... 
tem utilizing third generation hardware and third generation 
systems and programming techniques as well. This includes the 
design and organization of a computerized data base for ad­
ministration and reporting. 

It's your life 

These positions offer the experienced designer or programmer 
opportunity for individual achievement and advancement in a 
progressive and professional environment. 
Our requirements are: 

SYSTEMS ENGINEERS ••. 
• COLLEGE DEGREE OR EQUIVALENT EXPERIENCE 
• 4 OR MORE YEARS EXPERIENCE IN COMPUTER 

PROGRAMMING 
• 2 OR MORE YEARS EXPERIENCE IN COMMERCIAL 

SYSTEMS DESIGN AND IMPLEMENTATION 

PROGRAMMER ANALYSTS • . • 
• COLLEGE DEGREE OR EQUIVALENT EXPERIENCE 
• 2 OR MORE YEARS PROGRAMMING EXPERIENCE ON 

LARGE SCALE TAPE OR MASS STORAGE 
ORIENTED SYSTEMS 

If you are anxious to participate with professionals in pro­
fessional endeavors, and you are interested in the challenge 
of a truly third generation Management Information System, 
phone collect (312-527-0600) or send a resume, including salary 
history, in complete confidence to: 

MR. BRUCE G. FYFE 
MANAGER-MANAGEMENT RECRUITMENT 

THE QUAKER OATS CO. 
345 Merchandise Mart • Chicago, Illinois 60654 

An Equal Opportunity Employer 

( & your career is a large part of it) 

Make the most 
of it. 
Heffelfinger Associates specialize in the placement of creative 
engineers and programmers. Career positions exist with large 
and small computer users, R&D companies, universities, com­
puter manufacturers, and software development firms, located 
mostly in the Northeastern U.S. and New England. Salaries 
range from $9,000 to $35,000. Client companies assume fees. 

It's our business to know where the career opportunities are. 
Use this storage of information. Phone us collect or forward 
your resume outlining your goals. 

(•] heff !'lfin~er 
asso••1ates. 10•·· 
Computer Personnel Consultants 

886 Washington St., Dedham, Mass_ 
Tel: (617) 329-1040 
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Computer Communications, Inc., intro­
duced a light pen as an optional input 
d.evice for use with the CC-30 Communi­
cations Station. Designated the CC-304, 
the Light Pen provides the station oper­
ator with a direct means of entering in­
formation into a computer. It employs a 
phototransistor detector (eliminating bulky 
optic bundles) and is cabled to the CC-301 
Display Controller via a light pen holder 
located near the CRT display. 

For more information, circle No. 71 
on the Reader Service Card 

A new, portable digital recorder for 
field data recording, weighs less than 
50 lbs. 

The new unit, Model FT-153 is specifi­
cally designed and field-proven for geo­
physical field recording. Operating directly 
from a 12-Volt battery source with mini­
mum power consumption, the unit writes 
and/or reads data in IBM-compatible, 
7- and 9-channel (IBM 360- or ASCII­
compatible) formats, at selectable tape 
speeds from 15 to 150 ips at packing den­
sities to 800 bpi, NRZI. Data transfer rate 
is to 120 kc. 

Equipped with standard 83~" reels, the 

INFORMATION PROCESSING JOURNAL 
A QUARTEHLY HEFEHENCE JOUHNAL DEVOTED TO THE 

THEORY, DESIGN, AND APPLICATION OF ELECTIWNIC COMPUTERS 

DESIGNED TO ASSIST THE COI\IPUTEH SPEC IALIST LOCATE Ii\FORMATION 
On a Specific Suhject or Topic, in a Fraction of the Time re11uired hy Con\•entional Literature Search. 

PHESEi\TED Ii\ ABSTHACT FORM, COMPLETELY I i\DEXED 
Ry Subject, Topic , Source and Author and Thurou:dd~· Cross- re fe re111·e1l. 

6,000 ABSTRACTS PER YEAR 

CAMBRIDGE COMMUNICATIONS CORPORATION 
1612 K St. N.W. 

Washington, D.C. 20006 
(202) 39~-1239 

Specialists in Scientific Information Retrieval for over 10 years 

For more information, circle No. 12 on the Reader Service Card 

recorder accommodates W' tape. Although 
available for 19" rack mounting, the 
FT-153 can be supplied with a light­
weight, molded fiberglass carrying case for 
safe, easy handling. 

For more infomation, circle No. 70 
on the Reader Service Card 

A new generation of integrated circuit 
sense amplifiers-the Series 7520N-are 
designed for high-speed coincident-cur­
rent computer memory systems. 

The ICs detect bi-polar, differential­
input signals from the memory, and pro­
vide a fast, stable interface between 
memory and logic sections. Low-level 
pulses originating in the magnetic-core 
memory are detected and translated into 
logic levels compatible with standard 
TTL or DTL circuitry. 

The computer designer may choose 
from three basic circuit designs-two 
versions of dual preamplifiers driving 
common-output circuits, or two complete 
sense amplifiers in a single package. Two 
threshold levels for each of the three 
basic circuits provide additional design 
versatility. 

Typical characteristics of the entire 
series are low propagation delay (25 nsec 
input-to-output and 15 nsec strobe-to­
output), fast overload recovery time to 
both differential and common-mode sig­
nals (20 nsec with 2-volt input), and high 
d-c logic noise margin (1 V). Independent 

It's free. The new 1968 Edition. FREE Brothure 
Our National Computer 
Salary Survey and 
Opportunities Analysis. 
This is it. The all-new 1968 edition of Source Edp's FREE 20-page Computer 
Salary Survey and Opportunities Analysis. It's a summary of computer salaries by 
24 separate levels of professional and managerial experience ranging up 
to $75,000. Plus a comprehensive analysis of current trends in 
computer employment. 

All of this information has been compiled, analyzed and put together by some 
of the most knowledgeable people in the business . The people at 
Source Edp. Source Edp is the only placement firm staffed by computer 
professionals for computer professionals. it's their business to 
know the data processing field. 

To get your free copy of the 1968 Edition of Source Edp's Computer Salary Survey 
and Opportunities Analysis just circle the reader inquiry card. 
To speed delivery write directly to : 

source /"edp 
Where computer professionals place computer profess~ 
Chicago-David B. Grimes, 100 S. Wacker Drive (312) 782-0857 
Detroit-Charles S. Walther, 2990 West Grand Blvd . (313) 871-5210 
Los Angeles-Robert C. Davis, 3470 Wilshire Blvd. (213) 386-5500 
Minneapolis-Fred L. Anderson, 507 Marquette (612) 332-8735 
New York-Edward R. Golden, 1414 Ave. of the Americas (212) 752-8260 
San Francisco-Richard 0. Clark, 111 Pine Street (415) 434-2410 

Client companies assume our charges. 

For more information, circle No. 11 on the Reader Service Card 
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"OPPORTUNITIES IN EDP" 
Tells you: 

• Current salary ranges in EDP 

• Five personality traits needed for systems management 

• How to write a technical resume 
• Six reasons why the Callahan Center is uniquely qualified 

to help you 

CALLAHAN CENTER for Computer Personnel 
1819 John F. Kennedy Blvd. • Suite 414 • Boulevard Building 

Philadelphia, Pa. 19103 • 121 5) LO 7-4811 

(for your free copy cirtle No. 10 on the READER SERVICE CARD) 

-p 
PROGRAMMERS 
PROGRAMMER/ ANALYSTS 
SYSTEMS ANALYSTS 

Professional 
Career 
Centers, Inc. 

In this age of specialization let a specialist help 
you make sure your next move is the correct move. 

Consider 
Moving to 

Washington, D. C. ! 

Send your resume to 

PROFESSIONAL 
CAREER CENTERS, INC. 
4641 Montgomery Avenue 
Bethesda, Md. 20014 
or call at 301 /657-2760 

Nationwide and Overseas 
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strobing of dual sense-input channels per­
mits signal detection to take place when 
signal-to-noise ratio is at a maximum. 
Logical "l" output is 3.9 V and logical 
"O" is 0.25 V. Supply voltage is ±5 V. 

For more information, circle No. 69 
on the Reader Service Card 

The NA VCOR Model 1262 paper tape 
reader is an asynchronous device readily 
adaptable to a wide variety of paper and 
mylar tape processing applications. The 
standard Model 1282 reads 8-level 1 inch 
tape; other models are available for 5, 6, 
and 7-level narrow tapes. 

Compact and reliable, the Model 1282 

EXECUTIVE 
MANAGEMENT 

(Nationwide Openings) 

If you have EDP service bureau type 
know-how and are ready for the next 
step up in management, STATISTICAL 
has the growth opportunity for you. 
The Nation's oldest and largest inde­
pendent in the field can place you in 
its development program while you per­
form on a full accountability position. 
As rapid company expansion continues, 
key management and executive posi­
tions will be available. 

Employment by individual merit with 
assignments open in major cities. De­
gree or equivalent required with sig­
nificant ex.perience in supervision, sales, 
systems, programming and operations 
important. Candidates in 20's and 30's 
will be most successful-excellent com­
pensation programs and full benefits 
offered. 

Sophisticated software, 360 I 30, OS, 
D 0 S, T 0 S, Transmission net and H -
1 200. Extensive TIS anticipated. 

Write in confidence to our National 
Headquarters. 

ST A TISTICAL TABULA TING 
CORPORATION 

Suite 1366 
104 South Michigan Avenue 

Chicago, Illinois 60603 

offers positive interrogation of even those 
tapes that are well worn or that exceed 
ETA hole-to-hole tolerances. Paper or 
mylar tape is advanced and sensed at up 
to 30 characters per second, asynchro­
nously. A pushbutton permits manual 
advance of tape. 

The extremely small size of the tape 
reader (4" L x 3~4" H x rn" W) permits 
it to be mounted on the same plane as 
the tape spools; no separate mounting 
plate or rear mounted driving motors are 
necessary. Shock mounting is available as 
an option. 

No external drive mechanism is re­
quired. A single external advance pulse 
(45V, 6.5 amp peak) is used to feed and 
interrogate tape. 

For more information, circle No. 68 
on the Reader Service Card 

A new, general-purpose digital com­
puter for aerospace applications has been 
developed by Raytheon Company's Space 
and Information Systems Division, Sud­
bury, Massachusetts. 

The RAC-230, less than a half cubic 
foot in volume and 20 pounds in weight, 
is a parallel, two address machine. It can 
be tailored to use in ballistic missiles, re­
entry vehicles, space satellites, or manned 
vehicles. 

Its power supply and oscillator and its 
logic, memory, and input-output modules 
are all plug-in type. They are mounted 
in an interconnection chassis that is wire 
wrapped to provide highly reliable inter­
module connections. 

The memory and input-output sections 
can accommodate one or two memory 
modules-either braid, core, or alterable 
plated wire-and interface with a variety 
of peripheral equipment. 

The RAC- 230 has a 2 microsecond 

main memory cycle time with 4096 words 
in the basic non destructive readout pro­
gram memory and 2048 words in a 
"scratch-pad" data memory utilizing co­
incident current core devices. 

For more information, circle No. 67 
on the Reader Service Card 

S. E. & M. Vernon has introduced a 
new line of Atlas EDP form binders. Util­
iizng a spring-loaded clamping bar, the 
binders can be loaded in seconds. Forms 
are placed against positioning guides and 
a lever swung into closed position to 
securely lock the forms into the binder. 

Atlas Binders are available in all popu­
lar EDP form sizes to hold burst or un­
burst sets. Various size sheets can be 
bound in the same binder with visibility 
to the binding edge. Covers are available 
in vivid blue pressboard or cloth-rein­
forced, simulated leather. 

For more information, circle No. 66 
on the Reader Service Card 

Radiation Incorporated has come up 
with a machine that removes the crystal­
line structure build-up on a circuit board, 
without damaging the board. 

Radiation's device applies heat to the 
raised surfaces or "lands" of a circuit 
board, concentrating the thermal energy 
at a precise contact point. The board 
itself never receives the total heat applied 
to the crystalline coated surface. 

Fully automatic, the machine performs 
three operations in a span of 48 inches. 
Total processing time per board is 10 
seconds. 

For more information, circle No. 65 
on the Reader Service Card 

Data-link Corporation has introduced a 
new line of mylar opaque patches for 
repairing and splicing perforated paper 
tapes. 

This self-adhesive patch has a peel-off 
backing strip and will adhere to all per­
forated paper tapes. Splices are thin and 
flexible to allow reliable use in most tape 
readers without catching in tape guides 
or drive mechanisms. 

For more information, circle No. 64 
on the Reader Service Card 

ANALYSTS PROGRAMMERS 
REGISTER TODAY WITH THE WORLD'S LARGEST EDP 

PLACEMENT SPECIALISTS 
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APPLICATIONS ENGINEERS 
With Backgrounds In: 

* Processing and Engineering Applications 
* Hardware and Software Marketing 

* Operations Research 
* Systems Development 

* Accounting and Financial Systems 
* Simulation and Modeling 

* Real Time Systems 

Reply In Confidence To: Mr. Edward Lysiak 

EDWARDS ASSOCIATES, INC. 
1001 15th Street, N. W. Washington, D. C. 20005 

12021 628-6181 

• . . A Few Of Our Current, Searches . . . 
EDP CONSULTANTS $12-30,000 SOFTWARE/PROJ MGR $15-17,000 
• Planning staff. Oonglomerate. • Broadcasting co see·ks pro. 
MGMT INFO SERVICES $17-22,000 SYSTEMS EXEC $14-18,000 
• No 2 mon for natl corp. • Join mgmt team listed corp . 
EDP TECHNICAL MGR $15-20,000 SYSTEMS ANALYSTS $11-15,000 
• Hvy software. S/360. Publojsher. • New England hard goods mfr. 
OPERATIONS RESEARCH $13-20,000 PROGRAMMING MGR $13-17,000 
• Seek idea men. Devel new dept. • Brand new corp hqtrs. Conn. 
EDP MANAGER $15-18,000 PROGRAMMERS $9-13,000 
• Large eastern bank. Run show. • Stofl'ing EDP center. New Eng. 

ROBERT HALF PERSONNEL 
ATIENTION: DAN KRANE 

ONE ATLANTIC STREET, STAMFORD, CONN. 06901 
(203) 325-4158 

SOFTWARE AGE 

• 

.... 



software age THIS INQUIRY IS IN 

DIRECT RESPONSE TO 

YOUR ADVERTISEMENT 

CONFIDENTIAL INQUIRY 
Your original copy of this form will be reta ined at the offices of SOFTWARE AGE and 
will be used for no othet purpose than to noti fy the specific firms which you have 
checked (on the reverse side) of your interest. 

TYPE OR PRINT CLEARLY FOR PHOTO REPRODUCTION 

JOB DESIRED: 

IN 

SOFTWARE AGE 

MAGAZINE 

List computer hardware knowledge (names of systems, tape, disk, terminals, etcJ: 

Programming specialties and years of experience (commercial, scientific, theoretical, experimental, 
analog, etcJ: _____ ________ _ 

Systems programming on which you have had development experience (compilers, assemblers, 
executives, monitors, O.S., etc. Indicate for what computer): _ _ ___________ _ 

Programming languages used and extent of experience (COBOL, FORTRAN, etcJ: _ _ ____ _ 

Applications programmed (aerospace, banking, insurance, m.ath subroutines, compilers, etcJ: __ _ 

Systems analysis experience (card design, flow charting, operation analysis, etcJ: ____ __ _ 

EDP management experience (include ye.ars and number of people reporting to you): _____ _ 

SALARY: ____ _ DATE OF AVAILABILITY: 
(current) (desired) 

EDUCATION: Indicate major as well as degree unless self-explanatory. 

Degrees ---------- --

Years _ _ _ _________ _ 

Schools 

EMPLOYMENT: Indicate present employment and previous jobs b~low. 
Employer J 

City - --------- ---

Years ------tO·----- ­
Title or 

_ _____ to _____ _ 

Function 

Name ------------------------------------- Age ---

Home Address -------------- ---------- Home Phone -------

----------------------------------- U.S. Citizen? ---
(city) (state) (ZIP code) 

Security Clearance --------------­

Marital Status ------------------

Location Preference ------------

BE SURE YOU HAVE CHECKED ON REVERSE SIDE 
THE COMPANIES YOU WANT TO SEE THIS INQUIRY. 
PUT FORM IN STAMPED ENVELOPE AND MAIL TO: 

MARCH, 1968 

software age 
MAGAZINE 

1020 CHURCH ST., EVANSTON, ILL. 60201 
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check your interests here 
Fill in the confidential inquiry form on the other side of this 
sheet. (Be sure to use this form. We cannot process multi-page 
resumes; and this form provides all the information advertisers 
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