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hoped-for superior, advanced weapon operated in a very disappointing 
fashion. 

19.4.2 Systems Integration 

But our military people are not, and were not then, slow to learn. 
Therefore, it did not take them long to recognize that their basic 
mistake had been a failure to appreciate the fact that a radar bomb­
sight is not obtained by adding a radar black box and a bombsight 
black box but rather must arise out of a single integrated develop­
ment in which the design of the radar is intimately affected by the 
bombsight into which it is to work, and the design of the bombsight 
is strongly characteristic of the radar that is to supply it with data. 
In other words, a highly technical systems integration activity was 
required that had been missing..in'theearly attempts by the military 
to provide themselves with advanced weapons systems. The solution 

. to the problem required that the well-meaning, but technically un­
prepared, military proj ect people get out of the coordinating business 
and assign to technical people the overall responsibility for the design 
of a single, integrated radar-computer combination. Here were the 
ingredients for an interesting industrial competition. Which type 
of organization was to be given systems responsibility-the computer 
company or the radar company? 

At this stage, early in the last war, computers for military applica­
tion were primarily mechanical in nature, were designed by people 
trained largely as mechanical engineers and mechanical designers, 
and were built by companies specializing in mechanical work. The 
newer radar techniques, however, were electronic in character, and 
the participants in the development of these new techniques were 
physicists and communication engineers. It might have been thought 
that there would ensue a long and possibly even bitter tug of war be­
tween the mechanical and the electrical groups for supremacy. There­
fore, it was particUlarly interesting, and certainly of significance for 
the future of automation, that almost before the lines of battle could 
be drawn, the competition was over, with the-physicists and electrical 
engineers left in clear, undisputed possession of the field. As is usually 
true of such decisive engagements, there was a very good reason for 
the one-sidedness of the victory. It arose out of the fact that, in this 
country at least, the educational training and subsequent professional 
experience of physicists and communication electrical engineers is 
much richer in scientific fundamentals than is the training given to 
mechanical engineers. As a result, electrical engineers and physicists 
are better suited to the solution of new types of previously unen-



582 AUTOMATION IN BUSINESS AND INDUSTRY 

countered problems than are mechanical engineers. This is particu­
larly true of those physicists and electrical engineers who have had 
graduate training from our better institutions. It came much more 
naturally to these people to deal concurrently with the combination of 
radar and computer problems. Hence, no competition; the newer crop 
of electronics people took over systems responsibility. 

It was in this way that most electronics people obtained their early 
indoctrination in the field of computing in the 1940-1945 era. In the 
process, not only did they learn to be ingenious in· the invention of 
techniques by means of which electrical components could be caused 
to perform mathematical operations, but also, working with mechanical 
engineers as part of the team, they learned to understand the mechani­
cal techniques that had been employed for this purpose in the past 
and to take them over and use them in conjunction with electrical 
techniques whenever the mechanical techniques were superior. To 
some extent, therefore, they ultimately absorbed what might have been 
their competition. 

The impression should not be given that the companies that prior 
to the last war had been successfully engaged in the development and 
manufacture of mechanical computers for military applications all 
folded up and went out of business. In general, this did not occur. 
Frequently the established organizations saw the handwriting on the 
wall and began to add to their technical staffs considerable numbers of 
physicists and electrically trained men. It is a tribute to the manage­
ment of these organizations that some of them were sufficiently fast 
on their feet to emerge after the war in a position almost as strong 
in the now electronically dominated field of weapons systems as the 
position they had held earlier on the basis of superior mechanical design 
competence. 

To illustrate the point, for one military application the government 
let contracts for the development of a certain kind of airborne com­
puter to two different companies, one traditionally known as a me­
chanical company, the other as an electronics organization. Both com­
panies developed . satisfactory computers performing roughly the same 
functions in the same types 6f airplanes. Both companies were given 
production contracts against which considerable numbers of computers 
were delivered and ultimately installed in military aircraft. When a 
comparison of the two kinds of equipment was made, it was discovered 
that the computers built by the electronics firm contained more gears 
than the computers built by the mechanical firm, and the computers 
built by the mechanicaL firm contained more vacuum tubes than those 
supplied by the electronics organization. The real point of the story 
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is that, by this time, teams of physicists and electronics and mechanical 
engineers were in control of the systems development activities in both 
companies. 

But the addition of a computer to a radar was only the beginning 
of a trend toward a general broadening of the scope of the technical 
assignments given to the designers of military electronic equipment. 
Another early step in this broadening process, in the instance of the 
bomber, was to employ the output of the computer to manipulate the 
control surface of the aircraft and thereby fly it automatically on a 
correct bombing course, rather than simply to display to the pilot steer­
ing instructions, as had been done in the past. In the instance of the 
interceptor plane used to attack enemy bombers, the analogous devel­
opment was to use the output of the fire control computer to steer 
the plane on a proper gunfire attack against the enemy bomber. This 
type of problem led electronic engineers into such areas as the aero­
dynamic response characteristics of aircraft and the dynamics of flight. 
And so, as time went on, the trend in military electronics was to assign. 
to the electronics organization more and more responsibility for the 
design or at least the integration of the growing numbers of increas­
ingly complex equipment subsystems that were required to work to­
gether to produce some desired operational result. 

19.4.3 Weapons Systems Concept 

Along with the trend toward the broadening of the responsibility 
of the electronics development organization to cover other technical 
areas not previously associated with electronics, a concurrent trend 
developed toward expanding the responsibilities into nontechnical areas. 
Just as technical considerations led to the necessity of treating the 
radar and the computer that went with it as a single piece of equip­
ment rather than as two separable black boxes, so, as the technical 
responsibility of the electronics development organization expanded 
to include entire weapons subsystems, such as radar navigating and 
bombing equipment or interceptor fire control apparatus, it was also 
necessary that the organization become more deeply involved in mili­
tary operational considerations of a basically nontechnical nature. 

It is important to understand how far this trend toward broadening 
responsibility has progressed in the field of military electronics. To 
illustrate, let me give some examples of problems that must be dealt 
with today by the members of a team charged with the responsibility 
of developing an electronics system for use in interceptor aircraft to 
assist in the shooting down of enemy bombers. Such problems include 
the following: 
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(1) How many bombing planes are likely to come in at one time? 
At what altitude? What kind of maneuvers will they perform? What 
countermaneuvers will be required of the interceptor for successful 
attack? Such matters as these can have a major bearing on the elec­
tronic computer designer's choice of the type of attack trajectory 
that is to be specified for use by the interceptor plane. 

(2) What kinds of manipUlations can the occupant of a supersonic 
aircraft really perform? One of the worst mistakes the designer of 
equipment can make is to impose upon the occupant of an aircraft 
operations he cannot really accomplish successfully, particularly under 
the stress of battle. 

(3) How long does it ~ake the pilot of a defending interceptor to 
get into his position in the plane, take it off, and get to altitude .once 
an alarm has come in? This determines the time available for target 
kill and influences the choice of trajectory of attack to be designed 
into the computers. 

(4) What will be the numbers and the training of the maintenance 
men the customer will be able to provide under battle conditions for 
keeping the electronic equipment operating? Equipment that may 
exhibit unusually high performance when maintained by men with 
doctorates in physics or engineering may in practice be quite inferior 
to simpler equipment of much lower ultimate performance if the main­
tenance staff is to consist of one high-school graduate. . 

And so it is that an almost indefinitely long list could be provided 
to illustrate the extent to which organizations today, successfully en­
gaged in military electronic systems development, have been required 
to broaden their scope, first to include a wider variety of technical 
assignments than used to be considered appropriate for electronics 
organizations, and then to accept the responsibility for a wide range 
of concurrent, nontechnical matters. This development of the military 
weapons systems concept, important as it is, is not very widely under­
stood today. Oddly enough, although this development has come about 
as the direct consequence of World War II, the principal strides made 
by the military in establishing suitable organizational and contractual 
arrangements for handling their difficult weapons systems problems 
have been made since the end of the last war. It is no accident what­
ever that the really giant strides in the applications of the newer 
electronic techniques to the science of warfare have also been made 
since the war and have been almost invariably associated with projects 
in which organizations, primarily electronic in character, have been 
given strong positions of systems leadership. . 
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19.4.4 Summary 

All this recent history may be summarized in the conclusion that 
the key to success in military electronics has been established to be 
the employment of a proper systems approach in the development work. 
The basic difference between improper and proper systems approaches 
has been illustrated as follows: 

(1) The black-box approach to military systems is the improper 
approach and does not work. In this approach the customer attempts 
to specify to outside contractors the characteristics of equipment sub­
systems that it is hoped can be brought together with other subsystems 
by the customer to perform some overall operational function. In the 
complex weapons systems of today, this approach does not work be­
cause of the almost "inevitable existence of a wide range of subtle, 
technical interactions among the various subsystems. As a result, the 
nontechnical military customer does not have an adequate degree of 
scientific or engineering competence to perform the systems integration 
function. 

(2) The proper approach, which does work, is to assign systems re­
sponsibility for the design and integration of the various subsystems 
required to compose a complete operating weapon system to a single 
group of competent, versatile scientists and engineers, including physi­
cists and electronics engineers, because of the superior training these 
men receive in the fundamentals of science and in the solution of new 
problems. Proper exercise of the systems management responsibility 
results in the development by such groups of an unusual ability to deal 
concurrently and quantitatively with a variety of nontechnical opera­
tions, as well as technical matters. This is the way in which a new 
and advanced system, which may employ the most complex equipment 
and technical methods, can best be made to fulfill the actual objectives 
of the development, which are generally operational or nontechnical in 
basic character. 

To summarize, our government, in the last few years, has supported 
a gigantic experiment, costing hundreds of millions of dollars and 
involving many thousands of man-years of effort, testing these two 
approaches to weapons systems development. It would be tactless, of 
course, to enumerate the inefficiencies and failures that have charac­
terized the first approach, and to show in detail how the outstandingly 
successful programs have always been characterized by the second 
approach. However, the record exists and is incapable of misinter­
pretation. In the military systems field, one approach is poor, the 
other is good! 
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19.5 CARRY-OVER FROM MILITARY ELECTRONICS TO 
AUTOMATION IN BUSINESS AND INDUSTRY 

In showing the unsuitability of the black-box approach, examples 
from airborne bombing and fire control were used to illustrate one of 
the kinds of interaction problems that so frequently arise. Attention 
was called to the very extensive, and at one time unsuspected, ramifica­
tions in the design of the computer equipment that are required because 
the statistically fluctuating character of radar data is so different from 
the character of optical data for which computers had formerly been 
designed. There is a good analogy to this kind of problem in the field 
of automation. 

An excellent example is in the area of factory production control. 
It has to do with a problem to which automation experts sometimes 
address themselves-that of devising a combination of methods and 
electronic calculating equipment to derive machine-loading information 
that will permit the scheduling and use of the various machines in the 
shop so as to obtain the maximum utilization of men and machines 
compatible with meeting customer delivery dates. As all who have 
had occasion to tackle this problem know, optimum machine loading 
is by no means easy to obtain in a factory that makes a wide variety 
of items. However, any set of methods and equipment devised for 
"automating" the scheduling and assignment of machines must use 
various types of input data related to the availability of inventory 
supplies, the number, types, and delivery dates of customers' orders, 
and the like. Usually, some of this material is provided by the tabulat­
ing department of the company. This tabular information comes in 
the form of lists, reports, and summaries of various types, derived 
from inventory or customer order data. 

The black-box approach as applied here would be one in which com­
pany management would stipulate to the group engaged to develop 
automation methods of machine scheduling a scope of responsibility 
that did not include the source and accuracy of the tabulating data, 
on the theory that this is a separate problem to be dealt with, if at all, 
by others. This can be recognized as similar to the black-box approach 
described in connection with the development of radar for combination 
with computing equipment to solve bombing and fire control problems. 
Just as in the military case, with such an approac~ to machine utiliza­
tion, automation in a factory is likely to run into serious difficulties, 
and for much the same reason as that which lay behind the problems 
of the black-box approach to radar-computer combinations. Here is 
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the trouble-or here at least is one kind of trouble that can arise. The 
tabulating data bearing upon such matters as the number of items in 
stock, purchase orders to be filled, and the like, are frequently based 
upon counts and checks that have been made considerably in advance 
of the time the final data arrived in the hands of production control 
for machine-scheduling use. It is not at all uncommon in a big factory 
to find that some types of tabulating data, by the time they reach 
the production-control people; are so badly out of date as to be quite 
unsuited for certain kinds of control purposes. How serious such in­
accuracies may be depends entirely upon the use to which the data 
are put. Frequently factory people work out their own practical solu­
tion of this problem by trial and error methods that ultimately result 
in control procedures which, consciously or unconsciously, place a mini­
mum of dependence on the large time-lag data. Under such circum­
stances, the introduction of an entirely new set of methods and proce­
dures accompanied by sophisticated electronic equipment for bringing 
automation into the machine-loading problem might result in such a 
different use of the tabulating data that time-lag effects which previ­
ously gave no trouble would cause the new system to fail completely 
to meet its objective. 

There is an interesting similarity between the weakness of the black­
box approach in factory production control and the weakness of the 
black-box approach in a radar-computer combination. In each case, 
problems arise out of the unsuspected existence of certain inaccuracies 
in the basic input data. In the radar-computer combination, the in­
accuracy stems from the characteristics of tracking radar. In the fac­
tory example just used, inaccuracies arose out of the methods of col­
lection and processing of the tabular data. The conclusion is the same 
in both cases: it is risky to design a black box that is to be used as 
a portion of a larger, complex system of machinery and proceaures, 
unless the design of the black box is accompanied and governed by a 
thoroughgoing analysis of the entire system within which the black 
box is to function. In other words, the black-box approach is as un­
suited to the needs of automation development as it is t.o military 
weapons systems. 

The apparent simplicity of this conclusion should not be allowed 
to conceal its very practical implications. For example, this principle 
asserts that rapid, efficient progress toward factory automation will 
not result from the narrow approach of developing automatic equip­
ment to convey material from one machine to another unless the design 
of the material-handling equipment is associated with an analysis that 
shows it to be compatible with the requirements of the newer machines 
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and methods of fabrication that may shortly be:required as a result 
of an overall systems approach to the entire problem of the automatic 
production line. 

As another example, rapid progress is not' likely to result from a 
program to develop equipment and methods that will permit a factory 
to maintain its inventory at the lowest possible level, unless this work 
is integrated into a well thought-out program that takes proper account 
of the other closely related factors, such as machine utilization and 
delays in customer deliveries. 

There is an unspecified implication in the examples just advanced 
to establish the unsuitability of the black-box approach. As in the 
military experiences, it has been assumed that the customer himself 
is unable to do the systems integration task and thereby properly 
supervise and control the work of the development team. Is this a 
sound general implication? That conclusion was reached in the mili­
tary situation because of the technical complexities that were mixed 
up with the operational problems. In most cases the business and 
industrial customer is equally unsuited to these' very analytical and 
technical tasks, if by the customer we mean the operational people 
within the company in question for whose use the automation methods 
and equipments are designed. More specifically, the man who has 
grown up as an operating expert in the field of production control in 
a large and modern factory is not likely to be equipped to determine 
the combination of procedures and electronic techniques that should 
be used to bring to his factory the fruits of automation. The field is 
much too technical and too complicated for that. The production 
control expert of the factory he is associated with, unfortunately, needs 
also to be one of the world's best-informed men with respect to the 
characteristics of modern electronics computing and data-handling 
equipment and methods. This he is not likely to be or to become. 
Just as in the case of military electronics, it is necessary for some one 
person or some one small group to encompass both the operational and 
the technical factors involved. Experience purchased by our govern­
ment at the cost of many millions of dollars has shown that the ap­
proach that works is to give the systems design .~responsibility to the 
technical man and be patient while he learns what he needs to know 
of operational nontechnical matters. The other approach is rarely 
successful in fields such as military electronics or automation where the 
scientific and technical content is so very high. 

The factory expert must, of course, work closely with the automa­
tion expert. If the problem in question is the design of a new data­
processing system for automation of the production control functions 
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of the factory, the factory experts should not be shoved aside and 
ignored by the team of physicists and engineers who set to work to 
devise a new system. This would lead to exactly the same kind of' 
useless result as would be secured in a military systems development 
if the technical team were to ignore the military operational people 
in choosing their technical method of approach to the development of 
the military system. Although the customer must not himself attempt 
to perform the highly complex systems design job involving technical 
and operational factors, it is, of course, the customer who must supply 
to the scientific systems team the basic operational data that serves 
to define the problem. And if the scientifically dominated systems 
development team is really to be effective, its key members must have 
a breadth that makes it possible for them to talk to production control 
experts and develop an adequate understanding of their problems. 
Each automation systems development project, just like each military 
weapons systems development project, requires the establishment of 
extensive and detailed communication between the basically technical 
proj ect team and the basically nontechnical operational people. Mili­
tary experience has shown that such interrelations can be successfully 
established, and that basically technical organizations can develop 
project teams that, although scientifically dominated, demonstrate 
great aptitude for absorbing and properly integrating the operational 
problems into their considerations. The factory expert should. have 
something to say about the development of a new production control 
system; but the factory man must consider himself to be primarily 
a source of input data to the project team, and he must recognize that 
as long as the field of automation involves as much technical complexity 
as it surely will for the next ten years, the people who do the con­
structive and inventive work will not be production control experts but 
instead must be men trained as scientists and development engineers. 

And so, with abundant use of analogies from military experience 
these are the principal points of this discussion-the importance of' a 
properly integrated systems approach to the automation of business 
and industry, and the key role that must be played by scientifically 
dominated teams in the control and management of such systems de­
velopment projects. 

These points have been emphasized heavily because they are vital 
in the future of automation, and also because it is not at all clear today 
that business and industry are aware either of their importance or of 
the great pertinence of the military electronics experience. There are 
many examples today in the business and industrial approach to auto­
mation of the employment of methods that have been more than amply 
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tested, unsuccessfully, in weapons systems work. If this approach 
becomes prevalent in the automation activities of the next few years, 
then American progress in achieving the benefits of automation will 
be markedly slower than it needs to be. Certainly a ten-year difference 
in the achievement of a high level of automation can easily be the 
result if these matters are not properly understood and attended to by 
business and industry. 

However, let us not view the future with alarm. In fact, there are 
some trends today which, if properly nourished and extended, could 
result in an adequate level of systems competence in the development 
of automation during the next few years. The rest of this chapter 
will be devoted to an appraisal of these trends. 

19.6 APPRAISAL OF SYSTEMS APPROACH 

If my arguments to this point have been convincing, then we should 
all be agreed that rapid development of automation requires that the 
solution of each factory control or data-processing problem in business 
or industrial establishments be governed by the results of a systems 
analysis treating all company operations capable of exerting a major 
influence on the choice of methods, procedures, and equipment best 
suited for the solution of the problem under attack. Furthermore, we 
should also be agreed that the extensive technical content of such sys­
tems work requires that it be accomplished by teams dominated by 
professionally trained scientists and development engineers, who, how­
ever, have also acquired a capacity to deal effectively with concurrent 
nontechnical operational matters. ,Now these conclusions appear to 
specify pretty completely the manner in which any company interested 
in the introduction of automation into its operations must go about 
accomplishing such a result. The procedure indicated is for the com­
pany to give a systems development contract to some organization 
with a high content of scientific and development engineering com­
petence, and with an established record of performance in the design 
and development of electronic systems. If such arrangements are sup­
plemented by the establishment of a proper degree of intimacy .between 
the systems development group and appropriate operational people 
within the customer company, favorable conditions should exist for the 
ultimate determination of a combination of methods, procedures, and 
apparatus to bring to the customer the maximum quantity and quality 
of practical automation consistent with the state of the art. 

However, there is a difficulty sometimes associated with the imple­
mentation of this approach to automation. This difficulty arises out 
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of the fact that the thoroughgoing scientific systems analysis and 
equipment design procedures upon which the approach is based can 
frequently be a very expensive undertaking. The proper solution of 
a maj or systems development problem may well require a technical 
team of a hundred or more people working for two or more years. The 
price tag for such a program may run to several millions of dollars. 
So, although the procedure described is undoubtedly the proper ap­
proach for General Motors to take in bringing automation into its 
production lines, or for the Bank of America to employ in the develop­
ment of mechanized data-processing procedures-where the size of the 
business and the ultimate benefits arising out of a properly designed 
system will recover many times over the cost of the development effort 
-such an approach may be out of the question for small or medium­
size businesses. Not only do we not want to ignore small or medium­
size businesses, but as a practical matter automation certainly will not 
really have arrived until it is suitable for this scale of industrial 
activity. 

Certainly there is a practical answer to this problem. To develop 
it, we must start with the observation that there are two different ways 
in which a systems team can go at the problem of developing a com­
bination of methods, procedures, and equipment for the solution of 
an operational problem. The method already discussed is one in which 
the development team undertakes to design new equipment to accom­
plish the required purposes. In this type of program, the development 
team usually limits itself to the employment of electronic and me­
chanical components, vacuum tubes, servo motors, semiconductor de­
vices, memory elements, and the like, that are currently available, 
but attempts to devise ways of combining these components in circuits 
and electromechanical arrangements that may result in devices and 
subsystems quite different from any that have appeared before. When 
this kind of invention and design process is carried out with proper 
regard for the nontechnical operational obj ectives of the program, the 
most effective results are obtained. It is this kind of work that the 
maj or business and industrial establishments should support in order 
to obtain the maximum benefits from automation. 

19.7 BUILDING-BLOCK APPROACH TO AUTOMATION 

There is, however, another approach to the same kind of problem 
that can be employed by the systems development team. In this 
approach, the team ,limits itself to the employment of complete devices 
or subsystems that are currently available, rather than to the employ-
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ment of electrical and mechanical components currently available. For 
this kind of approach, the "building blocks" with which the develop­
ment team works, instead of being transistors, vacuum tubes, motors, 
potentiometers, and the like, are electrical printers, arithmetic and 
control units, card readers, magnetic-tape files, and the like-assuming 
that units with such titles are currently available for purchase or 
lease from industrial suppliers. The "building blocks" with which the 
development team works are numerous and elemental, in the one in­
stance, and few and complex in the other. However, the analytical 
and logical problems involved in the design of a suitable system of auto­
mation for a business or industrial establishment are much the same 
in the two instances, although physically the results might appear to 
be quite different, because in the first case new and extensive apparatus 
results, whereas in the second case the output of the systems approach 
is a combination of existing pieces of hardware. 

Now, obviously, the first method of approach to an automation 
problem is a mor'e flexible one and allows the development of equip­
ment and procedures that are more precisely suited to the needs of 
the business or industrial establishment under study. In fact, the 
second method of approach is not practical at all until there has been 
enough development of the first type to provide on the market a suit­
ably wide range of devices and sUbsystems of adequate flexibility to 
permit combinaton in various patterns to perform a variety of automa­
tion tasks. Ultimately, however, it is to be expected that this second 
condition will exist as more and more organizations get in the business 
and a wider and wider range of automation problems achieve solution. 

Should a banking institution, for example, sponsor the development 
of automation for its own uses, it is quite likely that some of the result­
ing methods and equipment would be at least partially applicable to 
the activities of other banks enough smaller to be unable to sponsor 
the pioneering work themselves, but large enough to have similar opera­
tional problems. Since American industry never works in such a way 
as to exclude for very long the participation by smaller members of 
an industry in the advanced developments of their larger colleagues, 
we may safely expect that ultimately the pioneering work done by 
the large organizations will extend benefits in this way to other mem­
bers of the same industry. This process will undoubtedly be helped 
along by the companies that design and manufacture the equipment. 
Their own interests, of course, will be best served if they can Ultimately 
obtain a wide market for their products. Therefore, whenever they can 
do so without compromising the automation system that they are ini­
tially employed to develop for the major customer, they will choose 
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methods of packaging the subsystems that go into their final system, 
and of standardizing the methods and procedures in different forms to 
meet the approximately similar requirements of other customers. 

And so we can expect to find, as time goes on, that there will be 
developed a number of basic lines of automation, each line composed 
of equipment and methods and procedures in combinations that will 
make it possible to handle the automation problems of a class of busi­
ness and industrial customers. It is not possible today to predict with 
any certainty how wide a range of customers may ultimately be served 
by any of these major lines of automation. Perhaps there will be a 
set of machinery, methods, and procedures that will be applicable only 
to the banking business, another set of machinery, methods, and equip­
ment applicable only to the insurance business, another for department 
stores, another for automobile factories, and the like. Of course, com­
panies in the automation business will prefer and will continue to work 
toward lines of equipment at least, if not methods and procedures, 
that can be employed across the board by all business and industrial 
establishments. Undoubtedly the final result will lie somewhere be­
tween these two extremes. There will be certain kinds of machinery 
that are applicable to a variety of data-processing and factory auto­
mation problems wherever they arise. There will be other types of 
machinery that will be more highly specialized to one industry. The 
same will be true of the methods and procedures that in each instance 
must work intimately with the machinery in order to accomplish the 
overall operational result. 

But, whatever the final pattern, it is clear that the growth of this 
complex of methods and machines must stem from the large-scale 
systems study and equipment development programs, sponsored by 
major establishments, that will determine the basic character of the 
available equipment subsystems and methods. Solution of the auto­
mation problems of a large number of smaller customers will then 
follow, guided by the second kind of systems development approach, 
in which the design materials employed by the development scientists 
and engineers will consist of the available subsystems, rather than 
elemental electrical and mechanical components. 

From the point of view of the smaller business and industrial estab­
lishment, this means of extending the applications of automation equip­
ment is of great economic importance. The controlling factor is that 
by all odds the major part of the development expense is associated 
with the actual invention, testing, and reduction to practical form of 
the design of the devices and subsystems that make up the final equip­
ment. The approach that employs existing equipment, therefore, al-
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though depending just as much on a high quality of scientific systems 
analysis, is much less costly and, if the problem under investigation is 
fairly similar to other problems for which major and expensive hard­
ware development programs have been accomplished, then it is not 
unlikely that'there will already exist devices and subsystems that can 
be combined to give a fairly satisfactory solution to the automation 
problem of the smaller business or industrial establishment. 

19.8 OPERATIONS RESEARCH IN AUTOMATION 

Finally, it may be interesting to note that the second kind of system 
development activity, although essentially not very different from the 
first kind, goes by an entirely different name. The term that has come 
to be applied to this kind of work is "operations research." More gen­
erally, operations research is a term used to describe the activities of 
scientifically trained teams who undertake the assignment of analyzing 
broad areas of operation of business or industrial establishments, to 
determine procedures and methods of making decisions that are most 
effectively geared to the basic objectives of the business. When, as is 
so frequently the case nowadays, the scope of assignment of the opera­
tions research team includes consideration of the possible employment 
of the newer techniques of automation to improve the efficiency of the 
enterprise, then the operations research assignment is indistinguishable 
from the integrated systems development operation, except that such 
an assignment is usually of the second type, where the team does not 
design new apparatus but instead limits itself to designing combinations 
of available equipment that can best meet the needs of the business in 
question. 

It is no accident that operations research activities are beginning to 
appear and grow rapidly in various establishments throughout the 
country at about the same time that development of automation equip­
ment is really getting under way. In each instance the principal work 
is being done by scientists and engineers who have learned their trade 
during and since the war in military electronic systems activities of 
one form or another. Some of these men have gone to organizations 
where they can use the detailed knowledge of electronic and electrome­
chanical techniques, which they acquired while working on weapons 
systems, in the development of new kinds of automation apparatus. 
The others have made their way to operations research groups, where 
they find a direct carry-over to the business and industrial world of 
the analytical methods and the systems approach that they found so 
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productive in military work. The rapid development of automation 
requires and will make use of both types of activity. As time goes on, 
we shall see a great expansion in the scientific and engineering staffs 
of the companies that engage in the development of the equipment 
of automation. In the companies that are successful, we shall also see 
an increasing dependence upon thoroughgoing systems analysis of the 
problems of major business and industrial establishments as the basis 
for equipment design. Concurrent with these developments, we shall 
see a rapid increase in the numbers and quality of operations research 
teams throughout the country, which, as time goes on, will carry a 
larger and larger fraction of the load of bringing to smaller business 
and industry in particular the combinations of methods, procedures, 
and equipment that will bring about the benefits of automation in the 
most economical and efficient manner. In each type of activity, prin­
cipal dependence will be placed upon teams of scientists and develop­
ment engineers, led by men who, in addition to superior professional 
attainments, will exhibit unusual breadth and capacity for compre­
hending and dealing simultaneously with nontechnical as well as tech­
nical problems. 

19.9 CONCLUSIONS 

The reason for this emphasis on the systems point of view is that 
experience has shown there is a certain subtlety about it that is likely 
to be overlooked. There is an illusory sense of simplicity about systems 
development work. There is something very logical and appealing 
about the idea of assigning to the production control organization of 
a factory the responsibility for working out and specifying the kind 
of automation equipment and techniques that should be employed to 
improve the efficiency of the production control operations. There was, 
of course, a similarly incorrect sense of fitness to the early military 
decision to assign to bombing and navigation experts the responsibility 
for working out and specifying the kind of equipment and procedures 
needed for the performance of improved bombing and navigation func­
tions. The significance of the military electronics experience and 
its direct applicability to the field of automation are not generally 
appreciated by most businessmen. As a result, there is a great danger 
that business and industry will repeat a large fraction of the mistakes 
that have by now led many of our military people to a considerably 
more sophisticated and informed approach to maj or systems problems 
than characterizes the approach of many business and industrial ex­
ecutives. 
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If business and industry comprehend well and early enough the 
basic facts of automation, these trends will be supported and strength­
ened with the result that the national ability to move rapidly ahead in 
the field of automation will grow, and the bright new industrial revo­
lution just now starting will bring major benefits in new products and 
in increased national output of old products within the next eight to 
ten years. 
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