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INTRODUCTION

The lectures included in this volume represent some of the
most recent material from the field of Operations Research theory and
practice.

The Industrial Engineering Department, Industry Program of
the College of Engineering, and the Extension Service of the University
sponsored the series of fifteen seminar meetings during the 1956-57
academic year and the one-day symposium which was held on May 7, 1957.

Unless otherwise noted, the seminar lectures as presented
here were written from notes taken at the time of each meeting.' One
of the symposium talks was transcribed from a tape recording made at
the meeting; the remainder are manuscripts submitted by the speakers.

The primary purpose of this volume is to allow those who
attended either the seminar course or the May 7 symposium to have a
complete record of all the material. This is not a publication. No
copies will be sold, and distribution is limited.
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Mr. Salveson's complete manuscript has been
made available for inclusion in this volume rather
than the excerpts which were presented at the
seminar meeting 1tself.
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ENTREPRENEURSHIP AND OPERATIONS RESEARCH IN A
LARGE DECENTRALIZED ORGANIZATIONL

M. E. Salveson
General Electric Company

Summary

Modern civilizations increasingly are dependent upon the un-
common creative individual in science, technology, and busi-
ness for the maintenance and expansion of their levels of
living. Many free peoples are tending to foresake their
political freedoms, though, by relying upon socialistic en-
terprise to bring them the fruits of individual creativity
in science and technology. Hence, there is an urgent need,
if freedoms are to be preserved, to understand and foster
those creative individuals in business who with a high sense
of responsibility and purpose can perceive the need for and
build the enterprises which supply our material needs, provide
our employment opportunities, within the boundaries of free
and private enterprise and, hence, maintain the economic con-
ditions of political freedom. These individuals are the
entrepreneurs, the builders of enterprises. The purpose in
this article is to analyze the setting of the entrepreneur

in modern, large, decentralized organizations, some of his
psychological propensities, and the conditions favorable to
his creative contributions.

The entrepreneurial process 1s analyzed and several important
"conceptual-design" elements are shown to be rational and
amenable to methods heretofore characteristic of the physical
sciences. It is observed that the individuals who are moving
into positions of entrepreneurial responsibility in extant
organizations for the most part are salaried managers with
little, if any, proprietary equity in the enterprise. They
here are termed "entrepreneur-managers". Finally, a method
and organizational instrumentality are demonstrated which can
aild these entrepreneur-managers in pursuing their new role
with greater effectiveness and productivity, and in "managing
progress” more efficiently.

1 The views expressed here are the writer's and do not nec-
essarily reflect the official views of the General Electric
Company, nor of any of its officers or managers.



"The greatest invention of the nineteenth century was the in-
vention of the method of invention," according to Alfred North White-
head (l).2 It is believed the advent of the method of entrepreneurship
during this same period was of equal importance; it provided both the
means for making the invented goods and services available to the rapidly
growing population and the basis of a vigorous industrial economy, based
on & system of competitive, private enterprise.

It is asserted here, with rhetorical license, that the great-
est invention of the first half of the twentieth century was the in-
vention of the science of invention; that of the second half of this
century will be the unfolding science of entrepreneurship. The develop-
ment of the former "science" has been the result, in the main, of the
increased power and efficiency of research and development methods in
the physical sciences and of the increased understanding of the creative
processes, such that it now is generally possible to devise orderly
methods and programs for discovering and, or, applying new principles
for achieving stated objectives. Through this development, soclety now
is more able to invent systematically those goods, services and pro-
cesses which it requires to sustain higher levels of living for en-
larging populations. Our purpose here will be to explore some of the
changes and circumstances which are leading to the second, closely re-
lated invention which now is unfolding: the entrepreneurial sciences.
They are being developed perforce to find efficient methods by which
the goods and services rapidly conceived by creative scientists can be
made available quickly and on a broad economic basis. In this, we will
attempt to analyze causal factors which (a) have changed important ele-
ments of entrepreneurship from a personal art to a task-oriented func-
tion; and (b) have provided the basis for raising some elements of that
function from ad hoc opportunism and intuition to a profession which
has accepted social, moral and ethical responsibilities, as well as
firm foundations in certain concepts and methods of science.

Some of these factors are well known and widely recognized
in industrial, economic and managerial circles. However, the central
thesis to be developed here is predicated upon them as an axiom system.
Hence, syllogistic considerations demand that they be reviewed as part
of the exposition. In any case, the sequence in which these factors
are presented does not represent an ordering of their relative import-
ance to the problem at hand, but only convenience in presentation.

In some sets, the term "entrepreneur" may have, at present,
an unfavorable connotation similar to "tycoon", etc. However, for the

e Numbers in parentheses designate references listed at end of article.
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purposes here, the sense in which it is used 1s the basic functional
meaning: one who builds an enterprise. The term "manager" is used in
the basic sense as one who manages and who has a vicarious, custodial
relationship to the object managed. Subsequently, the term "entrepre-
neur-manager" is introduced to describe the role of certain classes of
managers.

I. Background and Assumptions

Increasingly large amounts of capital are being required in
order to pursue research and innovation in industry. As the principles,
concepts and relationships to be discovered and applied become more
subtle, that is, as science becomes more advanced, the cost of carrying
out the research seems to increase in geometric proportion. The conse-
quence of increased cost of research and innovation is that only insti-
tutions or individuals with increasingly great financial, material and
human resources can undertake them. Hence, the opportunity to innovate
and, then, to build an enterprise on that innovation is confined in
increasingly many fields to those who can marshall these greater re-
sources. For example, Curtice5 reported at the dedication ceremonies
that the Research Laboratories of the General Motors Corporation needed
for research and development cost $150,000,000.

Numerous examples can be cited to support this observation,
atomic energy and electric computers, among many. In the first exam-
ple, the role of Federal financing of the basic research is well known,
and was beyond the abilities of any reasonable combinations of private
corporations. But, even to develop the industrial applications of the
previous results, requires, for example, joint endeavors of such large
companies as Commonwealth Edison Company and the General Electric
Company. In computers, it is common knowledge that the concepts and
principles for development of computers originated with and were ad-
vanced by a variety of individuals with limited capital, such as Pro-
fessors Eckert, Maucheley and Aiken. However, before their plans for
research, development and application could be implemented, it was
necessary for larger firms, such as Remington Rand, National Cash Regis-
ter and others to buy their enterprises and to provide the necessary
resources.

A closely related phenomenon is the increased resource re-
quirements for initiating the production and distribution of many goods
and services. No elaboration is necessary for full appreciation of the

5 President, General Motors Corporation.



amount of resources which the entrepreneur must command before he can
build an efficient, large-scale enterprise. Even though roughly 1000
new enterprises are formed each day in the United States, the majority
of these are in commerce and trade, and less than one-fifth of them
survive more than five years. Inadequate financial resources are re-
ported to be the preponderant reasons for their failure.

In a modern civilization industry and commerce in one per-
spective may be considered the locus of the application of all of man's
arts, skills, energy and knowledge as he wrests a living from nature.
Thus, the enormous proliferation of scientific and technical knowledge
and of business information introduces another factor complicating the
process of entrepreneurship. For example, the success of a particular
business venture may depend upon such diverse knowledge and abilities
as understanding consumer motivations, metallurgy, organic chemistry,
multi-variate statistical analyses, as well as the ability to integrate
and coordinate these different fields into an organized and functioning
enterprise. The fact that it is becoming less feasible for one person,
or even small groups of persons, to master these diverse disciplines
reduces the chances of successful innovation and entrepreneurship by
other than groups with considerable human resources. Thus, the com-
plexity of business operations and the corresponding need for func-
tional specialization in meeting this complexity, impose a lower limit
on the size of the group that can be successful in building a new
enterprise.

The development of the scientific method itself in its full
detail, complexity and application introduces a further element which
mitigates against the "buccaneer" type of individual entrepreneurship.
While the entrepreneur, considered as a group or as a function, must
have the traditional boldness and audacity, these qualities alone are
becoming increasingly insufficient as a basis for building an enter-
prise. They must be supplemented by skill in scientific methods of
analysis and of theory building and problem solving. This skill is in
addition to the functional specializations, since an enterprise may
call upon many diverse fields of knowledge; often, the only common
thread during the early stages of the development may be a scientific
perspective in approaching the situation and determining the basic
theory of the enterprise. Again, the development and marshalling of
such diverse talents and qualities often require large-scale resources.

A less obvious factor affecting the nature of entrepreneur-
ship is that the opportunity for enterprise itself is changing rapidly.
That is, the unique combination of need, process capabilities, and re-
source availability -~ out of which the opportunity to create an enter-
prise arises -- may be so technical and so related to technical factors
that it might be seen only by persons who normelly would not be
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aggressive and venturesome. For example, an engineer or scientist,
through his technical work, may discern the possibility of producing
goods via some new production process. The unique combination of need,
process and good would be visible only to a person with his level of
competence and famillarity with these three elements of the entrepre-
neurial situation. Nonetheless, because such persons are prone not to
be "audacious and bold", and do not take the risks involved in building
an enterprise, they often merely pass the opportunity along to others,
or allow it to slip away.

Although the opportunity for entrepreneurship frequently
arises out of purely technical innovation (there are other sources, of
course), there is a serious difficulty to the entrepreneur from the
current high "rate" of technical innovation. For example, one of the
typical difficulties in the electronic computer field has been the
rate at which new innovations have obsoleted earlier ones. This short
life span leads to problems on timing the introduction of innovations,
financing and writing off previous development costs, balancing be-
tween the "ultimate" in the product and currently feasible designs,
etc. When one considers the full spectrum of research, development
and application as a source of invention and innovation, it is obvious
that there are serious entrepreneurial problems involved in "managing
progress" (that is, in the analysis, the acceptance, the incorporation
and the timing of innovation in an enterprise) which require intensive
study for their solution and handling.

For example, Maclaurin (2) cites Owen D. Young: "Fifteen
years is about the average period of probation, and during that time
the inventor, the promotor and the investor, who see a great future
for the invention, generally lose their shirts. Public demand, even
for a great invention, is always slow in developing. That is why the
wise capitalist keeps out of exploiting new inventions." On the other
hand, Schumpeter (3) frequently emphasized that the most profitable
industries are those in which there is a high rate of invention and
innovation. Thus, there are fine problems of balance for the entre-
preneur in timing the introduction and analyzing the application of
innovation in order that progress, based thereon, may be rapid,
orderly and efficient.

The preceding factors tend to give the large organization
important entrepreneurial advantages, as well as a large social re-
sponsibility for effective entrepreneurship. On the other hand, there
are factors which may tend to operate in favor of the small organiza-
tion or individual as an efficient entrepreneurial agent. Some of
these follow:



Newcomer (4) emphasizes numerically the magnitude of the
change which is taking place in the background and route via which the
presidents or chief executives of modern large corporations gained
their position in 1900 as compared to those in 1925 and in 1950. One
of her findings is reproduced here; note the shifts particularly in
the increase in engineers and managers into the primacy in this sample
of corporations.

PRINCIPAL OCCUPATIONAL EXPERIENCE OF (CHIEF) EXECUTIVES

Number of Executives Percentage of Executives
Occupation 1900 1925 1950 1900 1925 1950
Entrepreneuru 97 66 86 31.0 20 .2 9.9
Capitalist 39 20 L3 12.5 6.1 L.9
Banker or broker 2k 12 L3 7.7 3.7 L.g
Engineer 39 51 168 12.5 15.6 19.3
Lawyer 41 45 104 13.1 13.8 11.9
Other Professions 12 9 69 3.8 2.7 7.9
Salaried

Administrators 61 123 358 19.5 37.7 h1.1

Total 313 326 . 871 100.00 100.00  100.00
No Information 3 L 11

From Newcomer's tabulations, it is obvious that entrepreneurs
(in her sense as those who themselves conceive, establish and operate
independent business enterprises) have declined to less than one-third
of the earliest percentage. Capitalists have experience a marked de-
crease. There are many reasons cited for the preceding changes. Among
these is the simple fact that between 1875 and 1900 there was a very
high rate of formation of corporations, many of which continue through

"Entrepreneur" is used by Newcomer to indicate individuals who ori-
ginated an enterprise, a concept which does not include the
"Entrepreneur-Manager".



to the current period. The span from 1900 to 1950 1s so great that
few of the original entrepreneurs remain as incumbent chief executives.
They must have been replaced by others. Newcomer observes that those
chosen tend for the greatest part to be those salaried administrators
or engineers who, at the time the replacement is made, are on the
scene, are available and are familiar with the business.

Of course, every extant enterprise has both an origin and an
originator(s). Thus, the decline in chief executives who originate
businesses, even businesses different from those they now are managing,
to nine percent of the total is even more striking. Without antici-
pating certain subsequent remarks, the entrepreneur's contributions
include conceiving the opportunity for enterprise, marshalling re-
sources to the enterprise, accepting the risks of the enterprise and
creating the image or design of the enterprise as a unifying activa-
ting concept for other members of the enterprise. These contributions
require certain personal qualities, including a high degree of crea-
tiveness and considerable boldness. By definition creativity is
breaking with an established order so as to bring a new level of
understanding or order to human experience. Boldness is required to
apply results of the creative entrepreneurial processes to the build-
ing of an enterprise.

Successful entrepreneurship (either by an individual or a
group) requires both qualities: boldness and creativeness. However,
unless considerable care is taken in the selection of personnel for
positions of entrepreneurial (or top managerial) responsibility,
persons with this combination of qualities easily might be "deselected"
in the large, stable enterprise which otherwise have the required re-
sources. For example, Torrance (5) reports findings which tend to
indicate that bold, adaptive military officers, the analogues of the
creative industrial entrepreneurs, often do not fare so well in stable,
established organizations, so that if the entrepreneurial function is
to be performed well, care must be taken to assure that they are not
so deselected. Their creativeness to break with tradition in order to
achieve progress and boldness to pursue the break may be interpreted
as disagreement, especially as person-oriented disagreement. Torrance
writes:

First, management needs to accept the fact that task-oriented
disagreement is almost always "good". You have been long con-
ditioned to believe that it is "bad". Parents become quite
disturbed if their children argue or fight. Teachers, mana-
gers and supervisors behave similarly. 7You may be afraid
that you are "playing with fire". "What if somebody blows

up? What will the higher-ups think? Will I lose the respect
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of my subordinates by letting them disagree with me?" Per-
haps, you are neglecting to recognize the fundamental dif-
ference between task-oriented and person-oriented disagreement.
Or, you may be too prone to assume that all differences of
opinion are a threat to managerial control.

I think one extremely valuable application for management
comes from the findings concerning individual performance
and willingness to oppose others. Willingness to disagree
is a major characteristic of the aces -- the high achievers.
It also characterizes those best able to meet frustration,
those most willing to take calculated risks, and those who
have the most "will to fight'". In spite of the fact that
most really outstanding people appear to have this charac-
teristic, many of them fare rather badly at the hands of
management, both in business and in military situations.
They are seen as threats by superiors and are frequently
not tolerated. Too often the greatest rewards are for
conformity.

Another factor affecting entrepreneurship inheres in the
organizational structure of the large enterprise. As the size of an
enterprise increases, the organization and communication structure
tends to become more complex. There may be an increase in number
and variety of communications channels, a proliferation of necessary
functionaries, greater need for and extent of specialization of man-
agerial and professional work, a tendency in many instances for spec-
ialists to identify themselves with their speciality or profession
more strongly than with the enterprise in which they practice their
professions, a tendency for specialties or professions to develop
their own vocabularies and thus increase the difficulty of integrating
them into the enterprise. Together, these tend to reduce the sensi-
tivity of the organization to its environment, to hamper its speed
and flexibility of response to environmental stimuli and to opportunity
inherent in innovation, and thus to inhibit its ability to function as
an efficient entrepreneurial agent.

Thus, it should be clear from the preceding that the large
organization is confronted with conflicting tendencies in its ability
to perform the entrepreneurial functions. One current avenue for
seeking the advantages of the large organization's resources and the
small organization's flexibility and simplicity is to "decentralize"
the business and operations of the larger enterprise. In particular,
we cite Cordiner's’ (6) plan for decentralizing the operation and

> President, General Electric Company.
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management of the General Electric Company. One of the implied pur-
poses in this plen is to permit the Managers of the various Operating
Departments of the Company to continue to perform efficiently as entre-
preneurs and, thereby, to make those contributions to the public, the
customers, the employees and the shareowners which derive uniquely
from the resources of a large private enterprise. Through this adapta-
tion, it is believed it will be possible to cement more firmly the free
enterprise character of the American economy by quickly and productively
satisfying the needs of society, by providing opportunity for gainful
employment and investment, and by doing these in a manner consistent
with the maintenance of competition and of individual liberties and
initiative.

The effect of the plan has been to establish approximately
one hundred highly autonomous businesses within the General Electric
Company, each producing a related or homogeneous set of products or
services. Each such business is managed by a General Manager and
staff of Functional Managers, such as Marketing, Engineering, Manu-
facturing, etc. In many regards, the General Manager and Functional
Managers are equivalent, respectively, to the Presidents and Functional
Vice Presidents of smaller, independent corporations with sales ranging
from 5 to 500 million dollars per year. The scope and scale of these
decentralized businesses are designed to be not greater than what "a
good manager can get his arms around" (6) (The operational meaning
of this definition is intuitively clear to most readers.) By so pro-
portioning these businesses, some of the difficulties of performing
the entrepreneurial functions are largely overcome, including de-
signing the enterprise to be sensitive, and responsive to stimuli from
the market, from the competitors and from the economy, to have greater
ability to innovate and to manage progress more efficiently.

This concept of decentralization has given the Managers of
these businesses a new dimension of responsibility: they now are
responsible for both the traditional custodial-type managerial acti-
vities ordinarily associated with operating an enterprise, as well as
the entrepreneurial activities associated with initiating, modifying,
and "growing" an enterprise.

Certain entrepreneurial activities and functions are reserved,
of course, to the President and his Executive Office. Of particular
interest here, is that the selection of General Managers of these. busi-
nesses is reserved to the President's or a Divisional Vice President's
Office. In view of the nature of the Company, therefore, it could be
stated that one of the recent primary entrepreneurial contributions of
the President has been to redesign the enterprise so that he and his
principal delegants manage a large group of Entrepreneur-Managers, each



of whom is responsible for one highly autonomous enterprise. In view
of the increasing complexity of industry, this pattern of decentrali-
zation could prove to be & highly important device in developing the
entrepreneurial-managerial talent in the quantity and quality necessary
to maintain an efficient, productive industrial economy.

Some of the other powers reserved to the President's Office
include the determination of the basic kinds of businesses in which
the Company will engage, planning adaptations and innovations to meet
broad, fundamental societal and legal changes, public representation
of the Company, etc. These functions have been generated by society's
new level of awareness of the role and behavior of each of its segments.
They have been stimulated equally by a new level of social responsi-
bility now accepted by business leaders.

Thus, leadership in innovation and adaptation in the broad
socio-economic areas increasingly comprise the entrepreneurial task of
the chief executive of the large organizations.

One consequence of true decentralization of an enterprise,
which is of particular interest here, is the new stature gained by its
chief executive and the managers of each of its constituent enterprises.
That is, the autonomous entrepreneur is usually chief executive of his
enterprise and typically bears the entrepreneurial responsibility and
authority within that enterprise. He hires and supervises managers
to whom he typically delegates "operating" responsibility. The pri-
mary measure and evaluation of his entrepreneurial performance are
through undiluted economic criteria: the immediate, rather than the
long term, usefulness, contribution, and efficiency of the enterprise.

In the context of true decentralization, the chief executive
delegates much of his authority and responsibility as entrepreneur to
the principal managers of each of the constituent enterprises. By
this delegation they become "entrepreneur-managers". This delegation,
however, leaves a residual of the authority and responsibility with the
chief executive to measure and evaluate the performance of his dele-
gants. The measurement and evaluation methods applicable in this re-
gard are not at all obvious. Current profit alone is not adequate as
such measure. For example, new enterprises often experience losses,
regardless of their social or economic desirability, during their early
years.. Technological or social change unexpectedly may change the
basis of an enterprise and cause it to be unprofitable during a re-
adjustment period. An inept or poorly motivated entrepreneur-manager
may "bleed" a constituent enterprise in order to gain immediate pro-
fits, or otherwise leave it in a disheveled state so that it will remain
unprofitable during a rebuilding period. There are, of course, many
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other causes of temporary unprofitability, so that other criteria and
measures must be devised. In any case, this requirement of measuring,
evaluating, and supervising the delegant entrepreneur-managers in turn
requires a level of understanding of the role, function methods, and
characteristics of the entrepreneur not formerly known or available.
This applies equally to our understanding in relation to embryonic,
growing, as well as mature enterprises.

This new level of understanding of the entrepreneurial func-
tion, as well as the ability to use that understanding, provide power-
ful aids in achieving the objectives of the enterprise and its consti-
tuents, as well as of the society of which i1t is an integral part. It
is this new ability which raises the stature of both the chief execu-
tive, as well as the delegant entrepreneur-managers to a new height.
Both the chief executive and the entrepreneur-managers can plan growth
and development of the various constituent enterprises in such manner
as to achieve greater productivity, and profitability and stability.
Each can achieve these as follows:

1. The chief executive, as a high level industrial statesman
can recognize or anticipate poor entrepreneurial perform-
ance in any relevant process or function of enterprise
before unprofitable or undesirable conditions develop;
thus economic efficiency, profitability and social utility
are all enhanced. Also, he can multiply his own personal
skills and insights through his teaching and coaching of
the entrepreneur-managers. He can bring his skills and
unique insights to bear -- unfettered by diurnal operating
responsibilities -- on broader, more fundamental issues,
for example, those concerned with maintaining political
conditions favorable to individual freedom and social
progress.

2. The delegant entrepreneur-manager can make a greater con-
tribution, also. His enterprise can be built on firmer
long-term trends and relationships, less on the shaky
sands of transient economic vissicitudes. This contri-
butes to stability and growth of both the enterprise and
the economy. He, thus, can derive a greater sense of
satisfaction from his semi-autonomous, but more respon-
sible,work.,

At first blush, it may appear that the foregoing are ambi-
tious claims to make. It is submitted, however, that they are not out
of proportion with reality. That is, modern physics and engineering
with all of their material benefits to society derived from better
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understanding of physical phenomena, starting with Galileo and Newton.
It is suggested here only that corresponding benefits can accrue from
better understanding of the economic and psychological phenomena of
entrepreneurship. The opportunity for this understanding derives or

is stimulated by the recent concept and practice of decentralization,
and by the delegation and measurement of the entrepreneurial functions.

The current trend to decentralization provides an excellent
opportunity for scientists of entrepreneurship and of management to
study, under realistic conditions, the functions and contributions of
entrepreneur-managers, such as those who now manage either autonomous
or constituent enterprises. This analysis 1s based on such a continu-
ing study, with particular reference to the entrepreneurial functions,
as well as to the methods and instrumentalities by which they are or
can be discharged in constituent enterprises. It is concerned parti-
cularly with certain concepts which become apparent through the insight
gained from the experience of this decentralization and its attendant
alteration in the role and relationship of entrepreneur and manager.

II. Analysis of Planning

The entrepreneurial functions are examined more closely
through an example which, while simplified, nonetheless contains the
essential elements of management and entrepreneurship in more realistic
situations. In particular, it underscores some functions in business
planning and research in order that the relationship between manage-
ment and entrepreneurship may be presented later in the article. Analy-
sis of this relationship was stimulated by the cogent question, asked
by a vice-president of a large decentralized organization, "Our
greatest need in improving as managers is: what to do before we begin
to plan?" The example is constructed by analyzing and extending a
brief illustration of the planning process which appears in (7):

Planning is necessary if chosen goals are to be reached, as
will be illustrated by a simple analogy with automobile travel.
The importance of planning is greater, the longer the journey,
the greater the need for haste or directness, the more diverse
the choices among many possible vehicles and roads, the more
people inveolved in the adventure. An aimless Sunday afternoon
drive, Jjust for the fun of riding, requires little advance
planning except to have the car in good mechanical shape, the
gas tank full and the occupants ready at an appointed time

and place. On the other hand, those who plan a transconti-
nental or foreign trip, but are limited in time available,
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and have decided preferences as to places to be visited, will
plan routes carefully, make advance reservations and will
spend considerable effort to be sure that their plans are
complete, so as to reap maximum benefit from the journey
when 1t 1s taken.

Upon anelysis, it is discerned that this traveler, or planner, has at
least the following:

1. An objective he wishes to accomplish as best he can,
e.g., "to reap maximum benefit from the journey";

2. A meaningful preference scale or measure on his ob-
jective, e.g., "decided preferences as to places to

visit";

3. A limitation(s) on his resources, e.g., "he has
limited time available".

In order to achieve his objectives in some optimal manner, he will:

1. "Plan routes carefully" (the method or process of
planning) .

2. "Be sure plans are complete" (test results of the
process) .

3. '"Make reservations" (initiate action on plan).

Consider the process in more detail by one possible specific
instance, a trip in which the traveler wishes simply to visit all the
state capitals and return to his point of departure via the shortest
route. There are exactly 48! (W x 47 x W6 x . .. .x2x1), or,
roughly, at least 1070 different routes. From among these the traveler
must select only the shortest route. Even though the traveler might
enumerate 1,000,000 routes per second, there would not be enough time
from the instant of creation until the stars are extinguished to
enumerate them all. Yet, traveling salesmen do plan such trips, and
some recent "operations research" studies have been concerned with
solving problems of this type. In particular, Dantzig, et al., (8)
have developed an algorithm or method, which, while heuristic in some
regards, has found one shortest route for this problem and proved it
to be so.

Of course, there are other planning situations, for example,
in manufacturing, marketing, etc., and there are other quantitative and
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qualitative planning methods. A full survey and description of these
methods would be immensely valuable to managers who must use, or select
persons who can use, them as required. Such a survey is not now con-
veniently available in the literature on planning, but is beyond the
scope of this paper.

The second feature of the travel-planning example to note is
that planning the route required the existence (in this case) of two
information-containing documents: a road map and a mileage chart. The
documents are independent of the planner or any planning which he may
perform. Instead, they are generally available knowledge or informa-
tion generated through research or measurement. Often, in the techni-
cal literature on planning, these may be termed "structural data".

These basic data are essential to the planning process. It
would be virtually impossible to plan a trip, as in the traveling-sales-
man problem, or any other operation, if the data were not available or
if they had to be determined during the planning process, as their
need became known. The purpose of citing here the distinct difference
between the planning process and the planning data is to emphasize the
need for determining what data should be researched before the mana-
gerial planning process can begin. At this juncture, it is possible
to discern at least the following classes of data and functions of
planning:

a) Structural data on the elements and operations of the
system within which a plan is to be developed;

b) Structural data on amount of each required resources
available;

c) Method and criteria for testing plans as to feasibility,
consistency and completeness;

d) Method for generating, and

e) Criteria for selecting best or set of best plans accord-
ing to how well it accomplishes the obJjective which is
to be sought by the action being planned;

f) A value scale or measure for evaluating or for comparing
the diverse accomplishments of a plan and, hence, for
providing the value characteristics for the criteria in
(e) above.
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Other classes of data are required, as 1s obvious, when the
tentative character of all knowledge is considered. For example, the
traveling salesman impliedly accepted as "absolute" the distances, road
conditions, and travel times between capitals. Actually, these can be
quite variable or uncertain. Thus, our information is never perfect
nor complete. The planner, if he is rational, therefore, should know:

g) The probable increment of cost or inconvenience associa-
ted with each event that would disrupt or interfere with
the objective, that is, its "negative value'";

h) Probability, or estimate of probability, of occurrence
of events which disrupt the attainment of the objective;

i) Cost and probability of obtaining "better" information
on whether such descriptive event has or will occur.

With these additional data the planner rationally then can
plan his trip or operations, as well as his expenditures for emergen-
cies, such as, in this example, membership in an automobile club.

Of these classes of information only class (d) is properly
called "planning". The others are kinds of information which must be
brought to the planning process.

In the general business situation, it is important to note
that the research or measurement to generate these data must precede
the planning process itself. TFor example, suppose the traveler de-
cides to use a travel agency; let us examine the processes which pre-
cede and ensue their discussions. On the one hand, the traveler will
bring, consciously or unconsciously, to the discussions his preferences
in pldces to visit, in modes of travel, in sequence and timing of
visits, plus his resource limitations in time, money and energy. On
the other hand, the agency, if it is to serve its purpose most effi-
ciently, will have information on modes of travel between locales,
fares, timetables and estimates of reliability thereof, comfort,
convenience and rates of accommodations, points of interest, rates of
exchange, etc. These data will have been deliberately researched and
maintained current, without expectation that our specific traveler
would use the service, but in anticipation that persons with his in-
terests would use it.

The trip-planning process with the travel agency then involves
iteration or statement of possible itineraries, test of feasibility and
evaluation of relative goodness. The process is efficient if there is
an efficient planning algorithm and if the preference and structural
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data are complete, systematic, and in usable accessible form. For
example, if the traveler inquired as to the possibility of a side trip
to Rheims, the agency should have pertinent structural data on fares,
as well as information on whether the Cathedral was destroyed. If the
agent had to phone or wire for such information, the planning process
would be impossibly delayed. Thus, we easily can see that research
must precede these planning and decision-making processes.

III. Analysis of Entrepreneurship

It could have happened that some historically early traveler
conducted the research necessary to plan a major trip. After completing
the preparatory research, after experiencing the difficulty of planning
the trip, and after taking the trip, he could have recognized that
gathering, codifying, systematizing and maintaining current files of
travel information were arduous tasks, but that they provided extremely
vital information to planning and taking an enjoyable tour. Thus, he
might have concluded that this function, i.e., research and planning
assistance to prospective travelers might meke the basis of a profit-
able, socially useful enterprise. If he proceeds to develop this
enterprise, he becomes an "entrepreneur". He conceives the basis of
and originates an enterprise to fulfill an economic need which he has
discerned. He determines the scope or extent of its activities. He
determines and commits resources to bring it to fruition and initiates
the actions necessary to activate it. He may or may not "manage" it
once it is in operation.

There is a whole class of questions which he must answer if
his new enterprise is to be "successful", at least in the sense of being
able in the long run to command more resources to it than it consumes
in process of its operation. He will have to decide that there exists
or that there does not exist an "opportunity for enterprise" in the
conditions which he experienced. In order to make this decision, he
will want to know much about the market for his service, the prices
he can charge, the demand for his service, the category of demand, as
well as the cost of researching and maintaining the information on which
his services would be based. He will want to estimate the probable
number, timing, composition of travelers who might use his services,
as well as the variety and kind of trips, durations, amounts of expen-
ditures, etc. From these, he can make entrepreneurial decisions on
the kind and scope of the enterprise he is to establish. For example,
is it to be the "Brooks Brothers" of travel agencies, or the "Robert
Hall"? Obviously, this basic entrepreneurial decision on the kind of
enterprise makes an important difference governing such derived
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managerial decisions as location and decor of the sales offices, the
information which should be researched and maintained (e.g., whether
on tramp steamers and hostelries or on first class ships and hotels),
level of sophistication in advertising, credit and collection policies,
amount of cash reserve required, adjustments to seasonality of busi-
ness, etc.

The entrepreneurial interest and responsibility do not ter-
minate with the initial selection of scope of enterprise. Rather,
they continue actively in such questions as: should the enterprise
grow or contract; in what direction and at what rate should it grow
or contract; what services should be added or deleted; what new
markets should be tapped; what level of risk should be taken in capi-
tal investment; what adjustments should be made to any environmental
and societal changes in the opportunity for enterprise? Thus, the
entrepreneur's decisions profoundly affect the scope, nature and pro-
fitability of his enterprise throughout its life or his.

To demonstrate further the function of the entrepreneur, it
is easy to recall many entrepreneurs who founded enterprises and who
may or may not have managed their enterprises once they had been
founded. They made important industrial and social contributions
through their entrepreneurial actions. Two notable ones in the elec-
trical manufacturing field were Edison and Westinghouse. Of Edison's
contribution, Passer (9) writes:

"The process of development of electrical manufacturing may
be taken as representative of a pattern which has been re-
peated again and again as new industries, founded on new
technologies, have come to be important in the economy.

A key person in this process is the engineer-entrepreneur,
the person with technical training who can see commercial
possibilities in the application of scientific principles
and who labors to perfect usable products and techniques.
This kind of entrepreneurship has become increasingly im-
portant as the advance of science has made available new
knowledge, new products, new production methods and new re-
sources. For, the the long view, the most significant
manner in which to increase economic welfare is not through
better administration of existing resources or change in the
distribution of income, but through applications of science
which increase national income.
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Because Edison was profit oriented, not in spite of it, he
fostered economic development, increased the national income,
and raised the standard of living of the mass of the people.
If he had been motivated by broadly humanitarian ideas ---
and, possibly, he was --- he could have hardly acted more
effectively than he did.

How the pattern of Edison's activities in electric lighting
was influenced by profit consideration can be briefly outlined.

He chose lighting over other possible areas . . . because he
felt that there were bigger rewards in lighting . . . His goal
was to produce light at the lowest possible cost . . . He
invented the high resistance filament because he realized,
first, that it was necessary to economic lighting . . . His
dynamo differed from those that preceded it in its high effi-
ciency . . . Edison's contribution to the transmission net-

work was to invent a cost-reducing component."

When Westinghouse was elected to the Hall of Fame, the fol-
lowing appeared in Mechanical Engineering (10):

George Westinghouse, ASME President in 1910, engineer, in-
ventor, scientist, and humanitarian was elected to the Hall
of Fame for Great Americans. He is credited with almost
single-handed responsibility for adoption of the alternating
current system which proved the key to the electrical era as
we know it. His air brake and friction draft gear made possi-
ble safe, swift rail transportation. He first adapted the
geared steam turbine to the Jjob of driving ships. The George
Westinghouse bust which has been on display at ASME head-
quarters will be placed in the Hall of Fame for Great Ameri-
cans. His associates conceded that Westinghouse defied
classification; they compromised by naming him the "World's
Greatest Living Engineer". His inventive talent produced
361 patents. His business proficiency made possible the
organization of 60 companies worth more than $200 million

at the time of his death in 191kL.

Similar stores could bé written for other well-known entre-
preneurs: Vanderbilt, Carnegie, Ford, Sloan, Coffin, Rockefeller,
Robert Brookings, Marshall Field, etc. Their proficiency was, in the
main, not in managing, but in being enterprising and in performing
various of the entrepreneurial functions. For example, if Westing-
house had confined himself to '"managing" the first enterprise he
created, it 1s quite improbable that the other 59 would have come into
existence. He could not have been an active manager and still be as
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productive as he was as an engineer-entrepreneur. Indeed, he is a
good example of an entrepreneur whose work was virtually undiluted
with managerial work.

If the functions and contributions of the entrepreneur in
the preceding paragraphs are analyzed, it is discovered that he per-
forms the following functions:

1) He discovers, conceives, or creates the opportunity
for enterprise, whether that opportunity is due to a
technical or scientific innovation or invention, a
social or political change, or other;

2) He defines or states a consistent, meaningful theory
of the enterprise, albiet intuitively or unconsciously,
which outlines his central beliefs as: what the oppor-
tunity is and what must be done by the enterprise in
order that it may be seized;

3) Based on his theory, he designs the enterprise, as to
scale, scope, organization, etc. which is managesble
and which is capable of seizing the opportunity for
enterprise;

4) He synthesizes and portrays a clear picture of the de-
sign of the enterprise, through governing objectives,
policies, goals, planning criteria, etc., thus pro-
viding the integrating concepts for the diverse func-
tional components of the enterprise;

5) He evaluates the risk and reward inherent in entrepre-
neurial decision and accepts or rejects; he evaluates,
marshalls and commits required resources to the
enterprise;

6) He motivates and activates the enterprise into exist-
ence and operation at the selected propitious time;

7) He revises his theory, design, scale and scope of
enterprise for growth, contraction, or change in dir-
ection as appropriate with the passage of time and
with change in the total environment.

In order to fix ideas, consider the following alternative
example in which the actions and contributions of an entrepreneur are
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analyzed into these categories. Take, for this example, an entre-
preneur who creates an apartment enterprise:

1) To discover or conceive the opportunity: through his
knowledge of, or research on population growth, migra-
tion, personal living tastes, employment opportunities,
or any combination of these or other factors, the entre-
preneur discerns the need for housing in a particular
locale at a particular time. The need may be active, or
it may be latent, and require education, advertising, or
other to make it active.

2) Define theory of the enterprise: from his knowledge of
the various types of housing which could be constructed,
his insight (however obtained) into the modes of living
preferred by those who need the housing, their ability
to pay prices or rents, etc., he constructs a theory
on how the housing need could be met. This theory, con-
sciously or unconsciously formulated, contains such
propositions as '"the expected tenants have few, if any,
children; their occupational status permits them little
time for garden culture and domestic chores; they typi-
cally prefer 'to be close in' to shopping and other
commercial areas, etc.; single-family dwelling units
typically are preferred by heads of growing families,
apartment-type dwellings are necessary to Justify the
high cost of land in the preferred location, etc.; thus,
an apartment of a specified capacity appears to be indi-
cated." A particular advantage in recognizing that there
does exist a "theory" for each enterprise is that the
whole structure of the theory can be developed formally,
including the assumptions, propositions, and logical
reasoning. These can be tested formally, of course, for
their validity, completeness, and consistency. Often,
indeed, great value derives simply from these prelimi-
nary tests.

3) Design the enterprise: like all theories, whether phy-
sical, social, philosophical, or other, the entrepreneur's
theory requires 'reduction to practice" via a specific
design before it can be implemented or made to serve as
the basis for action. In this case, the design of the
enterprise contains obvious tangible design features as
well as less obvious conceptual features. However, the
tangible derives from the conceptual. That is, the entre-
preneur initially must construct a "model" or models (in
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the engineer's or econometrician's use of the word) or
image (in the artist's words) of the enterprise. This
model offers a comprehensive representation of how the
apartment enterprise probably would operate under the
different designs, including possible combinations of
rents, locations, decor, landscaping, building services,
lease conditions and terms, size and number of rooms,
personal services (doorman, hotel service, maid service),
etc. Some of the entrepreneurial decisions in the opti-
mal design of the enterprise will be incorporated in the
architectural and structural design of the building;
others will serve as governing decisions on policies,
attitudes, etc. of the intangible aspects of the
enterprise.

Synthegsize and portray the design: there is a large dif-
ference between creating a design and portraying that
design. For example, to the design engineer a wholly
adequate design of a structural beam may be an equation
or formula on his work sheets. But, to portray the
design to others will require blue prints, material
specifications, etc. Similarly, our entrepreneur here
must portray his design by suitable architectural draw-
ings and specifications, instructions to the apartment
manager, selection of advertising message and content,
etc. These portrayals permit participants in the enter-
prise --- the architect, the manager, the tenants, the
gardener, etc. -- each to visualize the enterprise in
such a way as to determine and guide his role, therein,
so that his contribution to and reward from may be con-
sistent and mutually acceptable. They also permit the
entrepreneur to analyze and determine the extent to
which the design is consistent and complete.

Evaluate risk and reward and marshall and commit résources:

in as much as life is characterized mecre by uncertainty
than certainty, there will be some risk that the enter-
prise will require more resources than it can command

and, hence, will fail. The entrepreneur must weigh the
probability of various magnitudes of rewards and decide,
by some process, that he will proceed with the enterprise.
Then, he will marshall and commit the required resources
to it, including his time and capital, borrowed capital,
hired labor, etc. |
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6) Activate the enterprise: one of his key acts in build-
ing the enterprise will be to retain his architect, his
building contractor, and his apartment manager. Through
this process he activates the design and erection of the
building and the commencement of the business of opera-
ting the apartments.

7) Revise the enterprise: unless he is omniscient, there
will be changes in needs, in circumstances, in population
characteristics and movements, in prices and rents, which
will affect the assumption underlying his initial theory
of his apartment enterprise and which, in turn, will in-
dicate changes in design of the enterprise in order to
adjust optimally to the new situation. The entrepreneur
must repeat in whole or in part the entrepreneurial pro-
cesses in order to achieve this adjustment. He cannot
allow his manager to manage the enterprise into extinc-
tion by his own failure to continue to adjust the enter-
prise to changing circumstances.

IV. Analysis of the Entrepreneurial Personality

There are relatively few entrepreneurs in the active sense
of the word. Similarly, few persons are "pure" (unadulterated) entre-
preneurs and do no other kind of work. But, some are more inclined
to be entrepreneurs than others. Our interest at this point is stimu-~
lated by the enormous importance of the entrepreneur as a factor in
economic and industrial growth, in satisfying economic needs, and in
advancing economic material and, inescapably, social well-being. Hence,
attention turns now to the kind of person(s) who successfully performs
the entrepreneurial functions. Society, corporations, etc. should be
interested in recognizing him, in creating efficient conditions for
him, and in understunding him. His critics and friends need to recog-
nize his contribution and function. Randall (11) notes that the entre-
preneur may be forgotten even in the enterprises he has established:

On the other hand, there are many executives running success-
ful companies by today's standards who, individually, never
pause to examine the histories of their companies. If they
did, they would find that, in the main, their present status
was owing to a few bold, inventive, creative people who, by
accident, persistence or sympathetic handling built the foun-
dation of the other's present successes.
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On analysis of the preceding examples of entrepreneurs in
action, it can be seen that each must be highly endowed with certain
qualities. He must be:

1. Perceptive
2. Creative
5. Active or aggressive
In addition, he must have a particular
L. Perspective
toward affairs of the world, including specialized kinds of work.

His perceptiveness is necessary in order that he may "see' in
his enviromment certain needs, new abilities, changes in habits or pat-
terns, etc. out of which he derives his fuel for his creativity. Often,
this perceptivity must be limited to a relatively narrow field. For
example, different sets of background and training would be necessary
in order to perceive the opportunity for enterprise in the need or use-
fulness of a travel agency, in the existence of classes of unsolved
problems in engineering and science, together with the problem-solving
ability of electronic computers, etc. In broadest terms, his perceptive-
ness reflects the fact that he is more sensitive to his environment and
derives more useful information from it than others do, because of his
better training, experience or innate gbility.

His perceptiveness provides the fuel for a more important
attribute, his creativeness. He has the ability, technically and con-
ceptually, to conceive new combinations or patterns so that he may fill
a need, seize an opportunity, or solve a problem. In the modern, com-
plex economy, the creativeness required to conceive the theory of and
to design a new socially-useful enterprise, may be as great and as so-
phisticated as that required to conceive, say, new physical, mathemati-
cal or "scientific" theory, especially when a high sense of social
responsibility strictly limits the extent to which the laissez faire
philosophy governs the entrepreneurs.

The entrepreneur differs from other theory builders; he does
not stop with creating the theory and developing the design based on
it, He must take the initiative and motivate action necessary to re-
duce the theory and design to practice. He "does something about"™ his
discoveries and creations. He does not stop, say, when he has developed
a new theorem, as the mathematician may, but he labors onward to build
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an enterprise on that theorem. For example, as early as 1802, Davy,

a scientist, experimented with electrically induced incandescent lamps.
But, he only noted in his log book that "the rod glowed until consumed".
On the other hand, Edison, an entrepreneur, labored to develop, not
only a rod that would not be consumed, but also, raised money for his
experiments, saw a need that could be served by the invention, and
labored to invent or improve other devices, such as dynamos and trans-
mission networks, so that he could "do something about" the commercial
application of incandescent lighting.

The perspective of the entrepreneur, also, is different and
unique; to him, the irreducible unit is the enterprise. He must con-
ceive of the activities of himself and the other participants as parts
integrated in and contributing to that whole. He does not "do engi-
neering" or think of engineering except as one activity and specialized
contribution required by the whole of the enterprise in order to achieve
the enterprise's purpose. Similarly, he does not do accounting for the
sake of keeping accounts, or because he is a professional accountant,
but, rather, to aid him in preserving the assets and resources of the
enterprise.

The entrepreneur's interest in such components of an enter-
prise is to determine what they must contribute in order that the whole
may function as his purposes require. Thus, his attitude toward the
enterprise is like that of the psychologist toward his patient. Both
are first interested in behavior patterns of the whole or the gestalten;
"tapping knees" or "doing engineering" is only a method of studying or
manipulating parts to understand and to manipulate the whole.

The kinds of persons who have the requisite combination of
these characteristics to perform efficiently as entrepreneurs may not
be understood or appreciated in large organizations. This failure
usually is due to his creative and aggressive attributes. The first
concept is that the faculty of creativity is not an easily acquired or
capricious quality. Hence, in dealing with "creative" entrepreneurs,
we are not dealing with the much maligned so-called "irresponsible
creative artists"” but with a valuable, relatively scarce human resource
which performs a distinct kind of work.

For example, Gheselin (12) writes on the creative process:

The fact is that the mind in creation and in preparation for
it nearly always requires some management. The large objects
of management are: (1) discovering the clue that suggests
the development to be sought, that intimates the creative end
to be reached, and (2) assuring a certain and economical
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movement toward that end. The indispensable condition of suc-
cess in either stage of production is freedom from the estab-
lished schemes of consciousness. The creative end is never
in full sight at the beginning and it 1s brought wholly into
view only when the process of creation is completed. It is
not to be found by scrutiny of the conscious scene.

A great deal of the work necessary to equip and activate the
mind for the spontaneous part of invention must be done con-
sciously and with an effort of will. Mastering accumulated
knowledge, gathering new facts, observing, exploring, experi-
menting, developing technique and skill, sensibility, and
discrimination, are all more or less conscious and voluntary
activities. The sheer labor of preparing technically for
creative work, consciously acquiring the requisite knowledge
of a medium and skill in its use, 1s extensive and arduous
enough tc repel many from achievement.

Even the most energetic and original mind, in order to re-
organize or extend human insight in any valuable way, must
have attained more than ordinary mastery of the field in which
it is tc act, a strong sense of what needs tc be done, and
skill in the appropriate means of expression. It seems cer-
tain that no significant expansion of insight can be produced,
otherwise, whether the activity is thought of as work or not.
Often, an untutored beauty appears in the drawings of -child-
ren, and we rightly prize the best of them because they have
wholeness of motive, but they have scarcely the power to

open the future for us. For that, the artist must labor to
the limit of human development and then take a step beyond.
The same is true for every sort of creative worker.

A second concept is that creativity is highly spontaneous or
automatic. It is seldom achieved by routine or mechanistic labor.’
The faculty appears to be one that is possessed in rather fixed degree
by any person and, while he can improve his management, he probably
cannot increase his creativity. Hence, it is necessary to understand
better, both the creative process and the creative person or entre-
preneur in order to integrate them into the organization for effective
production. Here are Gheselin's observations on how creative produc-
tion typically takes place.

The faithful formalist has no chance of creating anything.
(For example) Automatism (or automatic creation) appears to
be fundamental in the activity which Henri Poincare observed
on the notable occasion when, having drunk coffee, he lay
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unable to sleep and becane a spectator of some ordinarily
hidden aspects of his own spontaneous creative activity:
"Tdeas rose in crowds; I felt them collide until pairs inter-
locked, so to speak, making & stable combination. By the
next morning I had established the existence of a class of
Fuchsian functions, those which come from the hypergeometric
series; I had only to write out the results, which took but
a few hours." Though Poincare was conscious, he did not
assume direction of his creative activity at the stage des-
cribed; and as it seems to hazve been a sort of activity not
susceptiple of conscious control, apparently, he could not
have done so. If he is right in supposing that what he
witnessed was typical of processes ordinarily subliminal,
then some part of his creative process -- a classical exam-
ple -- was automaticn. Production by a process of purely
conscious calculation seems never to occur. More or less

of such automatism is reported by nearly every worker who
has much to say about his processes and no creative process
has been demonstrated to be wholly free from it.

A third concept is that the creative person may tend to cause
social or group problems within the organization because of the changes
or disequilibria his creations induce. But his purpose is not to
cause turmoil or disorder; rather, it is to create a new, more advanced
order of equilibrium through deeper understanding. Gheselin writes
further:

That automatic and conscious production are somehow opposed
is not altogether groundless. The constructive nature of

the autometic functioning argues the existence of an activity
analogous to consciousness though hidden from observation,
and we have, therefore, termed it unconscious. The negative
prefix suggests an opposition, but it is no more than verbal,
not any sort of hostility or incompatibility being implied
by it, but simply the absence of consciocusness. Yet a real
opposition between the conscious and the unconscious activity
does subsist in the limitations which the former tends to
impose on the latter. The established possessions of con-
sciousness have a way of persisting, particularly, when they
are part of a scheme, and of determining behavior, including
a large part of that which is unconscious or imperfectly con-
scious If this were not so, our psychic lives would, of
course, have little stability.

But, this conservative tendency hinders the introduction of
anything fundamentally new. The first impulse toward new
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order in the psychic life is, therefore, as it must be, an
impulse away from the clearly determined, from all that is
most easily attended to and that most forcefully imprints
itself upon the attention. That is, it is &an impulse away
from the conscious activity already in motion or potential,
which would simply reduce it to itself. In the sense of this
aversion, it is an impulse toward unconsciocusness. This 1is
the real opposition to which I have referred, this reaction
against one another of the old order which is more or less
readily realizable in the focus of attention and the poten-
tial new order develcping, and often competing against it

in obscurity. It 1s not the two ectivities which are opposed,
the conscious and the unconscious, but the principles acting
in themn.

The restlessness of the inventor is unending because he is
adept in realization, he has an irordinate appetite for dis-
covery and the ability to satisfy it. He is often a spec-
ialist, with less psychic inertia than the average man and,
sometimes, with less'stability. But, he is not inclined, as
some imagine, to mere wandering, to dizzy excursions away from
the determinate. He is not a tramp. He is drawn by the un-
realized toward realization. His job is, as Wordsworth says,
"the widening the sphere of human sensibility . . . . the
introduction of a new element into the intellectual universe."
He works toward clarification, toward consciousness. That
opposition between the conscious and the unconscious activi-
ties in creation which we have noticed is only superficial,

or rather is only initial The new order which creation is
concerned with has an affinity for consciousness.

But, because any new movement of the psychic life can find
its freedom only outside consciousness, or at least in some
degree of dissociation from consciousness, it has.always at
first the aspect of adventurous departure from the known,
insofar as 1t is not altogether sublimal. This casting loose
the ties of security requires courage and understanding. It
requires some courage to move alone, often counter to popular
prepossessions, and toward uncertainties. And, to move free
of the established, requires the understanding that the es-
tablished is not absolute, but is only instrumentality of
life, is Jjustified only by the service it renders to life,
and has no meaning apart from vital needs.
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For the desirable end is not the refreshment of escape into
whatever novelty may chance to offer or impose itself, but
the discovery of some novelty needed to augment or supplant
the existing possessions of the mind. This is as true of
invention in the arts and in pure science as it is of the
so-called practical inventions, the immediate use of which
escapes no one.

The aggressive and active qualities of the entrepreneur also
may tend to cause disturbances in stable social organizations. Thus,
the boldness and audacity of entrepreneurs may stimulate adverse re-
actions as they endeavor to effectuate their creative theories and
designs within otherwise stable organizations. For example, Torrance
(5) reports:

One important piece of recent research (S. E. Asch - "Studies
of Independence and Submission to Group Pressure") paints a
rather alarming picture concerning the extent to which we are
susceptible to "brainwashing" in its broader sense. Asch
generated a disagreement between single individuals and small
groups concerning a clear and simple matter of fact in the
immediate environment. Only one-fourth of his subjects ad-
hered to their own correct Jjudgments when confronted with the
different and erroneocus judgments of groups.

Research findings indicate that certain individuals show a
generalized willingness to oppose others and disagree when
the situation requires it. In a series of studies of the
personality requirements for survival, such individuals were
found to produce superior results in the form of more adaptive
béhavior in survival situations, willingness to take calcu-
lated risks, and unwillingness to accept defeat. In our
studies of USAF jet aces in Korea, we found that this charac-
teristic was typical of the ace when compared with his less
successful colleagues. To begin with, he managed to get

into air-to-alr combat only because he was unwilling to take
"no" for an answer. He has made a practice of testing the
limits in opposition to accepted procedures and tries to
obtain maximum results from himself, his aircraft, his flight,
and the situation.

If willingness to disagree is related to individual ability
to adapt, it is only reasonable to expect that group pro-
cesses are affected accordingly. Willingness to disagree
has meant the difference between survival and failure to sur-
vive in group situations. For example, individuals in sur-
vival situations are usually more willing to try strange
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foods than groups. A person alone has only his own conser-
vatism to overcome. When groups did make this adaptation, it
was usually the result of some member's disagreeing and say-
ing, "I'd rather eat this than starve." In some cases the
effect was immediate; in others, it came only after time.

In the same vein, Maclaurin (13) reports:

Since the principal social obstacles to change occur at the
outset, the innovator, as an individual, takes his place
along with the pure scientist and the inventor as a key
figure in material progress. To succeed, his imagination
must be keen, though tempered with "business Jjudgment". He
must have the steady persistence to overcome obstructions,
fear, and possible disaster. He must also have the capa-
city to pick able associates, to retain control and, yet,

to delegate authority‘(a rare gift), and to inspire loyalty.
And he must be bold, yet capable of instilling confidence
in his financial supporters. Innovations, in fact, may be
becoming inherently more difficult. The current trend to-
ward emphasizing smooth human relationships as the principal
qualification for administrative responsibility tends to
militate against the rise of innovators to top positions.
Executive committees of enterprises are often afraid to
choose a "strong man" for fear of his disruptive force.

It would be incorrect, however, to assume that executive com-
mittees, or boards of directors, as a general rule, all share this
fear. It 1s suggested that, where it does exist, the fear is due to
an inadequate understanding of the entrepreneurial personality. While
security or tranquility may appear to be the reasons for selecting
"safe", or innocuous, persons to top enterprise positions, any rea-
sonable person knows that, not only is the internal organization's
tranquility "safe" from him, but that the competitors (or the enemy in
war) also are safe from him and that this does not provide "internal
security" for the enterprise or nation. Thus, it is believed that
the fear is based upon an incomplete understanding of the entrepre-
neurial authority and responsibility to effective entrepreneurs.

We come thus to one of the central problems of entrepreneur-
ship in society in general and in a large organization in particular.
Effective entrepreneurship requires expensive research, development,
and production facilities often available only in the large organiza-
tion. The entrepreneur, either as a team or as an individual, is the
keystone or catalyst of industrial progress and economic growth. How-
ever, unless deliberate care is taken, the qualities that make a person
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a successful entrepreneur, may cause him "to fere rather badly at the
hands of menagement". As Wilson® stated (12) in relation to the 1956
Inter-Service dispute, "trouble is the price of progress". But, even
if care is taken to reduce person-centered disagreement, the entrepre-
neurial processes may be smothered by the sheer size, diversity and
rigidity of the large organizetion. As Barnerd (15) hes stated, con-
munication and other relsted informetion and decisional problems in-
herently can limit the size of an orgenizeation. OSince large organi-
zetions often may have the requisite resources for bullding needed
enterprises, society is the loser from these potentially restrictive
factors affecting the effectiveness of entrepreneurship.

No panacea is reported here for overcoming these difficul-
ties. However, to a considerable extent the concept of decentraliza-
tion, such as Cordiner (6) descrivbes, offers an important innovation
which has as its object to combine the resource advantages of the
lerge organizetion with the greater psychological flexibility and the
more favorable environment of the small organization, without the
limitations of either. It is clear, however, that society and indivi-
dual organizations, both, should gain from further intensive research
on the conditions and nature of efficient performance of the creative,
bold entrepreneurial functions. This is a proper subject for at least
economists, psychologists, and management scientists. We need to know
more explicitly what qualities tend to be found in successful entre-
preneurs, how these can be enhanced and developed, how an entrepre-
neurial team can be synthesized from persons with diverse personal
qualities and professional training, how the entrepreneur can be re-
cognized, the extent to which formal organizational structures can aid
the entrepreneurial processes, etc. In the remaining sections of this
paper we will explore whether and how the rational elements of the
entrepreneurial processes can be enhanced by rational methods of analy-
sis and synthesis.

V. Analysis of the Work of the Entrepreneur

In earlier times, the task of designing a physical commodity
was based on (what are now considered) "elementary" principles or on
no general principles at all. Thus, only primitive commodities were
designed; if a more advanced commodity were designed, it was done only
by a genius. For example, the horse-drawn carriages were designed and
built by craftsmen, but only Leonardo da Vinci could conceive and pre-
liminarily design a flying machine. Now, however, knowledge of the
principles of aerodynamics, structures, and power plants is so well
developed and so widely disseminated that the average engineering sopho-
more could design a flying mechine incomparsably superior to da Vinci's.

o Secretary of Defense.
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In earlier times, the task of designing an enterprise also
wes based on elementary principles. Thus, only primitive, one-man or
one-family enterprises existed. However, through time, knowledge of
more advenced principles in the physical sciences, in economics, in
psycholozy, in the management sciences has grown so much that now it
is possible to design more efficient large-scale enterprises, conpris-
ing many specialtiies which are integrated according to logical princi-
ples to serve new and diverse purposes.

It i1s the object here to establish a parallelism between the
arowth and development of, say, engineering (or other applied science)
and of certain elements of the work of the entrepreneur in order to
suggest thot these elements, like engineering, can be taught, can be
ocrganized and delegated, and can be performed by professionally trained
persons. If this be true, then society is on the threshold of an im-
portant innovation in methods of performing professionally some of the
analytic work of the entrepreneur. To this end, some of the elements
of the entrepreneurial function are examined below, including the Way
in which a body of knowledge or science might be developed around themn.
In this exemination, the concern is with the elements of the work which
are analytic or technical in their nature, but which are not the result
of psychologically automatic production. Specifically, of the seven
listed entrepreneurial functions, the elements which satisfy in this
prescription are:

a) Methods and concepts for aiding the process of discover-
ing opportunity for enterprise,'but not necessarily for
discovering the opportunity;

b) Philosophy and methods of defining and synthesizing con-
sistent, efficient theories of enterprise, but not nec-
essarily originating the premises of any theory;

c) Philosophy, methods and criteria for designing enter-
prises, but not stimulating the design process of affirm-
ing the criteria of the enterprise;

d) Methods and principles for portraying the design of a
enterprise and for integrating diverse components therein,
but not necessarily personally portraying or integrating
the components;

e) Principles, criteria and methods for evaluating the risk

and reward of entrepreneurial decision and action, but
not taking the entrepreneurial risk;
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) Principles, criteria and methods for selecting the tim-
ing of entrepreneurial action, but not acting as the
entrepreneur;

g) To aid in similar ways in revising the theory, design,
scale, and scope of the enterprise.

In the preceding, care was taken to specify or imply that the
person whose work is developed there would not be the entrepreneur, but
only & professional aid to the entrepreneur. The work so outlined sat-
isfies four essential organizing criteria which distinguish it as a
professional kind of work, Jjust as accounting, engineering, etc. are
professional kinds of work and are primary functions of most industrial
enterprises. These criteria are:

a) an identifiable, teachable body of intellectually
challenging methods, concepts, and principles which
are essential to performing the work competently;

b) singularity and institutional character of subject
matter or focus of work, i.e., the enterprise;

¢) the continuity and interdependency of elements in the
span of the work process;

d) the ability of the work to serve as a distinct calling,
attracting at least some persons who could make it a
career, such as law, medicine or theoclogy is capable
of providing such calling.

These criteria can be elucidated relative to the work by the
following analysis.

A, Common Methods

In many ways, the methods which are characteristic of this
newly developing field are characteristic of the many other fields
which also are "applied sciences", such as engineering and econometrics.
But there is a relatively unique combination of the methods that are
applied to this field, and the unique problems to which applied tend
to emnphasize special refinements and adaptations.

Illustrative of this specialization is Vatter's (16) analogy
of a business to an experiment. Vatter's purpose in constructing this
analogy is to emphasize that in designing the enterprise, one should do
so in such manner that he learns a maximum from the enterprise's
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operations and so that subsequent operations always can be improved
from the experience of the earlier. This is a very useful analogy and
a good purpose. Its relative validity can be demonstrated by compari-
son with the traditional experimental process of science. (See fol-
lowing page for chart.)

The process is the same in both applications, but there are
many large differences between applications which strongly affect the
way in which the entrepreneurial theory is tested as compared with the
way the scientific theory is tested. For example, much of the business
"experiment" is irreplicable; each business situation is unique. The
law of large numbers does not pertain to much of the entrepreneurial
theory and design, nor does statistical decision theory. The time
series with which the entrepreneur works are not stationary. The re-
sult is that much of the work on design of conventional experiments
is not applicable.

Similarly, the process of formulating theories and hypotheses
from assumptions is the same for both scientific fields, such as mathe-
matics or physics, as it is for entrepreneurship. However, there are
important differences, such as the more transitory character of the
assumptions, the greater difficulty in theory building and providing
because of the greater difficulty of stating and testing assumptions
and the larger number of relevant assumptions. In addition, the "proof"
of an entrepreneurial theorem 1s, by popular agreement, only determined
by the relative success and durability of the enterprise, rather than
by a formal, logical proof, even though in some cases success may be
due to phenomena over which the entrepreneur has no control or which
he did not foresee.

There are other generally recognized methods which are use-
ful in the entrepreneurial analysis and synthesis, such as game theory,
queueing theory, operational gaming and monte carlo methods, economics,
etc. But, in each case, there usually is or would be a special .eumpha-
sis or convolution in the method to handle the special characteristics
in this application.

B. Common Focus

Any discipline or profession has a focus characteristic thereof:
Medicine focuses on physical and mental health and its maintenance; law
on legal relations, etc. ©Similarly, the work here has a principle con-
cern or focus: the theory and design of the enterprise, including, for
example, the scope and content of enterprise, the structure of the in-
formation-decision system for its management, etc. The term frequently
used within the General Electric Company for work somewhat like this is
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"Operations Research and Synthesis". The nominal similarity of "OR and
S" to "Operations Research" (as that term is used by other enterprises,
professional societies, and individuals) is misleading; the focus of
the work in OR and S is different from the focus in OR.

General Electric's focus is believed to be relatively unique
and considerably more productive of results and insights that enhance
the value of the processes of enterprise. General Electric's approach
is the result of several years careful study by the Operations Research
and Synthesis Consulting Service of the Company in order to determine
what subject matter would yield the greatest contribution from the ap-
plication of these methods and of the personal competence and effort
associated with them. The conclusions of that study were, in brief,
that OR, as a collection of methods used for ad hoc study of operations,
offered only a relatively minor potential contribution to the Company.
On the other hand, these methods, if combined with an enterprise-
focused, theory-building and design function, often could make large
and important contributions.

These conclusions have been substantiated in a number of
ways. Firstly, while application of these methods to improve opera-
tion of existing resources has been useful, there have been occasions
in which, from the point of view of the enterprise, restricted or
local optima were obtained. Indeed, in some cases, the results even
were in conflict with the broader entrepreneurial purposes. Secondly,
as Passer (9) indicates:

", . the most significant manner in which to increase
economic welfare is not through better administration of
existing resources or changes in the distribution of in-
come, but through applications of science (as with entre-
preneurial innovation) which increase the national income."
(Words in parentheses are mine.)

Levinson (17) states Passer's principle in a reverse kind of
way in commenting on the relative contributions of Operations Research
in war and in industry.

OR should not be sold on its war time contributions. In the

"and

war, there was constant introduction of new weapons,
improvements made in their operations through OR sometimes
ran to several hundred percent. In industry, a five to
eight percent improvement through OR may be high. The rea-
son is that many companies have had long experience with
their operations and have made rather good operational deci-

sions. Even so, OR is well worth the money it costs.”
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If one translates his observations, he sees that when there were inno-
vation and change -- which are the concern of the entrepreneur -- opera-
tions research did make large, important contributions in synthesizing,
testing and improving new systems embodying these innovations, estab-
lishing criteria for their operation, etc. Often, this testing could
be done without building any physical model, but by various methods of
simulation. But, where operations are static, Levinson reports OR can
offer little. Levinson's logical flaw is that he does not recognize,
apparently, that industrial systems or enterprises are as dynamic as
the military weapon systems, and that change and innovation are the
constancy. True, some elementary operations within industry may be
relatively stable, but combinations of the operations, the purposes

for which used, their relations to other operations, etc. typically
are not stable. It is in these, as they relate to the theory and de-
sign of the enterprise that OR, as augmented toc these broader synthe-
sizing and testing functions, can make its greatest contribution.

A third area in which experience indicates emphasis on better
allocation of existing resources or better administration of existing
operations at the expense of effective entrepreneurship does not achieve
soclal purposes as well as innovation and progressive change is in
economic planning. Capitalist nations which have resorted to arbi-
trary controls on allocation, such as through rationing, price control,
etc., have stifled entrepreneurship and, thereby, have succeeded only in
compounding the problems of having insufficient goods and services to
allocate within the economy. Of course, the communist nations have
recognized the importance of the technological innovation wrought by
the entrepreneur and attempt to perform this function on a "planned"
basis.

The entrepreneur thus, is a permanent integral part of the
economic and industrial paraphernalia, at least so long as there are
change, innovation and progress. The social and economic importance
of the entrepreneur, together with the rationality of many of the sup-
porting processes and methods, dictate the eventual development of a
profession dedicated to serving the analytic and synthesizing needs
of the entrepreneur in the indicated function. This profession will
or should have social purpose as high as the medical profession’s.

C. Continuity and Interdependency in the Entrepreneurial
Processes

The process of defining the theory and design of an enter-
prise is much like designing a living organism or an engineering
system. It must be carried out at two distinctly interrelated levels.
The entrepreneurial, or its analogue, the systems, level is concerned
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with how the whole can and should behave according to the abilities of
its components and the conditions in its environment. The managerial
level is concerned with managing, in accordance with the entrepreneur's
criteria, the components of the system or enterprise as it actually
behaves in its environment.

The continuity that is required in the entrepreneurial analy-
ses is due to the fact that when one is studying or designing the be-
havior of complex organisms or enterprises he usually has not the time
and the flexibility of perspective simultaneously to study and design
the complex components. He must assume operating characteristics of
the components. If the state of the art on any component is fixed and,
hence, delimits its operating characteristics, then that 1imit becomes
an internal boundary condition on the operation of the component and,
in turn, of the whole. Indeed, the interrelation between the two
levels, the whole and the components, is due to the fact that the state
of the art of the components changes, with resulting changes possible
or required in other components of the system according to the effect
of the initial change on the operation of the system.

The result of the distinctness of the two levels is that the
engineer who designs a component of a system or the manager who manages
a component of an enterprise has known reassuring limits within which
he freely may adapt or modify the design or operation of his component.
If there is technological or social change which affects his component,
and if he can achieve new operating performance levels, the resalt of
the change can be incorporated by the entrepreneur or systems engi-
neer into a new performance for the whole, together with the new per-
formance required of each other component. Thus, the ehtrepreneur also
is free to direct his attention toward the whole and how well it per-
forms so that the components are integrated in relation to that whole
and its performance measures.

An incident is cited here in which Wooldridge (18) describes
in one instance how the need for the systems engineering approach was
recognized. In reading this citation, the reader mentally can sub-
stitute "manufacturing'" for "computer" and "marketing" for "bomb sight".
He would then have a similar visualization of essentially the same
problems encountered in designing an enterprise.

I will tell you in advance that there has been one very im-
portant major principle established in recent years by the
very extensive activities of our government in the field of
military electronics. I shall then have no more to do than
simply call your attention to its existence, and how it ob-
viously applied to the field of automation.
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As a vehicle for developing the points of interest, let us
congider the field of airborne radar. The first airborne
applications of radar were in bomber planes, to provide the
navigator with means for obtaining position fixes at night
or above the overcast. There were alsc early applications
of radar equipment to night-fighter aircraft, thereby per-
mitting a (radar controlled) gunfire attack.

Now, once radar equipment had been put into aircraft to
Tacilitate navigation to the general vicinity of the target,
it was natural that someone should propose a combination of
radar with bombsight or fire-control equipment to permit
actual blind attacks to be made against enemy targets, rather
than just the accomplishment of navigation to the vicinity
of the target. The military organizations approached this
matter in what was to them a normal way. They employed what
I shall call the "black box" method. For each weapons pro-
Ject, they assigned to a suitable officer and staff of the
military organization the systems management responsibility.
In turn, this military project team made arrangements for a
sultable contractor to provide what was to them simply a
black box -~ a radar designed to be suitable for use with
the bombsight or fire-control equipment currently in use by
the service in question. The theory was that the radar
equipment would be delivered, designed tec military specifi-
cations supplied by the customer, into the hands of the
military project organization, and would then be combined
with the usual bombsight or fire-control computer, installed
in the necessary airplanes, and connected together by mili-
tary people to provide the hoped-for capacity for all-weather
operations.

All this was neat, tidy, and reasonable -- and it suited the
military organization. There was only one thing -- it didn't
work. The trouble was that, when put together, the radar

and computing equipment were generally found to interact upon
one another in obscure ways that had not been anticipated.
There were a number of reasons for this. As only one example,
there were important differences in the character of the
target data supplied by optical tracking, with which bomb-
sights and fire-control computers had previously been used.
The angular accuracy with which a piece of radar equipment
determines the position of a target is usually quite a lot
less than the accuracy with which a human observer can set
cross hairs on a visual telescope image of the target. What
wus not so well anticipated was a set of subtle effects on
the performance of computers that were caused by the Jitter
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of random variation in target data arising from the basic
characteristics of radar. These properties of the radar datsa
in some instances rendered completely inoperable computers
that had performed very satisfactorily in their past optical
applications.

It did rot teske them long to recognize that a radar bombsight
is not obtained by adding a radar black hox and a bombsight
black box, but rather must arise out of a single integrated
development in which the design of the radar is intimately
affected by the hombsight into which it is to work, the de-
sign of the bombsight 1s strongly characteristic of the
radar which is toc supply it with data and the procedures for
employment of the new equipment are similarly tailored to
the special properties of the new techniques. In other
words, & highly technical systems integration activity was
required. The solution to the problem required that the
operationally expert, but technically unprepared, military
project people assign to technical people the over-all
responsibility for the design of a single, integrated com-
‘bination of radar, computer and methods of operations.

This they began to do.

VI. Emergence of the Entrepreneur-Manager and the Entrepreneurial
Team

Entrepreneurs, in the manner of Edison, Westinghouse, or
Vanderbilt, largely are vanishing, or at least, are becoming increas-
ingly infrequent. The particular combination of conditions, such as
laissez faire at its height, minimal social awareness and surveillance,
opening of vast frontiers, breakthrough in applied science, together
called forth such types of entrepreneurs as “tycoons, industrial barons',
etc. Since the enterprises they originated served useful purposes, they
tended to outlive their founders and they, indeed, continue to consti-
tute a substantial majority of the contemporary industrial organizations.
But, as the conditions changed, a new class of entrepreneurs has come
o the helm. These tend to be drawn from the ranks of salaried adminis-
trators or managers. But, in their new role, they are more than "mana-
gers"j they must become entrepreneur-managers.

The great importance of the entrepreneurial function in
economic growth and social progress suggests consideration of the possi-
vle consequences of salaried managers assuming the entrepreneurial
function so that any relevant, useful inferences may be deduced on how
the function can be performed always more competently. To do this it
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is necessary to assay the differences between efficiently managing for

an entrepreneur and efficiently managing as an entrepreneur (or as a
member of the entrepreneurial team).

Some of the differences and factors follow: Firstly, the
abilities, insights, training, characteristics that often make for
success in "managing for™ may be inconsistent with and do not neces-
sarily predict success in "managing as". There are obvious reasons.
In "menaging for" one often must focus on and become expert in the
functional component menaged rather than the enterprise of which the
function is a component part. Superior ability in the component is
no necessary indication of superior ability as an entrepreneur. The
successful engineer, accountant or other who failed as an entrepre-
neur-manager is a familiar story. The ability to accept finally the
risk of entrepreneurial decisions, or to be the person to whom '"the
buck finally is passed", is not necessarily developed or often not
required in expert professional work. The aggressiveness of the entre-
preneur often is only & hindrance to the functional manager.

The creative tendency -- to break with established order and
to innovate -- sO necessary in the entrepreneur may be incompatible
with the proper performance of functional work in the enterprise. For
example, there are real reasons why accounting methods and philosophy
should change but slowly. In particular, the psychological "role" of
being an expert engineer or accountant is different from that of the
entrepreneur. Aptitude for one does not imply aptitude for the other.
Often, it is observed that a "strong"
to collect around him persons who are not also strong and who will not
disagree with him, but who will implement for him. If he is a genius
competent in all relevant fields, this may be an adequate basis for the
entrepreneurial function during his tenure, but often not after. In
addition, it does not usually train and develop competent successors.
These questions surely indicate the need for further and deeper under-
standing of the motivations and abilities of successful entrepreneurs,
so that these could be recognized, enhanced and used as the basis for
selecting and training entrepreneur-managers, both in large and small
organizations.

entrepreneur or leader will tend

The changed conditions which largely have obsoleted the early
types of entrepreneurs also have tended to obsolete the entrepreneur
as a single person. The functions and tasks of building and growing
an enterprise within the current economic, technical, and social struc-
ture are highly complex, requiring diverse knowledge and skills. In
order to innovate and to grow an enterprise, the personnel thereof
must possess the knowledge and skills in some minimum degree. The
diversity of the skills and knowledge is so great that it is virtually
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impossible for one person adequately to possess them all. Yet, in the
entrepreneur's delibersative and decision-making processes, it is nec-
essary that these be not only just "represented in" but that they be
part of the intellectual apparatus that performs these deliberations
and makes these decisions. For example, if the entrepreneurial deli-
berations involve some aspect of finance, it usually is not sufficient
to ask the advice of the financial manager or specilalist. Rather, it
is a prerequisite to full and informed deliberations that the financial
manager have the aggressiveness, opportunity and responsibility to
examine the assumptions and theories, as well as their implications
from a financial perspective, as if he were himself the entrepreneur.
Indeed, this is why he should be a member of the team which functions
as the entrepreneur.

The tendency, therefore, is toward the growth of "entrepre-
neurial teams". These may be formally constituted as "management
councils", "executive committees", and informally constituted as the
president's personal confidants, etc. The emergence of the group or
team as the entrepreneurial agent also imposes severe changes upon the
character of the individuals therein.

The "strong" or dominating leader instead of encouraging and
facilitating the free flow of information and concepts within the group
often tends only to restrict the flow and, thereby, to reduce the

"scope of judgment" that can be brought to the situation by the parti-
cipants. He thereby restricts the contribution from the team often

to only his own Jjudgment and insight. These seldom are as perspica-
cious and broad as the team's. This practice may have been adequate
for near-genius entrepreneurs, such as those mentioned above and at
their earlier times when the entrepreneurial function, responsibilities,
and, opportunities were not as complex as in our modern industry. It
does not appear to be adequate today. Thus, one responsibility of the
team members, and especially of the team leader, is to create the
interpersonal trust and the enviromment conducive to such free exchanges.

Greenwalt7 (19) warned industry "that it must somehow pre-
serve the creative genius of the uncommon man . . . in all progress.
The great question is how to develop within the framework of the group,
the creative genius of the individual . . . the stake is both the mate-
rial one of preserving our most productive source of progress and the
spiritual one of insuring to each individual the human dignity which
is his birthright. Unless we can guarantee the encouragement and fruit-
fulness of the uncommon man, the future will lose for all men its virtue,
its brightness, and its promise."

7 President, E. I. Dupont de Nemours and Company.
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Thorner (20), an industrial psychiatrist, has reported some
experiences in enhancing creativity and ensuring progress. In some in-
stances he observed technologically "wrong" decisions were made because
the relative personal or organizational power of the several persons
advocating one decision or other was the determinant of the decision,
rather than the logic and validity of the respective arguments. Through
further studies of this type he then became able to predict the outcome
of decisions based upon the power status of individuals participating
in the decisions, regardless of the validity of their respective posi-
tions. These findings led to further study on methods of generating
conditions for creativity within the enterprise. These varied from
methods for developing work assigmnments to advising his client-presi-
dent on understanding and overcoming the impediments to good communi-
cations among the members of the management team. An interesting
determination in regard to work assignments was that in the higher, but
not exclusively in the "top" levels of management and of technology
it is more favorable to creativity and progress to assign each person
to do largely what he most wants and is intellectually endowed to do.
He found that any gaps in the total required work, after it has been
assigned on this basis, then can be collected together and assigned
to administrative personnel for routine handling.

This brief survey of the emergence of the entrepreneur-
manager and of the entrepreneurial team is not intended to be complete
or exhaustive at this time. Its primary purpose 1s to develop the idea
that in modern industrial organizations we are witnessing a fundamental
metamorphosis in the entrepreneurial agent. In view of the importance
of the function in economic and social progress, it 1s a subject de-
serving much research and study on the personal and group processes
and conditions which enhance the performance of the function.

VII. Dynamic Relationships in the Modern Enterprise

Three different functionaries in the modern enterprise have
been considered here: the entrepreneur-managers, the functionally-
oriented operating managers and workers, and the entrepreneurial
analysts or scientists. Consider now some of the dynamic relationships
among them as they concelve, construct and operate a modern enterprise.

Initially it is noted that, in practice, any particular posi-
tion almost never will be wholly and exclusively charscterized by only
one of these kinds of work. Rather, in all positions, in any enter-
prise there will be some element of each, but with significant differ-
ences in their composition. The possible differences in composition
will be much like the possible imperceptible shadings that exist between
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adjacent colors in the spectrum, whereas with colors from widely dif-
ferent portions of the spectrum, there will be easily detectable color
differences. In this sense, virtually all employees will have some
entrepreneurial responsibility, but the chief executive will have sig-
nificantly more than the Janitor, etc. In particular, it is desirable
that the inventive-innovative contribution of the creative entrepreneur
be a universal responsibility of all employees. However, incorporating
the invention or innovation into the theory and design of the enter-
prise cannot be an equally shared decision. Ultimately, there must be
for each enterprise or component thereof a single locus at which author-
ity and responsibility for this decision resides, whether it be a board
of directors, a management council, a president, a foreman, or other.
The methods of delezation by which the chief executive delegates cer-
tain authorities and responsibilities to sub-enterprises and the entre-
preneur-manager or managers thereof, is well known and treated in the
literature.

One primary point of contact and interplay between the entre-
preneurial functions and the managerial functions would be in planning.
Indeed, in response to the vice president's question cited earlier, an
effort was made to illustrate -- by the example and its analysis --
that the entrepreneurial functions are the antecedents of planning.
Other important points between the entrepreneurial and managerial work
would be, of course, in organizing, integrating, and measuring opera-
tions of the enterprise. For economy and pertinency the discussion is
limited to planning as the point to illustrate these dynamic relation-
ships. Use the planning data classes and functions and the entrepre-
neurial functions, both developed earlier to illustrate this interplay.

Given structural data and planning methods, the technical
work of planning is itself a task requiring high competence, continu-
ity of application and substantive knowledge, and specialization for
the more complex situation. The entrepreneur's responsibility is to
provide to the various managers or managerial planners the design of
enterprise, including planning criteria, policies, scope, so that they
may be reflected in operating plans for the enterprise. Thus, the
entrepreneur provides the boundary conditions within which the manager
manages the enterprise or the worker works. Of course, there is con-
tinuing "feed back" between the entrepreneur and the manager, as is
illustrated in the chart which analogized the operation of an enter-
prise to the experimencal process.

The relative role of the entrepreneurial analyst in this
process is illustrated by the following: (a) testing the assumptions,
theories and design of the enterprise which, thereby, define the
planning criteria and the planning information and decision structure,
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but not making the planning decision; (b) anticipating management in-
formation needs according to entrepreneurial objectives, so required
data can be researched and made avallable for planning purposes when
required. In this process he determines from the shifting theory and
design of the enterprise, the information and data which will be nec-
essary for logical, consistent managerial planning.

These do not cover the full range of specific functions for
the entrepreneurial analyst (those were summarized earlier). They do
illustrate, however, the kind of role which he plays in the enterprise
in relation to the managers. He develops, in cooperation with others,
principles, concepts, criteria, etc. for the enterprise which are used
by the manager in operating the enterprise and by the entrepreneur-
managers in affirming the theory and design of the enterprise. His
role in this process is analogous to the systems engineer in systems
synthesis and design.

Smith (21) posed some strategic "Questions the Business Leader
Should Ask Himself™ which, in a general kind of way, illustrate ques-
tions toward which the entrepreneur-managers and entrepreneurial analysts
address themselves, e.g.

"Does Management distinguish between symptoms and causes?"

"Does Management (entrepreneur—managers) frequently ask
itself, 'In our industry, what are the fundamental tasks
we perform? 'Do the executives take time to think about
major trends?', etc."

These are good questions, but it is believed they do not go far enough.
The entrepreneurial analyst described here provides an instrumentality
to seek answers to such questions continuously and in depth, but also
to discern how variations in the answers affect the theory and design
of the enterprise, so that they can be acted upon by the entrepreneur-
managers.

A similar extension of ideas can be derived from the propo-
sition described by Felton (22) on the enterprise as a whole. Note its
similarity to the systems synthesis concept expressed by Wooldridge.

The crying need in marketing management today is for greater
conceptual skill --- the ability to see the enterprise as a
whole and to understand how the various functions of the
company and its sales organization depend on one another.

Marketing cannot be effective if it is considered from a
marketing point of view alone
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For the marketing officer, this means continual compromise
and negotiation with other departments of the company. These
compromises -- or, better, adjustments -- will be less hard
to take as he develops a company viewpoint and understands
why they must be made. For the president or executive vice
president, the proposition just described means that "coaching"
all department heads in conceptual skill -- the ability, as
Robert L. Katz described it, to see the enterprise as working
whole -- is one of the most effective ways of helping any
department, marketing included, have to battle narrow, spec-
ialist viewpoints, and can count instead on a meeting of

the minds in top-level conferences (not necessarily agree-
ment), the better off they will be.

Not only does the entrepreneurial analyst "see the enterprise
as a whole," as Felton suggests, but he provides the depth studies nec-
essary to determine optimum behavior for the enterprise as a whole.
Thus, there is not only a rational basis for the "compromise and nego-
tiations", but, also, for optimal design. That is, it is still
necessary but no longer sufficient for good will and conference-type
teamwork among the functional managers alone to achieve optimum
enterprise design. Such overall studies, as in the case of the new
"systems" engineer, are best made on a continuing basis and best made
in depth. Through the rational concepts and designs they provide for
the entrepreneur-managers, the task of integrating the different
functional needs around the conference table to which Felton refers
is reduced to a rational process for obtaining the common good.

Consider now a proposition by Katz (23) which also illus-
trates the need for entrepreneur-managers to have conceptual or theory-
building and design abilities.

At lower levels of administrative responsibility, the princi-
pal need is for technical and human skills. At higher levels
technical skill becomes relatively less important while the
need for conceptual skill increases rapidly. At the top
level of an organization, conceptual skill becomes the most
important skill of all for successful administration. A
chief executive may lack technical or human skills and still
be effective if he has subordinates who have strong abili-
ties in these directions. But, if his conceptual skill is
weak, the success of the whole organization may be
Jjeopardized.

But again, the entrepreneurial analyst can enhance or facili-

tate the entrepreneur-manager's conceptual processes as well as carry
the logically formulated concepts to inductive or deductive conclusions.
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Usually, this will require depth research and analysis to achieve the
conclusions. However, the value is indicated by the fact that often
such rigorous logical analysis leads to conclusions that are not at
all obvious. A nice example of this is cited by Bello (24):

It is the mark of a great theory that, beginning with certain
intuitive concepts, it erects a series of relationships, which,
rigorously extended, lead to propositions that are not at all
self-evident. Thus, the intuitive basis of relativity theory
would have seemed reasonable to Aristotle, but its conclusion
that energy and mass are exchangeable would not.

While information theory does not contain anything so drama-
tic as B = mcg, it does contain one conclusion of great sub-
tlety that continues to astonish its most diligent students.
It is a conclusion that, by extension, has great significance
for designers of computers and automatic factories on the

one hand, and neurophysiologists on the other. And, there
are those who believe it may one day have significance in
the everyday (i.e., non-electronic) affairs of men.

The striking conclusion is this: After setting up the re-
lationship between channel capacity, bandwidth, power, and
voice, Shannon goes on to prove that if an information source
produces information at a rate that does not exceed the
channel capacity, there exists a method for putting the in-
formation through the channel and recovering it at the other
side with negligibly small error. Simply stated, this means
that a channel, no matter how noisy, can give, as a limit,
ideal performance -- in short, perfection from imperfection.

Equally productive methods of analysis and synthesis are
available to entrepreneur-managers and entrepreneurial analysts. The
prerequisites to tapping these methods are first, the entrepreneur-
managers high logical, conceptual ability in concept formation for the
enterprise, followed by rigorous analysis and extension of the theory
to logical conclusions. This latter i1s the role of the entrepreneurial
analyst whose work is being developed here.

Consider also methods of organizing the team which is to
carry out the studies and work of the entrepreneurial analysts (not of
the entrepreneur-managers). The work presumably could be done by a
team whose members are organizationally scattered in the other func-
tional components of the enterprise, e.g., marketing, engineering, etc.
This team, then, would formulate optimal theories and designs of the
enterprise, reporting their work through their respective entrepreneur-
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managers. Any compromise or integration of their results, then, would
be accomplished by conference within council of entrepreneur-managers.

The other alternative is to designate the work as a new func-
tion of the enterprise. This alternative permits more objectivity by
the team and it makes it possible for the manager of the entrepreneurial
analysis team to participate in the management council as one of that
group while the team members could work with functional specialists as
required. By this method, the team's manager can bring the views and
concepts developed in this new functional work more directly into the
council's deliberations. In addition, this alternative is consistent
with the principle already well known in at least psychology and sy-
stems engineering: that the whole is greater than the sum of the
parts. Studying the behavior of the parts does not reveal the behavior
of the whole. Thus far, several Departments of General Electric, each
of which is a highly autonomous enterprise, have established Operations
Research and Synthesis teams or projects. In some cases, they are
pursuing their work essentially as described here. The great majority
have elected the separate functional component as the method of organi-
zation rather than as a part of the other functional components. It
is too early to compare the results of each method with any degree of
reliability or significance, although both are being studied.

VIII. Illustrations

In order to fix ideas more specifically, a few simplified
examples are cited, particularly in relation to the entrepreneurial
analyst.

(l) A producer of a large complex product. In an enterprise
which is engaged in the design, manufacture, and marketing of a large
complex product, there was a change in one aspect of the enterprise
which had extensive ramifications in the whole of that enterprise.
Specifically, the product designers were studying the use of a new
method and facility for certain design analyses. One of the designers
and then the general manager perceived that in order to make best use
of the new method and facility, changes would be necessary in other
aspects or functions of the enterprise. It became clear that it would
be possible to change the product from a custom-engineered design to
one which would be designed from standard components and components
with a standardized generic shape and configuration. The economic
feasibility of the new facility depended also upon the technical and
economic feasibility of this change in the basic concepts and method
of designing the product. Upon analysis of the total system in re-
lation to this change, it was found that the change in product design
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concepts, in turn, depended upon the technical and economic feasibility
of many other changes, such as, the marketability of the redesigned
product, its relative operational efficiency in the customer's system,
the methods and economy of its manufacture, the methods of drafting its
plans, the new pricing and competitive policies which the redesigned
products would allow or require in the market place, the advertising
and sales promotion theme for the redesigned product, the changes in
the basic manufacturing theory and design of facilities in order to
adjust to anticipated changes in character of demand and of production,
etc. In addition, it was necessary to redesign methods and procedures
affecting personnel so as to adapt to the human and social needs in

the new enviromment. These, in turn, affected what could be done in
the technical processes.

Before the change in method of design computation could be
made, it was necessary to interpret it and its derivative changes or
implications in virtually all other operations of the enterprise so
that the enterprise as a whole could be redesigned and restructured
to accommodate the new operating characteristics of that one element
of the enterprise. The redesign of the enterprise required a co-
ordinated and integrated study of the business as a whole and of its
components, such as marketing, manufacturing, engineering, advertising,
and personnel policies and procedures. For most effective redesign,
the study group needed the ability to manipulate diverse concepts or
principles, such as, in electrical engineering, mechanical engineering,
systems engineering, manufacturing engineering, market analysis, econ-
omic analysis, game theory or competitive strategy, communication and
information theory, psychology and group dynamics. The output from
their studies is a new design and structure of that enterprise; it is
a new way of "doing business". The overall design, in turn, is trans-
lated into the brick and mortar and the detalled design for all compo-
nents of the enterprise by the members of those components, and in such
manner that the design of each component is reliably consistent with
the objectives and concepts of the whole.

(2) A "small order problem". An independent firm of con-
sultants recognized expert in the methods of operations research was
invited by the general manager of a business to study a problem which
that enterprise was facing iu relation to excessive numbers of small
orders for its product. The consultants made a thorough study of the
situation and devised methods for determining the break-even points in
handling the orders, the '"costs" of not providing service to customers
who do not order large quantities, etc. The result was a set of deci-
sions the general manager was to make on these costs as to how far he
would be willing to sacrifice service to customers for economy in han-
dling orders. After these decisions were made, the consultants then
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would devise a decision rule to be applied by the inventory clerks to
each incoming order to determine whether it should be accepted.

Before authorizing the application and utilization of this
decision rule, the general manager reviewed with others in his company,
the work the consultants had performed and the general problem before
the business. Some of the participants in these discussions had been
trained in the systems synthesis approach to design of enterprise dis-
cussed here. In the review, the general manager and the others brought
out many related facts on the business, some of which are as follows.
Some customers purchase small quantities on first orders, and then
standardize on the product for larger quantities after the design has
proven satisfactory. Obviously, these must be handled in a special
manner .

Questions were raised in the discussions as to the effect of
refusing to take orders below the critical size upon the marketing
structure. Obviously, it would mean a larger demand upon the dealer
and distributor structure, and would require they be geared to handle
that larger volume of business, which would come from sources which
had dealt with the factory for the small orders. They would mean a
different level of inventory and quality of sales-service must be pro-
vided by the dealers and distributors. It would alsoc necessitate a
better communication network in order to determine how particular
sectors of the market were behaving. The interposition of the dis-
tributors and dealers between the customers and the factory for those
orders also would alter considerably the character of the demand placed
upon the factory; it would change composition of order sizes and would
introduce transients into the demand series according to the distri-
butors' ordering practices. Thus, the factory inventory level and the
criteria for determining inventory level and sales trends would have to
be revised. The composition of order sizes to the factory could be
changed significantly by a change in the distribution structure. This
change to the factory could lead, in turn, to changes in the way in
which the orders were handlied throughout the data processing network
and in the character of the shop, i.e., whether a highly specialized
Job shop or a mixed shop with some long runs and some short runs. This
led to consideration and analysis of the daily labor content of the
average incoming small orders, and to the possibility of utilizing
separate low-overhead small custom production shops for these orders.
This became an optimizing problem in balancing the advantages of special
service from the small shcps and better order sizes in production shop
against the limitations on how big a small shop can become before it
begins to require overhead equivalent to the large shop or until it
takes so much work away from the production shop that it reduces the
efficiency of that shop.
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At the same time, it was realized that the segregation of
small orders to small, geographically-dispersed low-overhead shops would
reduce the amount of "paper work" and alter the optimal design of the
data system. Inasmuch as a medium-scale computer was being considered
for this purpose, this change had to be reconciled in relation to the
total program. Also, the change in the composition of the orders to
the shop would effect the methods of shop loading and scheduling which
should be used and this is related to the complexity of the methods
and size of the computer which would be necessary for handling these
functions.

When these changes were tested for their impact on the mar-
keting operations, it became evident that the several possible internal
changes would permit changes in delivery and service. In order to
evaluate the levels in each of these' that would be desirable, it was
necessary to evaluate customers' real service needs, ability of dif-
ferent competitors to provide these needs, cost to the business of
facilities to provide competitive service. In viewing the competitive
situation in relation to the kind of business which the enterprise was
operating, the general manager also realized that an important ques-
tion he should answer is -- "in what business are we?" There were
many answers, ranging from a business only to develop, manufacture and
supply the basic raw materials of the industry to fabricators who
would make the finished products, to a business which encompassed all
processes from raw materials development and manufacture to finished
products manufacture and merchandising. The former would permit mana-
gerial and engineering personnel to concentrate on homogeneous opera-
tions and functions of a highly technical nature. The latter would
combine into one business the highly technical with less technical
activities involved in high intensity merchandising and in competing
with "fly-by-night" small producers. As this question was probed fur-
ther, it became clear to managers that there were a multitude of dif-
ferent business scopes which they could adopt, but for each there would
be a different basic design of the enterprise, and incidentally, a
different best solution to each special problem, such as the small
order problem. At this point, the managers began to refer to the pro-
ject as the "nature of the business" study rather than the "small
order problem".

Of course, in the business study that grew out of the small
order problem, there is full opportunity to use all relevant scien-
tific or "operations research" methods. However, these methods now
are combined integrally with managerial deliberations and planning;
the OR methods have been incorporated as part of a total system of analy-
ses, reports, and studies involved in managing and in the evolutionary
re-design of the enterprise. The end results of the studies then
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include a clear understanding of the business scope and a design of
the information-decision system of the enterprise which will permit
each participant to have the information he requires to make decisions
which will be "best" from the point of view of the business as a whole.
This applies not only to order size criteria, but also scheduling
principles and methods, inventory levels, advertising and promotional
policies, etc. It also permits the specialists in the functional
components to study and devise methods and procedures for those com-
ponents with assurance that it will be both possible and convenient

to test the impact or interrelation of changes in that component on
the operation of the other components and of the enterprise. Of course,
the continuing changes in the environment and technology of the busi-
ness necessitates a continuing study of this type in order to assure
that the business adapts by small evolutionary changes, rather than
through major re-organizations -- which usually are tardy adaptations
to an accumulation of numerous small changes. It is in this sense --
adapting complex businesses to and facilitating change -- that OR, as
broadly conceived, and as a continuing study, helps entrepreneur-
managers "manage progress"

Once this deeper understanding of the business was achieved
by the principal managers, it became possible to build a team of sci-
entists and analysts, or to retain outside consultants to work at the
detailed study level with assurance that they would not be led to
restricted optima by their working on problems of arbitrarily restricted
scope or by lack of comprehension of the interaction of the many facets
of the enterprise each on the others and on the whole.

IX. Conclusions

In this treatise the course of reasoning has departed from
many contemporary philosophies, teachings and concépts on management.
However, it has been for a purpose: to create a new awareness of a
little-remembered function, the entrepreneur. The objects in doing so
are to emphasize the role of the entrepreneur in economic growth, to
express views on the role of "concept" (idea, theory, design and their
formulation) in entrepreneurship, and to suggest the entrepreneurial
sciences and scientists as a major innovation for aiding entrepreneur-
managers in performing that function. Thus, it is sought to enrich the
literature on management by raising it to a new level, by reconciling
its principles with the socially and economically more general princi-
ples of entrepreneurship.

The need to depart from established concepts and to cite idea-
fixing examples derives, 1t is believed, from the existence of a special

-51-



language and vocabulary which have developed in the extensive litera-
ture on business. It predominantly emphasizes "management" and "Mana-
gers" almost to the exclusion of analyzing the kind and nature of the
role and function which they may perform in the economy and the society.
This literature has derived primarily from studies and experiences in
"managing" on-going organizations. For example, Brown (25) as typical
of the authorities in the field notes the existence of the "proprietor"
(or entrepreneur), but neither identifies, describes, nor analyzes his
contribution, his work, his role, nor how to provide for them. Smiddy
(26) observes the essence of the entrepreneur's role and contribution:
in discussing problems in industrial organization and communication he
indicates that these often would not arise "if the owner's goals, ob-
jectives and design of business scope were responsibly and ably pro-
vided." By identifying and analyzing his functions, the purpose here
is to develop methods for providing these and other related contri-
butions both ably and responsibly.

Because of the general orientation of business literature to
what "managers do" rather than what role and function they play in the
broader economic and social scene, the term "entrepreneur" is rela-
tively foreign. As a result, its meaning and nature cannot be des-
cribed in that literature with the full richness and connotation which
it should carry. The difficulty in being unable to convey the full
meaning of a foreign term is a common occurrence in linguistics. It
is illustrated aptly by Hardin (27):

"Any one who has really learned a foreign language knows that
some thoughts can be more readily expressed in one language
than in another. The comparative study of any two languages
will reveal some points of view that are built into one

language, so to speak, but not into the other . . . a poignant
example . . . (is) the meaning of the French 'viellard', the
Spanish 'viejo' and the German ‘'alte' - all terms implying

respect and affection - is certainly inadequately represented
by the English 'old man' which implies the decrepit rather
than the venerable. Do we have such a poor opinion of old age
because we have no simple honorific words for it? Or do we
have no words for this status because we do not honor it?

Out of the work of such men as Sapir, Malinowski, and Whorf,
have emerged two very important generalizations (or probably,
better 'tendencies') about man and his languages: (a) Every
word is a hypothesis about the nature of the world and every
sentence is a complex of hypotheses; (b) We can think only
those thoughts that our language permits us to think." (Words
in parenthesis are mine in order to incorporate his later
arguments. )
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As further evidence that the issue of language and meaning
is not merely idiomatic, he then cites that our Indo-European language
unconsciously led Newtonian physicists to postulate "ether" and that
it took, literally, an Einstein "to escape from this tyranny of lan-
guage" and develop his special and general theories. The change in
linguistics largely eliminated the "need"” for either to explain and
understand certain physical phenomena. The difficulty probably would
not have arisen if Newtonian physicists had thought and spoken in the
Hopi Indian language, because that language embodied concepts more
conducive to the special and general theories of Einstein than the
theories of Newton. In the same sense, escape is sought here from pre-
occupation with "the manager, managing,and the managed" so that it is
possible to treat with role and function of which the manager is but
one element. For this reason, the writer has examined a broader hori-
zon to determine those business activities and functions which are
necessarily performed, even before any "manager" appears on the scene.
In addition, the relationship of these activities and functions to
similar ones which are carried out while the ménager is on the busi-~
ness scene is traced. Then, it is demonstrated that these functions
transcend the usual connotation associated with "managing" but are
more appropriately associated with the entrepreneur.

The tendency in analyzing the work of managers has been to
subdivide and examine that work in greater and greater detail. This
is necessary to understand "what managers do". For example, Smiddy
(28) in commenting on this subject speaks well for the many scholars
of "management" on their process of analysis and perspective of
observation:

It is always difficult to analyze so complex an amalgam of
efforts as those that constitute the work of successful and
professional managing. We need to try mentally "to stop"
an apparently continuous process energized by many diverse
forces in an effort to see and understand the parts which
make it whole. We must, in these instants of observation,
draw heavily upon our experiences in order to reference it
into our system of thought with ample definition.

In contrast to attempting to "stop" and examine stroboscopi-
cally the managerial ‘process internal to the administration of an
enterprise, the attempt here has been to observe dynamically the re-
lationships between the enterprise on the one hand and the entrepre-
neur's and the enterprise's environment on the other. Perhaps, this
difference in perspective can be illustrated analogously. Consider a
football player as an analogue of the enterprise. Then, the strobo-
scopic studies of managing, typified by Smiddy's description, are
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concerned with such aspects of the football player as his rate and
efficacy of cerebration, neuron firing time, muscular reaction time,
energy conversion rates, etc. On the other hand, the entrepreneurial
studies take these for granted, but treat with his role and function

in the team (society) in terms of blocking, tackles, forward passes,
"plays", etc. Both these perspectives are necessary and, indeed, are
complementary. The latter perspective was taken here because the
entrepreneur is believed to have been under-emphasized in past studies
and because his role and functions are of equal importance in the total
social and industrial processes.

The final object is to suggest that, having recognized clearly
the basic functions of the entrepreneur, certain things can help the
entrepreneur-managers of large organizations to perform those functions
more efficiently. A particular suggestion is that the subject matter
of the new "Operations Research" will be the research and design sup-
porting the rational elements of the entrepreneurial processes. Experi-
ence in psychology and in systems engineering suggests that study and
rationalization of the enterprise as an entity is accomplished best by
direct study of the behavioral patterns of that entity rather than
through the rationalization of the behavioral patterns of the compo-
nents or parts of the entity.

Thus, organizationally, this is interpreted to mean the in-
strumentality to perform the studies of the whole should be a distinct
component of the enterprise cooperating with the other components rather
than a sub-component of the other functional components of the enter-
prise. Of course, these other components themselves profitably can
employ organizational sub-components which would use similar methods
in similar kinds of studies of their own internal operations. This
corresponds to the experience in systems engineering that often the
same methods, useful in designing the system as a whole, are useful
also in designing the components. The reason for having a different
organizational group assigned to each is, as before, the need for per-
spective and continuity of study.

In conclusion it is recalled that there is an increasing
tendency for hired "managers" to manage enterprises now as entrepre-
neur-managers rather than for entrepreneurs. This tendency 1is es-
pecially strong in large organizations with widely dispersed ownership.
Because these large organizations necessarily will provide the major
entrepreneurial contributions to society in the more technical fields,
there is an urgent, pervasive need to learn more about what types of
persons perform well as members of entrepreneurial teams, how such
teams are best composed, how the entrepreneurial scientists can be in-
corporated into this team. Of course, research is needed to accelerate
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development of the entrepreneurial sciences and of the adaptations of
the scientific methods and techniques useful in these sciences. For
surely, the advancement of individual and social material well-being
within the conditions of individual liberties, free enterprise, and
economic competition is a worthy endeavor of science.

)
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OPERATIONS RESEARCH AND THE SCIENTIFIC METHOD*

Philip M. Morse
Massachusetts Institute of Technology

Operations Research is not a branch of mathematics although
it uses mathematics to study operations. It is a new tool of manage-
ment and not a new way of doing management. It won't supercede man-
agement. Operations Research can be viewed as similar to any other
research effort. It is quantitative and is concerned with the use of
the scientific method to study operations.

An operation is here defined to mean a group of men and mach-
ines doing a regular job. The repetitive nature of the job is important
since the regularity allows the operation to be studied.

While operations of large magnitude have been studied, it
is frequently necessary to study first a small problem and progress to
a larger problem bearing the overall goals in mind.

The application of the scientific method begins with observa-
tion of a phenomenon. It is necessary to look and think. This is the
part of the scientific method that can't be laid out by logical rules.
Experience, intuition, and judgment are required to find something
significant in the phenomenon. Ability and experience are required.
Newton was not the first person who saw an apple fall nor was Franklin
the first person to see lightning. It is usually possible to select
some important variables and relationships between the variables.

The second step in the application of the scientific method
in the physical sciences is to set up a mathematical model. This is
a formal attempt to describe the relationships between certain of the
variables. Presumably the model describes the phenomenon as well as
observation is able to detect, but it is necessary to take a closer
look.

This leads to the third step which is experimentation. Pre-
dictions made by the model can be checked by experiment to determine
the degree to which the model corresponds to the natural phenomenon.

It is usually necessary to revise the model in the light of the results
of experiments.

* Notes taken by Joseph Hoagbin
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The fourth step is to formulate a theory based on the tested
mathematical model. The theory will permit predictions within limits
but with considerable confidence.

The fifth step is control of the phenomenon gained by the
knowledge of the relationship of the variables. The theory permits
new designs, and helps in intelligent planning. It is now that the
payofT begins.

While much has been written about the theory of Operations
Research, it, like physics, is not Just theory. Experimentation con-
stitutes a large part of the expense and time consumed in applying the
method to operations problems.

Thus the application of the scientific method involves all
of the following:

Observation
Modeling
Experimentation
Theory

Control

Once a theory has been formulated, the understanding of addi-
tional phenomena grows. Operations Research has increased the under-
standing of a large number of seemingly unrelated operations.

The question of information flow and material flow is a prob-
lem of widespread interest. It arises, for example, in the flow of
goods through a production line, through warehouses, and through the
distribution to the customer. Consider the interconnections between
many factories and many warehouses. It is necessary to consider the
cost of shipping to various warehouses, the cost of holding material
in warehouses, and the cost of being out of material at any warehouse.
It is desirable to balance these costs. Linear programming is & mathe-
matical tool for the study of such problems. The steady state flow of
material and information is getting to be of great importance in Oper-
ations Research. Problems of non-steady state flow and non-linear
progremming are also of importance, but not as much has been done in
this area.

Another theory that has increased our understanding of mate-
rial and information flow problems is the theory of waiting lines or
Queueing Theory. A railroad station, or an operator at one point in
a production line has some average capacity. Many times it is suffi-
cient to balance the average serving capacity with the average rate of
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the arrival of items to be served. This is true when there is great
regularity in the times of arrival of things to be served and the times
required to give the service. However, when the rate of arrival varies
and the serving time varies, waiting lines may develop.

Consider a single dock in a harbor. Incoming ships must un-
load at the dock before they leave the harbor. Let us assume that the
dock has an average capacity for unloading one ship per day. . If the
average rate of arrival of ships is less than one per day, there appears
to be a proper balance of unloading facilities and work load. However,
the individual unloading times may vary from, say, half a day to a day
and a half. Also the ships may not arrive regularly even though the
average 1s one per day. Sometimes ships find they must wait since two
or three arrive at the harbor on the same day, or a ship arrives while
another is being unloaded. Even if the capacity for unloading is
greater than the average rate of arrival of ships, it is still neces-
sary for some ships to wait. Let us assume initially in this example
that ships arrive at the average rate of eight in ten days.

There is an actual case in which a similar harbor was con-
sidered a good harbor because of the short waiting lines. To reduce
congestion at other harbors, it was decided to increase the shipping
load slightly at the efficient harbor, but immediately the waiting
line doubled. At first it was suspected that employees at the dock
were not working as efficiently or that there was evidence of sabotage.
Analysis showed, however, that what happened was to be expected and
that the waiting line length is very sensitive to the rate of arrival
of ships when the rate of arrival is near the rate of unloading. The
same theory was found to apply to other seemingly dissimilar problems:

Servee Servor
Ships Docks
Planes Clear Runways
Autos Toll Booth
Messages Cable
Paper Work Clerks
Inoperative Machines Repairman
Buyers Reordering

The general theory permits one to make quantitative state-
ments about many individual cases. Since the waiting lines fluctuate,
it is desirable to study averages and probabilities rather than the
exact length of the waiting line at a particular time.

In the study of such problems, it is necessary to first ob-
serve fluctuations in rate of arrival and rate of service. We can take
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data that will permit us to find the probability that the waiting line
will be longer than any specified number and date that will permit us
to find the average waiting time.

Provapility

Days to Unload

In the case of the ships and the dock, it would be desirable
to make many measurements of the times required to unload a ship. In
the figure above, assume seventeen such times were measured and plotted
as shown in the order of increasing time. The individual times to un-
load vary between about a quarter of a day to two-and-three-quarter
days. Note that the probability that the unloading time will exceed
one-fifth day is one. The probability that the unloading time will ex-
ceed two-and-three-quarters days is zero. Note that about half the
time the unloading time exceeded about 1.4 days. When sufficient mea-
surements have been made to give confidence, one can draw a smooth
curve in place of the step curve in the figure. In taking such obser=-
vations, it is possible to get curves of many shapes as shown in the
following.
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If we stand these regions on end we have geometric figures
having a base of length unity. If we multiply unity by the average
unloading time, we get an area equal to the area of the region. Thus
the average service time is equal to the area of the region under the
curves (drawn to the proper scale).

Similar data can be taken and plotted for the time between
arrivals of ships. From the data one can determine the average rate
of arrival.

In many problems, it is found that the rates of arrival are
randomly distributed according to the so-called Poisson distribution.
If the arrivals are Poisson distributed, the times between arrivals
are "exponentially" distributed. That is, the curve relating time and
the probability of getting a time of a certain length or longer is
roughly of the shape shown and labeled in one of the figures previously
shown. The exponentially distributed times are important in Operations
Research because they are the easiest to analyze and because they occur
in many of the cases studied. Telephone calls and the arrivals of cars
at toll booths have been found to be Poisson distributed.

In attempting to model the ship and dock example, it is wise
to begin with a simple case first. We will continue to consider only
one dock, and we will assume that the arrivals of ships are Poisson
distributed, hence the times between arrivals ere exponentially
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distributed. We will assume also that only one ship can be served at
any one time and that other ships that have arrived must wait their
turn. We will assume that the rule is first-come first-served.

Let us call the rate of arrival of ships A and the rate of
unloading the ships S. That is, in the long run, an average of A ships
per day arrive and S ships per day are unloaded. Let P, be the prob-
ability that exactly n ships are waiting in line. Then it can be shown
that under the assumptions we made (see Appendix):

In the harbor example, we have been considering A equals .8
(8 ships in 10 days) and S equals 1. Hence A/S equals .8 and the
probability that there will be no waiting line at all is .2. Another
way of stating it is that .2 or one-fifth of the time there will be no
ships waiting in the harbor to be unloaded.

It can also be shown that the average number L of ships in
the harbor will be:

A
S-A

L =

In the example we have been considering

We are now in a position to see what will be the effect of
diverting additional ships to this harbor. If the average rate of
arrival of ships is raised to nine in ten days we have:

and we see that the length of the average number of ships i1s more than
doubled.

The model tells us that as A is made larger and approaches S
the waiting line rapidly grows longer. Waiting ships cost money and
increasing the unloading facilities costs money. If the ships are owned
by the same company that owns the dock, it is possible to balance the
cost of waiting and the cost of increasing facilities so that their sum
is a minimum. The total waiting time can be expressed from what has
gone before. When a ship arrives it finds on the average L ships already
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in the harbor. Each of these ships will require on the average l/S th
of a day for unloading. Hence the total waiting time will be the prod-
uct of the number of ships and the time required to unload each ship.
Let t equal the time required to unload a ship and W be the total time
the newest arrival must wait, then:

w0+
|

W=1t ={_5_ L
S-A S-A
When ships were arriving in the harbor in our example at the

rate of eight ships per ten days, the average time of waiting in the
harbor was:

W = N S _% = 5 days

When the rate of arrival wes increased to nine ships in ten
days, the average waiting time increased to:

In an effort to reduce waiting lines, it is sometimes possi-
ble to regularize rates of arrivals or rates of serving. Although we
will not provide the demonstration here, it can be shown that if arri-
vals are carefully scheduled so that they are all evenly spaced the
mean waiting time can at best be halved if the rate of serving is not
also similarly regularized. Also if the rate of serving is regular
and the rates of arrival are not, a similar reduction is possible in
the mean waiting time. Frequently, it is possible to regularize one
or the other, but not both of these rates. In such cases, it is nec-
essary to consider whether the cost of regularizing one or the other
is worth the reduction in waiting time.

The theory has been developed to consider multiple servers
or channels, but these cases are too complicated to consider here. In-
creasing the number of docks or of toll booths or of cables will in-
crease the value of S, but one must consider whether the increased cost
is worth the reduction in walting time.
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Some consideration has been given to problems in which the
waiting line must be made less than a specified length. A store owner
will attempt to keep the waiting line at zero where problems of stock-
age occur. That is, he realizes that if he is out of a particular
item, the customer won't wait but will shop elsewhere. Here again, the
shop owner must balance the cost of carrying an inventory with the cost
of losing a customer.

-66-



Appendix

The probability that there will be no ships in the harbor is
affected by the number of ships that might arrive when there are no
ships and by the number of ships that might leave when there is only
one ship. The relationship expressing how this probability changes is:

dP, = 8 dt P, - A dt P_ (1)

When steady state is reached this probability stops chang-
ing with time and we can write:

— =0 =58P, - AP (2)

Similarly, if we consider the number of ways the system can
be put into the state where there is only one ship in the system, we
see that the probability of having just one ship in the system depends
on the rate of arrivals that tend to put the system in the "one" state
and on the number of departures that tend to put the system into the

"one" state. We can write for the steady state:

dPy

-(;C—=0=APO+5P2-(A+S)Pl (3)

It can be shown that, in general

— =0=4AP _+ SPn+l - (A + S)P, (4)

Hence it is possible to write each of the probabilities in
terms of the others, and, in particular, in terms of Po'

P =P (g)ﬂ (5)

We would like to evaluate PO in terms of A and S.
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or

possible only by the assumption that A is less than S.

We know that the sum of the probabilities must equal unity

PO+Pl+P2+. e e .. = 1.

From (5) and (6) we can write

A A2 AD
P L+=+4+Z= += + . ., .
© ( s S S )

But the series in the brackets can be evaluated and

2 3
+ ... — , S >A

wlr
nl>
wlr

2 (90)

(6)

(7)

(8)

(9)

(10)

Note that the solution of the foregoing equations was made

is sometimes called the utilization factor.

system.

We would like to find the average number of ships in the

It can be shown that:

Pl + 2P2 + 3P, + . . . =1L.

3

By the use of (10) and (11) we can show that
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Those interested in additional reading on Queueing Theory may
consult:

(1) Brockmeyer, Halztrom, and Jensen:
"The Life and Works of A. E. Erlung." Published in
English by the Copenhagen Telephone Company (1948).

(2) Several articles in the Journal of the Operations
Research Society of America.

(3) The MIT "Summer Notes on Operations Research" avail-

able from the MIT University Press, Cambridge,
Massachusetts (1956).
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COMPUTING MACHINES AND THEIR USE IN OPERATIONS RESEARCH

S. N. Alexander
National Bureau of Standards

The concept of an automatically sequenced computing machine
was first propounded by Babbage about 1840. It was not until one
hundred years later that Professor Howard Aiken achieved the first
large-scale computer in the electromechanical computer, Mark I, built
by IBM for Harvard. This first computer was relatively expensive and
slow by present standards. The work turned out did not exceed greatly
what could have been obtained by the same resources spent on well
organized human effort. However, significant advance was made in that
the computing results were almost error-free.

ENIAC was the first large-scale digital computer to use elec-
tronic techniques, and was inspired by the scaling-circuit techniques
developed for nuclear physics. This computer was completed in 1946
at the University of Pennsylvania by Eckert and Mauchly for the Army
Ordnance Corps. It brought about an immediate 1,000 fold increase in
computing speed.

These large-scale computers are not brains and do not solve
problems, but rather are tools for mechanizing solutions that have
been devised by human brains. On the other hand, they are powerful
tools for coping with intellectual drudgery and dealing with organized
complexity. In addition to lowering computing costs, the use of elec-
tronic techniques made feasible the handling of complicated and intri-
cate problems. Today we have computing devices that exceed our ability
to utilize fully. Whereas at first primary attention in this new field
was given in the problems of computer development, there is at present
considerable emphasis on how best to use large-scale computers in order
to realize their inherent capability.

The Bureau of Census is now using UNIVAC for the tedious
task of tabulating collected information. They have completed over
0,000 hours of productive machine time and have learned a lot about
how to use machines, although they feel they have not learned as much
as they had hoped.

The effort began five years ago when UNIVAC was scheduled
for delivery to the Bureau. Because there was uncertainty about whether
the computer would be delivered on time, it was necessary to proceed
on the assumption that the data planned for UNIVAC processing might
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have to be handled on punched cards. Accordingly, punched card proce-
dures were completely developed, and partly for this reason the first
program for UNIVAC amounted to an adaptation of the punched card pro-
cedures. When the computer was delivered, a trial run of 10 percent
of the data was processed on the computer; the rest was processed on
punched cards. For this initial trial, it is doubtful that the cost
of processing information in the computer was any less than the cost
of processing by punched card methods. However, some of the capabili-
ties of the machine were learned, and it was possible later to cut the
cost of processing to half that required by punched card methods by
taking advantage of the greater speed and accuracy of the computer.
They also utilized the large storage capacity to keep a running count
of the classes of information desired.

Where calculations are necessary a computer can accomplish
the job much more cheaply than any punched card system. For example,
with desk calculators the cost of multiplying two ten-digit numbers
together is $30,000 per million completed products. A digital machine
can do this same amount of computation for about $30.00 and it is
likely that future machines will do a million such multiplications for
about $3.00 or even less. Addition, subtraction and comparisons are
correspondingly cheaper, and these are the important operations for
data processing tasks.

Much of the cost in using a computer lies in the formulation
of the problem and in gathering and preparing the information to go
into the machine. Considerable effort and expense are required to
get information into a form suitable for automatic machine processing.
The Bureau of the Census formerly divided costs for data collection and
processing of decennial Census about as follows:

l) Gathering source data 50 percent
2) Editing and transcription 25 percent
3) Tabulation and computation 25 percent

With present experience and equipment it is possible to cut
the tabulation and computation costs by about one-half, Hence, further
reductions in this area are of secondary interest to reductions of the
other costs. Recent experience has given encouraging indications re-
garding use of the computer for doing the editing. It is felt that
the transcription costs can be lowered by mechanizing collection, but
one must be careful not to increase the gathering costs in the process.

Mechanization at the source has the advantage that the
gatherer has an understanding of the subject matter being gathered
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and can recognize obvious discrepancies, such as ten-year-old veterans.
The gatherer can help assure consistent source information, can help
with the mechanization and to minimize transcription errors.

Mark sensing schemes that perform acceptably under office
conditions are not entirely satisfactory for field use. Field experi-
ence in Canada has indicated that more than fifteen percent of marked
cards may be rejected. As a consequence, our Bureau of the Census is
experimenting with a micro-filming scheme called FOSDIC, which was
developed at NBS. The collectors can have a document of convenient
size that can be marked on both sides with a conventional pen or
pencil. By using a lens with a long depth of focus it was possible
to work even with wrinkled documents. The microfilming process allows
all documents to be put into a smaller uniform size that can be fed
directly into the machine.

Our knowledge of the proper use of machines has grown steadily.
Scientific problems usually can be neatly formulated as equations and
the Information can be easily assimilated by the machine. Data pro-
cessing problems, such as those confronting the Bureau of Census, are
considerably more difficult to formulate for the machine, since they
are usually not appropriate for mathematical formulation and can be
very complicated logically. It is not unusual for such problems to
require several thousand lines of coding or detailed instructions for
the machine.

In using a machine one needs safeguards against operator
errors. I possible the problem should be formulated in such a way
that operators can stop and back up when they discover an error. An-
notated tapes can help avoid operator error. Also, machine operators
sometimes forget that idle time on the machine is just as expensive as
productive time. The Bureau of the Census has been able to realize
up to 80 percent utilization by using competent help and by carefully
planning the work so that mistakes by operators do not lead to long
re-runs on the machine. In a segment of a typical recent survey it
was found that utilization of the computing facilities varied over the
range of 16 percent to 75 percent of the time available.

Experience has shown that the proper use of machines makes
possible something close to perfection in error-free information hand-
ling and computation. People lose and bend cards in punched card
systems. Automatic error checking routines can be built into the
programming of a large-scale computer. The Bureau of the Census makes
free use of built-in cross checks to determine the credibility of
numbers computed by the machine.
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There are three general stages in learning to use a computer.
In the first stage an effort is usually made to convert the old pro-
cedure to the machine. In the second stage one begins to take advan-
tage of the capabilities and accuracy of the machine. In the third
stage one learns how to get important by-products and new products
from the machine. That is, the machine may now make it feasible to
extract certain information, even though it was known beforehand that
this information was desirable. Moreover, the machine may be able to
get at information that could not have been obtained by the usual
manual procedures.

Computers are now finding application in the solution of
the complex problems encountered in Operations Research. In this type
of problem, equations, if they can be written, are frequently non-linear.
The machine employs numerical methods to crank out solutions as func-
tions of parameters. Also, there is the class of problems in which
the machine is not a calculator but is rather a logical manipulator.

An example of a problem involving logic more than mathema-
tics is that confronted by the Public Housing Administration. This
agency must continually check on occupancy characteristics and econo-
mic status of tenants. For example, no family without children can
claim the standard exemption for minors, and the amount of the exemp-
tion claimed in cases where there are children must be consistent with
the number of minors claimed. They must also keep check on whether
the financial status of a family has improved to the point where the
family is no longer eligible to occupy government housing. Since
policing is time consuming, consideration was given to the use of a
computer to assist in the task and an experimental trial has been run.
One end-product is the reference to appropriate paragraphs for a form
letter when it is necessary to write to the supervisor asking for
clarification of reported data. The machine is governed by rules of
logic rather than by equations. Something as efficient as symbolic
logic will have to be developed to state properly such rules and to
facilitate the formulation of such problems for machines.

The Air Force is faced with another class of problem in put-
ting together "fly-away" kits. These kits must contain what will be
needed to sustain a crew for a predetermined time period without re-
supply. In making up the kits, account must be taken of weight and
volume restrictions, the needs of particular aircraft types for parts
for maintenance, and the maintenance history of the particular group
of aircraft. Data collected in the past must be analyzed in order to
make up a kit for a particular thirty days. New information gathered
as time progresses must be taken into account. Project RAND and the
McClellan AFB are working on mechanizing the solution of this problen.

-Th-



The three armed services have coordinated clothing purchases
in an effort to get bids that are most advantageous to the government.-
In accepting bids account must be taken of the bidders' financial
soundness, space, ability to produce in the required time, and the past
experience with the bidder. After bidders have been screened, there
is more that must be done in order to reduce costs to a minimum.

The government buys economic lots of the raw materials such
as cloth and buttons. This raw material is delivered to a fabricator
who cuts, sews, and delivers the clothing. Hence there is the assign-
ment and the transportation problem that must be solved in order to
find minimum costs and yet assure the government of clothing of accept-
able quality.* In submitting a bid, the fabricator states his cutting
efficiency by stating the amount of goods he will need to deliver a
given order for the finished product. The bidder will take into ac-
count freight costs, and can submit different bids for different plants
and may specify the numbers of units he can produce for a range of bids.

The solution of a typical problem may involve four places
where material will be warehoused by the government and twenty plants
where clothing will be made. About 700 man-hours are required to get
an approximate solution to one of these problems. An exact solution
may take 4,000 man-hours. This problem was formulated for SEAC at the
National Bureau of Standards and resulted in reduced computation time
and cost. Also, less argument resulted because the more exact solu-
tion is now easily computed. It is now possible to teletype the bid
information to the Bureau on one day and have the solution ready in
New York City on the following day. It must be emphasized that not
all such problems can be so easily formulated.

This problem 1s discussed in the Naval Research Logistics Quarterly,
Vol. 1, No. 1, p. 48: '"Linear Programming in Bid Evaluation,"
Stanley, Honig, and Gainen.
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DISTRIBUTION AND SCHEDULING PROBLEMS*

Merrill M. Flood
Engineering Research Institute
The University of Michigan

We start by stating six seemingly different problems of a
type often encountered in operations research.

1. Job Assignment. Consider the problem of assigning ten
men to ten machines. Assume the 10 numbers required to specify each
man's performance (say parts produced per hour) on each machine is
known. We will not now be concerned with the difficult problem of
determining these performance ratings. When each of the men has
been assigned to one of the machines, it is possible to add the in-
dividual performance ratings and arrive at what is known as a
"rating sum." The problem is to maximize this rating sum (the
total number of parts per hour produced).

Real problems of this nature might involve much larger
numbers of men and Jjobs. The Air Force, some 10 years ago, was
confronted with the problem of assigning 2,000 men each month to
21 job classifications when given the total number needed in each
Job classification. The Air Force used test scores to estimate the
performance of each man in each job and their effort was to assign
in such a way as to maximize the total test score.

2. Transportation Planning. A certain company has a
fleet of trucks and several delivery points and loading points. The
cost of a trip empty for one truck travelling from any one loading
point to any one delivery point is assumed known. Presumably, the
travel of loaded trucks is dictated by demand, here assumed to be a
known constant number of loads per month between any one loading
point and any one delivery point, but the routing of empty carriers
is entirely under the control of the company. The problem is to meet
all delivery demands but to route empty carriers in such a way that
the total trucking cost is minimized.

* Notes taken by J. Hoagbin
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The Navy, Jjust prior to the Korean war, had this problem in
the routing of empty petroleum tankers. The number of loads to go
annually from each loading post to each delivery post was specified
inflexibly for the Navy by the Armed Service Petroleum Purchasing
Agency. There were six loading areas and 21 delivery areas, and the
time required to travel empty between any two ports was known. The
problem was to route empty tankers so as to minimize the total time
spent by tankers travelling empty, and hence also to minimize total
tanker fleet cost since only the empty routings were left for Navy
decision.

The solution of a problem of this type is for a steady-
state condition. We have not yet learned how to handle problems in-
volving changing conditions. Thus, after one has once solved a
problem such as the tanker fleet problem, one must expect to solve
the problem over and over again under a new set of world, and hence,
military conditions.

3. Product Distribution. A company has several manu-
facturing plants and warehouses, all widely separated. The produc-
tion capacities of the plants are known and the monthly demand at
each warehouse 1s known. The cost of producing a particular item
is different in different manufacturing plants but is known. The
cost of shipping a particular item from a particular plant to a
particular warehouse depends on the plant and the warehouse, but
is known for each plant and each warehouse. The problem is to meet
the demands at the warehouses but with minimum cost of production
and shipping.

In an actual example, a large chemical company solved
this problem for the case of 4 plants and 70 warehouses. The problem
yielded to a fairly precise solution because shipping costs were well
known and are definite. Before applying mathematical techniques to
this problem, the chemical company set up a trial and error pro-
cedure that involved hand computation. Savings in cost of 8% were
realized by the use of this approximate method. The later use of
mathematical programming techniques for the solution of this problem
resulted in an additional L% savings in cost.

In another actual case, General Foods had four regions,
where products were manufactured and 50 warehouses. The output of
each region was several hundred-thousand units per month whereas the
demands of the 50 customers and warehouses varied from a few hundred
to several thousand units per month. General Foods has reported a
saving of $100,000 per year as a result of the successful solution of
product distribution problems of this kind.
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Incidentally, one might ask whether the problem of where to
locate plants and warehouses is a similar problem. The answer is that
it is very similar but usually much more difficult.

L. Hide and Seek. John von Neumannl has prepared a two-
person hide and seek game that is of considerable theoretical ‘~terest.
Agsume that a certain part of a city is selected for the game. The part
of the city selected contains 100 street intersections and is, therefore,
9 blocks square. One player is instructed to hide at any one of the
100 intersections. The second player is permitted to search along any
one of the 10 streets. If the hider is not found, the seeker must pay
him an amount of money depending on the amount specified for the inter-
section where he is hiding. These amounts vary widely and are known to
both players. If the seeker finds the hider, the hider must pay him an
amount depending on the value of the intersection. The problem is where
to hide, in order to minimize the hider's expected losses, and where to
seek, in order to maximize the seeker's anticipated gains.

5. Travel Routing. A salesman wishes to visit each of
twenty cities, starting and returning at his home office. He knows
the cost of travelling along each of the possible legs of the Jjourney;
L.e., he has estimates of the total cost due to automobile mileage,
bridge tolls, etc. in travelling from any one of the 21 cities to any
other. The problem is to select a routing that minimizes total travel
cost.

6. Production Scheduling. A small job shop is confronted
with the problem of making 1,000 of a particular part on one machine.
Five operations must be performed to produce each part. These opera-
tions may be performed in any order, but the machine must be returned
to its pre-run setup after the parts are completed. The cost of going
from any one setup to any other is known; i.e., the costs (in time) for
an operator to adjust the machine to go from any one operation to any
other operation is known. The problem is to determine the best se-
quence of operations in which to perform the five operations so as to
minimize total production time required.

In actual practice the problem might involve scheduling about
40 such operations daily in a job shop. One rule of thumb often used
by foremen in handling this problem is always to choose as the next
operation the one that can be set up most quickly. This is not usually
the best solution.
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Similarities of These Problems

These six problems may seem at first glance to be less
closely related than they really are. Problems 1, 2, and 3 have
identical mathematical formulations, and are also essentially identical
to Problem L. Problems 5 and 6 are mathematically identical, and are
very closely related to Problems 1-4. All six problems may be formu-
lated as linear programming problems.

Hitchcock,2 at MIT, and Kantorovitch,3 in Russia, both pro-
posed the mathematical problem represented by Problems 1-4 about 19L1.
Independently, Koopmansu rediscovered the problem in 1948 his work
led Dantzig,5 and others,6 to the recognition that this problem is
also a linear programming problem and hence susceptible to numerical
solution by techniques such as the simpiex method.? Hitchcock posed
the problem originally as in our Problem 3, and gave a computational
method that was correct for all except certain special, but important,
cases. Kantorovitch posed the problem in quite a different context,
and referred to the case of continuously moving earthen hills so as
to change the topography from the initial one to some specified new
one while doing least physical work; his computational methods seem
to have the same flaw as that in Hitchcock's method. Xoopmans posed
the problem as in our Problem 2, and his computational methods were
partially complete’6 and very closely related to the simplex method
used by Dantzig5 to solve this problem. Flood,7 and others,5 have
developed computational methods free of the flaws in the earlier
algorithms proposed by Hitchcock, Kantorovitch, Koopmans, and
Dantzig. Kuhn,8 in 1952, has published a method for this problem
that is both correct and probably more efficient than any other yet
available for this problem; he has called this the Hungarian Method,
and several authors have presented useful modifications of Kuhn's
algorithm. Perhaps the problem is best called the Hitchcock-
Kantorovitch Distribution Problem. Flood9 has published an account
of the Navy tanker fleet application, the first made for this
problem, and has also discussedlO the interrelationships between
all six of the problems presented here.

Hassler Whitneyll first proposed the mathematical problem
represented by our Problems 5 and 6 in 1934, and with reference to
a politician travelling from home in Washington D.,C. to each of the
L3 state capitols and returning home again. The problem is closely
related to a problem posed by Hamilton in the nineteenth century
(1862, 188L), and discussed by Balll? as the Hamiltonian game by
Kﬂnigl3 as Hamiltonian Lines. It is also mathematically close to
the Hitchcock-Kantorovitch Distribution Problem, a fact that Julia
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Robinsonlh first observed when she treated our Problem 1 successfully
during an unsuccessful attempt to solve the Whitney Routing Problem
(now widely known as the "travelling salesman problem").

Dantzig, Fulkerson and Johnson15 have applied linear pro-
gramming computational techniques successfully in solving a few
numerical examples of the Whitney Routing Problem. Flood,l0 and
various other authors, have recently discussed tihis problem--but all
without real success, and the problem remains open.

In presenting such prcoblems the mathematical formulation is
usually given first, and then the applications to various problems are
sbown. I feel it is more effective to present the seemingly diverse
problems first and then show later that they yield to the same mathe-
matical formulation. Actually this is the way knowledge unfolds in
practice. A theory usually has many applications, but ingenuity is
required to see the similarities between different problems related
by the theory.

Solution of the Assignment Problem

We have discussed the assignment problem ard related
problems. Now we will look at one of the techniques for solving
such problems.

First consider the simple array in Figure 1. This is
much too small to be of practical importance, but it is large enough

§ Jjob
; 1 2 3
i
i
A 6 3 2
o
]
¢ B 5 L 1
C 11 9 5

FIGURE 1
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to demonstrate methods for solving larger arrays. The array shows the
ratings of men A, B, and C doing Jjobs 1, 2, and 3. For example, it

will cost six dollars per part if operator A makes the part that is
turned out on job 1. The part will cost only five dollars if operator B
is assigned to Jjob 1. Table I shows the possible job assignments and
the rating sums that result.

TABLE I

Asgignment Number Job 123 Rating Sum

1 ABC 15
2 ACB 16
3 BAC 13
L BCA 16
5 CAB 15
6 CBA 15

We see that assignment (3) gives a minimum total cost of making the
three parts.

We have just demonstrated one method of solving the assign-
ment problem. That is, if one is confronted with the problem of
finding "best" assignment of men to jobs, one can list all the pos-
sible assignments and from among the list pick the one with smallest
rating sum. It was possible to solve the 3 x 3 array in this way
but the problem of assigning 20 men to 20 jobs would require the
writing down of 4.3 million, million, million assignments (4.3 x 1018),
Even a high-speed computer could not sort through all the possible as-
signments in several lifetimes. In general, in an N x N array, fac-
torial N assignments are possible.

Before leaving this simple example, there is an interesting
lesson to be learned about over-all optiﬁization. Note that only one
operator in assignment (3) is assigned to the job for which he was
best fitted. In fact, man B should be assigned to the Jjob for which
he is most poorly fitted if the total cost to the business is to be
minimized.

Now consider the array in Figure 2. This is the same array
as that in Figure 1 except that 5 has been subtracted from the bottom
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1 2 3

A 6 3 2

B 5 L 1

C 6 L 0
FIGURE 2

row. Table IT shows the new rating sums obtained by using the new
matrix in Figure 2. Note that all of the rating sums in Table IT
are five smaller than those in Table I but that assignment (3) is
still the best assignment.

TABLE II

Assignment Number Job 123 Rating Sum

1 ABC 10
2 ACB 11
3 BAC 8
L BCA 11
5 CAB 10
6 CBA 10

Now consider Figure 3 which was obtained by subtracting
> from the first column in Figure 2, and by subtracting 3 from the
second column in Figure 2. Notice that assignment (3) is still the

1 2 3

A 1 0 2

B 0 1 1

C 1 1 0
FIGURE 3

-83-



best assignment and that it stands out clearly because of the zeros.
We have just given an intuitive demonstration of a theorem (anonymous )
which states that the "best'" assignment is unaffected if a number is
added or subtracted from any row or any column of an assignment array.
That is, we lmve shown that if we have an array A and an array B, and
if A was obtained from B by adding or subtracting numbers from rows
and columns of B, then a "best" assignment determined using A is also
a "best'" assignment using B.

Now we see the importance of the zeros in Figure 3. Assign-
ment (3) is clearly the "best" assignment for this matrix. We can now
be certain that it is also the "best" assignment for the matrix in
Figure 1.

Next consider the matrix in Figure 4. In this matrix the
ratings are the output of particular operators when assigned to the
three machines. Here we wish to assign operators so that we maximize

1 2 3

A 6 9 9

B 7 8 11

C 6 8 12
FIGURE 4

the total output. Table IIT shows the possible assignments and the

total output resulting from these assignments. Notice that assignment (3)
is the best assignment from the standpoint of maximizing production. We
will now show that when attempting to determine the '"best" assignment

TABLE IIT
Assignment Number Job 123 Rating Sum

1 ABC 26
2 ACB 25
3 BAC 28
L BCA 24
5 CAB 26
6 CBA 23
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for maximizing a rating sum in an array like Figure 4, it is possible
to change Figure 4 into an array whose minimum rating sum should be
found. This technique will allow us to solve all assignment problems
in a similar manner.

In Figure L4 let us subtract each entry from the largest
entry in the matrix. This will yield the matrix in Figure 5 which was

1 2 3

A 6 3 3

B 5 I 1

C 6 L 0
FIGURE 5

obtained by subtracting each entry in Figure 4 from 12. Now we
assert that the assignment that leads to the smallest rating sum in
Figure 5 will give the largest rating sum in Figure 4. Actually,
Figure 5 is identical to Figure 2 and we have already seen that
assigmment (3) yields the minimum rating sum in Figure 2.

Consider now Figure 6. By appropriate subtractions from
rows and columns one can .obtain Figure 7 and it is seen that all of the

1 2 3
A 2 L L
B z L 6 6
C L 6 6
4
FIGURE 6
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six assignments in Figure 6 are equally good. Thus we have given an

intuitive demonstration that there is sometimes more than one '"best”
solution to an assignment problem.

1 2 3
A o* 0] 0]
B 0) o* 0
C o) 0 o*
FIGURE 7

From Figure 3 and Figure 7 we see that a "best" assignment
has been found when one has reduced the assignment array to the point
where there is at least one zero for each row and column, and in
addition it is possible to select from the set of zeros a subset such

hat no two zeros appear in the same row or same column. This sub-
set of zeros in Figure 3 1s obvious. In Figure 7 a possible subset
is indicated by the asterisks.

From the foregoing we have seen that the zeros take on specia.
significance when one attempts to solve an assignment matrix. It should
be noted here that it is possible to write algebraic formulae which
express what is contained in the array. 1In fact, in solving the usual
form of the transportation problem, it is customary to set up a set of
simultaneous linear equations and solve these to get a minimum or maxi-
munm rating sum. Emphasis is placed on the technique of operating on
the assignment array because of the computer that I have with me to-
night.

This computer is capable of assisting in the solution of a
20 x 20 assignment array. The ratings are set in an array of electro-
mechanical counters by means of a telephone dial. Push buttons as-
sociated with each row and column make it possible to add and subtract
numbers from any row or column. The computer has "covering bars" so
that an operator can indicate that particular rows and columns contain
zeros. Also the computer has lights associated with each electro-
mechanical counter that permit an operator to give particular zeros
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special significance. With this computer one can demonstrate and study
alternative algorithms for reducing large assignment arrays.

Trial and error is sufficient for reducing small arrays but
rules must be formulated for large ones.

The computer was built by the Engineering Research Institute
of the University of Michigan with Institute funds. Tiis particular
machine was tailored to the particular algoritim devised by Dr. Munkres,
one of our mathematicians.

16

Consider a production scheduling problem like the one in
Problem 6, except that we do not require one part to be completed before
going to the next part, and consider the array in Figure 8. This matrix
shows the cost in time required for an operator to adjust a machine so

1t ot 3: M_r 5:

1 I 6 7 7 6

2 6 I 8 8 7

3 6 7 I 7 5

L L L 3 I L

p) > p) > L I
FIGURE 8

that he can go from one of the unprimed operations on a part to one of
the primed operations. For example, if he has Jjust completed Operation 1,
it costs six units of time to adjust the machine so that Operation 2 can
be performed.

Now consider Figr-e 9 which was obtained from Figure 8 by ap-.
propriate subtracting from rows and columns of Figure 8. The capital I's
along the diagonal in Figure 8 and Figure 9 were inserted to represent

infinity. We did this to assure ourselves that the solution of the array
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1t Dt 3: )_l_t 5:

1 I 0 1 1 1
2 0 I 1 1 1
3 1 1 I 1 S
L 1 1 0 I 1
5 t 1 1 1 0 I
|
FIGURE 9

would not call for going from one operation to the same operation, since,
for the example we have in mind, there was a prohibitive cost for re-
peating any one of the operations.

Figure 9 shows that the operator should do the following in
order to minimize the cost in time spent in adjusting the machine,
where we have neglected the minor cost met in adjusting the machine for
the very first operation and also any cost associated with leaving the
machine adjusted for some undesirable operation at the end of this
practice run:

First perform operation 1 on the first part. Adjust the
machine to perform operation 2 and then perform operation 2 on the first
part. Now adjust the machine to perform operation 1 and perform opera-
tion 1 on the second part. Repeat the same sequence for the second part
and for all 1,000 parts. Next, perform operation 3 on the first part.
Adjust the machine for operation 5 and perform operation 5 on the first
part. Next adjust the machine to perform operation 4 and perform opera-
tion 4 on the first part. Now adjust the machine to perform operation 3
on the second part. Repeat the sequence for the second part and for all
1,000 parts.

Figure 10 shows an array for a travel routing problem where the
problem has been reduced to five cities. The array shown is the one that
has resulted after appropriate subtraction and additions were performed



1 I 0 3 p) 3

2 | 6 I 9 0 7

3 L 3 I 9 0

b 6 2 0 I 6

5 5 0 L € 9 I
FIGURE 10

on rows and columns of the original matrix set up by the salesman showing
the cost of travelling from any one city to any other city. The solution
in Figure 10 indicates that the salesman can start at city 1, which we
will say is his home city, and should proceed to city 2. From city 2

he should go to city h, thence to city 3, from 3 to 5 and from 5 back

to his home city. In Figure 10 it was possible to solve the travel
routing problem after we verify that the solutions of this problem are
also unaffected by subtracting a constant from all entries in one line

of the array.

Figure 11 shows another travel routing problem involving five
cities. Note that this "solution" calls for going from city 1 to city 2

1 2! 3" L 5t
1 I 0 2 Iy 1
2 0 I 3 1 2
3 1 6 4 I b 0

|
b 2 1 0 I 2
5 . 3 b 1 0 I

FIGURE 11
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and thence back to city 1. It is not clear how the traveller ever gets
to cities 3, 4, and 5. In short, we have not been able to determine by
this method the cheapest route for the traveller to take if he wishes to
visit all five cities. In fact, much more advanced techniques are re-
quired to solve large travel routing problems of tais kind unless it
Jjust so happens in some particular case that a non-return routing can
be found among the solutions to the Job Assignment Problem with the

same array.

With regard to the product distribution problem, consider
Figure 12.

Warehouse I IT ITT

Demand Units 3 1 2

Cost per unit for Factory I | 5 L 7
Factory I capacity 2 P SE) X12 X13

Cost per unit from Factory II | 3 1 6
Factory II capacity 3 X21 X22 X23

Cost per unit from Factory III| L 2 9

Factory III capacity 1 X X X
Y paethy 31 32 33

FIGURE 12

Note that total factory capacity equals total demand. The units
of production and demand might be hundreds of thousands of pounds of pro-
duct. The cost units might be thousands of dollars to produce a unit at
a particular factory and ship it to a particular warehouse.

This problem is easily solved as a job assignment problem,
writing the array as shown in Figure 13. In Figure 13 we are concerned with
assigning a particular unit produced at a particular factory to one of the
places in one of the warehouses. The array shows the cost of assigning
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Warehouse

| I I I IT  IIT  III

Factory | A B C D E F
I 1 P > 5 L ! 7

I 2 5 5 5 L 7 [

II 3 3 3 3 1 6 6
I L 3 3 3 1 6 6
IT 5 3 3 3 1 6 6
IIT 6 L L 4 2 9 9

FIGURE 13

each produced unit to one of the spaces available in warehouses. Of
course in actual practice, one would work computationally with the array
written in the form of Figure 12 and even actually explained as in Figure

13.

Figure 12 and Figure 13 are related to the transportation plan-
ning problem involving empty trucks and mentioned earlier in the talk.
The demand units are now the number of empty carriers required at each
pick-up point. The production capacity units become the number of empty
carriers réleased by each unloading point. The cost units become the
cost of routing an empty carrier from a particular unloading point to
a particular pick-up point.

Unfortunately, there is no time left to consider an example
of the hide and seek game. Very briefly, the solution is that the
hider hides only at intersections represented by positions in the array
that appear in a solution of the Jjob assignment problem with this same
array. The hider hides in each of these positions a certain percentage
of the time, and these percentages are very simple algebraic functions
of the numbers appearing in the array at only these positions. There
is a similar computational rule for determining the frequency with which
the seeker seeks on each street. As is standard in game solutions, the
use of such a playing strategy by the hider ensures a certaln maximum
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expected loss that he can suffer and this maximum is also the smallest
such loss that he can guarantee himself. Von Neumannl presented the
game as an illustration of the fact that every two-person matrix game
is mathematically equivalent to some linear programming problem--in
his case to the Hitchcock~-Kantorovitch Distribution Problem.

-92-



10.

11.

REFERENCES

John von Neumann, Contributions to the Theory of Games, Volume II,
"A Certain Zero-Sum Two-Person Game Equivalent to the Optimal
Assignment Problem," Princeton University Press, 1953.

Frank L. Hitchcock, "The Distribution of a Product from Several
Sources to Numerous Localities," J. Math. Phys. Vol. 20, pp. 22k-
230 (1941).

L. Kantorovitch, "On the Translocation of Masses,'" Doklady Akad.
Nauk. SSSR: Vol. 37, pp. 199-201 (1942).

Tjalling C. Koopmans, "Optimum Utilization of the Transportation
System," Econometrica Vol. 17, Supplement pp. 136-145 (1949).

George B. Dantzig, "Application of the Simplex Method to a Trans-
portation Problem," (pp. 359-373). In: Activity Analysis of
Production and Allocation (Proceedings of the Linear Programming
Conference held at the University of Chicago, June, 1949),
Tjalling C. Koopmans, Ed., John Wiley and Sons, Inc., New York
(1951).

Tjalling C. Koopmans and Stanley Reiter, "A Mcdel of Transportation,"
(pp.222-259). In: Activity Analysis of Production and Allocation
(Proceedings of the Linear Programming Conference held at the Uni-
versity of Chicago, June, 1949), Tjalling C. Koopmans, Ed., John
Wiley and Sons, Inc., New York (1951).

Merrill M. Flood, "On the Hitchcock Distribution Problem," Pacific
J. Math. Vol. 3, pp. 369-386 (1953).

H. W. Kuhn, "The Hungarian Method for the Assignment Problem, "
Naval Research Logistics Quarterly, Vol. 2, Nos. 1 and 2, March-

June 1955, pp. 83-97.

Merrill M. Flood, "Application of Transportation Theory to Scheduling
a Military Tanker Fleet," J. Opns. Res. Soc. Am., Vol. 2, pp. 150-
152 (1954 ).

Merrill M. Flood, "The Traveling-Salesman Problem," Operations
Research, Vol. L, No. 1, February 1956, pp. 61-75.

Hassler Whitney, Proposed in a seminar talk at Princeton University.
Unpublished.

-93-



12.

13.
1k,

15.

16.

W. W. R. Ball, Mathematical Recreations and Essays, as revised by
H. 8. M. Coxeter (1lth ed.), pp. 262-266, Macmillan, New York, 1939.

Denes Konig, Theorie der Graphen, Chelsea, New York (1950).

Julia Robinson, "On the Hamiltonian Game (A Traveling-Salesman
Problem)," the RAND Corporation, December 1949 (unpublished);

"A Note on the Hitchcock-Koopmans Problem," The RAND Corporation,
June 1950 (unpublished).

G. Dantzig, R. Fulkerson, and S. Johnson, "Solution of a Large-
Scale Traveling-Salesman Problem," J. Opns. Res. Soc. Am. Vol. 2,

pp. 393-410 (195k4).

James R. Munkres. To be published in the Journal of the Society for
Industrial and Applied Mathematics.

-9k-



LINEAR PROGRAMMING IN INDUSTRY*

A. Charnes
Purdue University

For hundreds of years mathematics was developed in conjunc-
tion with the natural sciences. Very subtle relationships between a
few variables were studied. It is possible to express such relation-
ships in differential and integral equations. In contrast to this,
many operations problems involve very simple relationships between
many variables. Such problems are difficult to handle because of this
large number of variables. In a sense, linear programming is a mathe-
matics of complexity. Only recently have methods been developed which
give insight into the structure of these relationships.

Let us consider an example of a linear programming problem.
The example is greatly simplified but includes the essentials of more
complex problems.

There is a certain machine shop with two machines. The
machine shop makes two products. These are Widgets and Gadgets. For
making a gadget two hours is required on machine one. For making a
widget, three hours on machine one and five hours on machine two are
required.

The machine shop can sell widgets for one dollar each and can
sell gadgets for fifty cents each. Kach day twelve hours of time are
avallable on machine one and ten hours are available on machine two,
Figure 1 summarizes the conditions:

To Make To Make Machine
a a Time
Widget Gadget Available
Time required on machine one b) 2 12 Vv
Time required on machine two 5 0 10 W
Selling prices in cents 100 50
Number of each item made per day X Y
Figure 1

*¥ Written by J. E. Hoagbin from his notes taken during two talks by
A, Charnes, Purdue University.
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The problem is to determine the number of widgets and gadgets
to make. That is, to determine X and Y so as to maximize the return
for making the two items. We are not concerned with V and W for the
moment. They will be considered when we discuss later what is known
as the "dual" of this problem.

Let us put another restriction on the problem: only integral
numbers of widgets and gadgets are to be made. It is understood, of
course, that negative amounts of product cannot be made, and hence
negative values for X and Y cannot be allowed.

One way to solve this problem is to write down all the possi-
ble mixtures of product as in Table I. For this list we pick the mix-
ture that yields the highest return. In the table we see that mixture
(12) is the best. This calls for making two widgets and three gadgets.
The return will be $3.50. The mixtures having asterisks must be dis-
carded because they are not "feasible" mixtures in view of the restraints
on machine time available,

TABLE I
Program Hours
Widgets Gadgets Return Machine 1 Machine 2
(1) 1 0 $1.00 3 5
(2) 2 0 2.00 6 10
(%) 3 0 3.00 9 15%
(4) 1 1 1.50 5 5
(5) 1 2 2.00 7 5
(6) 1 3 2.50 9 5
(7) 1 N .00 11 5
(8) 1 5 3.50 15% 5
(9) 2 0 2.00 6 10
(10) 2 1 2.50 8 10
(11) 2 2 3.00 10 10
(12) 2 3 3.50 12 10
(13) 2 L k.00 1hx 10

Such a method of solution is entirely impractical in dealing
with large matrices.

A second way of solving the problem is to write the equa-
tions in X and Y, taking into account the constraints, and then to solve
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the set of simultaneous linear equations. For example, the require-
ments that available machine time not be exceeded may be written:

N

X + 2Y T 12 (1)

i\

54 € 10 (2)

Our requirement that X and Y both be positive can be expressed as

v

X2o0 (3)

Y

v
O
N
=
~—

Our desire to realize maximum return can be written as
Maximize 100X + 50Y (5)

8

1

NOMBER OF S”ﬁ::;/ \

GADGETS, Y

AN

X + 2Y = 12

ANSR
\\\/\ W\

A

\

100X + 50Y = 200
NUMBER OF WIDGETS, X

100X + 50Y = 350

Figure 2
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- Figure 2 shows graphically what is involved in the solution
of these equations. Such a graphical solution is not possible with
large matrices since spaces of dimensions higher than three are re-
quired to represent the surfaces involved.

In the figure the shaded region is the set from which feasi-
ble mixtures can be selected since in it both X and Y will be positive
and the available machine time will not be exceeded.

The problem is to find the "best" feasible mixture or the so-
called "optimal'" feasible mixture. This is the mixture that will make
equation (5) a maximum. The dotted lines in the figure show two of
this family of equations. We see from the figure that the optimal fea-
sible mixture calls for making two widgets and three gadgets for a
return of $5.50.

Note the importance of the vertex in the solution. The solu-
tion of a linear programming problem by the solution of a set of equa-
tions consists<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>