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PREFACE

Management science is a quantitative approach to decision making
and has demonstrated itself to be a powerful decision making approach in
a wide variety of managerial contexts. The primary objectives of this intro-
ductory text are

1. To familiarize the reader with the vocabulary of management science.

2. To acquaint the reader with some of the capabilities of management
science in various types of managerial situations.

3. To develop in the reader an ability to construct and analyze simple
management science models which will help the reader to make
good decisions.

In order to achieve these objectives a broad assortment of management
science models is presented. Applications are taken from finance, marketing,
production, advertising, real estate development, small business operations,
banking, transportation, health care, and public administration.

The development of the material in this text is oriented toward an
intuitive, practical approach. Since beginning students learn most readily
through the use of examples, illustrations and examples play a prominent
role in the process of communicating the concepts of management science
to the reader. In view of this, considerable effort has been devoted to
avoiding the usual insipid examples which do little to stir the reader’s inter-
est.

Chapter 2 gives the algebra and probability prerequisites in something
of a ““self-teaching” form. The reader will find that the algebra and probabil-
ity used in the text does not go beyond that introduced in Chapter 2 except
in a couple of places. In these cases the new mathematical technique is
fully explained at its initial point of use. Even with much of the algebra
and probability covered in Chapter 2, another explanation of the same
type is given at the point of its first use in later chapters.

Monte Carlo simulation is used in several chapters in analyzing certain
decision situations which might otherwise require a mathematical model
which is too complex. Through the construction of a simulation model,
the reader can readily see the relationships among many of the variables
and can experiment by making changes in the controllable variables. This
will give the mathematically naive reader a fuller insight into the method
of management science.

With regard to the chapters that might be covered in a course, a
few suggestions may be made. After the introductory material of Chapter



1 and the review of Chapter 2, it is recommended that the introductory
decision analysis of Chapter 3 be studied. The decision analysis model gives
the reader an understanding of the typical elements of a management science
model and the primary means of reaching a decision on the basis of the
model. After this, there is considerable flexibility in the sequencing of the
chapters. This flexibility is shown in the following diagram.
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1. INTRODUCTION TO
MANAGEMENT SCIENCE

1.1 SKETCHES

For the sake of introducing management science, several brief sketches
of decision situations will be given which are representative of those where
management science can make a significant contribution to decision making.

Kearfott Case

A large aerospace company has been awarded the contract to build
a new mobile ICBM, which, when launched from any spot in the northern
hemisphere, must “‘read” the stars as it ascends, thereby determining its
precise location, and then guide itself to the predetermined target. The
company is not in a position to develop and produce the guidance system
for the missile because of the missile’s sophisticated nature and because
of time constraints. It has, consequently, decided to accept bids from subcon-
tractors for the work to be done. One such subcontractor is Kearfott, Inc.

Ernesto Carlos is Kearfott’s executive responsible for the preparation
and submission of a bid for the stellar guidance system contract. What
are some of the difficulties facing Carlos in this situation? For one, there
is the matter of determining the cost of developing and producing the
guidance system. While the R & D, engineering, and production depart-
ments can all estimate their respective costs for such a project, Carlos must
determine the reliability of such estimates. Considerable attention must be
devoted to accurately projecting costs. If one of these departments signifi-
cantly underestimates and if Kearfott gets the contract, it is obvious that
serious consequences for the profitability of the contract will follow.

Even if Carlos knew with certainty the costs to perform this contract,
there would also be the matter of determining the actual bid. If the estimated
costs were $10 million, should Kearfott bid $10.1 million or $12 million
for the guidance system contract? A low bid would offer a good chance
of obtaining the contract; but if such a bid were submitted and subsequently



won, it would offer Kearfott only a small profit. A bid of $12 million, on
the other hand, would offer a substantial profit, but would be less likely
to win against the bids of the other companies. Thus, Carlos is beset with
various difficulties in attempting to prepare a bid for the guidance system.

It will be seen in Chapter 15 that management science offers a concrete,
logical method of grappling with a bidding situation such as Kearfott faces.

Port of San Francisco Authority Case

The George Washington Bridge extends from San Francisco to Alca-
traz Island, the financial center of Western civilization. Since the George
Washington Bridge is a toll bridge, visitors to Alcatraz must pay a toll of
50¢ upon crossing it and then another toll of 50¢ upon returning. The
other way to get to the island from San Francisco is through the Holland
Tunnel which was dug by the Mole Man of Alcatraz. The tunnel, like the
bridge, bears a one-way toll of 50¢. With economic woes besetting the
city of San Francisco, the city put pressure on the Port of San Francisco
Authority to cut the costs of operating the bridge and tunnel while keeping
the toll revenues stable. The story of how this was done is one of the
great monuments to human ingenuity.

Wilbur Wright and his brother Orville were retained by the Port
Authority to expend their genius for the accomplishment of the cost-cutting
task. It was Wilbur who said on that occasion, *“What goes up must come
down.” The quick-of-mind Orville took hold of this profound insight and
adapted it to the situation at hand, “What goes out (to Alcatraz Island)
must come back.” Because of this astute comprehension of the situation,
the Port Authority dismissed half of its toll-takers and retained only those
who collected the tolls from the travellers going to the island via the bridge
or the tunnel. The new toll, of course, was §1. Toll revenues remained
the same, and the travellers were pleased in having to pay a toll once
instead of twice. In this way, the payroll for toll-takers was cut in half
and the Port Authority was successful in cutting costs.

The city administrators were impressed with the cost reduction and
with the ease with which it was accomplished. Nevertheless, they felt that
more could be done. The Port Authority had to therefore consider the
possibility of reducing the number of toll-takers who serviced the travellers
crossing to the island. (Remember that the toll-takers servicing the travellers
returning to San Francisco had already been eliminated.) Because the resi-
dents of San Francisco were tiring of great social experiments, the Port
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Authority was afraid to experimentally alter the number of toll-takers in
order to see the effects on the waiting time of the travellers crossing the
bridge or the tunnel to the island. It was forced to undertake an extensive
“theoretical” study through which consulting management scientists were
able to predict how much extra waiting would result if the number of
toll-takers were reduced by varying amounts. The Port Authority and the
consultants were then able to decide how many toll-takers could safely be
dismissed without causing excessive line-ups by the cars crossing to the
island.

In Chapter 14, management science techniques which deal with deci-
sions concerning service and waiting lines will be explored. These sorts
of models were employed by the consulting management scientists working
for the Port Authority.

Colemans Case

Colemans is a large department store which has replaced its old stan-
dard cash registers with computerized registers. While still performing the
traditional functions, the computerized register also serves as a component
in the inventory system. When a customer purchases a harvest gold electric
popcorn popper, for example, the clerk types into the register the inventory
identification number for this specific product. The computer to which the
cash register is tied then automatically accounts for this sale of one harvest
gold popper. When the number of harvest gold poppers in inventory falls
below a prescribed number, the computer which is keeping track of inven-
tory prints out this fact or might even print an order to replenish the supply
of harvest gold poppers.

To operate this elaborate system, Colemans must specify two numbers
for the harvest gold poppers. First, a reorder level must be determined.
The reorder level is the level of inventory, such as three harvest gold pop-
pers, which triggers the computer to print a request, or order, for the
replenishing of the harvest gold poppers. Should this reorder level be a
low number, like three, or a high number such as six? Quite obviously, if
Colemans reorders a shipment of harvest gold poppers when inventory
falls to a relatively high number like six, it is not probable that it will run
out of poppers while waiting for the new shipment to arrive. Letting the
inventory level fall to three before reordering, however, runs the risk of
selling out the poppers before the new shipment arrives. It would seem,
then, that a customer-oriented store like Colemans ought to always use a

CHAPTER 1 Introduction to Management Science 3



high reorder level so that it will never have to turn away customers seeking
harvest gold poppers.

On the other hand, high reorder levels have some unpleasant ramifica-
tions. With the higher reorder level Colemans will end up carrying extra
harvest gold poppers in inventory. Then, of course, if a higher reorder
level is used for harvest gold poppers, it should for the same reason also
be used for avocado poppers, white poppers, aluminum poppers, and for
poppy red poppers. In fact, in order to be consistent the higher reorder
level should prevail for all Colemans products (for example, for newborn
disposable diapers, toddler disposable diapers, . . . , 3’ chain link fencing,
4' chain link fencing, . . . , 4 H.P. rototillers, 5 H.P. rototillers, . . .,
gold curtain rods, white curtain rods, and so on). Quite obviously, Colemans,
in uniformly using higher reorder levels, will be forced to carry a huge
extra inventory. This means that money which could have been used else-
where will be tied up in inventory and that more storage space will be
required. It is clear that there are disadvantages to high reorder levels as
well as disadvantages to low levels.

Assuming that Colemans could optimally set reorder levels for each
product sold, the second problem concerns the size of the order that Cole-
mans should place for the sake of replenishing inventory. Should Colemans
order 10 or 30 harvest gold poppers? The matter of determining reorder
levels and order sizes is a problem which is best handled through a manage-
ment science approach. Management science has made a substantial contribu-
tion in the area of inventory control. Chapter 13 will deal with some
inventory models which are helpful in the management of inventory.

Beetle, Beezel, & Gookin Case

Beetle, Beezel & Gookin is an advertising agency out of Philadelphia
which puts together packages of television commercials. BB&G buys televi-
sion time from stations all over the United States. One day the makers of
Acnil, an unknown but promising new acne skin creme, approached BB&G
with the intent of hiring BB&G to put together a national television promo-
tion for Acnil. The makers of Acnil were specific in communicating to
BB&G how many young people, old people, middle-income people, women,
men, and so forth should be exposed to Acnil commercials. Since BB&G
had information as to how many persons in each of these groups were
watching various television programs, it was next up to BB&G to put to-
gether a minimum cost television campaign which met all of Acnil’s require-
ments. In other words, BB&G needed to purchase, for as little as possible,
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a wide enough assortment of television spots to expose the desired number
of viewers in the various categories specified by the makers of Acnil. Acnil
ads, as a result of BB&G's efforts, appeared on a broad variety of television
programs over several months.

How did BB&G put together this minimum cost television campaign?
A management science technique known as linear ‘programming was used
to select the set of television programs which would meet the manufacturer’s
requirements while keeping costs to a minimum. Linear programming has
many sorts of applications in various disciplines. LP is presented in Chapters
5 through 8.

1.2 DEFINITION OF MANAGEMENT SCIENCE

In attempting to define or describe something, there are two possible
approaches that may be taken. A definition can be given or some examples
can be given. If you were called upon to describe a stone to someone
unfamiliar with the same, you could turn to the dictionary which states
that a stone is ‘“‘concreted earthy or mineral matter.”” Such a definition
might prove to be less than informative. A better method of communication
would be to display to the person an assortment of stones of various sizes,
colors, and shapes.

In attempting to define or describe management science, there are
also these two alternative approaches. This chapter will try to define manage-
ment science according to the dictionary approach, although excessive time
will not be spent in that pursuit. The most effective and interesting way
to communicate the character of management science is through the use
of examples; accordingly, the succeeding chapters of this text will serve
as the display of management science in its various ‘‘sizes, colors, and
shapes.” (The four cases outlined in the first section give a preliminary
glimpse into the variety of situations with which management science deals.)

One of many definitions of management science is that it is a scientific
approach to making decisions in a managerial context. A narrower definition
would state that it is a scientific approach which utilizes mathematical and
statistical methods in making decisions in managerial situations.

The term “management science” suggests that this discipline has some-
thing to do with management and something to do with science. Consider
first the management aspect, then the science aspect.

Decision making is the very heart of management; and having been
convinced of the centrality of decision making to management, one would
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be correct in concluding that management science is concerned with decision
making. It is further recognized that the management process is indigenous
to all kinds of organizations. Management is not confined to profit-making
corporations, but is common to every organization whether that organization
be a hospital, a university, a governmental agency, or a business. The organi-
zation lives, moves, and adapts only through the implementation of decisions.
And not only is the management process operating in all types of organiza-
tions, but also it is present at the various levels in the hierarchies of these
organizations. Hence it may be expected that “management” science will
have a wide spectrum of application.

The term “‘science’”’ connotes a couple of ideas which are relevant
to management science. In the first place, we think of science as being an
explicit, systematic, structured undertaking. So it is that management “sci-
ence’ is an explicit, systematic, and well-structured approach to decision
making. In the second place, the term brings to mind the concepts of hypothe-
sis, observation, and experimentation. In management science alternative
courses of action (hypotheses) are evaluated. These evaluations are accom-
plished through the method of experimenting with a model. Just as the
aerodynamic engineer uses a model or replica of a plane in the wind tunnel
for experimentation purposes, the management scientist uses a model of
the decision situation in order to evaluate the choices that can be made.
In this sense also management science becomes a scientific approach to
making decisions.

In addition to the above definitions, some of the predominant charac-
teristics of management science should be noted. First, management science
is particularly concerned with decisions which have economic ramifications
or consequences, creating thereby an abundant mention of revenues, costs,
and profits. The fact that economic consequences are relatively easy to quan-
tify leads to the second characteristic of management science. As with most
sciences, the liberal use of mathematics is an efficient way to describe manage-
rial decision situations. This is not to say, however, that management science
is a branch of mathematics. As Bertrand Russell has argued in Principia
Mathematica, mathematics is an extension of logic. Thus, in using mathemat-
ics, the management scientist is applying a powerful form of logic in order
to assist in making decisions.

1.3 GENESIS AND DEVELOPMENT OF MANAGEMENT SCIENCE

How long has management science been in use? The answer to this
question depends upon how strictly management science is defined. Most
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