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The material covered in this book is intended as an
introduction to the field of management science.
The subject matter covers the mainstream manage-
ment science topics, along with the many practical
applications of management science concepts. We
include discussion and explanation of the concepts,
formulation of problems, and their associated man-
ual and Excel solutions.

The book describes both manual and computer
solutions for a variety of management science tools.
The purpose of manual solutions is to foster a con-
ceptual understanding of each technique while pre-
senting computer solutions to provide a practical
approach to solving real-world problems.

The key areas of application for each topic is de-
scribed, and appropriate techniques are explained in
simple terms, with step-by-step procedures for both
manual and computer solutions. There are ample
discussions of how to interpret solutions.

Every effort has been made to develop a text-
book that is readable and interesting. The writing
style is light and informal and assumes that readers
have no prior knowledge of the subject matter. The
concepts are developed in a logical format, usually
beginning with an overview so that readers can im-
mediately see what the discussion will be. Explana-
tions are clear and simple and often intuitive and
examples are sprinkled liberally throughout the text.

Solved problems are provided at the end of all
chapters . Students use them as a guide for solving the
end of chapter problems. Answers are given to most
odd numbered problems in the answer appendix.

* Jo b B IR AR A, AR AU S O, —— e E

Preface

Prerequisites for being able to understand the
material in this book are basic algebra and introduc-
tory statistics.

Pedagogical Features

Much attention has been devoted to pedagogy. This
book has a number of features designed to enhance
learning, including:

1. Every chapter begins with a chapter outline and
a list of behavioral objectives. These provide the
reader with a topical overview of the chapter
and a guide as to what to expect from the chap-
ter. Every chapter includes a summary.

2. There are numerous examples throughout the
chapter and a set of solved problems at the end
of each chapter that serves as a resource guide
for solving problems.

3. The end-of-chapter problems are plentiful. The
answers to most odd numbered problems are
given in the answer appendix.

4. The writing style is a key feature of this book. It
is light and informal and concentrates primarily
on key concepts and ideas; it does not spend a
lot of time with fine points and minor details.
Every effort has been made to present an inter-
esting, readable book.

5. A glossary of key terms is provided at the end of
every chapter.
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Introduction to Management
Science, Modeling, and
Excel Spreadsheets

Chapter ]

Learning Objectives

After completing this chapter, you . Demonstrate the basic building blocks
should be able to: and components of Excel.
1. Describe the importance of . Describe the basic nature and
management science. usefulness of break-even analysis.
. Describe the advantages of a . List and briefly explain each of the
quantitative approach to problem components of break-even analysis.

solving. . Solve typical break-even problems
. List some of the applications and use of manually and with Excel.

management science models.
. Discuss the types of models most
useful in management science.
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Management science is the discipline of applying advanced analytical methods to help
make better decisions. It is a discipline devoted to solving managerial-type problems using
quantitative models. This quantitative approach is widely employed in business. Areas of ap-
plication include forecasting, capital budgeting, portfolio analysis, capacity planning, schedul-
ing, marketing, inventory management, project management, and production planning.

In this first chapter, some of the basics of management science are covered, including the
answers to such questions as: What is management science? Who uses it? Why use a quantita-
tive approach? What are models, and why are they used? What are the different types of mod-
els? How are models used? Why are computers important in management science?

HE Introduction

Management science uses a logical approach to problem solving. The problem is viewed as
the focal point of analysis, and quantitative models are the vehicles by which solutions are
obtained.

A Problem Focus

By adopting a problem focus, a decision maker has the advantage of directing attention to the
essence of an analysis: to solve a specific problem. The problem in question may pertain to a
current condition or it may relate more to the future. An example of a current condition would
be customers complaining to the manager of a bank about the amount of time they have to
wait in line for a teller. It is hoped that these kinds of problems can be kept to a minimum; a
manger cannot be productive if he or she spends very much time putting out fires.

Often, problems result from inadequate planning. Hence, an ideal use of a manager’s
time, and of management science models, is to plan for the future. An example of that kind
of problem would be deciding where to locate a warehouse to minimize future shipping
costs. Another example would be choosing a plan for assigning jobs to machines that will
minimize the total time needed to complete the jobs. Still other examples include predict-
ing future demand so that intelligent decisions can be made about production levels, work-
force levels, capacity, and inventory; selecting the combination of product output quantities
that will maximize profits; and identifying appropriate levels of inventory.

Use of a Quantitative Approach

Problem solving can be either qualitative or quantitative. In qualitative problem solving, in-
tuition and subjective judgment are used. Past experience with similar problems is often an
important factor in choosing a qualitative approach, as are the complexity and importance
of a problem. Managers tend to use a qualitative approach to problem solving when:

1. The problem is fairly simple.
2. The problem is familiar.
3. The costs involved are not great.

Conversely, managers tend to use a quantitative approach when one or more of the follow-
ing conditions exist

1. The problem is complex.
2. The problem is not familiar.
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3. The costs involved are substantial.
4. Enough time is available to analyze the problem.

Generally speaking, decisions based on quantitative analysis tend to be more objective
than those based on a purely qualitative analysis. On the other hand, a purely quantitative
analysis will include only information that can be quantified. Therefore, the results of mod-
els should be followed routinely only for the simplest and best-understood cases; otherwise,
the results should be questioned and analyzed. As a general rule, the results of a mathemat-
ical analysis should be reviewed by management for reasonableness and feasibility.

The use of quantitative analysis is not new. Quantitative methods of problem solving
can be traced back to ancient times. Who would doubt that the great pyramids of Egypt
were designed and built using quantitative methods? In similar fashion, the movements
and supply requirements of Roman armies, the construction of ancient canals and water-
ways, and the ancient shipbuilding processes undoubtedly benefited from the use of
quantitative methods.

Many of the early uses involved engineering applications. However, there were very few
managerial applications of mathematical analysis before the Industrial Revolution, partic-
ularly with respect to problem solving. Even then, management science as we now know it
did not exist.

A key period in the development of the use of the quantitative approach to problem
solving came during World War II when teams of scientists were brought together to help
solve complex military problems on deploying troops, searching the seas, supplying troops,
and so on. These developments were given the name of operations research (OR) because
scientists were doing research on managing military operations. The abbreviation for oper-
ations research is often used in conjunction with the abbreviation for management science,
referring to the discipline as OR/MS. The following two societies publish journals and
newsletters dealing with news and the state-of-the-art research and applications of opera-
tions research and management science techniques: The Institute for Operations Research
and the Management Sciences (INFORMS), http://www.informs.org, and Decision Sciences
Institute (DSI), http://www.decisionsciences.org. After the war, many of the techniques used
by the operations researchers were adapted to business applications, and management sci-
ence began to emerge as a discipline. Previously developed quantitative techniques were
added along with newly developed techniques to form an expanding body of knowledge
that had important business applications.

One difficulty that early practitioners faced was the burdensome computational re-
quirements that often were required to solve even fairly simple problems. It is not surpris-
ing, then, that increasing use of management science has accompanied advances in
computer technology, both in hardware and software. Today, access to computers, both
mainframe and personal, puts the power of management science within the reach of virtu-
ally all managers.

The combination of access to computers and computer codes for solving management
problems, continuing developments in management science models, and successful appli-
cations have contributed to the respectability of management science as a discipline. Suc-
cessful applications of management science and new developments in this field are reported
regularly in such journals as Management Science, Decision Sciences, Interfaces, and Opera-
tions Research.

Finally, it should be noted that although the field of management science is not entirely
quantitative, the preponderance of management science applications fall under the heading
of quantitative analysis. For that reason, this book emphasizes applications involving quan-
titative models.
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HEl Models

A model is an abstraction of reality. It is a simplified, and often idealized, representation of
reality. An equation, an outline, a diagram, and a map are each an example of a model. By
its very nature a model is incomplete: A good model will capture the important details of
reality without including innumerable minor details that would obscure rather than illumi-
nate. You could think of a model as a selective abstraction because only those details that are
considered to be important for the problem at hand are included in the model. For exam-
ple, suppose the problem involved aerodynamic properties of a new automotive design. Im-
portant details that come to mind are weight, shape, size, and height. Unimportant details
include color, interior design, type of radio, and so on. Thus, it is important to carefully de-
cide which aspects of reality to include in a model.

Models provide a manager or analyst with an alternative to working directly with reality.
This allows the person using the model greater freedom in terms of experimenting with dif-
ferent ideas, controlling certain aspects of the situation, and investigating alternative solutions.
It also reduces the cost of mistakes if mistakes can be corrected within the realm of the model.

In practice, models are employed in a variety of ways. Symbolic models incorporate
numbers and algebraic symbols to represent important aspects of a problem, often in equa-
tion form. These numbers and symbols are then manipulated to solve for unknown values
of key variables. Moreover, mathematical models lend themselves to the computational
power inherent in calculators and computers.

Consider this simple mathematical model:

Profit = 5x
where
x = pounds of material sold

The number 5 represents the profit per unit of material, and the symbol x represents the
quantity of a certain material; profit is the product of the profit per unit and the number of
units sold. Thus, if 15 units are sold, the profit is 5(15) = $75.

A slightly more complex version of this model is the following:

Profit = 5x, + 8x; + 4x;
where

x; = pounds of material 1sold
x, = pounds of material 2 sold
x3 = pounds of material 3 sold

Thus, if x;, = 10, x, = 20, and x; = 30, the total profit would be
5(10) + 8(20) + 4(30) = $330

Mathematical models are made up of constants and variables; constants are fixed or
known quantities not subject to variation, whereas variables can take on different values
and can be either probabilistic or deterministic. Constants generally are represented by
numbers and the variables by letters.

Thus, in the model Profit = 5x, + 8x, + 4x3, the unit profits (5, 8, and 4) are the con-
stants and the quantities of materials 1, 2, and 3 (i.e., x, x,, and x3) are the variables. In this
example, the variables are decision variables. The manager or analyst would want to know
what values to set these at (i.e., how much of each material to produce) in order to obtain the
highest profit. Decision variables, therefore, are under the control of a decision maker and can
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be set at a desired level. Another kind of variable that is often encountered is an uncontrol-
lable variable. An example would be the weather: Although it is beyond the control of a
manager, weather sometimes is a factor that can have some bearing on profits. For instance,
a mild, rainy winter can substantially reduce profits at ski resorts. Similarly, rainy weather
and flooding can slow down a construction project. Other examples of uncontrollable vari-
ables include government decisions (for example, revision of the tax code, pollution regu-
lations), competitors’ decisions (e.g., product design, advertising, pricing), and consumer
decisions.

Thus, models that are used for problem solving include constants, decision variables,
and uncontrollable variables. The challenge for the manager or analyst who is developing a
model is to determine the levels of the decision variables that will best serve the goals of the
manager, given the constants and uncontrollable variables.

The models used in this book will be a blend of graphical, mathematical, and spread-
sheet models: The graphical models will help to illustrate important concepts and help you
to develop an intuitive understanding of various models, whereas the mathematical mod-
els will enable you to determine solutions for a wide range of problems. The spreadsheet
models translate mathematical models to a spreadsheet.

Benefits and Risks of Using Models

Models have numerous benefits for problem solvers, but there also are certain risks for the
users. Obviously, the benefits generally must tend to outweigh the risks, or models would
not be used.

An important benefit of using a model is that it allows an analyst to strip away many
unimportant details of reality and thereby focus attention on a small number of important
aspects of a problem. The risk in doing this is that one or more of the important aspects of
a problem may be inadvertently left out. If this happens, it is highly unlikely that the analyst
will be able to successfully solve the real-world problem using the model.

Another benefit of using quantitative models is that they force the analyst to quantify in-
formation. The risk is that nonquantitative information may be down-played or ignored be-
cause it is difficult or impossible to include that type of information in a quantitative model.

The third benefit of models is the structure they provide for analyzing a problem in
terms of what information is needed and how to organize information. One risk is that an
inexperienced analyst may attempt to force a problem to fit the model. In effect, chances of
obtaining a good solution would be diminished.

The process of developing a model can generate tremendous insight about reality. Care
must be taken, however, so that modeling does not become an end in itself. In fact, it is easy
to get carried away with modeling and to end up with a model that is more complex and
powerful than what is needed to solve the problem.

Another benefit of models is that they compress time. They usually are also less costly
than a real-life situation would be, and they permit users the luxury of experimentation
without dangers that would be inherent in a real-life setting. However, due to their abstract
nature, models sometimes do not adequately portray relationships that exist in reality. A
consequence of this kind of error is that solutions obtained from the model fail under the
harsh light of reality. One way to reduce this risk is to give careful consideration to the as-
sumptions on which the model is based.

Assumptions of Models

All models are based on assumptions (that is, conditions that are assumed to exist). Some
of these will be technical, such as “the relationship is linear”; others will be operational, such



