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The objective of management science is to solve the decision-
making problems that confront and confound managers
in both the public and the private sector by developing
mathematical models of those problems. These models
have traditionally been solved with various mathematical
techniques, all of which lend themselves to specific types of
problems. Thus, management science as a field of study has
always been inherently mathematical in nature, and as a
result sometimes complex and rigorous. When I began
writing the first edition of this book in 1979, my main goal
was to make these mathematical topics seem less complex
and thus more palatable to undergraduate business stu-
dents. To achieve this goal I started out by trying to provide
simple, straightforward explanations of often difficult
mathematical topics. I tried to use lots of examples that
demonstrated in detail the fundamental mathematical steps
of the modeling and solution techniques. Although in the
last two and a half decades the emphasis in management
science has shifted away from strictly mathematical to
mostly computer solutions, my objective has not changed. I
have provided clear, concise explanations of the techniques
used in management science to model problems, and pro-
vided many examples of how to solve these models on the
computer while still including some of the fundamental
mathematics of the techniques.

The stuff of management science can seem abstract, and
students sometimes have trouble perceiving the usefulness of
quantitative courses in general. I remember when [ was a stu-
dent I could not foresee how I would use such mathematical
topics (in addition to alot of the other things I learned in col-
lege) in any job after graduation. Part of the problem is that
the examples used in books often do not seem realistic.
Unfortunately, examples must be made simple to facilitate
the learning process. Larger, more complex examples reflect-
ing actual applications would be too complex to help the stu-
dent learn the modeling technique. The modeling techniques
presented in this text are, in fact, used extensively in the busi-
ness world, and their use is increasing rapidly because
of computer and information technology. Therefore, the
chances that students will use the modeling techniques that
they learn from this text in a future job are very great indeed.

Even if these techniques are not used on the job, the
logical approach to problem solving embodied in manage-
ment science is valuable for all types of jobs in all types of
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organizations. Management science consists of more than
just a collection of mathematical modeling techniques; it
embodies a philosophy of approaching a problem in a logi-
cal manner, as does any science. Thus, this text not only
teaches specific techniques but also provides a very useful
method for approaching problems.

My primary objective throughout all revisions of this
text is readability. The modeling techniques presented in
each chapter are explained with straightforward examples
that avoid lengthy written explanations. These examples
are organized in a logical step-by-step fashion that the stu-
dent can subsequently apply to the problems at the end of
each chapter. I have tried to avoid complex mathematical
notation and formulas wherever possible. These various
factors will, I hope, help make the material more interest-
ing and less intimidating to students.

Learning Features

This tenth edition of Introduction to Management Science
includes many features that are designed to help sustain and
accelerate the student’s learning of the material. Several of
the strictly mathematical topics—like the simplex and
transportation solution methods—are on the accompanying
Companion Web site at www.pearsonhighered.com/Taylor.
This frees up text space for additional modeling examples in
several of the chapters, allowing more emphasis on com-
puter solutions such as Excel spreadsheets, and added addi-
tional homework problems. In the following sections, we
will summarize these and other learning features that
appear in the text.

Text Organization An important objective is to have a
well-organized text that flows smoothly and follows a logi-
cal progression of topics, placing the different management
science modeling techniques in their proper perspective.
The first 10 chapters group together those chapters related
to mathematical programming that can be solved using
Excel spreadsheets, including linear, integer, nonlinear, and
goal programming as well as network techniques.

Within these mathematical programming chapters, the
traditional simplex procedure for solving linear program-
ming problems mathematically is located on the Companion
Web site at www.pearsonhighered.com/Taylor that accompa-
nies this text. It can still be covered by the student on the
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computer as part of linear programming, or it can be
excluded, without leaving a “hole” in the presentation of this
topic. The integer programming mathematical branch and
bound solution method is also on the Companion Web site. In
Chapter 6, on the transportation and assignment problems,
the strictly mathematical solution approaches, including the
northwest corner, VAM, and stepping-stone methods, are also
on the accompanying Companion Web site. Because trans-
portation and assignment problems are specific types of net-
work problems, the two chapters that cover network flow mod-
els and project networks that can be solved with linear
programming, as well as traditional model-specific solution
techniques and software, follow Chapter 6 on transportation
and assignment problems. In addition, in Chapter 10, on non-
linear programming, the traditional mathematical solution
techniques, including the substitution method and the method
of Lagrange multipliers, are on the Companion Web site.
Chapters 11 through 14 include topics generally thought
of as being probabilistic, including probability and statistics,
decision analysis, queuing, and simulation. A module on
Markov analysis is on the accompanying Companion Web
site. Also,a module on game theory is on the Companion Web
site. Forecasting in Chapter 15 and inventory management in

Chapter 16 are both unique topics related to operations
management.

Excel Spreadsheets This new edition continues to emphasize
Excel spreadsheet solutions of problems. Spreadsheet solu-
tions are demonstrated in all the chapters in the text (except
for Chapter 2, on linear programming modeling and graphical
solution), for virtually every management science modeling
technique presented. These spreadsheet solutions are presented
in optional subsections, allowing the instructor to decide
whether to cover them. The text includes more than 175 Excel
spreadsheet screens for the latest Excel 2007. Most include
reference callout boxes that describe the solution steps within
the spreadsheet. Files that include all the Excel spreadsheet
model solutions for the examples in the text are included
on the Companion Web site and can be easily downloaded by
the student to determine how the spreadsheet was set up and
the solution derived, and to use as templates to work home-
work problems. In addition, Appendix B at the end of the text
provides a tutorial on how to set up and edit spreadsheets for
problem solution. Following is an example of one of the Excel
spreadsheet files (from Chapter 3) that is available on the
Companion Web site accompanying the text.

Boa | Mug
40 50 Resources
(Coastraint| Available | Left over
[ 2 40 < A0 0
4 3 120 [ <= | w20 0

subject lo.

1x; + 203 <= 40
4xy+ 3xp <= 120
Xy, x2>= 0

Spreadsheet “Add-Ins” Several spreadsheet add-in packages
are available with this book, often in trial and premium ver-
sions. For complete information on options for downloading
each package, please visit www.pearsonhighered.com/Taylor.

Note to instructors: An access code that permits students
to download the full version of all packages is available as a
free bundle with this text. To obtain ordering information,
please contact your local sales rep, or visit the catalog page
for this book at www.pearsonhighered.com.

Excel QM For some management science topics, the Excel
formulas that are required for solution are lengthy and com-
plex and thus are very tedious and time-consuming to type
into a spreadsheet. In several of these instances in the book,
including Chapter 6 on transportation and assignment prob-
lems, Chapter 12 on decision analysis, Chapter 13 on queuing,
Chapter 15 on forecasting, and Chapter 16 on inventory

control, a spreadsheet “add-in” called Excel QM is demon-
strated. These add-ins provide a generic spreadsheet setup with
easy-to-use dialog boxes and all of the formulas already typed
in for specific problem types. Unlike other “black box” soft-
ware, these add-ins allow users to see the formulas used in each
cell. The input, results, and the graphics are easily seen and can
be easily changed, making this software ideal for classroom
demonstrations and student explorations. Following on the
next page is an example of an Excel QM file (from Chapter 13)
that is on the Companion Web site that accompanies the text.

Premium Solver for Education This is an upgraded
version of the standard Solver that comes with Excel.
Complete information on how to download this upgraded
version is available at www.pearsonhighed.com/Taylor.

TreePlan Another spreadsheet add-in program that is
demonstrated in the text is TreePlan, a program that will set
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of one of the Crystal Ball files (from Chapter 14) that is on
the Companion Web site.

QM for Windows Software Package QM for Windows is
the computer package that is included on the text
Companion Web site and that many students and instruc-
tors will prefer to use with this text. This software is very
user-friendly, requiring virtually no preliminary instruc-
tion except for the “help” screens that can be accessed
directly from the program. It is demonstrated throughout

the text in conjunction with virtually every management
science modeling technique, except simulation. The text
includes 50 QM for Windows screens used to demonstrate
example problems. Thus, for most topics problem solution
is demonstrated via both Excel spreadsheets and QM for
Windows. Files that include all the QM for Windows solu-
tions for examples in the text are included on the accompa-
nying Companion Web site. Following is an example of one
of the QM for Windows files (from Chapter 4) that is on
the Companion Web site.

o 1

== S00 41111

57.7778 500

45,522.22 | X3 + X4 <= 500

el e = |

Microsoft Project As we indicated previously when talking
about the new features in this edition, Chapter 8 on Project
Management focuses on the popular software package

Microsoft Project. Following is an example of one of the
Microsoft Project files (from Chapter 8) that is available on
the text Companion Web site.

JoT——

clicking an item below.

ficking an icemm displays touls st
s

€
Instuetions

{
Aftor planming yeur tasks, yor
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New Problems and Cases Previous editions of the text
always provided a substantial number of homework
questions, problems, and cases to offer students practice.
This edition includes more than 750 homework prob-
lems, 30 of which are new, and 62 end-of-chapter cases,
10 of which are new. In addition, four additional spread-
sheet modeling cases are provided on the Companion
Web site.

Management Science Applications Boxes These boxes are
located in every chapter in the text. They describe how a com-
pany, organization, or agency uses the particular manage-
ment science technique being presented and demonstrated in
the chapter to compete in a global environment. There are 50
of these boxes, 20 of which are new, throughout the text and

they encompass a broad range of business and public sector
applications, both foreign and domestic.

Marginal Notes Notes are included in the margins that
serve the same basic function as notes that students them-
selves might write in the margin. They highlight certain
topics to make it easier for the student to locate them, they
summarize topics and important points, and they provide
brief definitions of key terms and concepts.

Examples The primary means of teaching the various quan-
titative modeling techniques presented in this text is through
examples. Thus, examples are liberally inserted throughout
the text, primarily to demonstrate how problems are solved
with the different quantitative techniques and to make them



easier to understand. These examples are organized in a logi-
cal step-by-step solution approach that the student can sub-
sequently apply to the homework problems.

Solved Example Problemns At the end of each chapter, just
prior to the homework questions and problems, there is a
section with solved examples to serve as a guide for doing
the homework problems. These examples are solved in a
detailed, step-by-step fashion.

Instructors’ and Students’ Supplements
For the Instructor:

® Excel Homework Solutions—In addition to the printed
Instructor’s Solutions Manual, almost every end-of-
chapter homework and case problem in this text has a
corresponding Excel solution file for the instructor.
This new edition includes 750 end-of-chapter home-
work problems and Excel solutions are provided for all
but a few of them. Excel solutions are also provided for
most of the 62 end-of-chapter case problems. These
solution files can be accessed from the Instructor’s
Resource Center at www.pearsonhighered.com/Taylor,
as shown in the illustration below. These Excel files also
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include those homework and case problem solutions
using TreePlan (from Chapter 12) and those using
Crystal Ball (from Chapter 14). In addition, Microsoft
Project solution files are available for homework prob-
lems in Chapter 8.

PowerPoint Presentations—PowerPoint presenta-
tions are available for every chapter to enhance lec-
tures. They feature figures, tables, Excel, and main
points from the text. They are available for instructor
download at www.pearsonhighered.com/Taylor.
Instructor’s Solutions Manual—The instructor’s
Solutions Manual contains detailed solutions for all
end-of-chapter exercises and cases. In addition to a
printed solutions manual, these solutions are pro-
vided electronically on the text’s Web site.

Test Item File—The test item file contains a variety
of true/false, multiple choice, and problem-solving
questions for each chapter.

Instructor’s Resource Center—The Instructor’s Resource
Center contains the electronic files for the complete
Instructor’s Solutions Manual, the Test Item File, TestGen
software, and Power Point Slides. They are available for
download at www.pearsonhighered.com/Taylor. This of
course is open only to instructors who must register

for use.
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TestGen Software

The print Test Item Files are designed for use with the
TestGen test generating software. This computerized pack-
age allows instructors to custom design, save, and generate
classroom tests. This software allows for greater flexibility
and ease of use. It provides many options for organizing
and displaying tests, along with a search and sort feature.

For the Student:

® Companion Web site—The student Web site contains
all the files needed for use with this text as well as
information on how to obtain various third party
and companion software. Visit this site at www
.pearsonhighered.com/Taylor for the most recent
updates and information.
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2 CHAPTER1 MANAGEMENT SCIENCE

Management science is a
scientific approach to solving
management problems.

Management science can be used
in a variety of organizations to
solve many different types of
problens.

Management science encompasses
a logical approach to problem
solving.
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The steps of the scientific method
are (1) observation, (2) problem
definition, (3) model construction,
(4) model solution, and

(5) implementation.

anagement science is the application of a scientific approach to solving management
Mproblems in order to help managers make better decisions. As implied by this defini-
tion, management science encompasses a number of mathematically oriented techniques
that have either been developed within the field of management science or been adapted
from other disciplines, such as the natural sciences, mathematics, statistics, and engineer-
ing. This text provides an introduction to the techniques that make up management
science and demonstrates their applications to management problems.

Management science is a recognized and established discipline in business. The applica-
tions of management science techniques are widespread, and they have been frequently
credited with increasing the efficiency and productivity of business firms. In various sur-
veys of businesses, many indicate that they use management science techniques, and most
rate the results to be very good. Management science (also referred to as operations research,
quantitative methods, quantitative analysis, and decision sciences) is part of the fundamental
curriculum of most programs in business.

As you proceed through the various management science models and techniques con-
tained in this text, you should remember several things. First, most of the examples pre-
sented in this text are for business organizations because businesses represent the main
users of management science. However, management science techniques can be applied to
solve problems in different types of organizations, including services, government, mili-
tary, business and industry, and health care.

Second, in this text all of the modeling techniques and solution methods are mathemat-
ically based. In some instances the manual, mathematical solution approach is shown
because it helps one understand how the modeling techniques are applied to different
problems. However, a computer solution is possible for each of the modeling techniques in
this text, and in many cases the computer solution is emphasized. The more detailed math-
ematical solution procedures for many of the modeling techniques are included as supple-
mental modules on the companion Web site for this text.

Finally, as the various management science techniques are presented, keep in mind that
management science is more than just a collection of techniques. Management science also
involves the philosophy of approaching a problem in a logical manner (i.e., a scientific
approach). The logical, consistent, and systematic approach to problem solving can be as
useful (and valuable) as the knowledge of the mechanics of the mathematical techniques
themselves. This understanding is especially important for those readers who do not always
see the immediate benefit of studying mathematically oriented disciplines such as manage-
ment science.

As indicated in the previous section, management science encompasses a logical, systematic
approach to problem solving, which closely parallels what is known as the scientific
method for attacking problems. This approach, as shown in Figure 1.1, follows a generally
recognized and ordered series of steps: (1) observation, (2) definition of the problem,
(3) model construction, (4) model solution, and (5) implementation of solution results.
We will analyze each of these steps individually.

Observation
The first step in the management science process is the identification of a problem that
exists in the system (organization). The system must be continuously and closely observed



Figure 1.1

The management science
process

A management scientist is a
person skilled in the application of
management science techniques.

A model is an abstract
mathematical representation of a
problem situation.

A variable is a symbol used to
represent an item that can take on
any value.
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so that problems can be identified as soon as they occur or are anticipated. Problems are
not always the result of a crisis that must be reacted to but, instead, frequently involve an
anticipatory or planning situation. The person who normally identifies a problem is the
manager because managers work in places where problems might occur. However, prob-
lems can often be identified by a management scientist, a person skilled in the techniques
of management science and trained to identify problems, who has been hired specifically to
solve problems using management science techniques.

Definition of the Problem

Once it has been determined that a problem exists, the problem must be clearly and con-
cisely defined. Improperly defining a problem can easily result in no solution or an inap-
propriate solution. Therefore, the limits of the problem and the degree to which it pervades
other units of the organization must be included in the problem definition. Because the
existence of a problem implies that the objectives of the firm are not being met in some
way, the goals (or objectives) of the organization must also be clearly defined. A stated
objective helps to focus attention on what the problem actually is.

Model Construction
A management science model is an abstract representation of an existing problem situa-
tion. It can be in the form of a graph or chart, but most frequently a management science
model consists of a set of mathematical relationships. These mathematical relationships are
made up of numbers and symbols.

As an example, consider a business firm that sells a product. The product costs $5 to
produce and sells for $20. A model that computes the total profit that will accrue from the
items sold is

Z = $20x — 5x

In this equation x represents the number of units of the product that are sold, and Z rep-
resents the total profit that results from the sale of the product. The symbols x and Z are
variables. The term variable is used because no set numeric value has been specified for these
items. The number of units sold, x, and the profit, Z, can be any amount (within limits); they
can vary. These two variables can be further distinguished. Z is a dependent variable because



