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Preface

SPREADSHEETS

We have long been concerned that traditional management science textbooks have not taken
the best approach in introducing business students to this exciting field. Our goal when ini-
tially developing this book during the late 1990s was to break out of the old mold and present
new and innovative ways of teaching management science more effectively. We have been
gratified by the favorable response to our efforts. Many reviewers and other users of the first
four editions of the book have expressed appreciation for its various distinctive features, as
well as for its clear presentation at just the right level for their business students.

Our goal for this fifth edition has been to build on the strengths of the first four editions.
Co-author Mark Hillier has won several schoolwide teaching awards for his spreadsheet mod-
eling and management science courses at the University of Washington while using the first
four editions, and this experience has led to many improvements in the current edition. We
also incorporated many user comments and suggestions. Throughout this process, we took
painstaking care to enhance the quality of the preceding edition while maintaining the distinc-
tive orientation of the book.

This distinctive orientation is one that closely follows the recommendations in the 1996
report of the operating subcommittee of the INFORMS Business School Education Task
Force, including the following extract.

There is clear evidence that there must be a major change in the character of the (introductory
management science) course in this environment. There is little patience with courses centered
on algorithms. Instead, the demand is for courses that focus on business situations, include
prominent non-mathematical issues, use spreadsheets, and involve model formulation and
assessment more than model structuring. Such a course requires new teaching materials.

This book is designed to provide the teaching materials for such a course.

In line with the recommendations of this task force, we believe that a modern introductory
management science textbook should have three key elements. As summarized in the subtitle
of this book, these elements are a modeling and case studies approach with spreadsheets.

The modern approach to the teaching of management science clearly is to use spreadsheets
as a primary medium of instruction. Both business students and managers now live with
spreadsheets, so they provide a comfortable and enjoyable learning environment. Modern
spreadsheet software, including Microsoft Excel used in this book, now can be used to do
real management science. For student-scale models (which include many practical real-world
models), spreadsheets are a much better way of implementing management science models
than traditional algebraic solvers. This means that the algebraic curtain that was so prevalent
in traditional management science courses and textbooks now can be lifted.

However, with the new enthusiasm for spreadsheets, there is a danger of going over-
board. Spreadsheets are not the only useful tool for performing management science analy-
ses. Occasional modest use of algebraic and graphical analyses still have their place and
we would be doing a disservice to the students by not developing their skills in these areas
when appropriate. Furthermore, the book should not be mainly a spreadsheet cookbook that
focuses largely on spreadsheet mechanics. Spreadsheets are a means to an end, not an end
in themselves.

A MODELING APPROACH

viii

This brings us to the second key feature of the book, a modeling approach. Model formula-
tion lies at the heart of management science methodology. Therefore, we heavily emphasize
the art of model formulation, the role of a model, and the analysis of model results. We pri-
marily (but not exclusively) use a spreadsheet format rather than algebra for formulating and
presenting a model.
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Some instructors have many years of experience in teaching modeling in terms of for-
mulating algebraic models (or what the INFORMS Task Force called “model structuring”).
Some of these instructors feel that students should do their modeling in this way and then
transfer the model to a spreadsheet simply to use the Excel Solver to solve the model. We dis-
agree with this approach. Our experience (and the experience reported by many others) is that
most business students find it more natural and comfortable to do their modeling directly in
a spreadsheet. Furthermore, by using the best spreadsheet modeling techniques (as presented
in this edition), formulating a spreadsheet model tends to be considerably more efficient
and transparent than formulating an algebraic model. Another benefit is that the spreadsheet
model includes all the relationships that can be expressed in an algebraic form and we often
will summarize the model in this format as well.

Another break from tradition in this book (and several contemporary textbooks) is to virtually
ignore the algorithms that are used to solve the models. We feel that there is no good reason why
typical business students should learn the details of algorithms executed by computers. Within
the time constraints of a one-term management science course, there are far more important
lessons to be learned. Therefore, the focus in this book is on what we believe are these far more
important lessons. High on this list is the art of modeling managerial problems on a spreadsheet.

Formulating a spreadsheet model of a real problem typically involves much more than
designing the spreadsheet and entering the data. Therefore, we work through the process
step by step: understand the unstructured problem, verbally develop some structure for the
problem, gather the data, express the relationships in quantitative terms, and then lay out the
spreadsheet model. The structured approach highlights the typical components of the model
(the data, the decisions to be made, the constraints, and the measure of performance) and the
different types of spreadsheet cells used for each. Consequently, the emphasis is on the mod-
eling rather than spreadsheet mechanics.

A CASE STUDIES APPROACH

However, all this still would be quite sterile if we simply presented a long series of brief
examples with their spreadsheet formulations. This leads to the third key feature of this
book—a case studies approach. In addition to examples, nearly every chapter includes one or
two case studies patterned after actual applications to convey the whole process of applying
management science. In a few instances, the entire chapter revolves around a case study. By
drawing the student into the story, we have designed each case study to bring that chapter’s
technique to life in a context that vividly illustrates the relevance of the technique for aiding
managerial decision making. This storytelling, case-centered approach should make the mate-
rial more enjoyable and stimulating while also conveying the practical considerations that are
key factors in applying management science.

We have been pleased to have several reviewers of the first four editions express particular
appreciation for our case study approach. Even though this approach has received little use
in other management science textbooks, we feel that it is a real key to preparing students for
the practical application of management science in all its aspects. Some of the reviewers have
highlighted the effectiveness of the dialogue/scenario enactment approach used in some of
the case studies. Although unconventional, this approach provides a way of demonstrating the
process of managerial decision making with the help of management science. It also enables
previewing some key concepts in the language of management.

Every chapter also contains full-fledged cases following the problems at the end of the
chapter. These cases usually continue to employ a stimulating storytelling approach, so they
can be assigned as interesting and challenging projects. Most of these cases were developed
jointly by two talented case writers, Karl Schmedders (a faculty member at the University
of Zurich in Switzerland) and Molly Stephens (formerly a management science consultant
with Andersen Consulting). The authors also have added some cases, including several
shorter ones. In addition, the University of Western Ontario Ivey School of Business (the
second-largest producer of teaching cases in the world) has specially selected cases from
their case collection that match the chapters in this textbook. These cases are available on
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the Ivey website, cases.ivey.uwo.ca/cases, in the segment of the CaseMate area designated
for this book. This website address is provided at the end of each chapter as well.

We are, of course, not the first to incorporate any of these key features into a management
science textbook. However, we believe that the book currently is unique in the way that it
fully incorporates all three key features together.

OTHER SPECIAL FEATURES

We also should mention some additional special features of the book that are continued from
the fourth edition.

* Diverse examples, problems, and cases convey the pervasive relevance of management
science.

* A strong managerial perspective.

» Learning objectives at the beginning of each chapter.

* Numerous margin notes that clarify and highlight key points.

» Excel tips interspersed among the margin notes.

* Review questions at the end of each section.

* A glossary at the end of each chapter.

e Partial answers to selected problems in the back of the book.

* Supplementary text material on the CD-ROM (as identified in the table of contents).

* An Excel-based software package (MS Courseware) on the CD-ROM and website that
includes many add-ins, templates, and files (described below).

e Other helpful supplements on the CD-ROM and website (described later).

A NEW SOFTWARE PACKAGE

This edition continues to integrate Excel 2010 and its Solver (a product of Frontline Systems)
throughout the book. However, we are excited to also add to this edition an impressive more
recent product of Frontline Systems called Risk Solver Platform for Education (or RSPE
for short). RSPE also is an Excel add-in and its Solver shares some of the features of the Excel
Solver. However, in addition to providing all the key capabilities of the Excel Solver, RSPE
adds some major new functionalities as outlined below:

* A more interactive user interface, with the model parameters always visible alongside the
main spreadsheet, rather than only in the Solver dialog box.

» Parameter analysis reports that provide an easy way to see the effect of varying data in a
model in a systematic way.

* A model analysis tool that reveals the characteristics of a model (e.g., whether it is linear
or nonlinear, smooth or nonsmooth).

* Tools to build and solve decision trees within a spreadsheet.

* The ability to build and run sophisticated Monte Carlo simulation models.

* An interactive simulation mode that allows simulation results to be shown instantly when-
ever a change is made to a simulation model.

e The RSPE Solver can be used in combination with computer simulation to perform simu-
lation optimization.

A CONTINUING FOCUS ON EXCEL AND ITS SOLVER

As with all the preceding editions, this edition continues to focus on spreadsheet modeling
in an Excel format. Although it lacks some of the functionalities of RSPE, the Excel Solver
continues to provide a completely satisfactory way of solving most of the spreadsheet models
encountered in this book. This edition continues to feature this use of the Excel Solver when-
ever either it or the RSPE Solver could be used.

Many instructors prefer this focus because it avoids introducing other complications that
might confuse their students. We agree.
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However, the key advantage of introducing RSPE in this edition is that it provides an all-in-
one complement to the Excel Solver. There are some important topics in the book (including
decision analysis and computer simulation) where the Excel Solver lacks the functionalities
needed to deal with these kinds of problems. Multiple Excel add-ins—Solver Table, Tree-
Plan, Senslt, RiskSim, Crystal Ball, and OptQuest (a module of Crystal Ball)—were intro-
duced in previous editions to provide the needed functionalities. RSPE alone now replaces all
of these add-ins.

OTHER SOFTWARE

Each edition of this book has provided a comprehensive Excel-based software package called
MS Courseware on the CD-ROM and website. RSPE replaces various Excel add-ins in this
package. Otherwise, the remainder of this package is being provided again with the current
edition.

This package includes Excel files that provide the live spreadsheets for all the various
examples and case studies throughout the book. In addition to further investigating the exam-
ples and case studies, these spreadsheets can be used by either the student or instructor as tem-
plates to formulate and solve similar problems. The package also includes dozens of Excel
templates for solving various models in the book.

MS Courseware includes additional software as well.

* Interactive Management Science Modules for interactively exploring certain manage-
ment science techniques in depth (including techniques presented in Chapters 1, 2, 5, 10,
11, 12, and 18).

* Queueing Simulator for performing computer simulations of queueing systems (used in
Chapter 12).

NEW FEATURES IN THIS EDITION

We have made some important enhancements to the fifth edition.

* A Substantial Revision of Chapter 1. In addition to some updates and a new end-of-
chapter case, the example at the heart of the chapter has been modernized to better attract
the interest of the students. The example now deals with iWatches instead of grandfather
clocks.

e A New Section Introduces Risk Solver Platform for Education (RSPE). Section 2.6
presents the basics of how to use RSPE. It is placed near the end of Chapter 2 to avoid
disrupting the flow of the chapter, including the introduction of the Excel Solver.

* Parameter Analysis Reports Are Introduced and Widely Used. Parameter analysis
reports are introduced in Chapter 5 for performing sensitivity analysis systematically. This
key tool of RSPE also receives important use in Chapters 7, 8, and 13.

e Chapter 8 Is Revised to Better Identify the Available Solving Methods for Nonlinear
Programming. The Excel Solver and the RSPE Solver share some solving methods for
nonlinear programming and then the RSPE Solver adds another one. These solving meth-
ods and when each one should be used are better identified now.

e A New Section on Using RSPE to Analyze a Model and Choose a Solving Method. A
new Section 8.6 describes a key tool of RSPE for analyzing a model and choosing the best
solving method.

* A Substantial Revision of Chapter 9 (Decision Analysis). RSPE has outstanding func-
tionality for constructing and analyzing decision trees. This functionality is thoroughly
exploited in the revised Chapter 9.

* A Key Revision of the First Computer Simulation Chapter. Computer simulation
commonly is used to analyze complicated queueing systems, so it is natural for Chapter
12 (Computer Simulation: Basic Concepts) to refer back to Chapter 11 (Queueing Mod-
els) occasionally. However, some instructors cover Chapter 12 but skip over Chapter 11.
Therefore, we have revised Chapter 12 to make it as independent of Chapter 11 as possible
while still covering this important kind of application of computer simulation.
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A Major Revision of the Second Computer Simulation Chapter. Although the exam-
ples remain the same, the old Chapter 13 (Computer Simulation with Crystal Ball) has been
thoroughly revised to replace Crystal Ball by Risk Solver Platform for Education (RSPE).
Most students already will be familiar with RSPE from preceding chapters, which should
provide a gentler entry into this chapter. More importantly, this impressive, relatively new
software package has some significant advantages over Crystal Ball for performing and
analyzing computer simulations. However, an updated version of the old Chapter 13 still
will be available on the CD-ROM (now Chapter 20) for instructors who wish to stick with
Crystal Ball for the time being.

A New Section on Decision Making with Computer Simulations. A key tool of RSPE is
its use of multiple simulation runs to generate parameter analysis reports and trend charts
that can provide an important guide to managerial decision making. Section 13.8 describes
this approach to decision making.

A New Section on Optimizing with Computer Simulations. Another key tool of RSPE
is that its Solver can use multiple simulation runs to automatically search for an opti-
mal solution for simulation models with any number of decision variables. Section 13.9
describes this approach.

Additional Links to Articles that Describe Dramatic Real Applications. The fourth
edition includes 23 application vignettes that describe in a few paragraphs how an actual
application of management science had a powerful effect on a company or organization by
using techniques like those being studied in that portion of the book. The current edition
adds seven more vignettes based on recent applications (while deleting two old ones). We
also continue the practice of adding a link to the journal articles that fully describe these
applications, through a special arrangement with the Institute for Operations Research and
the Management Sciences (INFORMS™). Thus, the instructor now can motivate his or her
lectures by having the students delve into real applications that dramatically demonstrate
the relevance of the material being covered in the lectures. The end-of-chapter problems
also include an assignment after reading each of these articles.

We continue to be excited about this partnership with INFORMS, our field’s preeminent
professional society, to provide a link to these 28 articles describing spectacular applica-
tions of management science. INFORMS is a learned professional society for students, aca-
demics, and practitioners in quantitative and analytical fields. Information about INFORMS
journals, meetings, job bank, scholarships, awards, and teaching materials is available at
www.informs.org.

Refinements in Each Chapter. Each chapter in the fourth edition has been carefully
examined and revised as needed to update and clarify the material after also taking into
account the input provided by reviewers and others.
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OTHER SUPPLEMENTS

The Instructor’s Edition of this book’s Online Learning Center, www.mhhe.com/hillierSe,
is password-protected and a convenient place for instructors to access course supplements.
Resources for professors include the complete solutions to all problems and cases, a test bank
with hundreds of multiple-choice and true-false questions, and PowerPoint Presentation. The
PowerPoint slides include both lecture materials for nearly every chapter and nearly all the
figures (including all the spreadsheets) in the book.

The student’s CD-ROM bundled with the book provides most of the MS Courseware
package. It also includes a tutorial with sample test questions (different from those in the
instructor’s test bank) for self-testing quizzes on the various chapters.

The materials on the student CD-ROM can also be accessed on the Student’s Edition of the
Online Learning Center, www.mhhe.com/hillierSe. The website also provides the remain-
der of the MS Courseware package, as well as access to the INFORMS articles cited in the
application vignettes and updates about the book, including errata. In addition, the publisher’s
operations management supersite at www.mhhe.com/pom/ links to many resources on the
Internet that you might find pertinent to this book.

We invite your comments, suggestions, and errata. You can contact either one of us at the
e-mail addresses given below. While giving these addresses, let us also assure instructors that
we will continue our policy of not providing solutions to problems and cases in the book to
anyone (including your students) who contacts us. We hope that you enjoy the book.

Frederick S. Hillier
Stanford University (fhillier@stanford.edu)

Mark S. Hillier
University of Washington (mhillier@uw.edu)

June 2012
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Chapter One

Introduction

Learning Objectives
After completing this chapter, you should be able to

. Define the term management science.

. Describe the nature of management science.

. Explain what a mathematical model is.

. Use a mathematical model to perform break-even analysis.
. Use a spreadsheet model to perform break-even analysis.

o Ul A W N =

. Identify the levels of annual savings that management science sometimes can provide
to organizations.

7. ldentify some special features of this book.

Welcome to the field of management science! We think that it is a particularly exciting and
interesting field. Exciting because management science is having a dramatic impact on the
profitability of numerous business firms around the world. Interesting because the methods
used to do this are so ingenious. We are looking forward to giving you a guided tour to intro-
duce you to the special features of the field.

Some students approach a course (and textbook) about management science with a cer-
tain amount of anxiety and skepticism. The main source of the anxiety is the reputation of
the field as being highly mathematical. This reputation then generates skepticism that such
a theoretical approach can have much relevance for dealing with practical managerial prob-
lems. Most traditional courses (and textbooks) about management science have only rein-
forced these perceptions by emphasizing the mathematics of the field rather than its practical
application.

Rest easy. This is not a traditional management science textbook. We realize that most
readers of this book are aspiring to become managers, not mathematicians. Therefore, the
emphasis throughout is on conveying what a future manager needs to know about manage-
ment science. Yes, this means including a little mathematics here and there, because it is a
major language of the field. The mathematics you do see will be at the level of high school
algebra plus (in the later chapters) basic concepts of elementary probability theory. We think
you will be pleasantly surprised by the new appreciation you gain for how useful and intuitive
mathematics at this level can be. However, managers do not need to know any of the heavy
mathematical theory that underlies the various techniques of management science. Therefore,
the use of mathematics plays only a strictly secondary role in the book.

One reason we can deemphasize mathematics is that powerful spreadsheet software now is
available for applying management science. Spreadsheets provide a comfortable and familiar
environment for formulating and analyzing managerial problems. The spreadsheet takes care
of applying the necessary mathematics automatically in the background with only a minimum
of guidance by the user. This has begun to revolutionize the use of management science.
In the past, technically trained management scientists were needed to carry out significant
management science studies for management. Now spreadsheets are bringing many of the
tools and concepts of management science within the reach of managers for conducting their
own analyses. Although busy managers will continue to call upon management science teams
to conduct major studies for them, they are increasingly becoming direct users themselves

1



2 Chapter One Introduction

through the medium of spreadsheet software. Therefore, since this book is aimed at future
managers (and management consultants), we will emphasize the use of spreadsheets for
applying management science.

What does an enlightened future manager need to learn from a management science course?

1. Gain an appreciation for the relevance and power of management science. (Therefore, we
include many application vignettes throughout the book that give examples of actual appli-
cations of management science and the impact they had on the organizations involved.)

2. Learn to recognize when management science can (and cannot) be fruitfully applied.
(Therefore, we will emphasize the kinds of problems to which the various management
science techniques can be applied.)

3. Learn how to apply the major techniques of management science to analyze a variety of man-
agerial problems. (Therefore, we will focus largely on how spreadsheets enable many such
applications with no more background in management science than provided by this book.)

4. Develop an understanding of how to interpret the results of a management science study.
(Therefore, we will present many case studies that illustrate management science studies
and how their results depend on the assumptions and data that were used.)

The objectives just described are the key teaching goals of this book.

We begin this process in the next two sections by introducing the nature of management
science and the impact that it is having on many organizations. (These themes will continue
throughout the remaining chapters as well.) Section 1.4 then points out some of the special
features of this book that you can look forward to seeing in the subsequent chapters.

1.1 THE NATURE OF MANAGEMENT SCIENCE

What is the name management science (sometimes abbreviated MS) supposed to convey?
It does involve management and science or, more precisely, the science of management, but
this still is too vague. Here is a more suggestive definition.

Management science is a discipline that attempts to aid managerial decision making by applying
a scientific approach to managerial problems that involve quantitative factors.

Now let us see how elaborating upon each of the italicized terms in this definition conveys
much more about the nature of management science.

Management Science Is a Discipline

As a discipline, management science is a whole body of knowledge and techniques that are
based on a scientific foundation. For example, it is analogous in some ways to the medical
field. A medical doctor has been trained in a whole body of knowledge and techniques that
are based on the scientific foundations of the medical field. After receiving this training and
entering practice, the doctor must diagnose a patient’s illness and then choose the appropriate
medical procedures to apply to the illness. The patient then makes the final decision on which
medical procedures to accept. For less serious cases, the patient may choose not to consult
a doctor and instead use his own basic knowledge of medical principles to treat himself.
Similarly, a management scientist must receive substantial training (albeit considerably less
than for a medical doctor). This training also is in a whole body of knowledge and techniques
that are based on the scientific foundations of the discipline. After entering practice, the
management scientist must diagnose a managerial problem and then choose the appropriate
management science techniques to apply in analyzing the problem. The cognizant manager
then makes the final decision as to which conclusions from this analysis to accept. For less
extensive managerial problems where management science can be helpful, the manager may
choose not to consult a management scientist and instead use his or her own basic knowledge
of management science principles to analyze the problem.

Although it has considerably longer roots, the rapid development of the discipline began
in the 1940s and 1950s. The initial impetus came early in World War II, when large numbers
of scientists were called upon to apply a scientific approach to the management of the war
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effort for the allies. Another landmark event was the discovery in 1947 by George Dantzig
of the simplex method for solving linear programming problems. (Linear programming is the
subject of several early chapters.) Another factor that gave great impetus to the growth of the
discipline was the onslaught of the computer revolution.

The traditional name given to the discipline (and the one that still is widely used today
outside of business schools) is operations research. This name was applied because the
teams of scientists in World War Il were doing research on how to manage military opera-
tions. The abbreviation OR also is widely used. This abbreviation often is combined with the
one for management science (MS), thereby referring to the discipline as OR/MS. According
to projections from the U.S. Bureau of Labor Statistics for the year 2013, there are approxi-
mately 65,000 individuals working as operations research analysts in the United States with
an average annual salary of about $79,000.

Another discipline that is closely related to management science is business analytics.
Like management science, business analytics attempts to aid managerial decision making but
with particular emphasis on three types of analysis: (1) descriptive analytics—the use of data
(sometimes massive amounts of data) to analyze trends, (2) predictive analytics—the use of
data to predict what will happen in the future (perhaps by using the forecasting techniques
described in Chapter 10), and (3) prescriptive analytics—the use of data to prescribe the best
course of action (frequently by using the optimization techniques described throughout this
book). Broadly speaking, the techniques of the management science discipline provide the
firepower for prescriptive analytics and, to a lesser extent, for predictive analytics, but not so
much for descriptive analytics.

One major international professional society for the management science discipline
(as well as for business analytics) is the Institute for Operations Research and the Man-
agement Sciences (INFORMS). Headquartered in the United States, with over 10,000
members, this society holds major conferences in the United States each year (including
an annual Conference for Business Analytics and Operations Research) plus occasional
conferences elsewhere. It also publishes several prominent journals, including Manage-
ment Science, Operations Research, Analytics, and Interfaces. (Articles describing actual
applications of management science are featured in Interfaces, so you will see many refer-
ences and links to this journal throughout the book.) In addition, a few dozen countries
around the world have their own national operations research societies. (More about this
in Section 1.3.)

Thus, operations research/management science (OR/MS) is a truly international discipline.
(We hereafter will just use the name management science or the abbreviation MS.)

Management Science Aids Managerial Decision Making

The key word here is that management science aids managerial decision making. Manage-
ment scientists don’t make managerial decisions. Managers do. A management science study
only provides an analysis and recommendations, based on the quantitative factors involved in
the problem, as input to the cognizant managers. Managers must also take into account vari-
ous intangible considerations that are outside the realm of management science and then use
their best judgment to make the decision. Sometimes managers find that qualitative factors
are as important as quantitative factors in making a decision.

A small informal management science study might be conducted by just a single individ-
ual, who may be the cognizant manager. However, management science feams normally are
used for larger studies. (We often will use the term feam to cover both cases throughout the
book.) Such a team often includes some members who are not management scientists but who
provide other types of expertise needed for the study. Although a management science team
often is entirely in-house (employees of the company), part or all of the team may instead
be consultants who have been hired for just the one study. Consulting firms that partially or
entirely specialize in management science currently are a growing industry.

Management Science Uses a Scientific Approach

Management science is based strongly on some scientific fields, including mathematics and
computer science. It also draws on the social sciences, especially economics. Since the field
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is concerned with the practical management of organizations, a management scientist should
have solid training in business administration, including its various functional areas, as well.

To a considerable extent, a management science team will attempt to use the scientific
method in conducting its study. This means that the team will emphasize conducting a sys-
tematic investigation that includes careful data gathering, developing and testing hypotheses
about the problem (typically in the form of a mathematical model), and then applying sound
logic in the subsequent analysis.

When conducting this systematic investigation, the management science team typically
will follow the (overlapping) steps outlined and described below.

Step 1: Define the problem and gather data. In this step, the team consults with man-
agement to clearly identify the problem of concern and ascertain the appropriate objec-
tives for the study. The team then typically spends a surprisingly large amount of time
gathering relevant data about the problem with the assistance of other key individuals in
the organization. A common frustration is that some key data are either very rough or
completely unavailable. This may necessitate installing a new computer-based manage-
ment information system.

Another increasingly common problem is that there may be too much data available to
be easily analyzed. Dramatic advances in computerized data capture, processing power,
data transmission, and storage capabilities are enabling organizations to integrate their
various databases into massive data warehouses. This has led to the development of data-
mining software for extracting hidden predictive information, correlations, and patterns
from large databases.

Fortunately, the rapid development of the information technology (IT) field in recent
years is leading to a dramatic improvement in the quantity and quality of data that may be
available to the management science (MS) team. Corporate IT now is often able to provide
the computational resources and databases, as well as any helpful data mining, that are
needed by the MS team. Thus, the MS team often will collaborate closely with the IT group.

Step 2: Formulate a model (typically a mathematical model) to represent the
problem. Models, or approximate representations, are an integral part of everyday life.
Common examples include model airplanes, portraits, globes, and so on. Similarly, mod-
els play an important role in science and business, as illustrated by models of the atom,
models of genetic structure, mathematical equations describing physical laws of motion
or chemical reactions, graphs, organization charts, and industrial accounting systems.
Such models are invaluable for abstracting the essence of the subject of inquiry, showing
interrelationships, and facilitating analysis.

Mathematical models are also approximate representations, but they are expressed
in terms of mathematical symbols and expressions. Such laws of physics as F' = ma and
E = mc” are familiar examples. Similarly, the mathematical model of a business problem
is the system of equations and related mathematical expressions that describes the es-
sence of the problem.

With the emergence of powerful spreadsheet technology, spreadsheet models now
are widely used to analyze managerial problems. A spreadsheet model lays out the rel-
evant data, measures of performance, interrelationships, and so forth, on a spreadsheet in
an organized way that facilitates fruitful analysis of the problem. It also frequently incor-
porates an underlying mathematical model to assist in the analysis, but the mathematics is
kept in the background so the user can concentrate on the analysis.

The modeling process is a creative one. When dealing with real managerial problems
(as opposed to some cut-and-dried textbook problems), there normally is no single “cor-
rect” model but rather a number of alternative ways to approach the problem. The mod-
eling process also is typically an evolutionary process that begins with a simple “verbal
model” to define the essence of the problem and then gradually evolves into increasingly
more complete mathematical models (perhaps in a spreadsheet format).

We further describe and illustrate such mathematical models in the next section.

Step 3: Develop a computer-based procedure for deriving solutions to the problem
from the model. The beauty of a well-designed mathematical model is that it enables the
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use of mathematical procedures to find good solutions to the problem. These procedures
usually are run on a computer because the calculations are too extensive to be done by
hand. In some cases, the management science team will need to develop the procedure. In
others, a standard software package already will be available for solving the model. When
the mathematical model is incorporated into a spreadsheet, the spreadsheet software nor-
mally includes a Solver that usually will solve the model.

Step 4: Test the model and refine it as needed. Now that the model can be solved,

the team needs to thoroughly check and test the model to make sure that it provides a
sufficiently accurate representation of the real problem. A number of questions should be
addressed, perhaps with the help of others who are particularly familiar with the problem.
Have all the relevant factors and interrelationships in the problem been accurately incor-
porated into the model? Does the model seem to provide reasonable solutions? When it is
applied to a past situation, does the solution improve upon what was actually done? When
assumptions about costs and revenues are changed, do the solutions change in a plausible
manner?

Step 5: Apply the model to analyze the problem and develop recommendations for
management. The management science team now is ready to solve the model, perhaps
under a variety of assumptions, in order to analyze the problem. The resulting recommen-
dations then are presented to the managers who must make the decisions about how to
deal with the problem.

If the model is to be applied repeatedly to help guide decisions on an ongoing basis,
the team might also develop a decision support system. This is an interactive
computer-based system that aids managerial decision making. The system draws
current data from databases or management information systems and then solves the
various versions of the model specified by the manager.

Step 6: Help to implement the team’s recommendations that are adopted by
management. Once management makes its decisions, the management science team nor-
mally is asked to help oversee the implementation of the new procedures. This includes
providing some information to the operating management and personnel involved on the
rationale for the changes that are being made. The team also makes sure that the new
operating system is consistent with its recommendations as they have been modified and
approved by management. If successful, the new system may be used for years to come.
With this in mind, the team monitors the initial experience with the system and seeks to
identify any modifications that should be made in the future.

Management Science Considers Quantitative Factors

Many managerial problems revolve around such quantitative factors as production quantities,
revenues, costs, the amounts available of needed resources, and so on. By incorporating these
quantitative factors into a mathematical model and then applying mathematical procedures to
solve the model, management science provides a uniquely powerful way of analyzing such
managerial problems. Although management science is concerned with the practical manage-
ment of organizations, including taking into account relevant qualitative factors, its special
contribution lies in this unique ability to deal with the quantitative factors.

The Special Products Company example discussed below will illustrate how management

science considers quantitative factors.

N
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. When did the rapid development of the management science discipline begin?
. What is the traditional name given to this discipline that still is widely used outside of business

schools?

. What does a management science study provide to managers to aid their decision making?

Upon which scientific fields and social sciences is management science especially based?
What is a decision support system?

What are some common quantitative factors around which many managerial problems
revolve?
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1.2 AN ILLUSTRATION OF THE MANAGEMENT SCIENCE APPROACH:
BREAK-EVEN ANALYSIS

A cost that remains the
same regardless of the pro-
duction volume is referred
to as a fixed cost, whereas

a cost that varies with the
production volume is called
a variable cost.

Excel Tip: To update
formulas throughout the
spreadsheet to incorporate a
newly defined range name,
choose Apply Names from
the Define Name menu on
the Formulas tab

The Special Products Company produces expensive and unusual gifts to be sold in stores
that cater to affluent customers who already have everything. The latest new-product pro-
posal to management from the company’s Research Department is a first-of-its-kind iWatch.
This iWatch would combine the features of a top-of-the-line atomic wristwatch and a next-
generation smartphone, including the ability to respond to voice commands or questions with
voice responses. It also would connect to the Internet wirelessly to provide weather, sports
scores, stock quotes, and more. An extensive research-and-development project would be
needed to develop the iWatch. The proposal is to provide a generous budget of $10 million
for this project in order to provide as many desirable features as possible within this budget.
It is clear that the production costs for the iWatch would be very large because of the extreme
miniaturization that would be required, so the selling price would need to be far beyond the
reach of middle-class customers. Therefore, the marketing of the iWatch would be aimed at
wealthy customers who want the most advanced products regardless of cost.

Management needs to decide whether to develop and market this new product and, if so,
how many of these watches to produce. Before making these decisions, a sales forecast will
be obtained to estimate how many watches can be sold. Since most of these sales would
occur quickly during the relatively brief time before the “next big thing” arrives to take over
the market, there would be only one production run for the iWatch and the number produced
would be set equal to the sales forecast. Following the production run, the iWatch would be
marketed as aggressively as needed to sell this entire inventory if possible. Management now
needs a management science study to be conducted to determine how large this sales potential
needs to be to make the iWatch profitable after considering all the prospective revenues and
costs, so let’s next look at the estimates of these financial figures.

If the company goes ahead with this product, the research-and-development cost of
$10 million is referred to as a fixed cost because it remains the same regardless of how
many watches are produced and sold. (However, note that this cost would nof be incurred
if management decides not to introduce the product since the research-and-development
project then would not be undertaken.)

In addition to this fixed cost, there is a production cost that varies with the number of
watches produced. This variable cost is $1,000 per watch produced, which adds up to $1,000
times the number of watches produced. (The cost for each additional unit produced, $1,000,
is referred to as the marginal cost.) Each watch sold would generate a unit revenue of $2,000
for the company.

Spreadsheet Modeling of the Problem

You will see throughout this book that spreadsheets provide a very convenient way of using
a management science approach for modeling and analyzing a wide variety of managerial
problems. This certainly is true for the Special Products Company problem as well, as we
now will demonstrate.

Figure 1.1 shows a spreadsheet formulation of this problem after obtaining a sales forecast that
indicates 30,000 watches can be sold. The data have been entered into cells C4 to C7. Cell C9 is
used to record a trial value for the decision as to how many watches to produce. As one of the many
possibilities that eventually might be tried, Figure 1.1 shows the specific trial value of 20,000.

Cells F4 to F7 give the resulting total revenue, total costs, and profit (loss) by using the
Excel equations shown under the spreadsheet in Figure 1.1. The Excel equations could have
been written using cell references (e.g., F6 = C6*C9). However, the spreadsheet model
is made clearer by giving “range names” to key cells or blocks of cells. (A range name
is a descriptive name given to a cell or range of cells that immediately identifies what is
there. Appendix A provides details about how to incorporate range names into a spreadsheet
model.) To define a name for a selected cell (or range of cells), click on the name box (on the
left of the formula bar above the spreadsheet) and type a name. These cell names then can
be used in other formulas to create an equation that is easy to decipher (e.g., TotalVariable-
Cost = MarginalCost*ProductionQuantity rather than the more cryptic F6 = C6*C9). Note
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FIGURE 1.1
A spreadsheet formulation of the Special Products Company problem.
Al B | c D E F
1 [Special Products Co. Break-Even Analysis
2
3 Data Results
4 Unit Revenue $2,000 Total Revenue $40,000,000
5 Fixed Cost $10,000,000 Total Fixed Cost $10,000,000
6 Marginal Cost $1,000 Total Variable Cost $20,000,000
7 Sales Forecast 30,000 Profit (Loss)
8
9 Production Quantity 20,000
Range Name Cell E F
38
FixedCost C5 Results
MarginalCost ©6 4 Total Revenue | =UnitRevenue * MIN(SalesForecast, ProductionQuantity)
ProductionQuanﬁty C9 5 Total Fixed Cost | =IF(ProductionQuantity > 0, FixedCost, 0)
ggztsForecast g; 6 Total Variable Cost | =MarginalCost * ProductionQuantity
TotalFixedCost F5 7 Profit (Loss) | =TotalRevenue — (TotalFixedCost + TotalVariableCost)
TotalRevenue F4
TotalVariableCost F6
UnitRevenue C4

Excel Tip: A list of all the
defined names and their
corresponding cell refer-
ences can be pasted into a
spreadsheet by choosing
Paste Names from the Use
in Formula menu on the
Formulas tab, and then
clicking on Paste List.

A spreadsheet is a conve-
nient tool for performing
what-if analysis.

The Excel function MIN
(a, b) gives the minimum
of the numbers in the cells

whose addresses are a and
b.

The Excel function IF
(a, b, c) tests if a is true.
If so, it uses b, otherwise
it uses c.

that spaces are not allowed in range names. When a range name has more than one word, we
have used capital letters to distinguish the start of each new word (e.g., ProductionQuantity).

The lower left-hand corner of Figure 1.1 lists the names of the quantities in the spreadsheet
in alphabetical order and then gives cell references where the quantities are found. Although
this isn’t particularly necessary for such a small spreadsheet, you should find it helpful for the
larger spreadsheets found later in the book.

This same spreadsheet is provided for you live in your MS Courseware on the CD-ROM.
(All the spreadsheets in the book are included in your MS Courseware.) As you can see for
yourself by bringing up and playing with the spreadsheet, it provides a straightforward way of
performing what-if analysis on the problem. What-if analysis involves addressing such ques-
tions as what happens if the sales forecast should have been considerably lower? What hap-
pens if some of the cost and revenue estimates are wrong? Simply enter a variety of new values
for these quantities in the spreadsheet and see what happens to the profit shown in cell F7.

The lower right-hand corner of Figure 1.1 introduces two useful Excel functions, the
MIN(a, b) function and the IF(a, b, ¢) function. The equation for cell F4 uses the MIN(a, b)
function, which gives the minimum of @ and b. In this case, the estimated number of watches
that will be sold is the minimum of the sales forecast and the production quantity, so

F4 = UnitRevenue*MIN(SalesForecast, ProductionQuantity)

enters the unit revenue (from cell C4) times the minimum of the sales forecast (from C7) and
the production quantity (from C9) into cell F4.

Also note that the equation for cell F5 uses the IF(q, b, ¢) function, which does the follow-
ing: If statement « is true, it uses b, otherwise, it uses c¢. Therefore,

F5 = IF(ProductionQuantity > 0, FixedCost, 0)

says to enter the fixed cost (C5) into cell F5 if the production quantity (C9) is greater than
zero, but otherwise enter 0 (the fixed cost is avoided if production is not initiated).

The spreadsheet in Figure 1.1, along with its equations for the results in column F, con-
stitutes a spreadsheet model for the Special Products Company problem. You will see many
examples of such spreadsheet models throughout the book.
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This particular spreadsheet model is based on an underlying mathematical model that uses
algebra to spell out the equations in cells F4:F7 and then to derive some additional useful
information. Let us take a look at this mathematical model next.

Expressing the Problem Mathematically
The issue facing management is to make the following decision.

Decision to be made: Number of watches to produce (if any).

Since this number is not yet known, we introduce an algebraic variable Q to represent this
quantity. Thus,

O = Number of watches to produce,

where Q is referred to as a decision variable. Naturally, the value chosen for Q should not
exceed the sales forecast for the number of watches that can be sold. Choosing a value of 0 for
O would correspond to deciding not to introduce the product, in which case none of the costs
or revenues described in the preceding paragraph would be incurred.

The objective is to choose the value of O that maximizes the company’s profit from this
new product. The management science approach is to formulate a mathematical model to
represent this problem by developing an equation that expresses the profit in terms of the
decision variable Q. To get there, it is necessary first to develop equations in terms of Q for
the total cost and revenue generated by the watches.

If O = 0, no cost is incurred. However, if O > 0, there is both a fixed cost and a variable cost.

Fixed cost = $10 million (if Q > 0)
Variable cost = $1,000 Q

Therefore, the total cost would be

Total cost = {0 ifQ =0
$10 million + $1,0000 ifQ >0

Since each watch sold would generate a revenue of $2,000 for the company, the total rev-
enue from selling O watches would be

Total revenue = $2,0000
Consequently, the profit from producing and selling O watches would be

Profit = Total revenue — Total cost

B {o ifO =0
~ 1$2,0000 — ($10 million + $1,0000) ifQ >0

Thus, since $2,0000 — $1,0000 = $1,0000
Profit = —$10 million + $1,0000  ifQ > 0

Analysis of the Problem

This last equation shows that the attractiveness of the proposed new product depends greatly
on the value of Q, that is, on the number of watches that can be produced and sold. A small
value of O means a loss (negative profit) for the company, whereas a sufficiently large value
would generate a positive profit for the company. For example, look at the difference between
0 = 2,000 and Q = 20,000.

Profit = —$10 million + $1,000 (2,000) = —$8 million ifQ =120
Profit = —$10 million + $1,000 (20,000) = $10 million if O = 200

Figure 1.2 plots both the company’s total cost and total revenue for the various values
of Q. Note that the cost line and the revenue line intersect at O = 10,000. For any value of
0 < 10,000, cost exceeds revenue, so the gap between the two lines represents the /oss to the
company. For any O > 10,000, revenue exceeds cost, so the gap between the two lines now



FIGURE 1.2
Break-even analysis for
the Special Products
Company shows that the
cost line and revenue line
intersect at O = 10,000
watches, so this is the
break-even point for the
proposed new product.

constraints

A constraint in a mathemat-
ical model is an inequality
or equation that expresses
some restrictions on the
values that can be assigned
to the decision variables.
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Revenue/Cost A
in $millions

50
40
- Total revenue = $2000Q
30
20 Total cost = $10 million + $1000Q if Q > 0

10 F--F-FA---— - - — - Fixed cost = $10 million if Q > 0

| | | | | | | >
>

0 5 10 15 20 25 (]
T Production Quantity (thousands)

Break-even point = 10,000 watches

shows positive profit. At O = 10,000, the profit is 0. Since 10,000 units is the production and
sales volume at which the company would break even on the proposed new product, this vol-
ume is referred to as the break-even point. This is the point that must be exceeded to make
it worthwhile to introduce the product. Therefore, the crucial question is whether the sales
forecast for how many watches can be sold is above or below the break-even point.

Figure 1.2 illustrates the graphical procedure for finding the break-even point. Another
alternative is to use an algebraic procedure to solve for the point. Because the profit is 0 at
this point, the procedure consists of solving the following equation for the unknown Q.

Profit = —$10 million + $1,0000 = 0

Thus,
$1,0000 = $10 million
$10 million
2= 751,000
0 = 10,000

A Complete Mathematical Model for the Problem

The preceding analysis of the problem made use of a basic mathematical model that consisted
of the equation for profit expressed in terms of Q. However, implicit in this analysis were some
additional factors that can be incorporated into a complete mathematical model for the problem.

Two of these factors concern restrictions on the values of Q that can be considered. One of
these is that the number of watches produced cannot be less than 0. Therefore,

0=0

is one of the constraints for the complete mathematical model. Another restriction on the
value of Q is that it should not exceed the number of watches that can be sold. A sales forecast
has not yet been obtained, so let the symbol s represent this currently unknown value.

s = Sales forecast (not yet available) of the number of watches that can be sold

Consequently,





