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Preface

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 initially 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 five 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 sixth edition has been to build on the strengths of the
first five editions. Co-author Mark Hillier has won over twenty schoolwide
teaching awards for his spreadsheet modeling and management science
courses at the University of Washington while using the first five 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 distinctive 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, which continue to be

widely accepted today, 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.

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 continues to be prevalent in traditional management
science courses and textbooks now can be lifted.

However, with the current enthusiasm for spreadsheets, there is a danger
of going overboard. Spreadsheets are not the only useful tool for performing
management science analyses. 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
This brings us to the second key feature of the book, a modeling approach.
Model formulation 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 primarily (but not exclusively)
use a spreadsheet format rather than algebra for formulating and presenting a
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model.

 

Some instructors have many years of experience in teaching modeling in
terms of formulating 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 disagree
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 past 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.

We believe that training business students in spreadsheet modeling will
provide them with two key benefits when they later become managers. First,
this will give them a powerful tool for analyzing small managerial problems
without requiring outside help. Second, this will enable them to recognize
when a management science team could be very helpful for analyzing more
complicated managerial problems.

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 modeling 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 material
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 five editions
express particular appreciation for our case study approach. Even though this
storytelling 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
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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 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 fifth 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.
Partial answers to selected problems in the back of the book.
Extensive supplementary text materials (nine supplements to book chapters
and seven additional chapters) are available in the Instructor Resources of
McGraw-Hill’s online homework management platform, Connect,
(described later) and on the website, www.mhhe.com/Hillier6e.

http://cases.ivey.uwo.ca/cases
http://www.mhhe.com/Hillier6e
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A NEW SOFTWARE PACKAGE
This edition continues to integrate Excel and its Solver (a product originally
created by Front-line Systems) throughout the book. However, we are excited
to also add to this edition an impressive more recent product of Frontline
Systems called Analytic Solver ® for Education (hereafter referred to as
Analytic Solver). Analytic Solver can be used with Microsoft Excel for
Windows (as an add-in), or ‘in the cloud” at AnalyticSolver.com using any
device (PC, Mac, tablet) with a web browser. It offers comprehensive
features for prescriptive analytics (optimization, simulation, decision
analysis) and predictive analytics (forecasting, data mining, text mining). Its
optimization features are upward compatible from the standard Solver in
Excel. Analytic Solver includes:

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.
A full range of time series forecasting and data mining models.
The ability to build and run sophisticated Monte Carlo simulation models.
An interactive simulation mode that allows simulation results to be shown
instantly whenever a change is made to a simulation model.
The Solver in Analytic Solver can be used in combination with computer
simulation to perform simulation optimization.
If interested in having students get individual licenses for class
use, instructors should send an email to support@solver.com to
get their course code and receive student pricing and access information
as well as their own access information. Note that this software is no
longer free with the purchase of this text, but low-cost student licenses are
available.

A CONTINUING FOCUS ON EXCEL AND ITS

http://AnalyticSolver.com
mailto:support@solver.com


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 Analytic Solver, 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 whenever either it or the Analytic Solver could be used.

Many instructors prefer this focus because it avoids introducing other
complications that might confuse their students. We agree.

However, the key advantage of introducing Analytic Solver 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
fully with these kinds of problems. Multiple Excel add-ins— Solver Table,
TreePlan, SensIt, RiskSim, Crystal Ball, and OptQuest (a module of Crystal
Ball)—were introduced in previous editions to provide the needed
functionalities. Analytic Solver alone now replaces all of these add-ins.

To further enhance a continuing focus on Excel and its Solver,
www.mhhe.com/Hillier6e includes all the Excel files that provide the live
spreadsheets for all the various examples and case studies throughout the
book. In addition to further investigating the examples and case studies, these
spreadsheets can be used by either the student or instructor as templates to
formulate and solve similar problems. This website also includes dozens of
Excel templates for solving various models in the book as well as a 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 current edition.

A New Section Describes the Relationship Between Analytics and
Management Science. Recent years have seen an exciting analytics
revolution as the business world has come to recognize the key role that
analytics can play in managerial decision making. A new Section 1.3 fully

http://www.mhhe.com/Hillier6e


describes the close relationship between analytics and management science.
A New Section on the Role of Robust Optimization in What-If Analysis.
The goal of robust optimization is to find a solution for a model that is
virtually guaranteed to remain feasible and near optimal for all plausible
combinations of the actual values for the parameters of the model. A new
Section 5.7 describes this key tool for performing what-if analysis for linear
programming models.
A New Section on Chance Constraints. Constraints in a model usually are
fully required to be satisfied, but occasionally constraints arise that actually
have a little flexibility. Chance constraints provide a way of dealing with
such constraints that actually can be violated a little bit without serious
complications. A new Section 5.8 describes the role of chance constraints
and how to implement them.
A Thorough Updating Throughout the Book. Given that the writing of the
first edition occurred approximately 20 years ago, it is inevitable that some
of that writing now is somewhat outdated. Even though the descriptions of
management science techniques may still be accurate, the numbers and other
details describing their application in certain problems, cases, and examples
may now seem quite obsolete. Wage standards have changed. Prices have
changed. Technologies have changed. Dates have changed. Although we did
some updating with each new edition, we made a special effort this time to
thoroughly update numbers and other details as needed to reflect conditions
in 2017.
Additional Links to Articles that Describe Dramatic Real Applications.
The fifth edition included 28 application vignettes that described 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 five more
vignettes based on recent applications (while deleting seven outdated ones)
and also updates the information in nine of the other vignettes. We continue
the practice of adding a link to the journal articles that fully describe these
applications (except that the vignette for Chapter 1 doesn’t require a link),
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
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applications that dramatically demonstrate the relevance of the material
being covered in the lectures. The end-ofchapter 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 each of these
articles describing spectacular applications of management science.
INFORMS is a learned professional society for students, academics, and
practitioners in analytics, operations research, and management science.
Information about INFORMS journals, meetings, job bank, scholarships,
awards, and teaching materials is available at www.informs.org.
A Word-by-Word Review to Further Increase Clarity in Each Chapter.
A hallmark of each edition has been a particularly heavy use of certain
techniques to maximize the clarity of the material: use cases to bring the
material to life, divide sections into smaller subsections, use short
paragraphs, use bullet points, set off special conclusions, use italics or
boldface to highlight key points, add margin notes, never assume too much
about understanding preceding material, etc. However, we have doubled
down with this approach in the current edition by using a word-by-word
review of each chapter to further increase clarity while also taking into
special account the input provided by reviewers and others.

McGRAW-HILL CONNECT(R) LEARN WITHOUT
LIMITS!
Connect is a teaching and learning platform that is proven to deliver better
results for students and instructors. Connect empowers students by
continually adapting to deliver precisely what they need, when they need it,
and how they need it, so your class time is more engaging and effective.

New to the 6th edition, Connect includes multiple-choice questions for
each chapter to be used as practice or homework for students, SmartBook(R),
instructor resources (including the test bank), and student resources. For
access, visit connect.mheducation.com or contact your McGraw-Hill sales
representative.

http://connect.mheducation.com
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SMARTBOOK(R)

Proven to help students improve grades and study more efficiently,
SmartBook contains the same content within the print book, but actively
tailors that content to the needs of the individual. SmartBook’s adaptive
technology provides precise, personalized instruction on what the student
should do next, guiding the student to master and remember key concepts,
targeting gaps in knowledge and offering customized feedback, and driving
the student toward comprehension and retention of the subject matter.
Available on desktops and tablets, Smart-Book puts learning at the student’s
fingertips—anywhere, anytime.

INSTRUCTOR RESOURCES
The Instructor Resource Library within Connect is password-protected and a
convenient place for instructors to access course supplements that include
nine supplements to chapters in the print book and seven supplementary
chapters. Resources for professors include the complete solutions to all
problems and cases, PowerPoint slides which include both lecture materials
for nearly every chapter and nearly all the figures (including all the
spreadsheets) in the book, and an expanded Test Bank. The test bank contains
almost 1,000 multiple-choice and true-false questions, all tagged according to
learning objective, topic, level of difficulty, Bloom’s taxonomy and AACSB
category for filtering and reporting, and in delivered in the following ways:

- As a Connect assignment for online testing and automatic grading; can
be used for actual exams or assigned as quizzes or practice;

- In TestGen, a desktop test generator and editing application for
instructors to provide printed tests that can incorporate both McGraw-Hill’s
and instructors’ questions;

- As Word files, with both question-only and answer files.

 

STUDENT RESOURCES
As described above, SmartBook provides a powerful tool to students for



personalized instruction. For the additional convenience of students, we also
are providing the website, www.mhhe.com/ Hillier6e, to provide the full
range of resources of interest to students. In addition to providing access to
supplementary text material (both supplements to book chapters and
additional chapters), this website provides solutions to the “solved problems”
(additional examples) that are included at the end of each chapter. For each
spreadsheet example in the book, a live spreadsheet that shows the
formulation and solution for the example also is provided in the website for
easy reference and for use as a template. (At the end of each chapter, the page
entitled “Learning Aids for This Chapter” lists the Excel files and other
resources that are relevant for that chapter.) Information about accessing the
book’s software is provided. In addition, the website includes a tutorial with
sample test questions (different from those in the instructor’s test bank) for
self-testing quizzes on the various chapters. It also provides access to the
INFORMS articles cited in the application vignettes as well as updates about
the book, including errata.

AN INVITATION
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students) who contacts us. We hope that you enjoy the book.
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Mark S. Hillier
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Chapter One

Introduction

Learning Objectives

After completing this chapter, you should be able to

1. Define the term management science.

2. Describe the nature of management science.

3. Explain what a mathematical model is.

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

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

6. Describe the relationship between analytics and management science.

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

8. Identify 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 introduce
you to the special features of the field.

Some people approach management science with a certain 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 problems. Most traditional courses (and
textbooks) about management science have only reinforced 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 management 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 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 revolutionized the use of
management science. In the past, technically trained management scientists
were needed to carry out significant management science studies for
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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 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?

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 applications of management science and the impact
they had on the organizations involved.)
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.)
Learn how to apply the major techniques of management science to analyze
a variety of managerial 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.)
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 four sections by introducing the nature

of management science and the impact that it is having on many
organizations. (This process will continue throughout the remaining chapters
as well.) Section 1.5 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.


