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PREFACE

ur goal in writing Quantitative Decision Making with Spreadsheet Applications

as been to provide a complete and modern treatment of basic management sci-
ence methodology. The book is written for college students who have only a lim-
ited algebra background. Even more important, it is designed to provide them with a
feeling for the variety and power of management science tools, to alleviate their ap-
prehension of the subject, and to enable them to recognize on-the-job situations in
which management science methodology can be successfully employed.

Although this is the seventh edition, it is in many ways a new book, due largely to
the inclusion of spreadsheet applications. The book’s primary software tool is now Mi-
crosoft Excel and the add-ins Precision Tree, @ RISK, BestFit, and RISKView. Those
software programs are complemented by the upgraded QuickQuant 2000 for Windows,
which now covers what is not easy to do with Excel or its family of add-ons. All needed
software is provided on the CD-ROM that accompanies new copies of this book at no
added cost to students.

Although this book embraces several commercial software packages, it keeps the
original look and feel. Small problems are still meant to be worked out by hand, and
explanations of the underlying models have not been sacrificed to make room for the
new. All of the essentials for a first course in quantitative methods are still here, and
there is still plenty of choice regarding course topics.

This seventh edition provides a streamlined topical sequence that minimizes jump-
ing back and forth. Its six parts will make it easier for readers to navigate (see the Con-
tents page for a complete listing). The many improvements were motivated by a desire
to improve the book’s effectiveness while reducing hand computational demands and
giving better explanations in those areas where our own students had difficulties. Text
revisions appearing in this seventh edition are the most extensive ever in accordance
with the dual objectives of making better use of the computer and showing students the
relevance of management science to everyday business decision making.

IMPORTANT FEATURES OF THE SEVENTH EDITION
his revision has undergone a complete overhaul, including three drafts, the efforts
of many hundreds of students, and countless nights and weekends to get it just

right. To this end, the seventh edition of Quantitative Decision Making has
adopted five major themes to make it modern, practical, and pedagogically effective.

Relevancy

First, we wanted to make the material come alive for students and address their
misconception that management science is not relevant. Students must recognize
that quantitative concepts and decision-making ability are life skills that will help
them immeasurably in their future endeavors. Specifically, we offer the following
enhancements:
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The expanded introduction substantially broadens exposure to real-life
applications.

Practical spreadsheet applications appear throughout. In today’s computerized
environment, the optimal focus in teaching quantitative methods emphasizes con-
cepts more than hand computations with algorithms, so each chapter contains
computer applications that are integrated throughout nearly every chapter, not just
at the end of each chapter. The effect of this integration is the inclusion of more re-
alistic illustrations that reflect the types of problems students will face in their fu-
ture studies and careers.

Concepts Presented with a Student Orientation

In this way, our second theme recognizes that today’s students acquire quantitative
skills in different ways. We have been careful to fully develop important concepts, of-
ten breaking them down into manageable chunks. Specifically:

Optimization concepts are reorganized to offer maximum flexibility in course cov-
erage. Linear programming and its extensions are covered in a more streamlined
way. This has been partly achieved by placing the simplex method in an optional
section. Those students who seek the simplex details will still be able to find them.

Improved topical groupings and simpler presentations are provided. The linear
programming group also has been simplified by combining duality, sensitivity, and
postoptimality analysis in a single chapter that emphasizes using the computer and
linear programming to strategically improve the business environment. In that
same vein, integer and goal programming are combined in one chapter, and trans-
portation problems appear together with assignment problems.

Although large problems need computer solutions, small problems are always
Jfirst solved by hand. Every topic is explained with concepts, the underlying model,
and the solution algorithm. Small problems are used for this—always to be solved
first by hand. After those preliminaries, computer tools are described. We strongly
believe that skill in using software is just one element to learning quantitative
methods.

Easy-to-apply algorithms are featured and richly illustrated. For instance, the
complete transportation method is described in such a way that students can work
small problems by hand and acquire the flavor of a user-friendly multistep algo-
rithm. They can check themselves with QuickQuant 2000, which shows all details
as an option, and most will find that package easier than Excel for solving these
problem types.

Greater Focus on Decision Analysis

Our third theme was places greater emphasis on this main purpose for studying quan-
titative methods. To that end, this book:

More strongly emphasizes decision making. The second chapter on probability
(Chapter 4) discusses distributions. Its new sections on subjective probability are
positioned earlier to reflect its expanding role in decision making.

Places decision analysis earlier. Moving decision analysis up to Chapters 5 and 6
further emphasizes the importance of decision making. The earlier placement of
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certainty equivalents, risk premiums, and utility acknowledges of the growing rel-
evance of those topics.

Computing and Spreadsheets

Our fourth theme reflects the latest practice in applying quantitative methods. We have
therefore fully embraced spreadsheet modeling techniques and software.

The new Chapter 2 introduces electronic spreadsheets and Excel. (It may be
skipped by students who are already familiar with spreadsheets.)

Excel add-ins are featured wherever they do a superior job. That is especially true
of Monte Carlo simulation, which is applied using @RISK.

QuickQuant 2000 shows all of the steps taken in reaching a solution, eliminating
the need to do messy computations by hand. It can display all iterations of simplex,
allowing students to see how linear programming actually works. Those optional
details are completely hidden by the Excel Solver, which gives answers only.

Understanding Excel Solver solutions is easily achieved with QuickQuant 2000.
Since it will exchange data files with Excel, QuickQuant can give detailed evalua-
tions for the same linear programs originally solved with a spreadsheet.

Software illustrations emphasize ease of use and feature the better approaches. For
instance, QuickQuant 2000 has compelling advantages in applying Program man-
agement with PERT/CPM, and it is the featured software for that topic. The pack-
age constructs the network on screen using only data about the predecessor activ-
ities. Although it can exchange files with Excel, the more capable QuickQuant can
help perform time—cost tradeoffs and Monte Carlo simulations.

Being Current

Finally, our fifth theme is to have this book be up-to-date. We have tried to make it ap-
pealing to today’s student in many ways. In addition to the spreadsheets, relevant ap-
plications, and careful development, we have taken great care to include new problems
and cases that are representative of problems that students may face in the workplace.

Chapters have minicases and motivating quotes. Each chapter begins with words
of wisdom and a realistic business problem that is later solved using the concepts
just presented.

Expanded end-of-chapter cases include more applications and utilize the new soft-
ware tools.

The chapters and organized problems have been thoroughly tested in class. This
book has been used many times in a variety of courses, which has resulted in the
culling, revising, and grading of the problem material. In general, the problems are
broken into several distinct parts to make the student’s job easier and to permit the
instructor added flexibility in making assignments. As an added bonus, brief an-
swers to selected problems are provided in the back of the book so that students
can check their own work. They may find detailed answers to those problems in the
student solutions manual. Questions for each end-of-chapter case appear with the
case, and the cases themselves have been upgraded for this edition.

Hundreds of new problems, improved cases, and larger data sets have been added.
The revised book has a new problem mix that can be tailored to students’ capabil-
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ities. The problems now reflect greater realism and better represent the various
techniques and their nuances. To that end, this edition has new cases based on real
applications and involving bigger data sets. The problems and cases make even
greater use of the computer, allowing considerable potential for course enrichment.

I our ApPROACH

%uantimtive Decision Making seeks to develop students’ intuition and their ability
 to apply quantitative techniques to real business problems. Discussions devoted
Aas to difficult topics therefore may be longer than those of other books. We believe
our explanations, richly illustrated with relevant and interesting examples, will provide
more meaningful and easier learning experiences. The book also highlights the limita-
tions and pitfalls associated with various mathematical models and algorithms. For ex-
ample, some basic models, such as the EOQ model used in inventory decisions and the
simple queuing formulas, are based on assumptions that rarely apply in real life. Wher-
ever practical, alternative approaches such as Monte Carlo simulation are indicated and
fully described.

I nCiLLARY MATERIALS

T he Instructor’s Suite for Microsoft Office CD-ROM provides teaching suggestions
and detailed solutions to the nearly 800 problems and 37 end-of-chapter cases in

UL the text. It includes test items for each chapter and slides in formats that are com-
patible with Microsoft Office’s PowerPoint application.

The test bank on the Instructor’s Suite contains a set of approximately 200 solved prob-
lems of slight to moderate difficulty.

A comprehensive bibliography is included in the back of the book for students who
wish to pursue a particular topic in greater detail.

The Student CD-ROM will contain data files for the problems and Excel templates.

A Student’s Solutions Manual is available for student purchase and includes detailed
solution to the answers appearing in the back of the book.

Software. The student’s and instructor’s CD-ROMs both contain the featured software:

m  Palisade’s DecisionTools (including Precision Tree, BestFit, @ RISK, and RISK-
View)

= QuickQuant 2000 for Windows
= The above are included with every new copy of the text.

m  Software guides for Excel and QuickQuant 2000 are provided on the student and
instructors CD-ROMs.

= A Web site—www.duxbury.com—will provide helpful suggestions for instruc-
tors and students who use this book.



Preface

I ACKNOWLEDGMENTS

‘ x J'e wish to thank our colleagues who were instrumental in helping us shape the
manuscript and all the users and reviewers of previous editions. We also are
grateful for the valuable assistance of our students. Especially helpful were Pa-
tricia Axelrod, Roy Reker, Don Ford, Rebecca Richter, Cecilia Mok, Daniel Lorenz,
Conrad Tan, and Daryl Watson. Special thanks go to Janet Anaya, who helped find er-
rors and assisted in preparing the Instructor’s Manual. Finally, we wish to thank our re-
viewers: Bruce Anderson, West Virginia University; Barry Blecherman, Brooklyn
Polytechnical University; Jan Christopher, Delaware State University; Dinesh Dave,
Appalachian State University; Shad Dowlatshaki, University of Missouri—Kansas
City; Abe Feinberg, California State University—Northridge; Damodar Golhar, West-
ern Michigan University; Alfred Gomez, Florida Atlantic University; Youngsik Kwak,
Delaware State University; Sarah Livingston, Embry-Riddle Aeronautical University;
Thomas Pencer, Meredith College; Zinovy Radovilsky, California State University —
Hayward; Sunil Sapra, California State University—Los Angeles; and Prakash Shenoy,
University of Kansas.

LAWRENCE L. LAPIN
WILLIAM D. WHISLER



vi

PART |

Chapter 1
Chapter 2

PART II

Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7

PART Il

Chapter 8
Chapter 9
Chapter 10
Chapter 11

PART IV

Chapter 12
Chapter 13
Chapter 14

PART V

Chapter 15
Chapter 16

PART VI

Chapter 17
Chapter 18

\EF CONTENTS

Introduction 1

Introduction to Quantitative Methods 2
Introduction to Spreadsheets with Excel 12

Decision Making and Planning with Uncertainty 31
Probability Concepts: Quantifying Uncertainty 32

Probability Distributions and Expected Value 75
Decision-Making Concepts 122

Decision Making and Risk: Certainty Equivalents and Utility 164
Forecasting 203

Resource Allocation 261

Linear Programming 262

Linear Programming Applications and Computer Solutions 300
Sensitivity Analysis and Duality in Linear Programming 363
Integer and Goal Programming 407

Distribution, Routing, and Scheduling 441

Transportation and Assignment Problems 442
Network Models 490
Project Management with PERT and CPM 535

Inventory Management 581

Inventory Decisions with Certain Factors 582
Inventory Decisions with Uncertain Factors 615

Simulation and Waiting Lines 665

Waiting Lines (Queues) 666
Simulation 716

BIBLIOGRAPHY 773
APPENDIX TABLES 777
ANSWERS TO SELECTED PROBLEMS 791

INDEX so1



CONTENTS

Il viroouction 1

CHAPTER 1

Introduction to Quantitative Methods 2

1-1  Continuing Stories of Success with Quantitative
Methods 3

12 Management Science and Operations Research 5

1-3  Organization and Purpose of This Book 6

1-4  Models and Decision Making 7

1-5 Computer Solutions 9

1-6  The Importance of Studying Quantitative
Methods 10

CHAPTER 2
Introduction to Spreadsheets with Excel 12

2-1
2-2

2-3
2-4
2-5
2-6

The First Excel Window 13

Entering Formulas, Copying, Editing, and
Formatting 15

Spreadsheet Arithmetic 19

Displaying Excel Results 19

Graphing Using Excel’s Chart Wizard 22
Using Excel with This Text 25

n DECISION MAKING AND PLANNING WITH UNCERTAINTY 31

CHAPTER 3
Probability Concepts: Quantifying Uncertainty 32

3-1 The Language of Probability: Basic Concepts 33
3-2 Probabilities for Composite Events 35

3-3  Joint Probability and the Multiplication Law 38
3-4  Finding Probabilities Using the Addition Law 42
3-5 Statistical Independence 45

3-6 Conditional Probability and the General
Multiplication Law 48

3-7 Probability Trees 52
3-8 Revising Probabilities Using Bayes’ Theorem 56
3-9  Subjective Probability 62

CHAPTER 4

Probability Distributions and Expected Value 75

4-1 Random Variables and Probability
Distributions 76

4-2  Expected Value 77

4-3  Finding the Probability Distribution 81

44
45
4-6
4-7

The Binomial Distribution 86
The Normal Distribution 93
Poisson and Exponential Distributions 98

(Optional) Judgmental Assessment of the
Probability Distribution 105

CHAPTER 5
Decision-Making Concepts 122

5-1

5-2
5-3

5-4

5-5
5-6

5-7

Certainty and Uncertainty in Decision
Making 123
Elements of Decisions 124

Ranking the Alternatives and the Payoff
Table 125

Maximizing Expected Payoff: The Bayes Decision
Rule 128

Other Decision Criteria 131

Opportunity Loss and the Expected Value of
Perfect Information 135

Decision Tree Analysis 140

vii



m (ontents

CHAPTER 6
Decision-Making and Risk: Certainty Equivalents
and Utility 164

6-1 Decision Making Using Certainty Equivalents
165

6-2 Decision Making with Utility 173

6-3  The Utility for Money 180

6-4 (Optional) Attitudes Toward Risk and Valuation in
Decision Making 191

CHAPTER 7

Forecasting 203

7-1 Forecasting Using Past Data: Time-Series
Analysis 204

7-2  Exponential Smoothing 206

7-3  Forecasting Trend Using Regression 223

7-4  Forecasting Using Causal Models: Regression
Analysis 230

7-5 Forecasting Using Seasonal Indexes 238

7-6  Further Forecasting Procedures and the Role of
Judgment 244

7-7 (Optional) Statistical Fundamentals of Regression
Analysis 246

[N RESOURCE ALLOCATION 261

CHAPTER 8
Linear Programming 262

8-1 The Redwood Furniture Problem 263

8-2 Formulating the Linear Program 264

8-3  Solving Linear Programs Graphically 266

8-4  Special Problems in Constructing Lines 272
8-5 Problems with More Than Two Constraints 274
8-6  Cost Minimization: A Feed-Mix Problem 276
8-7 Steps and Rationale for Graphical Solution 278
8-8 Mixture and Equality Constraints 282

8-9  Multiple Optimal Solutions 285

8-10 Infeasible Problems 287

8-11 Unbounded Problems 288

8-12 Linear Programming Applications and Solution
Procedures 289

8-13 Graphing Using a Spreadsheet 290

CHAPTER 9

Linear Programming Applications and Computer

Solutions 300

9-1 Linear Programming in Manufacturing: Product-
Mix Selection 302

9-2 Formulating Constraints and the Standardized
Format 304

9-3  Slack and Surplus Variables 307
9-4  Solving Problems Using the Computer 308

9-5 Linear Programming in Finance: Portfolio
Selection 318

9-6 Linear Programming in Transportation: Shipment
Scheduling 319

9-7 Linear Programming in Marketing: Budgeting
Advertising Expenditures 322

9-8 Linear Programming in Human Resources:
Assigning Personnel 324

9-9 Linear Programming in Refining: Liquid Blending
325

9-10 Linear Programming in Food Processing: The Diet
Problem 329

9-11 (Optional) The Simplex Method 332

9-12 (Optional) Saving Problem Data and Exhanging
Data Files 346

CHAPTER 10
Sensifivity Analysis and Duality in Linear
Programming 363

10-1 Shadow Prices and Opportunity Costs 365

10-2 The Dual Linear Program 367

10-3 Evaluating New Products Using the Dual 374
10-4 Sensitivity Analysis in Linear Programming 376
10-5 Post-Optimality Analysis 381

10-6 (Optional) Dual for a Generalized Linear
Program 390

10-7 (Optional) The Dual for a Cost-Minimization
Primal Linear Program 392



CHAPTER 11
Integer and Goal Programming 407

11-1 Integer Programming 407

11-2 Computer Applications with Integer
Programming 416

Contents n

11-3 Integer Programming Applications 420

11-4 Multi-Objective Evaluations Using Goal
Programming 422

11-5 Solving Goal Programs on the Computer 428

I 0ISTRIBUTION, ROUTING, AND SCHEDULING 441

CHAPTER 12
Transportation and Assignment Problems 442

12-1 A Ski Shipment Scheduling Illustration 444

12-2  Getting Started: The Northwest Corner
Method 446

12-3  Solving the Problem: The Transportation
Method 448

12-4 Computer Solution to Transportation
Problems 456

12-5 Imbalanced Capacity and Demand: Dummy Rows
and Columns 461

12-6 The Transshipment Problem 462
12-7 The Assignment Problem 465

12-8 (Optional) Starting Procedures Based on
Cost 471

12-9 (Optional) Other Applications of the
Transportation Problem 476

CHAPTER 13
Network Models 490
13-1 The Structure of Network Problems 491

13-2 The Shortest Route Problem 492
13-3 Minimal Spanning Tree Problem 501

13-4 The Maximum Flow Problem 506

13-5 The Minimum Cost Maximum Flow
Problem 515

13-6 Further Network Considerations 525
13-7 (Optional) The Out-of-Kilter Algorithm 525

CHAPTER 14
Project Management with PERT and CPM 535

14-1 The Importance of Time in Planning 535
14-2 The Basic Concepts of PERT 537
14-3  An Analysis of the PERT Network 541

14-4  Planning and Control Using the PERT
Network 548

14-5 Computer Applications with PERT/CPM 551

14-6 Time—Cost Trade-Off Evaluations with
PERT 555

14-7 Probabilistic PERT Analysis with Three Time
Estimates 563

14-8 Implementing PERT and Further
Considerations 568

14-9 (Optional) Alternative Network Graph: The CPM
Network 569

14-10 (Optional) PERT Network Evaluations Using
Spreadsheets 570

INVENTORY MANAGEMENT ~ 581

CHAPTER 15
Inventory Decisions with Certain Factors 582

15-1 Factors Influencing Inventory Policy 584

15-2 The Economic Order Quantity (EOQ)
Model 585

15-3 Optimal Inventory Policy with
Backordering 595

15-4 Establishing Inventory Policies Based on Service
Level 600

15-5 Inventory Policy for Lost Sales 601
15-6 Economic Production Quantity Model 602
15-7 Additional Remarks 604



u Contents

CHAPTER 16

Inventory Decisions with Uncertain Factors 615
16-1 Making an Inventory Decision: Maximizing
Expected Payoft 616

16-2 Single-Period Inventory Decision: The
Newsvendor Problem 619

16-3 Continuous Probability Distribution for Demand:
The Christmas Tree Problem 628

16-4 Multiperiod Inventory Policies 633

16-5 The EOQ Models for Normally Distributed
Demand 644

16-6 Analytic and Numerical Solution Methods 651

Appendix 16-1 Development of the Inventory Model
Spreadsheets 652

SIMULATION AND WAITING LINES 665

CHAPTER 17
Waiting Lines (Queues) 666

17-1 Basic Queuing Situations 668

17-2 The Single-Server Queuing Model with
Exponential Service Times 669

17-3 Interpreting Queuing Formulas and Alternative
Expressions 676

17-4 The Multiple-Server Queuing Model 677

17-5 Sensitivity Analysis with Spreadsheets 683

17-6 ' A Model for Nonexponential Service Times 685
17-7 Further Queuing Probability Topics 687

17-8 Additional Remarks 691

17-9 (Optional) Some Further Queuing Models 692
17-10 (Optional) Testing for Goodness of Fit 695
Appendix 17-1 Spreadsheet Development 712

CHAPTER 18
Simulation 716

18-1 Concepts and Procedures: A Waiting-Line
Simulation 717

18-2 Simulation and the Computer 726
18-3 Simulation and PERT 731

18-4 Simulating Inventory Policies 736
18-5 Simulation and Forecasting 742

18-6 Further Spreadsheet Applications 744

18-7 Simulation in Finance: Risk Analysis 747
18-8 Simulation Versus the Analytic Solution 750
18-9 The Statistical Aspects of Simulation 751

Bibliography 773
Appendix Tables 777

A Cumulative Values for the Binomial
Probability Distribution 778
B Areas Under the Standard Normal Curve 783

C  Loss Fuction for Decision Making with the
Normal Curve 784

Exponential Functions 785

E Cumulative Probability Values for the Poisson
Distribution 786

Random Numbers 788

G Critical Values of D for Kilmogorov-Smirnov
Goodness-of-Fit Test 789

-

Answers to Selected Problems 791
Index 801



Every journey begins with the first step.

idespread utilization of quantitative methods in business has
caused a decision-making revolution. According to James Crowe,
CEO of Level 3 Communications, they give us “a weapon so powerful that it can help transform
even fledgling companies into highly efficient optimized organizations capable of competing on
any business battle ground in the world."!

Chapter 1 uses illustrations involving actual applications fo introduce quantitative methods
used by modern businesses.

A second revolution over the past decade has been the widespread use of spreadsheets.

Chapter 2 introduces the basic spreadsheet concepts to be developed in this book.

'James Crowe, quoted in “Something to Crowe About,” by Peter Horner, OR /MS Today (June 2000), p. 38.




CHAPTER

NTRODUCTION TO
QUANTITATIVE N\ETHODS

quiet revolution has taken place in managerial decision making over the past
three decades—a revolution that is due largely to the successful implemen-
tation of quantitative methods and the widespread use of computers. The
list of business problems that these procedures can be employed to solve grows daily,
and examples of successful applications can be found in every functional area—from
marketing to production, from finance to personnel—and in all major industries. In-
deed, quantitative methods can be applied to decision making in general and can be
used by individuals or groups, in education, in the professions, and in every type of or-
ganization, including governments and nonprofit foundations.

Unfortunately, quantitative methods make up one of the least recognized disci-
plines. Unlike chemistry or history, the term conjures up no images for most people.
This is paradoxical, because quantitative methods touch everybody. This may be be-
cause their products are less tangible and deal with systems or services so common that
we take them for granted. They are in that sense like bridges and roads—part of our
society’s infrastructure. Usually we do not think much about them, but we expect them
always to be there.

A few examples may help us recognize the ubiquitous, although transparent, na-
ture of quantitative methods. When you break your car’s plastic light cover or when
your television malfunctions, you can order the necessary replacement part. If the item
is out of stock, you can expect to get it soon. That is made possible by the infrastruc-
ture for controlling inventories, for which quantitative methods play a pivotal role in
the necessary planning. Inventory control is discussed in Chapters 15 and 16.

When you place a telephone call, you expect to hear an instantaneous dial tone and
your call to be completed. But in some countries, dial tones can take hours to happen,
or circuits are so full that calls cannot be completed. Certainly, engineers have a role in
telephone system hardware, but so do quantitative methods, even if their role is unrec-
ognized. Telephone capacity planning is done with two main branches of quantitative
methods: queuing analysis (waiting lines) and simulation. These are discussed in
Chapters 17 and 18.

Who would ever think of quantitative methods while waiting for a ride at Disney-
land? Have you ever wondered why some banks, post offices, or fast-food restaurants
have switched from having many lines to one line? Over the last twenty years, big im-
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provements in waiting in lines have resulted from applying those same quantitative
methods.

In the more developed countries, a letter or package only takes a few days to reach
its destination, although you may not be aware of the role played by quantitative meth-
ods in developing the delivery systems. In some countries, less fortunate people can
never be sure the item will arrive; their countries do not have delivery systems opti-
mized by quantitative methods. Such distribution problems are discussed in Chapter 12.

When you book an airline flight, you do not think of using quantitative methods.
Yet today’s airline industry would not exist without those tools. They are basic to the
computerized airline reservation systems we take for granted. Quantitative methods are
also vital in setting ticket prices, scheduling flights, maintaining aircraft, and organiz-
ing baggage-handling systems. The procedure common to all those areas is linear pro-
gramming, discussed in Chapters 8—13.

Quantitative methods are all around us and affect our activities in many ways. Even
Nobel Prizes have been awarded for work in this field.? It is important to know quanti-
tative methods and how they can be used in our daily lives. The list of their improvements
to our well-being gets longer each day. The next section gives some concrete examples.

"CONTINUING STORIES OF SUCCESS WITH QUANTITATIVE METHODS

2\3‘& few short case histories will demonstrate how useful quantitative methods have
been in solving a variety of actual problems.

i \

Managing Research and Development In the late 1950s, the U.S. Navy was
faced with the monumental task of equipping its nuclear submarine fleet with Po-
laris ballistic missiles. A quantitative method called PERT (Program Evaluation
and Review Technique) was used to establish schedules and to coordinate and con-
trol the efforts of hundreds of contractors.

®=  Determining the Number of Bank Tellers Banks often use quantitative analy-
sis to decide how many tellers are needed at various times during the week, so em-
ployee workloads can be balanced and so customers spend a tolerable amount of
time waiting in line.

= Locating Warehouses A chemical company that produces fertilizers and pesti-
cides employed quantitative methods to determine where to locate its warehouses.
The resulting sites minimized the combined annual cost of transportation, storage,
and handling.

= Designing an Oil-Tanker Port Facility An international oil company commit-
ted several hundred million dollars to the construction of a port facility in the Per-
sian Gulf to service oil tankers. Alternative designs were constructed and run “on
paper” for a number of years to determine a statistical pattern for future profits.
Through this computer simulation, the design was selected that provided the great-
est rate of return on invested capital at an acceptable level of risk.

*T. C. Koopmans and L. V. Kantorovich split the 1975 Nobel Prize for economics. They did pioneer-
ing work in one of the earliest quantitative methods techniques, linear programming. H. Markowitz,
the winner of the 1992 prize, did much of the original work in quadratic programming and simula-
tion. J. C. Harsanyi, J. F. Nash, and R. Selten shared the 1994 prize for their original work in game
theory.



