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Preface for the Student
(By a student)

Operations Management (OM) has seen a resurgence of interest in recent
years, returning to a position of critical importance in business. Competitive
pressures for quality, time-based competition, and international production
have demonstrated that excellent management of the operations function is
vital to the survival of the firm. The modern field of Operations Management
is broad in scope, ranging from automated manufacturing to high-touch
services. An understanding of the operations function is now a necessary part
of any good business education.

As a student, I have enjoyed OM. One experiences the intellectual challenge
of using mathematical tools such as linear programming and queuing theory to
solve problems as varied as locating a plant, scheduling workers, and produc-
ing products ‘‘just-in-time.”’

In the text, Dr. Chase and Dr. Aquilano provide coverage of the time-tested
approaches, coupled with additional material on current business practices.
There are numerous current examples of breakthrough ideas in services, total
quality management, continuous improvement, and synchronous manufac-
turing. I feel that as a student you will find this text interesting, as well as
relevant, to all areas of Business Administration, and that you will find
studying Operations Management to be as productive and exciting an experi-
ence as I have.

Marcella Liem
Student, School of Business Administration
University of Southern California
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Preface for the Instructor

The tremendous growth in interest in OM courses at business schools has
resulted in attracting individuals from other disciplines to teach it. If you fall
into this category this year, we would like to welcome you to this fascinating
subject. If you are an old pro, we hope that the sixth edition captures, to your
satisfaction, the new developments in the field since 1989.

Adopting the notion of *“‘continuous improvement’ as our philosophy, we
have made the following changes in this edition:

1.

Beefed up our treatment of quality. This involved:

a. A total revision of what is now our TQM chapter.

b. Adding a chapter-length supplement on the Baldrige National
Quality Award (one of us served as a Baldrige examiner primarily
to develop materials to use in this book).

¢. Adding a new chapter on continuous improvement, which is now
part of the quality approaches of most world-class companies.

Added material dealing with how operations is done in other coun-

tries and implications of globalization for U.S. competitiveness.

Introduced some new ideas in service management including service
guarantees and a four-stage model of service firm competitiveness.

Refined the chapter on synchronous manufacturing and discussed its
applicability in many other parts of the book. (The other author held
a seminar on the subject, also with the objective of bringing the
largest applications into the book.)

Provided detailed discussions of such contemporary issues as time-
based competition, concurrent engineering, design for manufacture
(DEM), quality function deployment (QFD), activity-based costing,
competitive benchmarking, the Shingo system, and so on.

Heavily revised virtually every chapter to ensure that it is both top-
ical and teachable. Our pedagogical goal, by the way, has always
been to provide enough material on a technique to enable the student
to solve a realistic problem using it.
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Teaching aids available with this text include:

Study Guide and Lotus Templates by Singhal, Aquilano, and Pope.
Instructor’s Manual and Transparency Masters.

Test Bank by Delurgio, Foster, Chase, and Aquilano.
Computerized Testing Software.

Decision Support Systems for Production and Operations Management by Lofti
and Pegels.

Also, we’ve done our best to make the book interesting reading. Disraeli
once said, ““The way to become rich is to be an expert on a dull subject.” We
hope that this book helps accomplish the former without suffering the latter.

ACKNOWLEDGMENTS

We would first like to thank L. J. Chase and L. R. Chase, Chase et Fils
Consultants for their many contributions to the book. We are grateful to Doug
Stewart, Bill Youngdahl, Andreas Soteriou, and Arvinder Loomba (all from
USC) and Joe Pope (University of Texas—El Paso) for help in proofreading
and library research, and to Jack Yurkiewicz (Pace University) and Jeongeun
Kim (Pennsylvania State University) for checking calculations in examples and
problems. We would like to give a special thanks to Danie Mann and Krystie
Stout for their help in all aspects of manuscript production.

We would also like to thank the following reviewers for their many
thoughtful suggestions: Wayne Cunningham, University of Scranton; Ed-
ward Gillenwater, University of Mississippi; Satish Mehra, Memphis State
University; Graham Morbey, University of Massachusetts at Amherst; R.
Natarajan, Tennessee Technological University; Fred Raafat, San Diego State
University; and Edward Rosenthal, Temple University.

We would again like to thank those individuals whose input over the past
editions have helped evolve the book to its present form: David Booth,
Kent State University; Thomas Cywood, University of Chicago; Mike Mar-
tin, Dalhousie University; James Perry, George Washington University;
Dan Rinks, Louisiana State University; Raj Srivastavo, Marquette Univer-
sity; Robert Trend, University of Virginia; Everette Adam, University of
Missouri—Columbia; Lawrence Bennigson, Harvard University; John G.
Carlson, University of Southern California; Amiya K. Chakravarty, Univer-
sity of Wisconsin—Milwaukee; Joel Corman, Suffolk University; Robert B.
Fetter, Yale University; William A. Fischer, University of North Carolina;
Dale R. Flowers, Case Western University; Carter Franklin III, Houston
Baptist University; Oliver Galbraith III, California State University—San
Diego; Stanley J. Garstka, University of Chicago; Michael Hotenstein, Penn



viii

Preface for the Instructor

State University; Gordon Johnson, California State University—Northridge;
Frank L. Kaufman, California State University—Sacramento; Lee Krajewski,
Ohio State University; Hugh V. Leach, Washburn University; John D. Long-
hill, East Carolina University; John R. Matthews, University of Wisconsin;
Brooke Saladin, University of Georgia; Ted Stafford, University of
Alabama—Huntsville; Trevor Sainsbury, University of Pittsburgh; Chuck
Baron Shook, University of Hawaii at Manoa; John E. Stevens, Lehigh
University; Jesse S. Tarleton, College of William and Mary.

Thanks too to our faculty colleagues—K. Ravi Kumar, S. Rajagopalan,
Norm LaFond, and John Yormark—for their helpful comments on what
works and doesn’t work in their teaching of OM.

Last, but certainly not least, we would like to thank our families who for the
sixth time let the life cycle of the book disrupt theirs.

Richard B. Chase
Nicholas J. Aquilano



Contents 1n Brief

SECTION 1

THE NATURE AND CONTEXT OF OPERATIONS

MANAGEMENT

Chapter 1

Introduction and Overview

Chapter 2
Productivity and Competitiveness

SECTION 1II
PRODUCT DESIGN AND PROCESS SELECTION

Chapter 3
Product Design and Process Selection—Manufacturing

Supplement
Computer-Integrated Manufacturing

Chapter 4
Product Design and Process Selection—Services

Supplement

Waiting Line Theory

Chapter 5

Design for Total Quality Management

Supplement
The Malcolm Baldrige National Quality Award

24

a1

52

93

110

139

184

226



X

Contents in Brief

SECTION III
DESIGN OF FACILITIES AND JOBS

Chapter 6
Just-in-Time Production Systems

Chapter 7
Forecasting

Chapter 8
Capacity Planning and Location

Supplement
Linear Programming

Chapter 9
Facility Layout

Chapter 10
Job Design and Work Measurement

SECTION IV
STARTUP OF THE SYSTEM

Chapter 11
Project Planning and Control

Supplement
Learning Curves

SECTION V
THE SYSTEM IN STEADY STATE

Chapter 12
Aggregate Planning

Chapter 13

Inventory Systems for Independent Demand

Chapter 14

Inventory Systems for Dependent Demand: Materials

Requirements Planning

255

256

306

360

395

452

490

539

540

576

605

606

640

694



Chapter 15
Job Shop Scheduling and Control

Supplement

Simulation

Chapter 16
Materials Management and Purchasing

SECTION VI
IMPROVING THE SYSTEM

Chapter 17
Continuous Improvement

Chapter 18
Synchronous Production

Chapter 19
Revising Operations Strategy

Appendixes

>

Management
Uniformly Distributed Random Digits
Normally Distributed Random Digits
Areas of the Standard Normal Distribution

Interest Tables
Answers to Selected Problems

IOTmUOw

Name Index

Subject Index

Financial Analysis in Production and Operations

Areas of the Cumulative Standard Normal Distribution
Negative Exponential Distribution: Values of e~

Contents in Brief Xi

752

787

828

873

874

906

954

991

992
1011
1012
1013
1014
1020
1022
1028

1049
1054



R

Contents

SECTION 1

THE NATURE AND CONTEXT OF OPERATIONS
MANAGEMENT 1
Chapter 1

Introduction and Overview 2

1.1 Specific Objectives of the Book 5
1.2 Operations Management Defined 5
1.3 The Operations Function and Its Environment 6
Jobs Related to the Operations Function 8
1.4 Operations Objectives 10
1.5 Production Systems 12
1.6 The Life Cycle Approach 13
1.7 Operations Management and Other Business Specialties 16
1.8 Historical Development of OM 17

Scientific Management 17

Moving Assembly Line 19

Hawthorne Studies 19

Operations Research 19

OM Emerges as a Field 20

Computers and the MRP Crusade 20
JIT, TQC, and Factory Automation 20
Manufacturing Strategy Paradigm 21
Service Quality and Productivity 21

1.9 Conclusion: Current Issues in Operations Management 22
1.10 Review and Discussion Questions 22
1.11 Selected Bibliography 23

Chapter 2

Productivity and Competitiveness 24
2.1 Competitiveness Defined 26
2.2 Productivity Measurement and Trends 27

Productivity Measurement 27
Productivity Trends and Global Competition 29

2.3 General Causes and Solutions to the Competitiveness
Problem 31 ‘

Xii



Contents  xiii

2.4 Productivity and Competitiveness 35

2.5 Competitive Priorities 36

2.6 Meeting the Competitive Challenge 36

2.7 Manufacturing Operations’ Role in Corporate Strategy 39
2.8 Operations’ Role in Service Firm Competitiveness 41
2.9 Conclusion 44

2.10 Review and Discussion Questions 44

2.11 Problems 45

2.12 Case: Life in a Soviet Factory 46

2.13 Case: Splash-N-Wipe Manufacturing 49

2.14 Selected Bibliography 50

SECTION II

PRODUCT DESIGN AND PROCESS SELECTION 51
Chapter 3

Product Design and Process Selection—Manufacturing 52

3.1 Product Design and Development Sequence 54
Functional Design 55
Industrial Design 55
Design for Manufacturability 57

3.2 Frequency of Design Changes 60

Opportunity for Product Design Change 62
Concurrent Engineering 62

3.3 Origin of the Product Idea 63
Choosing among Alternative Products 64
3.4 Process Selection 65
Process Structures 65
Product-Process Matrix 66
Specific Equipment Selection 69
Process Technology Evolution 69
3.5 Automation 70
Industrial Robots 71
Computer-Aided Design 73
Flexible Manufacturing Systems 75
Choosing among Alternative Processes and Equipment 79
3.6 Process Flow Design 80
The Manufacturing Cycle 82
3.7 Conclusion 84
3.8 Review and Discussion Questions 85
3.9 Problems 85
3.10 Reading: Japanese Manufacturing 87
3.11 Reading: The Best-Engineered Part Is No Part at All 89
3.12 Selected Bibliography 91



xiv. Contents

Supplement
Computer-Integrated Manufacturing

S3.1 Computer-Integrated Manufacturing 94
S3.2 Benefits of CIM 97
S3.3 Examples of CIM 101

IBM'’s University Research Park Proprinter Plant 101
Westinghouse’s College Station Electronic Assembly Plant 102
Texas Instruments’ Johnson City Circuit Board Facility 103
Fujitsu Fanuc’s Robot Factory 103

S3.4 Conclusion 105

$3.5 Reading: Map Pilot Pays Off for Lockheed 105
$3.6 Review and Discussion Questions 107

S3.7 Selected Bibliography 108

Chapter 4
Product Design and Process Selection—Services

4.1 The Nature and Importance of Services 112

Service Businesses and Internal Services 114
A Contemporary View of Service Management 114

4.2 An Operational Classification of Services 116
4.3 Designing Service Organizations 117
Service Strategy: Focus and Advantage 118

4.4 Structuring the Service Encounter: Service-System Design
Matrix 122

Strategic Uses of the Matrix 124
4.5 Service Blueprinting 124
4.6 Three Contrasting Service Designs 125

The Production Line Approach 125
The Customer Involvement Approach 128
The Personal Attention Approach 129

4.7 Service Guarantees as Design Drivers 130
4.8 Designing Internal Services 132

4.9 Conclusion 132

4.10 Review and Discussion Questions 133
4.11 Problems 133

4.12 Case: Kinko’s Copier Stores 134

4.13 Selected Bibliography 137

Supplement
Waiting Line Theory
S4.1 Economics of the Waiting Line Problem 140

Cost Effectiveness Balance 141
The Practical View of Waiting Lines 141

S$4.2 Waiting Line Characteristics 143

Population Source 143
Arrival Characteristics 145

93

110

139



Physical Features of Lines 150
Selection from the Waiting Line 151
Service Facility 152

Exit 155

S4.3 Waiting Line Equations 156
S4.4 Seven Typical Waiting Line Situations 159

Problem 1: Customers in Line 160

Problem 2: Equipment Selection 163

Problem 3: Limited Parking Space 164

Problem 4: Estimating Completion Time 166
Problem 5: Estimating Completion Time 168
Problem 6: Determining the Number of Servers 169
Problem 7: Finite Population Source 171

S4.5 Computer Simulation of Waiting Lines 174
S4.6 Conclusion 175

S4.7 Review and Discussion Questions 175
S$4.8 Problems 176

S4.9 Selected Bibliography 182

Chapter 5
Design for Total Quality Management

5.1 The Elements of TQM 186
5.2 Philosophical Elements 187

Customer-Driven Quality Standards 187
Supplier-Customer Links 191
Prevention Orientation 191
Quality at the Source 195
Continuous Improvement 196

5.3 Generic Tools 196

5.4 Tools of the QC Department 197
Statistical Quality Control 198

5.5 Acceptance Sampling 198
Design of Single Sampling Plan for Attributes 198
Operating Characteristic Curves 200
Shaping the OC Curve 201
The Effects of Lot Size 201

5.6 Process Control Procedures 202

Process Control Using Attribute Measurements 202 _

Process Control with Variable Measurements Using X and R
Charts 203 __

How to Construct X and R Charts 205

Process Capability 209

5.7 Taguchi Methods 211

5.8 Conclusion 215

5.9 Review and Discussion Questions 216
5.10 Problems 218

5.11 Case: Vaportech Pressure Transducers 224
5.12 Selected Bibliography 224

XV

184



xvi  Contents

Supplement

The Malcolm Baldrige National Quality Award
S§5.1 Background 227
S5.2 The Baldrige Award and Quality Criteria 230
S5.3 Applications of the Baldrige Quality Criteria 236
S5.4 Award Process 238
S5.5 Conclusion 241
S5.6 Review and Discussion Questions 242
S$5.7 Reading: Excerpt from 1990 Xerox Application 242
S$5.8 Reading: Motorola Inc. 244
S$5.9 Reading: 1990 Award Recipients 246

S5.10 Case: The First National Bank of Chicago’s Quality
Program 248

S5.11 Selected Bibliography 253

SECTION III
DESIGN OF FACILITIES AND JOBS

Chapter 6
Just-in-Time Production Systems

6.1 The Japanese Approach to Productivity 258
Isolating the Elements 260

Authors’ Postscript: Applicability of Japanese Concepts to U.S.

Manufacturers 275
Pragmatic JIT versus Romantic JIT 276
6.2 Elimination of Waste 276
6.3 How to Accomplish JIT Production 278
JIT Layouts/Design Flow Process 278
Total Quality Control 283
Stabilize Schedule 284
Kanban Pull 285
Work with Vendors 287
Reduce Inventory More 287
Improve Product Design 288
Concurrently Solve Problems and Measure Performance 288
6.4 Some Technical Issues about Kanban 289
Kanban as a Fixed-Order Quantity/Reorder Point Inventory
System 289
JIT and Cost Accounting 290
6.5 Company Experiences with JIT 290
6.6 JIT in Services 290
How Do the JIT Themes Fit Service? 293
Which JIT Techniques Are Appropriate for Services? 295
Japanese Management and the 100 Yen Sushi House 298
6.7 Conclusion 300
6.8 Review and Discussion Questions 300

226

255

256



6.9 Case: XYZ Products Company 301

6.10 Selected Bibliography 303
Chapter 7
Forecasting
7.1 Demand Management 309
7.2 Types of Forecasting 310
7.3 Components of Demand 312
7.4 Time Series Analysis 314

7.5

7.6

Simple Moving Average 315

Weighted Moving Average 317

Exponential Smoothing 317

Forecast Errors 323

Sources of Error 323

Measurement of Error 323

Linear Regression Analysis 327

Decomposition of a Time Series 332
Causal Relationship Forecasting 339

Multiple Regression Analysis 342
Focus Forecasting 343

Methodology of Focus Forecasting 343

Developing a Focus Forecasting System 346

7.7 Computer Programs 346
7.8 Conclusion 347
7.9 Review and Discussion Questions 3
7.10 Problems 348
7.11 Selected Bibliography 358
Chapter 8
Capacity Planning and Location

8.1

8.2

8.3

8.4

47

Importance of Capacity Decisions 362

Definition of Capacity 363
Factors Affecting Capacity 363
Important Capacity Concepts 363
Best Operating Level 363
Economies of Scale 363
Capacity Utilization Rate 365
Capacity Cushions 365
Capacity Flexibility 365
Capacity Balance 366
Capacity Focus 367
Capacity and Complexity 367

Capacity Planning 368

Long-Range Capacity Planning at a Pharmaceutical Company 368

Capacity Planning Using Decision Trees
Facility Location 375
Plant Location Methods 376

373

Contents

xvii

306

360



