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Every member of every organization serves somebody clse: the customer at the next
process. We earn our pay and much of our job-related satisfaction from serving that
customer well, with consistently high and ever-improving quality. Effective operations
management (OM) aims squarely at this customer-serving objective.

Achieving the objective requires engaging, coordinating, and continually upgrading
the operating resources of the organization: data, equipment, tools, space, materials, and
especially people. Effective OM harnesses the talents of front-line employees, techni-
cians, experts, supervisors, and upper-level managers. Their individual skills—as design-
ers, schedulers, equipment operators, planners, and so on—are important, but that is not
enough. Individuals can get fixated on their narrow role, to the neglect of the whole
product or service and its user, the final customer.

Therefore, in this text, we emphasize people operating in teams for improved
delivery of goods and services to customers. The full power of this approach requires
team membership that crosses organizational and company boundaries, heavy reliance on
process data and data analysis, and local responsibility for results.

These themes— customer-focused, team-driven, data-based continuous improvement—
are centerpieces of the worldwide total quality management (TQM) movement. While
some companies are well along the TQM path, others are not. Therefore, we must present
both conventional and TQM-enhanced concepts. At the same time, we make an effort to
note which conventional OM concepts still work well, which do not, and why.

Part of continuous improvement is preventing things from going wrong, which
greatly simplifies operations management. Unexpected stoppages, delays, and slowdowns
are avoided, making planning easier and cutting out corrective actions that disruptively
ripple through the organization. The simplification theme, found throughout the book,
cuts both ways: Simplify to reduce mistakes. Reduce mistakes to make work life simpler.

This should not imply that OM is itself simple and easy to master. Even in small
organizations, managing operations is complex because it involves coordination of
diverse resources, processes, suppliers, and customer demands.

The relevance of operations management to you may be quite direct. If you are an
employee—or even a volunteer in a service capacity—as well as a student, you are an
operations manager. You have some responsibility for planning and controlling your
operation. At the very least, these studies should give you ideas on how to improve an
operation and your role in it.

We owe special thanks to a select group of experts who reviewed our manuscript and
whose astute advice was mostly incorporated. They include: S. Keith Adams, lowa State

Operations Management
is intended as an
introductory textbook,
suitable for majors or
nonmajors, undergraduate
or graduate. In addition,
practicing operations
managers and associates
may find it useful as a
general guidebook and
basic reference.

With other supplementary
study materials or
readings, this book could
serve as a TQM
textbook. Seven
chapters—1, 2, 3, 4, 7, 8,
and 18—provide a strong
TQM foundation.
Additional TQM-oriented
topics may be found in
parts of Chapters 9, 10,
11, 15, 16, and 17.
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University; Karen Brown, Seattle University; James J. Browne, New York University;
James P. Gilbert, University of Georgia; James R. Gross, University of Wisconsin,
(Oshkosh); Ray M. Haynes, California Polytechnic State University; John J. Lawrence,
The University of Idaho; and Victor E. Sower, Sam Houston State University.

We are appreciative as well of the specialized advice and information provided by H.
Thomas Johnson, Portland State University, Steve Kline, Western Ilinois University;
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When you study operations management, or OM, keep in mind that there are two separate
ideas about what we mean by the word operations. First, and generally, operations refers
to harnessing resources to provide a service or produce something. As such, operations
belong to no specific part of an organization; they are part of every kind of organized
activity and touch your life as customer or provider of those operations.

Within this first context, the relevance of operations management to you is quite
direct. Whether as an employee— even a volunteer in a service capacity — or as a student,
you are an operations manager. You have some responsibility for planning and controlling
the things you do and for the results of those activities. At the very least, your OM studies
should give you ideas on how to improve your operation and others connected to it.

The second and narrower meaning refers to operations as one or more departments or
functional areas within organizations. Historically, operations areas have housed value-
adding activities where certain resources are transformed into goods and services. Within
this context, your study of OM will provide insights on the interdependencies between
operations and other areas—marketing, accounting, product design, human resources,
and information systems. These insights are valuable even to people on the lowest rungs
of the organizational ladder; they can make or break a career for those aspiring to climb
up the ladder. Chapter 18 elaborates on these matters of possible personal interest to you
and your career.

In your study of OM, you’ll need to keep both meanings in focus. Beyond the impact
on yourself, however, there is a bigger picture to consider. Effective OM blends the
interests of customer, employee, and manager, along with those of the public, stockhold-
ers, and other stakeholders. Diverse resources, changing technologies, and hard-to-
predict demands add to the challenge. Human ingenuity, diligence, and the right man-
agement tools, are required to blend all the interests properly.

Your OM studies, therefore, will involve a certain amount of complexity and an array
of management tools and techniques. These have their soft side (guidelines, procedures,
and flowcharts), and their hard side (formulas and management science models).

As you study each succeeding chapter, you will repeatedly encounter some of the core
topics —quality, quick response, cellular organization of people and facilities, and so on.
These topics are multifaceted. Poorly managed organizations often make the deadly
mistake of trying to manage quality, for example, out of a single department using a far
too limited set of concepts and tools.

Special features designed to provide relevance, interest, and help in your studies
include:



viii

Note to the Student

* Margin notes that highlight a major point, define a term, or add an insight.

» Key-word listings at the end of each chapter, collected into a glossary at the end of
the book.

* Boxed presentations of real-life applications.

*» Photos of successful implementations.

» Examples illustrating complex concepts and calculations.

* End-of-chapter solved problems.

* An appendix containing more complete answers to selected problems and exercises.
* Contrast boxes comparing conventional concepts with newer ideas.

* Special margin notes in every chapter to connect a point back to the principles of
operations management from Chapter 1.

* A large, thorough index.
* A study guide covering key topics.
Good luck in your OM studies. Please let your instructor know what you like and

don’t like about the fifth edition. We value your opinion, passed on to us through the
instructor. Continuous improvement is our objective, too.

R.J. S.
E. M. K.



PART I

INTRODUCTION TO OPERATIONS MANAGEMENT

1 Customers, Competitive Strategies, Principles
2 The Quality Imperative 24
Supplement Quality Awards 52

PART II

DEsiGN AND CoNTROL FOR CUSTOMER
SATISFACTION

3 Designed-in Quality: Product, Service, and
Process Planning 58
Supplement Annotated Glossary of
Technology 86

4 Quality Control and Continuous Improvement

88

Case Study American Ceramic And Glass
Products Corporation 137

Case Study Quadruples Restaurant 140

PART 111

TRANSLATING DEMAND INTO ORDERS

§ Demand Management and Forecasting 144
Supplement Least Squares and Correlation
Coefficient 197

6 Master Planning—for Capacity and Output 201
Case Study Bright Way Janitorial Service 233
Supplement Learning-Curve Planning 235

7 Flow-Control Systems Overview 239
Case Study Rio Bravo IV 266

8 Purchasing: Quest for High-Quality Suppliers
272
Supplement Purchasing at Ford Motor
Company: Total Quality Excellence Program
304

9 Time-Based Competition: JIT, MRP, and Related
Topics 307
Case Study Hygain-Telex 349

10 Lot Sizing and Quick-Change Flexibility 354
Supplement Derivation of EOQ Formula 382

PART IV

TRANSLATING PLANNING ORDERS INTO

OutcomEs

11 Volume and Variety Issues 384

12

13
14

Case Study Steamlined Patient Traasfers:
Hours to Minutes 402

Managing Continuous and Repetitive Operations
404

Case Study Getting Ready for Mixed Model
Production at Kawasaki Motors USA 433
Managing Job and Batch Operations 436
Managing Projects 469

ix



Contents in Brief

PART V

OM RESOURCES: MEASUREMENT,
MANAGEMENT, AND IMPROVEMENT

15

16

17
18

Productivity 512

Case Study Land and Sky Waterbed Company
549

Maintaining Quality of Physical Resources 554
Case Study Swanbank Frozen Foods 578
Facilities Positioning 582

What’s Next for You and for OM? 611

Case Study Becoming World Class at K2
Corporation 622

Appendix A Areas Under the Normal Curve
626

Appendix B The Poisson Distribution—
Cumulative Probabilities 628

Appendix C Two-Digit Random Numbers
630

Appendix D Answers to Selected Problems
631

Glossary 641
Index 651



PART I

INTRODUCTION TO OPERATIONS MANAGEMENT

1 Customers, Competitive Strategies,
Principles 2

Operations and Operations Management 2
Teaming Up with Customers 4
Disconnections Spell Trouble 4
Connecting with the Customer 5
A Short List of Basic Customer Wants 5
Operations Strategy 7
Integrated Business Strategy 7
Distinctive Competency 8
Regional and Global Influences 9
Continuous Improvement as Strategy 10
Principles of OM—as Strategy 13
Operations Managers 19
Summary 20
Key Words 21
For Further Reference 21
Review Questions 21
. Problems and Exercises 22

2 The Quality Imperative 24

Quality: A Broad View 25
Quality Heritage 26
W. Edwards Deming 27
Joseph M. Juran 28
Armand V. Feignenbaum 29
Kaoru Ishikawa 30
Philip B. Crosby 30
Genichi Taguchi 31

From Artisanship to Total Quality Management 33

Quality Assurance 33
TQM and Competitiveness 34
Cost of Quality 36
Benchmarking 38
Quality Certifications, Registrations, and Awards
40
Supplier Certification 40
ISO 9000 Series Standards 42
Quality Awards 43
Employee-Driven Quality 43
Time Out—for Training 44
Getting Organized —Team Formats 45
Local Ownership of Control, Improvement,
and Results 47
Summary 48
Key Words 49
For Further Reference 49
Review Questions 50
Problems and Exercises 50
Supplement Quality Awards 52

PART 1I

DEsioN AND CoNTROL FOR CUSTOMER
SATISFACTION

3 Designed-In Quality: Product, Service,

and Process Planning 58

Research and Development: Strategic Issues 59
Teaming Up for Effective Product-Process
Design 61
Concurrent Design 61
Appeal and Fit 64



Contents

Competitive Analysis 64
Environmental Awareness 65
Quality Function Deployment 65
Design for Operations: Guidelines 68
General Guidelines 69
Quality Guidelines 69
Operability Guidelines 73
Simplified Design and Robotics: An Example
74
Design Review, Performance Measurement, and
Control 77
Process Technology: People and Automation in
Perspective 77
People and Machines 78
Preautomation 79
Low-Grade Process Automation 80
Justifying Automation and Other Improve-
ment Projects 81
Summary 81
Key Words 82
For Further Reference 82
Review Questions 82
Problems and Exercises 83
Supplement Annotated Glossary of
Technology 86

Quality Control and Improvement 88

Quality Improvement—at the Source 88
Actions for Total Quality 89
Time-Quality Connection 90
Quality and Inspection as a Speciality 91

The Process Focus 92
Processes: Description and Performance 93
Process Output and Quality Characteristics

94

Process Improvement Overview 99
Plan of Attack 99
Tools for Process Improvement 99

Coarse-Grained Analysis and Improvement 100
Process Flowchart 100
Check Sheet and Histograms 102
Pareto Analysis 102
Fishbone Chart 103
Fail-Safing 106
Experimentation 106
Scatter (Correlation) Diagram 107

Fine-Grained Analysis and Improvement 108
Run Diagram 108
Process Control Charts 110

Process Capability Analysis 117
Precontrol Analysis 121
Process Improvement in Perspective 123
Summary 123
Key Words 124
Solved Problems 125
For Further Reference 131
Review Questions 131
Case Study American Ceramic and Glass
Products Corporation 137
Case Study Quadruples Restaurant 140

PART III

TraNsLATING DEMAND INTO ORDERS

5 Demand Management and Forecasting 144

Responsibility for Demand Management 145
Order Processing 145
Orders 146
Order Processing Sequence 147
Demand Forecasting 149
Components of Demand 150
Purposes of Demand Forecasting 152
Complexity of Forecasting 152
Demand Forecasting Sources 154
Forecasting in Support Organizations 155
Forecast Error 156
Measures of Forecast Error 157
Forecast Error: Item versus Aggregate 158
Forecast Error: Near versus Distant Future
160
Historical Demand Projections 161
Multiperiod Pattern Projection 161
Mean and Trend 162
Seasonal 164
Single-Period Patternless Projection 168
Moving Average 168
Exponential Smoothing 172
Adaptive Smoothing 175
Forecasting by Simulation 176
Associative Projection 177
Leading Indicator 177
Correlation 179
Summary 180
Key Words 181
Solved Problems 182



Contents

For Further Reference 187

Review Questions 188

Problems and Exercises 188

Supplement Least Squares and Correlation
Coefficients 197

Master Planning for Capacity and
Output 201

Master Planning Basics 202
Introductory Example 202
Master Planning Teams 204
Basic Master Planning Sequence 205
Capacity Strategies and Policies 206
Capacity Utilization 206
Chase-Demand versus Level Capacity
Strategies 209
Undercapacity Scheduling 211
Special Capacity Policies 211
Group (Family) Capacity Planning 213
Capacity Planning for On-Demand and Make-
to-Order Operations 214
Capacity Planning for Make-to-Stock
Operations 216
Simplified Capacity Planning in the Focused
Business 218
Master Scheduling 218
Basic Master Schedule: A Services Example
219
Matching Capacity and Demand: A Complex
Case 221
Master Scheduling in Make-to-Order Plants
223
Rough-Cut Capacity Planning 223
Load Profile 224
Summary 225
Key Words 226
Solved Problems 226
For Further Reference 228
Review Questions 228
Problems and Exercises 229
Case Study Bright Way Janitorial Service
233
Supplement Learning-Curve Planning 235

Flow-Control System Overview 239

System Variability 240

Flow Control: Avoiding Slacks and Gluts 241

Managing the Delays (the Carrying Costs) 242
Costs of Idleness 242

xiii

Obvious Costs 242
Semiobvious Costs 243
Hidden Costs 243
Uses of Carrying Costs 245
Dependent and Independent Demand 246
Quick Response Program for Intersector Flow
Control 247
QRP and JIT: Linking External and Internal
Flow Control 248
JIT and MRP for Internal Flow Control 249
Bottleneck Management 250
Capacity: Finite or Infinite? 251
Capacity Cushion 253
Capacity Enhancement 254
Theory of Constraints 255
Relating Inventory Timing to Quantity 256
Measuring Flow-Control System Performance
256
Pipeline Efficiency 257
Short Lead Time 257
Response Ratio 257
Inventory Control 258
Inventory Turnover 259
Summary 260
Key Words 261
Solved Problems 261
For Further Reference 263
Review Questions 263
Problems and Exercises 263
Case Study Rio Bravo IV 266

Purchasing: Quest For High-Quality
Suppliers 272

Purchasing: A Changing Role 273
Traditional Purchasing 273
Purchasing’s New Challenge 274

Toward Partnerships with Suppliers 275
Tenure 276
Type of Agreement 276
Number of Sources 276
Volume of Business 277
Prices/Costs 278
Quality 278
Design 279
Delivery Frequency/Order Size 279
Order Conveyance 279
Documentation 281
Delivery Location 281
Relationship Openness 281



xiv

9

Contents

Purchasing Policies and Practices 282
ABC Analysis 283
Purchasing and Contracting Procedures 285
Performance and Compliance: The Tangibility
Factor 288
Value Analysis 290
Standardization 292
Make or Buy 292
Backward Integration versus ‘‘Stick to Your
Knitting’> 294
Modular Buying 295
Summary 296
Key Words 297
Solved Problems 297
For Further Reference 298
Review Questions 299
Problems and Exercises 299
Supplement Purchasing at Ford Motor
Company: Total Quality Excellence (TQE)
Program 304

Time-Based Competition: JIT, MRP, and
Related Topics 307

Just-in-Time 308
Queue Limitation (Kanban) 308
Queue Limitation and Dependability 312
Continuous Improvement (Kanban Removal)
314
Push Versus Pull Systems 316
Material Requirements Planning 318
Basic MRP 318
MRP Computer Processing 320
Scheduled Receipts and the Open-Order File
325
Multiple Parents and Scrap Allowances
326
Independent Demands for Component Parts
326
Distribution Requirements Planning 328
Closed-Loop MRP 329
Manufacturing Resource Planning (MRPII)
330
Benefits of MRP and MRPII 331
Reorder Point 332
Perpetual System 332
Two-Bin System 332
ROP Calculation 333
Replenishment Cycle 334
Periodic System 334
Buffer Stock (Safety Stock) 335

10

Statistical Safety Stock 336
Limitations and Broader Buffer-Stock Issues

336
Summary 338
Key Words 339

Solved Problems 339

For Further Reference 340
Review Questions 341

Problems and Exercises 341
Case Study HyGain-Telex 349

Lot Sizing and Quick-Change Flexibility
354

Quick-Change Flexibility 354
Guidelines 355
Quick Changeover Projects
Lot Sizing: Fundamentals 360
Lot-for-Lot Processing 360
Economic Order Quantity 361
EOQ with Quantity Discounts 366
Economic Manufacturing Quantity 367
Preference for Simple Models 370
Lot Sizing Under Attack 370
Benefits of Smaller Lots 370
Transfer Lot Reduction 372
The New Economics of Lot Sizing 373
Summary 373
Key Words 374
Solved Problems 375
For Further Reference 377
Review Questions 377
Problems and Exercises 378
Supplement Derivation of EOQ Formula 382

359

PART IV

TRANSLATING PLANNING ORDERS INTO
OUTCOMES

11

Volume and Variety Issues 384

Operations and Operating Environments 385
Basic Operations Types 385
Operations Environments 386
Toward Streamlined Operations 387
Streamlining—Examples 388
Streamlined Operations— A Continuum 389
Facilities Layout 391

Layout Types 392



Contents

12

13

U-Shaped Layout 394
Layout Features 397
Summary 399
Key Words 400

For Further Reference 400

Review Questions 400

Problems and Exercises 401

Case Study Streamlined Patient Transfers:
Hours to Minutes 402

Managing Continuous and Repetitive
Operations 404

Process Industries 404
Key Success Factors 406
Increased Responsiveness 407
Regularized Schedules and Linear Output 408
Consequences of Irregular Processing 408
Regular-Slot Processing 411
Linear Output 411
Improving Repetitive Operations 413
Line Balancing and Rebalancing 413
Increasing Frequency of Transport and Pro-
cessing 415
Mixed-Model Processing 415
Fine-Tuning: Watching the Lights 418
Synchronized Scheduling 418
Line-Balancing Example 419
Precedence Diagram 419
Line-Balancing Analysis 419
Line Balancing in Perspective 423
Scope of Application 424
Summary 424
Key Words 425
Solved Problems 425
For Further Reference 429
Review Questions 429
Problems and Exercises 429
Case Study Getting Ready for Mixed-Model
Production at Kawasaki Motors USA 433

Managing Job and Batch Operations 436

Jumbled Jobs 436
Scheduling 438
Lead-Time Elements
Work in Process 440
Lead-Time Accuracy 441
Backward and Forward Scheduling 442
Resource Scheduling 444

440

14

Gantt Charts 445
Work Center Loading 446
Capacity Requirements Planning 447
Load Shifting 448
Capacity Control 448
Expediting 448
Lot Splitting 450
Overlapping 450
Activity Control 450
Input Control 451
Priority Control (Dispatching) 451
Simplification: Reduction of Variables 455
Paperless and Visual Systems 456
Other Antidotes 457
Forklift Trucks and Roller Skates 458
Reforming the Job Shop: An Example
459
Summary 461
Key Words 461
Solved Problems 462
For Further Reference 463
Review Questions 463

Problems and Exercises 464

Managing Projects 469

Project Management: Teamwork and Organiza-
tion 469
High Performance Teamwork 470
Project Organization Structures 470
Information Sharing 473
Project Representation 475
Work Breakdown Structure 475
Network 476
Phased PERT/CPM 477
Project Planning and Sequencing 477
Time Estimating and Critical Path 483
Project Scheduling 488
Reporting and Updating 492
Fitting PERT/CPM to the Situation 493
Continuous Improvement in Projects 495
Network Simulation and the Always-Late
Syndrome 495
Combating Project Complexity 496
Summary 497
Key Words 498
Solved Problems 498
For Further Reference 501
Review Questions 501

Problems and Exercises 502



xvi Contents

PART V

OM RESOURCES: MEASUREMENT,
MANAGEMENT, AND IMPROVEMENT

15 Productivity 512

Bottom Line for Operations Management 513
Cost Variance 513
Misplaced Blame 513
Data Collection 514
Simple, Effective Measures 514
Controlling Causes of Cost 515
Visual Controls 516
Improving the Old System 516
Cost of Products and Services 518
Productivity and Scientific Management 519
Impact of Scientific Management 520
Process Improvement and Productivity 520
Busy and Productive Resources 521
Machine Utilization 522
Utilization of Space, Information, Materials
and Tools 523
Labor Utilization 523
Work Sampling 524
Labor Efficiency 524
Productivity Reporting in Perspective 528
Time Standards and Their Uses 528
Coordination and Scheduling 528
Analysis, Planning, and Motivation 529
Time Standards Techniques 530
Engineered and Nonengineered Standards
530
Time Study 531
Work Sampling Standards 532
Predetermined Standards 533
Standard Data 533
Historical Standards and Technical Estimates
534
Humanity and Fairness Issues 535
Tasks, Jobs, and Service to Customers 535
Customers, Internal and External 536
Pay and Other Motivators 536
Summary 539
Key Words 540
Solved Problems 540
For Further Reference 543
Review Questions 544
Problems and Exercises 544
Case Study Land and Sky Waterbed Company
549

16

17

Maintaining Quality of Physical
Resources 554

Total Preventive Maintenance 555
Quality through Readiness 555
Maintenance Success Indicators 555

Maintenance Organization: People and

Procedures 559
Types of Maintenance 559
Operators, Teams, and Functions 561
Dedicated Maintenance 563
Maintenance Records 565
Maintenance Inventories 565
PM Time 565

Maintenance Decisions: How Much Prevention?
567
Failure Patterns 567
Group Replacement 568
Standby Equipment Analysis 569

Summary 571

Key Words 572

Solved Problems 572

For Further Reference 575

Review Questions 575

Problems and Exercises 575

Case Study Swanbank Frozen Foods 578

Facilities Positioning 582

Positioning Strategy 582
Niche, Competencies, and Image 582
Facilities along the Provider-Customer Chain

583

Location 584
Location Economics 584
Rating Alternative Locations 585
Preemptive Strategy 586

Layout 587
Layout and Re-Layout 588
Layout-Planning Steps 591
Layout-Planning Example 591
Computer Assistance in Layout 593
Open Layouts 598

Handling and Transportation 599
Handling Concepts 599
Handling Analysis 599
Containerization 601

Summary 603

Key Words 603

Solved Problem 604

For Further Reference 605



Contents

18

Review Questions 605
Problems and Exercises 606

What’s Next for You and for OM? 611

People, Teams, Jobs, and Carcers 612
Employee Factor: OM Experience 612
Employer Factors: Customer Service and

Career Paths 614
Service and Career Paths 614

Change 614
Manufacturing in the Lead 614
Services Close Behind 615

Quality of Work Life and the Environment 617
Improvement Scenario 617
TQM in Less Developed Countries 618
Environmental and Labor Protection 618

Currents and Countercurrents 619

First to Know 620

xvii

Summary 620

For Further Reference 621

Review Questions 621

Problems and Exercises 622

Case Study Becoming World Class at K2
Corporation 622

Appendix A Areas Under the Normal Curve
626

Appendix B The Poisson Distribution —

Cumulative Probabilities 628

Appendix C Two-Digit Random Numbers
630

Appendix D Answers to Selected Problems
631

Glossary 641
Index 651



P A R T

INTRODUCTION TO OPERATIONS I
M ANAGEMENT

1 Customers, Competitive Strategies, Principles 2
2 The Quality Imperative 24

The operating end of a business is where services are provided and products are made,
where most of the firm’s money is spent and earned, and where most of the people work.
How best to manage the factors of operations is the central issue of this book. The
following two-chapter introduction provides an overview and details the key issues.

Chapter 1 sets forth the theme of the book: Teaming up in the cause of continually
improving service to customers is a strategically important, overriding goal of operations
management. The chapter provides a set of principles that will help operations associates
accomplish this never-ending goal. Chapter 2 focuses on achieving a serious commitment
to continuous improvement of quality — customers’ number one concern—as part of the
fabric of operations management.



