


AO01_HEIZ4345_02_SE_FM.indd i @ 01/12/15 7:38 PM



OPERATION
MA NAG% ENT

SUSTAINABILITY AND SUPPLY
CHAIN MANAGEMENT

JAY HEIZER BARRY RENDER PAUL GRIFFIN

PEARSON

Toronto



Editorial Director: Claudine O’Donnell
Acquisitions Editor: Megan Farrell

Marketing Manager: Loula March

Program Manager: Patricia Ciardullo

Project Manager: Kim Blakey

Manager of Content Development: Suzanne Schaan
Developmental Editor: Toni Chahley

Production Services: Cenveo® Publisher Services
Permissions Project Manager: Joanne Tang
Photo Permissions Research: Lumina

Text Permissions Research: Lumina

Interior Designer: Cenveo Publisher Services
Cover Designer: Cenveo Publisher Services
Cover Image: (c) Ella Sarkisyan / Shutterstock

Vice-President, Cross Media and Publishing Services: Gary Bennett

Credits and acknowledgments for material borrowed from other sources and reproduced, with permission, in this textbook appear on the
appropriate page within the text.

Original edition published by Pearson Education, Inc., Upper Saddle River, New Jersey, USA. Copyright © 2016 Pearson Education, Inc.
This edition is authorized for sale only in Canada.

If you purchased this book outside the United States or Canada, you should be aware that it has been imported without the approval of the
publisher or the author.

Copyright © 2016 Pearson Canada Inc. All rights reserved. Manufactured in the United States of America. This publication is
protected by copyright and permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval
system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording, or likewise. To obtain
permission(s) to use material from this work, please submit a written request to Pearson Canada Inc., Permissions Department,

26 Prince Andrew Place, Don Mills, Ontario, M3C 2TS8, or fax your request to 416-447-3126, or submit a request to Permissions
Requests at www.pearsoncanada.ca.

10987654321[V058]
Library and Archives Canada Cataloguing in Publication

Heizer, Jay, author

Operations management : sustainability and supply chain
management/Jay Heizer, Barry Render, Paul Griffin.—Second
Canadian edition.

Includes bibliographical references and indexes.
ISBN 978-0-13-376434-5 (bound)

1. Production management—Textbooks. I. Render, Barry, author
II. Griffin, Paul, 1961-, author III. Title.

TS155.H3726 2015 658.5 C2015-906776-6

PEARSON ISBN 978-0-13-376434-5

AO01_HEIZ4345_02_SE_FM.indd iv @ 01/12/15 7:38 PM



To Kathryn Ann Heizer
—JH
To Donna, Charlie, Jesse, and Reva
and to Howard G. Kornacki, the teacher who taught
me to love math
—BR
To Suzanne, Alexandra, and Kathleen
—PG

AO01_HEIZ4345_02_SE_FM.indd v

01/12/15 7:38 PM



AO01_HEIZ4345_02_SE_FM.indd vi @ 01/12/15 7:38 PM



About the Authors

Jay Heizer Professor Emeritus, the Jesse H. Jones Chair of Business Administration, Texas
Lutheran University, Seguin, Texas. He received his B.B.A. and M.B.A. from the University of
North Texas and his Ph.D. in Management and Statistics from Arizona State University. He was
previously a member of the faculty at the University of Memphis, the University of Oklahoma,
Virginia Commonwealth University, and the University of Richmond. He has also held visiting
positions at Boston University, George Mason University, the Czech Management Center, and
the Otto-Von-Guericke University, Magdeburg.

Dr. Heizer’s industrial experience is extensive. He learned the practical side of operations manage-
ment as a machinist apprentice at Foringer and Company, as a production planner for Westinghouse
Airbrake, and at General Dynamics, where he worked in engineering administration. In addition,
he has been actively involved in consulting in the OM and MIS areas for a variety of organizations,
including Philip Morris, Firestone, Dixie Container Corporation, Columbia Industries, and Tenneco.
He holds the CPIM certification from APICS—the Association for Operations Management.

Professor Heizer has co-authored five books and has published more than 30 articles on a variety
of management topics. His papers have appeared in the Academy of Management Journal, Journal
of Purchasing, Personnel Psychology, Production & Inventory Control Management, APICS—
The Performance Advantage, Journal of Management History, IIE Solutions, and Engineering
Management, among others. He has taught operations management courses in undergraduate,
graduate, and executive programs.

Barry Render Professor Emeritus, the Charles Harwood Professor of Operations Management,
Crummer Graduate School of Business, Rollins College, Winter Park, Florida. He received his
B.S. in Mathematics and Physics at Roosevelt University, and his M.S. in Operations Research
and Ph.D. in Quantitative Analysis at the University of Cincinnati. He previously taught at
George Washington University, University of New Orleans, Boston University, and George
Mason University, where he held the Mason Foundation Professorship in Decision Sciences and
was Chair of the Decision Sciences Department. Dr. Render has also worked in the aerospace
industry for General Electric, McDonnell Douglas, and NASA.

Professor Render has co-authored 10 textbooks for Prentice Hall, including Managerial Decision
Modeling with Spreadsheets, Quantitative Analysis for Management, Service Management,
Introduction to Management Science, and Cases and Readings in Management Science.
Quantitative Analysis for Management, now in its 11th edition, is a leading text in that discipline
in the United States and globally. Dr. Render’s more than 100 articles on a variety of management
topics have appeared in Decision Sciences, Production and Operations Management, Interfaces,
Information and Management, Journal of Management Information Systems, Socio-Economic
Planning Sciences, IIE Solutions, and Operations Management Review, among others.

Dr. Render has been honoured as an AACSB Fellow and was twice named a Senior Fulbright
Scholar. He was Vice President of the Decision Science Institute Southeast Region and served
as Software Review Editor for Decision Line for six years and as Editor of the New York
Times Operations Management special issues for five years. From 1984 to 1993, Dr. Render
was President of Management Service Associates of Virginia, Inc., whose technology clients
included the FBI, the U.S. Navy, Fairfax County, Virginia, and C&P Telephone. He is currently
Consulting Editor to Financial Times Press.

Dr. Render has taught operations management courses in Rollins College’s MBA and Executive
MBA programs. He has received that school’s Welsh Award as leading Professor and was selected
by Roosevelt University as the 1996 recipient of the St. Claire Drake Award for Outstanding
Scholarship. In 2005, Dr. Render received the Rollins College MBA Student Award for Best
Overall Course, and in 2009 was named Professor of the Year by full-time MBA students.

vii

AO01_HEIZ4345_02_SE_FM.indd vii @ 01/12/15 7:38 PM



viii About the Authors

AO01_HEIZ4345_02_SE_FM.indd viii

Paul Griffin Associate Dean, Business Degrees, Humber Institute of Technology & Advanced
Learning, Toronto, Ontario, Canada. He received his Ph.D. in management from the University
of Bradford in the United Kingdom and has also achieved 16 professional designations,
including Chartered Professional Accountant (CPA), Certified Management Accountant (CMA),
Certified General Accountant (CGA), Certified Financial Planner (CFP), Fellow of the Canadian
Securities Institute (FCSI), and several others.

Before joining academia, Dr. Griffin was engaged in the financial services sector for over 20 years
and was most recently the National Director of Operations and Compliance at ING Canada.
He remains an active member of several boards and committees, most notably the Insurance
Institute of Canada’s Ethics Advisory Board and the Financial Services Commission of Ontario’s
Advisory Board, and he serves as Chair of the Education Committee and Board of Directors
for the Canadian Institute of Financial Planning. Before becoming Associate Dean at
Humber, Dr. Griffin was a Professor and taught operations management, accounting, finance,
and marketing. During that time, he received the Award of Excellence for Outstanding Academic
Contribution.

Dr. Griffin continues to write for practitioner-targeted publications and develops a continuous
stream of technical manuals, materials, and courses for both the academic and industrial sectors.
He remains an active member of the Editorial Advisory Board for the Journal of Financial
Planning.

01/12/15 7:38 PM



Brief Table of Contents

PART ONE
Introduction to Operations
Management 1

1 Operations and Productivity 1

2 Operations Strategy in a Global
Environment 26

3 Project Management 52
4 Forecasting 97

PART TWO
Designing Operations 145

5 Sustainability in the Supply Chain

and the Design of Goods and
Services 145

6 Managing Quality 179

Supplement 6: Statistical
Process Control 207

7 Process Strategy and
Sustainability 238

Supplement 7: Capacity and
Constraint Management 268

8 Location Strategies 296
9 Layout Strategies 323

10 Human Resources, Job Design,
and Work Measurement 361

PART THREE
Managing Operations 395

11 Supply-Chain Management 395

Supplement 11: Supply Chain
Management Analytics 425

12 Inventory Management 438

AO1_HEIZ4345_02_SE_FM.indd ix

13 Aggregate Planning and Sales
and Operations Planning 480

14 Material Requirements Planning
(MRP) and ERP 510

15 Short-Term Scheduling 545
16 JIT and Lean Operations 579
17 Maintenance and Reliability 605

PART FOUR
Quantitative Modules 621

A Decision-Making Tools 621
B Linear Programming 640
C Transportation Models 667
D Waiting-Line Models 687
E Learning Curves 716
F Simulation 729
Appendices A1l
Bibliography B1
Indices 11

Online Tutorials
1 Statistical Tools for Managers Ti-1
2 Acceptance Sampling T2-1

3 The Simplex Method of Linear
Programming T3-1

4 The MODI and VAM Methods
of Solving Transportation
Problems T4-1

5 Vehicle Routing and Scheduling T15-1

ix

01/12/15 7:38 PM



AO01_HEIZ4345_02_SE_FM.indd x @ 01/12/15 7:38 PM



Table of Contents

About the Authors vii
Preface xxi

PART ONE
Introduction to Operations
Management 1

1 Operations and Productivity 1

What is Operations Management? 2
Organizing to Produce Goods and Services 3
The Supply Chain 4
Why Study Operations Management? 4
What Operations Managers Do 5
Where Are the OM Jobs? 6
The Heritage of Operations Management 6
Operations in the Service Sector 9
Differences Between Goods and Services 9
Growth of Services 9
Service Pay 11
New Challenges in Operations Management 11
The Productivity Challenge 11
Productivity Measurement 12
Productivity Variables 14
Productivity and the Service Sector 16
Ethics, Social Responsibility, and Sustainability 17

Chapter Summary 18 * Ethical Dilemma

18  Discussion Questions 19 ¢ Solved Problems
19 * Problems 20 * Case Studies: National

Air Express 21 » Video Case Studies: Frito-

Lay: Operations Management in Manufacturing
22 * Hard Rock Cafe: Operations Management in
Services 22 ¢ Rapid Review 23 o Self-Test 25

2 Operations Strategy in a Global
Environment 26

A Global View of Operations and Supply Chains 28
Reduce Costs 29
Improve the Supply Chain 30
Provide Better Goods and Services 30
Understand Markets 30
Learn to Improve Operations 31
Attract and Retain Global Talent 31

Cultural and Ethical Issues 31

Developing Missions and Strategies 32

AO1_HEIZ4345_02_SE_FM.indd xi @

Mission 32
Strategy 32

Achieving Competitive Advantage Through
Operations 33

Competing on Differentiation 34
Competing on Cost 34
Competing on Response 35
Ten Strategic OM Decisions 36
Issues in Operations Strategy 39
Strategy Development and Implementation 40
Key Success Factors and Core Competencies 41
Build and Staff the Organization 42
Integrate OM With Other Activities 42
Global Operations Strategy Options 43
International Strategy 43
Multidomestic Strategy 44
Global Strategy 45
Transnational Strategy 45

Chapter Summary 46 < Ethical Dilemma 46 *
Discussion Questions 46 ¢ Solved Problems 46 *
Problems 47 * Case Studies: Mr. Lube 48 *
Video Case Studies: Operations Strategy at Regal
Marine 48 ¢ Hard Rock Cafe’s Global Strategy
48 * Rapid Review 49 » Self-Test 51

Project Management 52

The Importance of Project Management 53
Project Planning 54
The Project Manager 55
Work Breakdown Structure 55
Project Scheduling 56
Project Controlling 58
Project Management Techniques: PERT and CPM 58
The Framework of PERT And CPM 58
Network Diagrams and Approaches 59
Activity-on-Node Example 60
Activity-on-Arrow Example 63
Determining the Project Schedule 63
Forward Pass 64
Backward Pass 65

Calculating Slack Time and Identifying the
Critical Path(s) 67

Variability in Activity Times 69
Three Time Estimates in PERT 70
Probability of Project Completion 71
Cost-Time Trade-Offs and Project Crashing 75

Xi

01/12/15 7:38 PM



xii Table of Contents

A Critique of PERT and CPM 77
Advantages 77
Limitations 78
Using Microsoft Project to Manage Projects 78
Entering Data 78
Viewing the Project Schedule 79
PERT Analysis 80
Tracking the Time Status of a Project 80

Chapter Summary 81 * Ethical Dilemma

81 e Discussion Questions 81 * Using

Software to Solve Project Management Problems
82 o Solved Problems 82 ¢ Problems 85 ¢ Case
Studies: Fast Creek Lightning: (A) 90 * Video
Case Studies: Project Management at Arnold
Palmer Hospital 91 * Managing Hard Rock’s
Rockfest 92 ¢ Rapid Review 94 » Self-Test 95

4 Forecasting 97

What Is Forecasting? 98
Forecasting Time Horizons 99
The Influence of Product Life Cycle 99
Types of Forecasts 100
The Strategic Importance of Forecasting 100
Human Resources 100
Capacity 100
Supply-Chain Management 100
Seven Steps in the Forecasting System 101
Forecasting Approaches 101
Overview of Qualitative Methods 101
Overview of Quantitative Methods 102
Time-Series Forecasting 102
Decomposition of a Time Series 102
Naive Approach 103
Moving Averages 103
Exponential Smoothing 106
Measuring Forecast Error 107
Exponential Smoothing with Trend Adjustment 110
Trend Projections 113
Seasonal Variations in Data 115
Cyclical Variations in Data 120

Associative Forecasting Methods: Regression and
Correlation Analysis 120

Using Regression Analysis for Forecasting 120
Standard Error of the Estimate 122
Correlation Coefficients for Regression Lines 123
Multiple-Regression Analysis 125
Monitoring and Controlling Forecasts 125
Adaptive Smoothing 127
Focus Forecasting 127
Forecasting in the Service Sector 128
Specialty Retail Shops 128

AO01_HEIZ4345_02_SE_FM.indd xii

Fast-Food Restaurants 128

Chapter Summary 129 * Ethical Dilemma

129 » Discussion Questions 130 * Using
Software in Forecasting 130 ¢ Solved Problems
132 » Problems 133 * Case Studies: Fast
Creek Lightning: (B) 140 * Video Case Studies:
Forecasting at Hard Rock Cafe 140 * Rapid
Review 141 » Self-Test 144

PART TWO
Designing Operations 145

5 Sustainability in the Supply Chain and

the Design of Goods and Services 145

Goods and Services Selection 146

Product Strategy Options Support Competitive
Advantage 147

Product Life Cycles 148
Life Cycle and Strategy 148
Product-by-Value Analysis 149
Generating New Products 149
New Product Opportunities 149
Importance of New Products 149
Product Development 150
Product Development System 150
Quality Function Deployment (QFD) 151
Organizing for Product Development 154
Manufacturability and Value
Engineering 155
Issues for Product Design 156
Robust Design 156
Modular Design 156
Computer-Aided Design (CAD) 156
Computer-Aided Manufacturing (CAM) 157
Virtual Reality Technology 157
Value Analysis 158

Ethics, Environmentally Friendly Designs, and
Sustainability 158

Systems and Life Cycle Perspectives 158
Time-Based Competition 161

Purchasing Technology by Acquiring a Firm 162

Joint Ventures 162

Alliances 162
Defining a Product 163

Make-or-Buy Decisions 164

Group Technology 164
Documents for Production 165

Product Life-Cycle Management (PLM) 166
Service Design 167

Process—Chain—Network (PCN) Analysis 167

01/12/15 7:38 PM



Adding Service Efficiency 168
Documents for Services 169

Application of Decision Trees to Product
Design 170

Transition to Production 171

Chapter Summary 172 * Ethical Dilemma
172  Discussion Questions 172 < Solved
Problem 173 ¢ Problems 173 * Case Studies:
StackTeck 175 * Video Case Studies: Product
Strategy at Regal Marine 176 * Rapid Review
176  Self-Test 178

Managing Quality 179
Quality and Strategy 180
Defining Quality 181
Implications of Quality 182
National Quality Awards 182
Cost of Quality (COQ) 182
Ethics and Quality Management 183
International Quality Standards 183
ISO 9000 183
ISO 14000 184
Total Quality Management 184
Continuous Improvement 185
Six Sigma 186
Employee Empowerment 187
Benchmarking 187
Just-In-Time (JIT) 189
Taguchi Concepts 189
Knowledge of TOM Tools 190
Tools of TQM 190
Check Sheets 190
Scatter Diagrams 190
Cause-and-Effect Diagrams 190
Pareto Charts 191
Flowcharts 193
Histograms 194
Statistical Process Control (SPC) 194
The Role of Inspection 195
When and Where to Inspect 195
Source Inspection 196
Service Industry Inspection 196
Inspection of Attributes Versus
Variables 196
TQM in Services 197
Chapter Summary 199 * Ethical Dilemma
200 e« Discussion Questions 200 ¢ Problems
200 » Case Studies: Fast Creek Lightning: (C)

202 « Video Case Studies: The Culture of Quality

at Arnold Palmer Hospital 203 » TOM at
Ritz-Carlton Hotels 204 * Rapid Review
204 « Self-Test 206

AO01_HEIZ4345_02_SE_FM.indd xiii

Table of Contents  xiii

6 Supplement: Statistical Process
Control 207

Statistical Process Control (SPC) 207
Natural Variations 207
Assignable Variations 208
Samples 208
Control Charts 209
Control Charts for Variables 209
The Central Limit Theorem 209
Setting Mean Chart Limits (X -Charts) 211
Setting Range Chart Limits (R-Charts) 214
Using Mean and Range Charts 214
Control Charts for Attributes 216
Managerial Issues and Control Charts 219
Process Capability 220
Process Capability Ratio (Cp) 220
Process Capability Index (Cpk) 221
Acceptance Sampling 222
Operating Characteristic Curve 222
Average Outgoing Quality 224

Supplement Summary 225 * Discussion
Questions 225 < Solved Problems
227 o Problems 228 * Case Studies: PEI

Potato Purveyors 233 » Video Case Studies:

Frito-Lay’s Quality-Controlled Potato Chips
234 o Farm to Fork: Quality at Darden
Restaurants 235 ¢ Rapid Review 235 *
Self-Test 237

7 Process Strategy and
Sustainability 238

Four Process Strategies 240
Process Focus 240
Repetitive Focus 241
Product Focus 241
Mass Customization Focus 242
Comparison of Process Choices 244
Selection of Equipment and Technology 246
Process Analysis and Design 247
Flowchart 248
Time-Function Mapping 248
Value-Stream Mapping 248
Process Charts 249
Service Blueprinting 250

Special Considerations for Service Process
Design 251

Customer Interaction and Process
Design 251

More Opportunities to Improve Service
Processes 253

Production Technology 253

01/12/15 7:38 PM



xiv Table of Contents

Machine Technology 253

Automatic Identification Systems (AISS)
and RFID 254

Process Control 254
Vision Systems 255
Robots 255

Automated Storage and Retrieval
Systems (ASRSs) 255

Automated Guided Vehicles (AGVS) 255
Flexible Manufacturing Systems (FMSS) 255

Computer-Integrated Manufacturing (CIM) 255

Technology in Services 256

Process Redesign 258

Sustainability 258
Resources 258
Recycling 259
Regulations 259
Reputation 260

Chapter Summary 260 * Ethical Dilemma
260 e Discussion Questions 260 ¢ Solved
Problem 261 * Problems 261 * Case
Studies: Regina Manufacturing’s Process
Decision 262 * Environmental Sustainability
at Walmart 262 » Video Case Studies: Process
Strategy at Wheeled Coach Ambulance

263  Process Analysis at Arnold Palmer
Hospital 263 * Green Manufacturing and
Sustainability at Frito-Lay 264 * Rapid
Review 265 « Self-Test 267

7 Supplement: Capacity and
Constraint Management 268
Capacity 268

Design and Effective Capacity 268
Capacity and Strategy 271
Capacity Considerations 271
Managing Demand 272

Demand and Capacity Management in the Service

Sector 273

Bottleneck Analysis and the Theory of Constraints 274
Process Times for Stations, Systems, and Cycles 274

Theory of Constraints 276
Bottleneck Management 277
Break-Even Analysis 278
Assumptions 279
Graphic Approach 279
Algebraic Approach 279
Single-Product Case 280
Multiproduct Case 280
Reducing Risk with Incremental Changes 282

Applying Expected Monetary Value (EMV) to
Capacity Decisions 283

AO01_HEIZ4345_02_SE_FM.indd xiv

Applying Investment Analysis to Strategy-Driven
Investments 284
Investment, Variable Cost, and Cash Flow 284
Net Present Value 284
Supplement Summary 287 * Discussion Questions
287 e Using Software for Break-Even Analysis
287 * Solved Problems 288 ¢ Problems 290
e Video Case Studies: Capacity Planning at
Arnold Palmer Hospital 293 ¢ Rapid Review
294 o Self-Test 295

8 Location Strategies 296

The Strategic Importance of Location 297
Location and Costs 298

Factors that Affect Location Decisions 298
Labour Productivity 300
Exchange Rates and Currency Risk 300
Costs 301
Political Risk, Values, and Culture 301
Proximity to Markets 301
Proximity to Suppliers 302
Proximity to Competitors (Clustering) 303

Methods of Evaluating Location Alternatives 303
The Factor-Rating Method 303
Locational Break-Even Analysis 304
Centre-of-Gravity Method 305
Transportation Model 307

Service Location Strategy 308
Geographic Information Systems 309

Chapter Summary 310 * Ethical Dilemma

310 » Discussion Questions 310 ¢ Using
Software to Solve Location Problems 311 * Solved
Problems 311 * Problems 313 * Case Studies:
Atlantic Assembly Services 318 * Video

Case Studies: Locating the Next Red Lobster
Restaurant 318 ¢ Hard Rock’s Location Selection
319 * Rapid Review 320 o Self-Test 322

9 Layout Strategies 323

The Strategic Importance of Layout Decisions 324
Types of Layout 325
Office Layout 326
Retail Layout 327
Servicescapes 329
Warehousing and Storage Layouts 330
Cross-Docking 330
Random Stocking 331
Customizing 331
Fixed-Position Layout 332
Process-Oriented Layout 333

Computer Software for Process-Oriented
Layouts 337

01/12/15 7:38 PM



AO01_HEIZ4345_02_SE_FM.indd xv

Work Cells 338
Requirements of Work Cells 338
Staffing and Balancing Work Cells 339

The Focused Work Centre and the Focused
Factory 341

Repetitive and Product-Oriented Layout 341
Assembly-Line Balancing 342

Chapter Summary 347  Ethical Dilemma
347 < Discussion Questions 347 * Using

Software to Solve Layout Problems 347 ¢ Solved

Problems 348 < Problems 351 * Case
Studies: Automobile Licence Renewals

356 e Video Case Studies: Layout at Arnold
Palmer Hospital 357  Facility Layout at
Wheeled Coach Ambulance 358 ¢ Rapid
Review 359 o Self-Test 360

10 Human Resources, Job Design, and

Work Measurement 361
Human Resource Strategy for Competitive
Advantage 363
Constraints on Human Resource Strategy 363
Labour Planning 364
Employment-Stability Policies 364
Work Schedules 364
Job Classifications and Work Rules 365
Job Design 365
Labour Specialization 365
Job Expansion 366
Psychological Components of Job Design 366
Self-Directed Teams 367
Motivation and Incentive Systems 367
Ergonomics and the Work Environment 369
Ergonomics 369
Operator Input to Machines 369
Feedback to Operators 369
The Work Environment 370
Methods Analysis 371
The Visual Workplace 373
Labour Standards 374
Historical Experience 374
Time Studies 374
Predetermined Time Standards 379
Work Sampling 381
Ethics 384

Chapter Summary 384 o Ethical Dilemma
385 * Discussion Questions 385 * Solved
Problems 385 ¢ Problems 387 * Case
Studies: Jackson Manufacturing Company
391 e« Video Case Studies: Human Resources
at Hard Rock Cafe 391 * Rapid Review

392 o Self-Test 394

Table of Contents xv

PART THREE
Managing Operations 395

11 Supply-Chain Management 395

The Supply Chain’s Strategic Importance 396
Supply-Chain Risk 398

Ethics and Sustainability 399
Personal Ethics 399
Ethics Within the Supply Chain 399

Ethical Behaviour Regarding the
Environment 399

Supply-Chain Economics 400
Make-or-Buy Decisions 401
Outsourcing 401

Supply-Chain Strategies 401
Many Suppliers 402
Few Suppliers 402
Vertical Integration 402
Joint Ventures 403
Keiretsu Networks 403
Virtual Companies 403

Managing the Supply Chain 404
Mutual Agreement on Goals 404
Trust 404
Compatible Organizational Cultures 404
Issues in an Integrated Supply Chain 405

Opportunities in an Integrated Supply
Chain 405

Eprocurement 408
Electronic Ordering and Funds Transfer 408
Online Catalogues 408
Auctions 408
RFQs 409
Real-Time Inventory Tracking 409
Vendor Selection 409
Vendor Evaluation 409
Vendor Development 410
Negotiations 410
Logistics Management 411
Distribution Systems 411
Warehousing 412
Third-Party Logistics 413
Cost of Shipping Alternatives 413
Security and JIT 414
Measuring Supply-Chain Performance 415
Supply-Chain Performance 415
Assets Committed to Inventory 415
The SCOR Model 417

Chapter Summary 418  Ethical Dilemma
418  Discussion Questions 418 * Solved

01/12/15 7:38 PM



xvi Table of Contents

11

12

Problems 418 * Problems 419 * Case Studies:
Dell’s Value Chain 420 * Video Case Studies:
Darden’s Global Supply Chain 421
Supply-Chain Management at Regal Marine
422 o Arnold Palmer Hospital’s Supply Chain
422 « Rapid Review 423  Self-Test 424

Supplement: Supply Chain
Management Analytics 425

Techniques for Evaluating Supply Chains 425
Evaluating Disaster Risk in the Supply Chain 425
Managing the Bullwhip Effect 427

A Bullwhip Effect Measure 429
Supplier Selection Analysis 430
Transportation Mode Analysis 431

Supplement Summary 431 ¢ Discussion Questions

432 » Solved Problems 432 * Problems
434 * Rapid Review 436 * Self-Test 437

Inventory Management 438

The Importance of Inventory 440
Functions of Inventory 440
Types of Inventory 441
Managing Inventory 441
ABC Analysis 441
Record Accuracy 443
Cycle Counting 443
Control of Service Inventories 445
Inventory Models 446

Independent versus Dependent
Demand 446

Holding, Ordering, and Setup Costs 446
Inventory Models for Independent Demand 447
The Basic Economic Order Quantity (EOQ)
Model 447
Minimizing Costs 447
Reorder Points 452
Production Order Quantity Model 453
Quantity Discount Models 456
Probabilistic Models and Safety Stock 458
Other Probabilistic Models 461
Single-Period Model 463
Fixed-Period (P) Systems 464
Chapter Summary 465  Ethical Dilemma
466 e« Discussion Questions 466 * Using
Software to Solve Inventory Problems 466
e Solved Problem 467 ¢ Problems 470 * Case
Studies: Zhou Bicycle Company 475 * Video
Case Studies: Managing Inventory at Frito-Lay
475 o Inventory Control at Wheeled Coach
Ambulance 476 < Rapid Review 477
o Self-Test 478

AO01_HEIZ4345_02_SE_FM.indd xvi

13

14

Aggregate Planning and Sales
and Operations Planning 480

The Planning Process 481

Sales and Operations Planning 481
The Nature of Aggregate Planning 483
Aggregate Planning Strategies 484

Capacity Options 485

Demand Options 485

Mixing Options to Develop a Plan 486
Methods for Aggregate Planning 487

Graphical Methods 487

Mathematical Approaches 491

Comparison of Aggregate Planning
Methods 493

Aggregate Planning in Services 494
Restaurants 494
Hospitals 495
National Chains of Small Service Firms 495
Miscellaneous Services 495
Airline Industry 496

Yield Management 496

Chapter Summary 499 e« Ethical Dilemma

499 o Discussion Questions 500 * Using
Software for Aggregate Planning 500 ¢ Solved
Problems 501 * Problems 502 * Case Studies:
Fast Creek Lightning (G) 506 ¢ Andrew-Carter,
Inc. 507 * Rapid Review 508 e Self-Test 509

Material Requirements Planning
(MRP) and ERP 510

Dependent Demand 511

Dependent Inventory Model Requirements 512
Master Production Schedule 512
Bills of Material 514
Accurate Inventory Records 516
Purchase Orders Outstanding 516
Lead Times for Components 516

MRP Structure 517

MRP Management 521
MRP Dynamics 521
MRP and JIT 521

Lot-Sizing Techniques 522
Lot-for-Lot 522
Economic Order Quantity 523
Part Period Balancing 524
Wagner-Whitin Algorithm 526
Lot-Sizing Summary 526

Extensions of MRP 526

Material Requirements Planning I1
(MRP II) 526

01/12/15 7:38 PM



AO01_HEIZ4345_02_SE_FM.indd xvii

Closed-Loop MRP 527
Capacity Planning 527
MREP in Services 529
Restaurants 529
Hospitals 530
Hotels 530
Distribution Resource Planning (DRP) 530
Enterprise Resource Planning (ERP) 530
Advantages and Disadvantages of ERP Systems 533
ERP in the Service Sector 533

Chapter Summary 533 * Ethical Dilemma

534 o Discussion Questions 534 * Using
Software to Solve MRP Problems 534 * Solved
Problems 536 * Problems 538 * Case Studies:
Hill’s Automotive, Inc. 541 * Video Case Studies:
MRP at Wheeled Coach Ambulance 542 ¢ Rapid
Review 542 o Self-Test 544

15 Short-Term Scheduling 545

The Importance of Short-Term Scheduling 546
Scheduling Issues 547
Forward and Backward Scheduling 548
Scheduling Criteria 549
Scheduling Process-Focused Facilities 550
Loading Jobs 551
Input—Qutput Control 551
Gantt Charts 552
Assignment Method 553
Sequencing Jobs 556
Priority Rules for Dispatching Jobs 556
Critical Ratio 559

Sequencing N Jobs on Two Machines: Johnson’s
Rule 560

Limitations of Rule-Based Dispatching Systems 562
Finite Capacity Scheduling (FCS) 562
Scheduling Repetitive Facilities 563
Scheduling Services 564

Hospitals 564

Banks 564

Retail Stores 564

Airlines 564

24/7 Operations 564

Scheduling Service Employees with Cyclical
Scheduling 565

Cyclical Scheduling 565

Chapter Summary 567 * Ethical Dilemma

567 < Discussion Questions 567 * Using
Software for Short-Term Scheduling 567 * Solved
Problems 569 ¢ Problems 572 * Case

Studies: Old Muskoka Wood Store 575 ¢ Video
Case Studies: Scheduling at Hard Rock Cafe

576 ¢ Rapid Review 576 * Self-Test 578

Table of Contents  xvii

16 JIT and Lean Operations 579
Just-in-Time, the Toyota Production System,
and Lean Operations 581

Eliminate Waste 581
Remove Variability 583
Improve Throughput 583
Just-in-Time (JIT) 583
JIT Partnerships 583
Concerns of Suppliers 586
JIT Layout 586
Distance Reduction 586
Increased Flexibility 586
Impact on Employees 587
Reduced Space and Inventory 587
JIT Inventory 587
Reduce Inventory and Variability 587
Reduce Lot Sizes 588
Reduce Setup Costs 589
JIT Scheduling 590
Level Schedules 590
Kanban 591
JIT Quality 593
Toyota Production System 594
Continuous Improvement 594
Respect for People 595
Standard Work Practice 595
Lean Operations 595
Building a Lean Organization 595
Lean Operations in Services 596
Suppliers 596
Layouts 596
Inventory 597
Scheduling 597

Chapter Summary 598 * Ethical Dilemma

598 e Discussion Questions 598 ¢ Solved
Problems 599 ¢ Problems 599 ¢ Case Studies:
Saskatchewan Mutual Insurance Company

600 « JIT After a Catastrophe 601 * Video
Case Studies: JIT at Arnold Palmer Hospital
602  Rapid Review 603 * Self-Test 604

17 Maintenance and Reliability 605

The Strategic Importance of Maintenance

and Reliability 606

Reliability 607
Improving Individual Components 607
Providing Redundancy 609

Maintenance 610
Implementing Preventive Maintenance 610
Increasing Repair Capabilities 614
Autonomous Maintenance 614

01/12/15 7:38 PM



xviii Table of Contents

Total Productive Maintenance 614
Techniques for Enhancing Maintenance 615
Simulation 615
Expert Systems 615
Automated Sensors 615

Chapter Summary 615 * Ethical Dilemma

615 < Discussion Questions 616 * Using
Software to Solve Reliability Problems

616 * Solved Problems 616 ¢ Problems

616 * Video Case Studies: Maintenance Drives
Profits at Frito-Lay 618 * Rapid Review

619 o Self-Test 620

PART FOUR
Quantitative Modules 621

A Decision-Making Tools 621

The Decision Process in Operations 621

Fundamentals of Decision Making 622

Decision Tables 623

Types of Decision-Making Environments 624
Decision Making Under Uncertainty 624
Decision Making Under Risk 625
Decision Making Under Certainty 625

Expected Value of Perfect
Information (EVPI) 626

Decision Trees 627
A More Complex Decision Tree 628

Using Decision Trees in Ethical
Decision Making 630

The Poker Decision Process 631

Module Summary 631 * Discussion
Questions 631 ¢ Using Software for
Decision Models 632 ¢ Solved Problems
632 ¢ Problems 634 * Case Studies: Tom
Tucker’s Liver Transplant 637 * Rapid
Review 637 * Self-Test 639

B Linear Programming 640

Why Use Linear Programming? 640

Requirements of a Linear Programming
Problem 642

Formulating Linear Programming
Problems 642

Shader Electronics Example 642

Graphical Solution to a Linear Programming
Problem 643

Graphical Representation of Constraints 643
Iso-Profit Line Solution Method 644

AO01_HEIZ4345_02_SE_FM.indd  xviii

Corner-Point Solution Method 646
Sensitivity Analysis 647
Sensitivity Report 648

Changes in the Resources or Right-Hand-Side
Values 648

Changes in the Objective Function
Coefficient 649

Solving Minimization Problems 650
Linear Programming Applications 652

Production-Mix Example 652

Diet Problem Example 653

Labour Scheduling Example 654
The Simplex Method of LP 655

Module Summary 655 * Discussion Questions
655  Using Software to Solve LP Problems
656 * Solved Problems 657 ¢ Problems

659  Case Studies: Golding Landscaping
and Plants, Inc. 664 * Rapid Review 665
Self-Test 666

Transportation Models 667

Transportation Modelling 667
Developing an Initial Solution 669
The Northwest-Corner Rule 669
The Intuitive Lowest-Cost Method 670
The Stepping-Stone Method 671
Special Issues in Modelling 674
Demand Not Equal to Supply 674
Degeneracy 675

Module Summary 676 * Discussion Questions
676 * Using Software to Solve Transportation
Problems 677 * Solved Problems 678 * Problems
680 * Case Studies: Custom Vans, Inc. 683
Rapid Review 684 « Self-Test 686

Waiting-Line Models 687

Queuing Theory 687

Characteristics of a Waiting-Line System 688
Arrival Characteristics 688
Waiting-Line Characteristics 690
Service Characteristics 690
Measuring a Queue’s Performance 692

Queuing Costs 692

The Variety of Queuing Models 693

Model A (M/M/1): Single-Channel Queuing Model
with Poisson Arrivals and Exponential Service
Times 694

Model B (M/M/S): Multiple-Channel Queuing
Model 697

01/12/15 7:38 PM



AO01_HEIZ4345_02_SE_FM.indd xix

Model C (M/D/1): Constant-Service-Time

Model 701

Little’s Law 702

Model D: Limited-Population Model 702
Other Queuing Approaches 705

Module Summary 706 ¢ Discussion

Questions 706 ¢ Using Software to Solve

Queuing Problems 706 < Solved Problems

707  Problems 709 * Case Studies:

Labrador Foundry Inc. 712 * Video Case

Study: The Winter Park Hotel 713 * Rapid

Review 713 » Self-Test 715

E Learning Curves 716

What Is a Learning Curve? 716
Learning Curves in Services and Manufacturing 717
Applying the Learning Curve 718

Arithmetic Approach 718

Logarithmic Approach 718

Learning-Curve Coefficient Approach 719
Strategic Implications of Learning Curves 721
Limitations of Learning Curves 722

Module Summary 722 ¢ Discussion
Questions 722  Using Software for
Learning Curves 722 ¢ Solved Problems
723 o Problems 724  Case Studies:
SMT’s Negotiation with IBM 726 < Rapid
Review 727 o Self-Test 728

Simulation 729

What Is Simulation? 729
Advantages and Disadvantages of Simulation 730
Monte Carlo Simulation 731

Step 1. Establishing Probability Distributions 731

Step 2. Building a Cumulative Probability
Distribution for Each Variable 732

Step 3. Setting Random-Number Intervals 732

Step 4. Generating Random Numbers 733

Step 5. Simulating the Experiment 733
Simulation of a Queuing Problem 734
Simulation and Inventory Analysis 737

Module Summary 740 * Discussion Questions
740 « Using Software in Simulation 740
Solved Problems 742 * Problems 743  Case
Studies: Canadian Shield Airlines Call Centre
747 * Rapid Review 748 o Self-Test 750

Appendices Al
Bibliography B1
Indices I1

Table of Contents  xix

Online Tutorials

1 Statistical Tools for Managers Ti-1

Discrete Probability Distributions T1-2

Expected Value of a Discrete Probability
Distribution TI-3

Variance of a Discrete Probability
Distribution TI-3

Continuous Probability Distributions T1-4
The Normal Distribution TI1-4

Summary T1-7 ¢ Key Terms T1-7 * Discussion
Questions T1-7 ¢ Problems T1-7
* Bibliography T1-8

Acceptance Sampling T2-1

Sampling Plans T2-2
Single Sampling T2-2
Double Sampling T2-2
Sequential Sampling T2-2
Operating Characteristic (OC) Curves T2-2
Producer’s and Consumer’s Risk T2-3
Average Outgoing Quality T2-5
Summary T2-6 * Key Terms T2-6 * Solved
Problem T2-7 < Discussion Questions T2-7
* Problems T2-7

The Simplex Method of Linear
Programming T3-1

Converting the Constraints to Equations T3-2
Setting Up the First Simplex Tableau T3-2
Simplex Solution Procedures T3-4

Summary of Simplex Steps for Maximization
Problems T3-6

Artificial and Surplus Variables T3-7
Solving Minimization Problems T3-7

Summary T3-8 ¢ Key Terms T3-8 ¢ Solved
Problem T3-8 * Discussion Questions T3-8
e Problems T3-9

The MODI and VAM Methods of
Solving Transportation Problems T4-1

MODI Method T4-2
How to Use the MODI Method T4-2

Solving the Arizona Plumbing Problem with
MODI T4-2

Vogel’s Approximation Method: Another Way to Find
an Initial Solution T4-4

Discussion Questions T4-8 ¢ Problems T4-8

01/12/15 7:38 PM



xx Table of Contents

B Vehicle Routing and Scheduling T5-1 Multiple Traveling Salesman Problem T5-8
The Vehicle Routing Problem T5-9

Cluster First, Route Second Approach T5-10

Introduction T5-2
Service Delivery Example: Meals-for-ME T5-2

Objectives of Routing and Scheduling Problems T5-2 Scheduling Service Vehicles T3-11
.. . . The Concurrent Scheduler Approach T5-13

Characteristics of Routing and Scheduling : .

Problems T5-3 Other Routing and Scheduling Problems T5-13
Classifying Routing and Scheduling Summary T5-14 * Key Terms T5-15 * Discussion
Problems T5-3 Questions T5-15 ¢ Problems T5-15 ¢ Case

Study: Routing and Scheduling of Phlebotomists

Solving Routing and Scheduling T5-17 « Bibliography T5-17

Problems T5-4
Routing Service Vehicles T5-5
The Traveling Salesman Problem T5-5

AO01_HEIZ4345_02_SE_FM.indd xx @ 01/12/15 7:38 PM



Preface

Welcome to your operations management (OM) course and to the second Canadian edition of
this textbook. This text presents a state-of-the-art view of the activities of the operations function
from a Canadian perspective. Operations is an exciting and dynamic area of management which
has a profound effect on the productivity of both services and manufacturing. Indeed, few other
activities have so much impact on the quality of your life. The goal of this book is to present a
broad introduction to the field of operations in a realistic, meaningful, and practical manner. OM
includes a blend of subject areas, including accounting, industrial engineering, management,
management science, and statistics. Whether you are pursuing a career in the operations field or
not, you will likely be working with people in operations. Therefore, having a solid understanding
of the role of operations in an organization is of substantial benefit to you. This text will also help
you understand how OM affects society and your life. Certainly, you will better understand what
goes on behind the scenes when you buy a coffee at Tim Hortons, take a flight from Edmonton to
Vancouver, place an order with Amazon.ca, or enter a Canadian hospital for medical care.

Although many readers of this book are not OM majors, students studying marketing,
finance, accounting, and MIS will hopefully find the material both interesting and useful as they
develop a fundamental working knowledge of the operations side of the firm.

ABOUT THE SECOND CANADIAN EDITION

The goal of this Second Canadian Edition is to retain the features and strengths that have made
this book so successful over the years while bringing a new Canadian perspective to the text.
Readers will find examples of Canadian companies and success stories woven throughout the
book with cases drawn from the manufacturing and service industry taken from both the private
and public sectors. The text describes many Canadian locations and uses Canadian data when
available. Readers can follow the story of the construction of a hockey arena as a recurring case
study that touches upon many aspects of OM in a familiar setting. It is also important to acknowl-
edge the global nature of today’s business environment. Operations management is a discipline
that encompasses both the local and the international, with global considerations affecting every-
thing from location strategies to scheduling and transportation. This second Canadian edition
therefore retains many of the best and most familiar U.S. and international examples.

Enhanced Coverage of Sustainability in the Supply Chain Among the many
updates and revisions in this edition, some key enhancements include changes to Chapter 5, which
now expands on the concept of sustainability in the supply chain while discussing the design of
goods and services. This theme has been woven throughout the book in various contexts.

Supply Chain Analytics Chapter 11 has been revised in order to discuss supply chain ana-
lytics. This chapter now provides a number of useful tools for the reader.

Sales and Operations Planning Chapter 13 has been updated with a discussion of sales
and operations planning. This extends the earlier edition’s description of aggregate planning.

A partial listing of Canadian examples in the book includes:

Magna International (Chapter 1) Canadian gun registry (Chapter 3)

Porter Airlines (Chapter 2) Atomic Energy of Canada Limited (Chapter 3)
Bell Canada (Chapter 2) StackTeck Inc. (Chapter 5)

Mr. Lube (Chapter 2) Department of National Defence (Chapter 6)
EllisDon (Chapter 3) Maple Leaf Foods (Chapter 6)
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xxii Preface

Fredericton International Airport Authority Canadian Tire (Chapter 12)
Inc. (Chapter 7 Supplement) Air Canada (Chapter 15)
Tim Hortons (Chapter 8) Bombardier (Chapter 16)
Loblaw Companies Limited (Chapter 9) Ontario Power Generation (Chapter 17)
Canadian hospital management (Chapter 10) Belairdirect (Module D)
WestJet (Chapter 10) Toronto General Hospital (Module F)

Supply Chain Management Inc. (Chapter 11)

SPECIAL LEARNING FEATURES

The second Canadian edition has also retained many of the hallmark features of Operations
Management that help new students better engage with the material and develop a deeper under-
standing of the critical aspects of OM.

Integrated Video Case Studies The book features a number of integrated Video Case
Studies that take you behind the scenes of various organizations and show you how concepts
presented in this textbook are applied in real life. Topics such as statistical quality control, green
manufacturing and sustainability, inventory management, maintenance, and overall OM strategy
are covered in a series of 8- to 14-minute videos focusing on Frito-Lay, Darden Restaurants, Hard
Rock Cafe, Arnold Palmer Hospital, Wheeled Coach Ambulance, and Regal Marine.

Rapid Reviews Every chapter concludes with a two-page Rapid Review that provides a
detailed yet concise summary of the main points and equations in the chapter and helps students
prepare for homework, exams, and lectures by capturing the essence of the material. Each Rapid
Review also includes a self-test, with questions linked to the learning objectives in that chapter.
Key terms introduced in the chapter are part of the Rapid Review.

Integration of Ethics throughout the Book The second Canadian edition continues to
provide broad coverage of ethics as an OM consideration. The topic is discussed in most chapters
and near the end of each chapter, a special Ethical Dilemma appears that can be used for class-
room discussion or homework.

Author Comments You will find Author Comments in the margins throughout the text. This
feature points out why a section, a figure, or a table is so important. The comments are intended
to be motivational to students, as well as educational.

Additional Homework Problems This text features the most homework and practice
problems of any text in this discipline. Red dots next to each problem indicate the level of dif-
ficulty with one dot being least difficult and three dots most difficult. Many of the problems have
been modified and updated to reflect the changes made to the second Canadian edition. The
problems can also be practised online through MyOMLab. Solutions to all the problems appear
in the Instructor’s Solutions Manual.

MyOMLab is an online homework and assessment tool designed to help students practise operations M),O M Lab
management problems, improve their understanding of course concepts, and give instructors feed-

back on student performance. This online product expands the student’s learning experience with

out-of-class quizzes that are automatically graded, and tutorials that guide students through the prob-

lem solving process. This online homework and assessment tool keeps students up to date, and frees

instructors to use class time more creatively. MyOMLab has a wealth of resources that assist students

in preparing for class, working on assignments, and achieving the learning goals for each chapter.

MyOMLab lets you teach your course your way. Use MyOMLab as an out-of-the-box resource
for students who need extra help, or take full advantage of its advanced customization options.
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INSTRUCTOR RESOURCES

All of the instructor resources are password protected and available for download from the
Pearson online catalogue at http://catalogue.pearsoned.ca.

Instructor’s Resource Manual The Instructor’s Resource Manual contains many use-
ful resources, including course outlines, video notes, learning techniques, online exercises and
sample answers, case analysis ideas, additional teaching resources, and faculty notes.

Instructor’s Solutions Manual The Instructor’s Solutions Manual contains answers to all
of the discussion questions, Ethical Dilemmas, active models, and cases in the text, as well as
worked-out solutions to all the end-of-chapter problems.

PowerPoint™ Presentations An extensive set of PowerPoint™ presentations is available
for each chapter.

TestGen and Test Item File For your convenience, our test bank is available in two for-
mats. TestGen is a computerized test bank containing a broad variety of true/false, multiple
choice, fill-in-the-blank, short answer, and more complex problem questions. Questions can be
searched and identified by question type or level of difficulty. Each question has been checked
for accuracy and is available in the latest version of TestGen software. This software package
allows instructors to custom design, save, and generate classroom tests. The test program permits
instructors to edit, add, or delete questions from the test bank; edit existing graphics and create
new ones; analyze test results; and organize a database of tests and student results. This software
allows for greater flexibility and ease of use. It provides many options for organizing and display-
ing tests, along with search and sort features. The same questions can also be found in a Test Item
File available in Word format.

Video Package This book is accompanied by the “On Location Video Series,” a set of 39
videos hosted by Jay Heizer and Barry Render. Video cases include companies such as Frito Lay,
Hard Rock Cafe, Red Lobster, and Regal Marine.

Also included are “Solved Problems” videos, comprising over 60 clips with Jay Heizer and Barry
Render walking the viewer through stepped out problems.

Technology Specialists Pearson’s technology specialists work with faculty and campus
course designers to ensure that Pearson technology products, assessment tools, and online course
materials are tailored to meet your specific needs. This highly qualified team is dedicated to help-
ing schools take full advantage of a wide range of educational resources, by assisting in the inte-
gration of a variety of instructional materials and media formats. Your local Pearson Education
sales representative can provide you with more details on this service program.

FOR STUDENTS

Pearson eText Pearson eText gives students access to the text whenever and wherever they
have online access to the Internet. eText pages look exactly like the printed text, offering power-
ful new functionality for students and instructors. Users can create notes, highlight text in differ-
ent colours, create bookmarks, zoom, click hyperlinked words and phrases to view definitions,
and view in single-page or two-page view.
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