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x Preface

The challenges and the opportunities associated with better matching supply with demand, 
however, have only grown. We hope that through this book and through our teaching we 
can help reduce some of the costs that arise when supply and demand do not match, be it 
in the form of insufficient care capacity in ICUs or global supply shortages of goods and 
services.
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The fifth edition has benefited from the comments and suggestions from students, faculty, 
and practitioners from around the world.

The world has changed again between this and the previous edition. Consequently, we 
have updated data and examples to try to maintain the timeliness of the content.

We have made a number of changes that make the material easier for students to absorb, 
including:

Chapter 1:	 A new introduction with current examples throughout
Chapter 2:	 New data for retailers; new information on inventory turns
Chapter 3:	 Refined explanation of process capacity
Chapter 5:	� New discussion on setup times and product variety; refined explanation of 

the SMED method
Chapter 8:	 New information on the limitations of lean systems, in light of Covid-19
Chapter 11:	New examples of scheduling
Chapter 13:	�New data on the pandemic outbreak; new discussion on the importance of 

other forecasting methods beyond time series analysis, especially in the 
context of Covid-19

Chapter 17:	New data on Hon Hai sales revenue
Chapter 19:	New data on inflows and outflows through the U.S. retail trade sector

In addition, we have moved all of the Selected Solutions to the end of each respective 
chapter.

Final PDF to printer



cac16279_fm_i-xviii.indd  xii� 10/26/22  06:18 PM

65%
Less Time
Grading

Instructors 
The Power of Connections

A complete course platform
Connect enables you to build deeper connections with your students through 
cohesive digital content and tools, creating engaging learning experiences. 
We are committed to providing you with the right resources and tools to 
support all your students along their personal learning journeys. 

Solutions for  
your challenges
A product isn’t a solution. Real 
solutions are affordable, reliable, 
and come with training and ongoing 
support when you need it and how you 
want it. Visit supportateverystep.com 
for videos and resources both you  
and your students can use throughout  
the term.

Every learner is unique
In Connect, instructors can assign an adaptive reading 
experience with SmartBook® 2.0. Rooted in advanced 
learning science principles, SmartBook 2.0 delivers 
each student a personalized experience, focusing 
students on their learning gaps, ensuring that the time 
they spend studying is time well-spent. 
mheducation.com/highered/connect/smartbook

Affordable solutions, 
added value 
Make technology work for you with  
LMS integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program, you can 
provide all these tools at the lowest 
available market price to your students. 
Ask your McGraw Hill representative for 
more information.

Laptop: Getty Images; Woman/dog: George Doyle/Getty Images

Final PDF to printer



cac16279_fm_i-xviii.indd  xiii� 10/26/22  06:18 PM

Effective tools for efficient studying
Connect is designed to help you be more productive with simple, flexible, intuitive tools that maximize 
your study time and meet your individual learning needs. Get learning that works for you with Connect.

“I really liked this 
app—it made it easy 
to study when you 
don't have your text-
book in front of you.”

- �Jordan Cunningham,  
Eastern Washington University

Study anytime, anywhere
Download the free ReadAnywhere® app and 
access your online eBook, SmartBook® 2.0, 
or Adaptive Learning Assignments when it’s 
convenient, even if you’re offline. And since 
the app automatically syncs with your Connect 
account, all of your work is available every time 
you open it. Find out more at  
mheducation.com/readanywhere 

Students 
Get Learning that Fits You

Learning for everyone 
McGraw Hill works directly with Accessibility 
Services Departments and faculty to meet the 
learning needs of all students. Please contact your 
Accessibility Services Office and ask them to email  
accessibility@mheducation.com, or visit  
mheducation.com/about/accessibility  
for more information.

iPhone: Getty Images

Everything you need in one place 
Your Connect course has everything you need—whether reading your digital eBook 
or completing assignments for class—Connect makes it easy to get your work done.

Final PDF to printer



xiv

cac16279_fm_i-xviii.indd  xiv� 10/18/22  03:20 PM

Brief Contents
  1	 Introduction  1
  2	 The Process View of the Organization  10
  3	 Understanding the Supply Process: 

Evaluating Process Capacity  32
  4	 Estimating and Reducing Labor 

Costs  56
  5	 Batching and Other Flow Interruptions: 

Setup Times and the Economic Order 
Quantity Model  81

  6	 The Link between Operations and 
Finance  111

  7	 Quality and Statistical Process 
Control  128

  8	 Lean Operations and the Toyota 
Production System  152

  9	 Variability and Its Impact on 
Process Performance: Waiting Time 
Problems  171

10	 The Impact of Variability on Process 
Performance: Throughput Losses  208

11	 Scheduling to Prioritize Demand  223
12	 Project Management  248
13	 Forecasting  264
14	 Betting on Uncertain Demand: 

The Newsvendor Model  293
15	 Assemble-to-Order, Make-to-Order, 

and Quick Response with Reactive 
Capacity  326

16	 Service Levels and Lead Times in  
Supply Chains: The Order-up-to 
Inventory Model  344

17	 Risk-Pooling Strategies to Reduce and 
Hedge Uncertainty  376

18	 Revenue Management with Capacity 
Controls  411

19	 Supply Chain Coordination  432

APPENDIXES
A	 Statistics Tutorial  460
B	 Tables  467
C	 Evaluation of the Expected Inventory and 

Loss Functions  483
D	 Equations and Approximations  485

GLOSSARY 493

REFERENCES 501

INDEX OF KEY “HOW TO” 
EXHIBITS 505

SUMMARY OF KEY NOTATION AND 
EQUATIONS 507

INDEX 511

Final PDF to printer



xv

cac16279_fm_i-xviii.indd  xv� 10/18/22  03:20 PM

Table of Contents
Chapter 1
Introduction  1
 1.1	 Learning Objectives and Framework  3
 1.2	 Road Map of the Book  5

Chapter 2
The Process View of the Organization  10
 2.1	 Presbyterian Hospital in Philadelphia  10
 2.2	 Three Measures of Process Performance  14
 2.3	 Little’s Law  16
 2.4	 Inventory Turns and Inventory Costs  19
 2.5	 Five Reasons to Hold Inventory  22

Pipeline Inventory  23

Seasonal Inventory  24

Cycle Inventory  24

Decoupling Inventory/Buffers  25

Safety Inventory  26

 2.6	 The Product–Process Matrix  27

Chapter 3
Understanding the Supply Process: 
Evaluating Process Capacity  32
 3.1	 How to Draw a Process Flow Diagram  33
 3.2	 Process Capacity, Bottleneck, and Flow Rate 

(Throughput)  38
 3.3	� How Long Does It Take to Produce a Certain 

Amount of Supply?  40
 3.4	 Process Utilization and Capacity Utilization  41
 3.5	 Workload and Implied Utilization  43
 3.6	 Multiple Types of Flow Units  44

Chapter 4
Estimating and Reducing Labor Costs  56
 4.1	 Analyzing an Assembly Operation  56
 4.2	 Time to Process a Quantity X Starting with an 

Empty Process  58
 4.3	 Labor Content and Idle Time  60
 4.4	 Increasing Capacity by Line Balancing  63
 4.5	 Scale Up to Higher Volume  66

Increasing Capacity by Replicating the Line  67

Increasing Capacity by Selectively Adding 

Workers  68

Increasing Capacity by Further Specializing Tasks  69

Chapter 5
Batching and Other Flow Interruptions: 
Setup Times and the Economic Order 
Quantity Model  81
 5.1	 The Impact of Setups on Capacity  82
 5.2	 Interaction between Batching and Inventory  85
 5.3	 Choosing a Batch Size in the Presence of 

Setup Times  88
 5.4	 Setup Times and Product Variety  91
 5.5	 Setup Time Reduction  94
 5.6	 Balancing Setup Costs with Inventory Costs: 

The EOQ Model  95
 5.7	 Observations Related to the Economic Order 

Quantity  99

Chapter 6
The Link between Operations and 
Finance  111
 6.1	 Paul Downs Cabinetmakers  112
 6.2	 Building an ROIC Tree  113
 6.3	 Valuing Operational Improvements  118
 6.4	 Analyzing Operations Based on Financial 

Data  121

Chapter 7
Quality and Statistical Process Control  128
 7.1	 The Statistical Process Control 

Framework  129
 7.2	 Capability Analysis  131

Determining a Capability Index  132

Predicting the Probability of a Defect  135

Setting a Variance Reduction Target  137

Process Capability Summary and 

Extensions  138

 7.3	 Conformance Analysis  138
 7.4	 Investigating Assignable Causes  142
 7.5	 Defects with Binary Outcomes: 

 p-Charts  144
 7.6	 Impact of Yields and Defects on Process 

Flow  144
Rework  146

Eliminating Flow Units from the Process  146

Cost Economics and Location of Test Points  147

Defects and Variability  148 

Final PDF to printer



cac16279_fm_i-xviii.indd  xvi� 10/18/22  03:20 PM

xvi Table of Contents

Chapter 8
Lean Operations and the Toyota Production 
System  152
 8.1	 The History of Toyota  152
 8.2	 TPS Framework  153
 8.3	 The Seven Sources of Waste  154
 8.4	 JIT: Matching Supply with Demand  158

Achieve One-Unit-at-a-Time Flow  158

Produce at the Rate of Customer Demand  158

Implement Pull Systems  159

 8.5	 Quality Management  161
 8.6	 Exposing Problems through Inventory 

Reduction  162
 8.7	 Flexibility  163
 8.8	 Standardization of Work and Reduction of 

Variability  166
 8.9	 Human Resource Practices  166
 8.10	 Lean Transformation  167

Chapter 9
Variability and Its Impact on Process 
Performance: Waiting Time Problems  171
 9.1	 Why Variability Cannot Be Ignored  172
 9.2	 Variability: Where It Comes from and How to 

Measure It  174
 9.3	 Analyzing an Arrival Process  176

Stationary Arrivals  177

Exponential Interarrival Times  179

Nonexponential Interarrival Times  181

Summary: Analyzing an Arrival Process  181

 9.4	 Processing Time Variability  181
 9.5	� Predicting the Average Waiting Time for the 

Case of One Resource  183
 9.6	 Predicting the Average Waiting Time for the 

Case of Multiple Resources  187
 9.7	 The Service Level Metric  190
 9.8	 Generate a Staffing Plan  191
 9.9	 Impact of Pooling: Economies of Scale  194
 9.10	 Reducing Variability  198

Ways to Reduce Arrival Variability  198

Ways to Reduce Processing Time Variability  199

Chapter 10
The Impact of Variability on Process 
Performance: Throughput Losses  208
10.1	 Why Averages Do Not Work  208
10.2	 Throughput Loss for a Simple Process  209
10.3	 Customer Impatience and Throughput Loss  213

10.4	 Several Resources with Variability in 
Sequence  216

The Role of Buffers  216

Chapter 11
Scheduling to Prioritize Demand  223
11.1	 Scheduling Timeline and Applications  224
11.2	 Resource Scheduling—Shortest Processing 

Time  225
Performance Measures  226

First-Come-First-Served versus Shortest 

Processing Time  227

Limitations of Shortest Processing  

Time  231

11.3	� Resource Scheduling with Priorities—
Weighted Shortest Processing Time  233

11.4	 Resource Scheduling with Due Dates—
Earliest Due Date  235

11.5	 Theory of Constraints  237
11.6	 Reservations and Appointments  239

Scheduling Appointments with Uncertain 

Processing Times  240

No-Shows  242

Chapter 12
Project Management  248
12.1	 Understanding the Dependencies among 

Activities in a Project  248
12.2	 Critical Path Method  250
12.3	 Computing Project Completion Time  251
12.4	 Finding the Critical Path and Creating a Gantt 

Chart  252
12.5	 Computing Slack Time  253
12.6	 Dealing with Uncertainty  256

Random Activity Times  256

Potential Iteration/Rework Loops  259

Decision Tree/Milestones/Exit Option  259

Unknown Unknowns  260

Chapter 13
Forecasting  264
13.1	 Forecasting Framework  265
13.2	 Evaluating the Quality of a Forecast  269
13.3	 Eliminating Noise from Old Data  272

Naïve Model  272

Moving Averages  273

Exponential Smoothing Method  274

Comparison of Methods  276

Final PDF to printer



cac16279_fm_i-xviii.indd  xvii� 10/18/22  03:20 PM

Table of Contents xvii

13.4	 Time Series Analysis—Trends  277
13.5	 Time Series Analysis—Seasonality  282
13.6	 Expert Panels and Subjective Forecasting  287

Common Forecasting Biases  289

Sources of Forecasting Biases  290

Chapter 14
Betting on Uncertain Demand:  
The Newsvendor Model  293
14.1	 O’Neill Inc.  294
14.2	 The Newsvendor Model: Structure and 

Inputs  296
14.3	 How to Choose an Order Quantity  299
14.4	 Performance Measures  302

Expected Leftover Inventory  302

Expected Sales  303

Expected Lost Sales  304

Expected Profit  305

In-Stock Probability and Stockout Probability  306

14.5	 How to Achieve a Service Objective  307
14.6	 How to Construct a Demand Forecast  307
14.7	 Managerial Lessons  312

Chapter 15
Assemble-to-Order, Make-to-Order, and Quick 
Response with Reactive Capacity  326
15.1	� Evaluating and Minimizing the Newsvendor’s 

Demand–Supply Mismatch Cost  327
15.2	 When Is the Mismatch Cost High?  329
15.3	 Reducing Mismatch Costs with 

Make-to-Order  331
15.4	 Quick Response with Reactive Capacity  333

Chapter 16
Service Levels and Lead Times in Supply 
Chains: The Order-up-to Inventory 
Model  344
16.1	 Medtronic’s Supply Chain  345
16.2	 The Order-up-to Model Design and 

Implementation  347
16.3	 The End-of-Period Inventory Level  350
16.4	 Choosing Demand Distributions  352
16.5	 Performance Measures  355

In-Stock and Stockout Probability  355

Expected On-Hand Inventory  357

Pipeline Inventory/Expected On-Order Inventory  358

Expected Back Order  358

16.6	 Choosing an Order-up-to Level to Meet a 
Service Target  360

16.7	 Choosing an Appropriate Service Level  361
16.8	 Controlling Ordering Costs  364
16.9	 Managerial Insights  368

Chapter 17
Risk-Pooling Strategies to Reduce and 
Hedge Uncertainty  376
17.1	 Location Pooling  376

Pooling Medtronic’s Field Inventory  377

Medtronic’s Distribution Center(s)  381

Electronic Commerce  382

17.2	 Product Pooling  383
17.3	 Lead Time Pooling: Consolidated Distribution 

and Delayed Differentiation  389
Consolidated Distribution  389

Delayed Differentiation  395

17.4	 Capacity Pooling with Flexible 
Manufacturing  397

Chapter 18
Revenue Management with Capacity 
Controls  411
18.1	 Revenue Management and Margin 

Arithmetic  411
18.2	 Protection Levels and Booking Limits  413
18.3	 Overbooking  418
18.4	 Implementation of Revenue Management  421

Demand Forecasting  421

Dynamic Decisions  421

Variability in Available Capacity  421

Reservations Coming in Groups  421

Effective Segmenting of Customers  421

Multiple Fare Classes  422

Software Implementation  422

Variation in Capacity Purchase: Not All 

Customers Purchase One Unit of Capacity  422

Chapter 19
Supply Chain Coordination  432
19.1	 The Bullwhip Effect: Causes and 

Consequences  432
Order Synchronization  435

Order Batching  436

Trade Promotions and Forward Buying  437

Reactive and Overreactive Ordering  441

Shortage Gaming  442

Final PDF to printer



cac16279_fm_i-xviii.indd  xviii� 10/18/22  03:20 PM

xviii Table of Contents

19.2	 The Bullwhip Effect: Mitigating Strategies  443
Sharing Information  443

Smoothing the Flow of Product  444

Eliminating Pathological Incentives  444

Using Vendor-Managed Inventory  445

The Countereffect to the Bullwhip Effect: 

Production Smoothing  446

19.3	 Incentive Conflicts in a Sunglasses Supply 
Chain  448

19.4	 Buy-Back Contracts  451
19.5	 More Supply Chain Contracts  454

Quantity Discounts  454

Options Contracts  454

Revenue Sharing  455

Quantity Flexibility Contracts  455

Price Protection  455

Appendix A Statistics Tutorial  460

Appendix B Tables  467

Appendix C Evaluation of the Expected 
Inventory and Loss Functions  483

Appendix D Equations and 
Approximations  485

Glossary  493

References  501

Index of Key “How to” Exhibits  505

Summary of Key Notation and 
Equations  507

Index  511

Final PDF to printer




