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Preface™

This book represents our view of the essential body of knowledge for an introductory
operations management course. In the years that we have been teaching operations at The
Wharton School, our students have repeatedly asked us for recommended readings to go
along with the cases and lectures in our courses. Unfortunately, our students found all our
suggestions either too remote from the real world (fictitious companies with unrealistic
assumptions) or too technical (measured by the number of Greek letters per page).

Given those shortcomings of existing textbooks, our guiding principle in the develop-
ment of Matching Supply with Demand has been “real operations, real solutions.” “Real
operations” means that most of the chapters in this book are written from the perspective
of a specific company so that the material in this text will come to life by discussing it in a
real-world context. Companies and products are simply easier to remember than numbers
and equations. We have chosen a wide variety of companies, small and large, representing
services, manufacturing, and retailing alike. While obviously not fully representative, we
believe that—taken together—these cases provide a realistic picture of operations manage-
ment problems today.

“Real solutions” means that we do not want equations and models to merely provide
students with mathematical gymnastics for the sake of an intellectual exercise. We feel
that professional training, even in a rigorous academic setting, requires tools and strategies
that students can implement in practice. We achieve this by demonstrating how to apply
our models from start to finish in a realistic operational setting. For example, we do not
assume the existence of inputs such as a demand forecast or a cost parameter; we actually
explain how these inputs can be obtained in practice. Furthermore, we openly address the
implementation challenges of each model/strategy we discuss so that students know what
to expect when the “rubber hits the pavement.”

To fully deliver on “real operations, real solutions,” we also must adhere to the prin-
ciple of “real simple.” Do not worry; “real simple” does not mean plenty of “blah-blah”
without any analytical rigor. Quite the contrary. To us, “real simple” means hard analysis
that is made easy to learn. This is crucial for an operations text. Our objective is to teach
business leaders, not tacticians. Thus, we need students to be able to quickly develop a
foundation of formal models so that they have the time to explore the big picture, that is,
how operations can be transformed to provide an organization with sustainable competi-
tive advantage and/or superior customer service. Students that get bogged down in details,
equations, and analysis are not fully capturing the valuable insights they will need in their
future career.

So how do we strive for “real simple”? First, we recognize that not every student comes
to this material with an engineering/math background. As a result, we tried to use as little
mathematical notation as possible, to provide many real-world examples, and to adhere to
consistent terminology and phrasing. Second, we provide various levels of detail for each
analysis. For example, every little step in an analysis is described in the text via an explicit
example; then a summary of the process is provided in a “how to” exhibit, a brief listing of
key notation and equations is provided at the end of each chapter, and, finally, solved prac-
tice problems are offered to reinforce learning. While we do humbly recognize, given the
quantitative sophistication of this text, that “much simpler” might be more accurate than
“real simple,” we nevertheless hope that students will be pleasantly surprised to discover
that their analytical capabilities are even stronger than they imagined.

The initial version of Matching Supply with Demand made its debut in portions of the
operations management core course at Wharton in the 2002-2003 academic year. This
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Preface

edition incorporates the feedback we have received over the last five years from many
students, executives, and colleagues, both at Wharton and abroad.

Although this book has been designed with MBA students in mind (regular and execu-
tive), this should not rule out its appeal to an undergraduate curriculum. Moreover, while
you will probably not find this book in any airport bookstore (it is not that simple), we
firmly believe that professionals in areas such as process analysis, supply chain manage-
ment, and service operations also will benefit from its content.

We teach the importance of quality in operations, and so we take quality quite seriously
with this text. We are proud that we discovered no major defect in the first edition and
only a reasonable number of minor defects. (Though, much to our embarrassment, a rather
trivial error slipped into the first page of the first edition—a humbling experience in the
never-ending quest for zero defects.) We have corrected all known first edition defects and
so we hope that the second edition provides even better quality. Nevertheless, as before,
we know there must be some defects lurking, so we welcome hearing about them.

Gérard Cachon

Christian Terwiesch
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Chapter

Introduction

A central premise in economics is that prices adjust to match supply with demand: if there
is excess demand, prices rise; if there is excess supply, prices fall. But while an economist
may find comfort with this theory, managers in practice often do not. To them excess
demand means lost revenue and excess supply means wasted resources. They fully under-
stand that matching supply with demand is extremely difficult and requires more tools than
just price adjustments.

Consider the following examples:

* In 2006, Nintendo launched the Wii game console with much success—so much suc-
cess that the company could not make enough units to keep up with demand. Some entre-
preneurs would wait in long lines to purchase scarce units only to turn around and sell them
online for several hundred dollars over the retail price.

* In 2007, Dell lost its worldwide market share leadership to HP. Trying to regain
momentum, Dell offered laptop computers to consumers in various colors. Unfortunately,
problems with dust contamination in the painting process prevented Dell from ramping up
production, causing long delays, which in turn caused some customers to cancel their order.

* In January 2004, Vanguard enjoyed the good fortune of a net inflow of $9.4 billion
into its mutual funds. Unfortunately, Vanguard, who is well known for their low cost mutual
funds, had a hard time handling the flood of calls to its call center—for the first three weeks
in January, the average investor spent nearly seven minutes waiting for her or his call to be
answered by a Vanguard representative. Before this surge in activity, Vanguard normally
answered calls within 55 seconds. Vanguard began hiring to bolster its staffing but took
several months to return service back to an acceptable level.

+ In July 2007, a 6.8-magnitude earthquake hit central Japan and seriously damaged
the production facility of Riken Corp., maker of piston rings costing about $1.50 each.
Consequently, due to a lack of parts, Toyota was forced to shut down 12 factories and lost
an estimated production of 46,000 vehicles.

» In 2005, Airbus announced a production delay for its new 550-passenger jumbo jet, the
A380. The company put the blame on production complications with the miles of wiring in the
aircraft. In June 2006 the company announced a second production delay, again due to com-
plications with wiring, indicating that the problem had not been solved. As a result, Airbus
estimated that it would lose 4 billion euros from its bottom line over the next four years.

* In early 2002, a victim of a car crash in Germany died in a rescue helicopter after the
medical team together with their dispatcher had unsuccessfully attempted to find a slot in
an operating room at eight different hospitals. In the United States, every day there are
thousands of patients requiring emergency care who cannot be transported to the nearest
emergency room and/or have to wait considerable time before receiving care.



2 Chapter 1

¢ There were 95 million doses of the flu vaccine produced for the 20022003 flu season in
the United States. Unfortunately, 12 million doses were not used and had to be destroyed (a vac-
cine is good only for one flu season). Only 83 million doses of the flu vaccine were produced
for the next season, 2003—-2004. (Not coincidentally, 95 — 12 = 83.) Unfortunately, in that sea-
son there were widespread shortages, leading to flu-related deaths, especially in Colorado.

All of these cases have in common that they suffer from a mismatch between demand
and supply, with respect either to their timing or to their quantities.

This book is about how firms can design their operations to better match supply with
demand. Our motivation is simply stated: By better matching supply with demand, a firm
gains a significant competitive advantage over its rivals. A firm can achieve this better
match through the implementation of the rigorous models and the operational strategies
we outline in this book.

To somewhat soften our challenge to economic theory, we do acknowledge it is pos-
sible to mitigate demand—supply mismatches by adjusting prices. For example, the effec-
tive market price of the Wii game console did rise due to the strong demand. But this price
adjustment was neither under Nintendo’s control, nor did Nintendo (or its retailers) collect
the extra surplus. In other words, we view that price adjustment as a symptom of a prob-
lem, rather than evidence of a healthy system. Moreover, in many other cases, price adjust-
ments are impossible. The time period between the initiation of demand and the fulfillment
through supply is too short or there are too few buyers and sellers in the market. There
simply is no market for emergency care in operating rooms, waiting times in call centers,
or piston rings immediately after an earthquake.

Why is matching supply with demand difficult? The short answer is that demand can
vary, in either predictable or unpredictable ways, and supply is inflexible. On average, an
organization might have the correct amount of resources (people, product, and/or equip-
ment), but most organizations find themselves frequently in situations with resources in
the wrong place, at the wrong time, and/or in the wrong quantity. Furthermore, shifting
resources across locations or time is costly, hence the inflexibility in supply. For example,
physicians are not willing to rush back and forth to the hospital as they are needed and
retailers cannot afford to immediately move product from one location to another. While
it is essentially impossible to always achieve a perfect match between supply and demand,
successful firms continually strive for that goal. )

Table 1.1 provides a sample of industries that we will discuss in this book and describes
their challenge to match supply with demand. Take the airline industry (last column in
Table 1.1.). For fiscal year 2007, British Airways achieved a 76.1 percent utilization; that is,
a 160-seat aircraft (the average size in their fleet) had, on average, 122 seats occupied with
a paying passenger and 38 seats flying empty. If British Airways could have had four more
(paying) passengers on each flight, that is, increase its utilization by about 2.5 percent, its cor-
porate profits would have increased by close to £242 million, which is about 44 percent of its
operating profit for 2007. This illustrates a critical lesson: Even a seemingly small improve-
ment in operations, for example, a utilization increase of 2.5 percent, can have a significant
effect on a firm’s profitability precisely because, for most firms, their profit (if they have a
profit) is a relatively small percentage of their revenue. Hence, improving the match between
supply and demand is a critically important responsibility for a firm’s management.

The other examples in Table 1.1 are drawn from a wide range of settings: health care
delivery and devices, retailing, and heavy industry. Each suffers significant consequences
due to demand-supply mismatches, and each requires specialized tools to improve and
manage its operations.

To conclude our introduction, we strongly believe that effective operations management
is about effectively matching supply with demand. Organizations that take the design of
their operations seriously and aggressively implement the tools of operations management



TABLE 1.1

Examples of Supply-Demand Mismatches

Introduction 3

Supply

Demand

Supply exceeds
demand

Demand exceeds
supply

Actions to match
supply and
demand

Managerial
importance

Reference

Retailing

Consumer
electronics

Consumers buying
a new video
system

High inventory
costs; few
inventory turns

Forgone profit
opportunity;
consumer
dissatisfaction

Forecasting; quick
response

Per-unit inventory
costs for consumer
electronics retailing
all too often exceed
net profits

Chapter 2,

The Process View

of the Organization;
Chapter 10, Betting
on Uncertain
Demand: The
Newsvendor

Model

Iron Ore Plant

Iron ore

Steel mills

Prices fall

Prices rise

If prices fall too
low, production
facility is shut
down

Prices are so
competitive that
the primary
emphasis is on
reducing the cost

of supply
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1.1

will enjoy a significant performance advantage over their competitors. This lesson is espe-
cially relevant for senior management given the razor-thin profit margins firms must deal
with in modern competitive industries.

Learning Objectives and Framework

In this book, we look at organizations as entities that must match the supply of what they
produce with the demand for their product. In this process, we will introduce a number of
quantitative models and qualitative strategies, which we collectively refer to as the “tools
of operations management.” By “quantitative model” we mean some mathematical proce-
dure or equation that takes inputs (such as a demand forecast, a processing rate, etc.) and
outputs a number that either instructs a manager on what to do (how much inventory to buy,
how many nurses to have on call, etc.) or informs a manager about a relevant performance
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measure (e.g., the average time a customer waits for service, the average number of patients
in the emergency room, etc.). By “qualitative strategy” we mean a guiding principle: for
example, increase the flexibility of your production facilities, decrease the variety of prod-
ucts offered, serve customers in priority order, and so forth. The next section gives a brief
description of the key models and strategies we cover. Our learning objective for this book,
put as succinctly as we can, is to teach students how and when to implement the tools of
operations management.

Just as the tools of operations management come in different forms, they can be applied
in different ways:

1. Operations imanagement tools can be applied to ensure that resources are used as effi-
ciently as possible; that is, the most is achieved with what we have.

2. Operations management tools can be used to make desirable trade-offs between com-
peting objectives.

3. Operations management tools can be used to redesign or restructure our operations so
that we can improve performance along multiple dimensions simultaneously.

We view our diverse set of tools as complementary to each other. In other words, our
focus is neither exclusively on the quantitative models nor exclusively on the qualitative
strategies. Without analytical models, it is difficult to move beyond the “blah-blah” of
strategies and without strategies, it is easy to get lost in the minutia of tactical models. Put
another way, we have designed this book to provide a rigorous operations management
education for a strategic, high-level manager or consultant.

We will apply operations tools to firms that produce services and goods in a variety
of environments—from apparel to health care, from call centers to pacemakers, and from
kick scooters to iron ore fines. We present many diverse settings precisely because there
does not exist a “standard” operational environment. Hence, there does not exist a single
tool that applies to all firms. By presenting a variety of tools and explaining their pros and
cons, students will gain the capability to apply this knowledge no matter what operational
setting they encounter.

Consider how operations tools can be applied to a call center. A common problem
in this industry is to find an appropriate number of customer service representatives to
answer incoming calls. The more representatives we hire, the less likely incoming calls
will have to wait; thus, the higher will be the level of service we provide. However, labor is
the single largest driver of costs in a call center, so, obviously, having more representatives
on duty also will increase the costs we incur per call.

The first use of operations management tools is to ensure that resources are used as
effectively as possible. Assume we engage in a benchmarking initiative with three other call
centers and find that the performance of our competitors behaves according to Figure 1.1:
Competitor A is providing faster response times but also has higher costs. Competitor B has
longer response times but has lower costs. Surprisingly, we find that competitor C outper-
forms us on both cost and service level. How can this be?

It must be that there is something that competitor C does in the operation of the call cen-
ter that is smarter than what we do. Or, in other words, there is something that we do in our
operations that is inefficient or wasteful. In this setting, we need to use our tools to move
the firm toward the frontier illustrated in Figure 1.1. The frontier is the line that includes all
benchmarks to the lower left; that is, no firm is outside the current frontier. For example, a
premium service might be an important element of our business strategy, so we may choose
not to compromise on service. And we could have a target that at least 90 percent of the
incoming calls will be served within 10 seconds or less. But given that target, we should
use our quantitative tools to ensure that our labor costs are as low as possible, that is, that
we are at least on the efficiency frontier.
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The second use of operations management tools is to find the right balance between our
competing objectives, high service and low cost. This is similar to what is shown in Figure 1.2.
In such a situation, we need to quantify the costs of waiting as well as the costs of labor and
then recommend the most profitable compromise between these two objectives.

Moving to the frontier of efficiency and finding the right spot on the frontier are surely
important. But outstanding companies do not stop there. The third use for our operations
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