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Preface

Interest in supply chain management has grown rapidly over the past
several years, and continues to grow. A number of forces have con-
tributed to this trend. First, in recent years it has become clear that
many companies have reduced manufacturing costs as much as practi-
cally possible. Many of these companies are discovering the magnitude
of savings that can be achieved by planning and managing their sup-
ply chain more effectively. Indeed, a striking example is Wal-Mart’s
success story, which is partly attributed to implementing new strategic
partnerships with their suppliers, e.g. vendor managed inventory, as
well as an innovative logistics strategy called crossdocking. 

At the same time, information and communication systems have
been widely implemented, and provide access to comprehensive data
from all components of the supply chain.  In particular, the influence
of the Internet and e-commerce on the economy in general and busi-
ness practice in particular, has been tremendous. For instance, the di-
rect business model employed by industry giants such as Dell Com-
puters and Amazon.com enables customers to order products over the
Internet and thus allows companies to sell their products without re-
lying on third-party distributors or conventional stores. New tech-
nologies such as RFID tags offer even more opportunities to further
improve the management of the supply chain.

Also, in the 90s, outsourcing was the focus of many industrial
manufacturers; firms considered outsourcing everything from the pro-
curement function to production and manufacturing. Of course, out-
sourcing offers a variety of benefits but comes with new and consider-
able risks some of which have been realized in the last few years by
companies such as Apple, Cisco or Nike.

Finally, the threat of terrorism exemplified by the horrendous 
attacks of September 11, 2001 on the World Trade Center and the
Pentagon has profound implications for supply chain and manufactur-
ing strategies. The near-term impacts—missed shipments, border-
crossing delays, communications problems—are easily understood.

ix
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Less clear is the longer-term effect of increased uncertainty on lead
times and demand, and the impact of that uncertainty on supply chain
strategy.

It is therefore not surprising that many companies are involved in
the analysis of their supply chains. In most cases, however, this analysis
is performed based on experience and intuition; very few analytical
models or planning tools have been used in this process. In contrast, in
the last two decades the academic community has developed various
models and tools for supply chain management. The first generation of
this technology was not robust or flexible enough to allow industry to
use it effectively. This, has changed over the last few years, during
which improved analysis and insight, and effective models and decision-
support systems, have been developed; however, these are not neces-
sarily familiar to industry. Indeed, to our knowledge there is no pub-
lished work (other than our textbook, Designing and Managing the Sup-
ply Chain, McGraw-Hill 2002, 2nd edition) that discusses these
problems, models, concepts, and tools at an appropriate level.

In this book, we intend to fill this gap by providing state-of-the-
art concepts that are important for the design, control, operation, and
management of supply chain systems. In particular, we have attempted
to convey the intuition behind many key supply chain concepts and to
provide simple approaches that can be used to analyze various aspects
of the supply chain. We have tried to emphasize an approach that is
logical and succinct–we know our readers are busy people, and we
have tried to convey the key concepts as efficiently as possible.

Of course, supply chain management is a very broad area, and it
would be impossible for a single book to cover all of the relevant areas
in depth. Indeed, there is considerable disagreement in academia and
industry about exactly what these relevant areas are. Nevertheless, we
have attempted to provide a broad introduction to many critical facets
of supply chain management. Although many essential supply chain
management issues are interrelated, we have strived wherever possible
to make each chapter as self-contained as possible, so that the reader
can refer directly to chapters covering topics of interest.

The discussion covers a wide range of topics starting with a chap-
ter on the value of information that covers the bullwhip effect and the
advantages of supply chain coordination. The chapter on supply chain
integration develops concepts such as push, pull and push-pull systems
and introduces a framework to identify the appropriate supply chain
strategy for specific companies and individual products.
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The chapter on network planning deals with three issues: the de-
sign of the logistics network, inventory positioning and management,
and the effective allocation of resources and activities, such as manu-
facturing, distribution or warehousing, across the entire supply chain.
The chapter on supply chain alliances delves into how to deal with
partners such as suppliers and third part logistics companies.

The chapter on outsourcing, procurement and supply contracts
characterizes the risk and benefit in outsourcing, introduces a frame-
work for make-buy decisions as well as for selecting the appropriate
procurement strategy. As we shall see, this framework implies that the
procurement strategy is tightly linked to the firm’s outsourcing strat-
egy. The chapter also discusses effective supply contracts that ensure
that both suppliers and buyers benefit from this relationship.

These chapters are followed by chapters on product design and
its impact on supply chain performance; a chapter on customer value
and its influence on the type of supply chain required; and a chapter
on opportunities provided by international supply chains as well as
problems and pitfalls. Finally, the chapter on information technology
identifies information systems, technologies and decision support sys-
tems important in the management of the supply chain.

This book grew out of a textbook we wrote about five years ago.
When we wrote that book, our objective was to present, in an easily
accessible manner, supply chain concepts, strategies, and models. We
are pleased to note that the text was very successful; we received a
tremendous response from faculty, and industry professionals.  The
success of the first edition, as well as new concepts and recent tech-
nological changes, led to a second edition published last year, which
built on the positive elements of the first edition, and included what
we learned since we wrote the first edition. The goal of this book is
to distill the various important concepts and ideas in the textbook,
and to present them in a clear and succinct way for busy managers
and consultants, who don’t have time to take a full course on supply
chain management, but who want to understand important supply
chain management issues.

Many of the ideas developed in this book grew out of a number
of supply chain management courses and Executive Education 
programs we taught at Northwestern University, Massachusetts Insti-
tute of Technology and the University of California, Berkeley over the
past several years, as well as numerous consulting projects and supply
chain decision support systems we developed at LogicTools
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(www.logic-tools.com). These courses have spawned many innovative
and effective supply chain education concepts. The focus in these pro-
grams has always been on presenting, in an easily accessible manner, re-
cently developed state-of-the-art models and solution methods impor-
tant in the design, control, and operation of supply chains. Similarly,
the consulting projects and decision-support systems developed by
LogicTools have focused on applying these advanced techniques to
solve specific problems faced by our clients. In the last several years, we
have continued to add models and techniques to these courses, and we
have started to put all of these techniques into perspective, and to de-
velop frameworks to integrate all of these models and solution methods.

This book is extensively based on our textbook, Designing and
Managing the Supply Chain. Parts of that book are based on other work
we have done either together or with others, including The Logic of Lo-
gistics, written by Julien Bramel and David Simchi-Levi and published
by Springer in 1997; an article by Chen, Drezner, Ryan, and Simchi-
Levi in Quantitative Models for Supply Chain Management, edited by
Sridhar Tayur, Ram Ganeshan, and Michael Magazine, and published
by Kluwer Academic Publishers; and two papers, one written by the
first and the third authors of this book and the second written by these
two authors and M. Watson, that appeared in The Practice of Supply
Chain Management, edited by C. Billington, T. Harrison, H. Lee, and
J. Neale, published by Kluwer Academic Publishers.
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C H A P T E R  1

Introduction

1.1 WHAT IS SUPPLY CHAIN MANAGEMENT?

Fierce competition in today’s global markets, the introduction of
products with shorter and shorter life cycles, and the heightened ex-
pectations of customers have forced business enterprises to invest in
and focus attention on their supply chains. This, together with con-
tinuing advances in communications and transportation technologies
(e.g., mobile communication, the Internet, and overnight delivery),
has motivated the continuous evolution of the supply chain and of the
techniques to manage it.

In a typical supply chain, raw materials are procured, and items
are produced at one or more factories, shipped to warehouses for in-
termediate storage, and then shipped to retailers or customers. Con-
sequently, to reduce cost and improve service levels, effective supply
chain strategies must take into account the interactions at the various
levels in the supply chain. The supply chain, which is also referred to as
the logistics network, consists of suppliers, manufacturing centers, ware-
houses, distribution centers, and retail outlets, as well as raw materi-
als, work-in-process inventory, and finished products that flow be-
tween the facilities (Fig. 1-1).

In this book we present and explain concepts, insights, practical
tools, and decision support systems important for the effective 

1
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management of the supply chain. But what exactly is supply chain man-
agement? We define it as follows:

Supply chain management is a set of approaches used to efficiently in-
tegrate suppliers, manufacturers, warehouses, and stores so that mer-
chandise is produced and distributed at the right quantities, to the right
locations, and at the right time in order to minimize systemwide costs
while satisfying service-level requirements.

This definition leads to several observations. First, supply chain
management takes into consideration every facility that has an impact
on cost and plays a role in making the product conform to customer
requirements: from supplier and manufacturing facilities through
warehouses and distribution centers to retailers and stores. Indeed, in
some supply chain analysis, it is necessary to account for the suppliers’
suppliers and the customers’ customers because they have an impact
on supply chain performance. Second, the objective of supply chain
management is to be efficient and cost-effective across the entire sys-
tem; total systemwide costs, from transportation and distribution to

2 CHAPTER 1
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Figure 1-1 The logistics network.



inventories of raw materials, work in process, and finished goods, are
to be minimized. Thus the emphasis is not on simply minimizing
transportation cost or reducing inventories but rather on taking a sys-
tems approach to supply chain management. Finally, because supply
chain management revolves around efficient integration of suppliers,
manufacturers, warehouses, and stores, it encompasses the firm’s ac-
tivities at many levels, from the strategic level through the tactical to
the operational level.

What about logistics management? What is the difference be-
tween supply chain management and logistics management? While
the answer to this question depends on who is addressing this issue, we
will not distinguish between logistics and supply chain management in
this text. Indeed, our definition of supply chain management is simi-
lar to the definition of logistics management given by the Council of Lo-
gistics Management:

The process of planning, implementing, and controlling the efficient,
cost-effective flow and storage of raw materials, in-process inventory,
finished goods, and related information from point of origin to point of
consumption for the purpose of conforming to customer requirements.

What makes supply chain management difficult? Although we
will discuss a variety of reasons throughout this text, they can all be re-
lated to one or both of the following observations:

1. It is challenging to design and operate a supply chain so that
total systemwide costs are minimized and systemwide service
levels are maintained. Indeed, it is frequently difficult to
operate a single facility so that costs are minimized and
service level is maintained. The difficulty increases
exponentially when an entire system is being considered.
The process of finding the best systemwide strategy is known
as global optimization.

2. Uncertainty is inherent in every supply chain; customer
demand can never be forecast exactly, travel times will never
be certain, and machines and vehicles will break down.
Supply chains need to be designed to eliminate as much
uncertainty as possible and to deal effectively with the
uncertainty that remains.

In the next two sections we discuss each of these issues in detail.
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1.2 GLOBAL OPTIMIZATION

What makes finding the best systemwide, or globally optimal, inte-
grated solution so difficult? A number of factors make this a challeng-
ing problem:

1. The supply chain is a complex network of facilities dispersed
over a large geography and, in many cases, all over the globe. The fol-
lowing example illustrates a network that is fairly typical of today’s
global companies.

4 CHAPTER 1

E X A M P L E  1-1

National Semiconductor, whose list of competitors includes Motorola,
Inc., and the Intel Corporation, is one of the world’s largest chipmak-
ers whose products are used in fax machines, cellular phones, comput-
ers, and cars. Currently, the company has four wafer fabrication facili-
ties, three in the United States and one in Great Britain, and has test
and assembly sites in Malaysia and Singapore. After assembly, finished
products are shipped to hundreds of manufacturing facilities all over
the world, including those of Compaq, Ford, IBM, and Siemens. Since
the semiconductor industry is highly competitive, specifying short lead
times and being able to deliver within the committed due date are crit-
ical capabilities. In 1994, 95 percent of National Semiconductor’s cus-
tomers received their orders within 45 days from the time the order was
placed, whereas the remaining 5 percent received their orders within 90
days. These tight lead times required the company to involve 12 differ-
ent airline carriers using about 20,000 different routes. The difficulty,
of course, was that no customer knew in advance if they were going to
be part of the 5 percent of customers who received their order in 90
days or the 95 percent who received their order within 45 days.1

2. Different facilities in the supply chain frequently have differ-
ent, conflicting objectives. For instance, suppliers typically want manu-
facturers to commit themselves to purchasing large quantities in sta-
ble volumes with flexible delivery dates. Unfortunately, although most
manufacturers would like to implement long production runs, they
need to be flexible to their customers’ needs and changing demands.
Thus the suppliers’ goals are in direct conflict with the manufacturers’
desire for flexibility. Indeed, since production decisions typically are
made without precise information about customer demand, the ability



of manufacturers to match supply and demand depends largely on
their ability to change supply volume as information about demand ar-
rives. Similarly, the manufacturers’ objective of making large produc-
tion batches typically conflicts with the objective of both warehouses
and distribution centers to reduce inventory. To make matters worse,
this latter objective of reducing inventory levels typically implies an
increase in transportation costs.

3. The supply chain is a dynamic system that evolves over time.
Indeed, not only do customer demand and supplier capabilities change
over time, but supply chain relationships also evolve over time. For ex-
ample, as customers’ power increases, there is increased pressure placed
on manufacturers and suppliers to produce an enormous variety of
high-quality products and, ultimately, to produce customized products.

4. System variations over time are also an important considera-
tion. Even when demand is known precisely (e.g., because of contrac-
tual agreements), the planning process needs to account for demand
and cost parameters varying over time due to the impact of seasonal
fluctuations, trends, advertising and promotions, competitors’ pricing
strategies, and so forth. These time-varying demand and cost parame-
ters make it difficult to determine the most effective supply chain
strategy, i.e., the one that minimizes systemwide costs and conforms to
customer requirements.

1.3 MANAGING UNCERTAINTY

Global optimization is made even more difficult because supply chains
need to be designed for and operated in uncertain environments. A
number of factors contribute to this:

1. Matching supply and demand is a major challenge:
a. Boeing Aircraft announced a write-down of $2.6 billion

in October 1997 due to “raw material shortages, internal
and supplier parts shortages and productivity
inefficiencies. . . .”2

b. “Second quarter sales at U.S. Surgical Corporation
declined 25 percent, resulting in a loss of $22 million.
The sales and earnings shortfall is attributed to larger
than anticipated inventories on the shelves of hospitals.”3

c. “IBM sells out New Aptiva PC; shortage may cost
millions in potential revenue.”4

INTRODUCTION 5



2. Obviously, this difficulty stems from the fact that months
before demand is realized, manufacturers have to commit
themselves to specific production levels. These advance
commitments imply huge financial and supply risks.

2. Inventory and back-order levels fluctuate considerably across
the supply chain, even when customer demand for specific
products does not vary greatly. To illustrate this issue,
consider Figure 1-2, which suggests that in a typical supply
chain, distributor orders to the factory fluctuate far more
than the underlying retailer demand.

3. Forecasting does not solve the problem. Indeed, we argue in
the first principle of all forecasts (see Chap. 2) that “forecasts
are always wrong.” Thus it is impossible to predict the
precise demand for a specific item, even with the most
advanced forecast techniques.

4. Demand is not the only source of uncertainty. Delivery lead
times, manufacturing yields, transportation times, and
component availability also can have significant supply chain

6 CHAPTER 1

Figure 1-2 Order variations in the supply chain.
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impact. As supply chains become larger and more
geographically diverse, natural and human-made disasters
can have tremendous impact.

INTRODUCTION 7
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In September 1999, a massive earthquake devastated Taiwan. Initially,
80 percent of the island’s power was lost. Companies such as Hewlett-
Packard and Dell, who source a variety of components from Taiwanese
manufacturers, were affected by supply interruptions.5 Similarly, fabric
shipments from India were delayed in the wake of the January 26, 2001
earthquake in the Indian state of Gujarat, affecting many U.S. apparel 
manufacturers.6

Although uncertainty cannot be eliminated, we will explore var-
ious approaches that minimize the effect of uncertainty in the supply
chain. When this is not possible, we will identify strategies that supply
chain partners can apply so as to maintain or increase service level.

1.4 WHY SUPPLY CHAIN MANAGEMENT?

In the 1980s, companies discovered new manufacturing technologies
and strategies that allowed them to reduce costs and better compete in
different markets. Strategies such as just-in-time manufacturing, kan-
ban, lean manufacturing, total quality management, and others be-
came very popular, and vast quantities of resources were invested in
implementing these strategies. In the last few years, however, it has
become clear that many companies have reduced manufacturing costs
as much as is practically possible. Many of these companies are dis-
covering that effective supply chain management is the next step they
need to take to increase profit and market share.

Indeed, in 1998 American companies spent $898 billion, or about
10 percent of the U.S. gross national product (GNP), on supply-
related activities. During 2000, this cost increased to over $1 trillion,
decreasing to $957 billion in 2001 and $910 billion in 2002.7 This fig-
ure includes the cost of movement, storage, and control of products
across the supply chain both within manufacturing plants and ware-
houses and between different components of the supply chain. Unfor-
tunately, this huge investment typically includes many unnecessary



cost components due to redundant stock, inefficient transportation
strategies, and other wasteful practices in the supply chain. For in-
stance, experts believe that the grocery industry can save about $30
billion, or 10 percent of its annual operating cost, by using more ef-
fective supply chain strategies.1

To illustrate this issue, consider the following two examples:

1. It takes a typical box of cereal more than 3 months to get
from the factory to a supermarket.

2. It takes a typical new car, on average, 15 days to travel from
the factory to the dealership. This lead time should be
compared with the actual travel time, which is no more than
4 to 5 days.

Thus many opportunities exist to cut costs in the supply chain.
Not surprisingly, a number of companies have been able to substan-
tially increase revenue or decrease costs through effective supply chain
management.

8 CHAPTER 1

E X A M P L E  1-3

Procter & Gamble estimates that it saved retail customers $65 million
in a recent 18-month supply chain initiative. “According to Procter &
Gamble, the essence of its approach lies in manufacturers and suppliers
working closely together . . . jointly creating business plans to eliminate
the source of wasteful practices across the entire supply chain.”8

This example suggests that strategic partnerships between suppli-
ers and manufacturers may have a significant impact on supply chain
performance. What are the types of business plans and partnerships that
can best reduce costs and improve service levels? Which one is appro-
priate for the particular situation at hand? What incentives and per-
formance measures should be used to make the partnership successful?
Finally, how should the benefits resulting from the strategic partner-
ships be shared? Should the cost savings be transferred to the cus-
tomers, split between the different partners, or kept by the most pow-
erful player?



Of course, by switching to air carriers, National Semiconductor
increased transportation costs significantly. This increase was offset 
by a reduction in inventory costs resulting from the shift from a 
decentralized distribution system with a number of warehouses to a
centralized system with a single warehouse. This example motivates
the following question: What are the correct tradeoffs between inven-
tory and transportation costs?

INTRODUCTION 9
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In 2 years, National Semiconductor reduced distribution costs by 2.5
percent, decreased delivery time by 47 percent, and increased sales by
34 percent by closing six warehouses around the globe and air-freight-
ing microchips to customers from a new centralized distribution center
in Singapore.1

E X A M P L E  1-5

Nabisco, Inc., delivers 500 types of cookies and more than 10,000 can-
dies to over 80,000 buyers and spends more than $200 million a year in
transportation expenses. Unfortunately, too many trucks arrive at or
depart from their destinations half empty. This is why Nabisco is pio-
neering a collaborative logistics effort so that it can share trucks and
warehouse space with other companies in order to lower logistics costs.
In a recent pilot program, Nabisco shared warehouses and trucks with
25 other manufacturers, including Dole and Lea & Perrins. In one test
involving 8000 orders, grocer Lucky Stores reduced inventory costs by
$4.8 million. Nabisco itself saved $78,000 in shipping costs, and com-
bined, all the manufacturers involved in the test saved nearly $900,000.9

Of course, this type of cooperation with other companies re-
quires advanced information systems and entails a number of risks.
What systems are necessary for this approach to be a success? When
should a company undertake this type of complicated partnership?

E X A M P L E  1-6

Dayton Hudson Corporation’s Target stores rely on sophisticated 
relationships with suppliers. Target, for example, may agree that an

(continued)



Clearly, this level of flexibility increases the complexity of the
supplier’s supply chain. Why would the supplier agree to this type of
arrangement? How much does Target gain with this type of flexible
ordering? Should Target be willing to pay more per bowl for this flex-
ibility? If so, how much more? And finally, what type of information
system needs to be employed by Target and its suppliers to support
this level of flexibility?

10 CHAPTER 1

earthenware manufacturer will supply a certain number of Italian bowls
without specifying details of style and color. As the delivery date draws
nearer, Target forecasts styles that are likely to sell. Based on these fore-
casts, the manufacturer can produce trial lots, which can be sold in se-
lect Target stores to determine if the particular styles manufactured will
indeed sell.10

E X A M P L E  1-7

In 1979, Kmart was one of the leading companies in the retail industry,
with 1891 stores and average revenues per store of $7.25 million. At
that time, Wal-Mart was a small niche retailer in the South with only
229 stores and average revenues about half those of Kmart stores. In 10
years, Wal-Mart had transformed itself; in 1992 it had the highest sales
per square foot and the highest inventory turnover and operating profit
of any discount retailer.11 Today Wal-Mart is the largest and highest-
profit retailer in the world. In fact, sales for year ending Jan. 2003 were
$244.5 billion, and it is also the largest employer in the US. How did
Wal-Mart do it? The starting point was a relentless focus on satisfying
customer needs; Wal-Mart’s goal was simply to provide customers with
access to goods when and where they want them and to develop cost
structures that enable competitive pricing. The key to achieving this
goal was to make the way the company replenishes inventory the cen-
terpiece of its strategy. This was done by using a logistics technique
known as cross-docking. In this strategy, goods are continuously deliv-
ered to Wal-Mart’s warehouses, from where they are dispatched to
stores without ever sitting in inventory. This strategy reduced Wal-
Mart’s cost of sales significantly and made it possible to offer everyday
low prices to their customers.12

If the cross-docking strategy works so well for Wal-Mart,
shouldn’t all companies use the same strategy? Indeed, many success-



ful retailers employ other distribution strategies; some keep inventory
at their warehouses, whereas others ship directly to stores.
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The Home Depot, Inc., moves over 85 percent of its merchandise di-
rectly from suppliers to stores, avoiding warehouses altogether. In ad-
dition, since such a high volume of goods moves through its stores ($44
million in annual sales on average), the products frequently are shipped
in full truck loads, for additional savings.10

These examples describe a number of supply chain management
success stories. They suggest that in some industries, supply chain
management is perhaps the single most important factor determining
the success of the firm. Indeed, in the computer and printer industries,
where most manufacturers use the same suppliers and identical tech-
nologies, companies compete on cost and service levels, the two key
elements in our definition of supply chain management.

The examples also raise an important question. If these firms
have improved supply chain performance by focusing on strategic
partnering, using centralized warehousing, or employing the cross-
docking strategy, what inhibits other firms from adopting the same
techniques to improve their supply chain performance?

The earlier discussion suggests that the answer involves two ma-
jor issues:

• The ability to replace traditional supply chain strategies, in
which each facility or party in the chain makes decisions with
little regard to their impact on other supply chain partners,
by those which yield a globally optimized supply chain.

• The ability to effectively manage uncertainty. Unfortunately,
the level of demand uncertainty has increased in the last few
years. Indeed, in high-tech industries, product life cycles are
becoming shorter and shorter. In particular, many computer
and printer models have life cycles of only a few months, so
the manufacturer may have only one order or production
opportunity. Unfortunately, since these are new products, no
historical data are available that allow the manufacturer to
accurately predict customer demand. At the same time, the
proliferation of products in these industries makes it



increasingly difficult to predict demand for a specific model.
Finally, significant price declines in these industries are
common, reducing the product value during its life cycle.13
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A Korean manufacturer of electrical products such as industrial relays
is facing a service level of about 70 percent; i.e., only about 70 percent
of all orders are delivered on time. On the other hand, inventory keeps
piling up, mostly of products that are not in demand. The manufac-
turer’s inventory turnover ratio, defined as the ratio of the annual flow to
average inventory at the manufacturer’s main warehouse, is about four.
However, in the electronics industry, leading companies turn inventory
over about nine times a year. If the Korean manufacturer can increase
its inventory turns to this level, it will be able to significantly reduce in-
ventory levels. The manufacturer is thus searching for new strategies
that will increase service levels over the next 3 years to about 99 percent
and, at the same time, significantly decrease inventory levels and cost.

Just a few years ago, most analysts would have said that the two
objectives described in Example 1-9, improved service and inventory
levels, could not be achieved at the same time. Indeed, traditional in-
ventory theory tells us that to increase service level, the firm must in-
crease inventory and therefore cost. Surprisingly, recent develop-
ments in information and communications technologies, together
with a better understanding of supply chain strategies, have led to in-
novative approaches that allow the firm to improve both objectives 
simultaneously.

Throughout the rest of this book we endeavor to present these
approaches and strategies in detail. We will focus on demonstrating
why certain strategies are adopted, what the tradeoffs are between 
different strategies, and how specific strategies are implemented in
practice.

1.5 KEY ISSUES IN SUPPLY CHAIN MANAGEMENT

In this section we introduce some of the supply chain management is-
sues that we discuss in much more detail throughout the remaining
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chapters. These issues span a large spectrum of a firm’s activities, from
the strategic through the tactical to the operational level:

• The strategic level deals with decisions that have a long-lasting
effect on the firm. These include decisions regarding the
number, location, and capacity of warehouses and
manufacturing plants and the flow of material through the
logistics network.

• The tactical level includes decisions that are typically updated
anywhere between once every quarter and once every year.
These include purchasing and production decisions,
inventory policies, and transportation strategies, including the
frequency with which customers are visited.

• The operational level refers to day-to-day decisions such as
scheduling, lead time quotations, routing, and truck loading.

Below we introduce and discuss some of the key issues, questions,
and tradeoffs associated with different decisions.

Network Planning Consider several plants producing products to
serve a set of geographically dispersed retailers. The current set of
warehouses is deemed inappropriate, and management wants to reor-
ganize or redesign the distribution network. This may be due, for ex-
ample, to changing demand patterns or the termination of a leasing
contract for a number of existing warehouses. In addition, changing
demand patterns may require a change in plant production levels, a se-
lection of new suppliers, and a new flow pattern of goods throughout
the distribution network. How should management select a set of
warehouse locations and capacities, determine production levels for
each product at each plant, and set transportation flows between facil-
ities, either from plant to warehouse or warehouse to retailer, in such
a way as to minimize total production, inventory, and transportation
costs and satisfy service level requirements? This is a complex opti-
mization problem, and advanced technology and approaches are re-
quired to find a solution.

Inventory Control Consider a retailer that maintains an inventory of a
particular product. Since customer demand changes over time, the re-
tailer can use only historical data to predict demand.  How should the
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retailer manage inventory? More fundamentally,  why should the re-
tailer hold inventory in the first place? Is it due to uncertainty in cus-
tomer demand, uncertainty in the supply process, or some other rea-
sons? If it is due to uncertainty  in customer demand, is there anything
that can be done to reduce it? 

Supply Contracts In traditional supply chain strategies, each party in
the chain focuses on its own profit and hence makes decisions with lit-
tle regard to their impact on other supply chain partners. Relation-
ships between suppliers and buyers are established by means of supply
contracts that specify pricing and volume discounts, delivery lead
times, quality, returns, and so forth. The question, of course, is
whether supply contracts also can be used to replace the traditional
supply chain strategy with one that optimizes the entire supply chain
performance? In particular, what is the impact of volume discount and
revenue-sharing contracts on supply chain performance? Are there
pricing strategies that can be applied by suppliers to provide incentives
to buyers to order more products while at the same time increasing the
supplier profit?

Distribution Strategies Wal-Mart’s success story highlights the im-
portance of a particular distribution strategy referred to as cross-dock-
ing. As observed earlier, this is a distribution strategy in which the
stores are supplied by central warehouses that act as coordinators of
the supply process and as transshipment points for incoming orders
from outside vendors but that do not keep stock themselves. We refer
to such warehouses as cross-dock points. Consider the following ques-
tions: How many cross-dock points are necessary? What are the sav-
ings achieved using a cross-docking strategy? How should a cross-
docking strategy; be implemented in practice? Is the cross-docking
strategy better than the classic strategy in which warehouses hold in-
ventory? Which strategy should a particular firm employ: the cross-
docking strategy; the classic distribution strategy in which inventory is
kept at the warehouses; or direct shipping, a strategy in which items
are shipped from suppliers directly to stores?

Supply Chain Integration and Strategic Partnering As observed earlier,
designing and implementing a globally optimal supply chain are quite
difficult because of the dynamics of the supply chain and the conflict-
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ing objectives employed by different facilities and partners. Neverthe-
less, the National Semiconductor, Wal-Mart, and Procter & Gamble
success stories demonstrate not only that an integrated, globally opti-
mal supply chain is possible but also that it can have a huge impact on
the company’s performance and market share. Of course, one can ar-
gue that these three examples are associated with companies that are
among the biggest companies in their respective industries; these
companies can implement technologies and strategies that very few
others can afford. However, in today’s competitive markets, most
companies have no choice; they are forced to integrate their supply
chain and engage in strategic partnering. This pressure stems from
both their customers and their supply chain partners. How can inte-
gration be achieved successfully? Clearly, information sharing and op-
erational planning are the keys to a successfully integrated supply
chain. But what information should be shared? How should it be used?
How does information affect the design and operation of the supply
chain? What level of integration is needed within the organization and
with external partners? Finally, what types of partnerships can be 
implemented, and which type should be implemented for a given 
situation?

Outsourcing and Procurement Strategies Rethinking your supply
chain strategy involves not only coordinating the different activities in
the supply chain but also deciding what to make internally and what
to buy from outside sources. How can a firm identify what manufac-
turing activities lie in its set of core competencies and thus should be
completed internally and what products and components should be
purchased from outside suppliers because these manufacturing activi-
ties are not core competencies? Is there any relationship between the
answer to this question and product architecture? What are the risks
associated with outsourcing, and how can these risks be minimized?
When you do outsource, how can you ensure a timely supply of prod-
ucts? Finally, what is the impact of the Internet on procurement
strategies? Should the firm use a private or public exchange when
dealing with trading partners?

Product Design Effective design plays several critical roles in the sup-
ply chain. Most obviously, certain product designs may increase in-
ventory holding or transportation costs relative to other designs,
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whereas other designs may facilitate a shorter manufacturing lead
time. Unfortunately, product redesign is often expensive. When is it
worthwhile to redesign products so as to reduce logistics costs or sup-
ply chain lead times? Is it possible to leverage product design to com-
pensate for uncertainty in customer demand? Can one quantify the
amount of savings resulting from such a strategy? What changes
should be made in the supply chain to take advantage of the new prod-
uct design? Finally, new concepts such as mass customization are in-
creasingly popular. What role does supply chain management play in
the successful implementation of these concepts?

Customer Value Customer value is the measure of a company’s con-
tribution to its customer, based on the entire range of products, ser-
vices, and intangibles that constitute the company’s offerings. In re-
cent years, this measure has superseded measures such as quality and
customer satisfaction. Obviously, effective supply chain management
is critical if a firm wishes to fulfill customer needs and provide value.
But what determines customer value in different industries? How is
customer value measured? How is information technology used to en-
hance customer value in the supply chain? How does supply chain
management contribute to customer value? How do emerging trends
in customer value, such as development of relationships and experi-
ences, affect supply chain management? What is the relationship be-
tween product price and brand name in the conventional world and in
the online world? Can “smart” pricing strategies be used to improve
supply chain performance?

Information Technology and Decision-Support Systems Information
technology is a critical enabler of effective supply chain management.
Indeed, much of the current interest in supply chain management is
motivated by the opportunities that appeared due to the abundance of
data and the savings that can be achieved by sophisticated analysis of
these data. The primary issue in supply chain management is not
whether data can be received, but what data should be transferred; i.e.,
which data are significant for supply chain management and which
data can be ignored safely? How should the data be analyzed and used?
What is the impact of the Internet? What infrastructure is  required
both internally and between supply chain partners? Finally, since in-
formation technology and decision-support systems are both available,
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can these technologies be viewed as the main tools used to achieve
competitive advantage in the market? If they can, then what is pre-
venting others from using the same technology?

Each of these issues and strategies is discussed in great detail in
the remaining chapters. As you will see, the focus in each case is on ei-
ther achieving a globally optimized supply chain or managing uncertainty
in the supply chain or both. A summary is provided in Table 1-1.

1.6 BOOK OBJECTIVES AND OVERVIEW

For many reasons, interest in logistics and supply chain management
has grown explosively in the last few years. This interest has led many
companies to analyze their supply chains. In most cases, however, this
has been done based on experience and intuition; very few analytical
models or design tools have been used in this process. Meanwhile, in
the last two decades, the academic community has developed various
models and tools to assist with management of the supply chain. Un-
fortunately, the first generation of this technology was not robust or
flexible enough to be used effectively by industry. This, however, has
changed in the last few years. Analysis and insight have improved, and
effective models and decision-support systems have been developed—
but these may not be familiar to industry.

This book aims to fill the gap by presenting state-of-the-art
models and solution methods, insights, and concepts important in the
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Table 1-1 Key Supply-Chain Management Issues

Global Optimization Managing Uncertainty

Network planning x

Inventory control x

Supply contracts x

Distribution strategies x x

Strategic partnerships x

Outsourcing and procurement x

Product design x

Customer value x x

Information technology x x



design, control, operation, and management of supply chain systems.
Each chapter is mostly self-contained and includes numerous exam-
ples. We intend this book to be a reference for consultants and 
managers involved in any one of the processes that make up the sup-
ply chain. For example, transportation managers deciding which
modes of transportation to use, inventory control managers wanting
to ensure smooth production with as little inventory as possible, 
purchasing/supply managers designing contracts with their compa-
nies’ suppliers and clients, and logistics managers in charge of their
companies’ supply chains can all benefit from the contents of this
book.
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C H A P T E R  2

The Value of Information

2.1 INTRODUCTION

We live in the information age where data warehouses, Web services,
XML, portals, and RFID tags are just a few of the technologies dom-
inating the business pages of the daily newspaper. In Chapter 10 we
examine these technologies in detail and look at the issues surround-
ing their implementation. In this chapter we consider the value of us-
ing any type of information technology; we deal specifically with the
potential availability of more and more information throughout the
supply chain and the implications that this availability has on effective
design and management of the integrated supply chain.

The implications of this abundance of available information are
enormous. The supply chain pundits and consultants like to use the
phrase, In modern supply chains, information replaces inventory. We do
not dispute this idea, but its meaning is vague. After all, at some point
the customer needs products, not just information! Nevertheless, in-
formation changes the way supply chains can and should be managed
effectively, and these changes may lead to, among other things, lower
inventories. Indeed, our objective in this chapter is to characterize
how information affects the design and operation of the supply chain.
We show that by harnessing the information now available, one can
design and operate the supply chain much more efficiently than ever
before.
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It should be apparent that having accurate information about in-
ventory levels, orders, production, and delivery status throughout the
supply chain should not make the managers of a supply chain less ef-
fective than if this information were not available. After all, they could
choose to ignore it. As we will see, however, this information provides
a tremendous opportunity to improve the way the supply chain is de-
signed and managed. Unfortunately, using this information effectively
does make the design and management of the supply chain more com-
plex because many more issues must be considered.

We argue here that this abundant information

• Helps reduce variability in the supply chain.
• Helps suppliers make better forecasts, accounting for

promotions and market changes.
• Enables the coordination of manufacturing and distribution

systems and strategies.
• Enables retailers to better serve their customers by offering

tools for locating desired items.
• Enables retailers to react and adapt to supply problems more

rapidly.
• Enables lead time reductions.

The chapter is based on the seminal work in [1] and [2] as well as the
recent work in [3] and [4]. In the next section, we follow the review ar-
ticle [5].

2.2 THE BULLWHIP EFFECT

In recent years, many suppliers and retailers have observed that while
customer demand for specific products does not vary much, inventory
and back-order levels fluctuate considerably across their supply chain.
For instance, in examining the demand for Pampers disposable dia-
pers, executives at Procter & Gamble noticed an interesting phenom-
enon. As expected, retail sales of the product were fairly uniform;
there is no particular day or month in which the demand is signifi-
cantly higher or lower than any other. However, the executives no-
ticed that distributors’ orders placed to the factory fluctuated much
more than retail sales. In addition, Procter & Gamble’s orders to its
suppliers fluctuated even more. This increase in variability as we travel
up in the supply chain is referred to as the bullwhip effect.
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Figure 2-1 illustrates a simple four-stage supply chain: a single
retailer, a single wholesaler, a single distributor, and a single factory.
The retailer observes customer demand and places orders to the
wholesaler. The wholesaler receives products from the distributor,
who places orders to the factory. Figure 2-2 provides a graphic repre-
sentation of orders, as a function of time, placed by different facilities.
The figure clearly shows the increase in variability across the supply
chain.

To understand the impact of the increase in variability on the
supply chain, consider the second stage in our example, the whole-
saler. The wholesaler receives orders from the retailer and places or-
ders to its supplier, the distributor. To determine these order quanti-
ties, the wholesaler must forecast the retailer’s demand. If the
wholesaler does not have access to the customer’s demand data, it must
use orders placed by the retailer to perform the forecasting.

Since variability in orders placed by the retailer is significantly
higher than variability in customer demand, as Figure 2-2 shows, the

THE VALUE OF INFORMATION 21

Retailer

Wholesaler

Distributor

Factory

External Demand

Order lead time

Order lead time

Order lead time

Delivery lead time

Delivery lead time

Delivery lead time

Production lead time

Figure 2-1 The supply chain.



wholesaler is forced to carry more safety stock than the retailer or else
to maintain higher capacity than the retailer in order to meet the same
service level as the retailer.

This analysis can be carried over to the distributor as well as the
factory, resulting in even higher inventory levels and therefore higher
costs at these facilities. Consider, for example, a simple widget supply
chain. A single factory, WidgetMakers, Inc., supplies a single retailer,
theWidgetStore. Average annual widget demand at the WidgetStore
is 5200 units, and shipments are made from WidgetMakers to the
store each week. If the variability in orders placed by the WidgetStore
is low, such that the shipment every week is about 100 units, Widget-
Makers’ production capacity and weekly shipping capacity need be
only about 100 units. If weekly variability is very high, such that dur-
ing certain weeks WidgetMakers must make and ship 400 units and
some weeks no units at all, it is easy to see that production and ship-
ping capacity must be much higher and that some weeks this capacity
will be idle. Alternatively, WidgetMakers could build up inventory
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during weeks with low demand and supply these items during weeks
with high demand, thus increasing inventory holding costs.

Thus it is important to identify techniques and tools that will al-
low us to control the bullwhip effect, i.e., to control the increase in
variability in the supply chain. For this purpose, we need to first un-
derstand the main factors contributing to the increase in variability in
the supply chain.

1. Demand forecasting. Traditional inventory management tech-
niques practiced at each level in the supply chain lead to the bullwhip
effect. To explain the connection between forecasting and the bullwhip
effect, consider an approach that is used frequently to manage inven-
tory, the min-max inventory management policy (see Chap. 4). Here,
whenever the inventory at a facility is less than a given number, re-
ferred to as the reorder point, the facility orders a quantity that will in-
crease its inventory to a given target level. This target level is set based
on average demand and the variability of that demand. Typically, man-
agers use standard forecast smoothing techniques to estimate average de-
mand and demand variability. An important characteristic of all fore-
casting techniques is that as more data are observed, the more we
modify the estimates of the average demand and demand variability.
Since the order target level strongly depends on these estimates, the
user is forced to change order quantities, thus increasing variability.

2. Lead time. It is easy to see that the increase in variability is mag-
nified with increasing lead time. Indeed, as explained in Chapter 4, the
reorder level consists of two quantities; the first is the average demand
during lead time, and the second is the safety stock, which depends on
lead time, demand variability, and service level. Thus, with longer lead
times, a small change in the estimate of demand variability implies a sig-
nificant change in reorder level, leading to a significant change in order
quantities. This, of course, leads to an increase in variability.

3. Batch ordering. The impact of batch ordering is quite simple to
understand. If the retailer orders in batches, then the wholesaler will
observe a large order, followed by several periods of no orders, fol-
lowed by another large order, and so on. Thus the wholesaler sees a
distorted and highly variable pattern of orders.

Recall that firms use batch ordering for a number of reasons. As
pointed out in Chapter 4, a firm that is faced with fixed ordering costs
needs to minimize these costs, which leads to batch ordering. Second,
as transportation costs become more significant, retailers may order
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quantities that allow them to take advantage of transportation dis-
counts (e.g., full-truckload quantities). This may lead to some weeks
with large orders and some with no orders at all. Finally, the quarterly
or yearly sales quotas or incentives observed in many businesses also
can result in unusually large orders observed on a periodic basis.

4. Price fluctuation. Price fluctuation also can lead to the bullwhip
effect. If prices fluctuate, retailers often attempt to stock up when
prices are lower. This is accentuated by the prevailing practice in many
industries of offering promotions and discounts at certain times or for
certain quantities.

5. Inflated orders. Inflated orders placed by retailers during short-
age periods tend to magnify the bullwhip effect. Such orders are com-
mon when retailers and distributors suspect that a product will be in
short supply and therefore anticipate receiving supply proportional to
the amount ordered. When the period of shortage is over, the retailer
goes back to its standard orders, leading to all kinds of distortions and
variations in demand estimates.

6. Lack of centralized information. One of the most frequent sug-
gestions for reducing the bullwhip effect is to centralize demand in-
formation within a supply chain, i.e., to provide each stage of the sup-
ply chain with complete information on the actual customer demand.
To understand why centralized demand information can reduce the
bullwhip effect, note that if demand information is centralized, each
stage of the supply chain can use the actual customer demand data to
create more accurate forecasts rather than relying on the orders re-
ceived from the previous stage, which can vary significantly more than
the actual customer demand.

Now consider two types of supply chains: one with centralized
demand information and a second with decentralized demand infor-
mation. In the first type of supply chain, the centralized supply chain, the
retailer, or the first stage in the supply chain, observes customer de-
mand, forecasts the average demand, determines its target inventory
level, and places an order to the wholesaler. The wholesaler, or the
second stage of the supply chain, receives the order along with the re-
tailer’s forecast average demand, uses this forecast to determine its tar-
get inventory level, and places an order to the distributor.

Since the wholesaler has full information on the retailer inven-
tory levels and customer demand, the wholesaler can predict an in-
coming order from the retailer and hence be ready for this order, thus
reducing lead time. This lead time reduction leads to reduction in the
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increase in variability. Similarly, the distributors, or the third stage of
the supply chain, has information about the wholesaler and the retailer
inventory levels as well as customer demand and hence can signifi-
cantly reduce lead time and as a result reduce the bullwhip effect.

The second type of supply chain that we consider is the decen-
tralized supply chain. In this case the retailer does not make its forecast
average demand available to the remainder of the supply chain. In-
stead, each stage of the supply chain must estimate mean demand
based on the orders received from its customer, without knowledge of
the retailer’s forecast.

What can we conclude about the bullwhip effect in these two
types of supply chains? For either type of supply chain, centralized or
decentralized, the variability of the order quantities becomes larger as
we move up the supply chain so that the orders placed by the whole-
saler are more variable than the orders placed by the retailer, and so
on. The difference in the two types of supply chains is in terms of the
ability to respond to orders from down stream facilities. Centralized
information allows to reduce lead time and hence variability in the
supply chain.

Indeed, the variability of orders increases dramatically more in
the decentralized system. In other words, a decentralized supply chain,
in which only the retailer knows the customer demand, can lead to
significantly higher variability than a centralized supply chain, in
which customer demand information is available at each stage of the
supply chain, particularly when lead times are large. We therefore
conclude that centralizing demand information can reduce the bullwhip ef-
fect significantly.

2.2.1 Methods for Coping with the Bullwhip Effect

Our ability to identify the causes of the bullwhip effect leads to a num-
ber of suggestions for reducing the bullwhip effect or for eliminating
its impact. These include reducing uncertainty, reducing the variabil-
ity of the customer demand process, reducing lead times, and engag-
ing in strategic partnerships.

1. Reducing uncertainty. One of the most frequent suggestions for
decreasing or eliminating the bullwhip effect is to reduce uncertainty
throughout the supply chain by centralizing demand information, i.e.,
by providing each stage of the supply chain with complete information
on actual customer demand.
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Note, however, that even if each stage uses the same demand
data, each may still employ different forecasting methods and differ-
ent buying practices, both of which may contribute to the bullwhip ef-
fect. In addition, even when each stage uses the same demand data, the
same forecasting method, and the same ordering policy, the bullwhip
effect will continue to exist, albeit at a significantly reduced level.
Thus centralized demand information reduces the bullwhip effect but
does not eliminate it.

2. Reducing variability. The bullwhip effect can be diminished by
reducing the variability inherent in the customer demand process. For
example, if we can reduce the variability of customer demand seen by
the retailer, then even if the bullwhip effect occurs, the variability of
demand seen by the wholesaler also will be reduced.

We can reduce the variability of customer demand through, for
example, the use of an everyday low pricing (EDLP) strategy. When a
retailer uses EDLP, it offers a product at a single consistent price
rather than offering a regular price with periodic price promotions. By
eliminating price promotions, a retailer can eliminate many of the dra-
matic shifts in demand that occur along with these promotions.
Therefore, everyday low pricing strategies can lead to much more sta-
ble—i.e., less variable—customer demand patterns.

Of course, variability of customer demand depends not only on
the retailer pricing strategy but also on its competitors’ strategies.
Thus, while EDLP is an important tool used to reduce demand vari-
ability, its impact can be limited.

3. Lead-time reduction. As we observed earlier, the longer the lead
time, the larger is the increase in variability. Therefore, lead-time re-
duction can reduce the bullwhip effect significantly throughout a sup-
ply chain.

Observe that lead times typically include two components: order
lead times (i.e., the time it takes to produce and ship the item) and in-
formation lead times (i.e., the time it takes to process an order). This
distinction is important because order lead times can be reduced
through the use of cross-docking, whereas information lead times can
be reduced through the use of electronic data interchange (EDI).

4. Strategic partnerships. The bullwhip effect can be eliminated by
engaging in any of a number of strategic partnerships. These strategic
partnerships change the way information is shared and inventory is
managed within a supply chain, possibly eliminating the impact of the
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bullwhip effect. For example, in vendor-managed inventory (VMI; see
Chap. 5), the manufacturer manages the inventory of its product at the
retailer outlet and therefore determines for itself how much inventory
to keep on hand and how much to ship to the retailer in every period.
Therefore, in VMI, the manufacturer does not rely on the orders
placed by a retailer, thus avoiding the bullwhip effect entirely.

Other types of partnerships are also applied to reduce the bull-
whip effect. As we discussed earlier, for example, centralizing demand
information can dramatically reduce the variability seen by the up-
stream stages in a supply chain. Therefore, it is clear that these up-
stream stages would benefit from a strategic partnership that provides
an incentive for the retailer to make customer demand data available
to the rest of the supply chain.

2.3 EFFECTIVE FORECASTS

Information leads to more effective forecasts. The more factors that
predictions of future demand can take into account, the more accurate
these predictions can be. Of course, forecasts are never completely ac-
curate. Indeed, the following rules of forecasting typically hold:6

1. The forecast is always wrong. In other words, it is very unlikely
that actual demand will exactly equal forecast demand.

2. The longer the forecast horizon, the worse is the forecast. In other
words, a forecast of demand far in the future is likely to be
less accurate than a forecast of near-future demand.

3. Aggregate forecasts are more accurate. In other words, a
forecast of aggregate demand (e.g., all Honda passenger
cars) will be more accurate than a forecast for an individual
end item (red two-door Honda Civic LX models).

Despite these rules, forecasting is a critical management tool.
Over the next several chapters we will see that by correctly managing
inventory, planners can make the best possible use of forecasts despite
the inherent difficulties of forecasting. In addition, forecasts are not
just for inventory decision making; decisions about whether to enter a
particular market at all, about whether to expand production capacity,
or about whether to implement a given promotional plan all can ben-
efit from effective forecasting.
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In this section we explore a number of the techniques that can be
used, separately or in combination, to create forecasts. Of course, it
would be possible to write an entire book on forecasting (and many
such books exist); our goal here is to introduce the different ap-
proaches to forecasting and suggest when each of these approaches is
appropriate.

Although there are many different forecasting tools and meth-
ods, they can be split into four general categories:7

• Judgment methods involve the collection of expert opinions.
• Market research methods involve qualitative studies of

consumer behavior.
• Time-series methods are mathematical methods in which future

performance is extrapolated from past performance.
• Causal methods are mathematical methods in which forecasts

are generated based on a variety of system variables.

Below we discuss these methods in more detail.

2.3.1 Judgment Methods

Judgment methods strive to assemble the opinions of a number of ex-
perts in a systematic way. For example, salespeople (or dealers) fre-
quently have a good understanding of expected sales because they are
close to the market. A salesforce composite can be assembled that com-
bines each salesperson’s sales estimate in a logical way.

Panels of experts can be assembled in order to reach a consensus.
This approach assumes that by communicating and openly sharing in-
formation, a superior forecast can be agreed on. These experts can be
external experts or internal experts from a variety of functional areas
within a company.

The Delphi method is a structured technique for reaching a con-
sensus with a panel of experts without gathering them in a single lo-
cation. Indeed, the technique is designed to eliminate the danger of
one or a few strong-willed individuals dominating the decision-
making process. In the Delphi method, each member of the group of
experts is surveyed for his or her opinion, typically in writing. The
opinions are compiled and summarized, and each individual is given
the opportunity to change his or her opinion after seeing the sum-
mary. This process is repeated until consensus is achieved.
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2.3.2 Market Research Methods

Market testing and market surveys can be valuable tools for developing
forecasts, particularly of newly introduced products. In market testing,
focus groups of potential customers are assembled and tested for their
response to products, and this response is extrapolated to the entire
market to estimate the demand for products. Market surveys involve
gathering these data from a variety of potential customers, typically
through interviews, telephone-based surveys, and written surveys.

2.3.3 Time-Series Methods

Time-series methods use a variety of past data (i.e., past values of the value
being predicted) to estimate future data. There are a number of tech-
niques that are used commonly, and each has different advantages and dis-
advantages. Below we discuss some common time-series methods.

Moving average. Each forecast is the average of some number of
previous demand points. The key here is to select the number
of points in the moving average so that the effect of
irregularities in the data is minimized.
Exponential smoothing. Each forecast is a weighted average of the
previous forecast and the last demand point. Thus this method
is similar to the moving average, except that it is a weighted
average of all past data points, with more recent points
receiving more weight.
Methods for data with trends. The preceding approaches assume
that there is no trend in the data. If there is a trend, methods
such as regression analysis and Holt’s method are more useful
because they specifically account for trends in the data.
Regression analysis fits a straight line to data points, whereas
Holt’s method combines the concept of exponential smoothing
with the ability to follow a linear trend in the data.
Methods for seasonal data. A number of techniques account for
seasonal changes in demand. For example, seasonal decomposition
methods remove the seasonal patterns from the data and then
apply the approaches listed earlier on these edited data.
Similarly, Winter’s method is a version of exponential smoothing
that accounts for trends and seasonality.
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More complex methods. A number of more complex methods have
been proposed. However, these more complex methods are
typically not used in practice, and indeed, there is some
evidence that complex methods do not outperform simpler
methods.6

2.3.4 Causal Methods

Recall that in the time-series methods just described, forecasts are based
entirely on previous values of the data being predicted. In contrast, causal
methods generate forecasts based on data other than the data being pre-
dicted. More specifically, the forecast is a function of some other pieces of
data. For example, the causal sales forecast for the next quarter may be a
function of inflation, gross national product (GNP), the unemployment
rate, the weather, or anything besides the sales in this quarter.

2.3.5 Selecting the Appropriate Forecasting Technique

With so many forecasting techniques available, which one is appro-
priate for a given situation? Chambers, Mullick, and Smith (CMS),8 in
their seminal article pose three questions that help with this 
decision:

• What is the purpose of the forecast? How is it to be used? If gross
sales estimates are sufficient, a less complex technique may be
appropriate, whereas if detailed estimates are required, more
advanced techniques may be necessary.

• What are the dynamics of the system for which the forecast will be
made? Is the system sensitive to the type of economic data
that would indicate that a causal model makes sense? Is the
demand seasonal or trending upward or downward? All these
affect the choice of forecasting tool.

• How important is the past in estimating the future? If the past is
very important, time-series methods make sense. If significant
systemwide changes render the past less important, judgment
or market research methods may be indicated.

CMS also point out that at different stages of the product life cy-
cle different forecast techniques are appropriate. In the product de-
velopment phase, market research methods may indicate potential
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sales of different products and designs. In the testing and introduction
phases, additional market research may be valuable, and judgment
methods can be useful for predicting future demand of products. In
the rapid growth phase of the product life cycle, time-series data may
be the most valuable. Finally, once a product becomes mature, time-
series analysis will be valuable, as will causal methods, which predict
long-term sales performance based on estimates of economic data. 
Finally, the quality of forecasts frequently can be improved by com-
bining a number of the techniques described in this section. Georgoff
and Murdick7 observe that “the results of combined forecasts greatly
surpass most individual projections, techniques, and analysis by ex-
perts.” This is particularly true because it is generally difficult to tell a
priori which of several available forecasting techniques will work best
for a given situation.

2.3.6 Forecasting in the Supply Chain

Of course, in a supply chain, each stage can affect the accuracy of the
forecasts of the other stages. For example, consider retailer forecasts.
These are typically based on an analysis of previous sales at the re-
tailer. However, future customer demand is clearly influenced by such
issues as pricing, promotions, and the release of new products. Some
of these issues are controlled by the retailer, but some are controlled
by the distributor, wholesaler, manufacturer, or competitors. If this 
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In fall 1996, Warner-Lambert, the consumer goods manufacturer, and
Wal-Mart, the department store, began a pilot study of the collabora-
tive planning, forecasting, and replenishment (CPFR) system. This
software system facilitates collaboration in forecasting efforts between
retailers and manufacturers. CPFR makes it easy to exchange drafts of
forecasts as well as details of future sales promotions and past sales
trends. The software “makes it easy for each side to review related mes-
sages and append new ones.” Other companies, including Procter &
Gamble, intend to adopt the CPFR system, and software companies in-
tend to launch competing versions of this software. These systems go
under the general name of collaborative systems.9



information is available to the retailer’s forecasters, the forecasts obvi-
ously will be more accurate. Similarly, distributor and manufacturer
forecasts are influenced by factors under retailer control. For example,
the retailer may design promotions or set pricing. Also, the retailer
may introduce new products into the stores, altering demand patterns.
In addition, because a manufacturer or distributor has fewer products
to consider than the retailer, the manufacturer may have more infor-
mation about these products. For example, sales may be closely tied to
some event. If a retailer is aware of this, it can increase inventories or
raise prices to take advantage of this fact.

For all of these reasons, many supply chains are moving toward
cooperative forecasting systems (see Ex. 2-1). In these supply chains,
sophisticated information systems enable an iterative forecasting
process in which all the participants in the supply chain collaborate to
arrive at an agreed-on forecast. This implies that all components of
the supply chain share and use the same forecasting tool, leading to a
decrease in the bullwhip effect. We will discuss this in more detail in
Chapter 10.

2.4 INFORMATION FOR THE COORDINATION OF SYSTEMS

Any supply chain includes many systems, such as manufacturing, stor-
age, transportation, and retail systems. Clearly, managing any one of
these systems involves a series of complex tradeoffs. For example, to
run a manufacturing operation efficiently, setup and operating costs
must be balanced with the costs of inventory and raw materials. Simi-
larly, the appropriate inventory level requires a delicate balance be-
tween the cost of holding inventory, the costs associated with frequent
orders, and the required service level. For instance, inventory man-
agement requires identifying the right balance between inventory
holding costs and transportation costs because transportation typically
involves quantity discounts of one type or another.

However, all these systems are connected. Specifically, the out-
put from one system within the supply chain is the input to the next
system. For example, the output from the manufacturing operation
may be the input to a transportation or storage system or both. Thus,
trying to find the best set of tradeoffs for any one stage is not suffi-
cient. We need to consider the entire system and coordinate decisions.

This will be true whether or not there is a common owner for
several of the systems in the supply chain. If there is, it is clearly in this
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owner’s best interest to ensure that the overall cost is reduced, al-
though this could lead to an increase in costs in one system if larger
decreases occur elsewhere. Even if there is no common owner, how-
ever, the various systems still need some kind of coordination to oper-
ate effectively. The issue, of course, is whose best interest is it to re-
duce overall system cost, and how will these savings be shared among
the system owners?

To explain this, observe that when the system is not coordi-
nated—i.e., each facility in the supply chain does what is best for that
facility—the result, as we discussed in Chapter 1, is local optimization.
Each component of the supply chain optimizes its own operation
without due respect for the impact of its policy on other components
in the supply chain.

The alternative to this approach is global optimization, which im-
plies that one identifies what is best for the entire system. In this case,
two issues need to be addressed:

1. Who will optimize?
2. How will the savings obtained through the coordinated

strategy be split among the different supply chain facilities?

These issues can be addressed in various ways. For example, sup-
ply contracts can be used (we discuss these in Chap. 6), or strategic
partnerships can be employed (see Chap. 5).

To coordinate these facets of the supply chain, information must
be available. Specifically, the knowledge of production status and
costs, transportation availability and quantity discounts, inventory
costs, inventory levels, and various capacities and customer demand is
necessary to coordinate systems, especially in cost-effective ways.

2.5 LOCATING DESIRED PRODUCTS

There is more than one way to meet customer demand. Typically, for
a make-to-stock system, we think of meeting customer demand from
retail inventory if at all possible, but there are other options.

For example, suppose that you go to a retailer to buy a large ap-
pliance, and it is not available. Perhaps you will go to the retailer’s com-
petitor down the street. However, what if the retailer searches a data-
base and promises to have the item delivered to your house within 24
hours. You probably will feel like you have received great customer 
service, even though the retailer is out of stock. Thus, being able to lo-
cate and deliver goods is sometimes as effective as having them in stock.
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However, if the goods are located at the retailer’s competitor, it is not
clear whether this competitor would be willing to transfer the item.

2.6 LEAD-TIME REDUCTION

The importance of lead-time reduction cannot be overstated. It typi-
cally leads to

1. The ability to quickly fill customer orders that cannot be
filled from stock

2. Reduction in the bullwhip effect
3. More accurate forecasts due to a decreased forecast horizon
4. Reduction in finished goods inventory levels (This is true

because one can stock raw materials and packaging material or
subassembly inventories to reduce finished-goods cycle time.)

For all these reasons, many firms are actively searching for sup-
pliers with shorter lead times, and many potential customers consider
lead time a very important criterion for vendor selection.

Much of the manufacturing revolution of the past 20 years has led
to reduced lead times.10 In Chapter 4 we discuss distribution network
designs that reduce lead times; these designs can exist only because of
the availability of information about the status of the entire supply
chain. However, as discussed earlier, effective information systems cut
lead times by reducing that portion of the lead time linked to order pro-
cessing, paperwork, stock picking, transportation delays, and so on. Of-
ten these can be a substantial portion of the lead time, especially if there
are many different stages in the supply chain and this information is
transmitted one stage at a time. Clearly, if a retailer order rapidly prop-
agates up the supply chain through the tiers of suppliers as far back as is
necessary to meet the order, lead time can be reduced greatly.

Similarly, transferring point-of-sale (POS) data from the retailer
to its supplier can help reduce lead times significantly because the sup-
plier can anticipate an incoming order by studying POS data. These
issues are covered in depth in Chapter 5, where we discuss strategic
partnering between retailers and suppliers.

2.7 INFORMATION AND SUPPLY CHAIN TRADEOFFS

As observed in Chapter 1, a major challenge in supply chain manage-
ment is replacing sequential planning processes with global optimiza-
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tion. In sequential planning, each stage of the supply chain optimizes its
profit with no regard to the impact of its decisions on other supply chain
stages. In contrast, in global optimization, the objective is to coordinate
supply chain activities so as to maximize supply chain performance.

Unfortunately, as we discuss in detail below, the managers of dif-
ferent stages in the supply chain have conflicting goals, and it is exactly
these conflicts that necessitate the integration and coordination of the
different stages in the supply chain. Even within one stage, tradeoffs
have to be made between reducing inventory and transportation costs
or between increasing product variety and reducing inventory levels.

By carefully using the available information, the supply chain can
move toward global optimization and, as a result, reduce systemwide
cost while accounting for these conflicting goals and various tradeoffs.
This is easier to do in a centralized system, but even in a decentralized
system it may be necessary to find incentives to bring about the inte-
gration of supply chain facilities.

2.7.1 Conflicting Objectives in the Supply Chain11

We begin with the raw material suppliers. To operate and plan efficiently,
these suppliers would like to see stable volume requirements, with little
variation in the mix of required materials. In addition, they prefer flexi-
ble delivery times so that they can deliver efficiently to more than one
customer. Finally, most suppliers would like to see large volume demands
so that they can take advantage of economies of scope and scale.

Manufacturing management also has its own wish list. High pro-
duction costs frequently limit the number of expensive changeovers as
well as quality problems that may occur at the start of production runs.
Typically, manufacturing management wants to achieve high produc-
tivity through production efficiencies, leading in turn to low produc-
tion costs. These goals are facilitated if the demand pattern is known
far into the future and has little variability.

The materials, warehousing, and outbound logistics managers
also have lists of criteria. These include minimizing transportation
costs by taking advantage of quantity discounts, minimizing inventory
levels, and quickly replenishing stock. Finally, to satisfy their cus-
tomers, retailers need short order lead times and efficient and accurate
order delivery. The customers, in turn, demand in-stock items, enor-
mous variety, and low prices.
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2.7.2 Designing the Supply Chain for Conflicting Goals

In the past, for some of these goals to be met, others had to be sacrificed
because the supply chain was viewed as a set of tradeoffs. Typically, high
inventory levels and shipping costs and less product variety enabled
manufacturers and retailers to come closer to meeting their goals. At
the same time, customers’ expectations were not as high as they are to-
day. As we know, these expectations have increased dramatically in re-
cent times as customers demand high variety and low cost, even as in-
creased pressure to control inventory and transportation costs also has
become prevalent. Fortunately, the large amount of information now
available allows supply chains to be designed so that they come closer
to meeting all these apparently conflicting goals. In effect, some of the
tradeoffs that were considered several years ago to be inherent in any
supply chain may not be tradeoffs at all.

In the following subsections we discuss many of these perceived
tradeoffs and how, through the use of advanced information technol-
ogy and creative network design, they do not have to be tradeoffs at all
in a modern supply chain—or, at the very least, their impact can be 
reduced.

The Lot Size–Inventory Tradeoff As we have seen, manufacturers
would like to have large lot sizes. Per-unit setup costs are reduced,
manufacturing expertise for a particular product increases, and
processes are easier to control. Unfortunately, typical demand does
not come in large lot sizes, so large lot sizes lead to high inventory. In-
deed, much of the focus of the manufacturing revolution of the 1980s
involved switching to manufacturing systems with smaller lot sizes.

Setup time reduction, kanban and constant work-in-progress
(CONWIP) systems, and other modern manufacturing practices typ-
ically were geared toward reducing inventories and improving system
responsiveness. Although traditionally viewed in a manufacturing con-
text, this approach to manufacturing has implications across the entire
supply chain. Retailers and distributors would like short delivery lead
times and wide product variety to respond to the needs of their cus-
tomers. These advanced manufacturing systems make it possible for
manufacturers to meet these needs by enabling them to respond more
rapidly to customer needs.

This is especially true if information is available to ensure that
the manufacturer has as much time as possible to react to the needs of
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downstream supply chain members. Similarly, if distributors or retail-
ers have the ability to observe factory status and manufacturer inven-
tory, they can quote lead times to customers more accurately. In addi-
tion, these systems enable retailers and distributors to develop an
understanding of and confidence in the manufacturers’ ability. This
confidence allows the distributors and retailers to reduce the inven-
tory they hold in anticipation of manufacturing problems.

The Inventory–Transportation Cost Tradeoff There is a similar tradeoff
between inventory and transportation costs. To see this, we need to re-
view the nature of transportation costs. First, consider a company that
operates its own fleet of trucks. Each truck has some fixed cost of op-
eration (e.g., depreciation, driver time) and some variable cost (e.g.,
gas). If a truck is always full when it makes a delivery, the cost of op-
erating the truck is spread out over the largest possible number of
items. Since, in the end, the same total number of goods is always de-
livered (more or less equal to customer demand), carrying full truck-
loads minimizes transportation costs.

Similarly, if an outside firm is used for shipping, the firm typi-
cally provides quantity discounts. Also, it is usually cheaper to ship in
quantities of full truckloads (TL shipping) than partial (less than full)
truckloads (LTL shipping). Thus, in this case too, operating full trucks
minimizes transportation costs.

In many cases, however, demand is in units of far less than a sin-
gle truckload. Thus, when items are delivered in full truckloads, they
typically have to wait for longer periods of time before they are con-
sumed, leading to higher inventory costs.

Unfortunately, this tradeoff cannot be eliminated completely.
However, we can use advanced information technology to reduce this
effect. For example, advanced production control systems can be used
to manufacture items as late as possible to ensure full truckloads. Sim-
ilarly, distribution control systems may allow a materials manager to
combine shipments of different products from warehouses to stores in
order to fill trucks. This requires knowledge of orders and demand
forecasts, as well as supplier delivery schedules.

Indeed, recent advances in decision-support systems allow the sup-
ply chain to find the appropriate balance between transportation and in-
ventory costs by taking into account all aspects of the supply chain. Re-
gardless of the transportation strategy selected, competition in the
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transportation industry will force costs down. This effect is enhanced 
by advanced transportation modes and carrier selection programs that
ensure that the most cost-effective approach is used for each particu-
lar delivery, lowering overall transportation costs.

The Lead-Time–Transportation Cost Tradeoff Total lead time is made
up of time devoted to processing orders, to procuring and manufac-
turing items, and to transporting items between the various stages of
the supply chain. As we mentioned earlier, transportation costs are
lowest when large quantities of items are transported between stages
of the supply chain. However, lead times often can be reduced if items
are transported immediately after they are manufactured or arrive
from suppliers. Thus there is a tradeoff between holding items until
enough accumulate to reduce transportation costs and shipping them
immediately to reduce lead time.

Again, this tradeoff cannot be eliminated completely, but infor-
mation can be used to reduce its effect. Transportation costs can be
controlled as described in the preceding section, reducing the need to
hold items until a sufficient number accumulates. In addition, im-
proved forecasting techniques and information systems reduce the
other components of lead time so that it may not be essential to reduce
the transportation component.

The Product Variety–Inventory Tradeoff Evidently, product variety
greatly increases the complexity of supply chain management. Manu-
facturers who make a multitude of different products with smaller lot
sizes find that their manufacturing costs increase and their manufac-
turing efficiency decreases. To maintain the same lead times as a com-
pany may have had with fewer products, smaller amounts probably
will be shipped, so warehouses will need to hold a larger variety of
products. Thus increasing product variety increases both transporta-
tion and warehousing costs. Finally, since it is usually difficult to ac-
curately forecast the demand for each product because all are compet-
ing for the same customers, higher inventory levels must be
maintained to ensure the same service level.

The main issue that a firm supplying a variety of products needs to
address is how to match supply and demand effectively. For instance, con-
sider a manufacturer of winter ski jackets. Typically, 12 months before the
selling season the firm introduces a number of designs that it will sell in
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the winter. Unfortunately, it is not clear how many ski jackets to produce
from each design; therefore, it is not clear how to plan production.

One way to support the required product variety efficiently is to
apply the concept called delayed differentiation, which we will discuss in
Chapter 7. In a supply chain in which delayed differentiation is used,
generic products are shipped as far as possible down the supply chain be-
fore variety is added. This could mean that a single product is received
in the distribution center, and there it is modified or customized ac-
cording to customer demand as seen by the warehouse.

The Cost–Customer Service Tradeoff All these tradeoffs are examples
of the cost–customer service tradeoff. Reducing inventories, manufac-
turing costs, and transportation costs typically comes at the expense of
customer service. In the preceding subsections we have seen that the
level of customer service can be maintained while decreasing these
costs by using information and appropriate supply chain designs. Im-
plicitly, we have defined customer service as the ability of a retailer to
meet a customer’s demand from stock.

Of course, customer service could mean the ability of a retailer to
meet a customer’s demand quickly. We have discussed how transship-
ping may make this possible without increasing inventory. In addition,
direct shipping from warehouses to the homes of retail customers is
another way to achieve this. For example, Sears delivers a large pro-
portion of the large appliances that it sells directly from warehouses to
the end customer. This controls inventory cost at retail stores and al-
lows warehouses to take direct advantage of risk-pooling effects. For
this kind of system to work, information about warehouse inventories
must be available at the stores, and order information should be trans-
mitted rapidly to the warehouse. This is just one example of a system
in which available information and appropriate supply chain design
lead to decreased costs and increased service. In this case costs are
lower when the inventory is stored in a centralized warehouse than
when there is a larger inventory in the store. At the same time, cus-
tomer service is improved because customers have a larger inventory
to choose from, and appliances are delivered immediately to their
homes.

Finally, it is important to point out that so far we have empha-
sized how supply chain technology and management can be applied to
increase customer service levels defined in some traditional sense and to
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reduce costs. However, advanced supply chain management tech-
niques and information systems could be used to provide customers
with the kind of service that they have never been able to realize be-
fore and for which suppliers could charge a premium. One such ex-
ample is the concept of mass customization, which involves delivering
highly personalized goods and services to customers at reasonable
prices and at high volume. Although this may not have been econom-
ically feasible in the past, improving logistics and information systems
now makes this possible. The concept of mass customization is ex-
plained in more detail in Chapter 7.

2.8 SUMMARY

The bullwhip effect suggests that variability in demand increases as
one moves up the supply chain. This increase in variability causes sig-
nificant operational inefficiencies (e.g., it forces every facility in the
supply chain to increase inventory significantly). Indeed, some au-
thors1 estimate that in certain industries, such as the pharmaceutical
industry, this distorted information can cause the total inventory in the
supply chain to exceed 100 days of supply. Thus it is important to
identify strategies to efficiently cope with the bullwhip effect. In this
chapter we have identified specific techniques to counteract the bull-
whip effect, one of which is information sharing, i.e., centralized de-
mand information.

Finally, we looked at the interaction of various supply chain
stages. Typically, operating a supply chain is viewed as a series of
tradeoffs both within and between the different stages. We concluded
that information is the key enabler of integrating the different supply
chain stages and discussed how information can be used to reduce the
necessity of many of these tradeoffs.
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C H A P T E R  3

Supply Chain Integration

3.1 INTRODUCTION

In Chapter 1 we observed that supply chain management revolves
around efficient integration of suppliers, manufacturers, warehouses, and
stores. The challenge in supply chain integration, of course, is to coor-
dinate activities across the supply chain so that the enterprise can im-
prove performance: reduce cost, increase service level, reduce the bull-
whip effect, better use resources, and respond effectively to changes in
the marketplace. As many companies have recently realized, these chal-
lenges are met not only by coordinating production, transportation,
and inventory decisions but more generally by integrating the front end
of the supply chain, customer demand, to the back end of the supply
chain, the production and manufacturing portion of the supply chain.
The objective of this chapter is to illustrate the opportunities and the
challenges associated with supply chain integration. We consider

• Various supply chain strategies, including push, pull, and a
relatively new paradigm, the push-pull strategy

• A framework for matching products and industries with
supply chain strategies

• Demand-driven supply chain strategies
• The impact of the Internet on supply chain integration
• Effective distribution strategies
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Obviously, the availability of information plays an important role
in supply chain integration. In some cases the supply chain must be
designed to make this information available. In other cases the supply
chain strategy must be designed to take advantage of information that
is already available. And in many cases an expensive network must be
designed to compensate for the lack of information.

3.2 PUSH, PULL, AND PUSH-PULL SYSTEMS

Traditional supply chain strategies often are categorized as push or
pull strategies. Probably this stems from the manufacturing revolution
of the 1980s, in which manufacturing systems were divided into these
categories. Interestingly, in the last few years a number of companies
have employed a hybrid approach, the push-pull supply chain para-
digm. In this section we explain each one of the strategies.

3.2.1 Push-Based Supply Chain

In a push-based supply chain, production and distribution decisions are
based on long-term forecasts. Typically, the manufacturer bases de-
mand forecasts on orders received from the retailer’s warehouses. It
therefore takes much longer for a push-based supply chain to react to
the changing marketplace, which can lead to

• The inability to meet changing demand patterns
• The obsolescence of supply chain inventory as demand for

certain products disappears

In addition, we saw in Chapter 2 that the variability of orders re-
ceived from the retailers and the warehouses is much larger than the
variability in customer demand—the bullwhip effect. This increase in
variability leads to

• Excessive inventories due to the need for large safety stocks
(see Chap. 4)

• Larger and more variably sized production batches
• Unacceptable service levels
• Inventory obsolescence

Specifically, the bullwhip effect leads to inefficient resource uti-
lization because planning and managing are much more difficult. For
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instance, it is not clear how a manufacturer should determine produc-
tion capacity. Should it be based on peak demand, which implies that
most of the time the manufacturer has expensive resources sitting idle,
or should it be based on average demand, which requires extra—and
typically expensive—capacity during periods of peak demand? Simi-
larly, it is not clear how to plan transportation capacity. Should it be
based on peak demand or on average demand? Thus, in a push-based
supply chain, we often find increased transportation costs, high inven-
tory levels, and/or high manufacturing costs due to the need for emer-
gency production changeovers.

3.2.2 Pull-Based Supply Chain

In a pull-based supply chain, production and distribution are demand-
driven so that they are coordinated with true customer demand rather
than with forecast demand.1 In a pure pull system, the firm does not
hold any inventory and only responds to specific orders. This is enabled
by fast information flow mechanisms that transfer information about
customer demand (e.g., point of sale data) to the various supply chain
participants. Pull systems are intuitively attractive because they lead to

• A decrease in lead times achieved through the ability to
better anticipate incoming orders from retailers

• A decrease in inventory at retailers because inventory levels at
these facilities increase with lead times (see Chap. 4)

• A decrease in variability in the system and, in particular,
variability faced by manufacturers (see the discussion in
Chap. 2) due to lead-time reduction

• Decreased inventory at the manufacturer due to the
reduction in variability
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A major apparel manufacturer recently changed its supply chain strat-
egy to a pull-based system. Retailers order from this manufacturer
about once a month but transfer point-of-sale (POS) data much more
frequently, e.g., daily or weekly. These data allow the manufacturer to
continuously adjust production quantities according to true customer
demand.



Thus, in a pull-based supply chain, we typically see a significant
reduction in system inventory level, enhanced ability to manage re-
sources, and a reduction in system costs when compared with the
equivalent push-based system. On the other hand, pull-based systems
are often difficult to implement when lead times are so long that it is
impractical to react to demand information. Also, in pull-based sys-
tems, it is frequently more difficult to take advantage of economies of
scale in manufacturing and transportation because systems are not
planned far ahead in time.

These advantages and disadvantages of push and pull supply
chains have led companies to look for a new supply chain strategy that
takes advantage of the best of both. Frequently, this is a push-pull sup-
ply chain strategy.

3.2.3 Push-Pull Supply Chain

In a push-pull supply chain, some stages of the supply chain, typically the
initial stages, are operated in a push-based manner, whereas the re-
maining stages employ a pull-based strategy. The interface between
the push-based stages and the pull-based stages is known as the push-
pull boundary.

To better understand this strategy, consider the supply chain time
line: the time that elapses between procurement of raw material, i.e.,
the beginning of the time line, and the delivery of an order to the cus-
tomer, i.e., the end of the time line. The push-pull boundary is located
somewhere along the time line and indicates the point in time when the
firm switches from managing the supply chain using a push strategy to
managing it using a pull strategy. This is illustrated in Figure 3-1.

Consider a personal computer (PC) manufacturer who builds to
stock and thus makes all production and distribution decisions based
on forecast. This is a typical push system. By contrast, an example of
a push-pull strategy is one in which the manufacturer builds to order.
This implies that component inventory is managed based on forecast
but that final assembly is in response to a specific customer request.
Thus the push portion of the manufacturer’s supply chain is that por-
tion prior to assembly, whereas the pull part of the supply chain starts
with assembly and is performed based on actual customer demand.
The push-pull boundary is at the beginning of assembly. Observe that
in this case the manufacturer takes advantage of the fact that aggregate
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forecasts are more accurate (see Chap. 2). Indeed, demand for a compo-
nent is an aggregation of demand for all finished products that use this
component.

Since aggregate forecasts are more accurate, uncertainty in com-
ponent demand is much smaller than uncertainty in finished goods de-
mand, and this leads to safety stock reduction. Dell Computers has
used this strategy very effectively and is an excellent example of the
impact of the push-pull strategy on supply chain performance.

Postponement, or delayed differentiation in product design (see
Chap. 7), is also an excellent example of a push-pull strategy. In post-
ponement, the firm designs the product and the manufacturing
process so that decisions about which specific products are being
manufactured can be delayed as long as possible. The manufacturing
process starts by producing a generic or family product, which is dif-
ferentiated to a specific end product when demand is revealed. The
portion of the supply chain prior to product differentiation typically is
operated using a push-based strategy. In other words, the generic
product is built and transported based on a long-term forecast. Since
demand for the generic product is an aggregation of demand for all its
corresponding end products, forecasts are more accurate, and thus in-
ventory levels are reduced. In contrast, customer demand for a specific
end product typically has a high level of uncertainty, and thus product
differentiation occurs only in response to individual demand. Thus the
portion of the supply chain starting from the time of differentiation is
pull-based.
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3.2.4 Identifying the Appropriate Supply Chain Strategy

What is the appropriate supply chain strategy for a particular product?
Should the firm use a push-based supply chain strategy, a pull-based
strategy, or a push-pull strategy? Figure 3-2 provides a framework for
matching supply chain strategies with products and industries. The
vertical axis provides information on uncertainty in customer demand,
whereas the horizontal axis represents the importance of economies of
scale, either in production or in distribution.

Everything else being equal, higher demand uncertainty leads to
a preference for managing the supply chain based on realized demand:
a pull strategy. Alternatively, smaller demand uncertainty leads to an
interest in managing the supply chain based on a long-term forecast:
a push strategy.

Similarly, everything else being equal, the higher the importance
of economies of scale in reducing cost, the greater is the value of ag-
gregating demand, and thus the greater is the importance of manag-
ing the supply chain based on long-term forecast, a push-based strat-
egy. If economies of scale are not important, aggregation does not
reduce cost, so a pull-based strategy makes more sense.

In Figure 3-2 we partition the region spanned by these two di-
mensions into four boxes. Box I represents industries (or, more pre-
cisely, products) that are characterized by high uncertainty and by sit-
uations in which economies of scale in production, assembly, or
distribution are not important, such as the computer industry. Our
framework suggests that a high degree of pull-based supply chain
strategy is appropriate for these industries and products. This is ex-
actly the strategy employed by Dell Computers.

Box III represents products that are characterized by low demand
uncertainty and important economies of scale. Products in the grocery
industry such as beer, pasta, and soup belong to this category. Demand
for these products is quite stable, whereas reducing transportation cost
by shipping full truckloads is critical for controlling supply chain cost.
In this case a pull strategy is not appropriate. Indeed, a traditional
push-based retail strategy is appropriate because managing inventory
based on long-term forecasts does not increase inventory holding costs,
whereas delivery costs are reduced by leveraging economies of scale.

Boxes I and III represent situations in which it is relatively easy
to identify an efficient supply chain strategy. In the remaining two
cases there is a mismatch between the strategies suggested by the two
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attributes, uncertainty and the importance of economies of scale. In-
deed, in these boxes uncertainty “pulls” the supply chain toward one
strategy, whereas economies of scale “push” the supply chain in a dif-
ferent direction.

For instance, box IV represents products characterized by low
demand uncertainty, indicating a push-based supply chain, and low
economies of scale, suggesting a pull-based supply chain strategy.
Many high-volume/fast-moving books and CDs fall in this category.
In this case a more careful analysis is required because both traditional
retail push strategies and more innovative push-pull strategies may be
appropriate, depending on the specific costs and uncertainties. We
discuss this choice in more detail in Section 3.4.

Finally, box II represents products and industries for which un-
certainty in demand is high, whereas economies of scale are important
in reducing production and/or delivery costs. The furniture industry
is an excellent example of this situation. Indeed, a typical furniture re-
tailer offers a large number of similar products distinguished by shape,
color, fabric, and so forth, and as a result, end-item demand uncer-
tainty is very high. Unfortunately, these are bulky products, and hence
delivery costs are also high.

Thus, in this case, there is a need to distinguish between the pro-
duction and the distribution strategies. The production strategy has to
follow a pull-based strategy because it is impossible to make produc-
tion decisions based on long-term forecasts. On the other hand, the
distribution strategy needs to take advantage of economies of scale 
in order to reduce transportation cost. This is exactly the strategy 
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employed by many retailers that do not keep any inventory of furni-
ture. When a customer places an order, it is sent to the manufacturer,
who orders the fabric and produces to order. Once the product is
ready, it is shipped, typically using truckload carriers, together with
many other products, to the retail store and from there to the cus-
tomer. For this purpose, the manufacturer typically has a fixed deliv-
ery schedule, and this is used to aggregate all products that are deliv-
ered to stores in the same region, thus reducing transportation costs
due to economies of scale. Hence the supply chain strategy followed
by furniture manufacturers is, in some sense, a pull-push strategy,
where production is completed based on realized demand, a pull strat-
egy, and delivery is according to a fixed schedule, a push strategy.

The automobile industry is another example of the conditions of
box II. A typical car manufacturer offers a large number of similar
products distinguished by functionality, motor power, shape, color,
number of doors, sports wheels, and so forth, and as a result, demand
uncertainty for a particular configuration is very high. Delivery costs
are quite high as well. Traditionally, this industry has employed a
push-based supply chain strategy, building inventory for the dealer
distribution systems. Thus the automobile industry does not currently
follow the model developed in Figure 3-2.

In 2000, however, General Motors (GM) announced a dramatic
vision for restructuring the way it is designing, building, and selling its
products.2 The goal is to allow customers to customize and order cars
online and have the cars delivered to the customer’s door in less than 10
days. GM is moving exactly in the direction predicted by our model—
toward a build-to-order strategy.

Unfortunately, lead times in the automobile industry are cur-
rently long: 50 to 60 days on average. To achieve its vision, GM has to
redesign the entire supply chain, including the way it partners with
suppliers, the way it manufactures products, and the way it distributes
products. Reducing lead times to 10 days or below also may require a
significant reduction in the number of options and configurations of-
fered to buyers.

3.2.5 Implementing a Push-Pull Strategy

The framework developed in the preceding section attempts to char-
acterize the appropriate level of pull and push for different products.
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For instance, a high degree of pull is appropriate for products that be-
long to box I. Of course, achieving the design of the pull system de-
pends on many factors, including product complexity, manufacturing
lead times, and supplier-manufacturer relationships. Similarly, there
are many ways to implement a push-pull strategy, depending on the
location of the push-pull boundary. For instance, Dell locates the
push-pull boundary at the assembly point, whereas furniture manu-
facturers locate the boundary at the production point.
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Consider the automobile industry, known for its long transportation
lead times. Prior to its latest effort to implement a make-to-order strat-
egy, there were previous attempts to implement a push-pull strategy. In
1994, GM announced the establishment of a regional distribution cen-
ter in Orlando, Florida, where an inventory of about 1500 Cadillacs was
maintained. Dealers could order cars they did not have in their lots
from the distribution center, and the cars would be delivered within 24
hours. GM was attempting to employ a push-pull strategy in which in-
ventory at its regional distribution center was managed based on long-
term forecasts, whereas delivery to dealers was based on realized de-
mand. Thus the push-pull boundary was located at the manufacturer’s
distribution center. As discussed in Chapter 8, two major issues con-
tributed to the failure of this strategy. First, the regional warehouse
shifted inventory costs from the dealers to GM because it allowed deal-
ers to reduce inventory levels. Second, the regional distribution center
equalized small and large dealers. If all dealers have access to the re-
gional warehouse, then there is no difference between small and large
dealers. Thus it is difficult to see why large dealers would be interested
in participating in such an arrangement.

The discussion so far suggests that the push strategy is applied to
that portion of the supply chain where demand uncertainty is relatively
small, and thus managing this portion based on long-term forecast is ap-
propriate. On the other hand, the pull strategy is applied to the portion
of the supply chain time line where uncertainty is high, and hence it is
important to manage this portion based on realized demand. This dis-
tinction between the two portions of the supply chain has an important
impact on the objectives of the supply chain strategy, as well as on or-
ganizational skills required to manage the system effectively.



Since uncertainty in the push portion of the supply chain is rela-
tively small, service level is not an issue, so the focus can be on cost
minimization. In addition, this portion of the supply chain is charac-
terized not only by low demand uncertainty and economies of scale in
production and/or transportation but also by long lead times and com-
plex supply chain structures, including product assembly at various
levels. Thus cost minimization is achieved by better using resources
such as production and distribution capacities while minimizing in-
ventory, transportation, and production costs.

On the other hand, the pull portion of the supply chain is char-
acterized by high uncertainty, a simple supply chain structure, and a
short cycle time. Hence the focus here is on service level. Specifically,
high service level is achieved by deploying a flexible and responsive sup-
ply chain—a supply chain that can adapt quickly to changes in cus-
tomer demand.3

This implies that different processes need to be used in different
portions of the supply chain. Since the focus in the pull part of the
supply chain is on service level, order-fulfillment processes typically are
employed. Similarly, since the focus of the push part of the supply
chain is on cost and resource utilization, supply chain planning processes
are used here to develop an effective strategy for the next few weeks or
months. In Chapter 4 we provide a detailed discussion of supply chain
master planning that is applied to the push portion of the supply chain
time line. Table 3-1 summarizes the characteristics of the push and
pull portions of the supply chain.

Notice that the push portion and the pull portion of the supply
chain interact only at the push-pull boundary. This is the point along
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Table 3-1 Characteristics of the Push and Pull 
Portions of the Supply Chain

Push Pull

Objective Minimize cost Maximize service level

Complexity High Low

Focus Resource allocation Responsiveness

Lead time Long Short

Processes Supply chain planning Order fulfillment



the supply chain time line where there is a need to coordinate the two
supply chain strategies, typically through buffer inventory. However,
this inventory plays a different role in each portion. In the push por-
tion buffer inventory at the boundary is part of the output generated
by the tactical planning process, whereas in the pull part it represents
the input to the fulfillment process. Thus the interface between the
push portion of the supply chain and the pull portion of the supply
chain is forecast demand. This forecast, which is based on historical
data obtained from the pull portion, is used to drive the supply chain
planning process and to determine the buffer inventory.

3.3 DEMAND-DRIVEN STRATEGIES

The framework we have developed in this chapter requires integrating
demand information into the supply chain planning process. This in-
formation is generated by employing two different processes:

• Demand forecast. A process in which historical demand data
are used to develop long-term estimates of expected demand,
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Consider a supplier of fashion skiwear such as Sport Obermeyer.3 Every
year the company introduces many new designs, or products, for which
forecast demand is highly uncertain. One strategy used successfully by
Sport Obermeyer involves distinguishing between high-risk and low-
risk designs. Low-risk products, i.e., those for which uncertainty and
price are low, are produced in advance using long-term forecasts and fo-
cusing on cost minimization, a push-based strategy. However, decisions
on production quantities for high-risk products are delayed until there
is a clear market signal on customer demand for each style, a pull strat-
egy. Since fabric lead times are long, the manufacturer typically orders
fabric for high-risk products well in advance of receiving information
about market demand, based only on long-term forecasts. In this case
the manufacturer takes advantage of the same principle applied by Dell
Computers: that aggregate forecasts are more accurate. Since demand
for fabrics is an aggregation of demand for all products that use that fab-
ric, demand uncertainty is low, and thus fabric inventory is managed
based on push strategy. Thus Sport Obermeyer uses a push-pull strategy
for the high-risk products and a push strategy for the low-risk products.



i.e., forecasts (see Chap. 2 for more information about
forecasting).

• Demand shaping. A process in which the firm determines the
impact of various marketing plans such as promotion, pricing
discounts, rebates, new product introduction, and product
withdrawal on demand forecasts.

Of course, in either case the forecast is not completely accurate,
and hence an important output from the demand-forecast and 
demand-shaping processes is an estimate of the accuracy of the fore-
cast, the so-called forecast error, measured according to its standard 
deviation. This information provides insight into the likelihood that
demand will be higher (or lower) than the forecast.

High demand forecast error has a detrimental impact on supply
chain performance, resulting in lost sales, obsolete inventory, and in-
efficient use of resources. Can the firm employ supply chain strategies
to increase forecast accuracy and thus decrease forecast error? We
identify the following approaches:

• Select the push-pull boundary so that demand is aggregated
over one or more of the following dimensions:
• Demand is aggregated across products.
• Demand is aggregated across geography.
• Demand is aggregated across time.
The objective is clear. Since aggregate forecasts are more
accurate, the result is improved forecast accuracy.

• Use market analysis and demographic and economic trends to
improve forecast accuracy (see Chap. 2 for details).

• Determine the optimal assortment of products by store so as
to reduce the number of stock keeping units (SKUs)
competing in the same market. Indeed, we are familiar with a
large retailer who used to keep in each store more than 30
different types of garbage cans. It was relatively easy to
predict aggregate demand across all SKUs in the garbage can
category but very difficult to predict demand for an individual
SKU.

• Incorporate collaborative planning and forecasting processes
with customers so as to achieve a better understanding of
market demand and the impact of promotions, pricing events,
and advertising.
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At the end of the demand planning process, the firm has a demand
forecast by SKU by location. The next step is to analyze the supply
chain and see if it can support these forecasts. This process, called sup-
ply and demand management, involves matching supply and demand by
identifying a strategy that minimizes total production, transportation,
and inventory costs or a strategy that maximizes profits. Along the way,
the firm also determines the best way to handle volatility and risks in the
supply chain. We describe this tactical planning process in Chapter 4.

Of course, demand planning and tactical planning have an impact
on each other. Thus an iterative process must be used to identify

• The best way to allocate marketing budgets and associated
supply and distribution resources

• The impact of deviations from forecast demand
• The impact of changes in supply chain lead times
• The impact of competitors’ promotional activities on demand

and supply chain strategies

The importance of the iterative process is demonstrated by the
following example.
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A classic example of the perils of not including supply chain analysis in
market plans is the story of Campbell’s Soup’s winter promotion. In one
unfortunate season the marketing department decided to promote
chicken noodle soup in the winter. Of course, there is a seasonal spike
in the demand for soup in winter anyway. By itself, this seasonal spike
requires preparing and storing chicken and ingredients in huge quanti-
ties in the spring and fall in order to meet the demand. In addition, due
to the promotion, production had to start early and use overtime ca-
pacity in order to meet the demand. Unfortunately, the cost of the ex-
cess production and inventory requirements far exceeded the revenue
from the promotions.4

3.4 THE IMPACT OF THE INTERNET ON SUPPLY CHAIN STRATEGIES

The influence of the Internet and e-commerce on the economy in
general and business practice in particular has been tremendous.
Changes are happening rapidly. For instance, the direct-business



model employed by industry giants such as Dell Computers and Ama-
zon.com enables customers to order products over the Internet and
thus allows companies to sell their products without relying on third-
party distributors. Similarly, business-to-business e-commerce
promises convenience and cost reduction.

In parallel, the Internet and the emerging e-business models have
produced expectations that many supply chain problems will be re-
solved merely by using these new technology and business models. 
e-Business strategies were supposed to reduce cost, increase service
level, and increase flexibility and, of course, profits, albeit sometime in
the future. In reality, these expectations frequently have gone unmet
because many of the new e-businesses have not been successful. In
many cases the downfall of some of the highest-profile Internet busi-
nesses has been attributed to their logistics strategies.

Several examples follow.
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The furniture industry seemed ripe for modernization and e-business
when executives from Living.com purchased Shaw Furniture Gallery,
the tenth largest furniture store in North Carolina, in March 1999. The
purchase was intended to provide Living.com with access to top-line
furniture manufacturers. After an investment of $70 million in capital
and a spot as the exclusive Amazon.com furniture link, Living.com de-
clared bankruptcy on August 29, 2000. Reasons for the failure included
the investment in a new information system that did not function cor-
rectly and the switch to a carrier that had no experience with furniture
delivery, leading to a stunning 30 percent return rate.
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Furniture.com, launched in January 1999, offered thousands of prod-
ucts from many furniture makers. The company had $22 million in
sales in the first 9 months of 2000 and 1 million visitors a month to its
Web site. Its downfall (November 6, 2000) was due to logistics details
and, in particular, inefficient delivery processes. Initially, Furniture.com
used carriers to ship its products from a central warehouse to cus-
tomers. Since transportation costs were too high, the firm formed an al-
liance with six regional distributors. Unfortunately, these relationships
were hard to maintain and left many problems unsolved, including han-
dling of repairs and returns.



Some companies, of course, are extremely successful in develop-
ing new business models that allow them to increase profits signifi-
cantly and capture a sizable market share. These companies use the
Internet as the driver of business change.
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Founded in 1989, Peapod is based in Skokie, Illinois, and is considered
one of America’s leading online grocers. As a highly experienced online
grocer, the company serves more than 130,000 customers. In 1999,
Peapod had sales of $73 million and generated a loss of $29 million.
Peapod’s mounting losses and inability to secure additional funding re-
sulted in a buyout of a majority of its stock in April 2000 by Royal
Ahold, the international food company. Peapod thus escaped the fate of
Shoplink.com, Streamline.com, and Priceline’s WebHouse Club, all of
which have recently left the online grocery business. These failures
generally are attributed to high delivery costs.
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What started in 1995 as earth’s biggest bookstore is rapidly becoming
earth’s biggest store. Amazon.com’s main site offers millions of books,
CDs, DVDs, videos, toys, tools, and electronics. In addition, Ama-
zon.com conducts auctions for items ranging from art to real estate and
provides schedulers, address books, and online greeting cards. Amazon
also owns stakes in online sellers of pet supplies, prescription drugs,
cars, groceries, and more. Although Amazon.com has become a model
for Internet companies by placing market share ahead of profits and
making acquisitions funded by its meteoric market capitalization, it has
yet to make a profit. In 1996 the company had $16 million in sales and
a $6 million loss; in 1999 it had $1.6 billion in sales and a $720 million
loss; in 2000 it had $2.7 billion in sales and a $1.4 billion loss, hardly a
financial success story. Losses have been lower in the last 2 years—
$3.12 billion in sales and a $567,000 loss in 2001 and $3.93 billion in
sales and $149,000 loss in 2002.
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According to the Stern Stewart EVA 1000 database, Dell Computers
has outperformed its competition by over 3000 percent in terms of
shareholder growth over the 8-year period 1988 to 1996. This example

(continued)
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is important in our discussion because competition in the PC industry
is not based on new technology. Indeed, most PC manufacturers use
the same technology, the so-called Wintel standard. Competition in the
PC industry is based primarily on price and service level. Dell’s success
is attributed to its virtual integration, a strategy that blurs the tradi-
tional boundaries between suppliers, manufacturers, and end users.
Dell’s decision to sell computers built from components produced by
other manufacturers has relieved the firm of the burdens of owning as-
sets, doing research and development, and managing a large workforce.
At the same time, Dell only produces to order and thus keeps no fin-
ished goods inventory. These business decisions have allowed Dell to
grow much faster than its competition and maintain only 8 days of 
inventory.

Despite its downturn in 2001 and the writeoff of $2.25 billion in
excess inventory, Cisco is a good model of a company that makes in-
novative use of the Internet.
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According to Peter Solvik, who is CIO of Cisco, “Cisco’s Internet-
based business model has been instrumental in its ability to quadruple
in size from 1994 to 1998 ($1.3 billion to over $8 billion), hire approx-
imately 1000 new employees per quarter while increasing their produc-
tivity, and save $560 million annually in business expenses.” Over 80
percent of Cisco’s customer business is performed over the Internet,
and this is only a small part of the entire picture. Indeed, to differenti-
ate itself from the competition in what is essentially a commodity busi-
ness, Cisco acquires companies that have leading technology and inte-
grates these companies rapidly with its systems. It also sells network
solutions, not just components, to its customers. This requires coordi-
nation of hardware, software, and service components in many sales.
The ability to provide these services and integrate comes from Cisco’s
single-enterprise system. This system provides the backbone for all ac-
tivities in the company and not only connects customers and employ-
ees but also chip manufacturers, component distributors, contract man-
ufacturers, logistics companies, and systems integrators. These
participants can perform like one company because they all rely on the
same Web-based data sources. All Cisco’s suppliers see the same de-
mand and do not rely on their own forecasts based on information flow-
ing from multiple points in the supply chain. Cisco also built a dynamic



The preceding examples raise an important question: Why is it
that in some cases these new business models fail, whereas in other
cases they are incredibly successful? If Dell and Cisco can use the In-
ternet to develop such effective business models, what inhibits other
firms from adopting similar techniques?

To answer this question, we require a better understanding of 
Internet-based supply chain strategies.

3.4.1 What Is e-Business?

To better understand the impact of the Internet on supply chains, we
start by introducing our definitions of e-business and e-commerce:

• E-business is a collection of business models and processes
motivated by Internet technology and focusing on
improvement of extended enterprise performance.

• E-commerce is the ability to perform major commerce
transactions electronically.

These definitions lead to several observations. First, e-commerce
is only part of e-business. Second, Internet technology is the force be-
hind the business change. Finally, the focus in e-business is on the ex-
tended enterprise, i.e., intraorganizational, business-to-consumer
(B2C), and business-to-business (B2B) transactions. B2C refers to
businesses that are “direct to customer,” especially retail activities over
the Internet, and includes products, insurance, banking, and so forth.
B2B refers to business conducted over the Internet predominantly 
between businesses. This includes both the currently ubiquitous 
exchanges and collaboration with suppliers and vendors to achieve
common goals.

Many companies have recognized that the Internet can have a
huge impact on supply chain performance. Indeed, these companies
have observed that the Internet can help them move away from the
traditional push strategies employed by most supply chains. Initially,
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replenishment system to help reduce supplier inventory. Cisco’s average
turns in 1999 were 10, compared with an average of 4 for competitors.
Inventory turns for commodity items are even more impressive; they
reach 25 to 35 turns a year.5



the move was toward a pull strategy, but eventually, many companies
ended up with a push-pull supply chain.

3.4.2 The Grocery Industry

Consider the grocery industry. A typical supermarket employs a push-
based strategy where inventory at the warehouses and stores is based
on a forecast. When Peapod was founded in 1989, the idea was to es-
tablish a pure pull strategy with no inventory and no facilities. When
a customer ordered groceries, Peapod would pick the products at a
nearby supermarket. This strategy had significant service problems
because stockout rates were very high (about 8 to 10 percent). In the
last few years, Peapod has changed its business model to a push-pull
strategy by setting up a number of warehouses; stockout rates are now
less than 2 percent. Observe that in this case the push part is the por-
tion of the Peapod supply chain prior to satisfying customer demand,
and the pull part starts from a customer order. Also note that since a
Peapod warehouse covers a large geographic area, clearly larger than
the one covered by an individual supermarket, demand is aggregated
over many customers and locations, resulting in better forecasts and
inventory reduction.

Of course, in the online grocery industry there are other chal-
lenges, including reducing transportation costs and responding in a
very short period of time, typically within 12 hours, in a tight delivery
window. Unfortunately, no current online grocers have the density of
customers that will allow them to control transportation costs and
therefore compete successfully with traditional supermarkets. This is
the reason why most online grocers have failed. Indeed, the frame-
work developed in the preceding section suggests that this industry is
characterized by low level of demand uncertainty for many products
and high economies of scale in transportation cost, implying that a
push-based strategy is more appropriate.

3.4.3 The Book Industry

The book industry is another excellent example of the evolution of
supply chain strategies from push to pull and then to push-pull. Tra-
ditionally, book retailers such as Barnes and Noble had a push supply
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chain. When Amazon.com was established in 1995, its supply chain
was a pure pull system with no warehouses and no stock. Indeed, at
that time Ingram Book Group supplied most of Amazon’s customer
demand.

Ingram Book can aggregate across many customers and suppliers
and take advantage of economies of scale. Thus the pull model em-
ployed by Amazon.com was an appropriate strategy when
Amazon.com was building its brand name. As volume and demand in-
creased, two issues became clear. First, Amazon.com’s service level was
affected by Ingram Book’s distribution capacity, which was shared by
many booksellers. Indeed, during periods of peak holiday demand,
Amazon.com could not meet its service-level goals. Second, using In-
gram Book in the first few years allowed Amazon.com to avoid inven-
tory costs but significantly reduced profit margins. As demand in-
creased, it became evident that Ingram Book did not provide any
advantage for many of the book categories because Amazon.com’s
ability to aggregate across large geographic areas allowed the company
to reduce uncertainties and hence inventory costs by itself without us-
ing a distributor.

As Amazon.com discovered these issues, the company changed
its philosophy, and now Amazon.com has several warehouses around
the country where most of the titles are stocked. Thus inventory at the
warehouses is managed based on a push strategy, whereas demand is
satisfied based on individual requests, a pull strategy.

3.4.4 The Retail Industry

The retail industry was in general late to respond to competition from
virtual stores and to recognize the opportunities provided by the In-
ternet. Recently, however, the landscape has changed as many so-
called brick-and-mortar companies are adding an Internet shopping
component to their offering. Enter click-and-mortar giants Wal-
Mart, Kmart, Target, and Barnes and Noble, among others. These 
retailers recognize the advantage they have over pure Internet compa-
nies. Indeed, they already have the distribution and warehousing in-
frastructure in place. Thus they have established virtual retail stores
serviced by their existing warehousing and distribution structures.
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As a result of going online, click-and-mortar firms have changed
their approach to stocking inventory. High-volume, fast-moving
products, whose demand can be matched accurately with supply based
on long-term forecasts, are stocked in stores, whereas low-volume,
slow-moving products are stocked centrally for online purchasing.
The low-volume products have highly uncertain demand levels and
thus require high levels of safety stock. Centralized stocking reduces
uncertainties by aggregating demand across geographic locations and
thus reduces inventory levels. The analysis implies that these retailers
use a push strategy for high-volume, fast-moving products and a push-
pull strategy for low-volume, slow-moving products.

Of course, the move from brick-and-mortar to click-and-mortar
stores is not an easy one and may require skills that the brick-and-
mortar companies do not have.
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Wal-Mart has always prided itself on its distribution operations. Thus
it was a huge surprise when the company announced that it planned to
hire an outside firm to handle order fulfillment and warehousing for its
online store, Wal-Mart.com, which the retailer launched in the fall of
1999. Fingerhut Business Services filled orders behind the scenes at
Wal-Mart’s cyberstore. Indeed, with a background in handling individ-
ual orders, Fingerhut has emerged as a major provider of third-party
distribution services to other retailers and e-tailers interested in home
delivery. Fingerhut provided Internet order fulfillment, warehousing,
shipment, payment processing, customer service, and merchandise re-
turns for Wal-Mart.com when the service was launched.

3.4.5 Impact on Transportation and Fulfillment

This review of the evolution of supply chain strategies in various in-
dustries suggests the following insight: The Internet and the associ-
ated new supply chain paradigms introduce a shift in fulfillment strate-
gies: from cases and bulk shipments to single items and smaller-size
shipments and from shipping to a small number of stores to serving
highly geographically dispersed customers. This shift also has in-
creased the importance and complexity of reverse logistics.



Table 3-2 summarizes the impact of the Internet on fulfill-
ment strategies. Specifically, the new developments in supply chain
strategies are very good news for the parcel and LTL industries. Both
pull and push-pull systems rely heavily on individual (e.g., parcel)
shipments rather than bulk shipments. This is especially true in the
B2C area, where a new term has been coined: e-fulfillment.

Another impact of e-fulfillment on the transportation industry is
the significant increase in reverse logistics. Indeed, in the B2C arena,
e-fulfillment typically means that the supplier needs to handle many
returns, each of which consists of a small shipment. This is true be-
cause online retailers need to build customer trust through generous
return terms. Parcel shipping is already set up to handle these returns,
a major issue in B2C and in many cases in B2B commerce. This is a
challenge for the LTL industry, which traditionally has not been very
involved in door-to-door services.

e-Fulfillment logistics requires short lead times, the ability to serve
globally dispersed customers, and the ability to reverse the flow easily
from B2C to C2B. Only parcel shipping can do all this. Indeed, one im-
portant advantage of the parcel industry is the existence of an excellent
information infrastructure that enables real-time tracking. Thus the fu-
ture looks promising for the parcel shipping industry and, in particular,
for those carriers and consolidators who work to modify their own sys-
tems to integrate them with their customers’ supply chains.
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Table 3-2 Traditional Fulfillment versus e-Fulfillment

Traditional Fulfillment e-Fulfillment

Supply chain strategy Push Push-pull

Shipment Bulk Parcel

Reverse logistics Small part of the Important and highly 
business complex

Delivery destination Small number of Large number of
stores geographically dispersed

customers

Lead times Relatively long Relatively short



3.5 DISTRIBUTION STRATEGIES

We now consider the portion of the supply chain beginning with the
manufacturer and supplier and continuing, in the case of retail goods,
to the retailer. Typically, three distinct outbound distribution strate-
gies are used:

1. Direct shipment. In this strategy, items are shipped directly
from the supplier to the retail stores without going through
distribution centers.

2. Warehousing. This is the classic strategy in which warehouses
keep stock and provide customers with items as required.

3. Cross-docking. In this strategy, items are distributed
continuously from suppliers through warehouses to
customers. However, the warehouses rarely keep the items
for more than 10 to 15 hours.

We discuss traditional warehousing strategies in some depth in
Chapter 4. Here we describe direct shipment and cross-docking.

3.5.1 Direct Shipment

Direct shipment strategies exist to bypass warehouses and distribution
centers. Employing direct shipment, the manufacturer or supplier de-
livers goods directly to retail stores. The advantages of this strategy are

• The retailer avoids the expenses of operating a distribution
center.

• Lead times are reduced.

This type of distribution strategy also has a number of important
disadvantages:

• Risk-pooling effects, which we describe in Chapter 4, are
negated because there is no central warehouse.

• The manufacturer and distributor transportation costs
increase because it must send smaller trucks to more
locations.

For these reasons, direct shipment is common when the retail
store requires fully loaded trucks, which implies that the warehouse
does not help in reducing transportation costs. It is most often 
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mandated by powerful retailers or used in situations where lead time
is critical. Sometimes the manufacturer is reluctant to be involved with
direct shipping but may have no choice in order to keep the business.
Direct shipment is also prevalent in the grocery industry, where lead
times are critical because of perishable goods.
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JCPenney has successfully implemented a direct shipping strategy.
JCPenney sells general merchandise through nearly a thousand stores
and millions of catalogs. With 200,000 items from more than 20,000
suppliers, managing the flow of goods is a formidable task. Each indi-
vidual store retains total accountability for sales, inventory, and profit
and is responsible for sales forecasts and releasing orders. Orders are
communicated to buyers who coordinate the shipment with distribu-
tion personnel to ensure quick response, and an internal control and
tracking system is used to monitor the flow of materials. In most cases
products are shipped directly to Penney’s stores.

3.5.2 Cross-Docking

Cross-docking is a strategy that Wal-Mart made famous. In this sys-
tem, warehouses function as inventory coordination points rather than
as inventory storage points. In typical cross-docking systems, goods
arrive at warehouses from the manufacturer, are transferred to vehicles
serving the retailers, and are delivered to the retailers as rapidly as pos-
sible. Goods spend very little time in storage at the warehouse—often
less than 12 hours. This system limits inventory costs and decreases
lead times by decreasing storage time.

Of course, cross-docking systems require a significant start-up
investment and are very difficult to manage:

1. Distribution centers, retailers, and suppliers must be linked
with advanced information systems to ensure that all pickups
and deliveries are made within the required time windows.

2. A fast and responsive transportation system is necessary for a
cross-docking system to work.

3. Forecasts are critical, necessitating the sharing of
information.

4. Cross-docking strategies are effective only for large
distribution systems in which a large number of vehicles are



delivering and picking up goods at the cross-dock facilities at
any one time. In such systems, there is enough volume every
day to allow shipments of fully loaded trucks from the
suppliers to the warehouses. Since these systems typically
include many retailers, demand is sufficient such that items
that arrive at the cross-docking facilities can be delivered
immediately to the retail outlets in full truckload quantities.

64 CHAPTER 3

E X A M P L E  3-13

The tremendous market growth of Wal-Mart over the past 15 to 20
years highlights the importance of an effective strategy that coordinates
inventory replenishment and transportation policies.6 Over this time
period, Wal-Mart developed into the largest and highest-profit retailer
in the world. A number of major components in Wal-Mart’s competi-
tive strategy were critical to its success, but perhaps the most important
has been its enthusiastic use of cross-docking. Wal-Mart delivers about
85 percent of its goods using cross-docking techniques, as opposed to
about 50 percent for Kmart. To facilitate cross-docking, Wal-Mart op-
erates a private satellite communications system that sends point-of-
sale (POS) data to all its vendors, allowing them to have a clear picture
of sales at all its stores. In addition, Wal-Mart has a dedicated fleet of
2000 trucks, and on average, stores are replenished twice a week. Cross-
docking enables Wal-Mart to achieve economies of scale by purchasing
full truckloads. It reduces the need for safety stocks and has cut the cost
of sales by 3 percent compared with the industry average, a major fac-
tor explaining Wal-Mart’s large profit margins.

Very few major retailers use one of these strategies exclusively.
Typically, different approaches are used for different products, making
it necessary to analyze the supply chain and determine the appropriate
approach to use for a particular product or product family.

To evaluate these concepts, we proceed with a simple question:
What are the factors that influence distribution strategies? Obviously,
customer demand and location, service level, and costs, including
transportation and inventory costs, all play a role. It is important to
note the interplay of inventory and transportation costs (see Chap. 4).
Both transportation and inventory costs depend on shipment size, but
in opposite ways. Increasing lot sizes reduces the delivery frequency
and enables the shipper to take advantage of price breaks in shipping



volume, therefore reducing transportation costs. However, large lot
sizes increase inventory cost per item because items remain in inven-
tory for a longer period of time until they are consumed.

Demand variability also has an impact on the distribution strat-
egy. Indeed, as we observed in Chapter 4, demand variability has a
huge impact on cost; the larger the variability, the more safety stock is
needed. Thus stock held at the warehouses provides protection against
demand variability and uncertainty, and due to risk pooling, the more
warehouses a distributor has, the more safety stock is needed. On the
other hand, if the warehouses are not used for inventory storage, as in
the cross-docking strategy, or if there are no warehouses at all, as in
direct shipping, more safety stock is required in the distribution sys-
tem. This is true because in both cases each store needs to keep enough
safety stock. This effect is mitigated, however, by distribution strate-
gies that enable better demand forecasts, smaller safety stocks, and
transshipment strategies (described below). Any assessment of differ-
ent strategies also must consider lead time and volume requirements,
as well as the capital investment involved in the various alternatives.

Table 3-3 summarizes and compares the three distribution
strategies discussed in this subsection. The inventory-at-warehouses
strategy refers to the classic distribution strategy in which inventory is
kept at the warehouses. The allocation row in the table refers to the
point at which the allocation of different products to different retail
outlets needs to be made. Clearly, in direct shipment, allocation deci-
sions have to be made earlier than they do when cross-docking or
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Table 3-3 Distribution Strategies

Strategy → Direct Cross- Inventory at
Attribute ↓ Shipment Docking Warehouses

Risk pooling Take advantage

Transportation Reduced inbound Reduced inbound
costs costs costs

Holding costs No warehouse No holding costs
costs

Allocation Delayed Delayed



warehousing strategies are employed, so forecast horizons need to be
longer.

3.5.3 Transshipment

The growth of rapid transportation options and advanced information
systems has made transshipment an important option to consider
when selecting supply chain strategies. By transshipment, we mean the
shipment of items between different facilities at the same level in the
supply chain to meet some immediate need.

Most often transshipment is considered at the retail level. As we
mentioned earlier, transshipment capability allows the retailer to meet
customer demand from the inventory of other retailers. To do this, the
retailer must know what other retailers have in inventory and must
have a rapid way to ship the items either to the store where the cus-
tomer originally tried to make the purchase or to the customer’s home.
These requirements can be met only with advanced information sys-
tems, which allow a retailer to see what other retailers have in stock
and facilitate rapid shipping between retailers.

It is easy to see that if the appropriate information systems exist,
shipment costs are reasonable, and all the retailers have the same
owner, transshipment makes sense. In this case the system is effec-
tively taking advantage of the risk-pooling concept, even if no central
warehouse exists, because one can view inventory in different retail
outlets as part of a large, single pool.

Retailers that are independently owned and operated may want
to avoid transshipment because they will be helping their competitors.
In Chapter 5 we consider the issues associated with distributor integra-
tion, in which independent distributors cooperate in various ways, in-
cluding transshipment of needed goods.

3.6 CENTRALIZED VERSUS DECENTRALIZED CONTROL

In a centralized system, decisions are made at a central location for the
entire supply network. Typically, the objective is to minimize the total
cost of the system subject to satisfying some service-level requirements.
This is clearly the case when the network is owned by a single entity,
but it is also true in a centralized system that includes many different
organizations. In this case the savings, or profits, need to be allocated

66 CHAPTER 3



across the network using some contractual mechanism. We have al-
ready seen that centralized control leads to global optimization. Simi-
larly, in a decentralized system, each facility identifies its most effective
strategy without considering the impact on the other facilities in the
supply chain. Thus a decentralized system leads to local optimization.

It is easy to see that, theoretically, a centralized distribution net-
work will be at least as effective as a decentralized one because the cen-
tralized decision makers can make all the decisions that decentralized
decision makers would make but also have the option of considering the
interplay of decisions made at different locations in the supply network.

In a logistics system in which each facility can access only its own
information, a centralized strategy is not possible. With advances in
information technologies, however, all facilities in a centralized system
can have access to the same data. Indeed, in Chapter 10 we discuss the
concept of single point of contact. In this case information can be ac-
cessed from anywhere in the supply chain and is the same no matter
what mode of inquiry is used or who is seeking the information. Thus
centralized systems allow the sharing of information and, more im-
portant, the use of this information in ways that reduce the bullwhip
effect (see Chap. 2) and improve forecasts. Finally, they allow the use
of coordinated strategies across the entire supply chain—strategies
that reduce systemwide costs and improve service levels.

Sometimes, of course, a system cannot be centralized “naturally.”
The retailers, manufacturers, and distributors might all have different
owners and different objectives. In these cases it is often helpful to
form partnerships to approach the advantages of a centralized system.
We discuss these kinds of partnerships in Chapter 5. Also, detailed
supply contracts can be useful, and we discuss these in more detail in
Chapter 6.

3.7 CENTRAL VERSUS LOCAL FACILITIES

Another critical decision in supply chain design involves whether to use
centralized or local production and warehousing facilities. We discuss
certain elements of this decision in Chapter 4. Here we summarize ad-
ditional important considerations:

Safety stock. Consolidating warehouses allow the vendor to take
advantage of risk pooling. In general, this means that the more
centralized an operation is, the lower are the safety stock levels.
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Overhead. Economies of scale suggest that operating a few large
central warehouses leads to lower total overhead cost relative to
operating many smaller warehouses.
Economies of scale. In many manufacturing operations, economies
of scale can be realized if manufacturing is consolidated. It is
often much more expensive to operate many small
manufacturing facilities than to operate a few large facilities
with the same total capacity.
Lead time. Lead time to market often can be reduced if a large
number of warehouses are located closer to the market areas.
Service. This depends on how service is defined. As we indicated
earlier, centralized warehousing enables the use of risk pooling,
which means that more orders can be met with a lower total
inventory level. On the other hand, shipping time from the
warehouse to the retailer will be longer.
Transportation costs. Transportation costs are directly related to
the number of warehouses used. As the number of warehouses
increases, transportation costs between the production facilities
and the warehouses also increase because total distance traveled
is greater, and more important, quantity discounts are less likely
to apply. However, transportation costs from the warehouses to
the retailers are likely to fall because the warehouses tend to be
much closer to the market areas.

Of course, it is possible that in an effective distribution strategy
some products will be stored in a central facility, whereas others will
be kept in various local warehouses. For instance, very expensive prod-
ucts with low customer demand may be stocked at a central ware-
house, whereas low-cost products facing high customer demand may
be stocked at many local warehouses. In addition, the use of central-
ized or local production and warehousing facilities is not necessarily
an either-or decision. There are degrees of local and centralized oper-
ation, with varying degrees of the advantages and disadvantages listed
earlier. Finally, advanced information systems help each type of system
maintain some of the advantages of the other type. For example, lead
times from central warehouses and safety stock for local warehouses
can be reduced.

68 CHAPTER 3



3.8 SUMMARY

In recent years many companies have improved performance, reduced
cost, increased service levels, reduced the bullwhip effect, and im-
proved responsiveness to changes in the marketplace by integrating
the supply chain. In many cases this was facilitated by the implemen-
tation of push-pull strategies and by a focus on demand-driven strate-
gies. In particular, the Internet has created the opportunity to revolu-
tionize supply chain strategies. Indeed, the success of giants such as
Dell Computers and Cisco and the significant market capitalization of
newly established companies such as Amazon.com can be attributed to
sophisticated Internet-based supply chain strategies.

At the same time, the collapse of many Internet companies sends
an alarming message that e-business presents not only opportunities
but also great challenges. Key to these challenges is the ability to iden-
tify the appropriate supply chain strategy for a particular company and
individual products. Indeed, the premise on which many of the Inter-
net companies were built, that in the new economy there is no need
for either physical infrastructure or inventory, has in many cases been
disastrous. The new supply chain paradigm, push-pull strategy, advo-
cates holding inventory, although it pushes the inventory upstream in
the supply chain.

Of course, even traditional firms need to have an effective distri-
bution strategy. Depending on the details of the situation, traditional
warehouses, cross-docking, direct shipment, and transshipment all can
be effective tools for managing inventory and distribution costs.
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C H A P T E R  4

Network Planning

4.1 INTRODUCTION

The supply chain consists of suppliers, plants, warehouses, distribu-
tion centers, and retail outlets, as well as raw materials, work-
in-process inventory, and finished products that flow between the fa-
cilities. Unfortunately, as we discussed in Chapter 1, optimizing sup-
ply chain performance is difficult due to

• Different conflicting objectives and tradeoffs
• Inherent uncertainties in both supply and demand
• Supply chain dynamics, i.e., the bullwhip effect

In this chapter we focus on what we call network planning—the
process by which a firm structures and manages the supply chain in or-
der to

• Find the right balance among inventory, transportation, and
manufacturing costs

• Match supply and demand under uncertainty by positioning
and managing inventory effectively

• Use resources effectively in a dynamic environment

Of course, this is a complex process that requires a hierarchical
approach in which decisions on network design, inventory positioning
and management, and resource utilization are combined to reduce
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cost and increase service level. Thus we divide the network planning
process into three steps:

1. Network design. This includes decisions on the number,
locations, and size of manufacturing plants and warehouses;
the assignment of retail outlets to warehouses; and so on.
Major sourcing decisions are also made at this point, and the
typical planning horizon is a few years.

2. Inventory positioning and management. This includes
identifying stocking points as well as selecting facilities that
will produce to stock and thus keep inventory and facilities
that will produce to order and hence keep no inventory. It
also includes inventory management strategies that take into
account demand and supply uncertainties, lead times, cost,
and so on.

3. Resource allocation. Given the structure of the logistics
network and the location of stocking points, the objective in
this step is to determine when and how much to produce or
purchase and where and when to store inventory. These
decisions require identifying the optimal tradeoff between
setup costs and times and inventory and transportation 
costs, taking into account production, sourcing, and
warehousing capacities, as well as other business rules and
constraints.

In this chapter we analyze each of these steps and provide exam-
ples of the processes involved.

4.2 NETWORK DESIGN

Network design determines the physical configuration and infrastruc-
ture of the supply chain. As explained in Chapter 1, network design is
a strategic decision that has a long-lasting effect on the firm. Network
design involves decisions relating to plant and warehouse location as
well as distribution and sourcing.

The supply chain infrastructure typically needs to be reevaluated
due to changes in demand patterns, product mix, production
processes, sourcing strategies, or the cost of running facilities. In ad-
dition, mergers and acquisitions may mandate the integration of dif-
ferent logistics networks.
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In this section, we concentrate on the following key strategic 
decisions:

1. Determining the appropriate number of facilities such as
plants and warehouses

2. Determining the location of each facility
3. Determining the size of each facility
4. Allocating space for products in each facility
5. Determining the production requirements in each plant
6. Determining sourcing requirements
7. Determining distribution strategies

The objective is to design or reconfigure the logistics network in
order to minimize annual systemwide cost, including production and
purchasing costs, inventory holding costs, facility costs (storage, han-
dling, and fixed costs), and transportation costs subject to a variety of
service-level requirements. In this setting, the tradeoffs are clear. In-
creasing the number of warehouses typically yields

• An improvement in service level due to the reduction in
average travel time to the customers

• An increase in inventory costs due to increased safety stocks
required to protect each warehouse against uncertainties in
customer demands

• An increase in overhead and setup costs
• A reduction in outbound transportation costs—transportation

costs from the warehouses to the customers
• An increase in inbound transportation costs—transportation

costs from the suppliers and/or manufacturers to the
warehouses

In essence, the firm must balance the costs of opening new ware-
houses with the advantages of being close to the customer. Thus ware-
house location decisions are crucial determinants of whether the sup-
ply chain is an efficient channel for the distribution of products.

We describe below some of the issues related to data collection
and the calculation of costs required for the optimization models.
Some of the information provided is based on logistics textbooks.1,2,3

Figures 4-1 and 4-2 present two screens of a typical decision-
support system (DSS); the user would see these screens at different
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stages of optimization. One screen represents the network prior to op-
timization, and the other represents the optimized network.

4.2.1 Data Collection

A typical network configuration problem involves large amounts of
data, including information on

1. Locations of customers, retailers, existing warehouses and
distribution centers, manufacturing facilities, and suppliers

2. All products, including volumes, and special transport modes
(e.g., refrigerated)

3. Annual demand for each product by customer location
4. Transportation rates by mode
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Figure 4-1 The DSS screen representing data prior to
optimization.



5. Warehousing costs, including labor, inventory carrying
charges, and fixed operating costs

6. Shipment sizes and frequencies for customer delivery
7. Order-processing costs
8. Customer service requirements and goals
9. Production and sourcing costs and capacities

4.2.1.1 Data Aggregation A quick look at the preceding list suggests
that the amount of data involved in any optimization model for this prob-
lem is overwhelming. For instance, a typical soft drink distribution system
has between 10,000 and 120,000 accounts (customers). Similarly, in a re-
tail logistics network, such as Wal-Mart or JC Penney, the number of dif-
ferent products that flow through the network is in the thousands or even
hundreds of thousands.
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For this reason, an essential first step is data aggregation. This is
carried out using the following procedure:

1. Customers located in close proximity to each other are
aggregated using a grid network or other clustering
technique. All customers within a single cell or a single
cluster are replaced by a single customer located at the
center of the cell or cluster. This cell or cluster is referred to
as a customer zone. A very effective technique that is used
commonly is to aggregate customers according to the 
five- or three-digit ZIP code. Observe that if customers are
classified according to their service levels or frequency of
delivery, they will be aggregated together by classes. That is,
all customers within the same class are aggregated
independently of the other classes.

2. Items are aggregated into a reasonable number of product
groups based on
a. Distribution pattern. All products picked up at the same

source and destined to the same customers are aggregated
together. Sometimes there is a need to aggregate not only
by distribution pattern but also by logistics characteristics,
such as weight and volume. That is, consider all products
having the same distribution pattern. Within these
products, we aggregate those SKUs with similar volume
and weight into one product group.

b. Product type. In many cases different products simply
might be variations in product models or style or might
differ only in the type of packaging. These products are
typically aggregated together.

An important consideration, of course, is the impact on the
model’s effectiveness of replacing the original detailed data with the
aggregated data. We address this question in two ways:

1. Even if the technology exists to solve the logistics network
design problem with the original data, it may still be useful
to aggregate data because our ability to forecast customer
demand at the account and product levels is usually poor.
Because of the reduction in variability achieved through
aggregation, forecast demand is significantly more accurate
at the aggregated level.
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2. Various researchers report that aggregating data into about
150 to 200 points usually results in no more than a 1 percent
error in the estimation of total transportation costs.1,4

In practice, the following approach is typically used when aggre-
gating the data:

• Aggregate demand points for 150 to 200 zones. If customers
are classified into classes according to their service levels or
frequency of delivery, each class will have 150 to 200
aggregated points.

• Make sure that each zone has approximately an equal amount
of total demand. This implies that the zones may be of
different geographic sizes.

• Place the aggregated points at the center of the zone.
• Aggregate the products into 20 to 50 product groups.

Figure 4-3 presents information about 3220 customers all located
in North America, whereas Figure 4-4 shows the same data after 
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aggregation using a three-digit ZIP code, resulting in 217 aggregated
points.

4.2.1.2 Transportation Rates The next step in constructing an ef-
fective distribution network design model is to estimate transportation
costs. An important characteristic of most transportation rates, in-
cluding truck, rail, and others, is that the rates are almost linear with
distance but not with volume. We distinguish here between trans-
portation costs associated with an internal and an external fleet.

Estimating transportation costs for company-owned trucks is typ-
ically quite simple. It involves annual costs per truck, annual mileage per
truck, annual amount delivered, and the truck’s effective capacity. All
this information can be used to easily calculate cost per mile per SKU.

Incorporating transportation rates for an external fleet into the
model is more complex. We distinguish here between two modes of
transportation: truckload, referred to as TL, and less than truckload,
referred to as LTL.
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In the United States, TL carriers subdivide the country into
zones. Almost every state is a single zone, except for certain big states,
such as Florida and New York, which are partitioned into two zones.
The carriers then provide their clients with zone-to-zone table costs.
This database provides the cost per mile per truckload between any
two zones. For example, to calculate TL cost from Chicago, Illinois,
to Boston, Massachusetts, one needs to get the cost per mile for this
pair and multiply it by the distance from Chicago to Boston. An im-
portant property of the TL cost structure is that it is not symmetric;
i.e., it is typically more expensive to ship a fully loaded truck from Illi-
nois to New York than from New York to Illinois.

In the LTL industry, the rates typically belong to one of three ba-
sic types of freight rates: class, exception, and commodity. The class rates
are standard rates that can be found for almost all products or com-
modities shipped. They are found with the help of a classification tariff
that gives each shipment a rating or a class. For instance, the railroad
classification includes 31 classes ranging from 400 to 13 that are ob-
tained from the widely used Uniform Freight Classification. The Na-
tional Motor Freight Classification, on the other hand, includes only 23
classes ranging from 500 to 35. In all cases, the higher the rating or
class, the greater is the relative charge for transporting the commod-
ity. There are many factors involved in determining a product’s spe-
cific class. These include product density, ease or difficulty of handling
and transporting, and liability for damage.

Once the rating is established, it is necessary to identify the rate ba-
sis number. This number is the approximate distance between the load’s
origin and destination. With the commodity rating or class and the rate
basis number, the specific rate per hundred pounds (hundred weight, or
cwt) can be obtained from a carrier tariff table (i.e., a freight rate table).

The two other freight rates, namely, exception and commodity, are
specialized rates used to provide either less expensive rates (exception)
or commodity-specific rates (commodity).2,5 Most carriers provide a
database file with all their transportation rates; these databases typi-
cally are incorporated into decision-support systems.

The proliferation of LTL carrier rates and the highly fragmented
nature of the trucking industry have created the need for sophisticated
rating engines. An example of such a rating engine that is used widely is
SMC3’s RateWare (see www.smc3.com). This engine can work with var-
ious carrier tariff tables as well as SMC3’s CzarLite, one of the most
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widely used and accepted forms of nationwide LTL ZIP code–based
rates. Unlike an individual carrier’s tariff, CzarLite offers a market-
based price list derived from studies of LTL pricing on a regional, in-
terregional, and national basis. This provides shippers with a fair pric-
ing system and prevents any individual carrier’s operational and
marketing bias from overtly influencing the shipper choice. Conse-
quently, CzarLite rates are often used as a base for negotiating LTL
contracts between shippers, carriers, and third-party logistics providers.

In Figure 4-5 we provide LTL cost charged by one carrier for
shipping 4000 pounds as a function of the distance from Chicago. The
cost is given for two classes, class 100 and class 150. As you can see, in
this case the transportation cost function is not linear with distance.

4.2.1.3 Warehouse Costs Warehousing and distribution center
costs include three main components:

1. Handling costs. These include labor and utility costs that are
proportional to annual flow through the warehouse.

2. Fixed costs. These capture all cost components that are not
proportional to the amount of material that flows through
the warehouse. The fixed cost is typically proportional to
warehouse size (capacity) but in a nonlinear way (Fig. 4-6).
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As the figure shows, this cost is fixed in certain ranges of
warehouse size.

3. Storage costs. These represent inventory holding costs, which
are proportional to average positive inventory levels.

Thus, estimating the warehouse handling costs is fairly easy,
whereas estimating the other two cost values is quite difficult. To see
this difference, suppose that during the entire year 1000 units of
product are required by a particular customer. These 1000 units are
not required to flow through the warehouse at the same time, so the
average inventory level likely will be significantly lower than 1000
units. Thus, when constructing the data for the DSS, we need to con-
vert these annual flows into actual inventory amounts over time. Sim-
ilarly, annual flow and average inventory associated with this product
tell us nothing about how much space is needed for the product in the
warehouse. This is true because the amount of space that the ware-
house needs is proportional to peak inventory, not annual flow or av-
erage inventory.
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An effective way to overcome this difficulty is to use the inventory
turnover ratio. This is defined as

Inventory turnover ratio �

Specifically, in our case the inventory turnover ratio is the ratio
of the total annual outflow from the warehouse to the average inven-
tory level. Thus the average inventory level is total annual flow divided
by the inventory turnover ratio. Multiplying the average inventory
level by the inventory holding cost gives the annual storage costs. Fi-
nally, to calculate the fixed cost, we need to estimate the warehouse ca-
pacity. This is done in the next subsection.

4.2.1.4 Warehouse Capacities Another important input to the dis-
tribution network design model is the actual warehouse capacity. It is
not immediately obvious, however, how to estimate the actual space
required, given the specific annual flow of material through the ware-
house. Again, the inventory turnover ratio suggests an appropriate ap-
proach. As before, annual flow through a warehouse divided by the in-
ventory turnover ratio allows us to calculate the average inventory
level. Assuming a regular shipment and delivery schedule, such as that
given in Figure 4-7, it follows that the required storage space is ap-
proximately twice that amount. In practice, of course, every pallet
stored in a warehouse requires an empty space to allow for access 

annual sales
���
average inventory level
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and handling; thus, considering this space as well as space for aisles,
picking, sorting, and processing facilities, and automatic guided vehi-
cles (AGVs), we typically multiply the required storage space by a fac-
tor. This factor depends on the specific application and allows us to as-
sess the amount of space available in the warehouse more accurately.
A typical factor used in practice is 3. This factor would be used in the
following way. Consider a situation where the annual flow through the
warehouse is 1000 units, and the inventory turnover ratio is 10.0. This
implies that the average inventory level is about 100 units, and hence,
if each unit takes 10 square feet of floor space, the required space for
the products is 2000 square feet. Therefore, the total space required
for the warehouse is about 6000 square feet.

4.2.1.5 Potential Facility Locations It is also important to effectively
identify potential locations for new plants and warehouses. Typically,
these locations must satisfy a number of conditions:

• Geographic and infrastructure conditions
• Natural resources and labor availability
• Local industry and tax regulations
• Public interest

As a result, only a limited number of locations would meet all the re-
quirements. These are the potential location sites for the new facilities.

4.2.1.6 Service-Level Requirements There are various ways to de-
fine service levels in this context. For example, we might specify a
maximum distance between each customer and the warehouse serving
it. This ensures that a warehouse will be able to serve its customers
within a reasonable time. Sometimes we must recognize that for some
customers, such as those in rural or isolated areas, it is harder to pro-
vide the same level of service that most other customers receive. In
this case it is often helpful to define the service level as the proportion
of customers whose distance to their assigned warehouse is no more
than a given distance. For instance, we might require that 95 percent
of the customers be situated within 200 miles of the warehouses serv-
ing them.
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4.2.1.7 Future Demand As observed in Chapter 1, decisions at the
strategic level, which include distribution network design, have a long-
lasting effect on the firm. In particular, decisions regarding the number,
location, and size of facilities have an impact on the firm for at least the
next 3 to 5 years. This implies that changes in customer demand over
the next few years should be taken into account when designing the net-
work. This is addressed most commonly using a scenario-based ap-
proach incorporating net-present-value calculations. For example, vari-
ous possible scenarios representing a variety of possible future demand
patterns over the planning horizon can be generated. These scenarios
can then be incorporated directly into the model to determine the best
distribution strategy.

Recently, advanced Decision Support Systems (DSS) have been
developed and implemented that allow companies to consider multiple
planning periods in a single model. In this case, users identify future de-
mand by product by location for the new few years. The DSS generates
a network strategy including not only the size and locations of facilities
but also the best time to establish the new facilities.

4.2.2 Model and Data Validation

The preceding subsections document the difficulties in collecting,
tabulating, and cleaning the data for a network configuration model.
Once this is done, how do we ensure that the data and model accu-
rately reflect the network design problem?

The process used to address this issue is known as model and data
validation. This is typically done by reconstructing the existing net-
work configuration using the model and collected data and comparing
the output of the model to existing data.

The importance of validation cannot be overstated. Valuable out-
put of the model configured to duplicate current operating conditions
includes all costs—warehousing, inventory, production, and trans-
portation—generated under the current network configuration.
These data can be compared with the company’s accounting informa-
tion. This is often the best way to identify errors in the data, prob-
lematic assumptions, modeling flaws, and so forth.

In one project we are aware of, for example, the transportation
costs calculated during the validation process were consistently under-
estimating the costs suggested by the accounting data. After a careful
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review of the distribution practices, the consultants concluded that the
effective truck capacity was only about 30 percent of the truck’s phys-
ical capacity; i.e., trucks were being sent out with very little load. Thus
the validation process not only helped calibrate some of the parame-
ters used in the model but also suggested potential improvements in
the use of the existing network.

It is often also helpful to make local or small changes in the net-
work configuration to see how the system estimates their impact on
costs and service levels. Specifically, this step involves positing a vari-
ety of what-if questions. This includes estimating the impact of clos-
ing an existing warehouse on system performance. Or, to give another
example, it allows the user to change the flow of material through the
existing network and see the changes in the costs. Often managers
have good intuition about what the effect of these small-scale changes
on the system should be, so they can more easily identify errors in the
model. Intuition about the effect of radical redesign of the entire sys-
tem is often much less reliable.

To summarize, the model validation process typically involves
answering the following questions:

• Does the model make sense?
• Are the data consistent?
• Can the model results be fully explained?
• Did you perform sensitivity analysis?

Validation is critical for determining the validity of the model
and data, but the process has other benefits. In particular, it helps the
user make the connection between the current operations, which were
modeled during the validation process, and possible improvements af-
ter optimization.

4.2.3 Solution Techniques

Once the data are collected, tabulated, and verified, the next step is to
optimize the configuration of the logistics network. In practice, two
techniques are employed:

1. Mathematical optimization techniques that include
a. Exact algorithms that are guaranteed to find optimal

solutions, i.e., least-cost solutions
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b. Heuristic algorithms that find good solutions, not
necessarily optimal solutions

2. Simulation models that provide a mechanism to evaluate
specified design alternatives created by the designer

Most DSSs for logistics network design employ mathematical op-
timization techniques that guarantee to find the least-cost network con-
figuration. Unfortunately, mathematical optimization techniques de-
scribed earlier have some important limitations. They deal with static
models—typically by considering annual, or average, demand—and
they do not take into account changes over time. Simulation-based
tools take into account the dynamics of the system and are capable of
characterizing system performance for a given design. Thus it is up to
the user to provide the simulation model with a number of design 
alternatives.

This implies that simulation models allow the user to perform a
micro-level analysis. Indeed, the simulation model may include6

1. Individual ordering pattern
2. Specific inventory policies
3. Inventory movements inside the warehouse

Unfortunately, simulation models only model a prespecified lo-
gistics network design. In other words, given a particular configuration
of warehouses, retailers, and so forth, a simulation model can be used
to help estimate the costs associated with operating that configuration.
If a different configuration is considered (e.g., a few of the customers
are to be served by a different warehouse), the model has to be rerun.

As we detail in Chapter 10, simulation is not an optimization
tool. It is useful for characterizing the performance of a particular con-
figuration but not for determining an effective configuration from a
large set of potential configurations. In addition, a detailed simulation
model that incorporates information about individual customer order-
ing patterns, specific inventory and production policies, daily distrib-
ution strategies, and so on may require enormous computational time
to achieve a desired level of accuracy in system performance. This im-
plies that typically one can consider very few alternatives using a sim-
ulation tool.

Thus, if system dynamics is not a key issue, a static model is ap-
propriate, and mathematical optimization techniques can be applied.
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In our experience, this type of model accounts for almost all the net-
work configuration models used in practice. When detailed system dy-
namics is an important issue, it makes sense to use the following two-
stage approach,6 which takes advantage of the strengths of both
simulation- and optimization-based approaches:

1. Use an optimization model to generate a number of 
least-cost solutions at the macro level, taking into account
the most important cost components.

2. Use a simulation model to evaluate the solutions generated
in the first phase.

4.2.4 Key Features of a Network Configuration DSS

One of the key requirements of any DSS for network design is flexi-
bility. In this context, we define flexibility as the ability of the system
to incorporate a large set of preexisting network characteristics. In-
deed, depending on the particular application, a whole spectrum of
design options may be appropriate. At one end of this spectrum is the
complete reoptimization of the existing network. This means that
each warehouse can be either opened or closed and all transportation
flows can be redirected. At the other end of the spectrum, it may be
necessary to incorporate the following features in the optimization
model:

1. Customer-specific service-level requirements.
2. Existing facilities. In most cases, facilities such as plants and

warehouses already exist, and their leases have not yet
expired. Therefore, the model should not permit the closing
of these facilities.

3. Expansion of existing warehouses. Existing warehouses may be
expandable.

4. Specific flow patterns. In a number of situations, specific flow
patterns (e.g., from a particular warehouse to a set of
customers) should not be changed, or perhaps more likely, a
certain manufacturing location does not or cannot produce
certain SKUs.

5. Warehouse-to-warehouse flow. In some cases, material may
flow from one warehouse to another warehouse.
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6. Production and bill of materials. In some cases, assembly is
required and needs to be captured by the model. For this
purpose, the user needs to provide information on the
components used to assemble finished goods. In addition,
production information down to the line level can be
included in the model.

It is not enough for the DSS to incorporate all the features just de-
scribed. It also must have the capability to deal with all these issues with
little or no reduction in its effectiveness. The latter requirement is related
directly to the so-called robustness of the system. This stipulates that
the relative quality of the solution generated by the system (i.e., cost
and service level) should be independent of the specific environment,
the variability of the data, and the particular setting. If a particular
DSS is not robust, it is difficult to determine how effective it will be
for a particular problem.

4.3 INVENTORY MANAGEMENT

The importance of inventory positioning and the need for the coordi-
nation of inventory decisions and transportation policies have long
been evident. Unfortunately, managing inventory in complex supply
chains is typically difficult and may have a significant impact on the
customer service level and supply chain systemwide cost.

As we discussed in Chapter 1, a typical supply chain consists of
suppliers and manufacturers, who convert raw materials into finished
products, and distribution centers and warehouses, from which fin-
ished products are distributed to customers. This implies that inven-
tory appears in the supply chain in several forms:

• Raw material inventory
• Work-in-process (WIP) inventory
• Finished product inventory

Each of these needs its own inventory control mechanism. Un-
fortunately, determining these mechanisms is difficult because effi-
cient production, distribution, and inventory control strategies that
reduce systemwide costs and improve service levels must take into ac-
count the interactions of the various levels in the supply chain. Nev-
ertheless, the benefits of determining these inventory control mecha-
nisms can be enormous.
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Of course, the key question is: Why hold inventory at all? Some
of the reasons include

1. Unexpected changes in customer demand. Customer
demand has always been hard to predict, and uncertainty in
customer demand has increased in the last few years due to
a. The short life cycle of an increasing number of products.

This implies that historical data about customer demand
may not be available or may be quite limited (see Chap. 1).

b. The presence of many competing products in the
marketplace. This proliferation of products makes it
increasingly difficult to predict demand for a specific
model. Indeed, while it is relatively easy to forecast
demand across product groups—i.e., to forecast demand
for all products competing in the same market—it is
much more difficult to estimate demand for individual
products.

2. The presence in many situations of a significant uncertainty
in the quantity and quality of the supply, supplier costs, and
delivery times.

3. The presence of long delivery lead times, even if there is no
uncertainty in demand or supply.

4. Economies of scale offered by transportation companies that
encourage firms to transport large quantities of items and
therefore hold large inventories. Indeed, many of the
transportation providers try to encourage large-size
shipments by offering all sorts of discounts to shippers.
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General Motors (GM) has one of the largest production and distribu-
tion networks in the world. In 1984, GM’s distribution network con-
sisted of 20,000 supplier plants, 133 parts plants, 31 assembly plants,
and 11,000 dealers. Freight transportation costs were about $4.1 billion
with 60 percent for material shipments. In addition, GM inventory was
valued at $7.4 billion, of which 70 percent was work in progress (WIP),
and the rest was finished vehicles. GM has implemented a decision tool
capable of reducing the combined corporate cost of inventory and
transportation. Indeed, by adjusting shipment sizes (i.e., inventory pol-
icy) and routes (i.e., transportation strategy), costs could be reduced by
about 26 percent annually.7



5. Limited production capacities and volume discounts offered
by suppliers.

Unfortunately, managing inventory effectively in this environ-
ment is often difficult, as the following examples illustrate:

• In 1993, Dell Computer’s stock plunged after the company
predicted a loss. Dell acknowledged that the company was
sharply off in its forecast of demand, resulting in inventory
write-downs.8

• In 1993, Liz Claiborne experienced an unexpected earnings
decline as a consequence of higher-than-anticipated excess
inventories.9

• In 1994, IBM struggled with shortages in the ThinkPad line
due to ineffective inventory management.10

• In 2001, Cisco took a $2.25 billion excess inventory charge
due to declining sales.

These examples lead to an important issue: What are the impor-
tant considerations when selecting an approach to managing inven-
tory? Since demand is uncertain in most situations, forecast demand is
a critical element in determining order quantity. However, given a
particular forecast, how should inventory be managed? The approach
to managing inventory is typically called the inventory policy.

What are the key factors affecting inventory policy?

1. First and foremost is customer demand, which may be
known in advance or may be random. In the latter case,
forecasting tools may be used in situations in which
historical data are available to estimate the average customer
demand, as well as the amount of variability in customer
demand (often measured as the standard deviation).

2. Replenishment lead time, which may be known at the time
we place the order, or may be uncertain.

3. The number of different products.
4. The length of the planning horizon.
5. Costs, including order cost and inventory holding cost.

a. Typically, order cost consists of two components: the cost
of the product and the transportation cost.

b. Inventory holding cost, or inventory carrying cost,
consists of
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iii. State taxes, property taxes, and insurance on
inventories.

iii. Maintenance costs.
iii. Obsolescence cost, which derives from the risk that

an item will lose some of its value because of changes
in the market.

iv. Opportunity costs, which represent the return on
investment that one would receive had money been
invested in something else (e.g., the stock market)
instead of inventory.

6. Service-level requirements. In situations where customer
demand is uncertain, it is often impossible to meet customer
orders 100 percent of the time, so management needs to
specify an acceptable level of service.

4.3.1 The Effect of Demand Uncertainty

Many companies treat the world as if it were predictable, making pro-
duction and inventory decisions based on forecasts of the demand
made far in advance of the selling season. Although these companies
are aware of demand uncertainty when they create a forecast, they de-
sign their planning processes as if the initial forecast was an accurate
representation of reality. In this case one needs to remember the fol-
lowing principles of all forecasts (see Chap. 2):

1. The forecast is always wrong.
2. The longer the forecast horizon, the worse is the forecast.
3. Aggregate forecasts are more accurate.

Thus the first principle implies that it is difficult to match supply
and demand, and the second one implies that it is even more difficult if
one needs to predict customer demand for a long period of time, e.g.,
the next 12 to 18 months. The third principle suggests, for instance,
that while it is difficult to predict customer demand for individual
SKUs, it is much easier to predict demand across all SKUs within one
product family. This is an example of the risk-pooling concept.

Indeed, the risk-pooling concept affects inventory management
in many ways. The essence of risk pooling is that if end demand is just
as likely to be high as to be low, aggregate demand is easier to predict
than individual end-item demand. For example, Ford can more easily
predict sales of trucks than of a particular model of truck, say, the 
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F-150. Likewise, Ford can more easily predict the sales of F-150
trucks than of blue F-150 trucks with a particular option package. The
same concept applies to aggregate demand across markets or stores. It
is easier for Proctor and Gamble to estimate sales for Tide across an
entire state than to predict sales for Tide in a particular store.

To illustrate the importance of incorporating demand uncer-
tainty and forecast demand into the analysis, and to characterize the
impact of demand uncertainty on the inventory policy, consider the
following example.
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A TV set distributor faces random demand for the product and receives
supply from the manufacturer. Of course, the manufacturer cannot in-
stantaneously satisfy orders placed by the distributor; there is a fixed
lead time for delivery whenever the distributor places an order. Since
demand is random and the manufacturer has a fixed delivery lead time,
the distributor needs to hold inventory even if no fixed setup cost is
charged for ordering the products.

There are several reasons why the distributor holds inventory:

1. To satisfy demand occurring during lead time. Since orders
are not met immediately, inventory must be on hand to meet
customer demand during the period between the time the
distributor orders and when the order arrives.

2. To protect against uncertainty in demand and, in particular,
to protect against situations in which demand during lead
time is much larger than the forecast.

3. To balance annual inventory holding costs and annual fixed
order costs. That is, more frequent orders lead to lower
inventory levels and thus lower inventory holding costs, but
they also lead to higher annual fixed order costs.

While these issues are clear intuitively, the specific inventory pol-
icy that the distributor should apply is not simple. To manage inven-
tory effectively, the distributor needs to decide when and how many
TV sets to order. We distinguish between two types of policies:

• Continuous review policy, in which inventory is reviewed every
day, and a decision is made about whether and how much to
order



• Periodic review policy, in which inventory is reviewed at regular
intervals, and an appropriate quantity is ordered after each
review

In both cases the inventory policy is based on the concept of in-
ventory position. The inventory position at any point in time is the 
actual inventory at the warehouse plus items ordered by the ware-
house but not yet arrived minus items that are back ordered. We are
ready to describe effective continuous and periodic review policies.

Continuous Review Policy An effective inventory policy is character-
ized by two parameters, the reorder point s and the order-up-to 
level S; whenever the inventory position is below the reorder point s,
an order is placed to increase the inventory level to the order-up-to
level S. Such a policy is called an (s, S) policy or a min-max policy. Fig-
ure 4-8 illustrates the inventory level over time when the min-max
policy is implemented.

The reorder point consists of two components. The first is the
average demand during lead time, and the second is the safety stock.
The safety stock is the amount of inventory that the distributor needs
to keep at the warehouse and in the pipeline to protect against devia-
tions from average demand during lead time.

Periodic Review Policy In many real-life situations, the inventory
level is reviewed periodically, at regular intervals, and an appropriate
quantity is ordered after each review. For instance, the inventory level
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may be reviewed at the start of each month or the end of each week,
and an order may be placed at that time. Since inventory levels are re-
viewed at a periodic interval, the fixed cost of placing an order is a
sunk cost and hence can be ignored; presumably, the fixed cost was
used to determine the review interval. The quantity ordered arrives af-
ter the appropriate lead time.

What inventory policy should the warehouse use in this case?
Since fixed cost does not play a role in this environment, the inventory
policy is characterized by one parameter, the base-stock level. That is,
the warehouse determines a target inventory level, the base-stock
level, and each review period the inventory position is reviewed, and
the warehouse orders enough to raise the inventory position to the
base-stock level. Figure 4-9 illustrates the inventory level over time
when this type of policy is implemented.

The base-stock level includes two components: (1) average de-
mand during an interval of time equal to the review period plus the
lead time and (2) safety stock, which is the amount of inventory that
the warehouse needs to protect against deviations from average de-
mand during that period of time, i.e., during the review period plus
the lead time.

Of course, the appropriate safety stock level is affected by a num-
ber of different system characteristics. The service level, or likelihood
of meeting customer demand, is directly related to the level of safety
stock. If a higher service level is desired, more safety stock will be re-
quired. Also, if demand is highly variable (frequently much higher or
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lower than average), it is important to hold more safety stock. Simi-
larly, if lead times are long, safety stock needs to be higher to guard
against stockouts during lead times.

4.4 STRATEGIC SAFETY STOCK

The analysis in the preceding section has focused on a single facility
(e.g., a warehouse or a retail outlet) managing its inventory in order to
minimize the facility’s own cost as much as possible. In this section we
consider a multifacility supply chain that belongs to a single firm. The
objective of the firm is to manage inventory so as to reduce sys-
temwide cost; thus it is important to consider the interaction of the
various facilities and the impact this interaction has on the inventory
policy that should be employed by each facility.

Of course, important questions when managing inventory in a
complex supply chain are where to keep safety stock? which facilities should
produce to stock? and which should produce to order? The answer to these
questions clearly depends on the desired service level, the supply net-
work, lead times, and a number of operational issues and constraints.
Thus our focus is on a strategic model that allows the firm to position
safety stock effectively in its supply chain and identify facilities that
should produce to stock and those that should produce to order.

To illustrate the tradeoffs and the impact of strategically position-
ing safety stock in the supply chain, consider the following example.

4.4.1 An Illustrative Example

ElecComp, Inc.,11 is a large contract manufacturer of circuit boards
and other high-tech parts. The company sells about 27,000 high-value
products whose life cycle is relatively short. Competition in this in-
dustry forces ElecComp to commit to short lead times to its cus-
tomers; this committed service time to the customers is typically much
shorter than manufacturing lead time. Unfortunately, the manufactur-
ing process is quite complex, including a complex sequence of assem-
blies at different stages.

Because of the long manufacturing lead time and the pressure to
provide customers with a short response time, ElecComp kept inven-
tory of finished products for many of its SKUs. Thus the company
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managed its supply chain based on long-term forecast, the so-called
push-based supply chain strategy (see Chap. 3 for the difference be-
tween push and pull strategies). This make-to-stock environment re-
quired the company to build safety stock and resulted in huge finan-
cial and shortage risks.

Executives at ElecComp had long recognized that this push-
based supply chain strategy was not the appropriate strategy for their
supply chain. Unfortunately, because of the long lead time, a pull-
based supply chain strategy, in which manufacturing and assembly are
done based on realized demand, was not appropriate either.

Thus ElecComp focused on developing a new supply chain strat-
egy whose objectives are

1. Reducing inventory and financial risks
2. Providing customers with competitive response times.

This could be achieved by

• Determining the optimal location of inventory across the
various stages of the manufacturing and assembly process

• Calculating the optimal quantity of safety stock for each
component at each stage.

Thus the focus of redesigning ElecComp’s supply chain was on a
hybrid strategy in which one portion of the supply chain is managed
based on push, i.e., a make-to-stock environment, whereas the re-
maining portion of the supply chain is managed based on pull, i.e., a
make-to-order strategy. Evidently, the supply chain stages that pro-
duce to stock will be the locations where the company keeps safety
stock, whereas the make-to-order stages will keep no stock at all.
Hence the challenge was to identify the location in the supply chain in
which the strategy is switched from a push-based, i.e., a make-to-stock
strategy, to a pull-based, i.e., a make-to-order, supply chain strategy.
This location is referred to as the push-pull boundary.

ElecComp developed and implemented the new push-pull supply
chain strategy, and the impact was dramatic! For the same customer
lead times, safety stock was reduced by 40 to 60 percent, depending on
product line. More important, with the new supply chain structure,
ElecComp concluded that it could cut lead times to its customers by 50
percent and still enjoy a 30 percent reduction in safety stock.

Below we describe how this was achieved for a number of prod-
uct lines.

96 CHAPTER 4



To understand the analysis and the benefit experienced by ElecComp,
consider Figure 4-10, in which a finished product (part 1) is assembled
in a Dallas facility from two components, one produced in the Mont-
gomery facility and one in a different facility in Dallas. Each box pro-
vides information about the value of the product produced by that fa-
cility; numbers under each box are the processing time at that stage;
bins represent safety stock. Transit times between facilities are pro-
vided as well. Finally, each facility provides committed response time
to the downstream facilities. For instance, the assembly facility quotes
30 days response time to its customers. This implies that any order can
be satisfied in no more than 30 days. The Montgomery facility quotes
an 88-day response time to the assembly facility. As a result, the as-
sembly facility needs to keep inventory of finished products in order
to satisfy customer orders within its 30-day committed service time.

Observe that if somehow ElecComp can reduce the committed
service time from the Montgomery facility to the assembly facility
from 88 days to, say, 50 or perhaps 40 days, the assembly facility will
be able to reduce its finished good inventory, whereas the Mont-
gomery facility will need to start building inventory. Of course, Elec-
Comp’s objective is to minimize systemwide inventory and manufac-
turing costs; this is precisely what strategic inventory optimization
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tools do. By looking at the entire supply chain, the tools determine the
appropriate inventory level at each stage.

For instance, if the Montgomery facility reduces its committed
lead time to 13 days, then the assembly facility does not need any 
inventory of finished goods. Any customer order will trigger an order
for parts 2 and 3. Part 2 will be available immediately because the fa-
cility producing part 2 holds inventory, whereas part 3 will be available
at the assembly facility in 15 days (13 days committed response time
by the manufacturing facility plus 2 days transportation lead time). It
takes another 15 days to process the order at the assembly facility, and
therefore, the order will be delivered to the customers within the com-
mitted service time. Thus, in this case, the assembly facility produces
to order, i.e., a pull-based strategy, whereas the Montgomery facility
needs to keep inventory and hence is managed based on push, i.e., a
make-to-stock strategy.

Now that the tradeoffs are clear, consider the product structure
depicted in Figure 4-11. Light boxes (parts 4, 5, and 7) represent out-
side suppliers, whereas dark boxes represent internal stages within Elec-
Comp’s supply chain. Observe that the assembly facility is committed to
a 30-day response time to customers and keeps inventory of finished
goods. More precisely, the assembly facility and the facility manufactur-
ing part 2 both produce to stock. All other stages produce to order.

Figure 4-12 depicts the optimized supply chain that provides cus-
tomers with the same 30-day response time. Observe that by adjusting
the committed service time of various internal facilities, the assembly
system starts producing to order and keeps no finished good inven-
tory. On the other hand, the Raleigh and Montgomery facilities need
to reduce their committed service time and hence keep inventory.
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Safety Stock Cost = $74,100/yr
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So where is the push and where is the pull in the optimized strat-
egy? Evidently, the assembly facility and the Dallas facility that 
produces part 2 both operate now in a make-to-order fashion, i.e., a
pull strategy, whereas the Montgomery facility operates in a make-to-
stock fashion, a push strategy. The impact on the supply chain is a 39
percent reduction in safety stock!

At this point it was appropriate to analyze the impact of a more ag-
gressive quoted lead time to the customers. That is, ElecComp execu-
tives considered reducing quoted lead times to the customers from 30 to
15 days. Figure 4-13 depicts the optimized supply chain strategy in this
case. The impact was clear. Relative to the baseline (Fig. 4-11) inventory
was down by 28 percent, whereas response time to the customers is
halved. See Table 4-1 for a summary of the results of this study.

Finally, Figures 4-14 and 4-15 present a more complex product
structure. Figure 4-14 provides information about the supply chain
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strategy before optimization, and Figure 4-15 depicts the supply chain
strategy after optimizing the push-pull boundary as well as inventory
levels at different stages in the supply chain. Again, the benefit is clear.
By correctly selecting which stage is going to produce to order and
which is producing to stock, inventory cost was reduced by more than
60 percent while maintaining the same quoted lead time to customers.
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Table 4-1 Summary of Results

Safety Stock Lead Time to Cycle Inventory
Holding Cost Customer Time Turns

Scenario ($/yr) (days) (days) (turns/yr)

Current 74,100 30 105 1.2

Optimized 45,400 30 105 1.4

Shorten lead 53,700 15 105 1.3
time

Safety Stock Cost = $95,000/yr
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4.4.2 Summary

Using a multistage inventory optimization technology ElecComp was
able to significantly reduce inventory cost while maintaining and
sometimes significantly decreasing quoted service times to customers.
This is achieved by

1. Identifying the push-pull boundary, i.e., identifying supply
chain stages that should operate in a make-to-stock fashion
and hence keep safety stock. The remaining supply chain
stages operate in a make-to-order fashion and thus keep no
inventory. This is done by pushing inventory to less costly
locations in the supply chain.

2. Taking advantage of the risk-pooling concept. This concept
suggests that demand for a component used by a number of
finished products has smaller variability and uncertainty than
that of the finished goods.

3. Replacing traditional supply chain strategies that are
typically referred to as sequential, or local, optimization by a
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globally optimized supply chain strategy. In a sequential, or
local, optimization strategy, each stage tries to optimize its
profit with very little regard to the impact of its decisions on
other stages in the same supply chain. On the other hand, in
a global supply chain strategy, one considers the entire
supply chain and identifies strategies for each stage that will
maximize supply chain performance.

To better understand the impact of the new supply chain para-
digm employed by ElecComp, consider Figure 4-16, where we plot
total inventory cost against quoted lead time to the customers. The
upper tradeoff curve represents the traditional relationship between
cost and quoted lead time to customers. This curve is a result of lo-
cally optimizing decisions at each stage in the supply chain. The lower
tradeoff curve is the one obtained when the firm globally optimizes
the supply chain by locating correctly the push-pull boundary.

Observe that this shift of the tradeoff curve, due to optimally lo-
cating the push-pull boundary, implies that

1. For the same quoted lead time, the company can
significantly reduce cost or

2. For the same cost, the firm can significantly reduce lead time.
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Finally, notice that the curve representing the traditional rela-
tionship between cost and customer quoted lead time is smooth,
whereas the new tradeoff curve representing the impact of optimally
locating the push-pull boundary is not, with jumps in various places.
These jumps represent situations in which the location of the push-
pull boundary changes, and significant cost savings are achieved.

Our experience is that those employing the new supply chain
paradigm, such as ElecComp, typically choose a supply chain strategy
that reduces both cost and customer quoted lead time. This strategy
allows ElecComp to satisfy demand much faster than its competitors
and develop a cost structure that enables competitive pricing.

4.5 RESOURCE ALLOCATION

As observed in Chapter 3, different processes need to be applied to
different portions of the supply chain. Since the focus in the pull part
of the supply chain is on service level, order fulfillment processes are
typically applied. Similarly, since the focus of the push part of the sup-
ply chain is on cost and resource allocation, supply chain master plan-
ning processes are used here to develop an effective strategy for the next
few months.

Supply chain master planning is defined as the process of coordi-
nating and allocating production and distribution strategies and re-
sources to maximize profit or minimize systemwide cost. In this
process the firm considers forecast demand for the entire planning
horizon, e.g., the next 52 weeks, as well as safety stock requirements.
The latter are determined, for instance, based on models similar to the
one analyzed in the preceding section.

The challenge of allocating production, transportation, and in-
ventory resources in order to satisfy demand can be daunting. This is
especially true when the firm is faced with seasonal demand, limited
capacities, competitive promotions, or high volatility in forecasting.
Indeed, decisions such as when and how much to produce, where to
store inventory, and whether to lease additional warehouse space may
have enormous impact on supply chain performance.

Traditionally, the supply chain planning process was performed
manually with a spreadsheet and was done by each function in the com-
pany independently of other functions. That is, the production plan
would be determined at the plant, independently from the inventory
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plan, and typically would require the two plans to be somehow coor-
dinated at a later time. This implies that divisions typically end up
“optimizing” just one parameter, usually production costs.

In modern supply chains, however, this sequential process is re-
placed by a process that takes into account the interaction between the
various levels of the supply chain and identifies a strategy that maxi-
mizes supply chain performance. This is referred to as global optimiza-
tion, and it necessitates the need for an optimization-based DSS.
These systems, which model the supply chain as large-scale mixed-
integer linear programs, are analytic tools capable of considering the
complexity and dynamic nature of the supply chain.

Typically, the output from the tool is an effective supply chain
strategy that coordinates production, warehousing, transportation,
and inventory decisions. The resulting plan provides information on
production quantities, shipment sizes, and storage requirements by
product, location, and time period. This is referred to as the supply
chain master plan.

In some applications, the supply chain master plan serves as an
input for a detailed production scheduling system. In this case the pro-
duction scheduling system employs information about production
quantities and due dates received from the supply chain master plan.
This information is used to propose a detailed manufacturing se-
quence and schedule. This allows the planner to integrate the back
end of the supply chain, i.e., manufacturing and production, and the
front end of the supply chain, i.e., demand planning and order replen-
ishment (Fig. 4-17). The figure illustrates an important issue. The fo-
cus of order replenishment systems, which are part of the pull portion
of the supply chain, is on service level. Similarly, the focus of the tac-
tical planning, i.e., the process by which the firm generates a supply
chain master plan, which is in the push portion of the supply chain, is
on cost minimization or profit maximization. Finally, the focus in the
detailed manufacturing scheduling portion of the supply chain is on
feasibility. That is, the focus is on generating a detailed production
schedule that satisfies all production constraints and meets all the due-
date requirements generated by the supply chain master plan.

Of course, the output from the tactical planning process, i.e., the
supply chain master plan, is shared with supply chain participants to im-
prove coordination and collaboration. For example, the distribution
center managers can now better use this information to plan their labor
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and shipping needs. Distributors can share plans with their suppliers
and customers in order to decrease costs for all partners in the supply
chain and promote savings. Specifically, distributors can realign territo-
ries to better serve customers, store adequate amounts of inventory at
the customer site, and coordinate overtime production with suppliers.

In addition, supply chain master planning tools can identify po-
tential supply chain bottlenecks early in the planning process, allowing
the planner to answer such questions as

• Will leased warehouse space alleviate capacity problems?
• When and where should the inventory for seasonal or

promotional demand be built and stored?
• Can capacity problems be alleviated by rearranging

warehouse territories?
• What impact do changes in the forecast have on the supply

chain?
• What will be the impact of running overtime at the plants or

outsourcing production?
• What plant should replenish each warehouse?
• Should the firm ship by sea or by air? Shipping by sea implies

long lead times and therefore requires high inventory levels.
On the other hand, using air carriers reduces lead times and
hence inventory levels but significantly increases
transportation cost.

• Should we rebalance inventory between warehouses or
replenish from the plants to meet unexpected regional
changes in demand?
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Another important capability that tactical planning tools have is
the ability to analyze demand plans and resource utilization to maxi-
mize profit. This enables balancing the effect of promotions, new
product introductions, and other planned changes in demand patterns
and supply chain costs. Planners now are able to analyze the impact of
various pricing strategies as well as identify markets, stores, or cus-
tomers that do not provide the desired profit margins.

A natural question is, when should one focus on cost minimization
and when to focus on profit maximization? While the answer to this
question may vary from instance to instance, it is clear that cost mini-
mization is important when the structure of the supply chain is fixed or
at times of a recession and therefore in a state of oversupply. In this case
the focus is on satisfying all demand at the lowest cost by allocating re-
sources effectively. On the other hand, profit maximization is important
at time of growth, i.e., at time when demand exceeds supply. In this case
capacity can be limited because of use of limited natural resources or be-
cause of expensive manufacturing processes that are hard to expand, as
is the case in the chemical and electronic industries. In these cases, de-
ciding who to serve and for how much is more critical than cost savings.

Finally, an effective supply chain master planning tool also must
be able to help the planners improve the accuracy of the supply chain
model. This, of course, is counterintuitive because the accuracy of the
supply chain master planning model depends on the accuracy of the
demand forecast that is an input to the model. However, notice that
the accuracy of the demand forecast is typically time-dependent. That
is, the accuracy of forecast demand for the first few time periods, e.g.,
the first 10 weeks, is much higher than the accuracy of demand fore-
cast for later time periods. This suggests that the planner should
model the early portion of the demand forecast at a great level of de-
tail, i.e., apply weekly demand information. On the other hand, de-
mand forecasts for later time periods are not as accurate, and hence
the planner should model the later demand forecast month by month
or by groups of 2 to 3 weeks each. This implies that later demand fore-
casts are aggregated into longer time buckets, and hence, due to the
risk-pooling concept, the accuracy of the forecast improves.

In summary, supply chain master planning helps address funda-
mental tradeoffs in the supply chain such as setup cost versus holding
costs or production lot sizes versus capacities. It takes into account
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This example illustrates how supply chain master planning can be used
dynamically and consistently to help a large food manufacturer manage
the supply chain. The food manufacturer makes production and distri-
bution decisions at the division level. Even at the division level, the
problems tend to be large scale. Indeed, a typical division may include
hundreds of products, multiple plants, many production lines within 
a plant, multiple warehouses (including overflow facilities), bill-of-
material structures to account for different packaging options, and a 52-
week demand forecast for each product for each region. The forecast
accounts for seasonality and planned promotions. The annual forecast
is important because a promotion late in the year may require produc-
tion resources relatively early in the year. Production and warehousing
capacities are tight and products have limited shelf life, and these need
to be integrated into the analysis. Finally, the scope of the plan spans
many functional areas, including purchasing, production, transporta-
tion, distribution, and inventory management. The tactical planning
DSS introduced in the company allows the planners to reduce sys-
temwide cost and better use resources such as manufacturing and ware-
housing. Indeed, a detailed comparison of the plan generated by the
tactical tool with the spreadsheet strategy suggests that the optimiza-
tion-based tool is capable of reducing total costs across the entire sup-
ply chain. See Figure 4-18 for illustrative results.

Total cost Product
cost

Transportation
cost

Planning by hand
Optimization

Vendor
costs

Expired
products

Inventory
costs

Figure 4-18 Comparison of manual versus optimized scenarios.



supply chain costs such as production, supply, warehousing, trans-
portation, taxes, and inventory, as well as capacities and changes in the
parameters over time.

4.6 SUMMARY

Optimizing supply chain performance is difficult because of conflict-
ing objectives, because of demand and supply uncertainties, and be-
cause of supply chain dynamics. However, through network planning,
which combines network design, inventory positioning and manage-
ment, and resource allocation, the firm can globally optimize supply
chain performance. This is achieved by considering the entire net-
work, taking into account production, warehousing, transportation,
and inventory costs as well as service-level requirements.

Table 4-2 summarizes the key dimensions of each of the planning
activities—network design, inventory positioning/management, and
resource allocation. The table shows that network design involves
long-term plans (typically over years), is done at a high level, and can
yield high returns. The planning horizon for resource allocation is
months or weeks; the frequency of replanning is high, e.g., every
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Table 4-2 Network Planning Characteristics

Network Inventory Positioning Resource
Design and Management Allocation

Decision Infrastructure Safety stock Production
focus Distribution

Planning Years Months Months
horizon

Aggregation Family Item Classes
level

Frequency Yearly Monthly/weekly Monthly/weekly

Return on High Medium Medium
investment

Implementation Very short Short Short

User Very few Few Few



week; and it typically delivers quick results as well. Inventory planning
is focused on short-term uncertainty in demand, lead time, processing
time, or supply. The frequency of replanning is high, e.g., monthly
planning to determine appropriate safety stock based on the latest
forecast and forecast error. Inventory planning also can be used more
strategically to identify locations in the supply chain where the firm
keeps inventory, as well as to identify stages that produce to stock and
those which produce to order.
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C H A P T E R  5

Supply Chain Alliances

5.1 INTRODUCTION

One of the paradoxes of business today is that at the same time that com-
plex business practices (such as the ones we have discussed in the preced-
ing chapters) are becoming essential for firms to survive and thrive, the
necessary financial and managerial resources to implement these practices
are becoming increasingly scarce. This is one reason why it may not al-
ways be effective to perform all these key business functions in-house.
Frequently, a company may find it effective to use other firms with spe-
cial resources and technical knowledge to perform these functions.

Even if a firm has the available resources to perform a particular
task, another firm in the supply chain sometimes may be better suited
to perform that task simply because its relative location in the supply
chain better positions it to do so. Often a combination of position in
the supply chain, resources, and expertise determines the most appro-
priate firm in the supply chain to perform a particular function. Of
course, it is not enough to know who in the supply chain should per-
form a particular function—steps must be taken so that the function is
actually performed by the appropriate firm.

As with any business function, there are four basic ways for a firm
to ensure that a logistics-related business function is completed:1

1. Internal activities. A firm can perform the activity using
internal resources and expertise, if they are available. As we
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will discuss more completely in the next section, if this
activity is one of the core strengths of the firm, this may be
the best way to perform the activity.

2. Acquisitions. If a firm does not have the expertise or
specialized resources internally, it can acquire another firm
that does. This certainly gives the acquiring firm full control
over the way the particular business function is performed,
but it has several possible drawbacks. For one thing,
acquiring a successful company can be difficult and
expensive. The culture of the acquired company may clash
with that of the acquiring company, and the effectiveness of
the acquired company could be lost in the assimilation
process. The acquired company may have dealt previously
with the acquiring company’s competitors, and it could lose
this business. This may hurt its overall effectiveness. For
these reasons, as well as many others, an acquisition may not
be appropriate.

3. Arm’s-length transactions. Most business transactions are of
this type. A firm needs a specific item or service, such as the
delivery of a load of items, the maintenance of a vehicle, or
the design and installation of logistics management software,
and purchases or leases the item or service. Many times an
arm’s-length transaction is the most effective and
appropriate arrangement. Of course, the goals and strategies
of the supplier might not match those of the buyer. In
general, this kind of short-term arrangement fulfills a
particular business need but does not lead to long-term
strategic advantages.

4. Strategic alliances. These are typically multifaceted, 
goal-oriented, long-term partnerships between two
companies in which both risks and rewards are shared. In
many cases the problems of outright acquisition can be
avoided, whereas at the same time mutual goals can lead to
the commitment of many more resources than in the case of
arm’s-length transactions. Strategic alliances typically lead to
long-term strategic benefits for both partners.

This chapter focuses on strategic alliances related to supply chain
management. In the next section we introduce a framework for 
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analyzing the advantages and disadvantages of strategic alliances. In
the following three sections the three most important types of supply
chain–related strategic alliances are discussed in greater detail: third-
party logistics (3PL), retailer-supplier partnerships (RSPs), and dis-
tributor integration (DI).

5.2 A FRAMEWORK FOR STRATEGIC ALLIANCES

There are many difficult strategic issues that play a part in the selec-
tion of appropriate strategic alliances. In his classic book, Partnerships for
Profit, Jordan Lewis1 introduces an effective general framework for
analyzing strategic alliances. This framework, which we briefly intro-
duce in this section, is very helpful for considering the kinds of supply
chain–related strategic alliances that we address in the rest of this
chapter.

To determine whether a particular strategic alliance is appropri-
ate for your firm, consider how the alliance will help address the fol-
lowing issues:

Adding value to products. A partnership with the appropriate firm
can help add value to existing products. For example,
partnerships that improve time to market, distribution times, or
repair times help to increase the perceived value of a particular
firm. Similarly, partnerships between companies with
complementary product lines can add value to both companies’
products.
Improving market access. Partnerships that lead to better
advertising or increased access to new market channels can be
beneficial. For example, complementary consumer product
manufacturers can cooperate to address the needs of major
retailers, increasing sales for everyone.
Strengthening operations. Alliances between appropriate firms can
help to improve operations by lowering system costs and cycle
times. Facilities and resources can be used more efficiently and
effectively. For example, companies with complementary
seasonal products can effectively use warehouses and trucks year
round.
Adding technological strength. Partnerships in which technology is
shared can help add to the skills base of both partners. Also, the
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difficult transitions between old and new technologies can be
facilitated by the expertise of one of the partners. For example,
a supplier may need a particular enhanced information system
to work with a certain customer. Partnering with a firm that
already has expertise in this system makes it easier to address
difficult technological issues.
Enhancing strategic growth. Many new opportunities have high
entry barriers. Partnerships might enable firms to pool expertise
and resources to overcome these barriers and explore new
opportunities.
Enhancing organizational skills. Alliances provide a tremendous
opportunity for organizational learning. In addition to learning
from one another, partners are forced to learn more about
themselves and to become more flexible so that these alliances
work.
Building financial strength. In addition to addressing these
competitive issues, alliances can help to build financial strength.
Income can be increased, and administrative costs can be shared
between partners or even reduced owing to the expertise of one
or both of the partners. Of course, alliances also limit
investment exposure by sharing risk.

Strategic alliances have their downsides. The preceding list is
useful for determining these. Each company has its core strengths or
competencies—specific talents that differentiate the company from its
competitors and give it an advantage in the eyes of its customers.
These core strengths must not be weakened by the alliance, which can
happen if resources are diverted from these strengths or if technolog-
ical or strategic strengths are compromised to make the partnership
successful. Similarly, key differences with competitors must not be di-
minished. This is possible if key technology is shared or if entry bar-
riers are reduced for the competition.

Determining these core strengths is clearly very important; un-
fortunately, it is also very difficult. What they are depends on the na-
ture of the business and of the firm. Core strengths do not necessarily
correspond to a large investment of resources, and they may be intan-
gible items such as management skills or brand image. To determine a
firm’s core strengths, consider how the firm’s internal capabilities 
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contribute to differentiating it from its competition in each of the
seven key items listed above. Now, how will strategic alliances help or
hurt in each of these areas?

The following example illustrates the advantages and disadvan-
tages of strategic alliances. Consider how IBM, Intel, and Microsoft
benefited and were hurt by the relationships described in this example.
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Although not specifically related to logistics, the story of the IBM per-
sonal computer (PC) highlights the advantages and the disadvantages of
outsourcing key business functions. When IBM decided to enter the
PC market in late 1981, the company did not have the infrastructure in
place to design and build a PC. Rather than take the time to develop
these capabilities, IBM outsourced almost all the major components of
the PC. For example, the microprocessor was designed and built by In-
tel, and the operating system was provided by a small company in Seat-
tle called Microsoft. IBM was able to release this computer to market
within 15 months of beginning its design by tapping the expertise and
resources of other companies. Furthermore, within 3 years, IBM re-
placed Apple Computer as the number one supplier of personal com-
puters. By 1985, IBM’s market share was more than 40 percent. How-
ever, the downside to IBM’s strategy soon became clear as competitors
such as Compaq were able to enter the market by using the same sup-
pliers as IBM. Furthermore, when IBM tried to regain control of the
market by introducing its PS/2 line of computers, featuring a new, pro-
prietary design and an operating system called OS/2, other companies
did not follow IBM’s lead, and the original architecture remained dom-
inant in the market. By the end of 1995, IBM’s market share had fallen
to less than 8 percent, behind market leader Compaq’s 10 percent.2

Although strategic alliances are becoming increasingly prevalent
in all walks of business, three types are particularly significant in sup-
ply chain management. Third-party logistics (3PL), retailer-supplier
partnerships (RSPs), and distributor integration (DI) are discussed in
detail in the next three sections. As you read about these issues, try to
place them in the framework described earlier.



5.3 THIRD-PARTY LOGISTICS

The use of third-party logistics (3PL) providers to take over some or
all of a company’s logistics responsibilities is becoming more preva-
lent. Indeed, the 3PL industry, which essentially began in the 1980s,
was a $45.48 billion industry in 1999 and grew by 24 percent to $56.4
billion in 2000 and by 7.4 percent to $60.6 billion in 2001 and 6.9 per-
cent in 2002.3

5.3.1 What Is 3PL?

3PL is simply the use of an outside company to perform all or part of
a firm’s materials management and product distribution functions.
3PL relationships are typically more complex than traditional logistics
supplier relationships; they are true strategic alliances.

Although companies have used outside firms to provide particu-
lar services, such as trucking and warehousing, for many years, these
relationships had two typical characteristics: They were transaction-
based, and the companies hired often were single-function companies.
Modern 3PL arrangements involve long-term commitments and of-
ten multiple functions or process management. For example, Ryder
Dedicated Logistics has a 5-year agreement to design, manage, and
operate all of Whirlpool Corporation’s inbound logistics.4

3PL providers come in all sizes and shapes, from small compa-
nies with a few million dollars in revenues to huge companies with
revenues in the billions. Most of these companies can manage many
stages of the supply chain.

Surprisingly, the use of 3PL is most prevalent among large com-
panies. Firms such as Minnesota Mining & Manufacturing Co. (3M),
Eastman Kodak, Dow Chemical, Time Warner, and Sears Roebuck
are turning over large portions of their logistics operations to outside
suppliers. 3PL providers are finding it hard to persuade small compa-
nies to employ their services, although this may change as the use of
3PL becomes more prevalent and as 3PL providers make a larger ef-
fort to develop relationships with smaller companies.5

5.3.2 Advantages and Disadvantages of 3PL

Most of the general advantages and disadvantages of strategic alliances
described in Section 5.2 apply here.
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Focus on core strengths. The most frequently cited benefit of
using 3PL providers is that they allow a company to focus on
its core competencies. With corporate resources becoming
increasingly limited, it is often difficult to be an expert in every
facet of a business. Logistics outsourcers provide a company
with the opportunity to focus on that company’s particular area
of expertise, leaving the logistics expertise to the logistics
companies. (Of course, if logistics is one of the company’s areas
of expertise, then outsourcing may not make sense.)
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The partnership between Ryder Dedicated Logistics and General Mo-
tors’ Saturn division is a good example of these benefits. Saturn focuses
on automobile manufacturing, and Ryder manages most of Saturn’s
other logistics considerations. Ryder deals with vendors; delivers parts
to the Saturn factory in Spring Hill, Tennessee; and delivers finished
vehicles to the dealers. Saturn orders parts using electronic data inter-
change (EDI) and sends the same information to Ryder. Ryder makes
all the necessary pickups from 300 different suppliers in the United
States, Canada, and Mexico, using special decision-support software to ef-
fectively plan routes to minimize transportation costs.6
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British Petroleum (BP) and Chevron Corp. wished to stick to their core
competencies. To do this, they formed Atlas Supply, a partnership of
about 80 suppliers, to deliver items such as spark plugs, tires, window-
washing fluid, belts, and antifreeze to their 6500 service stations.
Rather than use the distribution networks of either BP or Chevron or
create a new one, Atlas outsourced all logistics to GATX, which is re-
sponsible for running five distribution centers and maintaining inven-
tory of 6500 SKUs at each service station. Each service station orders
supplies through its oil company, which forwards the order to Atlas and
then to GATX. Each station has a preassigned ordering day to avoid
system bottlenecks. GATX systems determine appropriate routes and
configurations and transmit orders to the distribution center. The next
day, the distribution center selects and packs the orders, and trucks are
loaded in the appropriate order based on the delivery schedule. As de-
liveries are made, returns and deliveries from Atlas suppliers are picked

(continued)



Provides technological flexibility. The ever-increasing need for
technological flexibility is another important advantage of the
use of 3PL providers. As requirements change and technology
advances, the better 3PL providers constantly update their
information technology and equipment. Often individual
companies do not have the time, resources, or expertise to
constantly update their technology. Different retailers may have
different, and changing, delivery and information technology
requirements, and meeting these requirements may be essential
to a company’s survival. 3PL providers often can meet these
requirements in a quicker, more cost-effective way.8 Also, 3PL
providers already may have the capability to meet the needs of a
firm’s potential customers, allowing the firm access to certain
retailers that might not otherwise be possible or cost-effective.
Provides other flexibilities. 3PL providers also may provide
greater flexibility to a company. One example is flexibility in
geographic locations. Increasingly, suppliers are requiring rapid
replenishment, which in turn may require regional
warehousing. By using 3PL providers for this warehousing, a
company can meet customer requirements without committing
capital and limiting flexibility by constructing a new facility or
committing to a long-term lease. Also, flexibility in service
offerings may be achieved through the use of third parties,
which may be equipped to offer retail customers a much larger
variety of services than the hiring firm. In some cases, the
volume of customers demanding these services may be low to
the firm, but higher to the 3PL provider, who may be working
for several different firms across different industries.9 In
addition, flexibility in resource and workforce size can be
achieved through outsourcing. Managers can change what
would be fixed costs into variable costs in order to react more
quickly to changing business conditions.
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up. GATX electronically informs Atlas, Chevron, and BP of the status
of all deliveries. The companies save enough on transportation costs

alone to justify this partnership, and the two oil companies have man-
aged to reduce the number of distribution centers from 13 to 5 and sig-
nificantly improve service levels.7



Important disadvantages of 3PL. The most obvious disadvantage
of the use of 3PL providers is the loss of control inherent in
outsourcing a particular function. This is especially true for
outbound logistics, where 3PL company employees themselves
might interact with a firm’s customers. Many 3PL firms work
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Working with the Simmons Company, a mattress manufacturer, Ryder
Dedicated Logistics provided new technology that allowed Simmons to
completely change the way it does business. Before its involvement with
Ryder, Simmons warehoused between 20,000 and 50,000 mattresses at
each of its manufacturing facilities to meet customer demand in a
timely fashion. Now Ryder maintains an on-site logistics manager at
Simmons’ manufacturing plant. When orders arrive, the logistics man-
ager uses special software to design an optimal sequence and route to
deliver the mattresses to customers. This logistics plan is then trans-
mitted to the factory floor, where the mattresses are manufactured in
the exact quantity, style, and sequence required—all in time for ship-
ment. This logistics partnership has virtually eliminated the need for
Simmons to hold inventory at all.6
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SonicAir, a division of UPS, provides an even more sophisticated third-
party service. This company serves specialized customers who supply
equipment for which every hour of downtime is very expensive; Sonic-
Air rapidly delivers service parts where they are needed. SonicAir 
maintains 67 warehouses and uses specialized software to determine the
appropriate inventory level for each part at each warehouse. When an
order is placed, the system determines the best way to deliver the part
and sends it out, usually on the next flight, from which it is delivered by
one of the company’s ground couriers. This service enables customers
to store fewer parts at each field service bureau than otherwise would
be necessary—and still provide the same level of service. With some
parts valued at hundreds of thousands of dollars, this is clearly a cost
savings to the customer. At the same time, this business is very prof-
itable for SonicAir because customers are willing to pay well for this
level of service.6



very hard to address these concerns. Efforts include painting
company logos on the sides of trucks, dressing 3PL employees
in the uniforms of the hiring company, and providing extensive
reporting on each customer interaction.
Also, if logistics is one of the core competencies of a firm, it
makes no sense to outsource these activities to a supplier who
may not be as capable as the firm’s in-house expertise. For
example, Wal-Mart built and manages its own distribution
centers, and Caterpillar runs its parts supply operations. These
are competitive advantages and core competencies of these
firms, so outsourcing is unnecessary. In particular, if certain
logistics activities are within the core competencies of the firm
and others are not, it might be wise to employ 3PL providers
for only those areas which outside providers can handle better
than the hiring firm. For example, if vendor-managed inventory
(VMI) replenishment strategies and materials handling are core
competencies of a company but transportation is not, a 3PL
firm could be contacted to handle shipments from the dock to
the customer exclusively. Similarly, pharmaceutical companies
build and own distribution centers for controlled drugs but
often use public warehouses located closer to the customer for
items that are less expensive and easier to control.10

5.3.3 3PL Issues and Requirements

A 3PL contract is typically a major and complex business decision.
Other than the pros and cons listed earlier, there are many considera-
tions that are critical in deciding whether an agreement should be en-
tered into with a particular 3PL provider.

1. Know your own costs. Among the most basic issues to consider
in selecting a 3PL provider is to know your own costs so
that they can be compared with the cost of using an
outsourcing firm. Often it is necessary to use activity-based
costing techniques, which involve tracing overhead and
direct costs back to specific products and services.8

2. Customer orientation of the 3PL. Of course, it is not enough to
select a provider based on cost alone. Many of the
advantages listed earlier involve intangibles such as
flexibility. Therefore, the strategic logistics plan of the
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company and how a 3PL provider would fit into this plan
must be considered carefully. A 1995 survey of 3PL
providers4 identified the following characteristics as most
critical to the success of a 3PL agreement. The most
important was the customer orientation of the provider; i.e.,
the value of a 3PL relationship is directly related to the
ability of the provider to understand the needs of the hiring
firm and to adapt its services to the special requirements of
that firm. The second most important factor was reliability.
The flexibility of the provider, or its ability to react to the
changing needs of the hiring firm and the needs of that
firm’s customers, was third. Significantly farther down the
list were cost savings.

3. Specialization of the 3PL. When choosing a potential 3PL
provider, some experts suggest that companies should
consider firms whose roots lie in the particular area of
logistics that is most relevant to the logistics requirements in
question. For example, Roadway Logistics, Menlo Logistics,
and Yellow Logistics evolved from major LTL carriers; Exel
Logistics, GATX, and USCO started as warehouse
managers; and UPS and Federal Express have expertise in
the timely handling of small packages. Some firms have even
more specialized requirements, and these should be
considered carefully when choosing a 3PL partner.10

Sometimes a firm can use one of its trusted core carriers as
its 3PL provider. For example, Schneider National, a firm
that already worked closely with Baxter Healthcare Corp.,
recently agreed to take over Baxter’s dedicated fleet routes.11

4. Asset-owning versus non-asset-owning 3PL. There are also
advantages and disadvantages to using an asset-owning versus
a non-asset-owning 3PL company. Asset-owning companies
have significant size, access to human resources, a large
customer base, economies of scope and scale, and systems in
place, but they may tend to favor their own divisions in
awarding work, to be bureaucratic, and to have a long
decision-making cycle. Non-asset-owning companies may be
more flexible and able to tailor services and have the freedom
to mix and match providers. They also may have low
overhead costs and specialized industry expertise at the same
time but limited resources and lower bargaining power.10
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5.3.4 3PL Implementation Issues

Once a potential partner has been selected, the process has only be-
gun. Agreements need to be reached, and appropriate efforts must be
made by both companies to initiate the relationship effectively. Ex-
perts point to one lesson in particular that has come from failed 3PL
agreements: Devote enough time to startup considerations; i.e., start-
ing the relationship effectively during the first 6 months to a year is
both the most difficult and the most critical part of any 3PL alliance.
The company purchasing the services must identify exactly what it
needs for the relationship to be successful and be able to provide spe-
cific performance measures and requirements to the 3PL firm. The
logistics provider, in turn, must consider and discuss these require-
ments honestly and completely, including their realism and relevance.5

Both parties must be committed to devoting the time and effort
needed to making a success of the relationship. It is critical that both
parties remember that this is a mutually beneficial third-party alliance,
with shared risk and reward. The parties are partners—neither party
can take a “transaction pricing” mentality.12

In general, effective communication is essential for any outsourcing
project to succeed. First, within the hiring company, managers must
communicate to each other and to their employees exactly why they
are outsourcing and what they expect from the outsourcing process so
that all relevant departments are on the “same page” and can become
appropriately involved. Obviously, communication between the firm
and the 3PL provider is also critical. It is easy to speak in generalities,
but specific communication is essential if both companies are to ben-
efit from the outsourcing arrangement.5 On a technological level, it is
usually necessary to enable communications between the 3PL suppli-
ers’ systems and those of the hiring customer. Along the same line, a
firm should avoid 3PL providers who use proprietary information sys-
tems because these are much more difficult to integrate with other
systems.

Other important issues to discuss with potential 3PL providers
include the following:

• The third party and its service providers must respect the
confidentiality of the data that you provide them.

• Specific performance measures must be agreed on.
• Specific criteria regarding subcontractors should be discussed.
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• Arbitration issues should be considered before entering into a
contract.

• Escape clauses should be negotiated into the contract.
• Methods of ensuring that performance goals are being met

should be discussed.12

5.4 RETAILER-SUPPLIER PARTNERSHIPS

The formation of strategic alliances between retailers and their sup-
pliers is becoming ubiquitous in many industries. We saw in Chapter
2 that variation in orders placed by retailers to suppliers in traditional
retailer-supplier relationships is typically far greater than the variation
in demand seen by retailers. In addition, suppliers have far better
knowledge of their lead times and production capacities than do 
retailers. Thus, as margins get tighter and customer satisfaction 
becomes even more important, it makes sense to create cooperative 
efforts between suppliers and retailers in order to leverage the knowl-
edge of both parties.

5.4.1 Types of RSPs

The types of retailer-supplier partnerships (RSPs) can be viewed on a
continuum. At one end is information sharing, which helps the vendor
plan more efficiently, and at the other is a consignment scheme, where
the vendor completely manages and owns the inventory until the re-
tailer sells it.

In a basic quick-response strategy, suppliers receive point-of-sale
(POS) data from retailers and use this information to synchronize
their production and inventory activities with actual sales at the re-
tailer. In this strategy, the retailer still prepares individual orders, but
the POS data are used by the supplier to improve forecasting and
scheduling and to reduce lead time.
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Among the first companies to use this scheme was Milliken and Com-
pany, a textile and chemicals company. Milliken worked with several
clothing suppliers and major department stores, all of which agreed 
to use POS data from the department stores to “synchronize” their 

(continued)



In a continuous-replenishment strategy, sometimes called rapid re-
plenishment, vendors receive POS data and use these data to prepare
shipments at previously agreed-on intervals to maintain specific levels
of inventory. In an advanced form of continuous replenishment, sup-
pliers gradually may decrease inventory levels at the retail store or dis-
tribution center as long as service levels are met. Thus, in a structured
way, inventory levels are improved continuously. In addition, the 
inventory levels need not be simple levels but could be based on so-
phisticated models that change the appropriate level based on seasonal
demand, promotions, and changing consumer demand.14

In a vendor-managed inventory (VMI) system, sometimes called a
vendor-managed replenishment (VMR) system, the supplier decides on the
appropriate inventory levels of each of the products (within previously
agreed-on bounds) and the appropriate inventory policies to maintain
these levels. In the initial stages, vendor suggestions must be approved
by the retailer, but eventually, the goal of many VMI programs is to
eliminate retailer oversight on specific orders. This type of relationship
is perhaps most famously exemplified by Wal-Mart and Procter &
Gamble, whose partnership, begun in 1985, has improved P&G’s on-
time deliveries toWal-Mart dramatically while increasing inventory
turns.15 Other discount stores followed suit, including Kmart, which by
1992 had developed over 200 VMI partners.13 These VMI projects in
general have been successful: Projects at Dillard Department Stores,
JCPenney, and Wal-Mart have shown sales increases of 20 to 25 per-
cent and 30 percent inventory turnover improvements.15
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ordering and manufacturing plans. The lead time from order receipt at
Milliken’s textile plants to final clothing receipt at the department
stores was reduced from 18 to 3 weeks.13

E X A M P L E  5-7

First Brands, Inc., the maker of such products as Glad sandwich bags,
has successfully partnered with Kmart. In 1991, the company entered
Kmart’s Partners in Merchandise Flow program, in which vendors are
responsible for ensuring appropriate inventory levels to Kmart at all
times, at Kmart’s insistence. Initially, Kmart provided a 3-year sales his-
tory, followed later by daily POS data to First Brands, which uses spe-
cial software to convert these data into a production and delivery plan
to each of Kmart’s 13 distribution centers.16



The main characteristics of RSPs are summarized in Table 5-1.

5.4.2 Requirements for RSPs

The most important requirement for an effective RSP, especially one
toward the VMI end of the partnership spectrum, is advanced informa-
tion systems on both the supplier and retailer sides of the supply chain.
Electronic data interchange (EDI) or Internet-based private ex-
changes—to relay POS information to the supplier and delivery in-
formation to the retailer—are essential to cut down on data transfer
time and entry mistakes. Bar coding and scanning are essential to
maintain data accuracy. And inventory, production control, and plan-
ning systems must be online, accurate, and integrated to take advan-
tage of the additional information available.

As in all initiatives that can radically change the way a company
operates, top management commitment is required for the project to
succeed. This is especially true because information that has been kept
confidential up to this point will now have to be shared with suppliers
and customers, and cost allocation issues will have to be considered at
a very high level (this is covered in more detail below). It is also true
because such a partnership may shift power within the organization
from one group to another. For instance, when implementing a VMI
partnership, the day-to-day contacts with retailers shift from sales and
marketing personnel to logistics personnel. This implies that incentives
for and compensation of the sales force have to be modified because
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Table 5-1 Main Characteristics of RSP

Criteria → Inventory New Skills Employed
Type ↓ Decision Maker Ownership by Vendors

Quick response Retailer Retailer Forecasting skills

Continuous Contractually Either party Forecasting and
replenishment agreed-to levels inventory control

Advanced continuous Contractually agreed- Either party Forecasting and
replenishment to and continuously inventory control

improved levels

VMI Vendor Either party Retail management



retailers’ inventory levels are driven by supply chain needs, not by
pricing and discount strategies. This change in power may require
significant involvement of top management.

Finally, RSP requires the partners to develop a certain level of
trust without which the alliance is going to fail. In VMI, for example,
suppliers need to demonstrate that they can manage the entire supply
chain; i.e., they can manage not only their own inventory but also that
of the retailer. Similarly, in quick response, confidential information is
provided to the supplier, which typically serves many competing re-
tailers. In addition, strategic partnering in many cases results in sig-
nificant reduction in inventory at the retailer outlet. The supplier
needs to make sure that the additional available space is not used to
benefit the supplier’s competitors. Furthermore, the top management
at the supplier must understand that the immediate effect of decreased
inventory at the retailer will be a one-time loss in sales revenue.

5.4.3 Inventory Ownership in RSPs

Several important issues must be considered when entering into an
RSP. One major issue is the decision concerning who makes the re-
plenishment decisions. This places the partnership on the continuum
of strategic partnership possibilities described earlier. This can be
done in stages, first with information and later with decision making
that is shared between the partners.

Inventory ownership issues are critical to the success of this kind
of strategic alliance effort, especially one involving VMI. Originally,
ownership of goods transferred to the retailer when goods were re-
ceived. Now some VMI partnerships are moving to a consignment re-
lationship in which the supplier owns the goods until they are sold.
The benefit of this kind of relationship to the retailer is obvious: lower
inventory costs. Furthermore, since the supplier owns the inventory, it
will be more concerned with managing it as effectively as possible. One
possible criticism of the original VMI scheme is that the vendor has an
incentive to move to the retailer as much inventory as the contract al-
lows. If this is a fast-moving item and the partners had agreed on 2
weeks of inventory, this may be exactly what the retailer wants to see in
stock. If, however, this is a more complex problem of inventory man-
agement, the vendor needs to have an incentive to keep inventories as
low as possible, subject to some agreed-on service level. For example,
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Wal-Mart no longer owns the stock for many of the items it carries, in-
cluding most of its grocery purchases. It only owns them briefly as they
are being passed through the checkout scanner.17

It is less clear, however, why this consignment arrangement is
beneficial to the supplier because the supplier owns inventory for a
longer period of time. Many times, as in the case of Wal-Mart, the
supplier has no choice because the market dictates this kind of
arrangement. Even if this is not the case, such an arrangement is ben-
eficial to the supplier because it allows the supplier to coordinate dis-
tribution and production, thus reducing total cost. To better under-
stand this issue, recall from Chapter 4 the discussion of the difference
between global optimization and local optimization. In the traditional
supply chain, each facility does what is best for that facility; i.e., the re-
tailer manages its own inventory without regard to the impact on the
supplier. The supplier, in turn, identifies a policy that will optimize its
own cost subject to satisfaction of the retailer demand. In VMI, one
tries to optimize the entire system by coordinating production and
distribution. In addition, the supplier can further decrease total cost
by coordinating production and distribution for several retailers. This
is precisely why global optimization allows for significant reductions
in total system costs.

Sometimes, depending on the relative power of the supplier and
the retailer, the supply contract must be negotiated so that the supplier
and the retailer share overall system savings. Retailers also must take this
into account when comparing the cost of competing vendors: Differ-
ent logistics schemes have different costs.
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Ace Hardware, a retail hardware dealer coop, has successfully imple-
mented a consignment VMI scheme for lumber and building materials.
In this program, Ace maintains financial ownership of these goods at
the retailer, but the retailer has custodial ownership that makes it re-
sponsible if the product is damaged or destroyed.18 The program is
considered extremely successful, with service levels increasing from 92
to 96 percent on VMI items. Ace eventually would like to expand it to
other product lines.19



In addition to inventory and ownership issues, advanced strategic
alliances can cover many different areas. Issues such as joint forecast-
ing, meshed planning cycles, and even joint product development are
sometimes considered.20

5.4.4 Issues in RSP Implementation

For any agreement to succeed, performance measurement criteria 
also must be agreed to. These criteria should include nonfinancial
measures as well as the traditional financial measures. For example,
nonfinancial measures could include POS accuracy, inventory accu-
racy, shipment and delivery accuracy, lead times, and customer fill
rates.

When information is being shared between retailers and suppli-
ers, confidentiality becomes an issue. Specifically, a retailer who deals
with several suppliers within the same product category may find that
category information is important to the supplier in making accurate
forecasts and stocking decisions. Similarly, there may be a relationship
between stocking decisions made by several suppliers. How can these
potential conflicts be managed with the retailer maintaining the con-
fidentiality of each partner?

When entering any kind of strategic alliance, it is important for
both parties to realize that initially there will be problems that can
only be worked out through communication and cooperation. For exam-
ple, when First Brands started partnering with Kmart, Kmart often
claimed that its supplier was not living up to its agreement to keep 2
weeks of inventory on hand at all times. It turned out that the prob-
lem arose from different forecasting methods employed by the two
companies. This problem was solved eventually by direct communica-
tion between Kmart’s forecasting experts and those from First
Brands—this type of communication would have occurred through
salespeople before the VMI partnership began.16

In many cases the supplier in a partnership commits to fast 
response to emergencies and situational changes at the retailer. If the
manufacturing technology or capacity do not currently exist at 
the supplier, they may need to be added. For example, VF Mills, the
maker of Wrangler jeans and a pioneer of quick-response methods in
the clothing industry, had to completely reengineer its production
processes, including retraining and additional capital investment.15
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5.4.5 Steps in RSP Implementation

The important points listed earlier can be summarized in the follow-
ing steps in VMI implementation:21

1. Initially, the contractual terms of the agreement must be
negotiated. These include decisions concerning ownership
and when it is to be transferred, credit terms, ordering
responsibilities, and performance measures such as service or
inventory levels, when appropriate.

2. Next, the following three tasks must be executed:
a. If they do not exist, integrated information systems must

be developed for both supplier and retailer. These
information systems must provide easy access to both
parties.

b. Effective forecasting techniques to be used by the vendor
and the retailer must be developed.

c. A tactical decision-support tool to assist in coordinating
inventory management and transportation policies must
be developed. The systems developed, of course, will
depend on the particular nature of the partnership.

5.4.6 Advantages and Disadvantages of RSPs

One advantage of VMI relationships is nicely illustrated by the fol-
lowing example.
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Whitehall Robbins (WR), which makes over-the-counter drugs such as
Advil, has an RSP relationship with Kmart. Like First Brands, WR ini-
tially disagreed with Kmart about forecasts. In this case it turned out that
WR forecasts were more accurate because the company has a much more
extensive knowledge of its products than Kmart does. For example,
Kmart’s Chap Stick forecasts did not take the seasonality of the product
into account. In addition, WR planners can take production issues, such
as planned downtime, into account when planning shipments.

Also, WR benefits in another way. In the past Kmart would order
large quantities of seasonal items at the beginning of the season, often
linked to a promotion. This practice often led to returns because it was
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Thus, in general, a huge advantage of RSPs is the knowledge the
supplier has about order quantities, implying an ability to control the
bullwhip effect (see Chap. 2). This, of course, varies from one type of
partnership to another. In quick response, for instance, this knowledge
is achieved through transfer of customer demand information that al-
lows the supplier to reduce lead time, whereas in VMI the retailer pro-
vides demand information and the supplier makes ordering decisions,
thus completely controlling the variability in order quantities. Of
course, this knowledge can be leveraged to reduce overall system costs
and improve overall system service levels. The benefits to the supplier
in terms of better service levels, decreased managerial expenses, and
decreased inventory costs are obvious. The vendor should be able to
reduce forecast uncertainties and thus better coordinate production
and distribution. To be more specific, reduced forecast uncertainties
lead to reduced safety stocks, reduced storage and delivery costs, and
increased service levels,21 as we noted in our discussion of the bull-
whip effect in Chapter 2.

In addition to the important benefits listed earlier, implementing
a strategic partnership provides a variety of side benefits. It provides a
good opportunity for the reengineering of the retailer-supplier rela-
tionship. For example, redundant order entries can be eliminated,
manual tasks can be automated, tasks such as ticketing merchandise
and designing displays can be reassigned for systemwide efficiency,
and unnecessary control steps can be eliminated from the process.15

Many of these advantages stem from the same changes and technology
needed to implement partnerships in the first place.

Many of the problems with RSPs were discussed earlier and are
summarized here:

• It is necessary to employ advanced technology, which is often
expensive.

• It is essential to develop trust in what once may have been an
adversarial supplier-retailer relationship.
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difficult for Kmart to accurately forecast the amount it would sell. Now
WR supplies weekly demand at an “everyday low cost,” so large orders
and preseason promotions have been eliminated, which in turn has
greatly reduced returns. Inventory turns for seasonal items have gone
from 3 to more than 10 and for nonseasonal items from 12 to 15 to 17
to 20.16



• In a strategic partnership, the supplier often has much more
responsibility than formerly. This may force the supplier to
add personnel to meet this responsibility.

• Finally, and perhaps most critically, expenses at the supplier
often increase as managerial responsibilities increase. Also,
inventory initially may be shifted back to the supplier; if a
consignment arrangement is used, inventory costs in general
may increase for the supplier. Thus it may be necessary to
work out a contractual relationship in which the retailer
shares decreased system inventory costs with the supplier.

Float is another issue with any EDI implementation, and it needs to
be carefully considered when committing to a VMI partnership. Retailers
who have become accustomed to waiting 30 to 90 days to pay for goods
may now have to pay on delivery. Even if they pay only when their goods
are sold, this could be much sooner than their usual period of float.22

5.4.7 Successes and Failures

We have cited several examples of RSPs in the preceding sections. We
include several other examples of successes—and one example of a
failure—next.
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Western Publishing is using VMI for its Golden Books line of chil-
dren’s books at several retailers, including more than 2000 Wal-Mart
locations. In this program, POS data automatically trigger reorders
when inventory falls below a reorder point. This inventory is delivered
either to a distribution center or, in many cases, directly to a store. In
this case ownership of the books shifts to the retailer once deliveries
have been made. In the case of Toys “R” Us, Western Publishing has
even managed the entire book section for the retailer, including inven-
tory from suppliers other than Western Publishing. The company has
generated significant additional sales in both cases, although the pro-
gram has increased costs significantly. These are costs related to the ad-
ditional inventory management duties, as well as the extra freight costs
incurred by shipping directly to stores. Nonetheless, management be-
lieves that VMI has provided a net benefit for the company.18
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After Wal-Mart included supplier Mead-Johnson in its VMI program,
the results were dramatic. Mead-Johnson has complete POS informa-
tion to which it reacts instead of orders. Since this program was imple-
mented, inventory turns at Wal-Mart have gone from under 10 to more
than 100, and at Mead-Johnson, from 12 to 52. Similarly, Scott Paper
Company has been managing inventory in 25 of its customer distribu-
tion centers. In this effort, inventory turns at the customers have in-
creased from about 19 to somewhere between 35 and 55, inventory lev-
els have been reduced, and service levels have improved. One caveat can
be drawn from the experiences of Schering-Plough Healthcare Prod-
ucts (SPHP) with Kmart’s Partners in the Merchandise Flow program.
In the first year of implementation, SPHP did see decreased stockouts
at Kmart but not substantially improved sales or profits. By patiently
continuing with the program, however, SPHP eventually did realize
substantial benefits in these areas.23
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VF Corporation’s Market Response System provides another success
story of VMI. The company, which has many well-known brand names
(e.g., Wrangler, Lee, and Girbaud), began its program in 1989. Cur-
rently, about 40 percent of its production is handled through some type
of automatic replenishment scheme. This is particularly notable be-
cause the program encompasses 350 different retailers, 40,000 store lo-
cations, and more than 15 million levels of replenishment. Each divi-
sion uses automatic software to manage the huge influx of data and
special techniques developed at VF to cluster the data so that they are
more manageable. VF’s program is considered to be one of the most
successful in the apparel industry.24



5.5 DISTRIBUTOR INTEGRATION

For years, business experts have advised manufacturers, particularly
industrial manufacturers, to treat their distributors like partners.26

Typically, this meant appreciating the value of the distributors and
their relationship with the end users and providing them with the nec-
essary support to be successful. Distributors have a wealth of informa-
tion about customer needs and wants, and successful manufacturers
use this information when developing new products and product lines.
Similarly, distributors typically rely on manufacturers to supply the
necessary parts and expertise.
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Spartan Stores, a grocery chain, shut down its VMI effort about 1 year
after its inception. In examining the reasons for the failure of the pro-
gram, some important ingredients for a successful VMI program be-
came clear. One problem was that buyers were not spending any less
time on reorders than they had before because they did not trust the
suppliers enough to stop their careful monitoring of the inventories and
deliveries of the VMI items. Buyers intervened at the slightest hint of
trouble. Further, the suppliers did not do much to allay these fears. The
problems were not with the suppliers’ forecasts; instead, they were due
to the suppliers’ inability to deal with product promotions, which are a
key part of the grocery business. Because suppliers were unable to ac-
count for promotions appropriately, delivery levels often were unac-
ceptably low during these periods of peak demand. In addition, Spartan
executives felt that the inventory levels achieved by the VMI program
were no lower than the levels the company could have achieved with a
well-managed traditional supplier program. It should be noted that
Spartan considered the VMI program successful with some suppliers.
These were the suppliers with better forecasting skills. In addition,
Spartan intends to maintain the continuous replenishment programs, in
which inventory levels automatically trigger fixed delivery quantities
with some of its suppliers.25
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The chairman and CEO of Caterpillar Corporation, Donald Fites,
credits Caterpillar dealers with much of his company’s recent success.

(continued)



This view of distributors is changing, however, as customer ser-
vice needs present new challenges and information technology rises to
meet these challenges. Even a strong and effective distributor network
cannot always meet the needs of customers. A rush order might be 
impossible to meet from inventory, or the customer might require
some specialized technical expertise that the distributor does not have.
In the past these issues were addressed by adding inventory and per-
sonnel, either to each distributor or to the manufacturer. Modern in-
formation technology leads to a third solution, in which distributors
are integrated so that the expertise and inventory located at one dis-
tributor are available to the others.

5.5.1 Types of Distributor Integration

Distributor integration (DI) can be used to address both inventory-
related and service-related issues. In terms of inventory, DI can be
used to create a large pool of inventory across the entire distributor
network, lowering total inventory costs while raising service levels.
Similarly, DI can be used to meet a customer’s specialized technical
service requests by steering these requests to the distributors best
suited to address them.

As we pointed out in earlier chapters, increased inventory tradi-
tionally is used to meet unusual rush orders and to provide spare parts
quickly to facilitate repairs. In more sophisticated companies, risk-
pooling concepts might be used to keep inventory earlier in the sup-
ply chain, where it can be distributed as needed. In a DI arrangement,
each distributor can check the inventories of other distributors to lo-
cate a needed product or part. Dealers are contractually bound to 
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Fites points out that dealers are much closer to customers than to the
corporation and can respond more rapidly to customer needs. They
arrange financing when the product is purchased and carefully monitor,
repair, and service the product. Fites says that “the dealer creates the
image of a company that doesn’t just stand behind its products but with
its products anywhere in the world.” Caterpillar believes that its dealer
network gives the company a tremendous advantage over its competi-
tion, especially the big Japanese construction and mining equipment
manufacturers such as Komatsu and Hitachi.27



exchange the part under certain conditions and for agreed-on remu-
neration. This type of arrangement improves service levels at each of
the distributors and lowers the total system inventory required. Of
course, this type of arrangement is possible only because sophisticated
information systems allow distributors to review each others’ inven-
tory and integrated logistics systems allow parts to be delivered
cheaply and efficiently.
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Machine tool builder Okuma America Corporation has implemented a
DI system. Okuma carries many expensive machine tools and repair
parts, but the high cost of carrying the full line makes it impossible for
Okuma’s 46 distributors in North and South America to do so. Instead,
Okuma requires each of its dealers to carry a minimum number of ma-
chine tools and parts. The company manages the entire system so that
each tool and part is in stock somewhere in the system, either in one of
the company’s two warehouses or at one of the distributors. A system
called Okumalink allows each of the distributors to check the ware-
house inventories and to communicate with other distributors in find-
ing a required part. Once a part is found, the company ensures that it is
delivered quickly to the requesting dealer. There are plans to upgrade
the system so that each distributor has full knowledge of the inventory
held by all distributors. Since the system’s implementation, inventory
costs throughout the system have been reduced, the chance that a dis-
tributor will lose a sale because of inventory shortages has decreased,
and customer satisfaction has increased.28

Similarly, DI can be used to improve each distributor’s perceived
technical ability and ability to respond to unusual customer requests.
In this kind of alliance, different distributors build expertise in differ-
ent areas. A customer’s specific request is routed to the distributor
with the most expertise. For example, Otra, a large Dutch holding
company with about 70 electrical wholesale subsidiaries, has desig-
nated some of them as centers of excellence in particular areas, such as
warehouse layouts or POS materials. The other subsidiaries, as well as
customers, are directed to these centers of excellence to meet particu-
lar requests.28



5.5.2 Issues in DI

There are two major issues involved in implementing a DI alliance.
First, distributors may be skeptical of the rewards of participating in
such a system. There is the chance that they will feel that they are pro-
viding some of their expertise in inventory control to less skilled part-
ners, especially when some of the distributors are larger and have big-
ger inventories than others. In addition, participating distributors will
be forced to rely on other distributors, some of whom they may not
know, to help them provide good customer service.

This new kind of relationship also tends to take certain responsibil-
ities and areas of expertise away from certain distributors and concentrate
them on a few distributors. It is not surprising that distributors might be
nervous about losing these skills and abilities. This explains why estab-
lishing a DI relationship requires a large commitment of resources and ef-
fort on the part of the manufacturing company. Distributors must feel
sure that this is a long-term alliance. Organizers must work hard to build
trust among the participants. Finally, the manufacturer may have to pro-
vide pledges and guarantees to ensure distributor commitment.
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Dunlop-Enerka is a Dutch company that supplies conveyer belts to min-
ing and manufacturing companies worldwide. Traditionally, the com-
pany met maintenance and repair requirements by storing vast quanti-
ties of inventory at distributors throughout Europe. To reduce
inventories, the company installed a computer-based information sys-
tem, Dunlocomm, to monitor inventory at the warehouses of each of its
distributors. When a part is needed, a distributor uses the system to or-
der the part and arrange for its delivery. To ensure distributor participa-
tion, Dunlop-Enerka guaranteed 24-hour delivery of each part to each
distributor—if a part was not in stock, Dunlop-Enerka custom manu-
factured and shipped it within the available time window. This guaran-
tee reassured distributors enough that they committed to the system,
and over time, inventory throughout the system dropped by 20 percent.

5.6 SUMMARY

In this chapter we examined various types of partnerships that can be
used to manage the supply chain more effectively. We started off by



discussing the different paths a firm can take to ensure that particular
supply chain–related issues are addressed, including performing them
internally or outsourcing them completely. Obviously, many different
strategic and tactical issues play a part in the selection of the most ap-
propriate strategy. We discussed a framework that can help in select-
ing the most appropriate way to address a particular logistics issue.

Increasingly, 3PL providers are taking over some of a firm’s lo-
gistics responsibilities. There are both advantages and disadvantages
to outsourcing the logistics function, as well as many important issues
to consider once the decision has been made and a 3PL agreement is
being implemented.

RSPs, in which the supplier manages a portion of the retailer’s
business—typically retail inventories—are also becoming common.
There is a spectrum of possible types of RSP, ranging from agree-
ments that cover only information sharing to agreements in which the
supplier has complete control over the retailer’s inventory policy. We
considered various issues and concerns relating to the implementation
of these types of arrangement.

Finally, we discussed a class of alliances, called DI, in which man-
ufacturers coordinate the efforts of their (potentially competing) dis-
tributors to create risk-pooling opportunities across the various dis-
tributors and to enable different distributors to develop different areas
of expertise.
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C H A P T E R  6

Outsourcing, Procurement, and
Supply Contracts

6.1 INTRODUCTION

In the 1990s, outsourcing was the focus of many industrial manufac-
turers; firms considered outsourcing everything from the procure-
ment function to production and manufacturing. Executives were fo-
cused on stock value, and huge pressure was placed on the
organization to increase profits. Of course, one “easy” way to increase
profit is by reducing costs through outsourcing. Indeed, in the mid-
1990s there was a significant increase in purchasing volume as a per-
centage of the firm’s total sales. More recently, between 1998 and
2000, outsourcing in the electronics industry has increased from 15
percent of all components to 40 percent.1

Consider, for instance, the athletic shoe industry, a fashion in-
dustry with products that require significant investment in technology.
No company in this industry has been as successful as Nike, a com-
pany that outsources almost all its manufacturing activities. Nike, the
largest supplier of athletic shoes in the world, focuses mainly on re-
search and development on the one hand and marketing, sales, and
distribution on the other. Indeed, this strategy allowed Nike to grow
in the 1990s at an annual rate of about 20 percent.2

Cisco’s success story is even more striking. According to Peter
Solvik, CIO of Cisco, “Cisco’s Internet-based business model was 
instrumental in its ability to quadruple in size from 1994 to 1998 

139

Copyright © 2004 by The McGraw-Hill Companies.  Click here for terms of use. 



($1.3 billion to over $8 billion), hire approximately 1000 new employ-
ees per quarter while increasing their productivity, and save $560 mil-
lion annually in business expenses.” Specializing in enterprise network
solutions, Cisco used, according to John Chambers, Cisco CEO, a
“global virtual manufacturing strategy.” As he explained, “First, we
have established manufacturing plants all over the world. We have also
developed close arrangements with major suppliers. So when we work
together with our suppliers, and if we do our job right, the customer
cannot tell the difference between my own plants and my suppliers in
Taiwan and elsewhere.”3 This approach was enabled by Cisco’s single-
enterprise system, which provides the backbone for all activities in the
company and connects not only customers and employees but also
chip manufacturers, component distributors, contract manufacturers,
logistics companies, and systems integrators. These participants can
perform like one company because they all rely on the same Web-
based data sources. All its suppliers see the same demand and do not
rely on their own forecasts based on information flowing from multi-
ple points in the supply chain. Cisco also built a dynamic replenish-
ment system to help reduce supplier inventory. Cisco’s average inven-
tory turns in 1999 were 10 compared with an average of 4 for
competitors. Inventory turns for commodity items are even more im-
pressive; they reach 25 to 35 turns a year.

Apple Computers also outsources most of its manufacturing ac-
tivities; in fact, the company outsources 70 percent of its components.
As Quinn and Hilmer point out, “Apple focused its internal resources
on its own disk operating system and the supporting macro software
to give Apple products their unique look and feel.”2

Unfortunately, the landscape has changed for Nike, Cisco, Ap-
ple, and other companies who rely heavily on outsourcing, particularly
for manufacturing.

• In 2001, Nike reported an unexpected profit shortfall due to
inventory buildup in some products, shortages for others, and
late deliveries.4 The company blamed both the weak U.S.
economy and complications with the implementation of a
supply planning system.

• In 1999, Apple’s ability to satisfy customer demand was
reduced significantly due to shortages in the G4 chip supplied
by Motorola.3
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• In 2000, Cisco was forced to announce a $2.25 billion 
write-down for obsolete inventory. This was the result of a
significant reduction in demand for telecommunication
infrastructure to which Cisco was not able to respond
effectively.

What went wrong? Are these problems merely a reflection of
supply chain strategies that need fine-tuning or do they reflect a need
for more effective information technology? Perhaps these problems
uncover fundamental difficulties with outsourcing. Clearly, Nike, Ap-
ple, and Cisco represent industries with short-life-cycle products,
where technologies change rapidly and uncertainty in customer de-
mand is enormous. Can these characteristics explain the problems that
these companies are facing, or are there more fundamental principles
that need to be considered?

To answer these questions, we first discuss the buy/make deci-
sion process. We will identify the advantages and the risks associated 
with outsourcing and present a framework for optimizing buy/make
decisions.

After presenting this framework, we will discuss the procurement
process, which can be a very expensive process for many buyers. Since
1995, when the first online marketplace was established, the procure-
ment landscape has changed considerably with the introduction of in-
dependent (also referred to as public), private, and consortium-based
e-marketplaces. These developments increase both the opportunities
and challenges faced by many buyers. Specifically, executives are faced
with an important question: Should the firm invest in a costly private
marketplace, use a public marketplace that provides data standards and
spreads cost investment among many buyers, or perhaps use a hybrid
approach in which certain types of goods are purchased in a public
marketplace and others are purchased in a private marketplace? To an-
swer this question, we develop a framework for selecting the correct
procurement strategy. As we shall see, this framework implies that 
the procurement strategy is tightly linked to the firm’s outsourcing
strategy.

Finally, we conclude with a discussion of supply contracts. In
many cases firms use supply contracts to establish the parameters of
their relationships with their suppliers. As we will see, the proper use
of supply contracts can ensure that both supplier and buyer benefit.
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6.2 OUTSOURCING BENEFITS AND RISKS

Throughout the 1990s, strategic outsourcing, i.e., outsourcing the
manufacturing of key components, was used as a tool to rapidly cut
costs. In a recent study, Lakenan, Boyd, and Frey3 reviewed eight ma-
jor contract equipment manufacturers (CEMs)—Solectron, Flextron-
ics, SCI Systems, Jabil Circuit, Celestica, ACT Manufacturing,
Plexus, and Sanmina—that were the main suppliers to companies such
as Dell, Marconi, NEC Computers, Nortel, and Silcon Graphics. The
aggregated revenue for the eight CEMs quadrupled between 1996 and
2000, whereas their capital expenditure grew 11-fold.3

Some of the motivations for outsourcing are2,3

Economies of scale. An important objective in outsourcing is to
reduce manufacturing costs through the aggregation of orders
from many different buyers. Indeed, the aggregation allows
suppliers to take advantage of economies of scale both in
purchasing and in manufacturing.
Risk pooling. Outsourcing allows buyers to transfer demand
uncertainty to the CEM. One advantage that the CEMs have is
that they aggregate demand from many buying companies and
thus reduce uncertainty through the risk-pooling effect. The
CEMs thus can reduce component inventory levels while
maintaining or even increasing service level.
Reduce capital investment. Another important objective in
outsourcing is to transfer not only demand uncertainty to the
CEM but also capital investment. Of course, the CEM can
make this investment because it is implicitly shared between
many of the CEM’s customers.
Focus on core competency. By carefully choosing what to
outsource, the buyer is able to focus on its core strength, i.e.,
the specific talent, skills, and knowledge sets that differentiate
the company from its competitors and give it an advantage in
the eye of the customers. For instance, Nike focuses on
innovation, marketing, distribution, and sales, not on
manufacturing.2

Increased flexibility. Here we refer to three issues: (1) the ability
to better react to changes in customer demand, (2) the ability to
use the supplier’s technical knowledge to accelerate product
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development cycle time, and (3) the ability to gain access to
new technologies and innovation. These are critical issues in
industries where technologies change very frequently, e.g.,
high-tech, or where products have a short life cycle, e.g.,
fashion products.

These benefits come with new and considerable risks. Consider
how IBM benefited and was hurt by outsourcing.
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When IBM decided to enter the personal computer (PC) market, in
late 1981, the company did not have the infrastructure in place to de-
sign and build a PC. Rather than take the time to develop these capa-
bilities, IBM outsourced almost all the major components of the PC.
For example, the microprocessor was designed and built by Intel, and
the operating system was provided by a small company in Seattle called
Microsoft. IBM was able to get this computer to market within 15
months of starting the design by tapping into the expertise and re-
sources of these companies. Furthermore, within 3 years, IBM replaced
Apple as the number-one supplier of PCs, and by 1985, IBM had over
40 percent of market share. However, the downside to IBM’s strategy
soon became clear as competitors such as Compaq were able to enter
the market by using the same suppliers as IBM. Furthermore, when IBM
tried to regain control of the market by introducing its PS/2 line of
computers, featuring a new, proprietary design and an operating system
called OS/2, other companies did not follow IBM’s lead, and the origi-
nal architecture remained dominant in the market. By the end of 1995,
IBM’s market share had fallen to less than 8 percent, behind market
leader Compaq’s 10 percent.5

The IBM personal computer example and the more recent Cisco
example reveal two substantial risks associated with outsourcing.
These include2,3,6

Loss of competitive knowledge. Outsourcing critical components to
suppliers may open up opportunities for competitors (as in the
IBM PC example). Similarly, outsourcing implies that
companies lose their ability to introduce new designs based on
their own agenda rather than the supplier’s agenda.2 Finally,
outsourcing the manufacturing of various components to



different suppliers may prevent the development of new
insights, innovations, and solutions that typically require 
cross-functional teamwork.2

Conflicting objectives. Suppliers and buyers typically have
different and conflicting objectives. For instance, increased
flexibility is a key objective when buyers outsource the
manufacturing of various components. This implies an ability to
better match supply and demand by adjusting production rates
as needed. Unfortunately, this objective is in direct conflict with
the suppliers’ objectives of long-term, firm, and stable
commitment from the buyer. Indeed, this is an important issue
for suppliers because unlike the buyers, their profit margins are
relatively small, and hence they have to focus on cost reduction
rather than flexibility. In good times, when demand is high, this
conflict can be addressed by buyers who are willing to make
long-term commitments to purchase minimum quantities
specified by a contract. However, in a slow economy, when
there is a significant decline in demand, these long-term
commitments entail huge financial risks for the buyers.3

Similarly, product design issues are affected by the
conflicting objectives of suppliers and buyers. Again, buyers,
insisting on flexibility, would like to solve design problems as
fast as possible, whereas suppliers focus on cost reduction that
typically implies slow responsiveness to design changes.

6.3 A FRAMEWORK FOR BUY/MAKE DECISIONS

How can a firm decide on which component to manufacture and which
to outsource? Consultants and supply chain pundits typically suggest
focusing on core competencies, but how can the firm identify what is
in the core, and hence should be made internally, and what is outside
the core, and hence should be purchased from outside suppliers?

Below we introduce a framework developed by Fine and Whit-
ney.6 To introduce the framework, they classify the reasons for out-
sourcing into two major categories:

Dependency on capacity. In this case the firm has the knowledge
and the skills required to produce the component but for
various reasons decides to outsource.
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Dependency on knowledge. In this type of dependency the
company does not have the people, skills, and knowledge
required to produce the component and outsources in order to
have access to these capabilities. Of course, the company has to
have the knowledge and skills to evaluate customer needs and
convert these into key requirements and characteristics that the
component should have.

To illustrate these two concepts, Fine and Whitney consider out-
sourcing decisions at Toyota. As a successful Japanese car manufac-
turer, the company designs and makes about 30 percent of its car com-
ponents. The details are quite revealing:

• Toyota has both the knowledge and the capacity to produce
its engines, and indeed, 100 percent of its engines are
produced internally.

• For transmissions, the company has the knowledge and
indeed designs all the components but depends on its
suppliers’ capacities, since 70 percent of the components are
outsourced.

• Vehicle electronic systems are designed and produced by
Toyota’s suppliers. Thus in this case the firm has a
dependency on both capacity and knowledge.

Fine and Whitney observe that “Toyota seems to vary its out-
sourcing practice depending on the strategic role of the components
and subsystems.” The more strategically important the component is,
the smaller the dependency on knowledge or capacity. This suggests
the need for a better understanding of product architecture when con-
sidering what to outsource.

For this purpose, and following Ulrich7 and Swaminathan,8 we
distinguish between integral and modular products. A modular prod-
uct can be made by combining different components. A PC is an ex-
cellent example of a modular product in which the customers specify
memory and hard-drive sizes, monitor, software, and so forth. Other
examples that are cited frequently include home stereo equipment and
high-end bicycles. The definition of modular products implies that9

• Components are independent of each other.
• Components are interchangeable.
• Standard interfaces are used.
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• A component can be designed or upgraded with little or no
regard to other components.

• Customer preference determines the product configuration.

An integral product, on the other hand, is a product made up
from components whose functionalities are tightly related. Thus

• Integral products are not made from off-the-shelf
components.

• Integral products are designed as a system by taking a 
top-down design approach.

• Integral products are evaluated based on system performance
not component performance.

• Components in integral products perform multiple functions.

Of course, in real life, very few products are either modular or in-
tegral. Indeed, the degree of modularity or integrality may vary, with
PCs being on one end of the spectrum, i.e., highly modular products,
and airplanes being on the other end of the spectrum, i.e., highly in-
tegral products. For instance, a car is a product that includes many
modular components, e.g., the stereo system or other electronic sys-
tems, and many integral components, e.g., the engine.

Table 6-1 presents a simple framework for make/buy decisions
developed in Fine9 and Fine and Whitney.6 This framework considers
both modular and integral products and the firm’s dependence on
knowledge and capacity. For modular products, capturing knowledge
is important, whereas having the production capacity in-house is less
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Table 6-1 A Framework for Make/Buy Decisions

Independent of
Dependent on Knowledge, Independent of

Knowledge and Dependent on Knowledge and
Product Capacity Capacity Capacity

Modular Outsourcing is Outsourcing is Opportunity to reduce
risky an opportunity cost through

outsourcing

Integral Outsourcing is Outsourcing is Keep production
very risky an option internal



critical. For example, for a PC manufacturer, capturing knowledge
may refer to the design of the various components. Thus, if the firm
has the knowledge, outsourcing the manufacturing process provides
an opportunity to reduce cost. On the other hand, if the firm has nei-
ther knowledge nor capacity, outsourcing may be a risky strategy be-
cause the knowledge developed by the supplier may be transferred to
a competitor’s products. For integral products, capturing both knowl-
edge and capacity is important as long as it is possible to have both.
This implies that if the firm has both the knowledge and the capacity,
then in-house production is appropriate. On the other hand, if the
firm does not have both, perhaps it is in the wrong business.

6.4 e-PROCUREMENT

In the middle to late 1990s, business-to-business (B2B) automation
was considered a trend that would have a profound impact on supply
chain performance. Between 1998 and 2000, hundreds of e-markets
were established in dozens of industries, from chemicals and steel to
utilities and human resources. These marketplaces promised, among
other things, increased market reach for both buyers and suppliers, re-
duced procurement costs, and paperless transactions. Indeed, compa-
nies such as Ariba and CommerceOne were founded on the premise
that e-procurement software that automates the requisitioning process
would be able to reduce processing cost per order from as high as $150
to as low as $5.10

To better understand the huge expectations from e-procurement,
as well as the need for a new business model that would allow manu-
facturers and suppliers to improve supply chain performance, consider
the business environment in the mid-1990s. At that time, many man-
ufacturers were desperately looking to outsource their procurement
functions. These companies recognized that the procurement process
is highly complex, requires significant expertise, and is very costly. In-
deed, B2B transactions represent an enormous portion of the econ-
omy [much larger than business-to-consumer (B2C) transactions], and
the B2B marketplace is frequently highly fragmented, with a large
number of suppliers competing in the same marketplace and offering
similar products.

Of course, a fragmented marketplace provides both opportuni-
ties and challenges. Indeed, buyers recognize that by forcing many
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suppliers that offer similar products to compete against each other,
procurement costs can be reduced significantly. Unfortunately, to
achieve these lower costs, buyers need significant expertise in the pro-
curement process, which many of them do not have.

It is this environment that led to the initial offering of indepen-
dent e-marketplaces with either a vertical industry focus or a horizon-
tal business process or functional focus. Companies such as FreeMar-
kets or VerticalNet offered both expertise in the procurement process
and the ability to force competition between a large number of sup-
pliers. In particular, the value proposition offered to buyers by many
of the startup e-markets included

• Serving as an intermediary between buyers and suppliers
• Identifying saving opportunities
• Increasing the number of suppliers involved in the bidding

event
• Identifying, qualifying, and supporting suppliers
• Conducting the auction

Thus between 1996 and 1999 the focus was on reducing pro-
curement cost. Indeed, depending on the industry, e-markets were re-
ported to reduce procurement cost by a few percentage points to as
much as 40 percent and, on average, about 15 percent. Clearly, this
business model is appropriate when buyers are focused on the spot
market and long-term relationships with suppliers are not important.
Indeed, if long-term relationships are important, selecting a supplier
based on an online bidding event may be a risky proposition.

The problem, of course, was that the value proposition for the
suppliers was not as clear. e-Markets allow relatively small suppliers to
expand their market horizon and reach buyers that they could not
have reached otherwise. e-Markets allow suppliers, particularly in
fragmented industries, to access spot markets where buyers are look-
ing not for long-term relationships but rather for a great price at an
acceptable quality. Equally important, these markets allow suppliers to
reduce marketing and sales costs and thus increase their ability to
compete on price. Finally, e-markets allow suppliers to better use their
available capacities and inventories. The natural question to ask is
whether these benefits compensate for a reduction in revenue by on
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average 15 percent and sometimes as high as 40 percent. At the same
time, it is not clear that many suppliers feel comfortable competing on
price alone. Thus suppliers, especially those with brand-name recog-
nition, may resist selling their services through e-markets.

What about the e-markets themselves? How do they generate
revenue? Initially, many of the markets charged a transaction fee paid by
either the buyer, the suppliers, or both. This fee was typically a per-
centage of the price paid by the buyer and varied from 1 to 5 per-
cent.11 However, transaction fees pose serious challenges to the mar-
ket maker because

1. Sellers resist paying a fee to the company whose main
objective is to reduce the purchase price.

2. The revenue model needs to be flexible enough so that
transaction fees are charged to the party that is more
motivated to secure the engagement. For instance, if
demand is much larger than supply, buyers are more
motivated than sellers, and hence the transaction fee should
be paid by the buyers.

3. Buyers also resist paying a fee in addition to the purchase
price.

Finally, low barriers to entry created a fragmented industry
flooded with participants. For instance, just in the chemical industry
there were about 30 e-markets, including CheMatch, e-Chemicals,
ChemB2B.com, ChemCross, OneChem, ChemicalDesk, Chem-
Round, and Chemdex.12 Low margins and inability to build scale re-
sulted in a major shakeup in this industry.

These challenges have motivated a continuous evolution of the
e-markets’ business model. To start, many exchanges have changed the
way they charge their clients. Indeed, two other types of charge mech-
anisms have been used by some e-markets. These include a licensing fee
and a subscription fee. In the former case, the market maker licenses its
software so that the company can automate access to the marketplace.
In the latter case, the marketplace charges a membership fee that de-
pends on the size of the company, the number of employees who use
the system, and the number of purchase orders.11

At the same time, many e-markets have completely modified
their value proposition. Initially, the focus of the value proposition was
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on market reach for buyers and sellers, as well as lower purchase cost.
The landscape has changed completely in the last few years with the
introduction of four types of markets:

Value-added independent (public) e-markets. Independent 
e-markets have expanded their value proposition by offering
additional services such as inventory management, supply chain
planning, and financial services.13 For instance, Instill.com
focuses on the food service industry and provides an
infrastructure that links together operators, i.e., restaurants,
distributors, and manufacturers. This e-marketplace provides
value to its customers by offering not only procurement services
but also forecasting, collaboration, and replenishment tools.
Private e-markets. Private e-markets have been established by
Dell Computers, Sun Microsystems, Wal-Mart, and IBM,
among others. These companies are not using the e-market to
force suppliers to compete on price. Rather, they see the 
e-market as a way to improve supply chain collaboration by
providing demand information and production data to their
suppliers. Other companies use their private e-market to
consolidate their purchasing power across the entire
corporation. For instance, the Subway restaurant franchise with
16,000 members in over 70 countries has a private e-market
that allows the different restaurants to purchase from over 100
suppliers.
Consortia-based e-markets. These e-markets are very similar to
public e-markets except that they are established by a 
number of companies within the same industry. Examples
include Covisint in the automotive industry, Exostar in the
aerospace industry, Trade-Ranger in the oil industry, and
Converge and E2Open in the electronics industry. The
objective of these consortia-based e-markets is not only to
aggregate activities and use the buying power of consortia
members but, more important, to provide suppliers with a
standard system that supports all the consortia’s buyers and
hence allows suppliers to reduce cost and become more
efficient.
Content-based e-markets. These include two types of markets.
The first focuses on maintenance, repair, and operations
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(MRO) goods, whereas the second focuses on industry-specific
products. As its name suggests, the focus of the e-marketplace is
on content, which is achieved by integrating catalogs from
many industrial suppliers. To achieve scale and increase
efficiencies, content-based e-markets unify suppliers’ catalogs
and provide effective tools for searching and comparing
suppliers’ products. For example, Aspect Development offers
electronics parts catalogs that integrate with computer-aided
design (CAD) systems.

To emphasize the difference between private and consortia-based
e-markets, consider the automotive industry.
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Covisint was established in early 2000 by Detroit’s big-three automak-
ers. In April 2000, Renault and Nissan joined the marketplace. More
recently, Mitsubishi and Peugeot have signed on. Interestingly, not all
automakers have joined. For example, focusing on its own suppliers and
processes, Volkswagen established its own private e-market, VWgroup-
supply.com. Volkswagen’s e-market provides not only similar capabili-
ties to that of Covisint but also provides suppliers with real-time infor-
mation on production plans so that suppliers can better use their
production capacities and other resources. In both cases the e-market-
places do not focus on reducing purchase costs but rather on improv-
ing supply chain processes and thus supply chain efficiencies. For in-
stance, both are integrating design activities within the marketplace so
that if an automaker’s engineer changes the design of a component, the
relevant suppliers are involved in the process and can respond quickly
to the design change, cutting cycle time and effectively reducing cost.
Of course, one important challenge faced by Covisint is whether com-
peting automakers will be willing to risk their most sensitive procure-
ment standards and processes by using the consortium.14

These issues are not unique to the automotive industry, as is il-
lustrated by the following example from the electronics industry.

E X A M P L E  6-3

Celestica and Solectron are competitors with similar products and cus-
tomers but different procurement strategies. In 1999, Celestica estab-

(continued)



Table 6-2 compares public/consortia and private e-marketplace;
see [16] for a similar comparison.

Finally, it is appropriate to point out that the boundaries between
the different types of e-markets are blurred. Indeed, many consortium-
based e-markets provide content-based services. For instance, the 
Covisint custom catalog provides detailed MRO information to 
buyers. In addition, Covisint recognizes the potential of the exchange
in improving communication between trading partners and hence
provides collaborative tools used by buyers and suppliers in a secure
environment. Thus this consortium-based marketplace provides ser-
vices similar to those provided by private exchanges.

6.5 A FRAMEWORK FOR e-PROCUREMENT

The changes in the B2B marketplace described in the preceding sec-
tion provide both opportunities and challenges. e-Markets allow buy-
ers to increase market reach, better collaborate with suppliers, and re-
move inefficiencies from their supply chains. However, with the
introduction of different types of e-marketplaces, it is unclear whether
the firm should build a private marketplace, use independent markets,
or perhaps participate in a consortium-based market. Below we pro-
vide a framework that allows executives and managers to better match
procurement strategies with products. For this purpose, we distin-
guish between the different types of goods purchased by the firm:17

Strategic components. These are components that are part of the
finished goods and are not only industry-specific but also
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lished a private e-marketplace for its 10,000 suppliers. The company
uses its private marketplace to provide its suppliers with production
data. Demand forecast data received by Celestica from its customers are
transferred to its suppliers through the private portal so that suppliers
can coordinate the back end of Celestica’s supply chain, i.e., the suppli-
ers’ production activities, with the front end of Celestica’s supply chain,
i.e., its customer demand forecast. Unlike Celestica, Solectron is using
a public e-marketplace. According to Bud Mathaisel, CIO of Solectron,
it could cost more than $80 million to build and support an integrated
private marketplace for its 8000 suppliers. By focusing on a public mar-
ketplace, Solectron can take advantage of standard data and standard
business processes provided by the exchange and thus reduce cost.15



company-specific. These are typically integral products, such as
a PC motherboard and chassis, that are specific for every
computer.
Commodity products. These are products that can be purchased
from a variety of vendors and whose price is determined by
market forces. These are typically the modular components that
go directly into the finished product, such as the memory unit
in a PC. Also inclued here are commodities that do not go
directly into the finished product, i.e., electricity.
Indirect materials. Indirect materials are often referred to as
maintenance, repair, and operations (MRO) and include
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Table 6-2 Private and Public Marketplaces

Private Marketplace Public/Consortium Marketplace

Owner A single buyer Independent owner or a group
of companies from the same
industry

Objectives 1. Share proprietary data 1. Buying and selling 
including product design, 1. commodities by focusing on
demand forecast, and 1. price
production plans 2. Finding new suppliers

2. Allow for logistics and 3. Buying and selling excess
2. supply chain collaboration 3. inventory and capacity

Participants Select group of suppliers Open market

Buyer cost Building and maintaining the 1. Subscription fee
site 2. Licensing fee

3. Transaction fee

Supplier cost No fee 1. Transaction fee
2. Subscription fee

Main 1. Initial investment 1. Recent collapse of many
problems 1. marketplaces

2. Data normalization and 2. Objections by preferred
2. uploading 2. suppliers because of price

2. focus
3. Sharing of proprietary
3. information
4. Data normalization and
4. uploading



components that are not part of the finished product or the
manufacturing process but are essential for the business.
Examples include lighting, janitorial supplies, office supplies,
fasteners, and generators.

The appropriate procurement strategy clearly depends on the
type of product the firm is purchasing as well as the level of risk the firm
is willing to take. This risk is associated with18

• Uncertain demand, implying inventory risk
• Volatile market price, implying price risk
• Component availability, implying a shortage risk with an

impact on the firm’s ability to satisfy customer demand

To illustrate the various types of risks, consider the purchase of
commodity products, i.e., components that go directly into the fin-
ished good. By their nature, these can be purchased either in the open
market through online auctions or through the use of long-term con-
tracts. Long-term contracts guarantee a certain level of supply but
may be risky for the buyer if realized demand is either lower or higher
than the demand forecast. In the former case, the buyer faces huge in-
ventory holding costs; in the latter case, the buyer faces either short-
age risk or price risk. This price risk is associated with the need to pur-
chase additional components in the open market at a time of shortage,
which typically implies higher prices. It is also completely possible
that components are not available in the open market, thus the short-
age risk.

Consider the following framework:

Indirect material. The risk associated with indirect material is
typically low, and hence the focus is on using content-based hubs.
Specifically, here the firm should use MRO hubs that specialize
in unifying catalogs from many suppliers.
Strategic components. These are high-risk components that can
be purchased from a small number of suppliers. Thus our
analysis suggests that a private or consortium-based 
e-marketplace is appropriate. In this case the focus of the
organization is on a marketplace that allows for better
collaboration with the suppliers. That is, the focus is on using the
marketplace to provide suppliers with real-time demand
information as well as the buyer’s production plans so that
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suppliers can better use their capacities and resources. Of
course, the decision whether to establish a private marketplace
or to use a consortium-based e-market depends on
• Transaction volume
• Number of suppliers
• Cost to build and maintain a private site
• The importance of protecting proprietry business practices
• Technology and product life cycles
The last item needs some explanation: Clearly, the shorter the
technology and product life cycles, the closer is the required
collaboration with key suppliers. With current exchange
technology, a private exchange, controlled by the buyer, better
facilitates this type of relationship, which allows buyers and
suppliers to cut design cost and development cycle time using
the features of this private exchange.
Commodity products. This is the most challenging product
category because, on the one hand, many of these products go
directly into finished goods, so the risk is quite high, whereas
on the other hand, the firm has a variety of potential options to
choose from. These include selecting from many potential
suppliers offering long-term, sometimes flexible contracts
and/or using the spot market for short-term purchasing. The
high risk and the available options suggest that in this case the
focus should be on both price and risk management. This is
achieved by using a portfolio approach focused on the appropriate
tradeoffs between risk and cost.18,19 To implement a portfolio
approach, the firm should use a combination of
1. Long-term contracts where the buyer and supplier commit

to a certain volume, and the supplier guarantees a level of
supply for a committed price; we refer to the committed
level of supply as the base commitment level.

2. Flexible, or option, contracts, in which the buyer prepays a
relatively small fraction of the product price up front, in
return for a commitment from the supplier to satisfy
demand up to a certain level. We refer to this level as the
option level. If the buyer does not exercise the option, the
initial payment is lost. The buyer can purchase any amount
up to the option level by paying an additional price (agreed
to at the time the contract is signed) for each unit purchased.
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Of course, the total price (prepayment plus the exercise
price) paid by the buyer for each purchased unit is higher
than the unit price in a long-term contract.

3. Spot purchasing, in which buyers look for additional supply
in the open market. In this case the firm should use an
independent e-marketplace to select a supplier. The focus at
this stage is on using the marketplace to find new suppliers
and on forcing competition between suppliers to reduce
product price.

How does this portfolio approach address risk? If demand is much
higher than anticipated and the base commitment level plus the option
level do not provide enough protection, the firm must use 
the spot market for additional supply. Unfortunately, this is typically
the worst time to buy in the spot market because prices are high due to
shortages. Thus the buyer can select a tradeoff level between price risk,
shortage risk, and inventory risk by carefully selecting the level of long-
term commitment and the option level. For instance, for the same op-
tion level, the higher the initial contract commitment, the smaller is the
price risk but the higher is the inventory risk taken by the buyer. On
the other hand, the smaller the level of the base commitment, the
higher are the price and shortage risks due to the likelihood of using
the spot market. Similarly, for the same level of base commitment, the
higher the option level, the higher is the risk assumed by the supplier
because the buyer may exercise only a small fraction of the option level.
These tradeoffs are summarized in Table 6-3, where in parentheses we
identify the party that takes on most of the risk.
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Table 6-3 Risk Tradeoff in Portfolio Contracts

High Inventory risk N/A*

Option level
(supplier)

Low Price and shortage Inventory risk
risks (buyer) (buyer)

Low High

Base commitment level

*For a given situation, either the option level or the base commitment level may be high, but
not both.



6.6 SUPPLY CONTRACTS

The preceding discussion of procurement strategies emphasized the
need, in many cases, to develop relationships with suppliers. These re-
lationships can take many forms, both formal and informal, but often,
to ensure adequate supplies and timely deliveries, buyers and suppliers
agree on supply contracts. These contracts address issues that arise be-
tween a buyer and a supplier, whether the buyer is a manufacturer pur-
chasing raw materials from a supplier or a retailer purchasing manu-
factured goods from a manufacturer. In a supply contract, the buyer
and supplier may agree on

• Pricing and volume discounts
• Minimum and maximum purchase quantities
• Delivery lead times
• Product or material quality
• Product return policies

In most cases, each party, i.e., the buyer or the supplier, makes
decisions with very little regard to the impact of its decisions on the
other party or on supply chain performance. For instance, distributors
focus on their own costs and risks and will try to reduce those as much
as possible. For these reasons, distributors order small quantities and
concentrate on selling what they have in their distribution centers
(DCs), rather than on what the manufacturer offers.

Interestingly, in the last few years many academic researchers and
industry practitioners have recognized that supply contracts are a
powerful method that can be used for far more than to ensure ade-
quate supply of and demand for goods. Indeed, recently, new contracts
have been designed and used to enable supply chain parties not only
to ensure adequate supply and demand for goods, but also to improve
supply chain performance. This is achieved by a variety of contracts
that allow risk sharing between suppliers and distributors and hence
increases profit for both.

To illustrate the importance and impact of different types of sup-
ply contracts on supply chain performance, consider a typical two-
stage supply chain consisting of a retailer and a supplier. The sequence
of events in such a supply chain is as follows. The retailer starts by
generating a forecast, determines how many units to order from the
supplier, and places an order to the manufacturer so as to optimize its
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own profit; the manufacturer reacts to the order placed by the retailer.
Recall that this process is referred to as a sequential supply chain opti-
mization because decisions are made sequentially. Thus in a sequential
supply chain each party determines its own course of action indepen-
dent of the impact of its decisions on other parties. As we observed in
Chapter 1, this cannot be an effective strategy for supply chain partners.

It is natural to look for mechanisms that enable supply chain en-
tities to move beyond this sequential process and toward global opti-
mization. More specifically, are there mechanisms that the supply
chain parties can use to improve each participant’s profits? To answer
this question, observe that in typical sequential supply chains such as
the one described previously, the retailer assumes all the risk of having
more inventory than sales, whereas the manufacturer takes no risk. In-
deed, since the manufacturer takes no risk, the manufacturer would
like the retailer to order as much as possible, whereas the retailer lim-
its its order quantity because of the financial risk. Of course, since the re-
tailer limits its order quantity, there is a significant increase in the likelihood
of stockouts. If the manufacturer is willing and able to share some of the
risk with the retailer, it may be profitable for the retailer to order more
items, thereby reducing the likelihood of stocking out and increasing
profit for both the manufacturer and the retailer.

It turns out that a number of supply contracts enable this risk
sharing and therefore increase profits for both supply chain entities.

Buy-back contracts. In a buy-back contract, the seller agrees to buy
back unsold goods from the buyer for some agreed-on price.
Clearly, this gives the retailer incentive to order more units, since
the risk associated with unsold units is decreased. On the other
hand, the supplier’s risk clearly increases. Thus the contract is
designed such that the increase in order quantity placed by the
retailer, and hence the decrease in the likelihood of out of stock,
more than compensates the manufacturer for the increase in risk.
Revenue-sharing contracts. Observe that in the sequential supply
chain one important reason for the retailer to order a limited
number of units is the high wholesale price. If somehow the
retailer can convince the manufacturer to reduce the wholesale
price, then clearly the retailer will have an incentive to order
more units. Of course, a reduction in wholesale price will
decrease the manufacturer’s profit if it is unable to sell more
units. This is addressed by revenue-sharing contracts. In a
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revenue-sharing contract, the buyer shares some of its revenue
with the seller in return for a discount on the wholesale price.
That is, in this contract the retailer transfers a portion of the
revenue from each unit sold to the end customer.
Quantity-flexibility contracts. Quantity-flexibility contracts are
contracts in which the supplier provides full refund for returned
(unsold) items as long as the number of returns is no larger
than a certain quantity. Thus this contract gives a full refund
for a portion of the returned items, whereas a buy-back
contract provides partial refund for all returned items.20

Sales rebate contracts. Sales rebate contracts provide a direct
incentive to the retailer to increase sales by means of a rebate
paid by the supplier for any item sold above a certain quantity.
Global optimization. The various contracts just described raise an
important question: What is the most profit both the supplier
and the buyer can hope to achieve? To answer this question, we
take a completely different approach. What if an unbiased
decision maker is allowed to identify the best strategy for the
entire supply chain? This unbiased decision maker would
consider the two supply chain partners, the manufacturer and
the retailer, as two members of the same organization. That is,
the transfer of money between the parties is ignored, and the
unbiased decision maker will maximize supply chain profit.

Of course, this kind of unbiased decision maker does not usually
exist. However, effective supply contracts provide incentives for sup-
ply chain partners to replace traditional strategies, in which each part-
ner optimizes its own profit, with global optimization, where supply
chain profit is maximized. The difficulty with global optimization is
that it requires the firm to surrender decision-making power to an un-
biased decision maker.

This is precisely why supply contracts are so important. They help
firms achieve global optimization, without the need for an unbiased decision
maker, by allowing buyers and suppliers to share the risk and the potential
benefit. Indeed, it can be shown that carefully designed supply contracts
achieve the exact same profit as global optimization.

In addition, from an implementation point of view, the main
drawback of global optimization is that it does not provide a mecha-
nism to allocate supply chain profit between the partners. It only pro-
vides information on the best, or optimal, set of actions that need to
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be taken by the supply chain to improve profit. Supply contracts allo-
cate this profit among supply chain members.

More important, effective supply contracts allocate profit to each
partner in a way that no partner can improve its profit by deciding to
deviate from the optimal set of decisions. That is, there is no incentive
for either the buyer or the seller to deviate from the set of actions that
will achieve the global optimal solution.

The following example illustrates the impact of supply contracts
in practice.
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Until 1998, video rental stores used to purchase copies of newly re-
leased movies from the movie studios for about $65 and rent them to
customers for $3. Because of the high purchase price, rental stores did
not buy enough copies to cover peak demand, which typically occurs
during the first 10 weeks after a movie is released on video. The result
was low customer service level; in a 1998 survey, about 20 percent of
customers could not get their first choice of movie. Then, in 1998,
Blockbuster Video entered into a revenue-sharing contract with the
movie studios in which the wholesale price was reduced from $65 to $8
per copy, and in return, the studios were paid about 30 to 45 percent of
the rental price of every rental. This revenue-sharing contract had a
huge impact on Blockbuster revenue and market share. Today, revenue
sharing is used by most large video rental stores.21

Thus, if these types of supply contracts are so effective, why do
we not see more and more companies applying them in practice? The
answer, of course, has to do with the various implementation draw-
backs and challenges. For example, buy-back contracts

• Require the supplier to have an effective reverse logistics system
that may increase the supplier logistics cost.

• Provide retailers with an incentive to push competing products
from suppliers with whom the buyer does not have a buy-back
contract. Indeed, a buy-back contract implies that the marginal
loss encountered by the buyer from not selling a unit under
the buy-back contract is smaller than that under no contract;
thus the retailer has an incentive to push competing products
that have no buy-back agreement.



Revenue-sharing contracts have a different set of drawbacks.
These include

• The cost of administrating the program. This cost is associated
with the ability of the supplier to monitor the retailer’s
revenue.

• The retailers have an incentive to push competing products with
higher profit margins. That is, revenue-sharing contracts
typically reduce the retailer profit margin (since some of the
revenue is transferred to the supplier). Thus the retailer has
an incentive to focus on selling other products, in particular
similar products from competing suppliers with whom the
retailer has no revenue-sharing agreement.

Thus, both revenue-sharing and buy-back contracts have a seri-
ous drawback that make them inappropriate when distributors (or re-
tailers) have an ability to divert demand in the direction of certain
products. In this case, a more appropriate strategy is the so-called sales
rebate contract in which the manufacturer provides a direct incentive
to the distributor to increase sales by applying a rebate paid by the
manufacturer for items sold above a certain quantity.

6.7 SUMMARY

In this chapter we examined outsourcing and procurement strategies.
Outsourcing has both benefits and risks, and we considered a frame-
work for making buy/make decisions. These decisions should depend
on whether a particular component is modular or integral and whether
or not a firm has the expertise and capacity to manufacture a particu-
lar component or product.

We also considered the growth of e-markets and their impact on
business strategies. A number of e-markets have appeared, and each of
these types addresses a different business need. Depending on the type
of component being procured, a different type of e-market is appro-
priate. For commodity products, a portfolio of procurement strategies
may be most appropriate.

Finally, we saw that well-designed supply contracts enable inde-
pendent firms in a supply chain to make purchasing and inventory de-
cisions in a globally optimal way.
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C H A P T E R  7

Product Design and Supply 
Chain Management

7.1 INTRODUCTION

For many years manufacturing engineering was the last stop in the
product engineering process. The researchers and design engineers
worked on developing a product that worked and perhaps one that used
materials as inexpensively as possible. Then manufacturing engineers
were charged with determining how to make this design efficiently. In
the 1980s this paradigm began to change. Management began to real-
ize that product and process design were key product cost drivers and
that taking the manufacturing process into account early in the design
process was the only way to make the manufacturing process efficient.
Thus the concept of design for manufacturing (DFM) was born.

Recently, a similar transformation has begun in the area of supply
chain management. We have discussed appropriate strategies for supply
chain design and operation, assuming that product design decisions were al-
ready made by the time the supply chain is designed. Designing the sup-
ply chain, we have assumed, involves determining the best way to sup-
ply existing products using existing manufacturing processes. In the last
few years, however, managers have started to realize that by taking sup-
ply chain concerns into account in the product and process design phase,
it becomes possible to operate a much more efficient supply chain. Ob-
viously, this is analogous to the DFM practice of taking manufacturing
into account during the product design phase. In the following sections

163

Copyright © 2004 by The McGraw-Hill Companies.  Click here for terms of use. 



we discuss various approaches that leverage product design in order to
manage the supply chain more effectively.

In the next section we discuss a series of concepts introduced by
Professor Hau Lee1 and known collectively as design for logistics (DFL).
These concepts suggest product and process design approaches that
help to control logistics costs and increase customer service levels.

Following that, we discuss the advantages of including suppliers
in the product design process. This discussion is based on an extensive
report issued by the Global Procurement and Supply Chain Bench-
marking Initiative at Michigan State University, which is titled Execu-
tive Summary: Supplier Integration into New Product Development: A
Strategy for Competitive Advantage.

Finally, we discuss the concept of mass customization, developed
by Joseph Pine II with several coauthors. In particular, we focus on the
ways in which advanced logistics and supply chain practices help to en-
able this exciting new business model.

7.2 DESIGN FOR LOGISTICS

7.2.1 Overview

Transportation and inventory costs, as we have seen, are often critical
supply chain cost drivers, particularly when inventory levels must be
kept fairly high to ensure high service levels. These are exactly the is-
sues that DFL addresses, using the following three key components:1

• Economic packaging and transportation
• Concurrent and parallel processing
• Standardization

Each of these components addresses the issue of inventory or
transportation costs and service levels in complementary ways. They
are discussed in detail in the following subsections.

7.2.2 Economic Packaging and Transportation

Of the various DFL concepts, perhaps the most obvious involves de-
signing products so that they can be packed and stored efficiently.
Products that can be packed more compactly are cheaper to transport,
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particularly if delivery trucks “cube out” before they “weigh out.” In
other words, if the space taken up by a product and not its weight con-
strain how much can fit in a delivery vehicle, products that can be
stored more compactly can be transported less expensively.
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Swedish furniture retailer Ikea, with $9.6 billion in sales, is the world’s
largest furniture retailer. Started in Sweden by Ingvar Kamprad, Ikea
currently has 143 stores in 35 countries.2 It has grown so dramatically
by “reinventing the furniture business.”3 Traditionally, furniture sales
were split between department stores and small, locally owned shops.
Typically, customers would place an order, and delivery could take place
up to 2 months after the order was placed. Ikea changed this formula by
displaying all its 10,000 products in large warehouse-like spaces in out-
of-town stores and keeping all of these items in the warehouse. This
was accomplished by designing products so that they can be packed
compactly and efficiently in kits, which customers take from the stores
and assemble at home. These kits are easy and cheap to transport, so
products can be manufactured efficiently in a small number of factories
and then shipped relatively cheaply to stores all over the world. Since
Ikea has so many stores, each of which is very large, the company is able
to take advantage of vast economies of scale. This has enabled the firm
to sell good-quality furniture at prices lower than that of its competi-
tors.3 Ikea continues to work toward improved design and packaging to
continue its dramatic growth—“recently the company figured out how
to shave one-third off the width of bookcase packing boxes by making
the back panels a separate assembly piece.”4

There are other reasons to design products to pack compactly. For
example, many major retailers favor products that take up less storage
space and stack easily. Efficient storage reduces certain components of
inventory cost because handling costs typically decrease, space per
product (and thus rent per product) decreases, and revenue per square
foot can increase. For example, many of the large plastic items avail-
able in discount stores, such as garbage pails, are designed to stack so
that they take up less shelf (or floor) space in the store. Thus, while it
might not be enough to design packaging efficiently after the product
design is completed, it may be valuable to redesign the product itself
in order to take these issues into account.



Similarly, it is often possible to ship goods in bulk and only com-
plete final packaging at the warehouse or even at the retailer. This may
save on transportation costs because bulk goods tend to be shipped
more efficiently.
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Recently Rubbermaid won several design awards from BusinessWeek
magazine. When describing why the Clear Classics food storage con-
tainers won an award, the writers mention that “Wal-Mart loves prod-
ucts designed to fit 14 by 14-inch shelves,” which is one of the reasons
these products were so successful. In addition, when describing the chil-
dren’s Icy Rider sled designed by Rubbermaid (which also won the
award), the writers state, “Of course, not all products sold in Wal-Mart
can fit into 14-by-14 shelving. But if designers create them to stack and
save space, they have a shot of selling toWal-Mart. . . . After researching
Wal-Mart’s needs, Rubbermaid made the Icy Rider thin and stackable.”5

E X A M P L E  7-3

The Hawaiian sugar industry switched over to bulk transportation after
World War II, when costs began to increase. They estimate that the cost
of transporting a bulk ton of sugar is about $0.77 today, whereas the cost
of transporting the same quantity of sugar in bags would be about
$20.00.6

In some cases, final packaging can even be delayed until the
goods are actually sold. For example, many grocery stores now sell
flour, cereal, and many other goods in bulk, allowing consumers to
package as much as they want.

Recall that cross-docking (discussed in Chap. 3) involves moving
goods from one truck (e.g., from the supplier) to another set of trucks
(e.g., perhaps going to individual retail stores). In some cases boxes or
pallets are taken off an incoming truck and moved directly to an out-
going one. However, it is often necessary to repackage some of the
products. In many cases bulk pallets of single items come in from sup-
pliers, but mixed pallets with many different items have to go out to
individual retailers. In this case goods must be repacked at the cross-
dock point, so more identification or labeling also might be needed if
packages are broken up.7 In general, packaging and products that are



designed to facilitate this type of cross-docking operation by making
repacking easier clearly will help to lower logistics costs.

7.2.3 Concurrent and Parallel Processing

In the preceding subsection we focused on simple ways that redesign
of the product and packaging could help to control logistics costs. In
this subsection we will focus on modifying the manufacturing process—
which also may require modification of the product design.

We have seen that many difficulties in operating supply chains
are due to long manufacturing lead times. Most manufacturing
processes consist of manufacturing steps performed in sequence. The
requirements of short startup times and ever-shorter product life cy-
cles often dictate that certain manufacturing steps be performed in dif-
ferent locations to take advantage of existing equipment or expertise.
Concurrent and parallel processing involves modifying the manufacturing
process so that steps that were previously performed in a sequence can
be completed at the same time. This obviously helps to reduce manu-
facturing lead time, lower inventory costs through improved forecast-
ing, and reduce safety stock requirements, among other benefits.

A key to keeping the manufacturing process parallel is the con-
cept of decoupling. If many of the components of the product can be
decoupled, or physically separated, during manufacturing, it is possible
that these components can be manufactured in parallel. If manufac-
turing each of the individual components takes the same amount of
time in the newly decoupled design, but the manufacturing steps are
performed in parallel, lead time will decrease. Even if some of these
modular components take slightly more time to manufacture, the
overall lead time still may decrease because various components are
being manufactured in parallel. An added advantage of this manufac-
turing strategy of decoupling is that it may be possible to design dif-
ferent inventory strategies for the various decoupled components. If
the supply of raw materials or manufacturing yield is uncertain for a
particular component, a higher inventory level can be held of that sin-
gle component rather than for the entire end product.
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E X A M P L E  7-4

A European manufacturer produces network printers for the European
market in alliance with a manufacturer in the Far East. The main
printer PC board is designed and assembled in Europe. It is then

(continued)



7.2.4 Standardization

As we discussed earlier, it is possible in some cases to shorten lead
times (e.g., by taking advantage of parallel processing) in order to 
reduce inventory levels and increase forecast accuracy. Sometimes,
however, it is impossible to reduce the lead time beyond a certain
point. In these cases it may be possible to achieve the same objectives
by taking advantage of standardization.

Recall the third principle of forecasting described in Chap-
ter 2: Aggregate demand information is always more accurate than 
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shipped to Asia, where it is integrated with the main printer housing in
a process that involves building the printer, including the motor, print
head, housing, and so forth, around the board. The finished product is
then shipped to Europe. The manufacturer is concerned with the long
production and transportation lead times, which make it essential to
maintain a large safety stock in Europe. However, much of the long
manufacturing lead time is due to the sequential manufacturing
process. Redesigning the printer manufacturing process and product so
that the board can be integrated with the rest of the printer at the end
of the manufacturing process will decrease lead times by allowing par-
allel manufacturing in Europe and the Far East. In addition, moving fi-
nal assembly to Europe can serve to further increase responsiveness and
decrease lead times. The two manufacturing processes are diagrammed
in Figure 7-1.1

Board Printer

Printer

Board

Housing

Europe

Europe

Asia

Asia

Serial processing

Parallel processing

Customers (Europe)

Customers (Europe)

Figure 7-1 Concurrent processing.



disaggregate data. Thus we can better forecast demand for a continent
than for a country or for a product family (e.g., ski jackets) than for a
specific product (or style). Unfortunately, in a traditional manufactur-
ing environment, aggregate forecasts are not of much use—the manu-
facturing manager has to know exactly what needs to be made before
starting the process. However, by effectively using standardization, it
may be possible to make effective use of the information in aggregate
forecasts. Specifically, approaches based on product and process com-
monality make it possible to delay decisions about which specific prod-
uct will be manufactured until after some of the manufacturing or pur-
chasing decisions have been made. Thus these decisions can be made
on an aggregate level using the more accurate aggregate forecasts.

Professor Jayashankar Swaminathan has developed a wide-rang-
ing framework for effective implementation of standardization
through the use of the correct operational strategy.8 Swaminathan
suggests that product modularity and process modularity are the key
drivers that enable a standardization strategy that lowers inventory
costs and increases forecast accuracy.

Following Swaminathan, we define the following concepts:

A modular product is a product assembled from a variety of
modules such that for each module there are a number of
options. The classic example of a modular product is the
personal computer (PC), which can be customized by
combining different video cards, hard drives, memory chips,
and so forth. Recall that this concept of modularity is also
important for the implementation of concurrent and parallel
processing, which was described in the preceding subsection.
A modular process is a manufacturing process consisting of discrete
operations so that inventory can be stored in partially
manufactured form between operations. Products are
differentiated by completing a different subset of operations
during the manufacturing process. Observe that modular products
are not necessarily made of modular processes because it may not
be possible to store intermediate, or semifinished, inventories.

Swaminathan identifies four different approaches to standardiza-
tion:

• Part standardization
• Process standardization
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• Product standardization
• Procurement standardization

In part standardization, common parts are used across many
products. Common parts reduce required part inventories due to risk
pooling and reduce part costs due to economies of scale. Of course, ex-
cessive part commonality can reduce product differentiation so that
less expensive customization options might cannibalize sales of more
expensive parts. Sometimes it is necessary to redesign product lines or
families to achieve commonality.

Process standardization involves standardizing as much of the
process as possible for different products and then customizing the
products as late as possible. In this case products and manufacturing
processes are designed so that decisions about which specific product
is manufactured—differentiation—can be delayed until after manufac-
turing is under way. The manufacturing process starts by making a
generic or family product that is later differentiated into a specific end
product. For this reason, this approach is also known as postponement
or delayed product differentiation.1 By delaying differentiation, produc-
tion starts can be based on aggregate forecasts. Thus design for de-
layed product differentiation can be used effectively to address the un-
certainty in final demand even if forecasts cannot be improved.

It is usually necessary to redesign products specifically for de-
layed differentiation. For example, it may be necessary to resequence
the manufacturing process to take advantage of process standardiza-
tion. Resequencing refers to modifying the order of product manufac-
turing steps so that those operations which result in the differentiation
of specific items or products are postponed as much as possible. One
famous and dramatic example of a firm using resequencing to improve
its supply chain operation is Benetton Corporation.
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Benetton is a major supplier of knitwear, at one point (in 1982) the
largest consumer of wool in the world, supplying hundreds of shops.
The nature of the fashion industry is that consumer preferences change
rapidly. However, because of the long manufacturing lead time, store
owners frequently had to place orders for wool sweaters up to 7 months
in advance before the sweaters would appear in their stores. The wool



A U.S. disk drive manufacturer provides another notable exam-
ple. Notice in this example that although lower levels of inventory
need to be held to achieve specific service levels, the per-unit inven-
tory cost tends to be more expensive.
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sweater manufacturing process typically consists of acquiring yarn, dye-
ing it, finishing it, manufacturing the garment parts, and then joining
those parts into a completed sweater. Unfortunately, this left little flex-
ibility to respond to the changing tastes of consumers. 

To address this issue, Benetton revised the manufacturing process,
postponing the dyeing of the garments until after the sweater was com-
pletely assembled. Thus color choices could be delayed until after more
forecasting and sales information were received. Hence, because of the
postponement of the dyeing process, yarn purchasing and manufactur-
ing plans could be based on aggregate forecasts for product families
rather than on forecasts for specific sweater/color combinations. This
revised process made sweater manufacturing about 10 percent more ex-
pensive and required the purchasing of new equipment and the retrain-
ing of employees. However, Benetton was more than adequately com-
pensated by improved forecasts, lower surplus inventories, and in many
cases higher sales.8

E X A M P L E  7-6

A major U.S. manufacturer of mass storage devices makes different
unique hard-drive products for each of a variety of customers. Orders
are placed to be delivered by a certain time, and since lead times are
very long, the manufacturer has to keep a variety of products in process
in order to meet promised delivery dates. Since variability of demand is
high and each product is unique, the manufacturer has to maintain high
levels of in-process inventory to meet demand reliably.

The manufacturing process involves a brief generic segment, through
which products intended for all customers must go, and then an exten-
sive customization portion. Clearly, the ideal point to hold inventory is
before customization begins. Unfortunately, however, the majority of
manufacturing time, due particularly to time-consuming testing, occurs
after differentiation has started. This testing has to take place after dif-
ferentiation starts because a particular circuit board has to be added to
the assembly for the testing to take place, and this circuit board is dif-
ferent for each customer. In order to delay differentiation, it is possible

(continued)



Part and process standardization are frequently connected.
Sometimes part standardization is necessary for implementing process
standardization.
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to insert a generic circuit board into the assembly, complete much of the
testing, remove the generic circuit board, and add the customer-specific
boards later. In this way, disk drive differentiation can be delayed until
more order information is available. Clearly, this will decrease the level
of required in-process inventory needed to meet demand reliably. How-
ever, this will add some additional manufacturing steps. In particular, the
generic board has to be added and removed. Thus it is necessary to 
compare the manufacturing inefficiencies caused by adding and remov-
ing this circuit board with the gains in inventory savings. The manufac-
turing processes are illustrated in Figure 7-2.1

Before redesign

After redesign

PCB inserted

Generic PCB PCB inserted

Testing

Testing
End product  

End product  

Figure 7-2 Delaying differentiation.

E X A M P L E  7-7

A major printer manufacturer was preparing to introduce a new color
printer into the market. Demand for the new printer and an existing
printer was expected to be highly variable and negatively correlated. The
manufacturing processes for the two products were similar, except that
different circuit boards and printhead assemblies were used. Differences
in head assemblies and circuit boards led to very different manufacturing
processes. To implement process standardization, i.e., delayed differenti-
ation, it is necessary to ensure that the manufacturing processes are sim-
ilar until the final step. To do this, the printers have been redesigned so
that both products share a common circuit board and printhead. This
ensures that differentiation can be delayed as much as possible. Thus
part standardization enables process standardization in this case.1
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In some cases the concepts of resequencing and commonality al-
low the final manufacturing steps to be completed at distribution 
centers (DCs) or warehouses instead of at the factory. One of the ad-
vantages of this approach is that if DCs are much closer to the demand
than the factories, products can be differentiated closer to the demand,
thus increasing the firm’s ability to respond to rapidly changing mar-
kets. A dramatic example of this is given next.

E X A M P L E  7-8

In the early 1990s, Hewlett-Packard (HP) faced an inventory and ser-
vice level crisis in Europe with its DeskJet printer line. At that time, the
DeskJet was manufactured exclusively in a plant in Vancouver. At the
time of its manufacture, the printer was “localized” for a particular mar-
ket. The localization of the printer involved assembling the correct
power supply and plug and packaging the printer with the appropriate
manual and labeling. The printer was then shipped to a regional distri-
bution center (DC); for European printers, the DC was located in Ger-
many, and it took 4 to 5 weeks for the printer to travel from Vancouver
to the European DC. Unfortunately, the European DC typically had
too many printers localized for some European markets and not
enough printers localized for other European markets. After consider-
ing a variety of options, HP decided to redesign the DeskJet printer so
that localization could be completed in the DC in Germany rather than
at the Vancouver plant. Although this redesign was fairly expensive, it
was very successful. Indeed, inventory level declined significantly even
as service level improved, leading to significant cost savings and in-
creased profitability.

Sometimes processes can be redesigned so that the differentiat-
ing steps do not have to be performed in a manufacturing facility or
DC at all but can take place at the retailer facility after the sale is
made. Often this is accomplished by focusing on modularity during
the design phase, placing functionality in modules that can be easily
added to a product. For example, some printers are sold in generic
Macintosh/PC versions. Along with the printer, each retail store
stocks separately packaged modules that differentiate the product for
the Mac or PC. Obviously, this can greatly lower required inventory
because only modules have to be stocked in Mac and PC versions in-
stead of entire printers. Similarly, many color ink-jet printers are
black-and-white printers with added “color kits.”



In product standardization, a large variety of products may be of-
fered but only a few kept in inventory. When a product not kept in
stock is ordered, the order may be filled by a product that offers a su-
perset of the features required by a customer. This process, known as
downward substitution, is common in many industries. For example, in
the semiconductor industry, it is quite common to sell a higher-speed
or a higher-functionality chip as a lower-speed/functionality chip
when the low-end chip is out of stock. Similarly, car rental agencies
and hotels frequently fill reservations with higher-end vehicles or
rooms when the lower-end vehicles or rooms are not available.
Sometimes it may be possible to redesign products so that one prod-
uct can be adjusted to meet several end-customer requirements. For
example, as we have seen previously, many products are similar, except
that power supplies have to be different for different markets. Instead
of manufacturing two versions of a product, however, manufacturers
can use a standardized product with a switchable power supply. We
discuss this issue further in the case at the end of this chapter.

Finally, procurement standardization involves standardizing pro-
cessing equipment and approaches even when the product itself is not
standardized. This is particularly valuable when processing equipment
is very expensive. In the production of application specific integrated
circuits (ASICs), for example, very expensive equipment is required.
Although end products are highly customized and demand is unpre-
dictable, the same equipment is used to produce each of the possible
end products. Thus equipment procurement can be managed inde-
pendent of the final demand.

7.2.5 Selecting a Standardization Strategy

To help with the selection of an appropriate standardization strategy,
Jayashankar Swaminathan8 proposed a framework based on the obser-
vation that the firm’s choice of standardization strategy is a function of
the firm’s ability to modularize its products and processes. Table 7-1
illustrates the proposed strategic choices under different conditions.

• If process and product are modular, process standardization
will help to maximize effective forecast accuracy and
minimize inventory costs.

• If the product is modular but the process is not, it is not
possible to delay differentiation. However, part
standardization is likely to be effective.
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• If the process is modular but the product is not, procurement
standardization may decrease equipment expenses.

• If neither the process nor the product is modular, some
benefits may still result from focusing on product
standardization.

7.2.6 Important Considerations

The various strategies just described are designed to deal with inaccu-
rate forecasts and product variety; frequently, it may not be possible or
cost-effective to implement these strategies in the context of a partic-
ular product or a specific supply chain. Even if implementing a partic-
ular strategy is theoretically possible, in many cases the expenses re-
sulting from product and packaging redesign will exceed the savings
under the new system. In addition, capital expenditures are likely to be
required to retool assembly lines. Sometimes, as we discussed earlier,
it may even be necessary to add manufacturing capability at distribu-
tion centers. Typically, the value of these types of changes is higher at
the start of the product life cycle, when expenditures can be amortized
over the entire life of the product. It is possible that DFL initiatives
that make a great deal of sense at the start of the product life cycle do
not pay for themselves when implemented later.1 It also may be more
expensive to manufacture a product with a new process. In many of the
examples mentioned earlier, the products and manufacturing
processes became more expensive. It is therefore necessary to estimate
the savings produced by a more effectively designed product or
process and compare these savings with the increased cost of manu-
facturing. Many of the benefits of implementing such a system are
very difficult to quantify; increased flexibility, more efficient customer
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Table 7-1 Operational Strategies for Standardization

Process

Nonmodular Modular

Part Process
Modular standardization standardization

Product
Product Procurement

Nonmodular standardization standardization



service, and decreased market response times may be hard to place a
value on, which only serves to make the analysis more difficult. To add
to the difficulty, engineers often are forced to take a broader perspec-
tive than they have been trained to take when they are making these
kinds of decisions.

To add to these complications, process modifications such as re-
sequencing will cause the level of inventory in many cases to go down,
but the per-unit value of inventory being held will be higher. In Ex-
ample 7-5, it may be possible to hold less wool in inventory because it
does not have to be dyed before it is assembled. However, much of this
wool will be held in the form of sweaters, which have a higher value
than dyed wool. Of course, if manufacturing or customizing steps are
postponed, the generic products may have a lower value than cus-
tomized products, so value is added later in the supply chain than it
would be otherwise.

Finally, in some cases tariffs and duties are lower for semifinished
or nonconfigured goods than for final products.1 Thus, implementing
a strategy of completing the manufacturing process in a local DC may
help to lower costs associated with tariffs and duties.

All these issues have to be taken into consideration when imple-
menting a specific DFL strategy. Nevertheless, it is clear that in many
cases DFL can help to improve customer service and greatly reduce
the costs of operating the supply chain.

7.2.7 The Push-Pull Boundary

Recall our discussion of the push-pull boundary in Chapter 3. In push-
based systems, production decisions are based on long-term forecasts,
whereas in pull-based supply chains, production is driven by demand.
We listed many advantages of pull-based systems and concluded that
compared with push-based systems, pull-based systems typically lead to
a reduction in supply chain lead times, inventory levels, and system costs
while simultaneously making it easier to manage system resources.

Unfortunately, it is not always practical to implement a pull-based
system throughout the entire supply chain. Lead times may be too
long, or it may be necessary to take advantage of economies of scale in
production or transportation. The standardization strategies we have
been discussing in this section can be viewed as a method to combine
push and pull systems within a single supply chain into what we called
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in Chapter 3 a push-pull system. Indeed, that portion of the supply chain
prior to product differentiation is typically a push-based supply chain.
That is, the undifferentiated product is built and transported based on
long-term forecasts. In contrast, differentiation occurs as a response to
market demand. Thus the portion of the supply chain starting from the
time of differentiation is a pull-based supply chain.

For instance, in the Benetton example, uncolored sweaters are
made to forecast, but dyeing takes place as a reaction to customer de-
mand. We call the point of differentiation the push-pull boundary be-
cause this is the point where the system changes from a push-based
system to a pull-based system. 

One way to view the push-pull boundary concept is through the
third rule of forecasting discussed in Chapter 2. Since aggregate de-
mand information is more accurate than disaggregate data, the push
portion of the supply chain includes only activities and decisions made
prior to product differentiation. These activities and decisions are
based on aggregate demand data.

Clearly, then, an additional advantage of postponement is that it
allows firms to realize many of the advantages of pull-based systems
while at the same time allowing for the economies of scale inherent in
push-based systems. Often, when implementing a standardization
strategy, if there is more than one possible differentiation point, it may
be useful to think in terms of locating the push-pull boundary in or-
der to achieve a balance between the advantages of the push- and the
pull-based systems.

7.3 SUPPLIER INTEGRATION INTO NEW PRODUCT DEVELOPMENT

Another key supply chain issue involves the selection of appropriate
suppliers for components of the new product. Traditionally, this has
been done after design and manufacturing engineers have determined
the final design for a product. Recently, a study in The Global Procure-
ment and Supply Chain Benchmarking Initiative at Michigan State Uni-
versity10 found that firms often realize tremendous benefits from in-
volving suppliers in the design process. Benefits include a decline in
purchased material costs, an increase in purchased material quality, a
decline in development time and cost and in manufacturing cost, and
an increase in final product technology levels.

In addition to the competitive forces that drive managers to seek
out all types of supply chain efficiencies, several competitive forces are

PRODUCT DESIGN AND SUPPLY CHAIN MANAGEMENT 177



specifically encouraging managers to find opportunities to work with
suppliers during the product design process. These forces include the
continuing focus on strategies that encourage companies to focus on
their core competencies and outsource other business capabilities and
to continually reduce the length of product life cycles. Both these
forces encourage companies to develop processes that make the design
process more efficient. Taking advantage of supplier competencies is
certainly one way to do this.

7.3.1 The Spectrum of Supplier Integration

The supplier integration study10 notes that there is no single “appro-
priate level” of supplier integration. Instead, the authors develop the
notion of a spectrum of supplier integration. In particular, they identify a
series of steps from least to most supplier responsibility as follows:

None. The supplier is not involved in design. Materials and
subassemblies are supplied according to customer specifications
and design.
White box. This level of integration is informal. The buyer
“consults” with the supplier informally when designing
products and specifications, although there is no formal
collaboration.
Gray box. This represents formal supplier integration.
Collaborative teams are formed between the buyer’s and the
supplier’s engineers, and joint development occurs.
Black box. The buyer gives the supplier a set of interface
requirements, and the supplier independently designs and
develops the required component.

Of course, just because the black-box approach is at one end of
the continuum does not mean that it is the best approach in all cases.
Instead, firms must develop a strategy that helps them to determine
the appropriate level of supplier integration for different situations.

The Global Procurement and Supply Chain Benchmarking Initiative
has developed a strategic planning process to help firms make this de-
termination.10 The first several steps of the process are as follows:

• Determine internal core competencies.
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• Determine current and future new product developments.
• Identify external development and manufacturing needs.

These three steps help management determine what is going to
be procured from suppliers and what level of supplier expertise is ap-
propriate. If future products have components that require expertise
that the firm does not possess, and if development of these compo-
nents can be separated from other phases of product development,
then taking a black-box approach makes sense. If this separation is not
possible, then it makes more sense to use the gray-box development.
If the buyer has some design expertise but wants to ensure that the
supplier can adequately manufacture the component, perhaps a white-
box approach is appropriate.

7.3.2 Keys to Effective Supplier Integration

Simply selecting an appropriate level of supplier integration is not suf-
ficient. Much work goes into ensuring that the relationship is a suc-
cess. The next steps of the strategic planning process10 help to ensure
this success:

• Select suppliers and build relationships with them.
• Align objectives with selected suppliers.

Selecting suppliers in general involves various considerations,
such as manufacturing capacity and response time. Since supplier in-
tegration partners typically supply components (in addition to coop-
erating in their design), all the traditional considerations still apply. In
addition, the special nature of supplier integration presents an addi-
tional set of supplier requirements.

The same study10 identifies many of these, including

• The capability to participate in the design process
• The willingness to participate in the design process, including

the ability to reach agreements on intellectual property and
confidentiality issues

• The ability to commit sufficient personnel and time to the
process, including collocating personnel if appropriate

• Sufficient resources to commit to the supplier integration
process
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Of course, the relative importance of these requirements depends
on the particular project and type of integration. Once suppliers are
identified, it is critical to work on building relationships with them. For
example, firms have found it useful to involve suppliers early in the de-
sign process. Companies that do so report greater gains than those
which involve suppliers only after design concepts have been generated.
Sharing future plans and technologies with suppliers helps to build this
relationship, as does a joint continuous improvement goal. Separate or-
ganizational groups dedicated to managing the relationship are also use-
ful. In all these cases, the goals of the purchasing firm revolve around
building long-term, effective relationships with trusted suppliers. These
naturally will lead to the alignment of buyer and supplier objectives,
which will result in more effective integration.

7.3.3 A “Bookshelf” of Technologies and Suppliers

“The global procurement and supply chain benchmarking initiative”10

also developed the idea of a “bookshelf” of technologies and suppliers
within the context of supplier integration. This involves monitoring the
development of relevant new technologies and following the suppliers
that have demonstrated expertise in these technologies. Then, when ap-
propriate, a buyer firm can quickly introduce these technologies into
new products by integrating the supplier design team with its own. This
enables a firm to balance the advantages and disadvantages of being on
the cutting edge of new technology. On the one hand, there is no need
to use the technology immediately in order to gain experience with it;
suppliers are developing this knowledge with other customers. On the
other hand, the danger of being slow to introduce cutting-edge tech-
nology and concepts is lessened. The bookshelf concept is a dramatic
example of the power of supplier integration.

7.4 MASS CUSTOMIZATION

7.4.1 What Is Mass Customization?

In his book Mass Customization,11 Joseph Pine II introduced a concept
that is becoming important to more and more businesses—mass 
customization. In this section we will first review the concept and then
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discuss how logistics and supply chain networks play an important role
in the implementation of related ideas.

Mass customization has evolved from the two prevailing manu-
facturing paradigms of the twentieth century—craft production and
mass production. Mass production involves the efficient production of
a large quantity of a small variety of goods. Spurred by the industrial
revolution, so-called mechanistic firms developed in which manage-
ment put a high priority on automating and measuring tasks. A very
bureaucratic management structure, with rigid, functionally defined
groups and tasks and tightly supervised employees, is common. This
kind of organization enables tight control and predictability, which
tends to lead to high degrees of efficiency. The quality of a small num-
ber of items can be quite high, and prices can be kept relatively low.
This is particularly critical for commodity products, where firms typ-
ically have competed on price and, more recently, on quality.

Craft production, on the other hand, involves highly skilled and
flexible workers, often craftsmen in the manufacturing setting, who
are governed by personal or professional standards and motivated by
the desire to create unique and interesting products or services. These
workers, found in so-called organic organizations, typically are trained
through apprenticeships and experience; the organization is flexible
and continually changing. This type of organization is able to produce
highly differentiated and specialized goods, but it is very difficult to
regulate and control. As a consequence, the quality and production
rates of these goods are hard to measure and reproduce, and they are
typically much more expensive to manufacture.12

In the past, managers often had to make a decision between these
two types of organizations with their inherent tradeoffs. For some
products, a low-cost, low-variety strategy was appropriate, whereas for
others, a higher-cost, higher-variety, more adaptable strategy was
more effective. The development of mass customization demonstrates
that it is not always necessary to make this tradeoff.

Mass customization involves the delivery of a wide variety of cus-
tomized goods or services quickly and efficiently at low cost. Thus it
captures many of the advantages of both the mass production and craft
production systems described earlier. Although not appropriate for all
products (e.g., commodity products may not benefit from differentia-
tion), mass customization gives firms important competitive advan-
tages and helps to drive new business models.
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7.4.2 Making Mass Customization Work

Pine12 points out that the key to making mass customization work is
highly skilled and autonomous workers, processes, and modular units
so that managers can coordinate and reconfigure these modules to
meet specific customer requests and demands.

Each module continually strives to upgrade its capabilities; a
module’s success depends on how effectively, quickly, and efficiently it
completes its task and how good it is at expanding its capabilities.
Managers are charged with determining how these capabilities “fit to-
gether” efficiently. Thus management’s success depends on how effec-
tively it can develop, maintain, and creatively combine the links be-
tween modules in different ways to meet different customer requests
and on the creation of a work environment that encourages the devel-
opment of a variety of different modules.

Since each unit has highly specialized skills, workers can develop
expertise and efficiency in the manner of mass production. Since these
units or modules can be assembled in many ways, the differentiation
of craft production is achievable. Pine calls this type of organization a
dynamic network.

There are several key attributes that a company or, more specif-
ically, the systems within a company that link different modules must pos-
sess to implement mass customization successfully.12 They are

Instantaneousness. Modules and processes must be linked
together very quickly. This allows rapid response to various
customer demands.
Costless. The linkages must add little, if any, cost to the
processes. This attribute allows mass customization to be a low-
cost alternative.
Seamless. The linkages and individual modules should be invisible
to the customer so that customer service does not suffer.
Frictionless. Networks or collections of modules must be formed
with little overhead. Communication must work instantly,
without taking time for the team building that is necessary in so
many other types of environments.

With these attributes in place, it becomes possible to design and
implement a dynamic, flexible firm that can respond to varying cus-
tomer needs quickly and efficiently.
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7.4.3 Mass Customization and Supply Chain Management

Clearly, many of the advanced supply chain management approaches
and techniques that we have discussed in this and earlier chapters are
essential if mass customization is to be implemented successfully. This
is particularly true if the components in the network stretch across
several companies.

The same information technology that is so critical for effective
supply chain management is also critical for coordinating the different
modules in the dynamic network and ensuring that together they meet
customer requirements. The required system attributes listed earlier
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National Bicycle is a subsidiary of Matsushita that sells bicycles under
the Panasonic and National brand names in Japan. Several years ago
management found that sales were not at acceptable levels primarily be-
cause the company was unable to predict and satisfy varying customer
demand. In the year before beginning the mass customization efforts,
20 percent of bicycles from the previous year remained in inventory.
Rather than market to a particular niche or try to improve forecasts,
National became a mass customizer.

The company developed a highly flexible bicycle frame manufacturing
facility, noting that painting and the installation and tuning of components
were separate functions that could be performed by other “modules” in its
manufacturing facility. Next, the company installed a sophisticated 
custom-order system called the Panasonic Order System at retailers. This
system includes a unique machine that measures customer weight and size
and the appropriate dimensions of the frame, position of the seat, and ex-
tension of the bar stem. The customers also  can select model type, color
patterns, and various components. Information from the dealer is trans-
mitted instantaneously to the factory, where a computer-aided design
(CAD) system produces technical details in 3 minutes. The information is
transmitted automatically to the appropriate modules, where manufactur-
ing is completed. The bike is then delivered to the consumer 2 weeks later.

Thus, by noting that the production process could be separated into
independent production modules in a seamless and essentially costless
manner, and by installing sophisticated information systems, National
Bicycle was able to increase sales and customer satisfaction without sig-
nificantly increasing manufacturing costs.13



make effective information systems mandatory. Similarly, in many
cases the modules in the dynamic network exist across different firms.
This makes concepts such as strategic partnerships and supplier inte-
gration essential for the success of mass customization. Finally, as
many of the printer-related examples indicate, postponement can play
a key role in implementing mass customization. For instance, post-
poning regional differentiation until products have reached regional
distribution centers facilitates regional customization. As the follow-
ing example illustrates, postponing differentiation until orders have
been received allows customer-specific customization.
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Dell Computer has become one of the dominant players in the PC in-
dustry—in 1998 it was the second largest manufacturer of PCs for busi-
ness—by adopting a unique strategy based on mass customization. Dell
never builds a PC for a customer until the customer’s order has been
placed. This allows the customer to specify unique requirements, and
Dell builds the computer to these requirements. A growing number of
orders come in over the Internet. The order-taking system interfaces
with Dell’s own supply chain control system, which ensures that inven-
tory is where it needs to be for the computer to be manufactured quickly.
In addition, Dell stores very little inventory. Instead, Dell’s suppliers have
built warehouses close to Dell’s facilities, and Dell orders parts on a just-
in-time basis. By implementing these strategies, Dell has been able to
provide customers with exactly what they want very quickly. In addition,
inventory costs are low, and Dell minimizes the danger of parts obsoles-
cence in the rapidly changing computer industry. In this way, Dell has be-
come one of the dominant players in the desktop PC market and is well
on its way to doing so in the laptop and server markets.

Dell has used many of the important concepts we have discussed to
achieve its goals. The company is driven by advanced information sys-
tems that do everything from taking many of the orders (over the Web)
to managing inventory in the supply chain. Strategic partnerships have
been established with many of Dell’s suppliers. Dell is even establishing
supplier integration partnerships with some of its key suppliers (e.g.,
3Com, the network equipment supplier) to ensure that new computers
and networking devices are compatible. Finally, Dell has used the con-
cept of postponement, deferring final assembly of computers until or-
ders have been received, to achieve mass customization.14



7.5 SUMMARY

In this chapter we focused on various ways that product design inter-
acts with supply chain management. First, we considered various de-
sign for logistics (DFL) concepts, in which product design is used to
lower the costs of logistics. Products designed for efficient packaging
and storage obviously cost less to transport and store. Designing prod-
ucts so that certain manufacturing steps can be completed in parallel
can cut down on manufacturing lead time, leading to a reduction in
safety stocks and increased responsiveness to market changes. Finally,
standardization enables risk pooling across products, leading to lower
inventories, and allows firms to use the information contained in ag-
gregate forecasts more effectively.

Another critical design–supply chain interaction involves inte-
grating suppliers into the product design and development process.
We discussed different approaches for integrating suppliers into the
development process and considered guidelines for managing this in-
tegration effectively.

Finally, advanced supply chain management helps to facilitate
mass customization. Mass customization involves the delivery of a
wide variety of customized goods or services quickly and efficiently at
low cost. Obviously, this approach helps to provide firms with impor-
tant competitive advantages, and just as obviously, effective supply
chain management is critical if mass customization is to be successful.
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C H A P T E R  8

Customer Value

8.1 INTRODUCTION

In today’s customer-driven market it is not the product or service it-
self that matters most but the perceived value to the customer of the
entire relationship with a company. The approach used by companies
to measure the quality of their product and services has evolved from
internal quality assurance to external customer satisfaction and from
there to customer value. Internal quality measures, such as the number
of production defects, dominated company goals in the era of supply-
driven manufacturing. The ability to provide customers with quality
product was the main goal. External customer satisfaction measures
were focused on developing an understanding of the company’s cur-
rent customers, their use of a company’s products, and their impres-
sion of its service. This provided valuable information about current
customers and generated ideas for areas of improvement within the
company. The current emphasis on customer value goes a step further;
it tries to establish the reasons a customer chooses one company’s
product over another’s and looks at the entire range of product, ser-
vices, and intangibles that constitute the company’s image.

Thinking in terms of customer value promotes a broader look at
a company’s offerings and its customers. It requires learning why cus-
tomers purchase, continue to purchase, or defect from a company.
What are their preferences and needs, and how can they be satisfied?
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Which customers are profitable and have potential for revenue
growth, and which customers may lead to losses? Assumptions about
customer value need to be examined carefully to make sure that the
tradeoffs made are the correct ones. Some examples include

• Does the customer value low prices more than superior
customer support services?

• Does the customer prefer next-day delivery or lower prices?
• Does the customer prefer to purchase the item in a store that

specializes in this type of item or from a large megastore that
provides one-stop shopping opportunities?

These are critical questions for any business and should be the driving
force behind business strategy and performance measures.

Indeed, logistics, previously considered a back-office function, has
evolved into the highly visible discipline of supply chain management
partly because of this change in perspective. Supply chain manage-
ment is naturally an important component of fulfilling customer needs
and providing value. Equally important, supply chain management de-
termines the availability of products, how fast they will arrive in the
market, and at what cost. Our definition of supply chain management
(see Chap. 1) implies that the ability to respond to customer require-
ments is the most basic function of this discipline. This function in-
cludes not only the physical attributes of product distribution but also
related information, such as production or delivery status, and the
ability to access this information.

Supply chain management also can affect the important cus-
tomer value of price by significantly reducing costs. As we have seen
in previous chapters, Dell’s strategy to reduce its supply chain costs by
postponing the final product assembly until after the purchase (i.e., by
building to order) has allowed Dell to underprice its competitors in
the personal computer (PC) industry. Wal-Mart has been able to
lower costs by introducing the cross-docking strategy and by engaging
in strategic partnering with its suppliers. Finally, the policy of every-
day low prices applied by Wal-Mart and other retailers is also moti-
vated in large part by supply chain efficiencies. 
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The recent downfall of Kmart is attributed in part to its strategy of
competing on price with Wal-Mart. As observed in Chapter 1,



This example suggests the importance of linking pricing strate-
gies with supply chain efficiencies. We discuss this issue in Section 8.3.

Customer value drives changes and improvements in the supply
chain, some forced by customer and competitor activities and others
undertaken to achieve competitive advantage. Furthermore, large
manufacturers, distributors, or retailers place certain requirements on
their suppliers that force them to adopt supply chains that will make
these requests feasible. Specifically, Wal-Mart requires many of its
suppliers to practice vendor-managed inventory. Large manufacturers
such as Hewlett-Packard and Lucent Technologies require that their
parts manufacturers have 100 percent availability of stock for the parts
they use. In return, they are willing to commit to a single supplier for
the product or service or at least commit to a minimum volume of pur-
chases from a primary supplier. 

Finally, customer value is also important for determining the
type of supply chain required to serve the customer and what services
are required to retain customers. A company’s supply chain strategy is
determined by the type of products or services it offers and the value
of various elements of this offering to the customer. For example, if
customers value one-stop shopping, this would entail carrying a large
number of products and options, even if this is costly in terms of in-
ventory management. If customers value innovative products, then
companies who produce them need to apply their supply chain to sup-
ply these products efficiently while demand lasts. If a company offers
personal customization of its products, then its supply chain needs to
be flexible enough to provide the infrastructure for this offering. Thus
the supply chain needs to be considered in any product and sales strat-
egy and could, in itself, provide competitive advantages leading to in-
creased customer value.
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Wal-Mart’s goal since the early 1980s was to provide customers with 
access to goods when and where they want them and to develop cost
structures that enable competitive pricing. The key to achieving this
goal was to make supply chain efficiencies the centerpiece of its strat-
egy. On the other hand, Kmart’s strong desire to keep up earnings dis-
couraged investments in supply chain efficiencies and, in particular, in
information technology. By the late 1990s, it became clear that Kmart’s
supply chain was not as efficient as that of Wal-Mart.1



8.2 DIMENSIONS 

We have defined customer value as the way the customer perceives the
entire company’s offerings, including products, services, and other 
intangibles. The customer’s perception can be broken into several 
dimensions:

• Conformance to requirements
• Product selection
• Price and brand
• Value-added services
• Relationships and experiences

The list of dimensions starts with the essentials—the first three
items above—and goes on to more sophisticated types of features that
may not always be critical. However, the less critical features can be
mined for ideas to create a unique way to add value and differentiation
to a company’s offering. In this section we suggest how each dimen-
sion is affected by supply chain management and how, in turn, it needs
to take into account the customer values inherent in each dimension.

8.2.1 Conformance to Requirements

The ability to offer what the customer wants and needs is a basic re-
quirement to which supply chain management contributes by creating
availability and selection. Marshall Fisher calls it the market mediation
function of the supply chain.2 This function is distinct from the sup-
ply chain physical function of converting raw materials into goods and
shipping them through the chain to the customer. The costs associ-
ated with the market mediation function occur when there are differ-
ences between supply and demand. If the supply exceeds demand,
there are inventory costs throughout the supply chain; if demand ex-
ceeds supply, there are lost sales and possibly lost market share. 

If product demand is predictable, as in functional items such as 
diapers, soup, or milk, market mediation is not a major issue. Clearly, ef-
ficient supply chains for functional items can reduce costs by focusing on
reducing inventory, transportation, and other costs. This is the strategy
Campbell Soup and Procter & Gamble employ for their supply chains.

However, when dealing with fashion items or other high-variabil-
ity items, the nature of demand can create large costs due to lost sales
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or excess inventory. These high-variability products require responsive
supply chains that stress short lead times, flexibility, and speed over cost
efficiencies. When the supply chain strategy does not match the prod-
uct characteristics, there are major implications in the ability to con-
form to the market, as illustrated in the following example. 
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Consider a Korean company that manufactures electronic relays. Since
competition is intense in this industry, customers can pick and choose
their supplier. Thus, if the manufacturer does not have the right prod-
ucts at the right time, it will lose customers to the competition. To
make matters worse, forecasting customer demand is a challenge be-
cause variation in monthly demand is very high. To reduce cost, the
manufacturer ships products from a number of manufacturing facilities
in the Far East by sea. Unfortunately, by the time the product has ar-
rived at the U.S. warehouse, the demand has changed, and there is a
shortage of one type of component and obsolete inventory of another.
Therefore, the manufacturer is considering shipping the products by
air, which would reduce lead times and hence inventory levels and costs,
as well as improve customer sales and retention.

Conformance to requirements is also achieved through attention
to customer access, the ability to easily find and purchase a product. For
companies such as McDonald’s, Starbucks, and Walgreens, access in-
volves prime real estate. Providing mail, phone, and Web access in ad-
dition to or instead of retail stores can enhance the customer’s ability
to purchase the product conveniently. Finally, access includes the per-
ception of providing the consumers with a store or Web site layout
that makes it easy to find and purchase the product they are seeking.3

Grainger’s success in integrating the Web with its older business chan-
nels is a good example of the ability to provide customers with the ac-
cess they need to a company’s services. 
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The business that William W. Grainger founded in 1927 has been one
of the success stories of the Internet. Grainger wanted to provide an 
efficient solution to the need for a speedy and consistent supply of 

(continued)



8.2.2 Product Selection

Many products come in a large variety of options, styles, colors, and
shapes. For instance, a car may come in 5 styles, 10 different exterior
colors, and 10 interior colors, as well as with automatic or manual
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electric motors. The MotorBook, as it was originally called, was the ba-
sis for today’s Grainger Catalog. The product line has since expanded to
over 220,000 MRO supplies and parts. Grainger is the largest firm in
the market for industrial products, with 1999 revenues of $4.5 billion. 
In 1995 Grainger started its Web initiative with a variety of goals:

• Provide customers with access to all the products Grainger
makes available, over 220,000, and not just the 86,500 that could
be presented in the paper catalog.

• Provide customers with much better tools for searching, 
locating, and selecting the product that best suits their needs.

• Deliver products the same day from the branch closest to the
customer who placed the order, or ship them from one of
Grainger’s five regional distribution centers and have them 
delivered the next day. 

Grainger faces a variety of challenges:

• Grainger offers 65 million different price points, so no “one
price fits all,” and the Internet needs to honor each business 
account’s unique pricing structure.

• Servicing business accounts requires checking credit and 
establishing payment guidelines.

• Real-time inventory availability—many customers looking for
parts cannot wait and need immediate service.

• Compensating the sales force—Grainger decided to pay 
commissions on Internet orders, thus getting a buy-in from their
sales reps, who have relationships with the customers and can 
encourage customers to use the Web, which is more cost-
effective than other channels. 

The initiative had a huge impact on Grainger. In 1999, Grainger spent
$20 million for the development, marketing, and customer service of
Grainger.com, which led to $100 million worth of orders. In the first
half of 2000, Grainger generated $120 million in revenue, with the size
of the average order on the Web site being $250, compared with $140
for branch and phone orders.4



transmission—a total of 1000 configurations. The difficulty is that 
distributors and retailers need to stock most of the various configura-
tions and combinations of products. As explained in Chapter 2, this
proliferation of options makes it difficult to predict customer demand
for a specific model, thus forcing retailers and distributors to build
large and diverse inventories.

The contribution of product proliferation to customer value is dif-
ficult to analyze and understand. Three successful business trends exist:

• Specializing in offering one type of product. Examples include
companies such as Starbucks and Subway.

• Megastores that allow one-stop shopping for a large variety of
products. Examples include Wal-Mart and Target.

• Megastores that specialize in one product area. Examples include
Home Depot, Office Max, and Sportmart.

These trends also have emerged on the Internet, where some
sites have been successful in offering a large variety of different prod-
ucts and others specialize in a single offering. For instance,
www.BlueDenimShirts.com is touted as the “World’s only factory out-
let for Blue Denim Shirts. Whether you are shopping for 1 shirt for
yourself or 1000 shirts with your company’s logo, you can buy them
here—directly from the factory. And, by the way, we guarantee The
World’s lowest prices.” Along similar lines, consider Black-
LeatherBags.com and WhiteTowels.com.

The PC industry has seen significant changes in the way prod-
ucts are sold. In the mid-1980s, PCs were sold through specialized
stores such as Egghead. At the beginning of the 1990s, PCs were sold
in department stores such as Sears. More recently, however, the direct
business model has caught on. Finally, Gateway, one of the leaders in
the direct business model, has opened its own retail stores. This sug-
gests that there may be a need for a company to sell its products
through various outlets to reach the largest number of customers. In
fact, companies such as Circuit City enable customers to shop on the
Web and pick up at the store.

As observed earlier, the proliferation of products and the diffi-
culty in predicting demand for a specific model force retailers and dis-
tributors to hold large inventories. There are several ways to control
inventory of a large variety of configurations or products.

CUSTOMER VALUE 193



1. The approach pioneered by Dell is the build-to-order model,
where the configuration is determined only when the order comes in.
This is an effective way to implement the push-pull strategy discussed
in Chapter 3 by employing the concept of postponement introduced
in Chapter 7. An interesting way to implement this strategy is
described in the following example. 
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Amazon.com is the most famous and successful e-tailer. It started in
1995 by selling a huge variety of books, and later added music and
videos. More recently, Amazon started selling toys, electronics, and
other merchandise. Amazon’s fulfillment strategy has evolved over
time. Initially, the company did not hold any inventory. When a cus-
tomer ordered a book, Amazon would transfer the order to Ingram
Books. Recently, however, Amazon established its own seven large
warehouses (one warehouse was later closed) and started shipping di-
rectly to the customers. In 2001, Amazon.com shifted its focus to im-
proving its distribution operations in a push toward profit. It has im-
proved its fulfillment costs, which include costs associated with six
warehouses, customer service, and credit card fees, to 9.8 percent in the
fourth quarter of 2001, down from 13.5 percent of sales in the fourth
quarter of 2000. Amazon did this by

• Improving sorting order and utilization of sophisticated packing
machines, which allowed Amazon to ship 35 percent more units
with the same number of workers as the previous year.

• Using software to forecast purchasing patterns, which allowed
Amazon to slash inventory levels by 18 percent in the fourth
quarter.

• Consolidated shipping of 40 percent of goods into full trucks
driven directly into major cities, bypassing regional postal sorting
facilities and cutting transportation costs significantly.

• Partnering to sell goods for other companies such as Toys ‘R’ Us
and Target, who pay Amazon for handling distribution and 
customer service. These partnerships brought in $225 million in
revenue with gross profit margins double Amazon’s overall 25
percent margins.

• Allowing other sellers to offer used books, which increased sales
during the holiday season by 38 percent. For these products,
Amazon’s gross margins were about 85 percent—a business
model similar to that of eBay.



2. A different strategy, suitable for products with long
manufacturing lead times, such as vehicles, is to keep larger inventories
at major distribution centers (DCs). These DCs allow the manufacturer
to reduce inventory levels by taking advantage of risk pooling (see
Chap. 3) and delivering the vehicles quickly to customers. General
Motors has initiated this approach with its Cadillac unit in Florida.
Dealers can order cars that they do not have on their lot from a
regional warehouse that can ship the car out in a day. Of course, two
major issues need to be raised when considering this strategy:

• Inventory costs of cars at the regional warehouse. Is the
manufacturer (i.e., General Motors) going to pay for the
inventory at the regional warehouse? If it is, then there is an
incentive for the dealers to reduce inventory in their lots and
reduce their cost while increasing that of the manufacturer.

• Equalizing small and large dealers. If all dealers have access to
the regional warehouse, then there is no difference between
the different dealers. Thus it is difficult to see why large
dealers would be interested in participating in such an
arrangement, especially if they are going to pay for inventory
at the regional warehouse. 

3. Another possibility is to offer a fixed set of options that cover most
customer requirements. For instance, Honda offers a limited number of
options on its cars. Dell offers a few options for modems or software
that can be installed on its machines, although the overall number of
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Amazon.com also has had challenges on the pricing front. Amazon dis-
counts nearly all books over $20 by 30 percent. Amazon once offered
discounts of as much as 50 percent on best sellers and 20 percent dis-
counts on other books. Early in 2001, the company started to raise book
prices—with 5 to 10 percent discounts more common—only to reverse
the increases as sales fell. In the book business, few other retailers have
offered discounts, other than for best sellers. There is good reason
Amazon can afford to cut book prices: The average book may sit on the
shelf of a store for 6 months or a year before it is bought. The cost of
this inventory in a chain of hundreds of stores is huge. Amazon, on the
other hand, can keep just one or two copies in its warehouse—and still
make the title available to the whole country—and restock as quickly as
customers buy books.4



possible configurations remains quite high. Indeed, large product
variety is not required in all cases. For example, a dysfunctional level
of variety exists in many grocery products—28 varieties of toothpaste,
to give one example.2 It is not clear whether this variety actually adds
any customer value.

8.2.3 Price and Brand

Price of products and the level of service are essential parts of cus-
tomer value. Although the price may not be the only factor a customer
considers, there may be a narrow price range that is acceptable for cer-
tain products. For instance, for commodity products (and even so-
phisticated items such as PC’s are commodities), there is very little
flexibility in price. Therefore, companies achieve cost advantages
through innovations in their supply chains. As we have seen in Dell’s
direct business model, allowing clients to configure their own systems
and building a supporting supply chain not only improve customer
value but also reduce costs.

Wal-Mart has been a supply chain innovator, which has enabled
it to provide low-cost merchandise and undercut its competition (see
Example 8-1). In addition, we have seen that the “everyday low pric-
ing” policy applied by retailers such as Wal-Mart and manufacturers
such as Procter & Gamble is an important tool in reducing the bull-
whip effect (see Chap. 2). This policy appeals to customers who do not
have to worry about buying at the wrong time and to the retailer and
manufacturer who do not need to plan for demand variations as a re-
sult of promotions.

An important factor affecting the product price is its brand. In
today’s market, there are fewer salespeople and more customers look-
ing for supermarket-style shopping.6 This is true across a wide variety
of retail environments, from auto superstores to e-tailers.
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Consider prices for books and CDs sold on the Internet. A recent study
found “substantial and systematic differences in price across retailers on
the Internet. Prices posted on the Internet differ by an average of 33
percent for books and 25 percent for CDs.” More important, Internet
retailers with the lowest price do not necessarily sell more. For instance,



The Internet and its impact on consumer behavior have in-
creased the importance of brand names because a brand name is a
guarantee of quality in the buyer’s mind. Brand names such as Mer-
cedes cars, Rolex watches, and Coach purses can be promoted for high
quality and prestige and command much higher prices than products
that lack this aura. Furthermore, the higher price in itself may be a
large part of the prestige and perceived quality. The product’s high
margins will require a focus on service level, and hence the supply
chain needs to be more responsive; the increase in supply chain cost
will be offset by the higher margin.
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the research found that Books.com had a lower price than Amazon.com
in 99 percent of the cases, yet Amazon had about 80 percent of the mar-
ket at the time of the study, whereas Books.com had about 2 percent.
One way to explain this behavior is through “trust consumers have for
the various Internet retailers and the associated value of branding.”7
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One of the key elements in the rise of Federal Express as the most suc-
cessful small package carrier is that it was the first carrier to narrow its
focus to overnight delivery, thereby owning the word overnight in the
market. Even though there are cheaper alternatives, customers are will-
ing to pay a premium to ship by Federal Express because of the brand
name and the perception of dependability it conveys.6

In many industries, product typically means both the “physical
product” and associated “services.” Typically, pricing the physical
product is not as difficult as pricing services. At the same time, it is
quite difficult to compare different services, and as a result, variability
in pricing increases. This suggests opportunities for companies that
develop new offerings and services that are more difficult to turn into
commodities. As we will see below, there is a challenge in turning
these opportunities into offerings that customers are actually willing
to pay for.

In Section 8.3 we examine strategic pricing, where companies
can employ sophisticated analyses to align customer service prefer-
ences with supply chain costs.



8.2.4 Value-Added Services

Many companies cannot compete on product price alone in an econ-
omy that has an overabundance of supply. Therefore, they need to
consider other sources of income. This drives companies toward
value-added offerings that differentiate them from competitors and
provide them with more profitable pricing structures.

Value-added services, such as support and maintenance, can be a
major factor in the purchase of some products, especially technical
products. Indeed, many companies are adding more services around
their products.8 This is due in part to 

1. The commoditization of products, where only the price
matters and all other features are identical, reducing
profitability and competitive advantage from the sale of
products alone.

2. The need to get closer to the customer.
3. The increase in information technology capabilities that

make this offering possible. 

A sophisticated service offering is illustrated in the following 
example.
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Goodyear Tire & Rubber Co. provides truck manufacturer Navistar
International Transportation Corp. with an automated supply chain
service that includes delivering mounted tires sequenced for just-in-
time use on automated assembly lines. Goodyear has a 13-person in-
formation technology group dedicated to the tire maker’s materials
management division. This division acts as systems integrator on sup-
ply chain projects it takes on with wheel manufacturer Accuride, Inc.,
in Henderson, Kentucky. Under a joint venture called AOT, Inc.,
Goodyear and Accuride furnish entire wheel assemblies, painted and
ready for use, to Mitsubishi Motor Co. and Ford Motor Co. as well as
Navistar. Those assemblies include Goodyear’s or competitors’ tires,
depending on customer specifications.8

A recent example of a market with a low entry barrier and many
companies initially competing mostly on price is the business-to-
business (B2B) e-marketplace. It only took a few years for many of these



market makers to realize that they needed to extend their service offer-
ings; they now provide a variety of additional services, including finan-
cial, logistics, and supply chain services (see Chap. 6 for more detail).

As observed in the preceding section, pricing services is not an easy
task. For many years companies such as IBM did not charge for their
services, although the company’s slogan was “IBM Means Service.” To-
day, service provides most of IBM’s income. Companies that have not
stressed customer support, such as Microsoft, are enhancing their capa-
bilities in this area. In many cases there is a charge associated with re-
ceiving support, such as a one-time call fee or a service agreement. Ser-
vice and support not only can generate additional revenue but, more
important, also can bring the company closer to the customer and pro-
vide it with insight on how to improve its offerings, tailor support, and
find the next idea to add value to its products and services.

An important value-added service is information access. Allowing
customers access to their own data—such as pending orders, payment
history, and typical orders—enhances their experience with the com-
pany. For example, it is well known that customers value the ability to
know the status of an order, sometimes even more than the actual
turnaround time. This capability provides reliability and enables plan-
ning. Federal Express pioneered the package tracking systems that are
now standard in this industry. As we will see below, this not only en-
hances service but also can result in large savings for the provider of
the information by handing over to its customers some of the data en-
try and inquiry functions.

The ability of customers to access information is becoming an es-
sential requirement in supply chain management because visibility of
information is what an increasing number of customers expect. The
Internet enables these capabilities, and companies will need to invest
in information systems that support it. In Chapter 10 we consider
these issues in more detail.

8.2.5 Relationships and Experiences

The final level of customer value is an increased connection between
the firm and its customers through development of a relationship. This
makes it more difficult for customers to switch to another provider be-
cause a relationship requires an investment of time from both the cus-
tomer and the provider. For example, Dell configures PCs and supports
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them for large customers. When Dell manages the entire PC purchase
for a large customer, including special custom features, it becomes
more difficult for the customer to switch to another vendor.

The learning relationship, where companies build specific user
profiles and use this information to enhance sales as well as retain cus-
tomers,9 is another example of a relationship providing customer value.
Companies such as Individual, Inc., which builds tailored information
services, and USAA, which uses its databases to offer customers other
services and products, are examples of this kind of organization.
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Founded in 1989 by brothers Andrew and Thomas Parkinson, Peapod,
Inc., has grown to be one of America’s leading Internet grocers. Peapod
is a wholly owned subsidiary of international food provider Royal
Ahold and works in partnership with Ahold USA supermarket compa-
nies, including Stop & Shop and Giant Food. The company, which op-
erates in Boston, southern Connecticut, Washington, Chicago, and
Long Island, New York, serves over 103,000 members. Shoppers
browse through Peapod’s offerings on its Internet site through a per-
sonalized interface based on their location. Peapod’s computers are
linked directly to the databases of the supermarkets from which it pur-
chases the groceries. The shoppers can create their own virtual super-
market by accessing the information according to category and creating
customized shopping lists that can be saved for repeated use. At the end
of each shopping session, Peapod has the opportunity to learn about its
service by asking, “How did we do on the last order?” and using the rel-
atively high response rate of its customers (35 percent) to institute re-
quested changes to its services.9

The approach used by Peapod, Inc. is an example of the one-to-
one enterprise concept suggested by Don Peppers and Martha
Rogers.10 Companies learn about each customer through databases
and interactive communications and sell to one customer as many
products and services as possible throughout the lifetime of the cus-
tomer’s patronage. Indeed, Peapod is using its databases to suggest
new offerings to customers, tracking the customer’s preferences and
needs, and further tailoring the company’s offering to the customer.

The learning process can take time, but this will make it difficult
for competitors to emulate the strategy. In addition, it typically 



ensures that a customer who considers switching to another provider
will have to take into account the investment in time and money re-
quired to make the switch.

Indeed, some Internet sites, such as Amazon.com, are applying
new modes of learning, with suggestions to customers based on their
own previous purchases or those of customers who make similar pur-
chases. Of course, one issue with an Internet service that provides cus-
tomer reviews and suggestions is that a customer can distinguish be-
tween a Web site where he or she purchases the product and the Web
site on which he or she receives information about the product. That
is, it is not clear that a service offering in which a Web site provides
suggestion tools and customer reviews may convince the consumer to
purchase the product at that site. The consumer may well receive in-
formation from one site and make the purchase on another.7

A different approach, tailored toward large customers and de-
signed to make it difficult to switch to another vendor, was introduced
by Dell. It offers large corporations custom PC configurations loaded
with specific software, tags, and other special requirements. Dell also
has tailored its Web site so that different types of users can access it ac-
cording to their needs. In many ways this approach is a more extensive
application of mass customization, which we discussed in Chapter 7.

Beyond relationships, some companies are also designing, pro-
moting, and selling unique experiences to their customers, which, ac-
cording to Pine and Gilmore,11 is a way to differentiate and thrive in
a customer-driven economy. These authors define experience as an of-
fering distinct from customer service: “An experience occurs when a
company intentionally uses services as the stage, and goods as props,
to engage individual customers in a way that creates memorable
events.”11 Examples include airline frequent flyer programs, theme
parks, Saturn owner gatherings, and Lexus weekend brunch with car
wash events.
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Silicon Graphics opened the Visionarium Reality Center in June 1996.
The Visionarium was a virtual reality center intended for use as a sales
and marketing tool. The idea was that designers who develop products
using Silicon Graphics technology can simulate the experience
achieved with new products. The virtual reality center was used for the

(continued)



The Internet provides other opportunities for creating experi-
ences that have not yet been fully explored. One of the strengths of the
Internet is the creation of collaborative communities that can be used
to develop relationships between people with similar interests or desire
to collaborate. One such technology is eRoom, which is a virtual work-
space in which multiple parties can view and work with almost any
form of unstructured data, such as drawings and presentations that are
far too big for e-mail. These can be placed in an eRoom and discussed
and walked through with clients or prospects via teleconference and
Web demo. In addition, participants can trade comments within
eRoom with no phone contact at all. Since the room is always there, it
works for everyone’s schedule. Companies use the same technology to
create “communities of interest,” some of which involve only their own
employees and others a mix of internal staff and outside partners.12

As with the initial introduction of services, companies do not yet
charge for experiences. Before a company can charge for this offering, ex-
periences must be seen by the customer as worth the price. This requires
a large investment in making the experience valuable in itself. Disney’s
theme parks are the prime example of a successful experience that many
are willing to pay for. The parks also can be viewed as a means of selling
Disney’s products—movies and various spin-off toys and accessories.

The ability to provide sophisticated customer interactions (e.g.,
relationships and experiences) is very different from the ability to
manufacture and distribute products. Patricia Seybold, in The Cus-
tomer Revolution,4 states that thriving when a customer is in control re-
quires that businesses transform into completely customercentric en-
tities. She outlines eight steps to delivering a great total customer
experience:

1. Create a compelling brand personality—a distinct offering
that customers can identify with.

2. Deliver a seamless experience across channels and touch
points. In other words, make sure that customers’ experience
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design of automobiles, airplanes, and architecture. It allowed the devel-
opers, or potential customers, to view, hear, touch, and even drive, walk,
or fly various prototype product configurations. This enabled cus-
tomers to know what their products would look, feel, and sound like be-
fore manufacturing.11



and information are the same no matter what access method
they choose to use at a certain point.

3. Care about customers and their outcomes.
4. Measure what matters to customers: the quality of the

customer’s experience as opposed to internal company
measures.

5. Hone operational excellence.
6. Value customers’ time.
7. Place customers’ information requirements and needs at the

core. This requires the ability to be proactive, e.g.,
reminding customers of maintenance requirements and
training opportunities.

8. Design to morph—the ability to change practices based on
customer requirements.

Supply chain performance is critical in most of these points. It can
play a role in the branding as well as the seamless experience and oper-
ational excellence required to deliver leading customer experience.

8.2.6 Dimensions and Achieving Excellence

Our analysis of customer value dimensions clearly shows that compa-
nies need to select their customer value goals because the supply
chain, market segmentation, and skill sets required to succeed depend
on this choice. In The Myth of Excellence,3 the authors analyze many
companies along the lines of how they rank on price, product, service,
access, and relationship. Their conclusion is that companies cannot
excel along all these dimensions (thus the name of the book). They
show that in order to succeed, a company needs to be dominating in
one attribute, differentiate itself on another, and be adequate in all the
rest. Some of their examples:

1. Wal-Mart stands out on price, as in its motto “Always low
prices, Always,” and secondarily in large brand selection.

2. Target competes by emphasizing brand selection before
price.

3. Nike Stores emphasize experience first and product second.
4. McDonald’s provides access first (they have stores almost

everywhere) and service second.
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5. American Express emphasizes service first and access as a
second attribute.

8.3 STRATEGIC PRICING

We have mentioned the tight connection between pricing and supply
chain strategy. In this section we explore some more sophisticated
pricing issues that could influence supply chain strategy.  No company
underscores the impact of the Internet on product pricing strategies
more than Dell Computers. The exact same product is sold at differ-
ent prices on Dell’s Web site depending on whether the purchase is
made by a private consumer; a small, medium-sized, or large business;
the federal government; or an education or health care provider. A
more careful review of Dell’s strategy13 suggests that even the price of
the same product for the same industry is not fixed; it may change sig-
nificantly over time.

Dell is not alone in its use of a sophisticated pricing strategy.
Consider the following:

• IBM and Compaq say that they have begun investigating
software that will allow them to adjust their prices according
to demand for certain machines.14

• The Nikon Coolpix Digital Camera is sold either online or in
stores for about $600. The manufacturer provides a rebate of
$100 independently of where the camera is purchased.

• The Sharp VL-WD255U Digital Camcorder is sold for
about $500 at retail or virtual stores. Sharp provides a rebate
to the customer of $100 independently of where the product
was purchased.

• Boise Cascade Office Products sells many products online.
Boise Cascade states that prices for the 12,000 items ordered
most frequently online might change as often as daily.15

Thus the question is, What are these companies doing? Why
does Dell charge a different price for different consumers? If Dell can
do it, why not other companies? What is the impact of the mail-in re-
bate? In fact, shouldn’t Nikon and Sharp just reduce the wholesale
price paid by the retailers instead of asking the consumer to mail in the
coupon? More important, if rebates work, shouldn’t the retailer give
the rebate to the consumer? And finally, what is wrong with a tradi-
tional fixed-price policy?
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A careful review of these companies suggests that they have one
thing in common: They are trying to boost profit by using revenue man-
agement techniques, techniques that have been applied very successfully
in the airline, hotel, and rental car industries. In the airline industry, rev-
enue management increased revenue significantly; American Airlines es-
timates that revenue management provides incremental revenue of $1 bil-
lion annually.16 In fact, if it were not for the combined contributions of
revenue management and airline schedule planning systems, American
Airlines would have been profitable only one year in the last decade.17

In the next subsection we review the fundamentals of revenue
management, and in the following subsection we identify effective
pricing strategies and their impact on supply chain performance.

8.3.1 Revenue Management

Revenue management techniques have received significant attention
in recent years from companies trying to improve profitability. These
methods, which integrate pricing and inventory strategies to influence
market demand, provide controls for companies to improve the bot-
tom line. Revenue management has been described as “selling the
right inventory unit to the right type of customer, at the right time,
and for the right price.”18

As observed earlier, revenue management techniques tradition-
ally have been applied in the airline, hotel, and rental car industries. A
number of characteristics are common to all these applications. These
include18 (1) the existence of perishable products, i.e., products that
expire or are irrelevant after a certain date, (2) fixed capacity of the sys-
tem, and (3) segmentation of the market based, for instance, on sensi-
tivity to price or service time.

To understand revenue management, we proceed with the fol-
lowing example.
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Consider an exclusive resort with 400 identical rooms. Management is
focusing on pricing rooms for the next 5-day holiday. The goal is to
price rooms so as to maximize revenue. Based on past experience, man-
agement estimates the relationship between demand D and price p by
the linear function 

D � 1000 � 0.5 p

(continued)
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This implies that when the price is $1600, there is demand for 200
rooms, whereas if the price is $1200, there is demand for 400 rooms.
Notice that revenue equals price times demand at that price. Thus,
when rooms for the holiday season are priced at a level of $1200, rev-
enue equals 

1200 � 400 � 480,000

Figure 8-1 depicts the demand-price curve, where the shaded area
represents total revenue. Since supply is 400 rooms, at first glance it
seems that this is the best pricing strategy. However, observe that ac-
cording to the demand-price curve, the resort charges many customers
who are willing to pay a higher price only $1200. In fact, there are
about 200 customers among the 400 who are willing to pay $1600 per
room. Of these 200 customers, there are about 100 who are willing to
pay $1800. All these customers are charged the same price, $1200.

This simple analysis illustrates that by charging a single price, man-
agement is leaving a large amount of money on the table. In fact, the
amount of money left on the table is represented by the upper triangle
in Figure 8-1, and it is equal to 

(2000 � 1200) � 400/2 

The question therefore is, How can management increase revenue
by taking advantage of the amount of money left on the table?

For this purpose, consider a more sophisticated pricing strategy in
which the hotel introduces a differential or customized pricing strategy.
In differential pricing, the firm tailors its pricing to different market
segments: those who can pay the higher price and those who are will-
ing to pay only the lower price. For instance, consider a two-price strat-
egy in which the hotel introduces two fare classes, $1600 and $1200.
Observe that at a price of $1600 there is demand for 200 rooms, whereas
at a price of $1200 there is demand for 400 rooms, out of which 200 cus-
tomers pay the higher price. Thus total revenue in this case is 

1600 � 200 � 1200 � (400 � 200) � 560,000 

Hence, using this strategy, the hotel was able to increase its revenue by
$80,000 by capturing 50 percent of the money left on the table. 

Can the hotel increase revenue even more? Observe that a three-tier
pricing strategy can do even better. Indeed, consider a strategy in which
the hotel introduces three classes of fare: $1800, $1600, and $1200. At
a price of $1800, there is demand for 100 rooms. At a price of $1600,
there is demand for 200 rooms, out of which 100 customers pay the



This example illustrates the opportunities and challenges of rev-
enue management. By increasing the number of price fares, the firm can
increase total revenue and, in fact, can capture the entire amount left on
the table. Of course, the main challenge is ensuring that those who can
pay the higher price do not pay a lower one. This is achieved by build-
ing fences between the various classes of customers, fences that make it
difficult for customers in one class to switch and pay the lower price.

To illustrate this, consider the airline industry.19 Airline passen-
gers can be classified into two segments: leisure and business travelers.
Leisure customers are highly sensitive to price but not that sensitive to
the duration of the trip. On the other hand, business travelers are
highly sensitive to the duration of the trip but not that sensitive to
price. Similarly, business travelers need high flexibility so that they can
adjust their travel plans as needed, whereas leisure travelers typically
do not need that level of flexibility. This suggests the framework de-
veloped by Duadel and Vialle,19 which we introduce in Table 8-1.

Thus the airlines build fences to prevent business travelers from
moving from the top-left box to the bottom-right box. This is done by
requiring weekend stays and early booking. Of course, the more fare
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higher price. Finally, at a price of $1200, there is demand for 400
rooms, out of which 200 customers pay higher prices. Thus total rev-
enue equals 

1800 � 100 � 1600 � (200 � 100) � 1200 � (400 � 200) � 580,000 

an increase of $20,000 relative to the two-tier strategy.

Price

Money on the table = $160,000

C = 400 Number of rooms

po = $1200

Figure 8-1 Revenue-sharing contract.



classes, the more fences need to be built between the different market
segments.

8.3.2 Smart Pricing

The pricing strategies applied by Dell, Nikon, Sharp, and Boise Cas-
cade Office Products have one thing in common. These companies
use price as a tool to influence customer demand, and hence they 
apply the principles of revenue management techniques to their re-
spective industries. Two different but complementary approaches are
used.

Customized Pricing In customized pricing, the objective is to
distinguish between customers according to their price sensitivity.
Dell does this by distinguishing between private consumers, small or
large businesses, government agencies, and health care providers.
Sharp and Nikon use mail-in rebates to differentiate between
customers based on their sensitivity to price. This is done by adding a
significant hurdle to the buying process; to receive the rebate, you
have to complete and mail the coupon to the manufacturer. The
assumption is that customers willing to pay the higher price will not
necessarily send the coupon. Of course, the problem with this
assumption is that unlike traditional revenue management techniques,
mail-in rebates do not incorporate fences that will prevent customers
willing and able to pay the higher price from sending their coupon
back and claiming the discount. Thus mail-in rebates require a more
detailed analysis.
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Table 8-1 Market Segmentation in the Airline Industry

Sensitivity to price

Low High

Business No

Sensitivity to duration;
High travelers offer

need for flexibility No Leisure
Low demand travelers



• With no rebate, each retailer decides on the price and the
amount to order from the manufacturer so as to maximize its
profit. The retailer tradeoffs are clear: the higher the price,
the smaller the demand. Thus the retailer needs to find a
price and an order quantity so as to maximize its expected
profit. The manufacturer, on the other hand, would like the
retailer to order as much as possible. Its profit is proportional
to the wholesale price, not to the price paid by the customers.

• With mail-in rebates, the manufacturer influences customer
demand and provides an upside incentive to the retailer to
increase its order quantity. Indeed, by introducing the rebate,
the effective price paid by (some of) the customers to the
retailer is reduced, and hence the retailer faces a higher
demand level. Thus the retailer’s profit increases. Of course,
the increase in demand forces the retailer to order more from
the manufacturer. By selecting the rebate appropriately, this
increase in order quantity more than compensates for the
rebate, and hence it implies an increase in the manufacturer’s
expected profit.

• From the manufacturer’s point of view, the question, of
course, is, Why not discount the wholesale price? Various
answers may be given. First, the rebate strategy has the
advantage that not every consumer will mail the coupon to
the manufacturer. Second, if the manufacturer merely reduces
the wholesale price, the retailer may keep the discount and
not transfer it to the customers. Finally, and most important,
even if the retailer uses the discounted wholesale price to
optimize its pricing and ordering decisions, and even if every
consumer mails back the rebate, the mail-in rebate strategy is
a better strategy for the manufacturer. That is, it increases
the manufacturer’s profit more than a discounted wholesale
price. To understand this issue, suppose that the retailer
orders the same amount in both strategies, i.e., in the mail-in
rebate strategy and in the discounted wholesale price strategy.
Consider two situations: one in which the order quantity is
smaller than realized demand and another in which the order
quantity is larger than realized demand. If the order quantity
is smaller than realized demand, the two strategies provide
the manufacturer with exactly the same profit. On the other
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hand, if the order quantity is larger than demand, the
manufacturer’s profit with rebate is larger than its profit
under discounted wholesale price.

Dynamic Pricing Dynamic pricing, or changing prices over time
without necessarily distinguishing between different types of
customers, has been employed for ages but traditionally has been used
only for sales or promotions. For example, fashion clothing retailers
may offer discounts later in the season to reduce inventory, and this
discount is the same for all customers at a given time. The current
wave of smart pricing applies this strategy to the manufacturing
environment by using price as a tool to better match demand and
supply. This, of course, requires executives in the front end of the
supply chain, i.e., those who make pricing decisions, to have complete
visibility into the back end of the supply chain—to suppliers’
inventory—as well as into their own production schedule.

The key challenge when considering dynamic pricing strategies
is to identify conditions under which this strategy provides significant
profit benefit over (the best) fixed-price strategy:

• Available capacity. Assuming that everything else is equal, the
smaller the production capacity relative to average demand,
the larger is the benefit from dynamic pricing.21

• Demand variability. The benefit of dynamic pricing increases
as the degree of demand uncertainty, measured by the
coefficient of variation, increases.20

• Seasonality in demand pattern. The benefit of dynamic pricing
increases as the level of demand seasonality increases.20,21

• Length of the planning horizon. The longer the planning
horizon, the smaller is the benefit from dynamic pricing.20

All in all, research20,21 indicates that depending on the data and the
model assumptions, dynamic pricing may increase profit by 2 to 6 per-
cent. This increase in profit due to dynamic pricing is very significant for
industries with low profit margins, e.g., retail and computer industries.

The Internet has made these developments possible:

1. Menu cost, the cost that retailers incur when changing the
posted price,7 is much lower on the Internet than in the
offline world. This allows online sellers such as Dell and
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Boise Cascade Office Products to update their prices on a
daily basis.

2. Lower buyer search price, which is the cost that buyers incur
when looking for a product, forces competition between
sellers7,22 and hence leads to a focus on smart pricing
strategies. 

3. Visibility to the back end of the supply chain, such as that
provided to Dell by its private e-marketplace (see Chap. 7),
makes it possible to coordinate pricing, inventory, and
production decisions.

4. Customer segmentation using buyers’ historical data is possible
on the Internet and very difficult in conventional stores.23

5. Testing capability—because of its low menu cost, the Internet
can be used to test pricing strategies in real time. As
suggested by Baker, Marn, and Zawada,23 an online seller
may test a higher price on a small group of the site visitors
and use those data to determine a pricing strategy.

A word of caution is in order. Recent experiments by a number
of companies reveal that anyone who considers using smart pricing
strategies must avoid the appearance of unfair treatment of their 
customers.

• Amazon.com experimented with a pricing strategy in which
customers were paying different amounts for the same DVD
based on demographics or even the browser they used.

“Amazon was trying to figure out how much their loyal customers
would pay,” said Barrett Ladd, a retail analyst with Gomez Advisors.
“And the customers found out.” A number of DVDTalk.com visitors
were particularly distressed to find that prices seemed to be higher
for the best customers. “They must figure that with repeat Amazon
customers they have ‘won’ them over and they can charge them
slightly higher prices since they are loyal and don’t mind and/or
don’t notice that they are being charged 3 percent to 5 percent more
for some items,” wrote a user whose online handle is Deep Sleep.24

Customers responded negatively to the strategy, and Ama-
zon.com stopped the pricing tests.

• Doug Ivester, the former chairman of Coca-Cola Co., had
considered a dynamic pricing strategy in which price would
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vary by season. Rumors have it that Ivester left Coca-Cola in
part due to customer dissatisfaction over the pricing strategy.

• Online sites such as Priceline and San Francisco–based
Hotwire.com provide an outlet for last-minute, unsold seats
and hotel rooms through what are called opaque fares. This
means that travel providers can cut their losses by offering
unsold tickets and rooms at deep discounts without
identifying which airline or hotel, for example, is selling the
ticket or room. This “protects” the published fares promoted
by the airlines and hotels themselves. Opaque fares are like
the store-brand merchandise in grocery stores that sells for
much less than the same goods with a brand name attached.
However, opaque fares are supposed to be ancillary sources of
income, and finding the right balance can be tricky. In an
unstable economy, when many published fares are about as
good as the opaque fares, it is harder to attract customers to
the Priceline and Hotwire sites.25

8.4 CUSTOMER VALUE MEASURES

Because customer value is based on customer perceptions, it requires
measures that start with the customer. Typical measures include ser-
vice level and customer satisfaction. Patricia Seybold4 goes a step fur-
ther and suggests managing companies by additional customer value
measures such as growth in number of active customers, customer re-
tention, defections, referrals, acquisition costs, and share of customer’s
spending.

Our objective in this section is to introduce various basic mea-
sures of customer value, as well as supply chain performance measures.
The latter are important because supply chain performance is an im-
portant contributor to customer value.

1. Service level. Service level is the typical measure used to
quantify a company’s market conformance. In practice, the definition
of service level can vary from company to company, but service level is
usually related to the ability to satisfy a customer’s delivery date, e.g.,
the percentage of all orders sent on or before the promised delivery
date. Many companies consider this measure so critical to their ability
to succeed in today’s markets that they invest heavily in decision-
support systems that allow them to quote delivery dates accurately by
analyzing information from the entire supply chain.
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There is a direct relationship between the ability to achieve a cer-
tain level of service and supply chain cost and performance. For in-
stance, demand variability and manufacturing and information lead
times determine the amount of inventory that needs to be kept in the
supply chain. Clearly, when setting the level of service that should be
used for a particular offering, it is important to understand customer
value. For instance, customers may value low cost, information about
the delivery date, and the ability to customize the product more than
they value immediate delivery itself. This is definitely the case for PC
buyers, where Dell’s direct business model, with the additional time it
takes to build and deliver the PC, seems to be winning over off-the-
shelf store purchases.

2. Customer satisfaction. Customer satisfaction surveys are used to
measure sales department and personnel performance as well as to
provide feedback for necessary improvements in products and
services. In addition, as in the Peapod example, there are other
innovative ways to receive information about customer satisfaction.
However, customer surveys may not be the best way to learn about
customer value. As Reichheld26 points out, relying on customer
satisfaction surveys often can be misleading. These surveys are easy to
manipulate and typically are measured at the selling point, while
nothing is said about retaining the customer.

Indeed, more important than what customers say about their sat-
isfaction is customer loyalty, which is easier to measure than customer
satisfaction. This can be accomplished by analyzing customer repur-
chase patterns based on internal databases.
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Lexus is a consistent winner of automobile satisfaction awards, but it re-
fuses to consider surveys as the best measure of satisfaction. To Lexus,
the only meaningful measure of satisfaction is repurchase loyalty. Lexus
considers the repurchase activities of cars and services as the only mea-
sure for its dealers’ success. Each Lexus dealership has a satellite dish
that keeps information flowing back and forth to headquarters, where
these measures are tracked constantly.26

An additional option is to learn from customer defections. Un-
fortunately, identifying such customers is not an easy task because dis-
satisfied customers seldom cancel an account completely. Instead, they



gradually shift their spending, making a partial defection. However, if
this type of tracking is possible, it may provide the key to increasing
customer value.

Another example is Charles Schwab.4 The online broker tracks
customer asset accumulation, customer satisfaction, customer reten-
tion, and employee retention. These are the measures on which man-
agers and employees receive incentives.

3. Supply chain performance measures. As we have seen, supply
chain performance affects the ability to provide customer value,
especially in the most basic dimension of availability of products.
Therefore, there is a need to develop independent criteria to measure
supply chain performance. The need for well-defined measures in the
supply chain stems from the presence of many partners in the process
and the requirement of a common language. This is precisely the
motivation behind standardization initiatives such as the Supply Chain
Council’s Supply Chain Operations Reference (SCOR) Model.

The SCOR Model uses a process reference model that includes an-
alyzing the current state of a company’s processes and its goals, quan-
tifying operational performance and comparing it with benchmark
data. For this purpose, the Supply Chain Council has developed a set
of metrics for supply chain performance; its members are in the
process of forming industry groups to collect best-practice informa-
tion that companies can use to evaluate their supply chain perfor-
mance. Table 8-2 lists examples of metrics used to evaluate supply
chain performance in the SCOR Model.27

Once a specific company’s metrics are calculated, they are com-
pared with those of industry benchmarks such as average and best in
class. This enables identifying the company’s advantages as well as op-
portunities for supply chain improvement.

Examples of these metrics are reported in the “Overall Business
Performance” survey conducted by Pittiglio, Rabin, Todd & McGrath
(PRTM):28

• Total supply chain management cost. This includes the total cost
to manage order processing, acquire materials, manage
inventory, and manage supply chain finance and information
systems. The survey found that leading companies have total
costs between 4 and 5 percent of sales. Median performers
spend 5 to 6 percent more.

214 CHAPTER 8



• Cash-to-cash cycle time. The number of days between paying
for raw materials and getting paid for product, as calculated
by inventory days of supply plus days of sales outstanding
minus average payment period for material. The survey
shows that best in class have less than 30 days of cycle time,
whereas median performers can have up to 100 days.

• Upside production flexibility. The number of days required to
achieve an unplanned, sustainable 20 percent increase in
production. This measure is now under 2 weeks for best in
class and even less than a week for some industries. The main
constraint is material availability and not internal
manufacturing or labor constraints.

• Delivery performance to request. The percentage of orders that
are fulfilled on or before the customer’s requested date. The
survey indicated that best-in-class performance is at least 94
percent and in some industries approaches 100 percent. The
median performance ranges from 69 to 81 percent.

The SCOR Model is a good example of a set of supply chain
metrics and is an effective way to compare performance with that 
of other companies in the same industry or in others. It has the 
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Table 8-2 SCOR Level 1 Metrics

Perspectives Metrics Measure

Supply chain reliability On-time delivery Percentage
Order fulfillment lead time Days
Fill rate Percentage
Perfect order fulfillment Percentage

Flexibility and responsiveness Supply chain response time Days
Upside production flexibility Days

Expenses Supply chain management cost Percentage
Warranty cost as percentage of Percentage
revenue
Value added per employee Dollars

Assets/utilization Total inventory days of supply Days
Cash-to-cash cycle time Days
Net asset turns Turns



additional advantage of possibly becoming an industry standard. How-
ever, every company needs to understand its own unique environment
and determine its measures based on this insight. For instance, Dell
measures inventory velocity and not the more standard inventory
turns (see Ex. 8-13).

8.5 INFORMATION TECHNOLOGY AND CUSTOMER VALUE

Information technology has produced many valuable benefits for cus-
tomers and businesses. We will briefly review three aspects below. The
first is exchange of information between customers and businesses, the
second is the use of information by companies to learn more about
their customers so that they can better tailor their services, and the
third is enhanced business-to-business (B2B) capabilities.

1. Customer benefits. Customer service has changed for many
reasons. One of the most dramatic is the opening of corporate,
government, and educational databases to the customer. This started
with kiosks and voice mail and has accelerated significantly with the
uniform data access tools of the Internet. These innovations have had
the effect of increasing customer value while reducing costs for the
supplier of the information. Banks were the first to realize that by
installing automated teller machines (ATMs), they could reduce their
workforce. Voice mail was at first derided as dehumanizing,
preventing interactions with a live person, but it actually allowed
unmediated access to a user’s accounts at any time of the day from
almost anywhere. The Internet has expanded these capabilities and
allows users to access their accounts and perform transactions from
any location at any time. This opening of the information boundaries
between customer and company is part of the new customer value
equation, where the information is part of the product.

The Internet has also had some less obvious effects29:

• Increased importance of intangibles. Customers have become
accustomed to ordering even high-priced products from
unseen salespeople over the phone or Internet. This increases
the importance of brand names and other intangibles, such as
service capabilities or community experience in purchasing
decisions.
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• Increased ability to connect and disconnect. The Internet makes it
easier not only to identify business partners and connect to
them but also to disconnect and find new partners. Increasing
availability of information, including performance measures
and data, reduces the need to develop long-term trust
relationships. Companies can rely on accessible, published
track records to make decisions on quality of service. This
ability is mainly important when there is not a considerable
initial investment in setting up the partnership. If there is,
then frequent changes of partners may have a major impact
on cost and available resources.

• Increased customer expectations. The ability to compare and the
ease of performing various transactions over the phone and
the Internet have raised expectations of similar services from
every type of business as well as for B2B interactions.

• Tailored experience. The ability to provide each customer with
an individual experience is an important part of the Internet.
Amazon.com saves the customer’s information and
recommends books and other items based on previous
purchases. Mass customization can allow users to store their
individual preferences or sizes and order custom-fit clothes
and shoes from various vendors without having to reenter the
information.

2. Business benefits. One way to enhance customer value is to use
the information captured in the supply chain to create new offerings
for customers. The information now available allows companies to
“sense and respond” to customers’ desires rather than simply to make
and sell products and services. Indeed, as we have seen, learning about
customers takes time, requires some of the customers’ time, and
eventually makes switching vendors more difficult. The learning
process takes many forms from sophisticated data mining methods
used to correlate purchasing patterns to learning about each individual
customer by keeping detailed data of preferences and purchases. The
method applied depends on the industry and business model. Retailers
would use the first method, whereas service companies, as in the
following example, would be more likely to track individual customer
preferences and requirements.
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3. Business-to-business benefits. The Dell Computer example 8-13
illustrates how information technology allows companies to improve
the performance of their suppliers and service providers. More
recently, with the establishment of its private e-marketplace (see
Chap. 6), Dell is using the Internet to improve supply chain
collaboration by providing demand information and production data
to its suppliers. Thus these developments make it possible to
outsource important parts of a company’s business but still keep close
control over what it produces or services. For instance, strategic
partnering relies heavily on information sharing and enables the
partners to achieve supply chain efficiencies (see Chap. 5).

Narus and Anderson30 describe various arrangements between
manufacturers such as Volvo, GM and Okuma America and their
distributors for sharing information on inventory that results in cost
reduction. These arrangements, motivated by the risk-pooling
concept introduced in Chapter 4, allow manufacturers and
distributors to reduce overall inventory by sharing information about
inventory in all locations and allowing any member of the channel to
share the inventory.
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In the 1930s it was difficult for military personnel to obtain reasonably
priced insurance, so a group of officers formed United Services Auto-
mobile Association (USAA) to provide insurance for military officers.
USAA still offers services only to active and former military officers and
their families and handles all transactions by mail and phone. USAA has
used its extensive databases to expand into financial and shopping ser-
vices for its members. When a customer calls USAA, the information
about him or her can be accessed and updated, and the customer can be
offered a variety of services to match his or her needs. For instance, if a
customer owns a boat purchased or financed through USAA, he or she
could receive an offer to acquire insurance.8

E X A M P L E  8-13

Michael Dell started a computer business in his dormitory room in
1984 with this simple insight: He could bypass the dealer channel
through which PCs were being sold and instead sell directly to cus-
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tomers and build their PCs to order. This idea, now called the direct
business model, eliminated the cost of inventory and the reselling ex-
penses. The model had other benefits that were not apparent when Dell
founded his company, Dell Computer Corporation. “You actually get to
have a relationship with the customer,” Michael Dell explains, “and this
creates valuable information which, in turn, allows us to leverage our
relationships with both suppliers and customers. Couple that informa-
tion with technology, and you have the infrastructure to revolutionize
the fundamental business models of major global companies.”

Dell Computer’s model involves building computers based on com-
ponents that are available in the market. The decision not to manufac-
ture the computer components has relieved Dell of the burden of own-
ing assets, research and development risks, and managing a large
number of employees. Spreading the development and manufacturing
risk among several suppliers allowed Dell to grow much faster than if
these functions were performed inside the company. 

Dell’s use of technology and information to blur the traditional
boundaries in the supply chain between suppliers, manufacturers, and
end users has been named virtual integration. In a traditional computer
company, such as Digital Computer, processes were vertically integrated,
with all the research, development, manufacturing, and distribution ca-
pabilities in-house. This allowed for a high level of communication and
ability to develop products based on the company’s interaction with its
clients. The disadvantage was the high risk and costs of development
and the ownership of assets in a volatile industry. To achieve the advan-
tages of an integrated company, Dell treats suppliers and service
providers as if they were inside the company. Their systems are linked
in real time to Dell’s system, and their employees participate in design
teams and product launches. Technology enhances the economic in-
centives to collaborate because it makes it possible to share design data-
bases and methodologies and speed the time to market. 

Dell measures inventory velocity, the reciprocal of the average amount
of time a product spends in inventory. For this purpose, each compo-
nent is marked with a date stamp. Accumulating inventory in the fast-
moving PC industry is a high-risk proposition because the components
can become obsolete very quickly. In some cases, such as Sony moni-
tors, Dell does not keep any inventory but has UPS or Airborne Ex-
press pick up the monitors from Sony’s Mexican factory, the computer
from Dell’s Austin, Texas, facility, and then match and deliver them to
the customers. Dell suppliers benefit from the real-time information
about demand and a commitment from Dell for a certain level of pur-

(continued)



8.6 SUMMARY

Creating customer value is the driving force behind a company’s goals,
and supply chain management is one of the means of achieving cus-
tomer value. The Dell example illustrates many of the concepts in this
chapter. Supply chain management strategy affects customer value; its
considerations affect every aspect of customer value and must be part
of any strategy or plan, not an afterthought. It is important to choose
the appropriate supply chain strategy to match customer value with
the company’s market. Excellence in supply chain management trans-
lates into customer value in many dimensions, from availability and se-
lection to influencing the price at which a product can be sold.

The supply chain strategy in the Dell example was the business
model, and it created the customer value of low prices. Customer ac-
cess to information about the availability of products and the status of
orders and deliveries is becoming an essential capability. This also cre-
ates opportunities to learn about customers and their preferences and
to create new modes of interaction. Dell uses this information to en-
hance its services.
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chases. The results are impressive. While Compaq, IBM, and Hewlett-
Packard all announced plans in late 1998 to emulate portions of Dell’s
business model, with various build-to-order plans, all have had diffi-
culty in making the transition. Most are moving to a target inventory
level of 4 weeks, whereas Dell maintains just 8 days of inventory, al-
lowing it to turn over inventory 46 times a year.

On the customer side, Dell has segmented its customer base so that
it can offer value-added services to different customers. Dell configures
PCs and supports them for large customers. It also will load standard 
software and place asset stickers on the machines based on customer re-
quests. For some clients, Dell has an on-site team that assists in PC pur-
chasing and servicing. “The whole idea behind virtual integration is
that it lets you meet customers’ needs faster and more efficiently than
any other model.” Furthermore, it allows Dell to be efficient and re-
sponsive to change at the same time. By spending time with customers
and following technological trends, Dell tries to be a few steps ahead of
the change and even create and shape it.31



Adding services, relationships, and experiences is a way for com-
panies to differentiate their offerings in the market and learn about
their customers. It also makes it difficult for the customers to switch to
another service provider. Dell has added excellent customer support to
its capabilities. Larger companies find that it provides more extensive
options, from custom preloaded PCs to in-house service and support.

Measuring customer value is at the heart of company goals and ob-
jectives, but identifying the appropriate measure is not an easy task. Dell
measures inventory velocity, the reciprocal of the average amount of
time a product spends in inventory, and not the traditional inventory
turns.

The ability to provide sophisticated customer interactions (e.g.,
relationships and experiences) is very different from the ability to
manufacture and distribute products. Because a distinctive expertise is
required for each function, companies will gain by specializing. This
concept has been applied successfully by Dell through virtual integra-
tion. Dell has relationships with many of the suppliers that provide the
components of its product.

We also observe this trend in consumer product industries,
where firms such as Nike and Sara Lee lend their name to products
produced by many manufacturing companies.

A virtually integrated company can lose some of its ability to in-
novate and collaborate if it does not pay close attention to its rela-
tionships with suppliers. This is also true for other third-party
providers performing tasks for the company. Communication systems,
methods of sharing information and resources, and proper incentives
need to be in place to make these relationships work. Dell, a company
built on outsourcing, has been working on this type of collaboration
for many years. It has practices in place to make sure that the quality
of work performed by its partners meets its own standards.

There is no real customer value without a close relationship with
customers. Today this is possible not only through direct interaction
but also through information and communications technology. By al-
lowing customers to state their preferences and learning from them—
a true two-way interaction—a firm can develop the means to achieve
greater customer value and therefore loyalty. Dell has inadvertently
been able to achieve this because of its direct supply chain model. The
company has taken full advantage of its close relationships with its cus-
tomers to become the largest PC seller in the world.
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C H A P T E R  9

Global Issues in Supply 
Chain Management

9.1 INTRODUCTION

It is readily apparent that global operations and supply chains are be-
coming increasingly significant. Philippe-Pierre Dornier and col-
leagues1 collected the following statistics, which help to indicate the
magnitude of this trend:

• About one-fifth of the output of U.S. firms is produced
overseas.

• One-quarter of U.S. imports are between foreign affiliates
and U.S. parent companies.

• Since the late 1980s, over half of U.S. companies increased
the number of countries in which they operate.

In many ways international supply chain management is the same
as domestic supply chain management spread over a larger geographic
area. However, as we will discuss in this chapter, international supply
chain networks can provide a wealth of additional opportunities if they
are managed effectively. At the same time, there are many additional
potential problems and pitfalls of which to be aware.

International supply chains can run the gamut from a primarily
domestic business with some international suppliers to a truly inte-
grated global supply chain. Some of the advantages and disadvantages
that we will discuss apply equally to all the systems in the following list,
whereas others apply only to the most complex integrated systems.
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International distribution systems. In this type of system,
manufacturing still occurs domestically, but distribution and
typically some marketing take place overseas.
International suppliers. In this system, raw materials and
components are furnished by foreign suppliers, but final
assembly is performed domestically. In some cases the final
product is then shipped to foreign markets.
Offshore manufacturing. In this type of system, the product is
typically sourced and manufactured in a single foreign location
and then shipped back to domestic warehouses for sale and
distribution.
Fully integrated global supply chain. Here products are supplied,
manufactured, and distributed from various facilities located
throughout the world. In a truly global supply chain, it may
appear that the supply chain was designed without regard to
national boundaries. Of course, this is far from the truth! As we
shall see, the true value of a global supply chain is realized by
taking advantage of these national boundaries.

Clearly, a supply chain can fit more than one of these categories.
Throughout the following discussion, consider how each of the issues
discussed applies differently to firms depending on their position in
this global supply chain spectrum.

In any event, many firms cannot help but become involved in
global supply chain issues. Dornier and colleagues1 identified the fol-
lowing forces that collectively drive the trend toward globalization:

• Global market forces
• Technological forces
• Global cost forces
• Political and economic forces

9.1.1 Global Market Forces

Global market forces involve the pressures created by foreign com-
petitors, as well as the opportunities created by foreign customers.
Even if companies do not do business overseas, the presence of foreign
competitors in home markets can affect their business significantly. To
defend domestic markets successfully, companies may find it necessary
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to move into foreign markets. Sometimes the threat of a presence is
sufficient, as in the dry breakfast cereal business, dominated by Kel-
logg Co. in the United States and Nestlé in Europe. Apparently, failed
attempts in the past to penetrate each other’s home markets, combined
with the threat of retaliation, are enough to maintain the status quo.
In addition, much of the demand growth available to companies is in
foreign and emerging markets. Recently, companies have made great
sacrifices (particularly in terms of proprietary technology) and taken
on considerable business risk to become involved in ventures in main-
land China. Indeed, the United States is accounting for less and less of
the total consumption of goods in the world.

One cause of this increasing demand for products throughout the
world is the global proliferation of information. Television introduces
products to Europeans. Japanese vacation abroad. Businesses send
overnight mail between continents. More recently, the Internet pro-
vides instant international exposure, as well as the ability to purchase
goods in one country that will be delivered in another without leaving
home or office.
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In Brazil, thousands of people move from preindustrial villages to
rapidly growing cities. Once there, their first goal is to install television
sets, even as they continue to “make sacrificial offerings of fruit and
fresh-killed chickens to Macumban spirits by the candlelight.”2

As Kenichi Ohmae, head of management consulting firm 
McKinsey’s Japanese office, points out, people have “all become global
citizens, and so must the companies that want to sell us things.”3 Prod-
ucts are universally desired, and many companies are willing to sell
them globally. This is clearly a self-amplifying trend for an industry
because, as companies become global, their competitors also must be-
come global in order to compete. Thus many companies are becom-
ing global citizens with universal products and the opportunity to hire
talented employees worldwide.

Along similar lines, particular markets often serve to drive tech-
nological advances in some areas. By participating in these competi-
tive markets, companies are forced to develop and enhance leading-
edge technologies and products. These products then can be used to



increase or maintain market position in other areas or regions where
the markets are not as competitive. To be a leader in software, for ex-
ample, you have to compete in the U.S. market. Similarly, the German
machine tools market and the Japanese consumer electronics market
are hotly contested.

9.1.2 Technological Forces

Technological forces are related to the products themselves. Various
subcomponents and technologies are available in different regions and
locations around the world, and many successful firms need to have
the ability to use these resources quickly and effectively. To achieve
this, it may be necessary for firms to locate research, design, and pro-
duction facilities close to these regions. This is often particularly use-
ful if suppliers are involved in the design process, as discussed in
Chapter 7. The same logic applies to collaborations and interfirm de-
velopment projects. To gain access to markets or technology, compa-
nies in different regions frequently collaborate, resulting in the loca-
tion of joint facilities close to one of the partners.

Along similar lines, global location of research and development
facilities is becoming more common primarily for two reasons. First,
as product cycles become shorter and time more important, compa-
nies have discovered how useful it is to locate research facilities close
to manufacturing facilities. This helps transfer technology from re-
search facilities to manufacturing facilities and speeds up the resolu-
tion of problems that inevitably arise during this transfer. In addition,
specific technical expertise may be available in certain areas or regions.
For example, Microsoft recently opened a research lab in Cambridge,
England, to take advantage of the expertise available in Europe.

9.1.3 Global Cost Forces

Cost forces often dictate global location decisions. In the past, the low
cost of unskilled labor was a decisive factor in determining factory lo-
cation. Recently, studies have found that in many cases the costs of
cheaper unskilled labor were more than offset by the increase in other
costs associated with operating facilities in remote locations. In some
cases, of course, cheaper labor is sufficient justification for overseas
manufacturing.
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More recently, however, other global cost forces have become
more significant. For example, cheaper skilled labor is drawing an in-
creasing number of companies overseas. Many of the analyses and
programs that U.S. consulting firms undertook to address the year
2000 problem (in which computer programs might fail when the year
changed from 1999 to 2000) were done in India, where programming
skills are much cheaper.

We have discussed how a supplier and the customer supply chain
often must be tightly integrated to deliver certain products effectively.
Often this can be accomplished most cost-effectively if the various
participants are located close together. This may necessitate establish-
ing integrated supply chains in different markets.

Finally, the capital costs of building a new facility often dominate
labor costs. Many governments are willing to provide tax breaks or
cost-sharing arrangements to lower the cost of the new facility. In ad-
dition, supplier price breaks and cost-sharing joint ventures may dic-
tate these types of decisions.

9.1.4 Political and Economic Forces

Political and economic forces may greatly affect the drive toward
globalization. In Section 9.2 we will discuss exchange-rate fluctuation
and the operational approaches to dealing with this issue. There are
also several other political and economic factors. For example, re-
gional trade agreements may drive companies to expand into one of
the countries in the regional group. It may be to a company’s advan-
tage to obtain raw materials from or to manufacture within European,
Pacific Rim, or North American trading blocks. In some cases pro-
duction processes may even be redesigned to avoid tariffs; for exam-
ple, almost-finished goods may be shipped into a trading block to
avoid tariffs on finished goods.

Similarly, various trade protection mechanisms can affect inter-
national supply chain decisions. Tariffs and quotas affect what can be
imported and may lead a company to decide to manufacture within the
market country or region. More subtle regulations, including local
content requirements, affect supply chains. To address local content
requirements, for example, TI and Intel, both U.S. firms, make mi-
croprocessors in Europe, and various Japanese automakers produce
cars in Europe. Even voluntary export restrictions can affect the 
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supply chain: Japanese manufacturers began to manufacture more ex-
pensive cars after agreeing voluntarily to limit exports to the United
States. Recall that this is why brands such as Infiniti and Lexus came
into existence.

Government procurement policies can affect the ability of inter-
national companies to be successful in various markets. In the United
States, for example, the Department of Defense gives as much as a 50
percent advantage to U.S. companies in the bidding on contracts.

9.2 RISKS AND ADVANTAGES OF INTERNATIONAL SUPPLY CHAINS

We have looked at the various forces that drive companies to develop
international supply chains. In this section we take a slightly different
perspective by examining the various advantages and risks inherent in
different types of international supply chains. Certain advantages 
of sourcing, manufacturing, and selling globally are immediately 
obvious.

Clearly, the world is converging in many instances toward stan-
dardized products. This means that more and more, vast markets have
opened up for products—far greater than anything managers in the
past could have imagined. By taking advantage of this trend, compa-
nies can realize vast economies of scale in terms of production, man-
agement, distribution, marketing, and so forth.2

Indeed, as we discussed in the preceding section, costs can be
lowered with greater potential raw material, labor, and outsourcing
sources and a greater number of potential manufacturing sites. At the
same time, the increase in potential markets allows for an increase in
sales and profits. These advantages are due to the increase in the size
and scope of the supply chain—they are independent of the specific
characteristics of the global supply chain.

To use these advantages, it is essential that management under-
stand the different demand characteristics and cost advantages of different
regions. We will discuss this issue in more depth in the next section.
This discussion is greatly influenced by Bruce Kogut’s “Designing
Global Strategies: Profiting from Operational Flexibility.”4

Most important, the global supply chain can provide a firm with
the flexibility to address the uncertainty in international markets. In
particular, this flexibility can be used to counteract the inherent risks
from various factors that are particularly relevant to global companies.
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9.2.1 Risks

So what are these risks? First, fluctuating exchange rates change the
relative value of production and the relative profit of selling a product
in a particular country. Relative costs change so that manufacturing,
storing, distributing, or selling in a particular region at a particular
price can change from being extremely profitable to a total loss.

The same is true domestically. In many cases certain regions
within the same country may be less expensive for storage or manu-
facturing than others. However, the cost differences between domes-
tic regions are not typically as dramatic as those across countries, and
more important, they do not change as frequently.

It should be stressed that although managers typically think of
exchange rates as affecting the dollar value of assets and liabilities
denominated in foreign currencies, it is the operating exposure de-
scribed in preceding paragraphs that can have the most dramatic ef-
fect on annual operating profit. This operating exposure reflects the
fact that in the short run, changes in currency exchange rates do not
necessarily reflect changes in relative inflation rates between coun-
tries. Thus, over the short term, regional operations can become
relatively more or less expensive in terms of dollars. Note that this
operating exposure is a function not only of a firm’s global supply
chain but also of its competition’s global supply chain. If a competi-
tor’s relative costs decrease more, a firm can be underpriced in the
market.5

Indeed, Philippe-Pierre Dornier and colleagues1 identified sev-
eral factors that affect the impact of operating exposure on a firm. Cus-
tomer reactions influence how a firm adjusts prices in various markets in
response to changes in operating expenses. As discussed earlier, com-
petitor reactions also influence how a firm can react to changes in the
relative cost of doing business. Competitors can react to price in-
creases by raising their own prices to increase profitability or gain
market share. As we discuss in the next section, supplier reaction—the
ability of suppliers to respond with flexibility to varying demands—is
a strong factor in the effectiveness of certain strategies that help firms
address the risk of operating exposure. Finally, government reactions
play a large role on the global stage. Governments can intervene to
stabilize currencies or even directly support endangered firms by pro-
viding subsidies or tariffs. In addition, other political instabilities also
can affect multinational companies. Tax situations can change rapidly
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because political factors dictate different treatment of corporations,
particularly foreign corporations, in various regions.

Likewise, foreign companies can enter domestic markets. These
companies may even use domestic profits to subsidize low-priced
goods in foreign markets. This could even affect companies that have
decided not to compete on the global stage.

9.2.2 Addressing Global Risks

Bruce Kogut4 identified three ways a global supply chain can be em-
ployed to address global risks: speculative, hedge, and flexible strategies.

Speculative strategies. Using speculative strategies, a company bets
on a single scenario, with often spectacular results if the
scenario is realized and dismal ones if it is not. For example, in
the late 1970s and early 1980s, Japanese automakers bet that if
they did all their manufacturing in Japan, rising labor costs
would be more than offset by exchange rate benefits, rising
productivity, and increased levels of investment and
productivity. For a while these bets paid off, but then rising
labor costs and unfavorable exchange rates began to hurt
manufacturers, and it became necessary to build plants overseas.
Of course, if it had remained favorable to do all the
manufacturing in Japan, the Japanese manufacturers would have
“won the bet” because building new facilities is time-consuming
and expensive.
Hedge strategies. Using hedge strategies, a company designs the
supply chain in such a way that any losses in part of the supply
chain will be offset by gains in another part. For example,
Volkswagen operates plants in the United States, Brazil,
Mexico, and Germany, all of which are important markets for
Volkswagen products. Depending on macroeconomic
conditions, certain plants may be more profitable at various
times than others. Hedge strategies, by design, are
simultaneously successful in some locations and unsuccessful in
others.
Flexible strategies. When employed properly, flexible strategies
enable a company to take advantage of different scenarios.
Typically, flexible supply chains are designed with multiple
suppliers and excess manufacturing capacity in different
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countries. In addition, factories are designed to be flexible so
that products can be moved at minimal cost from region to
region as economic conditions demand.

When considering the implementation of a flexible strategy,
managers have to answer several questions:

1. Is there enough variability in the system to justify the use of
flexible strategies? Clearly, the more variability in
international conditions, the more a company can benefit
from using flexible strategies.

2. Do the benefits of spreading production over various
facilities justify the costs, which may include loss of
economies of scale in terms of manufacturing and supply?

3. Does the company have the appropriate coordination and
management mechanisms in place to take rapid advantage of
flexible strategies?

If the supply chain is designed appropriately, several approaches
can be used to implement flexible strategies effectively:

Production shifting. Flexible factories and excess capacity and
suppliers can be used to shift production from region to region
to take advantage of current circumstances. As exchange rates,
labor cost, and so on change, manufacturing can be relocated.
Information sharing. Having an increased presence in many
regions and markets often will increase the availability of
information, which can be used to anticipate market changes
and find new opportunities.
Global coordination. Having multiple facilities worldwide
provides a firm with a certain amount of market leverage that it
might otherwise lack. If a foreign competitor attacks one of
your main markets, you can attack back. Of course, various
international laws and political pressures place limits on this
type of retaliation.
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When Michelin began to target North American markets aggressively,
Goodyear was able to drop its tire prices in Europe. This forced Miche-
lin to slow its overseas investment program.



Political leverage. The opportunity to move operations rapidly
gives firms a measure of political leverage in overseas
operations. For example, if governments are lax in enforcing
contracts or international law or present expensive tax
alternatives, firms can move their operations. In many cases the
implicit threat of movement is sufficient to prevent local
politicians from taking unfavorable actions.

9.2.3 Requirements for Global Strategy Implementation

Any company, even a huge global company, is not immediately ready
for integrated global supply chain management on this scale. Michael
McGrath and Richard Hoole6 discuss important developments that
are necessary to set the stage for this kind of massive global integra-
tion. These developments are outlined below for each of the five basic
functions of firms: product development, purchasing, production, de-
mand management, and order fulfillment.

1. Product development. It is important to design products that
can be modified easily for major markets and which can be
manufactured in various facilities. As we discuss in the next
section, this is not always possible, but it is certainly helpful
in those cases where it is achievable. While it is dangerous to
design a product to be the “average” of what several markets
require, it may be possible to design a base product or
products that can be adapted more easily to several different
markets. An international design team may be helpful in this
regard.

2. Purchasing. A company will find it useful to have
management teams responsible for the purchase of
important materials from many vendors around the world.
In this way it is much easier to ensure that the quality and
delivery options from various suppliers are compatible and
that a qualified team is present to compare the pricing of
various suppliers. Also, these teams can work to guarantee
that sufficient suppliers in different regions are at hand to
ensure the flexibility necessary to take full advantage of the
global supply chain.

3. Production. As we discussed earlier, excess capacity and plants in
several regions are essential if firms are to take full advantage
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of the global supply chain by shifting production as conditions
warrant. To use this kind of strategy, however, effective
communications systems must be in place so that this global
supply chain can be managed effectively. Centralized
management is thus essential to this system, which implies that
centralized information must be available. Indeed, knowledge
of the current status of factories, supplies, and inventory is
essential when making the types of decisions described earlier.
In addition, since factories are typically supplying each other in
a complex supply chain, it is important that interfactory
communication is solid and that centralized management
makes each factory aware of the system status.

4. Demand management. Often demand management, which
involves setting marketing and sales plans based on projected
demand and available product, is carried out on a regional
basis. For the supply chain to be managed in an integrated
way, demand management clearly has to have at least some
centralized component. On the other hand, much of this
sensitive, market-based information is best supplied by
analysts located in each region. Thus, once again,
communication is a critical component of the success of
global supply chain management. 

5. Order fulfillment. To successfully implement a truly flexible
supply chain management system, a centralized system must
be in place so that regional customers can receive deliveries
from the global supply chain with the same efficiency as they
do from local or regionally based supply chains. All the
flexibility in the world is of little use if it makes the system so
cumbersome and unpleasant that customers turn elsewhere.
We discuss the kinds of advanced information systems that
this centralized order fulfillment requires in Chapter 10.

Only when a company is sufficiently prepared to implement flex-
ible strategies can it take advantage of all that the global supply chain
has to offer.

9.3 ISSUES IN INTERNATIONAL SUPPLY CHAIN MANAGEMENT

In this section we will discuss other important issues of international
supply chains that were not appropriate for the preceding sections.
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9.3.1 International versus Regional Products

The preceding discussion suggests that the ideal company builds “uni-
versal products” that can be sold in many markets. In many cases,
however, this is not simple. Kenichi Ohmae3 pointed out that there
are several categories of products, each of which has different “inter-
national requirements.”

Region-specific products. Some products have to be designed and
manufactured specifically for certain regions. For example,
automobile designs are often region-specific. The 1998 Honda
Accord has two basic body styles: a smaller body style tailored
to European and Japanese tastes and a larger body style catering
to American tastes. Of course, even if regional designs are
different, effective supply chain management can take
advantage of common components or subassemblies within the
different designs.
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Nissan designates “lead country” status to each of its car models. For
example, the Maxima and Pathfinder are designed for American tastes,
often by American design studios. Similar designs are developed pri-
marily for Japanese and European markets. Once regional product
managers ensure that vehicles meet lead-country requirements, other
regional product managers suggest slight changes that might promote
local sales. But the focus is on developing cars for regions. Otherwise,
Nissan fears “the trap of pleasing no one well by pleasing everyone half
way.” There is no effective way to average size, color, and other aes-
thetic and substantive differences in cars across regions without ending
up with a model that no customers in that region particularly like. Of
course, if models can be modified slightly to increase sales in other re-
gions, it helps, but that isn’t the primary focus.3

True global products. These products are truly global, in the sense
that no modification is necessary for global sales. For example,
Coca-Cola is essentially the same throughout the world, as are
Levi’s jeans and McDonald’s burgers. Similarly, luxury brands
such as Coach and Gucci are essentially the same worldwide. It
should be noted, however, that some of these brands and



products, such as Coke and McDonald’s, depend on very
specific regional manufacturing and bottling facilities and
distribution networks, whereas others are essentially distributed
and sold in the same way throughout the world.2

The difference between region-specific products and global
products does not imply that one is inherently better than the other.
However, it is important to consider carefully which of the two prod-
uct types is more appropriate for a particular situation because em-
ploying strategies for regional products that are designed for global
products, or vice versa, can lead to disastrous results.

9.3.2 Local Autonomy versus Central Control

Centralized control can be important in taking advantage of some of
the strategies we have discussed, but in many cases it makes sense to
allow local autonomy in the supply chain. Sometimes, after indepen-
dent regional operations have proven to be successful, headquarters
cannot resist the temptation to tamper with the system, and perfor-
mance suffers.

In addition, it is important to temper expectations for regional
business depending on the characteristics of the region involved. For
example, companies typically experience, in the short term, relatively
low returns in Japan, medium returns in Germany, and higher returns
in the United States. Indeed, those companies which are successful in
Japan often had settled initially for low returns.3

However, managers may be tempted to follow local conventional
wisdom and thus miss some of the opportunities derived from the
knowledge acquired in the operation of a global supply chain.
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When it first introduced the decongestant Contac 600 to Japanese mar-
kets, SmithKline Corporation was advised to use the traditional ap-
proach, involving more than 1000 distributors with which the firm
would have little contact. Rather than accept this advice, SmithKline
used 35 wholesalers, with whom it remained in close contact. Smith-
Kline had used this approach successfully elsewhere. Despite the
naysayers, the introduction was highly successful.2



9.3.3 Miscellaneous Dangers

To be sure, there are many potential dangers that firms must face as they
expand their supply chains globally. Exchange-rate fluctuations, dis-
cussed earlier as an opportunity, can just as easily be a risk if not managed
properly. It may be harder to administer offshore facilities, especially in
less-developed countries. Similarly, the promise of cheap labor may
mask the threat of reduced productivity.7 Expensive training may be re-
quired, but even then productivity may not reach domestic levels.

Often local collaboration occurs in the global supply chain. In
this case, collaborators ultimately can become competitors:

• Hitachi, which used to manufacture under license from
Motorola, now makes its own microprocessors.

• Toshiba, which manufactured copiers for 3M, is now a major
supplier of copiers under the Toshiba brand name.

• Sunrise Plywood and Furniture of Taiwan was for many years
a partner of Mission Furniture in California. Now it is one of
Mission’s major competitors.7

Similar dangers exist with foreign governments. To deal with
China and gain access to that country’s huge markets, many companies
are handing over critical manufacturing and engineering expertise to
the Chinese government or to Chinese partners. It is only a matter of
time until these Chinese companies or other companies selected by
the government begin to compete under favorable terms with their
original partners. The only question is whether the overseas firms that
gave away their technology will still be able to compete successfully in
the Chinese market, or if they will lose this opportunity even as Chi-
nese companies begin to compete on the world stage.

Indeed, this serves to highlight only one of the dangers that for-
eign governments pose to the international supply chain. Although
world markets are becoming more open all the time, the world is far
from becoming a giant free trade zone. At any time the threat of pro-
tectionism might appear, and if the global supply chain is not set up
with some kind of counter to this threat, companies will not be able to
do much about it. Sometimes the threat comes not from the foreign
government, but from the domestic government dealing with the con-
cerns of smaller local firms.
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9.4 REGIONAL DIFFERENCES IN LOGISTICS

In preceding sections we discussed the general advantages, disadvan-
tages, and strategies for using global supply chains effectively. Of course,
it is important to be aware of the cultural, infrastructural, and economic
differences between regions when decisions are made about particular
foreign links in the global supply chain. Donald Wood and colleagues8

identified several categories of differences that managers must consider
when designing international supply chains. In particular, major differ-
ences can be highlighted between the so-called triad, or first world, na-
tions, Japan, the United States, and the nations of western Europe;
emerging nations such as Thailand, Taiwan, China, Brazil, Argentina,
and the countries of eastern Europe; and the third world nations. These
differences are summarized in Table 9-1 and analyzed below. 

9.4.1 Cultural Differences

Cultural differences can critically affect the way international sub-
sidiaries interpret the goals and pronouncements of management.
Wood and colleagues8 highlighted beliefs and values, customs, and
language, all of which play a big role in global business and can
strongly affect negotiation and communication.

Language consists not only of words but also of expressions, ges-
tures, and context. Many times the words appear to be translated cor-
rectly, but the meaning is not. We have all heard stories of American
businesspeople using the wrong gestures in Asia, leading to disastrous

GLOBAL ISSUES IN SUPPLY CHAIN MANAGEMENT 237

E X A M P L E  9-5

In 1986, Taiwan had a $15.7 billion trade surplus with the United
States, heightening domestic pressure on the U.S. government to im-
pose trade restrictions on Taiwanese products. This occurred despite
the fact that the vast majority of Taiwanese imports were parts to sup-
ply American companies, such as GE, IBM, Hewlett-Packard, and Mat-
tel, which had moved manufacturing offshore to take advantage of
lower costs. In response, Taiwan was forced to increase the value of its
currency relative to the U.S. dollar, thus effectively removing much of
the cost advantage of manufacturing in Taiwan.7



consequences. It is important to use appropriate resources to make
sure that communication is effective.

Beliefs, or specific values about something, can differ widely from
culture to culture. The belief that effective communication is impor-
tant, for instance, can vary from culture to culture. Similarly, values,
or more general conceptions, can vary. For example, American manu-
facturers value “efficiency” in ways that some other cultures do not.8

Also, some cultures may value time more than others, so a late deliv-
ery may be viewed in some places as a serious problem, whereas in
others it is not particularly important.

Customs, of course, vary greatly from country to country. In many
cases it is important for the businessperson to adhere to local customs
to avoid offending anyone. For example, the practice of gift giving
varies greatly from country to country.

9.4.2 Infrastructure

In first world countries, the manufacturing and logistics infrastructure
is highly developed. Highway systems, ports, communication and in-
formation systems, and advanced manufacturing techniques allow the
development of advanced supply chains. Regional differences do exist,
primarily for geographic, political, or historical reasons. For example,
road widths, bridge heights, and communications protocols may differ
from region to region, but in general, techniques have been developed
to overcome these differences.
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Table 9-1 Major Differences Between Different Regions

First World Emerging Third World

Infrastructure Highly developed Under development Insufficient to
support advanced
logistics

Supplier operating High Variable Typically not
standards considered

Information system Generally Support system not Not available
availability available available

Human resources Available Available with some Often difficult to
searching find



Regardless of the infrastructure, geography also affects supply
chain decisions, even within first world countries. In the United
States, for example, where large distances often exist between major
cities, more inventory might be held than in countries such as Bel-
gium, where the distance between cities is small.

Similarly, relative economic conditions have affected the mix of
logistics and supply chain components in many first world countries.
For example, countries with relatively cheap land and cheap labor,
such as France, have built many large, “low-tech” warehouses,
whereas the Scandinavian countries have developed warehouse au-
tomation because labor in those countries is so expensive.9

In the emerging nations, the supply chain infrastructure is usu-
ally not fully in place. Most domestic companies in emerging nations
see logistics as a necessary expense and not a strategic advantage, so
they limit investments in logistics infrastructure. In many cases, gross
national income in an emerging nation may not yet be sufficient to
fully implement an advanced logistics infrastructure. In addition, the
focus of infrastructure development may have been on exports instead
of building a system appropriate for imports and exports. This is true
in China.8 Nonetheless, these nations are “emerging” because they
have begun to address these issues. For example, many countries have
national transportation policies in place and are beginning or contin-
uing to implement them.

In the third world, the infrastructure is generally insufficient to
support advanced logistics operations. Roads are often in poor shape.
Warehousing facilities are frequently unavailable. Distribution sys-
tems may be nonexistent. In general, specific supply chain decisions
have to be considered carefully because many of the things taken for
granted in the triad or emerging nations may not exist here.

9.4.3 Performance Expectation and Evaluation

Although regional differences remain among first world nations, oper-
ating standards are generally uniform and high. For example, overnight
carriers are expected to make deliveries overnight. Contracts are
legally binding documents. Environmental regulations and constraints
are typically present, and companies are expected to obey them. How-
ever, the approaches to developing and enforcing relationships do 
differ from region to region. For example, European and American
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companies use formal partnership contracts more frequently than
Japanese firms, which tend to favor informal partnership agreements
built over time.10

In emerging nations, operating standards typically vary greatly.
Some firms may have—and meet—high expectations and place great
value on contracts and agreements. Others, however, might not be so
scrupulous. Research and negotiation are essential to successful deal
making in the emerging nations. In addition, the government typically
plays a large role in business, so foreign partners and corporations of-
ten must be ready to respond to the government’s changing whims.

In the third world, traditional performance measures have no
meaning. Shortages are common, and customer service measures that
are used in the West (e.g., stock availability, speed of service, and ser-
vice consistency) are irrelevant; given this situation, a firm has little
control over the timing and availability of inventory.8

9.4.4 Information System Availability 

Within the triad nations, computer technology has increased at more
or less the same rate across different nations. In most cases, point-of-
sale (POS) data, automation tools, personal computers, and other in-
formation system tools are just as available in Spain as in California.
Of course, there may be incompatibilities in various systems. For ex-
ample, European electronic data interchange (EDI) standards may
vary from country to country and industry to industry. In addition, le-
gal standards relating to data protection and document authentication
vary from country to country. Nevertheless, efforts are underway to
overcome these hurdles, and technology exists to overcome the tech-
nical incompatibilities.11

Support systems in the emerging nations may not be in place to
implement efficient information systems. Communications networks
may be incomplete and not reliable enough to support the traffic.
Technical support expertise may not be available to use and maintain
the equipment. However, governments in these nations typically have
plans or programs in place to address these issues.

Advanced information technology is simply not available in third
world countries. Systems such as EDI and bar coding cannot be sup-
ported in this type of environment. Even the value of a personal com-
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puter is limited because of inefficient communications systems. In ad-
dition, data on the economy and population typically are unavailable.

9.4.5 Human Resources

Within most first world countries, technically and managerially com-
petent workers are available. As Donald Wood and colleagues8

pointed out, “Cultural differences aside, a logistics manager from
Japan would be functionally at home in a counterpart’s position in
America.” Unskilled labor, however, is relatively expensive in these re-
gions. While it may be true that skilled managerial and technical per-
sonnel are frequently not available in emerging nations, sometimes
this is not the case. It might take some searching, but employees with
the appropriate skills often can be found. In particular, the eastern Eu-
ropean countries generally have well-educated populations.12 In addi-
tion, the wages of skilled workers in emerging nations generally are
competitive on the world market. On the other hand, many Chinese
managers have been selected for political reasons rather than techni-
cal or managerial expertise, so experience in this case may not be an
appropriate indicator of ability.12

Although it may be possible to find employees who are appro-
priate to the available technology level, it is often difficult to find
trained logistics professionals and managers familiar with modern
management techniques in third world countries. Thus training be-
comes especially important in this type of environment.

9.5 SUMMARY

In this chapter we examined issues specific to global supply chain man-
agement. First, we discussed various types of international supply
chains, covering the spectrum from primarily domestic supply chains
with some international product distribution all the way to fully inte-
grated global supply chains. We then examined the various forces
compelling companies to develop international supply chains. Both
advantages and risks are inherent in global supply chains. Besides the
obvious cost advantages, we discussed the advantages of having a truly
flexible global supply chain to address the inherent risks in operating
a global company. However, even with a flexible supply chain, the
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strategies and approaches used to address these risks will work only if
the appropriate infrastructure is in place.

We next surveyed some of the many issues in global supply chain
management, including the concepts of international and regional
products and the issue of centralized versus decentralized control in an
international context. We concluded with a discussion of regional lo-
gistics differences that influence the design of effective supply chains
in different parts of the world.
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C H A P T E R  1 0

Information Technology

10.1 INTRODUCTION

Information technology (IT) is an important enabler of effective sup-
ply chain management. Supply chain management spans the entire en-
terprise and beyond, encompassing suppliers on the one end to cus-
tomers on the other. Therefore, our discussion of IT for supply chains
will include both systems that are internal to an individual company
and external systems, which facilitate information transfer between var-
ious companies and individuals.

In addition, supply chain management typically spans many func-
tional areas within a company and is affected by the way the various
groups communicate and interact. Thus in this chapter we also will dis-
cuss topics that relate to company IT infrastructure, supply chain ap-
plications, and intercompany communications and collaboration.

For many firms, IT provides a competitive advantage. Athough
this has been true for some time in service industries such as banks, it
is also becoming more relevant for firms such as large retailers, air-
lines, and manufacturers. Prominent examples include Wal-Mart’s
satellite-connected information systems, American Airlines’ innova-
tive Sabre reservation system, Federal Express’ superb tracking sys-
tem, and Cisco’s “virtual manufacturing environment.”

Indeed, as we observed in Chapter 3, when applying supply chain
strategies that reduce cost and lead times and increase service level,
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the timeliness and availability of relevant information are critical. In
addition, an increasing number of companies are providing value-
added IT-based services to their customers as a way of differentiating
themselves in the marketplace and developing strong long-term rela-
tionships with their customers. Of course, once these kinds of services
are offered by even one company within an industry, they can very
quickly become a basic requirement for all others.

In many cases the IT that currently supports the components in
the supply chain process is diverse and disconnected. It typically has
evolved throughout the years based on various local and companywide
requirements that were rarely integrated. This issue must be ad-
dressed if a company is to position itself to manage its supply chain ef-
fectively. We will see how companies use various strategies to over-
come these problems and create systems that can use the multitude of
data in the system effectively. 

Information flow among suppliers, manufacturers, and cus-
tomers is critical for effective supply chain management. This entails
information flow between different companies [e.g., e-mail, electronic
data interchange (EDI), and exchanges]. We also will discuss how de-
veloping standards for communications and user interfaces, particu-
larly through the use of the Internet, are facilitating fairly inexpensive,
simple-to-implement solutions to problems that previously would
have required massive investments of time and money.

The implementation of advanced IT solutions typically requires
changes in organizational structure, as well as in employee job de-
scriptions and behavior. Although these issues are not the focus of this
chapter, they need to be kept in mind.1

Specifically, in this chapter we will discuss the following ques-
tions:

• What are the goals of IT from the perspective of supply
chain management?

• What IT components are needed to achieve the goals of
supply chain management?

• What are the supply chain component systems, and how
should they be approached?

• What are the trends in IT, and how do they affect supply
chain management?

• What are the stages in the development of enterprise IT?
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10.2 GOALS OF SUPPLY CHAIN IT

Consider some of the ultimate goals of IT as it relates to the supply
chain. Some companies and industries are currently far from achiev-
ing these goals, whereas others are well on their way to accomplishing
many of them. To use information, we need to collect it, access it, an-
alyze it, and have the ability to share it for collaboration purposes.
Supply chain management system goals in these areas are 

• Collect information on each product from production to
delivery or purchase point, and provide complete visibility for
all parties involved.

• Access any data in the system from a single point of contact.
• Analyze, plan activities, and make tradeoffs based on

information from the entire supply chain.
• Collaborate with supply chain partners. As we have seen in

Chapters 1, 2, and 5, collaboration allows companies to
manage uncertainty, e.g., through information sharing, and
achieve global optimization.

The primary goal of IT in the supply chain is to link the point of
production seamlessly with the point of delivery or purchase. The idea
is to have an information trail that follows the product’s physical trail.
This allows planning, tracking, and estimating lead times based on real
data. Any party that has an interest in the whereabouts of the product
should be able to have access to this information. As we can see in Fig-
ure 10-1, products flow from the supplier to the manufacturer, inter-
nally through the manufacturer’s distribution system, and then on to
the retailers. Information flows in the opposite direction. Below we
discuss each IT goal:

• Collect information. The retailer needs to know the status of its
orders, and the suppliers need to be able to anticipate an
incoming order from the manufacturer. This entails access to
data that reside in other companies’ information systems as
well as across functions and geographic locations inside a
company. Furthermore, the participants need to see data in
their own terms; i.e., if suppliers of cotton are looking at the
demand for Q-Tips, they need it translated into pounds of
cotton consumed. Therefore, translation tables, such as bills
of material, are required throughout the system.
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The availability of information regarding the status of prod-
ucts and material is the basis on which intelligent supply chain
decisions can be made. Furthermore, it is not sufficient simply
to track products across the supply chain; there is also a need
to alert diverse systems to the implications of this movement.
If there is a delay in a delivery that will affect production
schedules, the appropriate systems need to be notified so that
they can make the proper adjustments by either delaying the
schedules or seeking alternative sources. This goal requires
standardization of product identification (e.g., bar coding)
across companies and industries. For example, Federal Express
has implemented a tracking system that provides ongoing in-
formation on the whereabouts of any package handled by the
company and makes this information available internally as
well as to customers.

• Access data. The single-point-of-contact concept is critical for
effective IT. The goal is that all the available information,
either information provided to a customer or required
internally, can be accessed in one stop and be the same
regardless of the mode of inquiry used (e.g., phone, fax,
Internet, or kiosk) or who is making the inquiry. This
requirement is complicated by the fact that to satisfy a
customer’s query, information may be required that resides in
various locations within one company and, in some cases,
across several companies.

In many companies, information systems tend to be islands,
depending on their functions within the company. Customer
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service will work with one system and accounting with another,
and the manufacturing and distribution systems are completely
separate (Fig. 10-2). Occasionally, there may be a transfer of
some crucial information that needs to be accessed across sys-
tems, but if the transfer is not done in real time, then the sys-
tems never have exactly the same data. The customer service
representative receiving an order may not be able to provide
shipping status information, and the plant may not be able to
inquire about current outstanding orders.

Ideally, everyone who needs to use certain data should have
access to the same real-time data through any interface device
(Fig. 10-3). Banking applications are advanced in this respect:
You can access the same account information the bank tellers
use from almost anywhere over the telephone, computer, or
automatic teller machine (ATM). Nevertheless, these systems
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may still be weak at linking all of a customer’s accounts into a
single point of inquiry—e.g., accessing mortgage information
at the same time as a bank account.

• Analyze based on supply chain data. The third goal is related to
analyzing the data, especially in a way that takes into account
the global supply chain picture. In addition, the information
system must be used to find the most efficient ways to
produce, assemble, warehouse, and distribute products—in
other words, the best way to operate the supply chain. This
entails various levels of decision making: from operational
decisions involving the way to fulfill a customer order, to
tactical decisions related to which warehouse to stock with
what product or what the production plan for the next 
3 months should be, to strategic decisions about where to
locate warehouses and what products to develop and produce.
To facilitate this, systems need to be flexible enough to
accommodate changes in supply chain strategies. To achieve
this kind of flexibility, they need to be highly configurable,
and require new standards. We will discuss these issues in
detail below. 

• Collaborate with supply chain partners. The ability to collaborate
with supply chain partners is essential to a company’s success.
Indeed, as observed in Chapter 1, an important objective in
supply chain management is replacing sequential processes
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with global optimization. This requires not only sophisticated
alignment of IT systems but also the integration of business
processes. Depending on its supply chain role, a company
may be required to either integrate with a customer’s
procurement system or require its own suppliers to link into
its own systems or collaborative platforms or both. The level
and type of collaboration vary between industries. For
instance, collaborative forecasting was initiated in the
consumer packaged goods industry, whereas supplier
integration is more common in the hi-tech industry, where
outsourcing of critical components requires systems that
support the product and logistics coordination.

In recent years, collaboration has become the focus of
supply chain systems. The ability to link and work effectively
with suppliers has produced new systems called supplier
relationship management (SRM). In addition, the various
exchanges that were developed during the Internet boom of
the late 1990s are becoming collaboration platforms, whether
private or public. On the other end of the supply chain,
customer relationship management (CRM) systems are
evolving to provide better contact and understanding of
customer needs (see below).

As we will see, the four goals of supply chain management do not
all have to be achieved at the same time and are not necessarily de-
pendent on each other. They can be targeted in parallel, with the or-
der of importance depending on the industry, company size, internal
priorities, and return-on-investment (ROI) considerations. For in-
stance, a bank could not survive without single-point-of-contact capa-
bility, a delivery company without a sophisticated tracking system, and
a high-tech manufacturer without a production planning system.

To achieve these goals and to master the decisions and problems
that arise when considering how to address them, it is helpful to un-
derstand many of the major issues in IT development, particularly as
they relate to supply chain management. As we see in Figure 10-4, the
following are the means toward achieving these goals.

• Standardization. IT standards are what allow systems to work
together. They drive the cost and sometimes the feasibility of
implementation. 
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• IT infrastructure. The IT infrastructure, whether internal or
external to a company, is a basic component of system
capabilities. Without this communications and database base,
most of the goals outlined cannot be achieved.

• Electronic commerce. Electronic commerce has been the most
important emerging IT field in the last few years. It has
enabled not only internal efficiencies but also the ability to
collaborate with partners in the supply chain.

• Supply chain system components. These components comprise
the various systems that are involved directly in supply chain
planning. These are typically systems that combine short- and
long-term decision-support system and intelligence elements.

• Integration-related issues. How should priorities be set in order
to achieve the goals just discussed? What kind of investments
should be made in the short term and in the long term?

10.3 STANDARDIZATION

The push toward IT standards is a strong and growing trend. Al-
though some issues are specific to logistics and supply chain manage-
ment, most developments are occurring across industries and applica-
tion areas. The IT field is evolving to a high level of standardization
for the following reasons:
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• Market forces. Corporate users need standards in order to
reduce the cost of system development and maintenance.

• Interconnectivity. The need to connect different systems and
work across networks has pushed the development of
standards.

• New software models. The Internet has produced the need for
network software that has new purchase, development, and
deployment characteristics.

• Economies of scale. Standards reduce the price of system
components, development, integration, and maintenance.

The standardization of IT has gone through four major phases:

• Proprietary. Computer development until the early 1980s
involved proprietary systems, mostly mainframe computers
that were accessed through key punches and later terminals
with no processing capabilities (so-called dumb terminals).
There was little communication between systems, and that
was performed through private networks or physical media.

• Stand alone. The IBM personal computer (PC) software and
hardware, introduced in the early 1980s, became the first
standard platform called Wintel, the Microsoft Windows and
Intel standard. This eventually created a large user base and a
large market for applications. Communication standards also
were developed mostly for local networks—Ethernet and
IBM Token Ring were the leading contenders. For business
networks, some standards were developed, but mostly private
networks were used for file transfers. 

Electronic data interchange (EDI), a common 
transaction format, was introduced at this time. It allowed
companies to electronically transmit data that used to be 
handled by paper and data entry. A further development,
client-server technology, integrated PC capabilities and stan-
dards with business systems, applying the PC computing
powers to create a more sophisticated client-controlled 
interface.

• Communications. The Internet provided the missing link in
communications and display standards beyond the local
network. Initially developed by the U.S. government and
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used primarily in research institutes, the development of the
browser in the early 1990s created a standard and accessible
interface and caused the spread of use to individuals and later
companies. Another benefit was that the Internet enabled
forms of communication that heretofore existed internally in
many companies to work across companies and to become as
ubiquitous as phone calls. The most obvious example is
electronic mail (e-mail), but this is by no means the only
form. File and information transfer between individuals and
companies was greatly simplified by the Internet. The
Internet then spawned expanded electronic commerce from
shopping, bidding, and exchanges to shipment tracking and
collaboration between companies. In the meantime, due in
large part to year 2000 fears, many companies replaced their
legacy systems with client-server–based enterprise resource
planning (ERP) systems, which have become the standard
backbone of company IT. These systems typically covered
manufacturing, finance, and human resources applications
with some distribution functionality. Supply chain
management systems have been more varied and less
standard, although ERP vendors have added these capabilities
to their offerings.

• Collaboration. The next phase of standards, which is currently
largely under development, will address collaboration, a more
sophisticated form of communication between companies.
There are various efforts to address these issues—we will
describe some of the most prominent ones, although only
time will tell what will evolve to be the next standard. Indeed,
it is worth pointing out that in the previous phases, successful
developments came about quite unexpectedly, and hence it is
hard to predict which standard will succeed. The major issue
is specifying a common language format that will enable
diverse systems to understand each other. In addition,
software vendors are introducing technology that will
simplify integration and enable systems to access each other’s
information and processes in a standard way.

The new phase of collaboration also has increased the impor-
tance of ERP systems as well as the need for a new generation of sys-
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tems that support internal and external integration. The ability to ex-
pand processes and capabilities outside the company requires im-
proved internal processes as well as new capabilities that the first gen-
eration of ERP systems do not have. 

For this purpose, ERP systems are evolving into the so-called
ERP II, a term introduced by the Gartner Group. ERP II is an appli-
cation and deployment strategy that expands out from ERP functions
in the following ways:

• Role has changed from enterprise optimization (in the first-
generation ERP systems) to collaborative commerce and
supply chain management (in ERP II).

• Domain has changed from a focus on manufacturing and
distribution (in the first-generation ERP systems) to include
supply chain, customer-facing, and supplier facing systems (in
ERP II).

• Function has changed from internal processes such as finance,
manufacturing, and distribution (in the first-generation ERP
systems) to addressing cross-industry and specific industry
concepts (in ERP II).

• Process has changed from internal and hidden (in the first-
generation ERP systems) to externally connected (in ERP II).

• Architecture is evolving from closed and monolithic (in the
first-generation ERP systems) to a Web-based, open, and
component-based environment (in ERP II).

• Data have changed from internally generated and consumed
(in the first-generation ERP systems) to internally and
externally published and subscribed (in ERP II).

One of the cornerstones of all new IT standards development is
the eXtensible Markup Language (XML), which is a language de-
scription format that is fast becoming the standard for Internet trans-
actions. XML was developed by the Standard Generalized Markup
Language (SGML) Editorial Board formed under the auspices of the
World Wide Web Consortium (W3C) beginning in 1996. Since gain-
ing W3C recommendation status in February 1998, its text-based
structure has proved easy to understand and use. In many instances,
businesses can exchange information without intermediate format
conversions, provided they use the same XML document formats. 
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XML is a general standard that does not address the issue of ter-
minology in a specific industry. This is being addressed in one case by
a high-tech company industry consortium called RosettaNet (see
www.rosettanet.org) that views itself as an e-business equivalent of the
Rosetta stone, which carried the same message in three different lan-
guages, enabling translation from hieroglyphics. The RosettaNet-
based initiative is aimed at producing a flexible standard governing on-
line business collaboration between manufacturers and suppliers.
RosettaNet defines dictionaries and partner interface processes that
handle multiple data transactions among partners. It is being used by
some high-tech vendors but has proven expensive to implement. This
could change if the standard is adopted widely and vendors provide
systems that support it.

Another important challenge in the development of standards is
the issue of application-to-application interaction across companies,
i.e., the ability to allow the integration of various applications between
different companies. Web services, touted by major vendors such as
IBM, Microsoft, and Sun, are an emerging set of protocols and stan-
dards that reside on the Internet and allow applications to describe
their function to each other so that they can integrate with no or min-
imal programming effort.

The Web services architecture is based on standards such as
XML, Universal Description, Discover, and Integration (UDDI), a di-
rectory service for applications, and communication protocols such as
Simple Object Access Protocol (SOAP).2 Web services initially will
address mostly integration issues such as access to data in systems that
are currently closed. Eventually, if security issues are addressed, Web
services will provide self-defined stand-alone applications. In addition,
the ramifications of Web services will be critical to the way software is
developed, paid for, and deployed. Since Web services are offered as
components, companies can purchase only the functionality they
need, possibly in the form of services purchased over the Internet.
Software updates will be automatic, and payment will be on a per-use
basis. Web service applications will make collaboration easier by de-
ploying a loose-coupling approach to integration because the integra-
tion methods are part of the service and do not need to be tailored for
each of any two applications that are being integrated.

For all the obvious advantages of standardization, we should
mention a few of its drawbacks and challenges:
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• Availability. Problems surround the cost of creating a standard
and the power of those who hold standards, especially if these
standards are proprietary. Proprietary standards are
problematic because they may not necessarily be the “best”
standards, just those belonging to the most powerful
company. This happened in the video battle of beta versus
VHS and in the PC operating system battle of Apple versus
Microsoft. Proprietary standards limit competition and
therefore selection and advances in products beyond what the
company owning the standard is willing to offer. Even open
group standards, such as EDI, sometimes may limit growth
because of (1) the difficulty of making changes acceptable to a
committee and (2) producing timely improvements.

• Security. The easy access to the Internet exposes systems that
are connected to attacks by hackers and conceivably industrial
spies. In addition, there are inherent security issues that arise
when everyone is running the same software: If someone
finds a problem or takes advantage of a security flaw, he or
she can access or bring down every system of the same type.

• Scalability. Standards that work in a certain context or size of
problem may not be adequate for a different set of industries
or for a large number of users. For example, RosettaNet,
mentioned earlier, which is being developed by the high-tech
industry, may not be appropriate for other types of industries
because of its cost and complexity. This is an important
challenge because of the enormous variety of supply chain
applications that cut across industries, companies, and
specialized supply chain functions.

10.4 INFORMATION TECHNOLOGY INFRASTRUCTURE

The information technology infrastructure is a critical factor in the
success or failure of any system implementation. The infrastructure
forms the base for data collection, transactions, system access, and
communications. IT infrastructure typically consists of the following
components:

• Interface/presentation devices
• Communications
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• Databases
• System architecture

10.4.1 Interface Devices

PCs, voice mail, terminals, Internet devices, bar code scanners, and
personal digital assistants (PDAs) are some of the interface devices
most commonly used. A key trend in IT is toward uniform access ca-
pability anytime and anywhere, and interface devices clearly play a
major role in this area. The Internet browser is fast becoming the in-
terface of choice for information access, although it is still not as so-
phisticated as Windows in displaying forms and graphic data. In addi-
tion, other devices such as PDAs and phones are also competing as
access devices to user systems. Supply chain management requires a
standard way to track products in order to provide participants with
the information they need to perform efficiently.

The Uniform Code Council created the bar code system, Uni-
versal Product Code (UPC), in 1973, and it has been used extensively
for scanning and recording information about products. Automatic
data capture interfaces, such as bar code readers and radiofrequency
(RF) tags, are standardized and commonly used. RF tags on products
or packaging are used to locate items, particularly in large warehouses.
The same technology, together with wireless communication devices
and Global Positioning System (GPS) capabilities, enables tracking of
tagged cargo while in shipment.

A more recent development in this area is being introduced at the
Auto-ID center (see www.autoidcenter.org), where many companies are
collaborating with MIT researchers to develop Radio Frequency
Identification (RFID) technology. This technology will embed intelli-
gence into physical objects that will allow them to communicate with
each other and with businesses and consumers. A 96-bit code of num-
bers called an Electronic Product Code (ePC) will be embedded in a
memory chip (smart tag) on individual products. Each smart tag will
be scanned by a wireless RF reader, which will transmit the product’s
embedded identity code to the Internet, where the detailed informa-
tion on the product is kept. The necessary information about the
product will then be communicated back to the user.

The system also includes a Product Markup Language (PML)
and an Object Naming Service (ONS). PML is a new standard 
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language for describing physical objects to the Internet in the same
way that HyperText Markup Language (HTML) is the common lan-
guage for describing Web site information. The ONS tells computer
systems where to find information about any object that carries an
ePC code, or smart tag. ONS is based in part on the Internet’s exist-
ing Domain Name System (DNS), which routes information to ap-
propriate Web sites. The ONS likely will be many times larger than
the DNS, serving as a lightening-fast “post office” that locates data for
every single one of trillions of objects carrying an ePC code.

When this new technology is operational, it will help businesses
save billions of dollars in lost, stolen, or wasted products. Shoppers
will be able to point their scanner-equipped cell phones at a product
and learn about its features from the manufacturer’s Web site while
they are in the store. Items will be scanned and billed to the customer’s
personal account as he or she leaves the store. In addition, another re-
lated technology called smart shelves will notify manufacturers when it
is time to restock items. Finally, tracking products for supply chain
purposes will be simplified, providing real-time information about in-
ventory status.

However, the impact of the RFID technology on supply chain
performance cannot be overstated. It includes

• Improved service level by reducing store/shelf stockout rate
through an accurate inventory database that triggers an order
when the inventory level is low.

• Reduction of the stockout level, especially for promotional
and advertised items, can have a major impact on sales.

• Better utilization of store and warehouse space.
• Significant increase in the ability to locate items at the store

and in the backroom.

The initial implementations of RFID tags on the product level in
early 2003 by companies such as Benetton and Gillette have been met
with privacy advocate criticism. These relate to the ability to profile
and track consumers without their consent and will eventually be re-
solved with better education of the public on how the technology
works. Implementation of RFID on the pallet side is less problematic
and in fact, Wal-Mart and the government’s Defense Logistics Agency
(DLA) have mandated for all their suppliers RFID tags on pallets,
cases, and cartons by January 2005.

INFORMATION TECHNOLOGY 257



10.4.2 Communications

Interface devices are connected to either an internal system (e.g., local
area network, mainframe, intranet) or an external network—either a
private company network or the Internet. Sometimes direct links to
another company’s system are used for efficiency and security. There
are two major trends in communications: The first is wireless com-
munications, which is fast replacing the hard-wired computer and
phone links most of us use today; and the second is the single point of
contact for communications. 

Advanced communications capabilities enable many applications,
including

Electronic mail (e-mail) can be internal to a company or external.
The Internet provides for simple cross-company interaction
that was unavailable until recently because every company had
its own internal system. e-Mail allows for communication
across time zones and transfer of information and data.
Data exchange, the ability to electronically exchange transactions
such as purchase orders and status between supplier and vendors,
for many years has been supported by EDI. Recently, XML
technology is enhancing and replacing EDI as well as supporting
new Internet-based technology for information exchange.
Groupware enables group work by allowing shared access to
information and specialized software so that knowledge can be
shared throughout the company. There are also applications
that allow sharing of electronic whiteboards and work on joint
documents.
Transportation product tracking is the ability to locate a truck or
cargo at any time during distribution. This technology requires
a combination of GPS and wireless communications. As we
have seen, the Auto-ID technology aims to address this area in
a comprehensive way.
Supply chain event management (SCEM) systems track predefined
performance measures for inventory, transportation, or other
events and alert users to problems in the supply chain such as
stockouts or delays. The alerts can reach the user in any form
he or she specifies, such as phone, e-mail, or pager. In addition,
these systems can provide performance measures.
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Exchange platforms are used to share information, track
products, and trade with supply chain partners. The exchanges
can be private or public and provide a means of communication
between companies. They are typically Web-based and provide
a means to share information and processes that is important
for the development of collaboration and visibility in the supply
chain. We expanded on exchanges in Chapter 6.

10.4.3 Databases

Data need to be organized in some form of a database, including trans-
action information, status information, general information (prices and
so on), forms, and group work. Organizing these data is an extremely
challenging activity and may require specialized databases depending
on the type of data. Some types of databases are described below: 

Legacy databases. These systems are usually built around a
hierarchical or network database. These databases can store
large amounts of data, typically transaction data, and perform
extensive processing. They typically have an online and batch
component. Programs are written in COBOL (common
business-oriented language), and reporting tools are somewhat
cumbersome to use.
Relational databases. These databases allow the storage of related
data in such a way that standardized reporting and querying of
related data are facilitated. For example, Structured Query
Language (SQL) is designed only for relational databases.
Relational databases may be centralized on a mainframe
computer or server, or they may be distributed across a network
of personal or minicomputers.
Object databases. These can hold not only numeric and character
data but also more sophisticated objects such as pictures and
graphic structures. Object databases are used to store different
kinds of information in a way that relates them to database
operations. These databases already exist for some applications
but are not yet standard and are costly to maintain. Storing
graphic and other nonstandard data requires considerably more
storage space than text/numeric data and is more complicated
to manipulate.
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Data warehouses. These databases combine data from other
system databases to allow query by sophisticated analysis tools.
Data warehouses usually involve enterprise data and hold
extremely large amounts of data.
Datamarts. Datamarts are smaller versions of data warehouses
and usually store a smaller set of data and are more
departmental in scope.
Groupware databases. These are specialized databases designed to
accommodate group functions, such as keeping track of
updates, allowing multiple-user access, and so forth. Group
databases are also important in the age of telecommuting and
virtual companies, where keeping everyone up to date with
relevant data is impossible without a shared database.

10.4.4 System Architecture

System architecture encompasses the way the components—data-
bases, interface devices, and communications—are configured. We
have added this topic to the section on IT infrastructure because the
design of the communications networks and choice of systems depend
on the implementation of these systems.

Legacy systems evolved as departmental solutions using mainframe
or minicomputers that were accessed through “dumb” terminals (Fig.
10-5). The PC was used initially apart from a company’s main systems
for special applications such as word processing or spreadsheets. Even-
tually, the PCs in an office were connected by means of local area 
networks (LANs) so that users could share files, e-mail, and other 

260 CHAPTER 10

Terminals

Mainframe

Minicomputer

Personal computers Printer

Figure 10-5 Legacy system architecture.



applications. These networks were then extended across companies
with wide area networks (WANs) that connected the dispersed offices
of a company. Finally, new systems were developed to take advantage
of the PC’s computing power and friendly graphic interface. In these
systems, the PC is typically called the client, and the main processor is
the server. Client-server computing is a form of distributed processing
whereby some processes are performed centrally for many users, and
others are performed locally on a user’s PC.

Most current system design involves client-server structure (Fig.
10-6), although the sophistication and price of the client, the number
and type of servers, and various other design parameters vary greatly
from system to system. Examples of servers include database servers
that allow Structured Query Language (SQL) requests from users,
transaction-processing monitors, directory/security servers, and com-
munications servers.3

The Internet is a form of client-server process where the local
PC browser processes the HTML pages and Java applets (i.e., small
applications) that are retrieved from servers—in this case from all over
the world. The client-server model is now evolving toward a Web cen-
tric model where the client is a Web browser connected to a Web
server.

The power of the client-server concept is in distributing functions
among specialist servers that perform them efficiently; it is also easier to
add new modules and functions. The disadvantage is the added complex-
ity of navigating between servers and making sure that data are processed
correctly and updated across the network. The implementation of client-
server systems also has given impetus to the trend toward standardization
because each server needs to be able to communicate tasks and processes
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across the network. This feature is called interoperability, which means two
systems are capable of interacting in a sophisticated way that is a built-in
feature of their design. Many interfaces between systems are created
through file transfers or other temporary schemes because the systems 
use different file formats and communications schemes. When standards
for intrasystem operation become common, tools will be available to per-
form these interfaces and provide full data and process-sharing interface
mechanisms.

The applications that reside between the server and the client
collectively are called middleware, the hyphen in the term client-server.
These are typically tools that facilitate communication between dif-
ferent system architectures, communication protocols, hardware ar-
chitectures, and so forth. The parts of an application that reside on a
server, client, or as middleware depend on specific implementations.
This is the three-tiered architecture model now favored by many
client-server designers.

Middleware can be important in the implementation of supply
chain systems because in many cases the information for the planning
tool exists in a number of locations and forms across the company. The
appropriate middleware can be used to collect the data and format
them in a way that can be used by various planning tools. This is how
many supply chain applications are currently implemented. For in-
stance, a telecommunications company may have billing information
for the company’s various services, such as long distance and wireless,
stored on different systems. A customer service representative might
have to search multiple locations for a customer’s bills if the customer
purchased more than one service. Middleware would perform the func-
tion of looking through the databases and combining the information.
When these types of processes are applied between companies over the
Internet, they are called enterprise application integration (EAI).

A more advanced generation of system infrastructure attempts to
provide interconnectivity and collaboration platforms between com-
panies. In Section 10.3 we reviewed the evolution from ERP to ERP
II, which will provide extended support for these new infrastructure
requirements. Earlier in this section we mentioned exchanges, Web-
based trading platforms, that currently provide the technology used
for collaboration across enterprises. Finally, we also described Web
services, a technology that has the potential to provide flexible links
between systems. This can improve the interoperability of diverse sys-
tems and allow processes to more easily communicate.
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10.4.5 Electronic Commerce

Electronic commerce (e-commerce) refers to the replacement of physical
processes with electronic ones and the creation of new models for col-
laboration with customers and suppliers.4 e-Commerce can be used to
facilitate the interaction between different companies as well as the in-
teraction of individuals within companies. Examples include purchas-
ing over the Internet, exchanges, order tracking, and e-mail.

e-Commerce has been in existence for many years, using private
networks for corporations (e.g., WANs) and public ones at universities
and government agencies. The acceptance of Internet standards has
accelerated the adoption of e-commerce, especially between individ-
ual buyers and companies but also among companies. The initial use
of the Internet, showcasing marketing materials, has expanded to al-
low user status and tracking inquiries as well as product purchases.
Companies allow users to access their databases to troubleshoot prod-
uct problems, thus saving the company money in support calls.

Companies use Internet standards internally—intranets—as well
as externally—extranets and exchanges. The difference between the In-
ternet, intranets, and extranets is explained mostly by who is allowed
access to the system. Intranets allow companies to implement internal
applications without having to develop custom interfaces and avoid in-
compatible types of hardware and special dial-in procedures. Internet
applications typically allow unlimited access, but extranets allow lim-
ited access by restricting partners and customers from outside the
company to certain applications and data. Internet standards have
been used in recent years to create exchanges—private and public—
that allow participants to trade or exchange information.

Another concept that has developed around internal company
use of the Internet is the portal—a role-based entry into a company’s
systems. A portal aggregates all the applications and sources of infor-
mation employees need in order to perform their job into a single
desktop environment, typically through the Web browser. This capa-
bility not only empowers an employee to be productive individually
but also makes it simpler for employees to interact with others,
whether within the company or outside.

Portals require integration technology for structured and un-
structured data sources, including databases, Java classes, Web ser-
vices, and XML. As more organizations begin to deploy an enterprise
portal framework, they are looking at ways to reduce the time and cost
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associated with building portals. The ability for end users to aggregate
content and provide faster access to more information sources is crit-
ical to the success of building and maintaining portals.

10.4.6 Electronic Commerce Levels

There are various levels of e-commerce depending on the sophistica-
tion of the transaction and the level of data interchange. Table 10-1 il-
lustrates the four levels of e-commerce based on the type of exchange
and data and process sharing. Below we describe the various levels in
more detail and provide additional information about each example.
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At office furniture maker Herman Miller, Inc., approximately 300 em-
ployees who spend most of their days in contact with suppliers use a
customizable portal that gives them fast access to news and informa-
tion. This allows the employees to deal with business partners more ef-
fectively because they do not have to hunt for or combine various bits
of data. The company was originally attracted to the technology from
Top Tier Software (which was acquired by SAP in March 2001) because
it provided a way for suppliers to interact with Herman Miller’s enter-
prise resource planning system. Once the company saw how effective a
portal interface could make employees, it began to roll it out for inter-
nal use as well. Today the company has several separate portals for var-
ious types of employees, but it is considering evolving its Web site into
a sort of “superportal” that will then lead customers, suppliers, and em-
ployees to different subportals, depending on their needs. The benefits
of collaboration are tremendous. For example, employees can decide
what kinds of alerts they want to have fed to their screens (“Supplier X
is 3 days late with a delivery”) and then drill into data to identify the
cause of the problem and the potential ramifications. The system has
not been a panacea, however. While the technology is very good at sift-
ing through structured data such as those contained in databases, it is
far less effective in handling unstructured data, such as correspondence,
computer-aided design (CAD) drawings, and the like. SAP recently
combined its portals division with another business unit that dealt with
online marketplaces, where unstructured data predominate, so, over
time, all that functionality can be brought to bear in a single product.5



Level 1: One-Way Communication This level has only one-way
communication—the other party does not need to respond, as in the
case of e-mail, file transfer, or Web browsing, or at least does not need
to respond in real time. The browser or file data are usually for
general use, through hypertext links, and cannot be accessed on the
basis of any input data. This form of e-commerce has been around for
more than 10 years, when Gopher and similar systems provided the
browsing options before World Wide Web standards, developed at
CERN, became widely used.

Level 2: Database Access At this level the user of e-commerce is
accessing a database for personal or tailored information by entering
data through data-entry forms. In addition, the user can make
personalized requests and orders, such as status inquiries and
purchases over the Internet. The database access level also includes
searches in company knowledge bases for obscure error messages and
problem reports, as well as use of vendor catalogs. Individual
purchases can be made on the Internet using credit cards. This has
raised some security issues, but it is no less safe than making a store
purchase with a credit card. Business purchasing is typically more
complex because there are restrictions concerning who can order and
what configurations are acceptable. For this reason, Dell Computer
created custom pages for businesses. 

A more advanced application at this level is the creation of Inter-
net sites that match buyers and sellers. These include electronic bro-
kerages such as E*TRADE (www.etrade.com), transportation exchanges
such as the National Transportation Exchange (www.nte.net), and auc-
tion and trading sites such as eBay (www.ebay.com) or ChemConnect
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Table 10-1 Summary of Electronic Commerce Levels

Level Number Description Example

1 One-way communication e-Mail, FTP, browsing

2 Database access Inquiries, forms, purchases,
tracking

3 Data exchange EDI, clearinghouse

4 Sharing processes CPFR, exchanges



(www.chemconnect.com). These sites enable individuals and companies
to either cut out the intermediary (in stock transactions), use available
capacity more efficiently (as in the transportation exchange), or en-
large the market and force competition between suppliers (in public 
e-markets). See Chapter 7 for a detailed discussion.

Level 3: Data Exchange This level applies mainly to business-to-
business (B2B) transactions and requires computers on both ends to
exchange information typically using electronic data interchange (EDI)
and more recently XML-based processes. Another form of data
exchange is the automated clearinghouse, which enables an industry to
consolidate data and allows inquiries by all parties. This approach is
used in the banking industry, for instance, to process student loans and
in health care to process claims.

The data exchange level of application will soon be applied more
extensively to individual transactions, e.g., filing Internal Revenue
Service (IRS) forms and receiving confirmation and corrections elec-
tronically. There are still many security issues, such as the use of dig-
ital signatures and authentication schemes, that need to be agreed on
to make this effective. Another development that will allow individu-
als to participate at this level is the application of electronic cash. This
will allow charging small amounts for various electronic transactions
and will make it easier to use networks for low-cost transactions such
as phone calls, reading an article, software use, and many others. Fi-
nally, because of the global reach of the Internet, issues such as taxes,
tariffs, and exchange rates need to be resolved before the full global
potential is unleashed.

Level 4: Sharing Processes The final level occurs when different
entities share processes, not just data, electronically. For this to
happen, standards need to be agreed on so that different applications
can communicate with each other.

In recent years, companies have started to invest in systems that
allow for collaboration with supply chain partners. Two types of sys-
tems have been developed—supplier relationship management (SRM)
applications and customer relationship management (CRM) applica-
tions. These applications can span a variety of forms, including access,
data transfer, trading exchange, and collaborative ventures such as
product design and planning.
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SRM drives the optimization of production goods and materials
for manufacturers. These systems include the following capabilities:

• Strategic supply management ensures that a company has the
right set of suppliers, that they are performing, and that the
company is paying the best possible pricing across the board.

• Supply chain collaboration allows a company to share
information with its suppliers in real time, cutting materials
costs, minimizing inventory, and reducing shortages and
expediting.

• Direct materials procurement execution uses the Internet to
automate the process of dealing with suppliers. Benefits
include cutting cycle times, increasing inventory turns, and
allowing purchasing people to eliminate low-value activities
and focus on important issues.

CRM systems aim to drive and optimize the interaction with
clients. Typical applications include

• Sales-force automation provides the ability to track interactions
with customers and have a single point of contact for all types
of activities and customer access.

• Sales-pitch customization enables cross-selling opportunities
using analytical CRM software. It provides the ability to
understand what customers are buying and offer them
complementary products.

• Managing and using customer information analyzes how
customers interact with the company and the ability to
centralize and take advantage of customer activities.

Another example for sharing processes is collaborative planning,
forecasting, and replenishment (CPFR), a Web-based standard that
enhances vendor-managed inventory and continuous replenishment
by incorporating joint forecasting. With CPFR, parties exchange elec-
tronically a series of written comments and supporting data that in-
clude past sales trends, scheduled promotions, and forecasts. This al-
lows the participants to coordinate joint forecasts by concentrating on
differences in forecast numbers. The parties try to find the cause 
of the differences and come up with joint and improved figures. As 
we emphasized in Chapter 2, the results of multiple forecasts can be
very expensive across the supply chain. Indeed, sharing forecasts with
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distributors and other parties can result in a significant decrease in in-
ventory levels because it tends to reduce the bullwhip effect. To do
this, systems need to be designed to allow data verification and to en-
sure standard practices of coordination.

CPFR was developed by the Voluntary Interindustry Commerce
Standards Association (VICS) committee, made up of retailers, manu-
facturers, and solution providers. This group has developed a set of
business processes that entities in a supply chain can use for collabo-
rating along a number of buyer/seller functions toward improving
supply chain performance. According to the committee, its mission is
to create collaborative relationships between buyers and sellers
through comanaged processes and shared information. By integrating
demand- and supply-side processes, CPFR will improve efficiencies,
increase sales, reduce fixed assets and working capital, and reduce in-
ventory for the entire supply chain while satisfying consumer needs.

The VICS committee created the CPFR Voluntary Guidelines
to explain the business processes, supporting technology, and change
management issues associated with implementing CPFR. The com-
mittee published the CPFR Roadmap explaining how manufacturers
and retailers can implement a CPFR partnership. This roadmap (see
www.cpfr.org) includes the following nine steps:

1. Develop guidelines for the relationships.
2. Develop a joint business plan.
3. Create a sales forecast.
4. Identify exceptions for the sales forecast. 
5. Collaborate on exception items.
6. Create an order forecast.
7. Identify exceptions for the order forecast.
8. Resolve/collaborate on exception items.
9. Generate orders.
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Henkel is a large German company with over 57,000 employees world-
wide and over 11 billion euros in sales. Henkel manufactures over
10,000 products, including detergents, cosmetics, adhesives, and many
others. Eroski is the leading food retailer in Spain, with over 4 billion



10.5 SUPPLY CHAIN MANAGEMENT SYSTEM COMPONENTS

In the preceding section we covered developments in IT without fo-
cusing on supply chain management. The infrastructure issues, which
ERP systems attempt to resolve, bring all business functions together
and make an enterprise more efficient. They do not, however, help an-
swer the fundamental questions of what should be made, where, when,
and for whom. This is the role played by human planners with the aid
of various analytical tools such as decision-support systems (DSSs).
DSSs range from spreadsheets, in which users perform their own
analysis, to expert systems, which attempt to incorporate the knowl-
edge of experts in various fields and suggest possible alternatives. The
appropriate DSS for a particular situation depends on the nature of the
problem, the planning horizon, and the type of decisions that need to
be made. In addition, there is frequently a tradeoff between generic
tools that are not problem-specific and allow analysis of many different
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euros in sales each year. Eroski is one of Henkel’s largest Spanish cus-
tomers. In December 1998, the two companies decided to undertake
collaborative planning and forecasting (CPFR) in order to address cus-
tomer service and stockout issues relating to Henkel products in Eroski
stores. The effort initially focused on detergents, with a goal of im-
proving customer service, reducing lost sales, and increasing the
turnover rate. Using commercially available software, the two compa-
nies collaborated on business and promotional plans and sales forecasts.
The process was started in December 1999, and the companies have
seen dramatic improvement in the quality of forecasts. Before the
process started, half the sales forecasts had an average error of over 50
percent. Several months after the implementation, 75 percent of the
forecasts showed an error of less than 20 percent. Similar improve-
ments were seen in stockout levels. One of the challenges of imple-
menting CPFR between these two firms was involving business organi-
zations in the forecasting process that had not been involved in the past.
For example, Henkel customer service personnel had to develop close
working relationships with Eroski sales forecasters. Once initial reluc-
tance was overcome, the benefits of this process were realized quickly.
Forecasts could be developed that combined Eroski’s knowledge of the
dynamics of individual retail outlets and the impact of promotion at
these outlets with Henkel’s knowledge of the individual products and
the impact of external factors on these product sales.7



kinds of data and often more expensive systems that are tailored to a
specific application. Within the various disciplines that make up sup-
ply chain management, DSSs are used to address various problems
from strategic problems such as logistics network design, to tactical
problems such as the assignment of products to warehouses and man-
ufacturing facilities, all the way through to day-to-day operational
problems such as production scheduling, delivery mode selection, and
vehicle routing. The inherent size and complexity of many of these
systems make DSSs essential for effective decision making.

As we saw in Section 10.2, where we analyzed the goals of IT, the
first two goals, collecting and accessing data, require enterprise as well
as interenterprise systems, which are not yet available in many indus-
tries. The third IT goal, data analysis, may be the most achievable and
the one with the highest and most immediate return on investment
(ROI). Such systems are much faster to implement and cause little dis-
ruption across the company because fewer people need to be trained
to use a dedicated DSS.

The DSSs that various companies and industries employ depend,
among other things, on manufacturing characteristics, demand fluctu-
ation, transportation costs, and inventory costs. For instance, if a com-
pany’s predominant cost is transportation, the first DSS implementa-
tion would be a fleet routing system or a network design project. On
the other hand, if there is a high variability in demand and complex
manufacturing processes requiring setups when switching between
products, demand planning and production scheduling systems may
be the most urgent.

These systems typically support the strategic, tactical, and oper-
ational levels. Some of the supply chain components predominantly
support one level, while others may support more than one, depend-
ing on how they are defined and used.

In this section we describe the main IT capabilities required for
supply chain excellence, as well as the relationships between the dif-
ferent capabilities. These capabilities are described in Figure 10-7. As
you can see, IT capabilities are partitioned into four layers:

1. Strategic network design allows planners to pick the optimal
number, location, and size of warehouses and/or plants; to
determine optimal sourcing strategy, i.e., which plant/vendor
should produce which product; and to determine the best

270 CHAPTER 10



distribution channels, i.e., which warehouses should service
which customers. The objective is to minimize total costs,
including sourcing, production, transportation, warehousing,
and inventory, by identifying the optimal tradeoffs between
the number of facilities and service levels. The planning
horizon for these systems is typically a few months to a few
years using aggregated data and long-term forecasts. The
method most often used is optimization.

2. Tactical planning determines resource allocation over
shorter planning periods such as weeks or months.
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Figure 10-7 Capabilities required to achieve supply chain
excellence.



3. These systems include:
• Supply chain master planning coordinates production and

distribution strategies and storage requirements by
efficiently allocating supply chain resources to maximize
profit or minimize systemwide cost. This allows
companies to plan ahead for seasonality, promotions, and
tight capacities. The planning horizon for these systems is
typically weekly to monthly.

• Inventory  planning determines the amount of safety stock
and how to best position inventory in the supply chain.
Network design and tactical planning combine into
network planning described in Chapter 4.

3. Operational planning systems enable efficiencies in
production, distribution, inventory, and transportation for
short-term planning. The planning horizon is typically daily
to weekly, and the focus is on one function; i.e., each system
focuses on only one function, e.g., production. Therefore,
these systems focus on generating feasible strategies, not
optimized solutions, because of the lack of integration with
other functions, the detailed level of the analysis, and the
short horizon.

3. Operational planning systems include: 
• Demand planning generates demand forecasts based on

various historical and other pertinent information. It also
allows users to analyze the impact of promotions, new
product introduction, and other business plans. The
method used is mostly statistical analysis.

• Production scheduling generates detailed production
schedules based on the supply chain master plan or
demand forecasts. The method used is constraint-based
feasibility analysis that satisfies all production constraints. 

• Inventory management generates inventory plans for the
various facilities in the supply chain based on average
demand, demand variability, and source material lead
times. The methods used are statistical and computational.

• Transportation planning produces transportation routes and
schedules based on availability of transportation on a lane,
cost, and customer delivery schedules. There are a large
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number of transportation planning options, so these
systems can vary from fleet planning and transportation
mode selection to routing and distribution planning. The
methods used are mostly heuristic.

4. Operational execution systems provide the data, transaction
processing, user access, and infrastructure for running a
company. These systems tend to be real time in the sense
that the data are current and are constantly being updated
by users and events.

3. These systems include:
• Enterprise resource planning traditionally spans

manufacturing, human resources, and financials but is now
the backbone of most IT infrastructures. These systems
are expanding to include new functionality covered by
other components we discuss. They are also providing
Web-based access and services and becoming more open
to integration of other components.

• Customer relationship management involves systems that
update and track interaction with customers. These
systems connect to order tracking and other back-end
systems to provide better information for customers and
the service representatives who are trying to assist them.

• Supplier relationship management provides the interface to
suppliers for transaction exchange as well as collaborative
activities.

• Supply chain management systems provide tracking of
distribution activities in plants and warehouses, as well 
as the event management that tracks exceptions based 
on performance measures. In addition, they provide lead-
time quotations based on current supply chain status—
called available-to-promise (ATP) or capable-to-promise
(CTP).

• Transportation systems provide internal and external access
and tracking of goods in transport. There may be some
ability to route and plan at this level, but it would be on a
smaller scale in terms of scope and horizon than the
transportation planning systems.
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Figure 10-7 illustrates the difference between the various layers
of capabilities:

• Planning horizon for strategic network design is much longer
than for an operational system. Indeed, companies typically
make long-term investments in facilities over a few years. On
the other hand, supply chain master planning develops a
strategy for a few months to a year. Finally, operational
systems have a very short horizon of days to weeks.

• Return on investment for strategic systems can be very high
because the decisions impact large capital investments and
major distribution decisions. Typically, companies report 5 to
15 percent cost reduction due to strategic network design
implementation. Consider now operational planning and
execution, which can have a significant cost impact as well.
Unfortunately, they require a much larger investment for
much smaller gain.

• Implementation complexity of a strategic network design is not
high because the tools that are used and the processes
employed do need to integrate with other systems or
processes. Similarly, strategic network design does not require
real-time updates, and few people in the company interact
with it. Operational systems, on the other hand, are
notoriously difficult to implement and integrate and require
real-time data and extensive training.

10.6 DECISION-SUPPORT SYSTEMS

To use a DSS successfully, appropriate performance measures need to
be selected. For example, reducing total cost may be a goal, but in
some cases, improving customer service level may be more pertinent.
DSS interfaces usually allow the user to select the relative importance
of different objectives.

Once data have been collected, they must be analyzed and pre-
sented. Depending on the DSS and the particular decision being
made, there are many different ways to analyze the data. It is impor-
tant for the decision makers to understand how the DSS analyzes 
the data in order to assess the validity and accuracy of the DSS’s rec-
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ommendations. It is up to the decision maker to determine which
analysis is most appropriate.

There are two main ways to analyze data. The first is using busi-
ness analytic tools that are general-purpose methods on data that are
extracted from ERP and other systems. These systems typically use
the following techniques:

Queries. Often vast quantities of data make manual analysis
difficult. Decisions are often facilitated simply by allowing
decision makers to ask specific questions about the data, such as
“How many clients do we service in California?” and “How
many clients purchased over $3000 of a certain product by
state?”
Statistical analysis. Sometimes asking questions is not enough. In
this case, statistical techniques sometimes can be used to
determine trends and patterns in the data. For example,
statistical data such as the average inventory in a warehouse, the
average number of stops and length of a route, and the
variability of customer demand often can be useful to decision
makers.
Data mining. Recently, as corporate databases have become
larger and more all-encompassing, new tools have been
developed to look for “hidden” patterns, trends, and
relationships in the data. Data mining, for example, produced
the marketing gem that men purchase beer and diapers on
Friday afternoon, suggesting to retailers that these items should
be displayed close to each other in the store.
Online analytical processing (OLAP) tools. Online analytical
processing tools provide an intuitive way to view corporate
data, typically stored in data warehouses. OLAP tools aggregate
data along common business dimensions and let users navigate
through the hierarchies and dimensions by drilling down, up, or
across levels. OLAP tools also provide sophisticated statistical
tools to analyze these data and tools to present them. Mostly
they are generic tools—more sophisticated than spreadsheets
and easier to use than database tools—for the analysis of large
amounts of data. 
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The second method to analyze data involves DSSs that provide
specialized interfaces that display and report based on the specific
problem being solved. These DSSs employ analytic tools that have
some specific embedded knowledge of the problem being solved.
Since these problems are usually complex, the DSS employs its prob-
lem knowledge to find efficient solutions. 

These systems typically use the following type of analytics:

Calculators. Simple decision-support tools can facilitate
specialized calculations such as accounting costs. In many cases
more than simple calculations may not be warranted, especially
if the changes are predictable and easy to evaluate. This may be
the case for forecasting or inventory management and for some
product types, whereas others may need more sophisticated
tools.
Simulation. All business processes have random components.
Sales may take one value or another. A machine may or may not
fail. Often these random, or stochastic, elements of a problem
make analyzing it very difficult. In these cases, simulation is
frequently an effective tool to help in decision making. In
simulation, a model of the process is created on a computer.
Each of the random elements of the model (e.g., sales, failures)
is specified with a probability distribution. When the model is
“run,” the computer simulates carrying out the process. Each
time a random event occurs, the computer uses the specified
probability distribution to randomly “decide” what happens.

Consider, for example, a simulation model of a production line.
As the computer runs the model, a series of decisions is made. How
long does a job take on machine 1? On machine 2? Does machine 3
break while job 4 is being processed on it? As the model runs, statisti-
cal data (e.g., utilization rates, completion times) are collected and an-
alyzed. Since this is a random model, each time the model is run, the
results may be different. Statistical techniques are used to determine
the model’s average outcome and the variability of this outcome. Also,
by varying input parameters, different models and decisions can be
compared. For example, different distribution systems can be com-
pared using the same simulated customer demand. Simulation is often
a useful tool to understand very complex systems that are difficult to
analyze analytically.
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Artificial intelligence (AI). These are techniques that try to create
systems that exhibit intelligence by incorporating some form of
learning. For example, intelligent agents use AI to assist in
decision making, especially in real-time decisions, such as
determining how to supply a customer in the shortest possible
time or to quote a delivery lead time as the customer waits on
the phone. Following Fox, Chionglo, and Barbuceanu8 we
define an agent as a software process whose goal is to
communicate and interact with other agents so that decisions
affecting the entire supply chain can be made on a global level.
For example, the intelligent agent that assists the customer
service representative in determining the appropriate lead time
could interact with the intelligent agent that schedules
production to help ensure that the lead time is met.9

Expert systems also fall under the umbrella of artificial
intelligence. These systems capture an expert’s knowledge in a
database and use it to solve problems. Expert systems rely on an
extensive database of knowledge, usually expressed as a set of
rules. Solving a problem involves applying the rules in the
knowledge base and producing a conclusion that has the ability
to explain how it was reached. Within the context of a DSS,
this kind of expert system might suggest alternative solutions
that the human decision maker has neither the time nor
expertise to recognize.

Although not extensively used in logistics practice, these
systems have an important role because of their capability to
capture and explain expert reasoning. Indeed, a number of
DSSs for supply chain management can be viewed as using
intelligent agents to plan and execute different activities in the
supply chain. These systems are characterized by the following
interrelated issues:8

• The activities allocated to each intelligent agent (i.e., software
processor)

• The level and nature of interactions between the different
agents

• The level of knowledge embedded within each agent

For instance, a real-time supply chain planning tool involves
the following components: intelligent agents that are located at
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each facility and collect information and enable planning and
scheduling for the facility. In this case, facilities include
manufacturing plants and distribution centers. Each agent
interacts with other agents so that they can balance excess
capacity at different plants, find missing parts, or coordinate
production and distribution. A central planning agent
communicates with agents that are located at each facility to
collect status information and relate central planning decisions.
The type and level of decisions made by the agents—as
opposed to human operators—and the frequency and level of
communications between agents depend on the specific
implementation.

Mathematical models and algorithms. Mathematical tools, often
from the discipline of operations research, can be used to
determine potential solutions to problems. For example, these
tools may generate the best set of locations for new warehouses,
an efficient route for a truck to take, or an effective inventory
policy for a retail store. These algorithms fall into two
categories:
• Exact algorithms. Given a particular problem, these algorithms

will find a solution that is mathematically the “best possible
solution.” In general, these kinds of algorithms may take a
long time to run, especially if a problem is complex. In many
cases it is impossible to find the optimal, or very best,
solution. In other cases it may be possible but not worth the
effort. This happens because the input data to these
algorithms are often approximated or aggregated, so exact
solutions to approximate problems may be worth no more than
approximate solutions to approximate problems.

• Heuristics. These are algorithms that provide good but not
necessarily optimal solutions to problems. Heuristics typically
run much faster than exact algorithms. Most DSSs that use
mathematical algorithms employ heuristics. A good heuristic
will rapidly give a solution that is very close to the optimal
solution. Heuristic design often involves a tradeoff between
the quality of a solution and speed. It is often useful if in
addition to the solution the heuristic provides an estimate of
how far the heuristic solution is from the optimal solution.
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The analytic tools used in practice are typically a hybrid of many
of the tools just described. Almost all DSSs employ a combination of
tools, and many will allow further analysis using generic tools such as
spreadsheets. In addition, some of the tools just listed may be embed-
ded in generic tools (e.g., spreadsheets).

There are many factors that dictate the appropriate analytic tools
to use for a particular DSS. These include

• The type of problem being considered.
• The required accuracy of the solution—there may be no need

to find the optimal solution.
• Problem complexity—some tools may not be appropriate for

very complex problems, whereas others may be overkill for
relatively simple problems.

• The number and type of quantifiable output measures.
• The required speed of the DSS—for operational systems such

as lead-time quotation and vehicle routing, speed may be
essential.

• The number of objectives or goals of the decision maker—for
example, a DSS for truck routing may need to find a solution
with the minimum number of vehicles and the least total
distance traveled.

Table 10-2 shows a number of problems and the analytic tools
that are appropriate for them. 
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Table 10-2 Applications and Analytical Tools

Problem Tools Used

Marketing Query, statistics, data mining

Routing Heuristics, exact algorithms

Production scheduling Simulation, heuristics, dispatch rules

Logistics network configuration Simulation, heuristics, exact algorithms

Mode selection Heuristics, exact algorithms



10.7 INTEGRATING SUPPLY CHAIN INFORMATION TECHNOLOGY

How do all the elements of information technology (IT) come to-
gether? Supply chain management is extremely complex, so there is no
simple or cheap solution to the issues we have raised. Many companies
do not think that it is cost-effective to introduce certain IT innova-
tions because they are not sure there will be a significant return on 
investment. Trucking companies do not purchase sophisticated track-
ing systems because few clients would actually want to receive such de-
tailed information. Warehouse managers do not invest in radio fre-
quency (RF) technology because it is too expensive.

The key is to analyze what each component can contribute to the
enterprise and then plan the investment according to the specific
needs of the company and the demands of the industry. It should be
noted, however, that the holistic solution is frequently greater than the
arithmetic sum of the parts—i.e., installation of a warehouse control
system and a transportation management system can do wonders for
customer service performance.

Companies need to decide whether to automate their internal
processes or agree to some industry conventions—which usually hap-
pens when investing in an ERP system from one of the major vendors
(e.g., SAP, PeopleSoft, or Oracle). As more and more companies share
information such as order entry, requisition, bills of material, and so
forth and take part in joint planning, one can expect that standard ap-
proaches to sharing this information will lower everyone’s cost of do-
ing business. In supply chain management, no single standard has yet
emerged because each ERP vendor continues to set its own de facto
standards.

Due to the lack of standards, it is quite likely that in the near fu-
ture middleware in the form of message brokers whose objective is to
mediate between different systems and different standards will be de-
veloped. Eventually, supply chain standards will become part of the
basic systems that constitute the infrastructure.

In the following subsections we will review some important as-
pects of supply chain system integration. First, we review SAP’s
“Stages of Excellence” model, a model designed for evaluating a com-
pany’s stage of development in IT and its impact on supply chain man-
agement. As a major vendor of supply chain systems, SAP helps clients
pinpoint their current state of development as well as points them to-
ward goals for the future based on their industry and unique needs. In
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the next subsection we discuss implementation of ERP and DSSs.
What are the priorities in implementation? What should a company
invest in first? Finally, we will review the “best of breed” compared
with the single-vendor package dilemma.

10.7.1 Stages of Development3

SAP, the leading ERP vendor, provides a supply chain management
value calculator that can tell by a company’s industry, stage of devel-
opment, revenue, and profit margin how much it can save from an in-
vestment in various SCM systems. The Stages of Excellence, as the
development stages are called, are divided into four levels (see
www.sap.com/scm/). Note that at any point in time, different parts of a
company’s business may be in different stages of development. The
model defines the IT capabilities of an organization in each stage.
Thus the model is useful in evaluating current development and iden-
tifying where other companies are heading and where future compet-
itive advantages lie.

Stage I: Disconnected Systems Companies at this stage are
characterized by the proliferation of many independent systems,
manual and inefficient communications, and digitized internal data.
Companies in stage I typically focus on automating existing functions
and tasks. Companies are organized functionally, with a low degree of
integration and nonleveraged Web capabilities. Organizations at this
stage of excellence must focus on internal process standardization and
address Internet readiness.

Characteristics of this stage include

• Functional (silo) strategies
• Lack of clear, consistent supply chain management processes
• Lack of qualified supply chain leadership
• Disconnected systems
• Measurements lacking or not aligned with company

objectives

Stage II: Internal and External Interfaces In this stage, companies are
organized functionally, with a high degree of integration and
nonleveraged Web capabilities. These companies operate with
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functionally focused e-business solutions, disparate information
systems, functional “flow through” of data, and decentralized external
links. Trading partners can exchange information and interact via the
Internet. Organizations at this stage are transaction-focused on both
buy-side and sell-side activities.

Characteristics of this stage include

• Integration of some functional information to decrease
inventory and improve efficiency

• Documented processes that are followed
• Leaders who are supply chain professionals, and people

providing data who are well directed
• Systems that are connected and generally provide accurate

information about what is needed where
• Key measurements that are used departmentally

Stage III: Internal Integration and Limited External Integration Efficiency
In this stage, companies are cross-functionally organized. These
companies operate with integrated systems within the enterprise and
limited external value chain integration. One-to-one trading partner
interactions have been established. Organizations at this stage have
linked suppliers to their back-end systems and integrated with buyer
front-end systems.

Characteristics of this stage include

• Visionary organization that integrates information from
whole supply chain to plan product movement from supplier
to customer

• Sophisticated processes that involve all affected organizations
• Visionary, professional leadership
• Highly capable systems that provide supply chain information

to affected departments
• Sophisticated systems that provide real-time guidance

Stage IV: Multienterprise Integration Multienterprise systems/
processes, common business objectives, seamless information sharing,
knowledge organizations, and automated and interactive collaborations
are included in this stage. In this stage, companies are cross-functionally
organized. These companies operate with integrated systems within the
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enterprise and maximum external value chain integration. Total
visibility into the value network is available as a result of end-to-end
integration. Collaboration links trading partners and enables them to
operate as one virtual corporation.

Characteristics of this stage include

• Collaboration across the supply chain
• Internal collaborative supply chain management’s focus on

key service and financial goals
• Executive leaders who foresee needs for functional and

process skills that affect the supply chain and proactively
drive skills development

• Systems that integrate appropriate information across the
whole company

• Fully integrated performance management system that links
supply chain results to company goals

Table 10-3 presents examples of different capabilities of supply
chain management IT and how they evolve through the different
stages of IT development. Of course, a company can be in a mix of 
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Table 10-3 SAP Stages of Excellence

Stage III: Integrated IV: Multienterprise
Capability I: Disconnected II: Interfaces Internally Integrated

Internet Visibility Catalogs Exchanges Unattended 
trading

Integration None Batch Interenterprise Supply chain
networks

Supply chain None Informal Formal global Integrated global
planning demand demand planning

planning planning

Production None Basic MRP Constraint- Advanced
scheduling based planning systems

(APS)

Integration FAX/phone EDI/FAX/ EDI with all VMI, online RFQ
with suppliers phone large suppliers

Customer Research Local Available to Capable to
delivery inventory promise (ATP) promise (CTP)



different stages based on its investment strategy and importance of a
certain aspect to the business.

As we have mentioned before, the ultimate goal is to standardize
processes across an industry so that companies can collaborate and cut
costs. The ability to interact with as many business partners as possi-
ble in e-commerce projects makes this goal attractive. However, many
companies report that the success of an application such as EDI re-
quires that a large number of suppliers and customers use the sys-
tem—a “critical mass”; otherwise, the expected cost savings cannot be
achieved, and the system is not cost-effective.

10.7.2 Implementation of ERP and DSSs

Implementation of a system that supports supply chain integration in-
volves infrastructure and decision-support systems. The ERP systems
that are typically part of the infrastructure are different in many ways
from the supply chain DSS. Table 10-4 compares enterprise resource
planning (ERP) and DSSs based on various implementation issues.

What strategy should a company use in deciding what system to
implement and when to implement it? IT goals suggest that a com-
pany first must install an ERP system so that the data will be accessi-
ble and complete. Only then can it start analysis of its entire supply
chain processes using various DSS tools. This may be the ideal, but in
reality, the data needed to achieve supply chain efficiencies already ex-
ist—maybe not in a single easy-to-access database, but it is worth the
time it takes to assemble the database compared with the cost of wait-
ing for installation of the ERP system.

These issues are illustrated in Table 10-4. An ERP implementa-
tion is typically much longer than a DSS implementation. The value
of an ERP system to the enterprise involves the first two goals—visi-
bility and single point of contact—and while these can imply improved
operations, DSSs have an impact on the ability to perform strategic
and tactical planning as well. This means that DSS projects have a
much better ROI. Finally, DSS installations typically are cheaper and
easier to implement, and they affect a smaller number of highly
trained users compared with those of an ERP system, which has a
large number of users who require less extensive training.

Indeed, companies do not necessarily wait for an ERP imple-
mentation to proceed with DSS projects. In many cases it makes sense
to first implement DSS projects that provide a more immediate and
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observable return. Of course, companies examine their financial and
human resources before they decide on the order and number of 
projects they will tackle at a time.

The type of DSS implemented depends on the industry and the
potential impact on the business. Table 10-5 includes some examples
from various industries. In the soft drink industry, where distribution
is a major cost factor, priorities are different from those of a computer
manufacturer, which has a complex manufacturing process with many
different products and whose distribution cost is only a fraction of
product cost. Thus, in the latter case, the manufacturer can use ex-
pensive shipping solutions.
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Table 10-4 ERP and DSS for Supply Chain Management

Implementation Issue ERP DSS

Length 18–48 months 6–12 months

Value Operational Strategic, tactical, operational

ROI 2–5-year payback 1-year payback

Users All end users Small group

Training Simple Complex

Table 10-5 Priorities When Implementing DSS

Industry DSS

Soft drink distributor Network and transportation

Computer manufacturer Demand and manufacturing

Consumer products Demand and distribution

Apparel Demand, capacity, and distribution

10.7.3 “Best of Breed” versus Single-Vendor ERP Solutions

Supply chain IT solutions consist of many pieces that need to be as-
sembled in order to achieve a competitive edge. They include infra-
structure (ERP) and various systems to support decision making
(DSSs). Two extreme approaches can be taken: The first is to purchase
the ERP and supply chain DSS as a total solution from one vendor;



the second is to build a “best of breed” solution, which purchases the
best-fit solution in each category from a different vendor, thus pro-
ducing a system that better fits each function in the company. While
the best-of-breed solution is more complex and takes longer to imple-
ment, it may be an investment that provides greater long-term flexi-
bility and better solutions to the company’s problems. Of course, the
long period of implementation also can cause the solution to be less
useful at the end and cause difficulty maintaining IT staff and enthu-
siasm for the project. Many companies choose an interim approach
that includes a dominant ERP provider; the functionality that cannot
be provided by the vendor or does not suit the company is provided
through best-of-breed or in-house systems. Finally, there are compa-
nies (e.g., Wal-Mart) that still prefer in-house, proprietary software
development.11 This probably makes sense for extremely large com-
panies with expert IT departments and systems that already serve the
company well. Table 10-6 summarizes the pros and cons of these 
approaches.

10.8 SUMMARY

We have identified four major goals for IT:

1. Information availability on each product from production to
delivery point

2. Single point of contact
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Table 10-6 “Best of Breed” versus Single 
Vendor and Proprietary

Implementation 
Issue Best of Breed Single Vendor Proprietary

Length 2–4 years 12–24 months Not known

Cost Higher Lower Depends on expertise

Flexibility Higher Lower Highest

Complexity Higher Lower Highest

Quality of solution Higher Lower Not sure

Fit to enterprise Higher Lower Highest

Staff training Longer Shorter Shortest



3. Decision making based on total supply chain information
4. Collaboration with supply chain partners

How are the four major goals achieved? More important, what is the
impact on the logistics manager of achieving these goals?

First, standardization of processes, communications, data, and
interfaces bring about cheaper and easier methods to implement the
basic infrastructure. IT infrastructure will become more accessible for
companies of any size and in the future will work across companies in
an almost seamless way. This will allow access to IT and integration of
the systems at every level of the supply chain—therefore, there will be
more information and tracking of products at each level. New tech-
nologies such as RFID will allow products to be tagged and tracked
through the supply chain and will be as easy to locate as a Federal Ex-
press package.

Second, data display and access in various forms are becoming
more integrated in systems that do not require any specialized knowl-
edge. This makes system interfaces more intuitive and relevant to the
task at hand. The portal technology described in this chapter is one
such example.

Third, various systems will interact in a way that will blur the
current boundaries; Web service technologies, recently introduced by
major vendors such as IBM, Microsoft, and Sun, are emerging tech-
nologies that allow different functions to integrate with no or minimal
programming effort. As a result, systems purchased as “best of breed”
by different people at various levels in the organization will become
better integrated and use common interfaces. Similarly, there will be a
proliferation of applications that can plug into a company’s enterprise
system to provide specialized functionality. The third goal will be
achieved through development of DSSs and intelligent agents that are
more sophisticated, rely on real-time data, and are interoperable.

Finally, electronic commerce is changing the way we work, in-
teract, and do business. e-Commerce provides an interface to busi-
nesses and government that allows meaningful data comparison and
transactions that follow through with error checking and correction
capability. It enables access to data that exist in government, educa-
tional, and private databases and the ability to modify or correct these
data. Private (and public) e-marketplaces now allow buyers to inte-
grate their suppliers into their information systems. In the future,
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businesses will be able to expand their intercompany transactions into
more sophisticated applications that can perform some basic processes
and pass the information on to other applications. In a process as com-
plicated as supply chain management, systems that not only perform
their own function but also alert others in the system will be especially
beneficial to fulfill the four goals we have outlined. We end with a
quote from Lou Gerstner, former IBM CEO:12

The payoff from information technology is going to be in making
transactions and processes more effective and efficient, so it’s not about
creating a new economy, it’s not about creating new models of behavior
or new models of industry. It’s about taking a tool, a powerful tool, and
saying, “How can I make my supply chain more effective and efficient,
how can I make my purchasing process more efficient, how can I make
my internal employee communications more effective and efficient,
how can I as a government deliver services to constituents more effi-
ciently and more effectively?” 
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