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Dell Inc.: Improving the
Flexibility of the Desktop
PC Supply Chain

It was June 2005, seemingly a good time for Dell
Inc. Since the dot-com bubble burst in 2001, the
price of the company’s stock had roughly doubled.
Both the company’s revenue and net income were
reaching new heights. In spite of the confidence and
optimism, however, Dell's desktop PC manufacturing
division found that its manufacturing costs had con-
tinued to surge. Tom Wilson, one of the division’s
directors, revealed: “The recent increase in Level 5
manufacturing is alarming to us at Dell. From Dell’s
perspective, this adds cost to our overall manufactur-
ing process. We are not able to take as much advan-
tage as we should of the lower cost structure of our
contract manufacturers. Instead, we have to rely
more heavily on the 3rd-party integrators (3Pls). Not
only do we get lower-quality products because we
currently don't require 3PIs to perform integration
unit testing, we also have difficulty forecasting for
the 3PIs how much manufacturing capacity they
should have available to support Dell’s demand.”

Sowmrce: This case study was written based on MIT Leaders for Manufuc-

turing (LIM) Class of 2006 Fellow Johnson Wu's master thesis and co-

developed with his thesis advisors Prof. Charles Fine and Prof. David

Simchii-Levi and LFM Program Director Dr, Donald Rosenficld. © 2006
Institute of Technology. Al rights reserved,

HISTORY OF THE PC INDUSTRY

In the 1960s, the first so-called personal computers
(PCs)—non-mainframe computers—such as the LINC
and the PDP-8 became available. They were expensive
(around $50,000) and bulky (many were about the size
of a refrigerator). However, they were called “personal
computers” because they were small and cheap enough
for individual laboratories and research projects. These
computers also had their own operating systems so
users could interact with them directly.

The first microcomputers hit the market in the
mid-1970s. Usually, computer enthusiasts purchased
them in order to learn how to program, and used
them to run simple office or productivity applications
or play games. The emergence of the single-chip
microprocessor led to substantially lower computer
prices, and, for the first time, a broad spectrum of
buyers from the general public. The first widely and
successfully sold desktop computer was the Apple 11
introduced in 1977 by Apple Computer.

In the 1980s, computers became increasingly
cheaper and gained great popularity among home and
business users. This trend was partly driven by the
launch of the IBM PC and its associated software.,
which enabled the use of a spreadsheet, a word pro-
cessor, presentation graphics, and a simple database
application on a single relatively low-cost machine.
In 1982, Time magazine named the personal com-
puter its Man of the Year, Laptop computers truly
the size of a notebook. also became available in
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the 1980s. The first commercially available portaPLe
computer was the Osborne 1 in 1981, which used lh;
CP/M operating system. Although it was large an
heavy by today’s standards, with a tiny CRT moutor,
it had a near-revolutionary impact on business, as pro-
fessionals were able to take their computer and data
with them for the first time. However, it was not pos”
sible to run the Osborne on batteries; it had t© be
plugged in.

Personal computers became more powerful and
capable of handling more complex tasks in the l9905-
By this time, they were becoming more like multi-user
computers or mainframes. During this decade, desktop
computers were widely advertised for their ability to
support graphics and multimedia, and this power led to
increased usage of desktop computers by movie stu-
dios, universities, and governments.

By the end of the 1980s, laptop compulers, truly
the size of a notebook, were becoming popular among
business people. By 2005, high-end PCs focused more
on greater reliability and more powerful multitasking
capability.

DELL'S COMPANY BACKGROUND
AND ITS DIRECT MODEL

Dell was founded by Michael Dell in his University
of Texas-Austin dorm room in 1984 based on a sim-
ple business model: eliminating the retailers from the
sales channel and selling directly to customers. By
using this model to deliver customized systems to
customers with lower-than-market-average prices,
Dell soon started to enjoy business success, joining
the ranks of the top-five computer system makers
worldwide in 1993, and became Number 1 in 2001.
With three major manufacturing facilities in the
United State (Austin, Texas; Nashville, Tennessee;
Winston-Salem, North Carolina) and facilities in
Brazil, China, Malaysia, and Ireland, Dell's revenue
for the last four quarters totaled $56 billion. Dell
employs 65,200 people worldwide.'

In addition to personal computers, Dell’s current
product offerings include a variety of consumer
electronics: workstations, servers, storage, monilors,
printers, handhelds, LCD TVs, projectors, and so forth.
Some of these products are manufactured by Dell fac-
tory associates; other products are manufactured by
other companies but sold under the Dell brand.

Throughout the company’s history, Dell's funda-
mental business model has not changed: selling

directly to customers has bL‘QOmc Dell's ke
and strength. The direct business mode] inc|\lrdl"?‘»
retailers and sluns.and ends with the Cuxlud“ i
customer orders onl_me or via phone a C"mp:.m %
tem according to his preferred configury, TS
manufacturers this computer system, anq De;}‘ ¢l
directly to the customer. Dell has beep able ¢ Ship,
manufacturing cOsts lower than competitor 1
because it not only saves money by
directly to customers, but it also only }
order, SO raw material inventory is low. The g;
model also reduces the time from customer oml-.req
receipt of the system. Moreover, the direc m:):jt‘ﬁ
provides a single point of accountability so pg)) c»d
more easily design its customer service m‘)delﬁm
order to provide the necessary resources 1 sau\;n
its customers. )
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CONTRACT MANUFACTURING

By 2005, most PC makers utilized contract manyf,..
turers to produce high-tech electronic products, T}:e
phenomenon of contract manufacturing began in 1,
1980s. To take advantage of labor cost differences
many original equipment manufacturers (OEMs) ini:
tiated business engagements with contract manufac.
turers (CMs). When the contract manufacturine
business model was first implemented, CMs u.er;
responsible for producing materials or unassembled
components in less expensive regions and shipping
them to the OEMs’ factories in the United State or
Europe for product assembly. By the late 1990s, how-
ever, more and more contract manufacturers began to
perform some level of manufacturing/assembly for
their customers. This helped fuel the growth of con-
tract manufacturing. According to Alameda,
California-based Technology Forecasters Inc., in
1998, the contract manufacturing industry was worth
$90 billion. By 2001, this figure almost doubled 10
$178 billion.? OEMs chose to let contract manufac-
turers own and manage part of the manufacturing
process for the following reasons:*

1. Capability; The OEM cannot make the item of easily
acquire this capability and must seek 2 supplier.

' Dell Company Web site, Company Facts.

# Drew Wilson, “Contract Manufacturing Revs Up for
Electronicy Industry Yearbook/2000, p. 88. e
' Charles H. Fine and Dan Whitney, “Is the Make-BuY Decls!
Process a Core Competence™ MIT CTPID Working Paper e

2000," Th




sanufacturing competitiveness: The suppli

has a lower cOst, faster availability, and so rrc:n;r
a Technology: The supplier’s version of the item |s
better. ‘

By 2005, almos.l .a!] the desktop PCs sold in the
United States were initially produced by contract man-
yfacturers in China. In a typical contract manufactur-
ing transaction. the OEM approaches the contract
manufacturer with a'product design. The two negotiate
and agree On the price, property of materials, subtier
suppliers. and sometimes even the manufacturing pro-
cess. The contract manufacturer then acts as the
OEM's factory. Most contract manufacturers for both
desktop and laptop PC products have factories in
China or other parts of Asia. Depending on the degree
of manufacturing competency and cost, some contract
manufacturers do everything from manufacturing all
the way to shipping fully assembled products on behalf
of the OEM. Therefore, by 2005, most American PC
makers had become “fabless,” and Dell was one of the
few American companies that still retained manufac-
wring facilities in the United States.

In Dell’s case, because customers can customize
some components of their PCs when placing an order,
manufacturing a fully finished product and shipping it
by ocean from the contract manufacturer’s facility in
China to the customers in the United States would be
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time-prohibitive, and manufacturing a finished prod-
uct qnd air-freighting it would be too cost-prohibitive
I.i 1tis a heavy or bulky desktop product. Therefore,
!or Dell's desktop products, contract manufacturers
in China produce and ship (by ocean) half-assembled
products to Dell’s factories in the United States. Once
the supply arrives and the components preferred by a
customer are known, Dell factory associates perform
further product fulfillment: building in the cus-
tomized components (including the processor, mem-
ory, hard drive, speaker, etc.), installing the necessary
software application, performing final unit testing,
and then delivering the fully assembled and func-
tional product to the customer in a timely fashion.

CRITICAL COMPONENTS OF A DESKTOP PC

Two major components of a desktop PC are the
motherboard and the chassis. (See Figure 6-1 for
an illustration of these components.) A mother-
board is the “nervous system™ of a computer: it
contains the circuitry for the central processing
unit (CPU), keyboard, and monitor and often has
slots for accepting additional circuitry. A chassis is
the enclosure or framework case that contains and
protects all of the vital internal components from
dust or moisture. Motherboards are typically
screwed manually to the bottom of the chassis
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FIGURE 6-1 Critical components
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FIGURE 6-2 Levels 1-5 of desktop PC assembly.

case, with the input/output (1/0) ports exposed on
the side of the chassis. The chassis also contains the
power supply unit.

A motherboard contains three critical compo-
nents: chipset, printed circuit board (PCB), and local
area network (LAN) chip. A PCB is the base of a
motherboard; it consists of etched conductors
attached to a sheet of insulator. Various components
are soldered to the circuit board. A chipset is a group
of integrated circuits that contains the northbridge
and southbridge. The northbridge communicates
with the CPU and memory; the southbridge commu-
nicates with the slower devices, such as the
Peripheral Component Interconnect (PCI) bus, real-
time clock, power management, and so forth. A LAN
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chip enables a computer to communicate with the
Internet via Ethernet or Wi-Fi technology.

LEVEL 5 VERSUS LEVEL 6 MANUFACTURING

In desktop PC manufacturing, the degree of assem-
bly can be broken down into 10 levels. The higher the
level, the more fully integrated it is. Figures 6-2 and
6-3 depict the 10 levels of desktop PC assembly. This
scale also can apply to the manufacturing of servers
and storage,

Level 5 (LS) includes the assembly of desktop PC
chassis, floppy disk drive, and fan. Depending on the
chassis configuration, it also can include the power
supply in some cases. In Level 6 (L6). along with
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FIGURE 6-3 Levels 6-10 of desktop PC assembly.
Source: Foxconn Company presentation.

these components, the motherboard is also installed
into the chassis. In other words, when a supplier per-
forms Level 6 manufacturing, the supplier installs the
motherboard in the chassis—an activity not per-
formed in Level 5 manufacturing.

When a contract manufacturer in China pro-
duces an L6 desktop PC chassis, the chassis is not a
functional unit yet and still requires customized
parts such as the processor, memory, hard drive,
speaker, and so forth. The contract manufacturer
ships the L6 chassis from China to Dell’s factories
in the United States and Ireland, and then Dell fac-
tory associates install these customized parts to
make the unit “Level 10.” A Level 10 product is a
fully assembled and functional product that can be
shipped to the customer. Figure 6-4 shows the sim-
ilarities and differences between the L5 and L6
value chains,

.Some of Dell’s products, such as handhelds and
Printers, are manufactured to Level 10 by the con-
Iract manufacturers, This means that Dell does not
have dedicated manufacturing resources or capability

DRAM module

INTTTEREITY SRRl Y

HDD*

«
\/_

Heat sink

Keyboard

Software installation

to manufacture these products. Rather, the contract
manufacturers produce these products, include the
user manuals in the packaging, and ship the products
to Dell’'s merge centers. These products are then
“merged” with PCs manufactured by Dell factory
associates into the same shipment, so the customer
can receive a single shipment with all of the items in
the order. Dell uses this shipping strategy to create a
more satisfying customer experience.

ROOT CAUSES OF INCREASING
L5 MANUFACTURING

L5 manufacturing has higher overall manufacturing
and logistics cost than L6. Dell’s rising manufactur-
ing cost, caused by an increase in the utilization of
L5 manufacturing, can be seen in Figure 6-5.
Furthermore, as can be seen in Figure 6-6, the level
of L5 manufacturing (relative to L6) started to
increase quite significantly in March 2005. The L5
percent in June (27 percent) was more than six times
the L5 percent in March (4 percent).



UPPLY CHAIN

184 DEesiGNING AND MANAGING THE S
L6
MB

Chassis

center

L5

FIGURE 6-4 L6 versus L5 value comparison.

Most of the root causes of the rise of LS manu-
facturing have to do with Dell’s inability to pro-
vide motherboards in a timely fashion to contract
manufacturers. These causes can be summarized as
follows:

Supplier
IogisliCS

rd-party integrator
(managed by equipment
manufacturers)

Supplier
logistics
center

1. Chipset supplier decommit or supply jsses Whe
a chipset supplier is unable to deliver the pre;~j0u5‘fn
agreed quantity of chipsets, it creates 3 djsmp[io.‘
in the desktop PC supply chain. According 1o m:
data gathered in the first half of 2005, this accounte

MB airfreighting & 3PI integration costs
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FIGURE 6-5 Motherboard air-frej
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tion cost. EMF (European Manufacturing Facil

tion is done in Dell factory, In Dell's financial y
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lty) and APJ (Asia Pacific Japan) don't as intergra-
ear Q1FY05 is February-April 2004; Q4FY06 is
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| FIGURE 6-6 Percentage of L5 versus L6 production from July 2004 to June 2005.

for more than 60 percent of the L5 manufactur-
ing, as motherboards were not available for L6
manufacturing.

2. Quality/engineering issues. These issues lead to
dysfunctional or problematic motherboards that
need to be repaired or replaced by a new supply,
which can subsequently create an additional unex-
pected demand of motherboards that were not part
of the forecast agreed to by Dell’s chipset supplier.

3, Dell forecast accuracy. When the actual demand
surpasses the forecast, Dell needs to source extra
chipsets or risk the possibility of not meeting cus-
tomer demand. Since the lead time for manufac-
turing, assembling, testing, and delivering a
chipset is on average 13 weeks, such a long lead
time makes it difficult for the chipset supplier to
provide the additional chipsets in order to meet
Dell’s demand schedule.

4. New product introduction (NPI). Since the actual
demand of a newly released PC product can be
especially volatile, the forecast uncertainty can
create a need to air-freight extra motherboards
normally not required when the product is in a
mature stage with a stable level of demand and a

~ constant level of L6 manufacturing. The volatile

demand can lead to an increase of L5 manufactur-
ing (motherboard-chassis assembly in the United
State in order to reduce the time to market for a
newly launched product). However, as Figure 6-7
indicates, the amount Dell spends on expediting
motherboards under this particular circumstance
is rather small—only 3.8 percent.

Figure 6-7 shows the breakdown of motherboard
air-freight costs by root cause from Dell AMF
(America Manufacturing Facility).

DELL BPI TEAM'S METHODOLOGY: FOCUSING
ON COMPLEXITY MANAGEMENT

In order to solve the problem of continuously rising
manufacturing cost induced by an increasing level of
LS, a task force was assembled at Dell. The cross-
functional business process improvement (BPI) team
consisted of employees from a variety of organizations
at Dell: manufacturing/operations, worldwide pro-
curement, regional procurement, production master
schedulers, production control, quality, process engi-
neering, supplier quality engineering, cost accounting,
inventory control, and logistics. The team, consisting
of members from the different organizations affected
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3.8%

83%

24.5%

FIGURE 6-7 Dell AMF expedite expens
Source: Data from Dell's Worldwide Procure

y identified six

by the chipset supply shortage, jointl
he assembly

manufacturing options for managing 1
work in the United State:

1. Keep as current. Motherboard-chassis integration
performed by a 3rd party integrator (3PI) man-
aged by the contract manufacturers.

2. Dell America Operations (DAO) cellular integra-
tion. Enable the Dell factory work cells to per-
form L5to L10 manufacturing work.

3. Offline integration at the supplier logistics center
(SLC). Keep the current L6 to L10 manufacturing
process unchanged; handle motherboard-chassis
integration work at an SLCS

4. Offline integration ata Dell-leased building. Keep
the current L6 to L10 manufacturing process
unchanged; handle motherboard-chassis integra-
tion work at a separalc building leased by Dell.

5. 3PI managed directly by Dell.

6. L6 from equipment manufacturers’ Mexico
plants. Many CMs have manufacturing facilities
in which they produce for their other customers.
Dell can potentially negotiate with the CMs to
dedicate a portion of the CM’s manufacturing
capacity to support Dell’s business.

The BPI team determined that it would survey of
the various departments impacted at Dell to quan-
tify the complexity and cost of managing each of
the six manufacturing options. The categories of the
survey were established by the team based on the
attributes or business processes that would be
impacted by the change of manufacturing method.

es by ro
ment (WWP) organization.

P_‘__’/-’——ﬁ‘

a Chipset xupphvr decommit
or uu;‘pl\ 1SSUEeS

O Quality engINCEring 1SSues I

O Dell forecast accuracy

g Nl
I

63.5%

ot cause (January to June 2005)

was sent to the content expert v,
department. These experts
involved in the day-to-day business processes e
planning and would be the best source of i"fur:nrii
tion regarding the impact on their departmeny, 2
each manufacturing option. Table 6-1 illustrase 1;)"

result of the survey.
On the basis of manufacturing complexit "

original option (1) of having the contract manufaey,
ers manage the 3PI had a medium complexity smr,r..-
Option 3A received the lowest complexit'\' SCO;
because overall Dell believed having its O“‘H'factof
associates assemble motherboards into L5 chass‘is;;
an SLC would only require Dell to install new €qﬁip
ment at the SLC, so the capital expenditure would b
low and not impact the existing manufacturing pro.
cess in the Dell factory. (Note that the comple.{it\ of
Option 3A is only a point less than Option 4—Dell
managed 3PL.) At the other end of the complexiy
spectrum is Option 5. This option was the most com-
plex because it would require Dell’s biregional pro-
curement organization (in Austin, Texas. and
Shanghai, China) to coordinate and entirely revamp its
business processes of managing the L6 chassis from
Mexico. (At the time of this case study. all the L§
chassis came from only the Chinese factories of the
contract manufacturers.) The lack of a robust trans-
portation and customs infrastructure in Mexico also
contributed to the high complexity score.

On the basis of manufacturing cost, the original
option (1) of motherboard-chassis assembly ina CM-
managed 3PI has the highest manufacturing cost

The survey
each affected
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TABLE 6-1
GOMPLEXITY AND COST ANALYSIS 0
F THE SIX POTENTIAL MANUFACTURING OPTIONS -
Option 1 gﬂg?:ag Option 2
A re
worldwide procurement 10 B o (revised)  Option3A  Option3B  Optiond  Option 5
Regional procurement 8 1 1 : - =
Master scheduler 5 5 s = =
production control 5 = 5 5 2 :
- 1
DAO quality 5 0 1 :
S ssing engineeri 10 5 -
Processing engineering 1 = 3 -
" . 10 5 5
supplier quality ] :
Engineering (regional) 10 .
oy 1 1 1 g
Supplier quality -
Engineering (global) 9 1 ;
Cost accounting 5 : : "1) 1 1 10
|nventory control 1 5 10 10 1
Logistics 5 5 5 7 10 1
e Total 1 1 5 5 10
otal: 7
= ST - 60 60 55 57 56 62
0St per box 10.

—

Notes: The “cost per box™ data has been modified to respect Dell's data confidentiality.

Option 1: CM-managed 3PI (original baseline).
Option 3A: Integration at SLC/hub.
Option 4: Dell-managed 3PI.

This high cost is driven by the process complexity
involved: there are many changing hands handling
the inventory from one part of the process to the
next, as evidenced by the following testimony from
a Dell quality engineer: “In our current manufactur-
ing option, the motherboards air-freighted from
China are first stored in the SLC and then trans-
ported to the 3PI site for integration with the chas-
sis. The chassis are then sent back to the SLC before
being pulled into our Dell factorics. There are many
stakeholders that ‘touch’ the process: CMs, SLC
management, 3PI staff, CM staff managing the 3P1
production, and Dell factory associates and process
engineers. There are just (00 many cooks in the
kitchen trying to accomplish the same thing. We
need a cleaner and more straight-forward process.
This will not only make it easier 10 Manige the
process, but it will also improve our relationships
with the CMs and 3PIs since the current process
creates many confusing and frustrating situations,
as well as last-minute fires related 0 motherboard

quality issues.”

Option 2; Integration at DAO work cells.
Option 3B: Integration at Dell-leased building.
Option 5: Integrated chassis from CM factories in Mexico.

With all this information in mind, Tom Wilson and
the rest of the BPI team had to select and implement a
solution that would deliver advantages to Dell from
both a cost angle and an operational complexity per-
spective. The team pondered the following questions:

1. Why does LS5 incur higher manufacturing and
logistics costs than L6? What are some of the
costs that are incurred in LS but not in L6? Are
there any costs that apply to only L6 but not L5?

2. Which of the six proposed manufacturing solutions
should Dell implement, based on the survey result
(Table 6-1)? Why? What are the pros and cons of
this recommendation?

3. How casily sustainable is your recommendation
for the previous question if the chipset supply
shortage further deteriorates?

4. How good is the methodology employed by the BPI
team to determine the optimal manufacturing option
for Dell? Are there more effective approaches?

5. How can Dell effectively address the root causes
contributing to the increase of L5 manufacturing”
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By the end of this chapter, you should be able to answer the following questions:

* What is a push strategy? A pull strategy? A push-pull Riegy T Hgwarouii yon
characterize Dell’s supply chain strategy? -

* When should the firm use push? pull? or push-pull? What are the key drivers when
selecting the appropriate strategy? , :

* What does it take to implement a push-pull strategy? What is the impact? What
would it cost?

* What is the impact of the Internet on the supply chain strategy employed by the tradi-
tional retailers and the online stores? In particular, what is the impact on distribution
and fulfillment strategies?

6.1 INTRODUCTION

In Chapter 1, we observed that supply chain management revolves around efficient
integration of suppliers, manufacturers, warehouses, and stores. The challenge in sup-
ply chain integration, of course, is to coordinate activities across the supply chain so
that the enterprise can improve performance: reduce cost, increase service level,
reduce the bullwhip effect, better utilize resources, and effectively respond to changes
in the marketplace. As many companies have recently realized, these challenges 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.

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 informa-
tion available. In other cases, the supply chain strategy must be designed to rake
advantage of information that is already available. And, in many cases, an expensive
network must be designed to compensate for the lack of information.

6.2 PUSH, PULL, AND PUSH-PULL SYSTEMS

Traditional supply chain strategies are often categorized as push or pull strategies.
Probably, this stems from the manufacturing revolution of the 1980s, in which manu-
facturing 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 paradigm. In this section, we explain each one of the strategies.

6.2.1 Push-Based Supply Chain

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




CHAPTER 6: SUPPLY CHAIN INTEGRATION 189

. The inability to me;:l changing demand patterns
bsolescence of supply chain i S.
, The© pply chain nventory as demand for certain products di
o . § S disappears.
addition, we saw in Chapte : -
ull?lers and the warehouses i%p;:;cshlli:l‘;lg‘hilvu"uh”ity of orders received from the
. .. ; er an ‘hc Vi PRI B =
Jue 1o the bullwhip effect. This increase in variability I:f;dl? llhly i
S 1o

, Excessive inventories due to the need for lar
, Larger and more variable production batche
. Unacceptable service levels.
. product obsolescence.

ge safety stocks (see Chapter 2).
S.

sPeciﬁcally, the bullwhip effect leads to inefficient resource utilizati

janning and managing are much more difﬁcu::f(’ll"t)lrui|r1::'.(1)rl1]cr:t iltnils!lzi?tlzll‘:'t:c;l:us?
manufacturer should determine production capacity. Should it be h'ux‘csdon ( \:’1:
demand, which implies that most of the time the manufacturer ht'{s ex wn?s"i‘vc
resources Sitting '.dle' ox ShO'Uld it be based on average demand w%ich rlchircs
extra—and expensive—capacity during periods of peak demand? Similarly, it is ot
clear h'ow to plan transportation capacity: based on peak demand or uvcrugc‘dcul;ul1d,
Thus, in a push-based supply chain, we often find increased transportation costs, high
inventory levels, and/or high manufacturing costs, due to the need for cmcrgcnc; pro-
duction changeovers.

6.2.2 Pull-Based Supply Chain

Ina pull-based supply chain, production and distribution are demand driven so that
they are coordinated with true customer demand rather than forecast demand [17]. 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 to transfer information
about customer demand (e.g., POS data) to the various supply chain participants. Pull
systems are intuitively attractive since they lead to

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

« A decrease in inventory at the retailers since inventory levels at these facilities
increase with lead times (see Chapter 2).

« A decrease in variability in the system and, in particular, variability faced by manu-
facturers (see the discussion in Section 5.2.3) due to lead-time reduction.

« Decreased inventory at the manufacturer due to the reduction in variability.

EXAMPLE 6-1

A major apparel manufacturer recently changed its supply chain strategy to a pull-based system.
Retailers order from this manufacturer about once a month, but transfer POS data much more
frequently, for example, daily or weekly. These data allow the manufacturer to continuously adjust

production quantities according 1o true customer demand.

Thus, in a pull-based supply chain, we typically see a significant reduction in system
inventory level, enhanced ability to manage resources, and a reduction in system COsts
when compared with the equivalent push-based system.
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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 systems, it is frequently more difficult to take advantage of economies of scale
in manufacturing and transportation since systems are not planned far ahead in time.
These advantages and disadvantages of push and pull supply chains have led compa-
nies to look for a new supply cham strategy that takes advantage of the best of both.
Frequently, this is a push—pull supply chain strategy.

6.2.3 Push—Pull Supply Chain

In a push—pull strategy, some stages of the supply chain, typically the initial stages are
operated in a push-based manner, while the remaining stages employ a pull-based
strategy. The interface between the push-based stages and the pull-based stages 18
known as the push—pull boundary.

To better understand this strategy, consider the supply chain time line defined as
the time that elapses between the procurement of raw material, that is, the beginning
of the time line, and the delivery of an order to the customer, that is, the end of the
time line. The pu'sh pull boundary is located somewhere along the time line and it
indicates the point in time when the firm switches from managing the supply chain
using one strategy, typically a push strategy, to managing it using a different strategy,
typically a pull strategy. This is illustrated in Figure 6-8.

Consider a 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 final assembly is
in response to a specific customer request. Thus, the push portion of the manufac-
turer’s supply chain is that portion prior to assembly, while 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 forecasts are more accurate (see Chapter 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 component demand is
much smaller than uncertainty in finished goods demand 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 Chapter 11), is also
an excellent example of a push—pull strategy. In postponement, the firm designs the

Push-
pull
boundary

( Push strategy ) Q’ull strategy )

Raw
Materials

End
Customer

Supply cham time line
FIGURE 6-8 Push-pull supply chains.
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roduct ;n:ianea ::::l:jtiil:l;:% plrocc(:;s 80 that decisions about which specific product
is being M¢ _ ¢ delayed as long as possible. The manufacturing process
gtarts by producing a generic or family producl.pwhichtis d?fefjl::ll:‘f;lt:jutr(l)n% sp[:::;::
end-product -wl?en fiemar}d 1s revealed. The portion of the supply chain prior {0 rod-
uct diffcrf?n“allon 15 [YP}W"Y operated using a push-based strategy. In other w%rds
he generic product is built and transported based on a long-term (aggregate) forecast
Since demand for the generic product is an aggregation of demunEl for all its corr‘c:
sponding end-products, forecasts are more accurate and thus inventory levels are
reduced. In contrast, customer demand for a specific end-product typically has alhi gh
Jevel of uncertainty and thus product differentiation occurs only in response to indi-

yidual de!nand. Thus, the portion of the supply chain starting from the time of differ-
entiation 15 pull-based.

6.2.4 Identifying the Appropriate Supply Chain Strategy

what is the appropriate supply chain strategy for a particular product? Should the firm
use a l:)USh‘baﬁ"fj supply chain strategy, a pull-based strategy, or a push—pull strategy?
Figure 6-9 provides a framework for matching supply chain strategies with products
and industries. The vertical axis provides information on uncertainty in customer
demand, while the horizontal axis represents the importance of economies of scale, in
either production or 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 the value of aggregating demand, and thus the
greater the importance of managing the supply chain based on long-term forecast, a
push-based strategy. If economies of scale are not important, aggregation does not
reduce cost, so a pull-based strategy makes more sense.

In Figure 6-9, we partition the region spanned by these two dimensions into four
boxes. Box I represents industries (or, more precisely, products) that are characterized
by high uncertainty and by situations in which economies of scale in production,
assembly, or distribution are not important, such as the computer industry. Our frame-
work suggests that a pull-based supply chain strategy is appropriate for these indus-
tries and products. This is exactly the strategy employed by Dell Inc.

Box 111 represents products that are characterized by low demand uncertainty and
high economies of scale. Products in the grocery industry such as beer, pasta, and

Demand
uncertainty

4

Pull H | I
Computer Furniture
v 1
Books & Grocery
Push v B CIs e Fconomies
' I’ U‘ Q(dll'
T'uill Push

FIGURE 6-9 Matching supply chain stralegles with products:
the impact of demand uncertainty and economies of scale.
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soup belong to that category. Demand for these products is quite stable, whilc reduc-
INE transportation cost by shipping full truckloads is critical for conlr(.)l'lll'z! supply
chain cost. In this case, a pull strategy is not appropriate. Indeed. a traditional, push-
based retai) strategy is appropriate, because managing inventory based on long-term
forecasts does not increase inventory holding costs while delivery costs are reduced
by leveraging economies of scale.

~ Boxes Iand 111 represent situations in which it is relatively easy to identify an effi-

cient supply chain strategy. In the remaining two cases, there is a mismatch between
the strategies suggested by the two attributes, uncertainty and the importance of
cconomies of scale. Indeed, in these boxes, uncertainty “pulls” the supply chain
tqward one strategy, while economies of scale “push™ the supply chain in a different
direction.

; For ?nslance, box IV represents products characterized by low demand uncertainty,
indicating a push-based supply chain, and low economies of scale, suggesting a pull-
ba'scd supply chain strategy. Many high-volume/fast-moving books and CDs fall in
this category. In this case, a more careful analysis is required, since 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 6.4,

Finally, box II represents products and industries for which uncertainty in
demand is high while economies of scale are important in reducing production
and/or delivery costs. The furniture industry is an excellent example of this situa-
tion. Indeed, a typical furniture retailer offers a large number of similar products
distinguished by shape, color, fabric, and so forth, and, as a result, 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 production and the dis-
tribution strategies. The production strategy has to follow a pull-based strategy since it
is impossible to make production 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 employed by many retailers
that do not keep any inventory of furniture. 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 prod-
ucts to the retail store and from there to the customer, For this purpose, the manufac-
turer typically has a fixed delivery schedule and this is used to aggregate all products
that are delivered to stores in the same region, thus reducing transportation costs due
to economies of scale. Hence, the supply chain strategy followed by furniture manu-
facturers is, in some sense, a pull-push strategy where production is done based on
realized demand, a pull strategy, while 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 function-
ality, 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 auto-
mobile industry does not currently follow the model developed in Figure 6-9.

Recently, however, GM announced a dramatic vision for restructuring the way it is
designing, building, and selling its products [221]. The goal is to allow customers to
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izt and order cars online and have the ¢
custt an 10 days. GM is moving ex
5% 1 4 build-to-order strategy.

lwsnronunmcly. lead times in the automobile industry
. average. Tf) achieve ils.Vision. GM has to rede
includi"g, ‘hf: w.'.;’y it Parlndcrs‘ g-nh .sup['ilicrs. the way it manufactures products, and
ne Way n.dls_t[l:l utes Sro‘ ucts. Reducing lead times to 10 days or below also may
cequire @ signihcant reduction in the number of options and configurations offered to

g ars delivered to the customer's door in
actly in the direction predicted by our model,

are currently long: 50 to 60
sign the entire supply chain,

625 |mp|ementing a Push—Pull Strategy

The framework developed in the previous section attempts to characterize the
ropriate level Qf pull and push for different products. For instance, a high degree

of pull is appropriate for products that belong to box I in Figure 6-9. Of course,

achieving the design of thc pull system depends on many factors, including product
complexitys manufacturing lead times, and supplier-manufacturer relationships.
gimilarly. there are many ways to implement a push—pull strategy, depending on the
Jocation of the push-pqll boundary. For instance, Dell locates the push—pull bound-
ary at the assgmbly point, while furniture manufacturers locate the boundary at the
p,oduc(ion point.

EXAMPLE 6-2

m the automobile industry, known for its long transportation lead times. Prior to its latest

effort to implement a make-to-order strategy, there were previous attempts to implement a push-
pull strategy. In 1994, GM announced the establishment of a regional distribution center in Orlando,
Florida, where an inventory of about 1,500 Cadillacs was maintained. Dealers could order cars they
did not have in their lot from the distribution center, and the cars would be delivered within 24 hours.
Thus, GM was attempting to employ a push—pull strategy in which inventory at its regional distribu-
tion center was managed based on long-term forecasts while delivery to dealers was based on
realized demand. This implies that the push—pull boundary was located at the manufacturer's distri-
pution center.

As discussed in Chapter 12, two major issues contributed to the failure of this strategy. First, the
regional warehouse shifted inventory costs from the dealers to GM, since it allowed dealers to
reduce inventory levels. Second, the regional distribution center equalized small and large dealers.
if all dealers have access to the regional 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 appropriate. 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 distinc-
tion between the two portions of the supply chain has an important impact on the
objectives of the supply chain strategy, as well as on organizational skills required to
manage the system effectively.

Since uncertainty in the push portion of the supply chain is relatively small, ser-
vice level is not an issue, so the focus can be on cost minimization. In addition, this
portion of the supply chain is characterized not only by low demand uncertainty and
economies of scale in production and/or transportation, but also by long lead times
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and distribution capacities while minimizing 11
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On the other hand, the pull portion of t
; ; ai ture,
uncertainty, simple supply chain structu )
here is on service level. Specifically. high servic
flexible and responsive supply chain, that 1s. & supp
changes in customer demand. - o
Tl:is implies that different processes need to be used in dlfferc?nt poslgll'sins (if lhle
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. y, since the focus of the

: i imilarl
order fulfillment processes are typically applied. SImLATLY, SE :
push part of the Sll).lpply 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 3, we pr

ovide a detailed discussion of supply chain
planning. Table 6-2 summarizes the characteristics of the push and pull portions of
the supply chain.

[TERAMPLE 6-3 e eeme——— |

Consider a supplier of fashion skiwear such as Sport Obermeyer [73]. 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, that is, those for which uncertainty and price are low, are produced

in advance using long-term forecasts and focusing on cost minimization, a push-based strategy.
But decisions on production quantities for high-risk products are delayed until there is a clear mar-
ket signal on customer demand for each style, a pull strategy. 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 Inc.: that
aggregate forecasts are more accurate. Since demand for fabrics is an aggregation of demand for
all products that use that fabric, demand uncertainty is low and thus fabric inventory is managed
based on push strategy. Thus, Sport Obermayer uses a push—pull strategy for the high-risk prod-
ucts and a push strateqgy for the low-risk products.

he supply chain is characterized by high
and a short cycle ime. Hence, the focus
e level is achieved by deploying a
ly chain that can adapt quickly to

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 the supply chain time line where
there is a need to coordinate the two supply chain strategies, typically through
buffer inventory. Howc.ver, this inventory plays a different role in each portion. In
the push portion, buffer inventory at the boundary is part of the output generated by
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FIGURE 6-10 Matching supply chain stratggies with products:
the impact of lead time and demand uncertainty.
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EXAMPLE 6-4 e
i hina, a central distribu-

uring facility in C
A large manufacturer of metal components nas & pante gouses serving different markets.

tion center in China, and many regional .and countfiye ;’V:l';ih as GM, Ford, Toyota, and others.
Qustopers Jpcuce SLioMotYS manufacturmg:: g%iri‘ is that any order will be released from the

The commitment the manufacturer makes tot e : hain includ
closest warehouse in less than eight days. Important characteristics of this ks .

* The same component is used across multiple assemblies
« Lead times for raw material and finished goods (from the China

and country warehouses) are quite long.

e are those associated with box D,
ventory is critical in this

where lead times are lon
type of environment, but thi

distribution center to the regional

Recently, the firm realized that its supply chain is not effective, with 100 r|nuc: vizvsetrrw;?;y a:gea(;
the same time low service levels. A careful examination of the current supply cha gy
d response time to end customers, most

by the firm suggests that, because of the tight committe ; —
inventory was kept close to the customers, at regional and country DCs. Thus, inventory is man-

aged using local optimization: each facility stocks up inventory with little regard to the _lmpgct of its
decision on supply chain performance. The end result of this strategy is a supply chain with a low
inventory turnover ratio of about 3.5.

To overcome these challenges, the manufacturer decided

tory in their supply chain (specifically, the firm applied tec
Section 3.3). The results of this process are described in Figure 6-11, where you can see both the

baseline and the supply chain after the change. Each pie represents inventory at a different location,
where brown and black colors are associated with cycle stock and safety stock, respectively. As you
can see, most of the safety stock in the optimized supply chain is positioned as plant raw material and
at the regional DCs. The reason, in both cases, is risk pooling (see Chapter 2). Indeed, raw material
inventory takes advantage of the risk pooling concepts by aggregating demand across all finished
products that use the same component. The regional DCs take advantage of the risk pooling concept
by aggregating demand across many country DCs. The net impact of correctly positioning inventory in
this supply chain was a significant inventory reduction and an increase to 4.6 turns a year.

to change the way they position inven-
hniques similar to those described in

%mline plan: 3.0 turns
Plant raw materials Plant finished goods China DCs Regional DCs Country DCs

N ey Je T 4d= LI

Optimal design: 4.6 turns
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e wode T1% ety sk e ¥ o % Safety stock: 36% e ]
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ycie stock: 827

FIOURE 6-11 The impact of positioning inventory strategically
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5.4 DEMAND-DRIVEN STRATEGIES

The framework we have developed in this chapter requires integrating demand infor-

mation 1nto lh_c supply chain planning process. This information is generated by
applyiﬂg two different processes: ;

. Demand forgcast: A process in which historical demand data are used 1o develop
Jong-term estumates of CXPCCICQ demand, that is, forecasts (see Chapter 2 for details).
. Demand shaping: A process in which the firm determines the impact of various

marketing plans such as promotion, pricing discounts, rebates, new product intro-
duction, and product withdrawal on demand forecasts.

Of course, in e_ither case, the forecast is not completely accurate, and hence an
jmportant output from the demand-forecast and demand-shaping processes is an esti-
mate of the accuracy of the forecast, the so-called forecast error, measured accord-
ing 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 inefficient utilization 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 Chapter 2 for details).

» Determine the optimal assortment of products by store so as to reduce the number
of 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 cat-

egory, but very difficult to predict demand for an individual SKU.

Incorporate collaborative planning and forecasting processes with your customers

so as to achieve a better understanding of market demand, impact of promotions,
pricing events, and advertising.

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 balancing supply and demand, involves matching
supply and demand by identifying a strategy that minimizes total production, trans-
portation, 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 3.

Of course, demand planning and tactical planning impact each other. Thus, an iter-
ative 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.
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HAIN STRATEGIES
 and e-commerce on the economy in general, and business
practice in particular, has been tremendous. Changes are happening rap "dly ' For' :'nstm-]cc,
the direct-business model employed by industry giants such as Dell Inc. and Amazon.com
enables customers to order products over the Internet and lhu.s qllows companies to s.cll
their products without relying on third-party distributors. Su.mlarly, many companies

reported that business-to-business e-commerce provides convenience and cost reduction.
In parallel, the Internet and the emerging e-business models have prqduccd expec-
tations that many supply chain problems will be resolved 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
have frequently gone unmet, as many of the

in the future. In reality, these expectations
the downfall of some of the

new e-businesses have not been successful. In many cases,
highest-profile Internet businesses has been attributed to their logistics strategies.

Several examples follow.

EXAMPLE 6-6

Fl’he furniture industry seemed ripe for modernization and e-business when executives from
living.com purchased Shaw Furniture Gallery, the 10th largest furniture store in North Carolina, in
March of 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 declared bankruptcy on August 28, 2000. Reasons for the failure included
the investment in a new information system that did not function correctly and the switch to a carrier

that had no experience with furniture delivery, leading to a stunning 30 percent return rate.

EXAMPLE 6-7

| Furniture.com, launched in January 1999, offered thousands of products from many furniture makers
although only a few brand names. The company had $22 million in sales in the first nine months of
2000 and one million visitors a month to its Web site. Its downfall in November 2000 was d logi
tics detalls, and, In particular, inefficient delivery processes. Initially, Furniture.com uas due to' 29 ts .
ship its products from a central warehouse to the cuslomers, Since t"é"sponauo;, 3 se ce'lrr e ':? ho
the firm formed an alliance with six regional disiributors. Unfortunately, these relati 8h‘iﬂem e
to maintain and left many problems unsolved, including handling of rep'aira and rztt?r?ass R e
: |

vertime C .
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6.5 THE IMPACT OF THE INTERNET ON SUPPLY C

The influence of the Interne




CHAPTER 6: SUPPLY CHAIN INTEGRATION 199

|

Y successful in developing new business

hgmh.cantly and capture a sizeable market
¢ driver of business change.

Some companies, of course, are extremel
odels that allow them to increase profits si
<hare. These companies use the Internet as t

EXAMPLE 6-9

/"’— H ', 1
hat started in 1995 as Earth's biggest bookstore is i 's bi
:vmazon.com's main site offers millions of books, CDs rgpidly Ot LY biggesl Storej

s VDs, vide
ics. In addition, Amazon.com conducts auctions for items r. e ard Senton

anging fr
vides schedulers, address books, and online greeting car aalied b Sutot oo

ds. Amazon also own i ‘
s o s stakes in onlin
sellers of pet supplies, prescription drugs, cars, groceries, and more, Indeed Amazon.com haz

pecome @ model for Int§rnet companies by placing market share ahead of profits i
acquisitions funded by its meteoric market capitalization. In 1996, the com‘;ar:y hzr;dsr?g:ln?\
sales and a $6M loss; in 1999, it had $1.6B in sales and a $720M loss: in 2000, it had $2.7B in

sales and @ $1.4B loss; and in 2005, revenue reached $8.49B with t i [
e e on otal profit of $359M, quite a

T st

Despite its downturn in 2001 and the write-off of $2.25B in excess inventory, Cisco
is a good model of a company that makes innovative use of the Internet.

EXAMPLE 6-10

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
approximately 1,000 new employees per quarter while increasing their productivity, and save
$560M 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 differentiate itself from
the competition in what is essentially a commodity business, Cisco acquires companies that have
leading technology and integrates these companies rapidly with its systems. It also sells network
solutions, not just components, to its customers. This requires coordination 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 activities in the
company and not only connects customers and employees but also chip manufacturers, compo-
nent distributors, contract manufacturers, logistics companies, and systems integrators. These par-
ficipants can perform like one company because they all rely on the same Web-based data
sources. All of Cisco's suppliers see the same demand and do not rely on their own forecasts
based on information flowing from multiple points in the supply chain. Cisco also built a dynamic
replenishment system to help reduce supplier inventory. Cisco's average Furps in 1999 were 10,
?“"98'6(! with an average of 4 for competitors. Inventory turns for commodity items are even more
ﬂ!esﬂve: they reach 25-35 turns a year.

The previous examples raise an important question: Why is it that, in some e
these new business models fail, while, in other cases, they are incredibly successful?
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Many companies have recognized that the Internet can have a huge 1mpact on sup-
ply 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, the move was toward a pull strategy, but, eventually, many companies

ended up with a push-pull supply chain.

6.5.2 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 17 years ago, the idea was to establish a pure pull strategy with no inven-
tory and no facilities. When a customer ordered groceries, Peapod would pick the
products at a nearby supermarket. This strategy had significant service problems since
stockout rates were very high (about 8 to 10 percent). In 1999, Peapod changed its
business model to a push—pull strategy by setting up a number of warehouses: stock-
out rates are now less than 2 percent. Observe that, in this case, the push part is the
portion 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
ggie%eggﬁg:ﬁz;l:grge?e, gc;::ezglgfvlezlrrger than the one covered by an individual super-
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6.5.4 The Retail Industry
The retail industry was, in general, late to res
g g ided
ecognize the opportunities provide ; . .
anddt(;; e hgas changed, as many so-called brick-and-mortar companies are adding
lanlstegxet shopping component to their offering. Enter chck-and-mortgr glants
aalnMar[ Kmart, Target, and Barnes and Noble, among others. These retailers rec-
'-ze th;. advantage they have over pure Internet companies. Indeed, they already
;agn; the distribution and warehousing infrastructure in place. Thys. they h.ave. estfxb-
Iis;ed virtual retail stores, serviced by their existing warehousing and distribution
structures.
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6.5.5 Impact on Transportation and Fulﬁllment' e < dustries suggests
This review of the evolution of supply chain strategies 10

: chain paradigms
the following insight: The Internet and the associated ne:bzl;?gl{ipmems e fgle
introduce a shift in fulfillment strategies: from cases an e
items and smaller-size shipments, and from shipping tg a ;rg B ncreased the
serving highly geographically dispersed customers. This shi

importance and the complexity of reverse logistics. _

r';'(::\ble 6-3 summarifes the impact of the Internet On fulfillment Ztrategn;:s.
Specifically, the new developments in supply chain strategies aré verz; 809] NIEWsS d9f
the parcel and LTL industries. Both pull and push—pull systems rely heavily on indi-

vidual (e.g., parcel) shipments rather than bulk shipments. This is especially true in
the business-to-consumer area, where a new term has been com'ed: e-fu'lﬁl!ment.
Another impact of e-fulfillment on the transportation industry 1s the significant
increase in reverse logistics. Indeed, in the business-to-consumer arena, e-fulfillment
typically means that the supplier needs to handle many returns, each of which consists
of a small shipment. This is true, since 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 chal-
lenge for the LTL industry, which traditionally has not been very involved in door-to-
door services.

E-fulfillment logistics reqpires short lead time, the ability to serve globally dis-
persed customers, and the ability to reverse the flow easily from B2C to C2B. Only
parcel shipping can do all that. Indeed, one important advantage of the parcel industry

e —————
TRADITIONAL FULFILLMENT VERSUS E-FULFILLMENT
Traditional fulfillment E-fulfillment
Supply chain strategy  Push Push—pull
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Reverse logistics Small part of the busi
A Iness Important and hi
. ghly comple
Delivery destination Small number of stores Large number of geﬁgfap::. ""
. ica
dispersed customers 4

Lead times Relatively long

Relatively short
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DISCUSSION QUESTIONS

[RUISCUSS th?' advantages of a push-based supply chain. What about a pull-based
supply chain?

2. What is an example Qf a product with a primarily push-based supply chain? A
product with a primarily pull-based supply chain?

3. What are the advantages of moving the push-pull boundary earlier in a supply
chain? What about later?

4. Amazon.com, Peapod, Dell, and many furniture manufacturers use push-pull
supply chain strategies. Describe how each of these companies takes advantage of
the risk-pooling concept.

5. Explain Amazon's strategy for slow-moving, low-volume products and fast-mov-
ing, high-volume items.

6. Discuss some additional examples of

7. Is it possible for the appropriate supply chain (push, pull, or push-pull) to change
during a product’s life cycle? If not, explain why? If it is possible, what are some
specific examples of products for which the appropriate supply chain changed?

8. Is e-fulfillment a new concept? What is the difference between online and catalog
selling? Consider, for instance, Land’s End, a company that has both channels.

9. Explain how demand for a product like televisions can be shaped? How does this
compare to the ways in which demand for a product like canned soup can be

shaped?
10. Other than the examples listed i
failed Internet supply chain strategies
11, Answer the questions at the end of the case study
Flexibility of the Desktop PC Supply Chain.”

cach of the four categories in Figure 6-9.

1 Section 6.5, what arc some more examples of
2 Successiul Internet supply chain strategies?
wDell Inc.: Improving the
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