
CHAPTER 14 

SOURCING DECISIONS IN A 
SUPPLY CHAIN 

~ 

Learning Objectives 

After reading this chapter, you will be able to: 

1. Understand the role of sourcing in a supply chain. 

2. Discuss factors that affect the decision to outsource a supply chain function. 

3. Identify dimensions of supplier performance that affect total cost. 

4. Structure successful auctions and negotiations. 

5. Describe the impact of different contracts on supplier performance and information 

distortion. 

6. Categorize purchased products and services and identify the desired focus of procurement 

in each case. 

14.1 THE ROLE OF SOURCING IN A SUPPLY CHAIN 

Purchasing, also called procurement, is the process by which companies acquire raw 

materials, components, products, services, or other resources from suppliers to execute 

their operations. Sourcing is the entire set of business processes required to purchase 

goods and services. For any supply chain function, the most significant decision is 

whether to outsource the function or perform it in-house. Outsourcing results in the 

supply chain function being performed by a third party. Outsourcing is one of the most 

important issues facing a firm, and actions across industries tend to be varied. For 

example, WW. Grainger, a MRO distributor, has consistently owned and managed its 

distribution centers. In contrast, outbound transportation of packages from distribu

tion centers to customers has consistently been outsourced to a third party. For less

than-truckload outbound transportation, Grainger is moving from a scenario under 

which it was all outsourced to a third party to a hybrid model under which Grainger 

owns some trucks. What factors can explain Grainger's decisions? Dell is credited with 

improving profits by keeping the retail function in-house and selling directly to cus

tomers. In contrast, Proctor & Gamble (P&G) has never attempted to sell detergent 

directly to customers, and nobody is calling on it to bring the retail function in-house. 

What makes vertical integration into retailing a good idea for Dell but a bad idea for 

P&G? Motorola uses a distributor for the sale of its cell phones in most of Latin 

America. In contrast, most of its sales in the United States do not go through distribu

tors. Why is the outsourcing of distribution for Motorola beneficial in Latin America 

but not in the United States? 

It is important to clarify the distinction between outsourcing and off-shoring 

before we proceed. A firm off-shores a supply chain function if it maintains ownership 

but moves the production facility offshore. In contrast, a firm outsources if the firm 
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hires an outside firm to perform an operation rather than executing the operation 
within the firm. In this chapter our focus is on the issue of outsourcing rather than off
shoring. We address the outsourcing of supply chain activities based on the following 
two questions: 

1. Will the third party increase the supply chain surplus relative to performing the 
activity in house? 

2. To what extent do risks grow upon outsourcing? 

Recall that the supply chain surplus is the difference between the value of a prod
uct for the customer and the total cost of all supply chain activities involved in bringing 
the product to the customer. The supply chain surplus is the total size of the pie that all 
supply chain participants (including the customer) get to share. Our basic premise is 
that outsourcing makes sense if it increases the supply chain surplus without signifi
cantly affecting risks. We go further and claim that a supply chain participant can sur
vive in the long term only if its presence increases the supply chain surplus. One can 
then argue that each party's profit in a supply chain is correlated with the extent to 
which it increases the surplus. 

Once a decision to outsource has been made, sourcing processes include the selec
tion of suppliers, design of supplier contracts, product design collaboration, procure
ment of material or services, and evaluation of supplier performance, as shown in 
Figure 14-1. . 

Supplier scoring and assessment is the process used to rate supplier performance. 
Suppliers should be compared based on their impact on the supply chain surplus and 
total cost. Unfortunately, sourcing decisions are often driven based solely on the 
price charged by a supplier. Many other supplier characteristics, such as lead time, 
reliability, quality, and design capability, also affect the total cost of doing business 
with a supplier. A good supplier scoring and assessment process must identify and 
track performance along all dimensions that affect the total cost of using a supplier. 
Supplier selection uses the output from supplier scoring and assessment to identify 
the appropriate supplier(s). A supply contract is then negotiated with the supplier. A 
good contract should account for all factors that affect supply chain performance and 
should be designed to increase supply chain profits in a way that benefits both the 
supplier and the buyer. 

Given that about 80 percent of the cost of a product is determined during design, it 
is crucial that suppliers be actively involved at this stage. Design collaboration allows 
the supplier and the manufacturer to work together when designing components for 
the final product. Design collaboration also ensures that any design changes are com
municated effectively to all parties involved with designing and manufacturing the 
product. Once the product has been designed, procurement is the process whereby the 
supplier sends product in response to orders placed by the buyer. The goal of procure
ment is to enable orders to be placed and delivered on schedule at the lowest possible 
overall cost. Finally, the role of sourcing planning and analysis is to analyze spending 
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across various suppliers and component categories to identify opportunities for 
decreasing the total cost. 

Cost of goods sold (COGS) represents well over 50 percent of sales for most major 
manufacturers. Within COGS, purchased parts are a much higher fraction than they 
were several decades ago. This change has occurred because companies have reduced 
vertical integration and outsourced manufacture of many components. Companies 
such as Cisco have gone further and also outsourced a significant fraction of the 
assembly capacity. As there is greater pressure on firms to achieve lower costs and the 
suppliers' share of the COGS grows, good sourcing decisions will have greater impact 
on the cost leadership and competitive advantage enjoyed by a firm. 

Effective sourcing processes within a firm can improve profits for the firm and total 
supply chain surplus in a variety of ways. It is important that the drivers of improved 
profits be clearly identified when making sourcing decisions. Some of the benefits from 
effective sourcing decisions are the following: 

• Better economies of scale can be achieved if orders within a firm are aggregated. 
• More efficient procurement transactions can significantly reduce the overall cost 

of purchasing. This is most important for items for which a large number of low
value transactions occur. 

• Design collaboration can result in products that are easier to manufacture and 
distribute, resulting in lower overall costs. This factor is most important for sup
plier products that contribute a significant amount to product cost and value. 

• Good procurement processes can facilitate coordination with the supplier and 
improve forecasting and planning. Better coordination lowers inventories and 
improves the matching of supply and demand. 

• Appropriate supplier contracts can allow for the sharing of risk, resulting in 
higher profits for both the supplier and the buyer. 

• Firms can achieve a lower purchase price by increasing competition through the 
use of auctions. 

When designing a sourcing strategy, it is important for a firm to be clear on the fac
tors that have the greatest influence on performance and target improvement on those 
areas. For example, if most of the spending for a firm is on materials with only a few high
value transactions, improving the efficiency of procurement transactions will provide lit
tle value, whereas improving design collaboration and coordination with the supplier will 
provide significant value. In contrast, when sourcing items with many low-value transac
tions, increasing the efficiency of procurement transactions will be very valuable. 

In the next section we discuss factors that influence the outsourcing decision. 

14.2 IN-HOUSE OR OUTSOURCE 

The decision to outsource is based on the growth in supply chain surplus provided by 
the third party and the increase in risk incurred by using a third party. A firm should 
consider outsourcing if the growth in surplus is large with a small increase in risk. 
Performing the function in-house is preferable if the growth in surplus is small or the 
increase in risk is large. 

HOW DO THIRD PARTIES INCREASE THE SUPPLY CHAIN SURPLUS 

Third parties increase the supply chain surplus if they either increase value for the cus
tomer or decrease the supply chain cost relative to a firm performing the taskin-house. 
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Third parties can increase the supply chain surplus effectively if they are able to aggre
gate supply chain assets or flows to a higher level than a firm itself. We discuss various 
mechanisms that third parties can use to grow the surplus. 

1. Capacity aggregation. A third party can increase the supply chain surplus by aggre
gating demand across multiple firms and gaining production economies of scale that no 
single firm can on its own. This is the most common reason for outsourcing production 
in a supply chain. One of the reasons that Dell outsources design and production of the 
processors in its PCs to Intel is that Intel supplies many computer manufacturers and 
gains economies of scale that are not available to Dell if it designs and produces its 
own processors. The growth in surplus from outsourcing is highest when the needs of 
the firm are significantly lower than the volumes required to gain economies of scale. 
A good example in this context is Magna Steyr, a third party that has taken over 
assembly of automobiles for several manufacturers. Magna Steyr has developed very 
flexible capacity and labor that allows it to produce economically cars that sell in low 
volumes. It produces the X3 for BMW, the G class for Mercedes, and the Grand 
Cherokee for Chrysler. In each case, the models have relatively low demand volume. 
Each firm would not be able to gain sufficient economies of scale for assembling their 
model. There is a cost to this flexibility that cannot be justified based on one model, but 
Magna Steyr gains economies by serving many auto firms. A third party is unlikely to 
increase the surplus through capacity aggregation if the volume requirements of a firm 
are large and stable. This is substantiated by the fact that no auto manufacturer out
sources production of its best-selling cars to a third party. 
2. Inventory aggregation. A third party can increase the supply chain surplus by aggre
gating inventories across a large number of customers. W.W. Grainger and McMaster-Carr 
are MRO suppliers that provide value primarily by aggregating inventory for hundreds 
of thousands of customers. Aggregation allows them to significantly lower overall 
uncertainty and improve economies of scale in purchasing and transportation. As a 
result, these MRO distributors carry significantly less safety and cycle inventory than 
would be required if each customer decided to carry inventory on its own. Another 
example of inventory aggregation is Brightstar, a distributor that facilitates postpone
ment for cell phones. These phones are manufactured in the Far East and shipped to the 
Brightstar warehouse in Miami, where software and accessories are added as customer 
orders arrive from South America. High product variety and many small customers 
allow Brightstar to increase the supply chain surplus through inventory aggregation 
and postponement. The third party performing inventory aggregation adds most to the 
supply chain surplus when demand from customers is fragmented and uncertain. When 
demand is large and predictable, an intermediary adds little to the surplus by holding 
inventory. The consolidation of retailing and the resulting scale and predictability of 
demand explains why distributors play a much smaller role in the United States com
pared to developing countries. 
3. Transportation aggregation by transportation intermediaries. A third party may 
increase the surplus by aggregating the transportation function to a higher level than any 
shipper can on its own. UPS, FedEx, and a host of LTL carriers are examples of trans
portation intermediaries that increase the supply chain surplus by aggregating trans
portation across a variety of shippers. The value provided in each case is driven by the 
inherent economies of scale in transportation. Each shipper wants to send less than the 
capacity of the transportation mode. The transportation intermediary aggregates ship
ments across multiple shippers, thus lowering the cost of each shipment below what could 
be achieved by the shipper alone. A transportation intermediary increases the supply 
chain surplus when shippers are sending packages or LTL quantities to customers that 

-~~ --~ ·---··------ ~-~ -
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are geographically distributed. A transportation intermediary can also grow the sur
plus for TL shippingby aggregating backhauls to a higher level than the shipp'er can. 
This is particularly true if the shipper's transportation flows are highly unbalanced, 
with the quantity coming into a region very different from the quantity leaving the 
region. An excellent example of a transportation intermediary increasing the supply 
chain surplus is provided by a pilot program involving DaimlerChrysler and Ford. 
Exel, a third-party logistics (3PL) provider, operated a dedicated fleet for the distribu
tion of spare parts for Chrysler. In tests in Michigan and Mexico, Ford added its own 
truck parts for delivery on the same fleet. Given the relatively low density of dealers in 
Northern Michigan and Mexico (outside Mexico City), the aggregation provided by 
Exel was a benefit for both Ford and DaimlerChrysler. A transportation intermediary 
is likely to add the least to the supply chain surplus for a company such as Wal-Mart, 
for whom shipment sizes are large and the company also achieves aggregation across 
the many retail stores that it owns. The only possibility for a transportation intermedi
ary in such a setting would be to obtain better backhauls than Wal-Mart. 

4. Transportation aggregation by storage intermediaries. A third party that stores 
inventory can also increase the supply chain surplus by aggregating inbound and out
bound transportation. For example, storage intermediaries such as W.W. Grainger and 
McMaster-Carr stock products from over a thousand manufacturers each and sell to 
hundreds of thousands of customers. On the inbound side they are able to aggregate 
shipments from several manufacturers onto a single truck. This results in a lower trans
portation cost than could be achieved by each manufacturer independently. On the 
outbound side they aggregate packages for customers at a common destination, result
ing in a significantly lower transportation cost than can be achieved by each customer 
separately. For example, the Chicago distribution center for Grainger fills separate 
trucks with packages destined for each adjacent state. As soon as a truck destined for 
Michigan (for instance) is filled, it is sent to the UPS sorting facility in Michigan. This 
level of aggregation cannot be achieved by customers on their own. Thus, the storage of 
goods by Grainger and McMaster-Carr increases the supply chain surplus by aggregat
ing inbound and outbound transportation. A similar service is provided by distributors 
in countries such as India. Given the small size of retail outlets, a distributor aggregates 
delivery for several manufacturers, significantly lowering the outbound transportation 
cost. This form of aggregation is most effective if the intermediary stocks products 
from many suppliers and serves many customers, each ordering in small quantities. This 
form of aggregation becomes less effective as the scale of shipment from a supplier to 
customer gr_ows. This is seen in the decreased use of distributors by U.S. supermarket 
chains. The supermarkets typically get full trucks delivered on their own and do not 
need a distributor for further aggregation. 

5. Warehousing aggregation. A third party may increase the supply chain surplus by 
aggregating warehousing needs over several customers. The growth in surplus is 
achieved in terms of lower real estate costs as well as lower processing costs within the 
warehouse. Savings through warehousing aggregation arise if a supplier's warehousing 
needs are small or if its needs fluctuate over time. In either case, the intermediary with 
the warehouse can exploit economies of scale in warehouse construction and operation 
by aggregating across multiple customers. An example is Safexpress, a third-party logis
tics provider in India. Safexpress owns warehouses distributed throughout the country 
that are used by many of their customers. Most of its customers do not have warehous
ing needs that are large enough to justify a warehouse of their own in each region. 
Warehousing aggregation by an intermediary adds a lot to the surplus for small suppliers 
and for companies that are starting out in a geographic location. Warehousing aggregation 
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is unlikely to add much to the surplus for a large supplier or customer whose ware
housing needs are relatively stable over time. For example, the warehousing needs for 
Wal-Mart and Grainger are sufficiently large and stable to justify their own warehouse, 
and a third party is unlikely to increase the surplus. 

6. Procurement aggregation. A third party increases the supply chain surplus if it 
aggregates procurement for many small players and facilitates economies of scale in 
production and inbound transportation. Procurement aggregation is most effective 
across many small buyers. A good example is FleetXchange, a firm that offers small 
truck fleets lower prices for truck equipment and services through aggregate buying. 
Procurement aggregation is not likely to be a big factor in a situation with a few large 
customers. For example, contract manufacturers in the electronics industry have not 
convinced their large customers, such as HP and Motorola, to outsource the procure
ment function. Both HP and Motorola are large enough that there is very little mar
ginal benefit from further aggregation, whereas there is a potential downside in that 
they would cede the relationship with the supplier to the contract manufacturer if they 
outsourced procurement. For a small electronics company, however, the procurement 
aggregation offered by a contract manufacturer could add significantly to the supply 
chain surplus. 

7. Information aggregation. A third party may increase the surplus by aggregating 
information to a higher level than can be achieved by a firm performing the function 
in-house. All retailers aggregate information on products from many manufacturers in 
a single location. This information aggregation reduces search costs for customers. 
eBags is an example of a retailer that provides primarily information aggregation, and 
little else. eBags hold very little inventory but is a single point of display for informa
tion on bags from many manufacturers. By aggregating product information, eBags 
significantly reduces search costs for the online customer. Relative to eBags, if each man
ufacturer set up its own Web site and online store, search costs for the customer would 
be higher and each manufacturer would have to invest in the information infrastruc
ture. Thus, eBags increases the supply chain surplus through information aggregation 
by making search cheaper and reducing investment in information technology. Two 
other examples of information aggregation include W.W. Grainger and McMaster-Carr. 
Both provide a product catalog and a very detailed Web site. This simplifies search by 
the customer and aggregates product information for over a thousand manufacturers. 
Another excellent example of information aggregation is provided by the various 
online sites, such as America's Loads On-Line, that bring together shippers and truck
ers looking for backhauls. Information aggregation reduces search costs and allows 
better matching of truckers and shipments. Information aggregation increases the sur
plus if both buyers and sellers are fragmented and buying is sporadic. Information 
aggregation is not likely to be a big factor for a car manufacturer that regularly buys 
steel from a single supplier. 

8. Receivables aggregation. A third party may increase the supply chain surplus if it 
can aggregate the receivables risk to a higher level than the firm or it has a lower col
lection cost than the firm. BrightStar is a distributor for Motorola in most Latin 
American countries other than Brazil. Cell phones in the area are sold through many 
small, independently owned retail outlets. Collecting receivables from each retail out
let is a very expensive proposition for a manufacturer. Given that a retailer buys from 
many manufacturers, the power of each manufacturer to collect is also reduced. 
Brightstar, as a distributor, is able to aggregate collection across all manufacturers 
(that it serves), reducing the collec.tion cost. By aggregating collection to a greater 
extent than any one manufacturer can, Brightstar also lowers the default risk. Reduced 
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collection cost and risk allows Brightstar to increase the supply chain surplus relative 
to having this activity performed by manufacturers. The same is true with distributors 
in India that often distribute for a large number of manufacturers to the same retailer. 
Given their ability to aggregate across many manufacturers and small retailers, distrib
utors in India typically take responsibility for managing receivables from the retailers. 
Receivables aggregation is likely to increase the supply chain surplus if retail outlets 
are small and numerous and each outlet stocks products from many manufacturers 
that are all served by the same distributor. Such a scenario is more likely in developing 
countries where retailing is fragmented. It is less likely in developed countries such as 
the United States and most of Western Europe, where retailing is consolidated. 
9. Relationship aggregation. An intermediary can increase the supply chain surplus 
by decreasing the number of relationships required between multiple buyers and sell
ers. Without an intermediary, connecting a thousand sellers to a million buyers requires 
a billion relationships. The presence of an intermediary lowers the number of relation
ships required to just over a million. Most retailers and MRO distributors such as W.W. 
Grainger improve supply chain surplus through relationship aggregation. Relationship 
aggregation increases the supply chain surplus by increasing the size of each transac
tion and decreasing their number. Relationship aggregation is most effective when 
many buyers sporadically purchase small amounts at a time but each order often has 
products from multiple suppliers. Thus, Grainger can increase the surplus by being a rela
tionship aggregator for MRO products. A third party, however, does not increase the 
surplus by being a relationship aggregator between a few buyers and sellers where the 
relationships are longer term and large. For example, Covisint has failed to become a 
relationship aggregator in the automotive industry, especially for direct materials. 
10. Lower costs and higher quality. A third party can increase the supply chain surplus 
if it provides lower cost or higher quality relative to the firm. If these benefits come 
from specialization and learning, they are likely to be sustainable over the longer term. 
A specialized third party that is further along the learning curve for some supply chain 
activity is likely to maintain its advantage over the long term. A common scenario, 
however, is one in which the third party has a low-cost location that the firm does not. 
In such a situation, lower labor and overhead costs are temporary reasons for out
sourcing, because if the wage differential is persistent and the third party offers none of 
the other advantages discussed earlier, it is best for the firm to maintain ownership and 
off-shore production to the low-cost location. 
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Three important factors that affect the increase in surplus that a third party pro
vides: scale, uncertainty, and the specificity of assets. If the scale is large, it is very likely 
that sufficient economies of scale are achieved internal to the firm itself. In this case it 
is very unlikely that a third party can achieve further scale economies and increase the 
surplus. Wal-Mart has sufficient scale in terms of its transportation needs that it 
achieves economies of scale on trucking by itself. Going to a third party would not 
increase the surplus and would result in some loss of control. In contrast, if a firm's 
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needs do not provide sufficient economies of scale, the third party can increase the su1 
plus by a large amount. For its outbound packages, even though Grainger has a larg number going out, they are distributed geographically and Grainger would not be abl to achieve economies of scale for door-to-door delivery. A third party package carrie adds to the surplus in this case. 

The second important factor is the uncertainty of a firm's needs. If the needs are ver: predictable, the increase in surplus from a third party is limited, especially if the firn has sufficient scale. In contrast, if the firm's needs are highly variable over time, th1 third party can increase the surplus through aggregation with other customers. Fo1 example, Grainger has predictable needs in terms of warehouse space required. Giver sufficient scale, it owns and operates its own distribution centers. In contrast, mos1 firms have very uncertain demand for MRO products. They prefer not to hold these items in stock and use Grainger as an intermediary. Finally, the growth in surplus is influenced by the specificity of assets required by the third party. If the assets required are specific to a firm and cannot be used for others, a third party is unlikely to increase the surplus because all it does is move the assets from one firm to another. The third party has no opportunity to aggregate across other customers. For example, if a distributor holds inventory that is specific to a customer, the distributor is unable to aggregate it to a higher level than the customer. The presence of the distributor does not increase the surplus in this case. Similarly, if a thirdparty logistics provider manages a warehouse exclusively for a single firm, it has few opportunities to increase the surplus unless it can aggregate the use of management or 
information systems across other warehouses. In contrast, if assets (inventory or warehouses in the above examples) are less specific and can be used across multiple firms, a third party can increase the surplus by aggregating uncertainty across multiple customers or improving economies of scale. The above discussion on how and when a third party can increase the supply chain surplus is summarized in Table 14-1. 

RISKS OF USING A THIRD PARTY 
Firms must evaluate the following risks when they move a~y function to a third party. 1. The process is broken. The biggest problems arise when a firm outsources supply ch_ain functions simply because it has lost control of the process. Keep in mind that introducing a third party into a broken supply chain process only makes it worse and 

Firm scale 

Demand uncertainty 
for firm 

Specificity of Assets Involved in Function 

Low 
High 
Low 

High 

Low 

High growth in surplus 
Low growth in surplus 
Low-Medium growth in 

surplus 
High growth in surplus 

-------~-----

High 

Low-medium growth in surplus 
No growth in surplus 
Low growth in surplus 

Low-medium growth in surplus 
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harder to control. The first step should be to get the process under control, then do a 
cost-benefit analysis, and only then decide on outsourcing. 
2. Underestimation of the cost of coordination. A common mistake when outsourcing is 
to underestimate the effort required to coordinate activities across multiple entities 
performing supply chain tasks. This is especially true if a firm plans to outsource spe
cific supply chain functions to different third parties. Outsourcing functions to many 
third parties is feasible (and can be very effective) if the firm views being a coordina
tor as one of its core strengths. A good example of a strong coordinator is Cisco. 
However, even Cisco ran into trouble in the early 2000s and was left with a lot of sur
plus inventory because of coordination problems. An example where coordination 
caused problems was between Nike and i2 Technologies in 2000. Nike blamed its loss 
of $100 million on inventory management glitches that it attributed to the supply 
chain planning software from i2. i2 in turn blamed the problems on Nike's execution 
of the software. Clearly, insufficient coordination between the two firms played a role 
in this failure. 
3. Reduced customer/supplier contact. A firm may lose customer/supplier contact by 
introducing an intermediary. The loss of customer contact is particularly significant for 
firms that sell directly to consumers but decide to use a third party to either collect 
incoming orders or deliver outgoing product. A good example is Boise Cascade, which 
outsourced all its outbound distribution to third parties. This led to a significant loss of 
customer contact. Boise Cascade decided to bring outbound delivery for customers 
located close to their distribution centers in-house. Given the high density of cus
tomers around their distribution centers, the additional gain in surplus that a third 
party could provide was minimal, while the gain from improved customer contact was 
significant. Boise Cascade did not bring distribution beyond this point in-house because 
the gain in surplus provided by a third party was significant. 
4. Loss of internal capability and growth in third-party power. A firm may choose to 
keep a supply chain function in-house if outsourcing will significantly increase the third 
party's power. An example can be found in the electronics industry. Companies such 
as HP and Motorola have moved most of their manufacturing to contract manufac
turers but are reluctant to move either procurement or design, even though contract 
manufacturers have developed both capabilities. Given the commonality of compo
nents, it can be argued that a contract manufacturer can achieve a higher level of 
aggregation in procurement as well as design assets. HP and Motorola, however, are 
reluctant to move procurement to contract manufacturers because the potential loss 
in power is large whereas the aggregation gains are small given the relatively large 
size of both firms. Keeping part of a supply chain function in-house is also important 
if a complete loss of capability significantly strengthens the third party's bargaining 
position. The in-house capability then serves as an option that can be exercised when 
the need arises. The option also limits how much of the supply chain surplus the third 
party can keep for itself. 
5. Leakage of sensitive data and information. Using a third party requires a firm to 
share demand information and in some cases intellectual property. If the third party 
also serves competitors, there is always the danger of leakage. Firms have often 
insisted on firewalls within the third party, but a firewall increases the specificity of 
assets, limiting the growth in surplus that the third party can provide. When leakage is 
an issue, especially with regard to intellectual property, firms often choose to keep the 
function in-house. 
6. Ineffective contracts. Contracts with performance metrics that distort the third 
party's incentives often significantly reduce any gains from outsourcing. For example, 
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cost-plus pricing of third-party services presents incentive problems even if the third 
party opens its books. This form of pricing eliminates incentives for the third party to 
innovate further to reduce costs. The onus for improvement falls back on the firm. 
Another example is when firms require suppliers or distributors to maintain a certain 
number of days of inventory as part of the contract. Such a contract reduces the third 
party's incentive to take actions that reduce inventories. In such a situation it is better 
for the firm to contract on a desired service level and leave the third party more free
dom with regard to the amount of inventory. The third party then has an incentive to 
work on reducing the inventory required to provide a given level of service. 

14.3 THIRD- AND FOURTH-PARTY LOGISTICS PROVIDERS 

Service Category 

Transportation 

Warehousing 

Information technology 

Reverse logistics 

Other 3PL services 

International 

Special skills/handling 

A third-party logistics (3PL) provider performs one or more of the logistics activities 
relating to the flow of product, information, and funds that could be performed by the 
firm itself. Traditionally, 3PLs focused on specific functions such as transportation, 
warehousing, and information technology within the supply chain. Armstrong's Guide 
to 3PLs & Global Logistics Services (Armstrong & Associates, Inc., 2001) describes 
some of the services offered by 3PLs, as shown in Table 14-2. 

Most 3PLs started out by focusing on one of the functions in the supply chain. For 
example, UPS started out as a small-package carrier. Schneider started out as a truck
load carrier. Over the years, however, as the basic functions have become commodi
tized, 3PLs have expanded their range of services. There are still several customers that 
use 3PLs to perform a specific function. For example, Grainger handles most of the 
order-to delivery-cycle itself, except for outbound transportation, which is outsourced 
to UPS. UPS clearly increases the surplus in this case given the geographic distribution 
of Grainger's customers and the small order sizes. UPS has now expanded to include 
warehousing, information technology, international, and a variety of other services and 

Basic Service 

Inbound, outbound by ship, truck, 
rail, air 

Storage, facilities management 

Provide and maintain advanced 
information/computer systems 

Handle reverse flows 

Some Specific Value-Added Services 

Tendering, track/trace, mode conversion, dispatch, 
freight pay, contract management 

Cross-dock, in-transit merge, pool distribution 
across firms, pick/pack, kitting, inventory control, 
labeling, order fulfillment, home delivery of catalog 
orders 

Transportation management systems, warehousing 
management, network modeling and site selection, 
freight bill payment, automated broker interfaces, 
end-to-end matching, forecasting, EDI, worldwide 
track and trace, global visibility 

Recycling, used-asset disposition, customer returns, 
returnable container management, repair/refurbish 

Brokering, freight forwarding, purchase-order 
management, order taking, loss and damage claims, 
freight bill audits, consulting, time-definite delivery 

Customs brokering, port services, export crating, 
conso lid a ti on 

Hazardous materials, temperature controlled, 
package/parcel delivery, food-grade facilities/ 
equipment, bulk 

-· ---------------
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aims to perform a broader range of functions for its customers. The wide range of ser
vice allowed UPS to sign a contract to manage the global supply chain for National 
Semiconductor Corporation. UPS manages the movement of chips from National 
Semiconductor's plants to a global distribution center and on to customers around the 
world. Similarly, Schneider Logistics offers a wide variety of services beyond truckload 
transportation. For the General Motors Spare Parts Operations (GMSPO), Schneider 
provides comprehensive logistics services from order placement to final payment. 

The trend of outsourcing a broader range of supply chain services has been grow
ing since the late 1990s. With the increased globalization of supply chains, customers 
are looking for players that can manage virtually all aspects of their supply chain. This 
has led to the concept of a fourth-party logistics ( 4PL) provider. A 4PL was first 
defined by Andersen Consulting (now Accenture) as "an integrator that assembles the 
resources, capabilities and technology of its own organization and other organizations 
to design, build and run comprehensive supply chain solutions."1 Whereas a 3PL targets 
a function, a 4PL targets management of the entire process. Some have described a 
4PL as a general contractor who manages other 3PLs, truckers, forwarders, custom bro
kers, and others, essentially taking responsibility of a complete process for the cus
tomer. When the idea was first formulated, Andersen conceived a neutral 4PL that did 
not own any logistics assets itself but only managed various logistics providers. The 
reality has been somewhat different. Hardly any neutral4PLs have managed to estab
lish themselves. Many 3PLs, however, have started providing integrated services by 
which they serve as a 4PL and a lead logistics provider, covering some of the functions 
themselves. 

One example of a lead logistics provider is Menlo Logistics, which manages all 
aspects of the supply chain for HomeLife, a national home furnishings retail chain. 
Menlo designs the supply chain and information systems and integrates transportation, 
warehousing, home delivery, product setup and repair, and reverse logistics for 
HomeLife. The solution involves some distribution centers that are operated by Menlo 
and other distribution centers that are ,operated by other third parties managed by 
Menlo. Menlo also has a centralized command center to manage and track other sup
ply chain activities. Menlo has also supplied HomeLife with information systems to 
manage orders, warehouses, transportation, and home delivery. Another example is 
Kuehne & Nagel AG, a Swiss freight forwarder. It has formed Kuehne & Nagel Lead 
Logistics (K&N), which is positioned as a 4PL. In 2002 Nortel Networks hired K&N to 
handle all its outbound logistics from factories to customers. K&N now manages 35 to 
40 forwarders, warehouse managers, truckers, and other logistics providers worldwide 
for Nortel. K&N itself provides some of these services to Nortel. 

A fundamental question is how a 4PL adds value relative to a firm managing its 
own logistics providers. This is particularly relevant in the case of K&N and Nortel 
because K&N took on nearly 100 Nortel employees who were managing the supply 
chain earlier. One answer often put forth is that outsourcing to someone like K&N 
allows Nortel to apply its limited capital toward its core business. Keep in mind, how
ever, that outsourcing a noncore activity such as logistics does not guarantee any 
growth in the supply chain surplus. The K&N and Nortel relationship can survive in the 
long term only if K&N can increase the surplus in a way that Nortel cannot. The fun
damental advantage that a 4PL may provide comes from greater visibility and coordi
nation over a firm's supply chain and improved handoffs between logistics providers. 
Greater visibility and coordination requires the use of sophisticated information tech
nology. Given the high cost of development or purchase of this technology, and the 

1Retrieved from http://en.wikipedia.org/wiki/4PL on January 29,2006. 
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expertise required for implementation, a 4PL can increase the surplus by spreading 
this cost across multiple customers. Many 4PLs have developed their own suite of IT 
applications, whereas others integrate across IT applications from multiple providers. 
For example, Schneider Logistics has a suite called SUMIT, whereas Exel plc Americas 
uses applications from a variety of providers such as i2 Technologies and CAPS. A 4PL 
can also increase the supply chain surplus by effectively aggregating demands from 
customers and capacity of logistics providers. 

An excellent example of a firm that does both is Li & Fung, which has built a $2 
billion business helping global companies such as Reebok manage sourcing and pro
duction across many locations in the developing world. The company has been an 
intermediary between suppliers in the developing world and global buyers since it was 
founded in 1906. Li & Fung originally exported jade, porcelain, and silk from China to 
the United States. In the 1970s the firm expanded its network of suppliers and is now 
able to get around regional trade umbrellas such as the European Union and NAFTA 
by sourcing appropriately. Li & Fung is an information hub that is able to link thou
sands of factories in 32 countries to almost a thousand customers in an optimal man
ner. Li & Fung reserves 30 to 70 percent of a supplier's capacity. These factories are 
accustomed to reliable repeat business from Li & Fung and are thus willing to commit 
this capacity. Li & Fung maintains detailed capability information for each factory that 
is used to match it to appropriate customer orders as they arrive. For its customers, Li 
& Fung facilitates short-lead-time production. This allows customers to observe sales 
trends before committing to an order. When an order arrives, Li & Fung procures yarn 
from one supplier, gets on the production schedule of a weaving mill, and finally farms 
out production of the garment to ensure that the delivery schedule is met. All of this is 
done to minimize production cost while meeting delivery schedules. Clearly Li & Fung 
is an integrator that adds to the supply chain surplus in ways that no individual cus
tomer or supplier can. The firm aggregates demand across hundreds of customers, 
capacity across thousands of suppliers, and uses detailed information on both to match 
supply and demand in the most cost-effective manner. 

As supply chains become more global, 3PLs with a broad range of services are 
enjoying an advantage in the market place. This has led to a series of mergers, with 
large 3PLs getting even larger. With the increasing use of postponement, especially in 
the electronics industry, intermediaries are being asked to take on partial manufac
turing responsibilities. This has led to a blurring of the distinction between 3PLs and 
contract manufacturers. The larger 3PLs are increasingly trying to offer some form of 
final assembly as part of their service. Contract manufacturers in turn are expanding 
their logistics capabilities by either buying or partnering with logistics providers. For 
example, Celestica, a contract manufacturer, has partnered with Exel Logistics, 
FedEx, Kuehne & Nagel, and Panalpina as its logistics providers. Another contract 
manufacturer, Flextronics bought a few logistics providers in the early 2000s. In 
either case, the goal was to provide a complete production and distribution service to 
the customer. 

14.4 SUPPLIER SCORING AND ASSESSMENT 

When comparing suppliers, many firms make the fundamental mistake of focusing 
only on the quoted price, ignoring the fact that suppliers may differ on other important 
dimensions that affect the total cost of using a supplier. For instance, suppliers have dif
ferent replenishment lead times. Does it pay to select a more expensive supplier with a 

1 
I 



CHAPTER 14 + Sourcing Decisions in a Supply Chain 429 

shorter lead time? Or consider suppliers that have different on-time performance. Is 
the more reliable supplier worth the few extra pennies it charges per piece? 

In each of the aforementioned instances, the price charged by the supplier is only 
one of many factors that affect the supply chain surplus. When scoring and assessing 
suppliers, the following factors other than quoted price must be considered: 

• Replenishment lead time 
• On-time performance 
• Supply flexibility 
• Delivery frequency/minimum lot size 
• Supply quality 
• Inbound transportation cost 
• Pricing terms 
• Information coordination capability 
• Design collaboration capability 
• Exchange rates, taxes, and duties 
• Supplier viability 

Supplier performance must be rated on each of these factors because they all 
affect the total supply chain cost. Next we discuss how each factor affects total supply 
chain cost and how a supplier's rating on the factor can be used to infer a total cost of 
using the supplier. 

1. Replenishment lead time. As the replenishment lead time from a supplier grows, the 
amount of safety inventory that needs to be held by the buyer also grows proportional 
to the square root of the replenishment lead time (see Chapter 11). Lead-time perfor
mance by a supplier can be translated directly into the required safety inventory using 
Equation 11.9. Scoring the performance of suppliers in terms of replenishment lead 
time thus allows the firm to evaluate the impact each supplier has on the cost of hold
ing safety inventory. 

2. On-time performance. On-time performance affects the variability of the lead time. 
A reliable supplier has low variability of lead time, whereas an unreliable supplier has 
high variability. As the variability of lead time grows, the required safety inventory at 
the firm grows very rapidly (see Chapter 11). On-time performance can be translated 
into lead-time variability, which is converted to required safety inventory using 
Equation 11.11. A firm can use the discussion in Chapter 11 to evaluate the impact of 
poor on-time performance by a supplier on the cost of holding safety inventory. 
3. Supply flexibility. Supply flexibility is the amount of variation in order quantity that 
a supplier can tolerate without letting other performance factors deteriorate. The less 
flexible a supplier is, the more lead-time variability it will display as order quantities 
change. Supply flexibility thus affects the level of safety inventory that the firm will 
have to carry. 

4. Delivery frequency/minimum lot size. The delivery frequency and the minimum lot size 
offered by a supplier affect the size of each replenishment lot ordered by a firm. As the 
replenishment lot size grows, the cycle inventory at the firm grows, thus increasing the cost 
of holding inventory (see Chapter 10). Delivery frequency is converted to cycle inventory 
using Equation 10.1. For a firm using a periodic review policy, delivery frequency also 
affects the required safety inventory (see Equation 11.16). Thus, delivery frequency of a 
supplier can be converted into the cost of holding cycle and safe_ty inventory. 
5. Supply quality. A worsening of supply quality increases the variability of the supply 
of components available to a firm. Quality affects the lead time taken by the supplier 

----------~~ 
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to complete the replenishment order and also the variability of this lead time because 
follow-up orders often need to be fulfilled to replace defective products. As a result, 
the firm has to carry more safety inventory (see Chapter 11) from a low-quality sup
plier compared to a high-quality supplier. Once a relationship among supply quality, 
lead time, and lead time variability is established, each supplier's quality level can be 
converted to the required safety inventory and the associated holding cost. The com
ponent quality also affects customer satisfaction and product cost because of rework, 
lost material, and the cost of inspection. 
6. Inbound transportation cost. The total cost of using a supplier includes the inbound 
transportation cost of bringing material in from the supplier. Sourcing a product over
seas may have lower product cost but generally incurs a higher inbound transportation 
cost, which must be accounted for when comparing suppliers. The distance, mode of 
transportation, and delivery frequency affect the inbound transportation cost associ
ated with each supplier. 
7. Pricing terms. Pricing terms include the allowable time delay before payment has to 
be made and any quantity discounts offered by the supplier. Allowable time delays in 
payment to suppliers save the buyer working capital. The cost of working capital sav
ings for each supplier can be quantified. Price terms also include discounts for pur
chases above certain quantities. Quantity discounts lower the unit cost but tend to 
increase the required batch size and as a result the cycle inventory (see Chapter 10). As 
discussed in Chapter 10, the impact of quantity discounts on material cost and inven
tory cost can be quantified for each supplier. 
8. Information coordination capability. The information coordination capability of 
a supplier is harder to quantify, but it affects the ability of a firm to match supply and 
demand. Good coordination results in better replenishment planning, thus decreasing 
both the inventory carried as well as the sales lost because of lack of availability. Good 
information coordination also decreases the bullwhip effect (see Chapter 17) and 
results in lower production, inventory, and transportation costs while improving 
responsiveness to the customer. The value of better coordination is linked to the 
amount of variability introduced into the supply chain as a result of the bullwhip effect. 
9. Design collaboration capability. Given that a large part of product cost is fixed at 
design, collaboration capability of a supplier is significant. Good design collabora
tion for manufacturability and supply chain can also decrease required inventories 
and transportation cost. As manufacturers are increasingly outsourcing both the 
design and manufacture of components, their ability to coordinate design across 
many_suppliers is critical to the ultimate success of the product and the speed of 
introduction. As a result, design collaboration capability of suppliers is becoming 
increasingly important. 
10. Exchange rates, taxes, and duties. Although exchange rates, taxes, and duties are 
not supplier dependent, they can be significant for a firm with a global manufacturing 
and supply base. In many instances, currency fluctuations affect component price more 
than all other factors put together. Financial hedges can be put into place to counter 
exchange-rate fluctuations. It is important, however, to analyze various supply options 
in a global supply chain to account for demand and macroeconomic variability, as dis
cussed in Chapter 6. Similarly, the level of taxes and duties can make a significant dif
ference on total cost, depending on the location of the supplier. 
11. Supplier viability. Given the impact that suppliers have on a company's perfor
mance, an important factor in picking a supplier is the likelihood that it will be around 
to fulfill the promises it makes. This consideration can be especially important if the 
supplier is providing mission -critical products and it would be difficult to find a 
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Purchase 
Inventory Product 

Price of Transportation Introduction 
Component Cycle Safety Cost Time 

Replenishment lead time X 
On-time performance X 
Supply flexibility X 
Delivery frequency X X X 
Supply quality X X 
Inbound transport cost X 
Pricing terms X X 
Information coordination X X 
Design collaboration X X X X X 
Exchange rates and taxes X 
Supplier viability X X 

replacement for. Note that this is not necessarily a bias for larger companies-many 
small companies, and even some start-ups, can provide an acceptable level of viability. 

Each supplier should be rated on all the aforementioned dimensions besides 
the price charged per unit. The impact of each factor on total cost is summarized in 
Table 14-3. The factors in Table 14-3 allow a firm to rate and compare various suppliers 
with different performance on each dimension. We have discussed how performance 
along most of the factors can be quantified in terms of impact on cost. The overall per
formance of each supplier can thus be characterized in terms of total cost and a rating 
on the nonquantifiable factors. 

' -":: - - ~---- ' / \ '. _- _-' -. :; .. -.- ~--; _; 

.::~~,PQI~T .•....•.•. suf)8ti~t.~~rtor,.']la~ce.s9ouldb~corn~Ci~~cl6aseclo~th,e'i.~P~Sf9p.totkl •• 
· .. ·. c?st.cln ~d?iti()n. ·to p~r8!)~sE9 price, the total. so~r·iso.i nf18E)oc:~>qy :r~ei.E3rJ}.~h~~nt .. lead . 

.•..••.. •.~i~e,·'on;~tiiTle·p~J(fprpnar1c~;~upp1y;flexibility,delht,E)ryfrE9quE)ncy,supply9uality,J~bound• •· 
··.•.··transp~rtatipncp~~-pricigg.terrns;.th·~·····ability•.qf.the•suppli.~rto.c~~rdinate.forec~st[ng·•· 

·. ·.·.a.nd· •. plannir19··Jhe,ctesi9.n ••. 8()1,l.Ciboration··· capab.ilityof ·ttjesypplier, exchan'ge·rates. and 
tru<es,.andsppplierviabilfty,. :. · 

In Example 14-1, we illustrate the comparison of two suppliers with different 
prices and other performance characteristics. 

Example 14-1: Comparing suppliers based on total cost 
Green Thumb, a manufacturer of lawn mowers and snow blowers, has historically purchased 
a thousand bearings per week from a local supplier who charges $1.00 per bearing. The 
purchasing manager has identified another potential source willing to supply the bearings at 
$0.97 per bearing. Before making his decision, the purchasing manager evaluates the perfor
mance of the two suppliers. The local supplier has an average lead time of two weeks and 
has agreed to deliver the bearings in batches of 2,000. Based on past on-time performance, 
the purchasing manager estimates that the lead time has a standard deviation of one week. 
The new source has an average lead time of six weeks with a standard deviation of four 
weeks. The new source requires a minimum batch size of 8,000 bearings. Which supplier 
should the purchasing manager go with? Green Thumb has a holding cost of 25 percent. It 
currently uses a continuous review policy for managing inventory and aims for a cycle service 
level of 95 percent. Weekly demand has a mean of 1,000 and a standard deviation of 300. 
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Analysis: The suppliers' performance along lead time and lead time variability affects the 
safety inventory that Green Thumb must hold, and the minimum batch-size requirement 
affects the cycle inventory held. Thus, the purchasing manager should evaluate the total 
cost of using each supplier. First consider the cost of using the current local supplier: 

Annual material cost= 1,000 x 52 x 1 = $52,000 
Average cycle inventory (using Equation 10.1) = 2,000/2 = 1 ,000 

Annual cost of holding cycle inventory = 1 ,000 x 1 x 0.25 = $250 
Standard deviation of demanded 

during lead time (using Equation 11.11) = V2 x 3002 + 1,0002 x 12 = 1,086.28 
Safety inventory required with 

current supplier (using Equation 11.9) = NORMSINV(0.95) x 1086.28 = 1, 787 
Annual cost of holding safety inventory = 1, 787 x 1 x 0.25 = $446.75 

Annualcostofusingcurrentsupplier = 52,000 + 250 + 446.75 = $52,696.75 

Next consider the cost of using the new supplier: 

Annual material cost = 1 ,000 x 52 x 0.97 = $50,440 
Average cycle inventory (using Equation 10.1) = 8,000/2 = 4,000 

Annual cost of holding cycle inventory = 4,000 x 0.97 x 0.25 = $970 
Standard deviation of demanded 

duringleadtime(usingEquation11.11) = V6 x 3002 + 1,0002 x 42 = 4,066.94 
Safety inventory required with 

current supplier (using Equation 11.9) = NORMSINV(0.95) x 4,066.94 = 6,690 
Annual cost of holding safety inventory = 6,690 x 0.97 x 0.25 = $1,622 

Annual cost of using current supplier = 50,440 + 970 + 1 ,622 = $53,032 

Observe that the new supplier has a lower annual material cost but a higher annual 
total cost. Taking all performance characteristics into account, the purchasing manager 
should continue to use the current supplier. 

14.5 SUPPLIER SELECTION-AUCTIONS 
AND NEGOTIATIONS 

Before selecting suppliers, a firm must decide whether to use single sourcing or multi
ple suppliers. Single sourcing guarantees the supplier sufficient business when the 
supplier has to make a significant buyer-specific investment. The buyer-specific 
investment may take the form of plant and equipment designed to produce a part that 
is specific to the buyer or may take the form of expertise that needs to be developed. 
Single sourcing is also used in the automotive industry for parts such as seats that 
must arrive in the sequence of production. Coordinating such sequencing is impossi
ble with multiple sources. As a result, auto companies have a single seat source for 
each plant but multiple seat sources across their manufacturing network. Having mul
tiple sources ensures a degree of competition and also the possibility of a backup 
should a source fail to deliver. 

A good test of whether a firm has the right number of suppliers is to analyze what 
impact deleting or adding a supplier will have. Unless each supplier has a somewhat 
different role, it is very likely that the supply base is too large. In contrast, unless adding 
a supplier with a unique and valuable capability clearly adds to total cost, the supply 
base may be too small. 

The selection of suppliers is done using a variety of mechanisms, including offline 
competitive bids, reverse auctions, or direct negotiations. No matter what mechanism is 
used, supplier selection should be based on the total cost of using a supplier and not 
just the purchase price. Next we discuss some auction mechanisms that are often used 
in practice and highlight some of their properties. 
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AUCTIONS IN THE SUPPLY CHAIN 

When outsourcing to a third party, firms have historically obtained competitive bids and 
in recent years have used reverse auctions on the Internet. Competitive bids are a form of 
auction in which the bids are not revealed to the other bidders. In the following discussion 
we treat them as auctions. An excellent discussion on auctions can be found in Krishna 
(2002) and Milgram (2004). Much of the following discussion is a summary of their ideas. 

In many supply chain settings, a buyer looks to outsource a supply chain function 
such as production or transportation. Potential suppliers are first qualified and then 
allowed to bid on how much they would charge to perform the function. The qualifica
tion process is important because there are multiple attributes of performance (as out
lined in Table 14-3) that the buyer cares about. When conducting an auction based 
primarily on unit price, it is thus important for the buyer to specify performance expec
tations along all dimensions other than price. In reality a buyer may be better off with a 
multiattribute auction, but in most cases buyers end up with specifications on various 
attributes and a price-only auction. The qualification process is used to identify suppli
ers that meet performance expectations along the nonprice attributes. From the buyer's 
perspective, the purpose of the auction is to get bidders to reveal their underlying cost 
structure so that the buyer can select the supplier with the lowest costs. Commonly used 
mechanisms for these auctions are as follows. 

• Sealed-bid first-price auctions require each potential supplier to submit a sealed 
bid for the contract by a specified time. These bids are then opened and the con
tract is assigned to the lowest bidder. 

• In English auctions, the auctioneer starts with a price and suppliers can make bids 
as long as each successive bid is lower than the previous bid. The supplier with 
the last (lowest) bid receives the contract. The difference in this case is that all 
suppliers get to see the current lowest bid as the aucti?n unfolds. 

• In Dutch auctions, the auctioneer starts with a low price and then raises it slowly 
until one of the suppliers agrees to the contract at that price. 

• In second-price (Vickrey) auctions, each potential supplier submits a bid. The contract 
is assigned to the lowest bidder but at the price quoted by the second-lowest bidder. 

When identifying the auction to use, the firm wants to minimize the price it pays. The 
firm may also care about ending up with the supplier with the lowest underlying costs 
because it makes it more likely that the supplier will actually be able to supply at the price 
it has committed to. A related issue is whether suppliers have any incentive to make false 
bids that are_not consistent with their cost structure. Such bids may increase what the firm 
pays and also lead to the contract being given to a firm that does not have the lowest costs. 

An important issue with the sealed-bid first-price auction is what is known as the 
winner's curse. Once selected based on sealed bids, the winner quickly realizes that it 
could have raised its bid slightly and still won, because other suppliers bid at a higher 
level. In this sense, winning the bid leads the winner to realize that it left money on the 
table. Thus, bidders adjust their initial sealed bids upward, taking this phenomenon 
into account. This issue does not arise in any open auction, where bidders see the cur
rent best bid when planning their next bid. This issue also does not arise in the second
price auction because the winner gets the price quoted by the second-lowest bidder 
and thus has no incentive to hide its true cost. 

The following factors influence the performance of an auction: 

• Is the supplier's cost structure private (not affected by factors that are common to 
other bidders)? 

• Are suppliers symmetric or not, that is, ex ante, are they expected to have similar 
cost structures? 



434 PART VI + Managing Cross-Functional Drivers in a Supply Chain 

• Do suppliers have all the information they need to estimate their cost structure? 
• Does the buyer specify a maximum price it is willing to pay for the supply 

chain? 

Let us start with the cost structures for suppliers. In most instances it is reasonable 
to assume that part of the supplier's cost arises from how it has structured its processes 
and part of its cost arises from market factors such as raw material and labor cost that 
are common across suppliers. In other words, the suppliers' cost structure is likely to be 
interdependent and correlated to some extent. This interdependence and correlation is 
likely to be higher for suppliers with similar processes located in similar markets. If 
suppliers are symmetric with costs that are interdependent and correlated, the 
expected price that a firm has to pay using an English auction is no more than that in a 
second-price auction, which is no more than in a sealed-bid first-price auction. In other 
words, under these conditions the English auction is likely to fetch the lowest price for 
the firm. If suppliers are asymmetric, however, it is possible that a second-price auction 
may do better than an English auction. 

If the buyer firm has some information that has a direct bearing on suppliers' 
costs and the suppliers are aware that the firm has this information but do not know 
the information itself, it is in the best interest of the firm to reveal this information. 
Under all auction mechanisms (with symmetric bidders), the buyer pays less with all 
information revealed than with less information revealed. Thus, it is in the best inter
est of the buyer to specify its needs clearly and reveal all information related to the 
supply chain task of which it is aware. Not revealing this information leads the bidders 
to shade their bids to guard against the winner's curse, resulting in an increase in the 
price paid by the buyer. Thus, it is in the buyer's interest not only to reveal all public 
information before bidding but also to convince potential suppliers that all informa
tion has been revealed. 

A very significant factor that must be accounted for when designing an auction is the 
possibility of collusion among bidders. Second-price auctions are particularly vulnerable 
to collusion among bidders. Consider an agreement among bidders under which the bid
der with the lowest cost agrees to bid its true cost, with all other bidders bidding a high 
number (say, the cost of the most expensive bidder or the reserve price of the buyer). In 
a second-price auction, the lowest-cost bidder gets to perform the supply chain function 
but the buyer has to a pay a higher price than the cost of the second-lowest-cost supplier. 
This collusion strategy is an equilibrium because none of the other bidders has anything 
to gain by deviating from the collusion agreement. Observe that this collusion strategy 
can be· avoided with any first-price auction, either sealed bid or English. In either case, a 
collusion agreement with a very high price will not hold, because many bidders will have 
the temptation to join the bidding if they have a lower cost. Ultimately, any first-price 
auction will bring more than the lowest-cost bidder in to the auction. 

Collusion results in suppliers suppressing their desire to provide the supply chain 
function and raising their bids from what would be appropriate given their cost. This is 
often the case in multiunit auctions, in which the buyer wants suppliers to bid on a cer
tain quantity of the supply chain function. In multiunit Dutch auctions, the buyer starts 
by announcing a high price and then lowers it slowly until a supplier is willing to pro
vide one unit of the goods or services. The price is lowered slowly until suppliers have 
committed to all units of goods or services desired by the buyer. In this auction, each 
unit is supplied at a different price. In a multiunit English auction, the buyer starts at a 
high price and bidders announce the quantity they are willing to supply. If the total 
quantity that suppliers are willing to supply exceeds the desired quantity, the buyer 
lowers the price until the quantity for which suppliers bid equals the desired quantity. 
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All suppliers then get to supply at this price. This auction is also referred to as the 
uniform-price auction. Suppliers in either auction can raise the final price by colluding 
and forming a bidding ring that assigns only one bidder to enter the auction process for 
the entire ring. After the initial auction the ring then has a separate auction to divide 
up the quantity they have been assigned among themselves. An excellent discussion on 
collusion can be found in Porter (2004). 

BASIC PRINCIPLES OF NEGOTIATION 

In some instances, the third party that will perform a given supply chain function has 
been identified and the firm enters into a negotiation to set the terms of the contract. 
Negotiation is likely to result in a positive outcome only if the value the buyer places 
on outsourcing the supply chain function to this supplier is at least as large as the value 
the supplier places on performing the function for the buyer. The value that a supplier 
places on performing a function is influenced by its cost as well as other alternatives 
that are available for its existing capacity. Similarly, the value that the buyer places is 
influenced by the cost of performing the function in-house and the price available from 
alternative suppliers. The difference between the values of the buyer and seller is 
referred to as the bargaining surplus. The goal of each negotiating party is to capture as 
much of the bargaining surplus as possible. 

An excellent discussion on negotiations is available in Thompson (2005). We men
tion some of the highlights from her discussion. The first recommendation is to have a 
clear idea of your own value and as good an estimate of the third party's value as pos
sible. A good estimate of the bargaining surplus improves the chance of a successful 
outcome. Suppliers of Toyota have often mentioned that "Toyota knows our costs bet
ter than we do," which leads to better negotiations. The second recommendation is to 
look for a fair outcome based on equally or equitably dividing the bargaining surplus 
or dividing it based on needs. Equity here refers to a division of the surplus in propor
tion to the contribution by each party. 

The key to a successful negotiation, however, is to make it a win-win outcome. It 
is impossible to obtain a win-win outcome if the two parties are negotiating on a sin
gle dimension such as price. In this setting, one party can only "win" at the expense of 
the other. To create a win-win negotiation, the two parties have to identify more than 
one issue to negotiate. Identifying multiple issues allows the opportunity to expand 
the pie if the two parties have different preferences. This is often easier than it seems 
in a supply chain setting. A buyer typically cares not just about the price of perform
ing the supply chain function but also about the responsiveness and quality (two of 
the dimensions identified in Table 14-3). If the supplier finds it harder to lower the 
price but easier to reduce the response time, there is an opportunity for a win-win res
olution in which the supplier offers better responsiveness without changing the price. 
Thompson discusses many hurdles in the negotiation process and also suggests effec
tive strategies. 
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14.6 CONTRACTS AND SUPPLY CHAIN PERFORMANCE 

A supply contract specifies parameters governing the buyer-supplier relationship. In 

addition to making the terms of the buyer-supplier relationship explicit, contracts have 

significant impact on the behavior and performance of all stages in a supply chain. 

Contracts should be designed to facilitate desirable supply chain outcomes and mini
mize actions that hurt performance. A manager should ask the following three ques

tions when designing a supply chain contract: 

1. How will the contract affect the firm's profits and total supply chain profits? 
2. Will the incentives in the contract introduce any information distortion? 
3. How will the contract influence supplier performance along key performance 

measures? 

Ideally, a contract should be structured to increase the firm's profits and supply 

chain profits, discourage information distortion, and offer incentives to the supplier to 
improve performance along key dimensions. Many shortcomings in supply chain per

formance occur because the buyer and supplier are two different entities, each trying to 

optimize its own profits. 

CONTRACTS FOR PRODUCT AVAILABILITY 
AND SUPPLY CHAIN PROFITS 

Actions taken by the two parties in the supply chain often result in profits that are 

lower than what could be achieved if the supply chain were to coordinate its actions 

with a common objective of maximizing supply chain profits. Consider a product 
whose demand is significantly affected by the retail price. The retailer decides its price 

(and thus sales quantity) based on its margin. The retailer's margin is only a fraction of 

the supply chain margin, leading to a retail price that is higher than optimal and a sales 

quantity that is lower than optimal for the supply chain. This phenomenon is referred 

to as double marginalization (see Chapter 10). As discussed in Chapter 10, the supplier 

can increase supply chain profits by offering a volume discount, where the retailer pays 

a lower price if the total quantity purchased exceeds a threshold. 
Another example of double marginalization arises in the presence of demand 

uncertainty. A manufacturer wants the retailer to carry a large inventory of its product to 

ensure that any surge in demand can be satisfied. The retailer, on the other hand, loses 

money on any unsold inventory. As a result, the retailer prefers to carry a lower level of 

inventory. This tension leads to a supply chain outcome that is suboptimal. 
In a contract in which the supplier specifies a fixed price and the buyer decides on 

the quantity to be purchased, the most common cause for suboptimal supply chain per

formance is double marginalization. The retailer makes its buying decision before 
demand is realized and thus bears all the demand uncertainty. If demand is less than the 

retailer's inventory, the retailer has to liquidate unsold product at a discount. Given 

uncertain demand, the retailer decides on the purchase quantity based on its margin 
and the cost of overstocking. The retailer's margin, however, is lower than the contri

bution margin for the entire supply chain, whereas its cost of overstocking is higher 

than that for the entire supply chain. As a result, the retailer is conservative and aims 

for a lower level of product availability than is optimal for the supply chain. 
Consider a music store that sells compact discs. The supplier buys (or manufac

tures) compact discs at $1 per unit and sells them to the music store at $5 per unit. The 
retailer sells each disc to the end consumer at $10. At this retail price, market demand 

is normally distributed, with a mean of 1,000 and a standard deviation of 300. The 
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retailer has a margin of $5 per disc and can potentially lose $5 for each unsold disc. 
Using Equation 12.1, it is optimal for the retailer to aim for a service level of 0.5 and 
order 1,000 discs. From Equation 12.3, the retailer's expected profits are $3,803 and the 
manufacturer makes $4,000 from selling 1,000 discs. For the supply chain, however, the 
supplier and the retailer together have a margin of $9 and can lose a maximum of only 
$1 per unsold disc. For the entire supply chain it is thus optimal to aim for a service 
level of 0.9 and stock 1,384 discs. The expected supply chain profit in this case is $8,474. 
The music store is thus conservative and carries fewer discs than are optimal for the 
supply chain. As a result, the supply chain makes $670 less than it would expect to if the 
retailer and the supplier worked together. 

To improve overall profits, the supplier must design a contract that encourages the 
buyer to purchase more and increase the level of product availability. This requires the 
supplier to share in some of the buyer's demand uncertainty. Three contracts that 
increase overall profits by making the supplier share some of the buyer's demand 
uncertainty are as follows: 

1. Buyback or returns contracts 
2. Revenue-sharing contracts 
3. Quantity flexibility contracts 

We illustrate each of the three contracts using the example of the music store and 
discuss their performance in terms of the three questions raised earlier. 

Buyback Contracts 
A buy-back or returns clause in a contract allows a retailer to return unsold inventory 
up to a specified amount, at an agreed-upon price. In a buy-back contract, the manu
facturer specifies a wholesale price c along with a buy-back price b at which the retailer 
can return any unsold units at the end of the season. The manufacturer can salvage $sM 
for any units that the retailer returns. 

The optimal order quantity o* for a retailer in response to a buy-back contract is 
evaluated using Equations 12.1 and 12.2, where the salvage value for the retailer is 
s = b. The expected retailer profit is evaluated using Equation 12.3. The expected 
profit at the manufacturer depends on the overstock at the retailer (evaluated using 
Equation 12.4) that is returned. We obtain 

Expected manufacturer profit = O*(c - v) - (b - sM) 
X expected overstock at retailer 

For example, the supplier to the music store may agree to buy back discs that have 
not sold at $3 per disc. This lowers the loss to the retailer for each unsold disc from $5 
to $2. The supplier absorbs the $3 per unsold disc as a reduction in margin. The pres
ence of the buy-back clause makes it optimal for the retailer to increase the order size 
from 1,000 to 1,170, resulting in higher product availability and higher profits for both 
the retailer ($4,286 instead of $3,803) and the supplier ($4,009 instead of $4,000). Buy
back contracts are most effective for products with a low variable cost. Examples 
include music, software, books, magazines, and newspapers. 

Table 14-4 provides the outcome for different buy-back contracts that the supplier 
offers the music store. The sale price of compact discs at the music store is p = $10 and 
demand at.thisprice is normally distributed, with a mean of fL = 1,000 and a standard 
deviation of () = 300. At this stage we assume that there is no transportation or other 
cost associated with any returns. 

From Table 14-4, observe that a buy-back contract allows both the supplier and 
the retailer to increase their profits. In Table 14-4, the use of buy-back contracts 

. -------- --·--·-----
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Optimal Expected 
Order Size Profit Expected Expected Expected 

Wholesale Buy-Back for Music for Music Returns Profit Supply Chain 
Price c Price b .~ Store Store to Supplier for Supplier Profit 

$5 $0 1,000 $3,803 120 $4,000 $7,803 
$5 $2 1,096 $4,090 174 $4,035 $8,125 
$5 $3 1,170 $4,286 223 $4,009 $8,295 
$6 $0 924 $2,841 86 $4,620 $7,461 
$6 $2 1,000 $3,043 120 $4,761 $7,804 
$6 $4 1,129 $3,346 195 $4,865 $8,211 
$7 $0 843 $1,957 57 $5,056 $7,013 
$7 $4 1,000 $2,282 120 $5,521 $7,803 
$7 $6 1,202 $2,619 247 $5,732 $8,351 

increases total supply chain profits by about 20 percent when the wholesale price is $7 
per disc. Observe that as the wholesale price increases, it is optimal for the manufac
turer to increase the buy-back price as well. For a fixed wholesale price, as the buy
back price increases, the retailer orders more and also returns more. In our analysis in 
Table 14-4, we have not considered the cost associated with a return. As the cost asso
ciated with a return increases, buy-back contracts become less attractive because the 
cost of returns reduces supply chain profits. If return costs are very high, buy-back 
contracts can reduce the total profits of the supply chain far more than is the case 
without any buyback. 

For a fixed wholesale price, increasing the buy-back price always increases 
retailer profits. In general, there exists a positive buy-back price that is a fraction of 
the wholesale price, at which the manufacturer makes a higher profit compared to 
offering no buyback. Also observe that buybacks increase profits for the manufacturer 
more as the manufacturer's margin increases. Thus, the greater the manufacturer's 
margin, the more they stand to benefit through the use of some mechanism such as 
buybacks. 

In 1932, Viking Press was the first book publisher to accept returns. Today, buy
back contracts are very common in the book industry, and publishers accept unsold 
books from retailers. To minimize the cost associated with a return, retailers do not 
have to return the book, only the cover. This provides publishers with proof that the 
book did not sell while reducing the cost of the return. Over the years, there has been 
considerable debate about the impact of publishers' returns policy on profits in the 
industry. Our discussion provides some justification for the approach taken by the 
publishers. 

KE~/P(}I~! .... ·····~aQGtacturersC~ntJ~e •. buy-b~ck:contractsto .increasetheir oV\/nprofits 
.as \N~IIastoi~l s.Uf:>81Y chain ... Profits.Buypac~s .el1courageretaJlers.to increase.the·level 
ofproduc<~va.ila.bUity; . .· . . .. . . . . 

In some instances, manufacturers use holding-cost subsidies or price protection to 
encourage retailers to order more. With holding-cost subsidies, manufacturers pay 
retailers a certain amount for every unit held in inventory over a given period. 
Holding-cost subsidies are prevalent in automotive supply chains. In the high-tech 
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industry, in which products lose value rapidly, manufacturers share the risk of product 
becoming obsolete by providing price support to retailers. Many manufacturers guar
antee that in the event they drop prices, they will also lower prices for all inventories 
that the retailer is currently carrying. As a result, the cost of overstocking at the retailer 
is limited to the cost of capital and physical storage and does not include obsolescence, 
which can be over 100 percent a year for high-tech products. The retailer thus increases 
the level of product availability in the presence of price support. Both holding-cost 
subsidies and price support are forms of buyback. 

A downside to the buy-back clause (or any equivalent practice such as holding
cost subsidy or price support) is that it leads to surplus inventory that must be salvaged 
or disposed. The task of returning unsold product increases supply chain costs. The cost 
of returns can be eliminated if the manufacturer gives the retailer a markdown 
allowance and allows it to sell the product at a significant discount. Publishers today 
generally do not ask retailers to return unsold books. Instead, they give a markdown 
allowance for unsold books. Retailers mark them down and sell them for a consider
able discount. 

For a given level of product availability at the retailer, the presence of a buy-back 
clause can also hurt sales because itleads the retailer to exert less effort to sell than it 
would if there were no buybacks. The reduction in retailer effort in the presence of 
buyback occurs because its loss from unsold inventory is higher when there is no buy
back, leading to a higher sales effort. The supplier can counter the reduction in sales 
effort by limiting the amount of buyback permitted. 

The structure of a buy-back clause leads to the entire supply chain reacting to the 
order placed by the retailer and not actual customer demand. If a supplier is selling to 
multiple retailers, it produces based on the orders placed by each retailer. Each retailer 
bases its order on its cost of over- and understacking (see Chapter 12). After actual 
sales materialize, unsold inventory is returned to the supplier separately from each 
retailer. The structure of the buy-back clause increases information distortion when a 
supplier is selling to multiple retailers. At the end of the sales season, however, the sup
plier does obtain information on actual sales. Information distortion is driven primarily 
by the fact that inventory is disaggregated at the retailers. If inventory is centralized at 
the supplier and sent out only as needed to the retailers, information distortion can be 
reduced. With centralized inventory, the supplier can exploit independence of demand 
across retailers to carry a lower level of inventory. In practice, most buy-back contracts, 
however, have decentralized inventory at retailers. As a result, there is a high level of 
information distortion. 

KEY POINT Buy-back contracts lead to a lower retailer effort in case of overstocking 
ahd increased inforrnati8n distortion withih the supply chain. 

Revenue-Sharing Contracts 
In revenue-sharing contracts, the manufacturer charges the retailer a low wholesale 
price c, and shares a fraction f of the retailer's revenue. Even if no returns are allowed, 
the lower wholesale price decreases the cost to the retailer in case of an overstock. The 
retailer thus increases the level of product availability resulting in higher profits for 
both the manufacturer and the retailer. 

Assume that the manufacturer has a production cost v; the retailer charges a retail 
price p and can salvage any leftover units for sR. The optimal order quantity o* 
ordered by the retailer is evaluated using Equations 12.1 and 12.2, where the cost of 
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understacking is Cu = (1 - f)p - c and the cost of overstocking is Cu = c - sR. We 
thus obtain 

* . . * Cu CSL = probab1hty( demand ::::; 0 ) = _ __::_ 
Cu +Co 

(1 - f)p - c 

(1 - f)p - SR 

The manufacturer obtains the wholesale price c for each unit purchased by the 
retailer and a share of the revenue for each unit sold by the retailer. The expected 
overstock at the retailer is obtained using Equation 12.4. The manufacturer's profits 
are thus evaluated as 

Expected manufacturer's profits = (c - v) o* 
+ fp( o* - expected overstock at retailer) 

The retailer pays a wholesale price c for each unit purchased and obtains a revenue 
of (1 - f)p for each unit sold and a revenue of sR for each unit overstocked. The 
retailer's expected profit is thus evaluated as 

Expected retailer profit = (1 - f)p( o* - expected overstock at retailer) 
+ SR X expected overstock at retailer - cO* 

We return to the example of the music store. The supplier agrees to sell each disc 
to the music store at c = $1, but the music store agrees to share 45 percent of the rev
enue from each disc sold. If each disc is priced at $10, the supplier gets $4.5 for each 
disc sold and the music store keeps $5.5. The music store targets a service level of 81.8 
percent (see Equation 12.1) and increases the number of discs they order from 1,000 
(when the supplier priced at $5 without revenue sharing) to 1,273. The increase in 
order size occurs because the retailer loses only $1 per unsold disc (instead of $5 per 
disc without revenue sharing), while making a margin of $4.5 for each disc that sells. As 
a result, profits for both the retailer ($4,064) and the manufacturer ($4,367) increase. 

Table 14-5 provides the outcome for different revenue-sharing fractions f when 
demand for discs is normally distributed, with a mean of J.L = 1,000 and a standard 
deviation of a = 300. 

From Tables 14-4 and 14-5, observe that revenue sharing allows both the manu
facturer and retailer to increase their profits in the absence of buy backs compared to 
the case in which the wholesaler sells for a fixed price of $5 without buybacks. 
When charging a wholesale price of $5, the supplier makes profit of $4,000 and the 
music store makes a profit of $3,803 (see Table 14-4). With a revenue-sharing con
tract ~hat shares 45 percent of the revenue (the supplier gets revenue of $4.5 for each 
jacket sold), however, the supplier makes a profit of $4,064 and the retailer makes a 

Revenue- Optimal Expected Expected Expected Expected 
Wholesale Sharing Order Size Overstock Profit for Profit for Supply Chain 

Price c Fraction! for Retailer at Retailer Retailer Supplier Profit 

$1 0.30 1,320 342 $5,526 $2,934 $8,460 

$1 0.45 1,273 302 $4,064 $4,367 $8,431 

$1 0.60 1,202 247 $2,619 $5,732 $8,350 

$2 0.30 1,170 223 $4,286 $4,009 $8,395 

$2 0.45 1,105 179 $2,881 $5,269 $8,150 

$2 0.60 1,000 120 $1,521 $6,282 $7,803 

·~ 
·; 
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profit of $4,367. As a result of revenue sharing, the retailer increases the quantity 
ordered from 1,000 to 1,273. 

Revenue-sharing contracts also result in lower retailer effort compared to the case 
when the retailer pays an up-front wholesale price and keeps the entire revenue from 
a sale. The drop in effort results because the retailer gets only a fraction of the revenue 
from each sale. One advantage of revenue-sharing contracts over buy-back contracts is 
that no product needs to be returned, thus eliminating the cost of returns. Revenue
sharing contracts are best suited for products with low variable cost and a high cost of 
return. A good example of revenue-sharing contracts is between Blockbuster video 
rentals and movie studios. A studio sells each cassette to Blockbuster at a low price and 
then shares in the revenue generated from each rental. Given the low price, Blockbuster 
purchases many copies, resulting in more rentals and higher profits for both Blockbuster 
and the studio. 

The revenue-sharing contract does require an information infrastructure that 
allows the supplier to monitor sales at the retailer. Such an infrastructure can be 
expensive to build. As a result, revenue-sharing contracts may be difficult to manage 
for a supplier selling to many small buyers. · 

As in buy-back contracts, revenue-sharing contracts also result in the supply chain 
producing to retailer orders rather than actual consumer demand. This information 
distortion results in excess inventory in the supply chain and a greater mismatch of 
supply and demand. The information distortion increases as the number of retailers to 
which the supplier sells grows. As with buy-back contracts, information distortion 
from revenue-sharing contracts can be reduced if retailers reserve production capac
ity or inventory at the supplier rather than buying product and holding it in inventory 
themselves. This allows aggregation of the variability across multiple retailers and the 
supplier has to hold a lower level of capacity or inventory. In practice, however, most 
revenue-sharing contracts are implemented with the retailer buying and holding 
inventory. 

v KEY F>(>IN~ 'HevEmul:~harrH~;c:o~t~~~t~ 6ount~r doUbJ~ m~rginan~atipn' 8y;§ecreas~· 
:·· ·. i ~g the.c.ostper·.unitc~arg e~ t,p·tn~·ret~ile,r:'th~.~ •. ,~~~?:~iveiSI decr~asingi the, c;o~t of over~ 

·•· .. ···. stocking .• ~eve~u.e-'sh~ri~g·sontra.ct~insr~~se[nfo,rrna~ior ~i$t()rtip~ .and r~adto a lower 
retailer.effortin .case of overstockirtg, jU~t as buy~back cOntracts do. .. . 

Quantity Flexibility Contracts 
Under quantity flexibility contracts, the manufacturer allows the retailer to change the 
quantity ordered after observing demand. If a retailer orders 0 units, the manufac
turer commits to providing Q = (1 + a)O units, whereas the retailer is committed to 
buying at least q = (1 - 13 )0 units. Both a and 13 are between 0 and 1. The retailer can 
purchase up to Q units, depending on the demand it observes. These contracts are sim
ilar to buy-back contracts in that the manufacturer now bears some of the risk of hav
ing excess inventory. Because no returns are required, these contracts can be more 
effective than buy-back contracts when the cost of returns is high. Quantity flexibility 
contracts increase the average amount the retailer purchases and may increase total 
supply chain profits. 

Assume that the manufacturer incurs a production cost of $v per unit and charges 
a wholesale price of $c from the retailer. The retailer in turn sells to customers for a 
price of $p. The retailer salvages any leftover units for SR. The manufacturer salvages 
any leftover units for sM. If retailer demand is normally distributed, with a mean of 1-1 
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and a standard deviation of IJ, we can evaluate the impact of a quantity flexibility con

tract. If the retailer orders 0 units, the manufacturer is committed to supplying Q units. 

As a result, we assume that the manufacturer produces Q units. The retailer purchases 

q units if demand Dis less than q, D units if demand Dis between q and Q, and Q units 

if demand is greater than Q. Note that in the following formulas, Fs is the standard nor

mal cumulative distribution function and fs is the standard normal density function 

discussed in Appendix llA of Chapter 11. We thus obtain 

Expected quantity purchased by retailer, QR = qF(q) + Q[1 - F(Q)] 

+ ~[ Fs( Q -~ ~) - Fs( q : ~)] 

- IJ[fs( Q ~ ~) - fs( q : ~)] 
Expected quantity sold by retailer, DR = Q[1 - F(Q)] 

+ ~Fs( Q ~ ~) - !Jfs( q : ~) 
Expected overstock at manufacturer = QR - DR 

Expected retailer profit = DR X p + (QR - D R)s R - QR X c 

Expected manufacturer profit = QR X c + (Q - QR)sM - Q X v 

In our example, the music store would place an initial order for, say, 1,000 discs. 

Closer to the release date, as the store got a better idea of actual demand, it would be 

allowed to modify its order to any number between (say) 950 and 1,050. In this con

tract, the retailer modifies its order as it gains better market intelligence over time. The 

supplier in turn sends only the modified order quantity. The amount ordered by the 

retailer is more in line with actual demand, resulting in higher profits for the supply 

chain. For a supplier, the quantity flexibility contract makes sense if it has flexible 

capacity that can be used to produce at least the uncertain part of the order after the 

retailer has decided on the modification. A quantity flexibility contract is also very 

effective if a supplier is selling to multiple retailers with independent demand. 

In Table 14-6, we show the impact of different quantity flexibility contracts on 

profitability for the music supply chain when demand is normally distributed, with a 

mean of ~ = 1,000 and a standard deviation of IJ = 300. We assume a wholesale price 

of c = $5 and a retail price of p = $10. All contracts considered are such that a = [3. 

From Table 14-6, observe that for wholesale prices of $6 and $7, quantity flexibility 

contracts allow both the manufacturer and the retailer to increase their profits. 

Expected Expected Expected Expected 

Wholesale Order Purchase Expected Sale Profits Profits Supply 

Price c Size 0 by Retailer by Retailer for Retailer for Supplier Chain Profit 

$5 1,000 1,000 880 $3,803 $4,000 $7,803 

$5 1,047 1,023 967 $4,558 $3,858 $8,416 

$5 1,068 1,011 - 994 $4,884 $3,559 $8,443 

$6 924 924 838 $2,841 $4,620 $7,461 

$6 1,000 1,000 955 $3,547 $4,800 $8,347 

$6 1,021 1,006 979 $3,752 $4,711 $8,463 

$7 843 843 786 $1,957 $5,056 $7,013 

$7 947 972 936 $2,560 $5,666 $8,226 

$7 1,000 1,000 987 $2,873 $5,600 $8,473 

--,-~--~
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Observe that as the manufacturer increases the wholesale price, it is optimal for it to 
offer greater quantity flexibility to the retailer. 

Quantity flexibility contracts are common for components in the electronics and 
computer industry. In the previous discussion, we considered fairly simple quantity 
flexibility contracts. Benetton has used sophisticated quantity flexibility contracts with 
its retailers successfully to increase supply chain profits. We describe such a contract in 
the context of colored knit garments.2 

Seven months before deliVery, Benetton retailers are required to place their 
orders. Consider a retailer placing an order for 100 sweaters each in red, blue, and yel
low. One to three months before delivery, retailers may alter up to 30 percent of the 
quantity ordered in any color and assign it to another color. The aggregate order, how
ever, cannot be adjusted at this stage. Potentially the retailer may change the order to 
70 red, 70 blue, and 160 yellow sweaters. After the start of the sales season, retailers are 
allowed to order up to 10 percent of their previous order in any color. Potentially the 
retailer can order another 30 yellow sweaters. In this quantity flexibility contract, 
Benetton retailers have a flexibility of up to 10 percent on the aggregate order across 
all colors and of about 40 percent for individual colors. Retailers can increase the 
aggregate quantity ordered by up to 10 percent and the quantity for any individual 
color can be adjusted by up to 40 percent. This flexibility is consistent with the fact that 
aggregate forecasts are more accurate than forecasts for individual colors. As a result, 
retailers can better match product availability with demand. The guaranteed portion of 
the order is manufactured by Benetton using an inexpensive but long-lead-time pro
duction process. The flexible part of the order (about 35 percent) is manufactured 
using postponement. The result is a better matching of supply and demand at lower 
cost than in the absence of such a contract. The quantity flexibility contract Benetton 
offers allows both the retailers and Benetton to increase their profits. 

If the supplier has flexible capacity, a quantity flexibility contract increases profits 
for the entire supply chain and also each party. The quantity flexibility contract requires 
either inventory or excess flexible capacity to be available at the supplier. If the supplier 
is selling to multiple retailers with independent demand, the aggregation of inventory 
leads to a smaller surplus inventory (see Chapter 11) with a quantity flexibility contract 
compared to either a buy-back or revenue-sharing contract. Inventories can be further 
reduced if the supplier has excess flexible capacity. Quantity flexibility contracts are thus 
preferred for products with high marginal cost or in instances where surplus capacity is 
available. To be effective, quantity flexibility contracts require the retailer to be good at 
gathering m'!rket intelligence and improving its forecasts closer to the point of sale. 

Relative to buy-back and revenue-sharing contracts, quantity flexibility contracts 
have less information distortion. Consider the case with multiple retailers. With a buy
back contract, the supply chain must produce based on the retailer orders that are 
placed well before actual demand arises. This leads to surplus inventory being disag
gregated at each retailer. With a quantity flexibility contract, retailers specify only the 
range within which they will purchase, well before actual demand arises. If demand at 
various retailers is independent, the supplier does not need to plan production to the 
high end of the order range for each retailer. It can aggregate uncertainty across all 
retailers and build a lower level of surplus inventory than would be needed if inventory 
were disaggregated at each retailer. Retailers then order closer to the point of sale, 
when demand is more visible and less uncertain. The aggregation of uncertainty results 
in less information distortion with a quantity flexibility contract. 

2See Heskett and Signorelli (1984). 
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Like the other contracts discussed, quantity flexibility contracts result in lower 

retailer effort. In fact, any contract that gets retailers to provide a higher level of prod

uct availability by not making them fully responsible for overstocking will result in a 

lowering of retailer effort for a given level of inventory. 
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CONTRACTS TO COORDINATE SUPPLY CHAIN COSTS 

Differences in costs at the buyer and supplier also lead to decisions that increase total 

supply chain costs. An example is the replenishment lot size decision typically made by 

the buyer. The buyer decides on its optimal lot size based on its fixed cost per lot and the 

cost of holding inventory. The buyer does not account for the supplier's costs. If the sup

plier has a high fixed cost per lot, the optimal lot size for the buyer increases total cost 

for the supplier and the supply chain. In such a situation, the supplier can use a quantity 

discount contract to encourage the buyer to order in lot sizes that minimize total costs 

(see Chapter 10). The objective of such a contract is to encourage the retailer to buy in 

larger lot sizes that lower cost for the supplier and the entire supply chain. 

A quantity discount contract decreases overall costs but leads to higher lot sizes 

and thus higher levels of inventory in the supply chain. It is typically justified only for 

commodity products for which the supplier has high fixed costs per lot. It is important 

to modify the terms of the contract as operational improvements are made at the sup

plier, resulting in lower fixed costs per batch. 
Quantity discounts increase information distortion in the supply chain because 

such con tracts increase order batching. Retailers order less frequently, and any 

demand variations are exaggerated when orders are placed. The supplier receives 

information less frequently and all variations are increased because of this batching. 

This information distortion is discussed in greater detail in Chapter 17. 
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CONTRACTS TO INCREASE AGENT EFFORT 

In many supply chains, agents act on behalf of a principal and the agents' effort affects 

the reward for the principal. As an example, consider a car dealer (the agent) selling 

cars for DaimlerChrysler (the principal). The dealer also sells other brands and used 

cars. Every month the dealer allocates its sales effort (advertising, promotions, etc.) 

across all brands it sells and the used cars. Earnings for DaimlerChrysler are based on 

sales of its brands, which in turn are affected by the effort exerted by the dealer. Sales 

can be observed directly, whereas effort is hard to observe and measure. Given double 

marginalization, the dealer always exerts less effort thari is optimal from the perspective 

of DaimlerChrysler and the supply chain. Thus, DaimlerChrysler must offer an incen

tive contract that encourages the dealer to increase effort. 

··~ 
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In theory, a two-part tariff offers the right incentives for the dealer to exert the 
appropriate amount of effort. In a two-part tariff, DaimlerChrysler extracts its profits 
up front as a franchise fee and then sells cars to the dealer at cost. The dealer's margin 
is then the same as the supply chain margin, and the dealer exerts the right amount of 
effort. 

Another contract, observed more frequently in practice, increases the margin for 
the dealer as sales cross certain thresholds. DaimlerChrysler offered such a contract 
to dealers in the first quarter of 2001, which was structured roughly as follows. 
Dealers would keep the margin made from customers if sales for the month were 
under 75 percent of an agreed-upon target. However, if sales exceeded 75 percent but 
were less than 100 percent, the dealer would get an additional $150 per car sold. If 
sales exceeded 100 percent but were less than 110 percent, the dealer would get an 
additional $250 per car sold. If sales exceeded 110 percent, the dealer would get an addi
tional $500 per car sold. DaimlerChrysler's hope was that by increasing the margin for 
higher thresholds, the dealer would have an incentive to increase effort on sales of 
DaimlerChrysler cars. 

Although threshold contracts clearly encourage the dealer to try and reach higher 
thresholds, they can significantly increase information distortion by encouraging the 
agent to exacerbate demand variability. The first month after the new contract was 
announced, the U.S. car industry saw sales drop. DaimlerChrysler, however, saw sales 
drop by twice the industry average. There are two potential causes for this behavior. 
First, under the contract, the dealer makes more money selling 900 cars one month and 
1,100 the next month compared to selling a thousand cars each month. The dealer has 
an incentive to shift demand over time to achieve such an outcome, thus increasing 
information distortion and observed demand variation. The second cause is that within 
the first week of the month the dealer has an idea of the threshold range it is likely to 
reach. For example, if the dealer feels that it can easily cross the 75 percent threshold 
but has little chance of crossing the 100 percent threshold, it will decrease his effort for 
the month and save it for later, because the marginal benefit of selling an additional car 
is only $150. In contrast, if demand for the month is high and the dealer feels it can eas
ily cross the 100 percent threshold, it is likely to exert additional effort to reach the 110 
percent threshold because the marginal benefit from reaching that threshold is very 
high. Thus, DaimlerChrysler's incentive contract increases variation in dealer effort, 
further exaggerating any existing demand variation. 

Information distortion is also observed in threshold contracts often offered by 
companies to their sales staff. Under these contracts, staff is offered rewards for cross
ing sales thresholds during a specified period of time (e.g., a quarter). The problem 
observed is that sales effort and orders peak during the last week or two of the quarter, 
as salespeople try to cross the threshold. Observed sales are thus highly uneven during 
the quarter. This information distortion arises because the incentive is offered over a 
fixed time period, making the last week or two of each quarter a period of intense 
activity for all sales staff. 

Given the information distortion arising from threshold contracts, a key ques
tion is how a firm can decrease information distortion while maintaining the incen
tive for the agent to exert extra effort. One approach is to offer threshold incentives 
over a rolling horizon. For example, if a firm offers its sales staff weekly incentives 
based on sales over the last 13 weeks, each week becomes the last week of a 13-week 
period. Sales effort thus becomes more even compared to the case when the entire 
sales staff has the same last week for their bonus evaluation. Given the presence of 
ERP systems, implementing a rolling horizon contract is much easier today than it 
once was. 

---~---~ 



446 PART VI + Managing Cross-Functional Drivers in a Supply Chain 

KE'( POINT·. Jwo-part tariffs .and threshold contracts can· be used to counter double 

marginalizationand increase agent effort in a supply .chain. Threshold contracts, how

ever, increase information distortion and are best implemented on a rolling horizon. 

CONTRACTSTOINDUCEPERFORMANCEIMPROVEMENT 

In many instances a buyer wants performance improvement from a supplier that has 

little incentive to do so. A buyer with sufficient power in the supply chain may be able 

to force the supplier to comply. A buyer without sufficient power requires an appropri

ate contract to induce the supplier to improve performance. Even for a powerful 

buyer, however, an appropriate contract designed to encourage supplier cooperation 

results in a better outcome. 
As an example, consider a buyer that wants the supplier to improve performance by 

reducing lead time for a seasonal item. This is an important component of all quick 

response (QR) initiatives in a supply chain. With a shorter lead time, the buyer hopes to 

have better forecasts and be better able to match supply and demand. Most of the work 

to reduce lead time has to be done by the supplier, whereas most of the benefit accrues 

to the buyer. In fact, the supplier will lose sales because the buyer will now carry less 

safety inventory because of shorter lead times and better forecasts. To induce the sup

plier to reduce lead time, the buyer can use a shared-savings contract, with the supplier 

getting a fraction of the savings that result from reducing lead time. As long as the sup

plier's share of the savings compensates for any effort it has to put in, its incentive will 

be aligned with that of the buyer, resulting in an outcome that benefits both parties. 

A similar issue arises when a buyer wants to encourage the supplier to improve 

quality. Improving supply quality improves the buyer's costs but requires additional 

effort from the supplier. Once again, a shared-savings contract is a good way to align 

incentives between the buyer and supplier. The buyer can share savings from improved 

quality with the supplier. This will encourage the supplier to improve quality to a 

higher level than what the supplier would choose in the absence of the shared savings. 

Another example arises in the context of toxic chemicals that may be used by a man

ufacturer. The manufacturer would like to decrease the use of these toxic chemicals. 

Generally, the supplier is better equipped to identify ways of reducing use of these chem

icals because this is its core business. It has no incentive to work with the buyer on reduc

ing use of these chemicals because that will reduce the supplier's sales. A shared-savings 

contract can be used to align incentives between the supplier and the manufacturer. If 

the manufacturer shares the savings that result from a reduction in the use of toxic chem

icals with the supplier, the supplier will make the effort to reduce use of the chemicals as 

long as its share of the savings compensates for the loss in margin from reduced sales. 

In general, shared-savings contracts are effective in aligning supplier and buyer incen

tives when the supplier is required to improve performance along a particular dimension 

and most of the benefits of improvement accrue to the buyer. A powerful buyer may cou

ple shared savings with penalties for a lack of improvement, to further encourage the sup

plier to improve performance. Such contracts will increase profits for both the buyer and 

the supplier while achieving outcomes that are beneficial to the supply chain. 
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14.7 DESIGN COLLABORATION 

Two important statistics highlight the importance of design collaboration between a manufacturer and suppliers. Today, typically between 50 and 70 percent of the spending at a manufacturer is through procurement, compared to only about 20 percent several decades ago. It is generally accepted that about 80 percent of the cost of a purchased part is fixed during the design stage. Thus, it is crucial for a manufacturer to collaborate with suppliers during the design stage if product costs are to be kept low. Design collaboration can lower the cost of purchased material and also lower logistics and manufacturing costs. Design collaboration is also important for a company trying to provide a lot of variety and customization, because failure to do so can significantly raise the cost of variety. 
Working with suppliers can speed up product development time significantly. This is crucial in an era when product life cycles are shrinking and bringing a product to market before the competition offers a significant competitive advantage. Finally, integrating the supplier into the design phase allows the manufacturer to focus on system integration, resulting in a higher quality product at lower cost. For example, auto manufacturers are increasingly playing the role of system integrators rather than component designers. This is an approach that has been used even more extensively in the high-tech industry. 
As suppliers take on a bigger design role, it is important for manufacturers also to become design coordinators for the supply chain. Common part descriptions should be available to all parties involved in the design, and any design changes by one party should be communicated to all suppliers affected. A good database of existing parts and designs can save significant amounts of money and time. For example, when Johnson Controls finds a seat frame from its database that fulfills all customer requirements, it saves the customer about $20 million on the design, development, tooling, and prototyping expense. 
A survey by the Procurement and Supply Chain Benchmarking Consortium at Michigan State University dramatically demonstrates the impact of successfully integrating suppliers in product design. The most successful integration efforts have seen costs decrease by 20 percent, quality improve by 30 percent, and time-to-market decrease by 50 percent. 
Key themes that must be communicated to suppliers as they take greater responsibility for design are design for logistics and design for manufacturability. Design for logistics attempts to reduce transportation, handling, and inventory costs during distribution by taking appropriate actions during design. To reduce transportation and handling costs, the manufacturer must convey expected order sizes from retailers and the end consumer to the designer. Packages can then be designed so that transportation costs are lowered and handling is minimized. To reduce transportation cost, packaging is kept as compact as possible and is also designed to ensure easy stacking. To reduce handling costs, package sizes are designed to minimize the need to break open a pack to fulfill an order. 
To reduce inventory costs, the primary approach is to design the product for postponement and mass customization (see Chapter 11). Postponement strategies aim to design a product and production process so that features that differentiate end products are introduced late in the manufacturing phase. As discussed in Chapter 11, Dell designs its PCs so that all components about which customers have a choice are assembled after the customer order arrives. This allows Dell to lower inventories by aggregating them as components. Mass customization strategies use a similar approach by designing the product so that inventory can be carried in a form that aggregates across multiple end products. The goal is to design a product so that customization occurs 



448 PART VI + Managing Cross-Functional Drivers in a Supply Chain 

along a combination of the following three customization categories: modular, 
adjustable, and dimensional. To provide modular customization, the product is 
designed as an assembly of modules that fit together. All inventory is then maintained 
as modules that are assembled to order. A good example of modular customization is 
PC assembly at Dell. An example of adjustable customization is a washing machine 
designed by Matsushita that can automatically select from among 600 different cycles. 
All inventory is thus maintained as a single product, and each customer uses the 
machine to match its specific needs. An example of dimensional customization given by 
Josepn Pine (1999) is a machine that makes custom house gutters on site, which can 
then be cut to fit the dimensions of the house. Another example is National Bicycle, 
which cuts the frame tubing to fit the body size of the customer. 

Design for manufacturability attempts to design products for ease of manufacture. 
Some of the key principles used include part commonality, eliminating right-hand and 
left-hand parts, designing symmetrical parts, combining parts, using catalog parts rather 
than designing a new part, and designing parts to provide access for other parts and tools. 

. . 

KEY POINT .Desig:n~ollaboration.with suppliers can help a firr1Jreduce cost, improve 
quality: a~d • dea~~s·~ tiR1&-to-market<:As design fesponsfbllity' moves to suppliers, it is 

important to ensure .fhat design for logistics and desigf1 for ma:nufaeturability principles 
are followed. To be successful, manufacturers mus(become effective design coordina~ 

··tors irrthe supply chaih. 

A good area in which to view design collaboration efforts is in the automotive 
industry. Car manufacturers all over the world are asking suppliers to participate in 
every aspect of product development, from conceptual design to manufacturing. Ford, 
for example, asked suppliers for the Thunderbird not only to manufacture the compo
nents and subsystems, but also to be responsible for their design. Solid integration 
throughout the supply chain allowed Ford to bring the new model to market within 36 
months of program approval. To ensure effective communication, Ford required all its 
vendors to be on the same software platform for design. Ford also opened all its inter
nal databases to its suppliers and collocated many of the suppliers at its offices. Ford 
engineers were in constant communication with the suppliers and helped coordinate 
the overall design. The result was a significant improvement in cost, time, and quality. 

14.8 THE PROCUREMENT PROCESS 

Once suppliers have been selected, contracts are in place, and the product has been 
designed, the buyer and suppliers engage in procurement transactions that begin with 
the buyer placing the order and end with the buyer receiving and paying for the order. 
In designing the procurement proces~s, it is important to consider goods that the 
process will be used to purchase. There are two main categories of purchased goods: 
direct and indirect materials. Direct materials are components used to make finished 
goods. For example, memory, hard drives, and CD drives are direct materials for a PC 
manufacturer. Indirect materials are goods used to support the operations of a firm. PCs 
are examples of indirect materials for an automotive manufacturer. All procurement 
processes within a company relate to the purchase of direct and indirect materials. 
Important differences between direct and indirect materials that affect procurement 
are shown in Table 14-7. 
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Use 

Accounting 
Impact on production 

Processing cost relative 
to value of transaction 

Number of transactions 

Direct Materials 

Production 

Cost of goods sold 
Any delay will delay 

production 
Low 

Low 

Indirect Materials 

Maintenance, repair, and 
support operations 

SG&A 
Less direct impact 

High 

High 

Given the direct link to production, the procurement process for direct materials 
should be designed to ensure that components are available in the right place, in the 
right quantity, and at the right time. The primary goal of the procurement process for 
direct materials is to coordinate the entire supply chain and ensure matching of supply 
and demand. The procurement process should thus be designed to make production 
plans and current levels of component inventory at the manufacturer visible to the 
supplier. This visibility allows suppliers to schedule component production to match 
the needs of the manufacturer. The available capacity at the suppliers should be made 
visible to the manufacturer so that orders for components may be allocated to the 
appropriate supplier to ensure on-time delivery. The procurement process should also 
have alerts that warn both the buyer and the supplier of potential mismatches between 
supply and demand built into it. 

A good example of a procurement process that focuses on these objectives is the 
eHub initiative at Cisco. eHub is designed to provide synchronized planning and 
end-to-end supply chain visibility. Ultimately, Cisco plans to include more than 2,000 
of its suppliers,_ distributors, and contract electronic manufacturers in its private trad
ing network. Another example is the relationship between Johnson Controls and 
DaimlerChrysler for the 2002 Jeep Liberty. Johnson Controls integrated components 
from 35 suppliers and delivered the assembly to Chrysler as a cockpit module. As soon 
as Chrysler notified it of an order for a Jeep, Johnson Controls had 204 minutes in 
which to build and deliver the module. This was done 900 times every day for about 200 
different color and interior combinations. The focus of the procurement process was to 
completely synchronize production at DaimlerChrysler and Johnson Controls. The 
result was a ~ignificant reduction in inventory and a better matching of product supply 
with end customer demand. 

Given the focus on numerous low-value transactions, the procurement process for 
indirect materials should focus on reducing the transaction cost of each order. 
Transaction costs for indirect materials are high because of the difficulty of selecting 
goods (many catalogs, which are often out of date), getting approval, and creating and 
sending a purchase order. The problem is often exaggerated because companies do not 
have one system for indirect materials. Instead, they use several processes that are not 
streamlined or integrated. A goode-procurement process that makes search easy and 
automates approval and transmission of the purchase order can help reduce transac
tion costs. The e-procurement process should also update other interested parties such 
as accounts payable and receiving. Clearly this is possible only with suppliers that 
implement online catalogs and automate all transactions with the buyer. Successful 
examples of e-procurement implementations for indirect materials include Johnson 
Controls and Pfizer. Both firms built their e-procurement solutions by integrating 
existing software. Johnson Controls integrated a Commerce One solution with existing 
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Oracle accounting software, whereas Pfizer integrated an Ariba system with an 
American Express corporate purchasing card program. Both claim to have seen sig
nificant savings as a result. 

Another important requirement for the procurement process for both direct and 
indirect materials is to be able to aggregate orders by product and supplier. For direct 
materials, the consolidation of orders improves economies of scale at the supplier and 
during transport and allows the firm to take advantage of any quantity discounts that 
may be offered by the supplier. For indirect materials, the consolidation of spending 
with a supplier often allows the firm to negotiate better purchasing discounts. 

In addition to the categorization of materials into direct and indirect, all products 
purchased may also be categorized as shown in Figure 14-2, based on their value/cost 
and how critical they are. 

Most indirect materials are included in general items. The goal of procurement in 
this case should be to lower the cost of acquisition or the transaction cost. Direct mate
rials can be further classified into bulk purchase, critical, and strategic items. For most 
bulk purchase items, such as packaging materials and bulk chemicals, suppliers tend to 
have the same selling price. It is thus important for purchasing to make a distinction 
between suppliers based on the services they provide and their performance along all 
dimensions that affect the total cost of ownership. The use of well-designed auctions is 
likely to be most effective for bulk purchase items. Critical items include components 
with long lead times and specialty chemicals. The key sourcing objective for critical 
items is not low price but to ensure availability. In this case, purchasing should work to 
improve coordination of production plans at both the buyer and supplier. The presence 
of a responsive, even if high-cost, supply source as an alternative can be very valuable 
for critical items. The last category, strategic items, includes examples such as electronics 

High 
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Low 
Low 

Critical Strategic 
Items Items 

General Bulk Purchase 
Items Items 

High 
Value/Cost 
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for an auto manufacturer. For strategic items, the buyer-supplier relationship is long 
term. Thus suppliers should be evaluated based on the lifetime cost/value of the rela
tionship. Purchasing should look for suppliers that can collaborate in the design phase 
and coordinate design and production activities with other players in the supply 
chain. 

14.9 SOURCING PLANNING AND ANALYSIS 

Periodically, each firm must analyze its procurement spending and supplier perfor
mance and use this as input for future sourcing decisions. One important analysis is the 
aggregation of spending across and within categories and suppliers. Aggregation pro
vides visibility into what a company is purchasing and from whom the product is being 
purchased. Managers can use this information to determine economic order quantities, 
volume discounts, and projected quantity discounts on future volumes. A simple step is to 
consolidate spending and ensure that the firm's economic order quantity matches the 
supplier's economic production quantity. Managers can thus realize better economies 
of scale and utilize resources more effectively. 

The second piece of analysis relates to supplier performance. Supplier perfor
mance should be measured against plan on all dimensions that affect total cost, such as 
responsiveness, lead times, on-time delivery, quality, and delivery accuracy. 

Spending and supplier performance analysis should be used to decide on the port
folio of suppliers to be used and the allocation of demand among the chosen suppli
ers. As discussed in Chapter 12, the portfolio generally should not consist of similar 
suppliers. The portfolio should be constructed so that one supply source performs 
very well on one dimension, whereas another source performs very well on a comple
mentary dimension. For example, a company can source more effectively using a low
cost supplier with longer lead times along with a high-cost supplier with short lead 
times compared to using only one type of supplier. Similarly, one should not ignore a 
somewhat lower-quality source if it is much cheaper than other sources. It is also not 
effective to use only the cheaper but lower-quality source. It may be very effective to 
use the cheaper but lower-quality source along with a higher-quality but more expen
sive source. 

Once a supplier portfolio has been determined, the next question is the allocation 
of demand among the suppliers. The allocation should be related to the economic 
manufacturing quantity for each source and its cost of supply. The low-cost supplier is 
given large, steady orders independent of demand, whereas the flexible source is 
given small orders that fluctuate with demand. The flexible source has smaller eco
nomic order quantities and is better able to adjust to the fluctuations. The combina
tion of suppliers results in a better matching of supply and demand at lower cost than 
using one type of supplier. 

KEY P91NT Procurement spending should be analyzed by part and supplier to ensure 
appropriate economies of scale. Supplier performance analysis should be used to build 
a portfolio of suppliers with complementary strengths. Cheaper, but lower'-performing, 
suppliers should be used to supply the base demand, whereas higher-performing, but 
more expensive, suppliers should be used to buffer _against variation in demand and 
supply from the other source. 

F 
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14.10 THE ROLE OF IT IN SOURCING 

Sourcing-related IT has had the most ups and downs of any supply chain software sec
tor. The sourcing software world created many electronic marketplaces in the late 
1990s that were expected to transform the purchase of goods and services. Firms such 
as Chemdex and VerticalNet promised to be the one-stop shop where all members of 
an industry would buy and sell their goods. For a time, it seemed that sourcing software 
firms would create the tools of these new hubs of commerce through which every 
transaction would flow. They were selling the picks and shovels to all the metaphorical 
gold mining marketplaces. 

Alas, the electronic marketplace has, in most cases, come and gone, rendering the 
vast majority of these electronic marketplaces useless. That does not mean that the use 
of IT in sourcing has come and gone. There are a wide variety of areas in which IT can 
and is used in sourcing today. In fact, there is a greater diversity of IT sourcing prod
ucts than in most supply chain IT areas. All processes within the supplier relationship 
management process are supported by IT software. Here is a discussion of some of the 
major IT product areas within sourcing. 

Design collaboration. This software aims to improve the design of products 
through collaboration between manufacturers and suppliers. The software 
facilitates the joint selection (with suppliers) of components that have 
positive supply chain characteristics such as ease of manufacturability 
or commonality across several end products. Other design collaboration 
activities include the sharing of engineering change orders between a 
manufacturer and its suppliers. This eliminates the costly delays that 
occur when several suppliers are designing components for the manufac
turer's product concurrently. 

Source. Sourcing software assists in the qualification of suppliers and helps 
in supplier selection, contract management, and supplier evaluation. An 
important objective is to analyze the amount that an enterprise spends 
with each supplier, often revealing valuable trends or areas for improve
ment. Suppliers are evaluated along several key criteria, including lead 
time, reliability, quality, and price. This evaluation helps improve supplier 
performance and aids in supplier selection. Contract management is also 
an important part of sourcing, as many supplier contracts have complex 
details that must be tracked (such as volume-related price reductions). 
Successful software in this area helps analyze supplier performance and 
manage contracts. 

Negotiate. Negotiations with suppliers involve many steps, starting with a 
request for quote (RFQ). The negotiation process may also include the 
design and execution of auctions. The goal of this process is to negotiate 
an effective contract that specifies price and delivery parameters for a 
supplier in a way that best matches the enterprise's needs. Successful 
software automates the RFQ process and the execution of auctions. 

Buy. "Buy" software executes the actual procurement of material from sup
pliers. This includes the creation, management, and approval of purchase 
orders. Successful software in this area automates the procurement 
process and helps decrease processing cost and time. 

Supply collaboration. Once an agreement for supply is established between 
the enterprise and a supplier, supply chain performance can be improved 
by collaborating on forecasts, production plans, and inventory levels. The 
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goal of collaboration is to ensure a common plan across the supply chain. 
Good software in this area should be able to facilitate collaborative fore
casting and planning in a supply chain. 

The most significant hurdle to success of sourcing software is that employees 
often just do not want to use the software. As sourcing software often limits what can 
be purchased, many people bristle at the loss of freedom to purchase what they feel 
are the best items for their company. In many cases, people just go around the system 
and buy the products they want even if they are not purcHasable within the system. 
Another typical difficulty arises when successful use of the IT system requires col
laboration among different enterprises. This is always difficult to bring about, as all 
the firms must be convinced of the benefits of using the system and often each firm is 
suspicious of the others. However, if collaboration is successful, the benefits can be 
significant. 

The supplier relationship management space has three groups of competitors. 
Two best-of-breed groups focus exclusively on sourcing, one focusing on design col
laboration and another focusing on procurement. Leading design collaboration firms 
include Agile and Matrix One, whereas the leading procurement firm is Ariba. The 
third category consists, as usual, of the ERP players, with SAP and Oracle being the 
strongest. 

14.11 RISK MANAGEMENT IN SOURCING 

Sourcing risks may result in an inability to meet demand on time, an increase in pro
curement costs, or the loss of intellectual property. It is important to develop mitigation 
strategies that help mitigate a significant part of the risk. 

An inability to meet demand on time arises because of disruption or delay from 
the supply source. The risk of supply disruption may be serious, especially with a single 
or very few sources. This was particularly evident when one of two suppliers of flu vac
cine to the United States was unable to do so in 2004 because of contamination. 
Disruption risk can be mitigated by developing multiple sources. Given the high cost of 
developing multiple sources and the resulting loss of economies of scale, it is best to do 
so for products with relatively high demand. Developing multiple sources is very 
expensive for products with low demand. Delays from a supply source can be mitigated 
by carrying inventory or developing a backup source that is more responsive. Carrying 
inventory is best for low-value products that do not become obsolete quickly, whereas 
developing a responsive backup source is preferred for high-value, short-life-cycle 
products. 

The risk of higher procurement costs can be significant when industry-wide 
demand for the product exceeds available supply, exchange rates are unfavorable, or 
there is a single supply source. For example, commodity prices for steel and crude oil 
were very high in 2004-2005 because of high global demand in the face of limited sup
ply capacity. A portfolio of long- and short-term contracts can help mitigate the risk of 
higher procurement costs. For example, a significant contributor to the profits at 
Southwest Airlines in 2004-2005 was the long-term contracts it had in place for the 
purchase of fuel. Exchange-rate risk can be mitigated using financial hedges or by 
developing a global supply network that is flexible enough to be reconfigured based 
on exchange-rate fluctuations. The risk of holdup because of a single source can be 
countered by developing alternative sources or bringing part of the supply capability 
in-house. 
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Intellectual property risk can be mitigated by bringing or keeping sensitive produc
tion in-house. Even when production is outsourced, firms can maintain ownership of part 
of the equipment if it is viewed as having significant intellectual property value. This is a 
reason that Motorola owns some testing equipment at its contract manufacturers. 

14.12 MAKING SOURCING DECISIONS IN PRACTICE 

1. Use multifunctional teams. Effective strategies for sourcing result from multifunc
tional collaboration within the firm. A sourcing strategy from the purchasing group is 
likely to be relatively narrow and focus on purchase price. A strategy developed with the 
collaboration of purchasing, manufacturing, engineering, and planning is much more 
likely to identify the correct drivers of total cost. The collaboration must be continued 
beyond strategy formulation to the procurement phase, because that is where manufac
turing and engineering are most likely to realize the full benefits of good sourcing strategy. 
2. Ensure appropriate coordination across regions and business units. Coordination of 
purchasing across all regions and business units allows a firm to maximize economies of 
scale in purchasing and also to reduce transaction costs. Other opportunities from 
improved sourcing, such as better supply chain coordination and design collaboration, 
however, may require strong involvement at the business-unit level to be really effec
tive. Mandating global coordination across all business units may complicate these 
efforts. Items such as MRO supplies, for which transaction costs and total purchase vol
ume have a significant impact on total cost, benefit most from coordinated purchasing 
across geography and business units. On the other hand, items for which most of the 
value is extracted from better design collaboration and coordinated supply chain fore
casting and fulfillment are better served with somewhat more decentralized sourcing. 
3. Always evaluate the total cost of ownership. An effective sourcing strategy should 
not make price reduction its sole objective. All factors that influence the total cost of 
ownership should be identified and used in selecting suppliers. Supplier performance 
along all relevant dimensions should be measured, and its impact on total cost should 
be quantified. Focusing on the total cost of ownership also allows a buyer to better 
identify opportunities for better collaboration in design, planning, and fulfillment. 
4. Build long-term relationships with key suppliers. A basic principle of good sourcing 
is that a buyer and supplier working together can generate more opportunities for sav
ings than the two parties working independently. Solid cooperation is likely to result 
only when the two parties have a long-term relationship and a degree of trust. A 
long-term relationship encourages the supplier to expend greater effort on issues that 
are important to a particular buyer. This includes investment in buyer-specific technol
ogy and design collaboration. A long-term relationship also improves communication 
and coordination between the two parties. These capabilities are very important when 
sourcing direct materials. Thus, long-term relationships should be nurtured with sup
pliers of critical and strategic direct materials. 

14.13 SUMMARY OF LEARNING OBJECTIVES 

1. Understand the role of sourcing in a supply chain. 
Sourcing encompasses all processes required for a firm to purchase goods from suppli

ers. Over the last decade, manufacturing firms have increased the fraction of purchased 
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Intellectual property risk can be mitigated by bringing or keeping sensitive produc
tion in-house. Even when production is outsourced, firms can maintain ownership of part 
of the equipment if it is viewed as having significant intellectual property value. This is a 
reason that Motorola owns some testing equipment at its contract manufacturers. 

14.12 MAKING SOURCING DECISIONS IN PRACTICE 

1. Use multifunctional teams. Effective strategies for sourcing result from multifunc
tional collaboration within the firm. A sourcing strategy from the purchasing group is 
likely to be relatively narrow and focus on purchase price. A strategy developed with the 
collaboration of purchasing, manufacturing, engineering, and planning is much more 
likely to identify the correct drivers of total cost. The collaboration must be continued 
beyond strategy formulation to the procurement phase, because that is where manufac
turing and engineering are most likely to realize the full benefits of good sourcing strategy. 
2. Ensure appropriate coordination across regions and business units. Coordination of 
purchasing across all regions and business units allows a firm to maximize economies of 
scale in purchasing and also to reduce transaction costs. Other opportunities from 
improved sourcing, such as better supply chain coordination and design collaboration, 
however, may require strong involvement at the business-unit level to be really effec
tive. Mandating global coordination across all business units may complicate these 
efforts. Items such as MRO supplies, for which transaction costs and total purchase vol
ume have a significant impact on total cost, benefit most from coordinated purchasing 
across geography and business units. On the other hand, items for which most of the 
value is extracted from better design collaboration and coordinated supply chain fore
casting and fulfillment are better served with somewhat more decentralized sourcing. 
3. Always evaluate the total cost of ownership. An effective sourcing strategy should 
not make price reduction its sole objective. All factors that influence the total cost of 
ownership should be identified and used in selecting suppliers. Supplier performance 
along all relevant dimensions should be measured, and its impact on total cost should 
be quantified. Focusing on the total cost of ownership also allows a buyer to better 
identify opportunities for better collaboration in design, planning, and fulfillment. 
4. Build long-term relationships with key suppliers. A basic principle of good sourcing 
is that a buyer and supplier working together can generate more opportunities for sav
ings than the two parties working independently. Solid cooperation is likely to result 
only when the two parties have a long-term relationship and a degree of trust. A 
long-term relationship encourages the supplier to expend greater effort on issues that 
are important to a particular buyer. This includes investment in buyer-specific technol
ogy and design collaboration. A long-term relationship also improves communication 
and coordination between the two parties. These capabilities are very important when 
sourcing direct materials. Thus, long-term relationships should be nurtured with sup
pliers of critical and strategic direct materials. 

14.13 SUMMARY OF LEARNING OBJECTIVES 

1. Understand the role of sourcing in a supply chain. 
Sourcing encompasses all processes required for a firm to purchase goods from suppli

ers. Over the last decade, manufacturing firms have increased the fraction of purchased 
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parts. Effective sourcing decisions thus have a significant impact on financial performance. 
Good sourcing decisions can improve supply chain performance by aggregating orders, mak
ing procurement transactions more efficient, achieving design collaboration with suppliers, 
facilitating coordinated forecasting and planning with suppliers, designing supply chain con
tracts that increase profitability while minimizing information distortion, and decreasing the 
purchase price through increased competition among suppliers. 

2. Discuss factors that affect the decision to outsource a supply chain function. 
A supply chain function should be outsourced if the third party can increase the supply 

chain surplus without significant risk. A third party may increase the surplus by aggregating 
capacity, inventory, warehousing, transportation, information, receivables, and other factors 
to a higher level than the firm can on its own. Outsourcing generally makes sense if a firm's 
needs are small, highly uncertain, and can be served using resources that can serve other 
firms as well. 

3. Identify dimensions of supplier performance that affect total cost. 
In addition to the quoted price, the total cost of using a supplier is affected by the 

replenishment lead time, on-time performance, supply flexibility, delivery frequency/mini
mum lot size, supply quality, inbound transportation cost, pricing terms, the information 
coordination capability, the design collaboration capability of the supplier, and the supplier's 
viability. These factors must be evaluated when comparing different suppliers to get a real 
measure of their effectiveness. 

4. Structure successful auctions and negotiations. 
Buyers may use sealed-bid first-price, Dutch, English, or second-price (Vickrey) auctions. 

Successful auctions minimize the cost for the buyer and result in the lowest-cost supplier win
ning the bid. Under many circumstances, open English auctions achieve this outcome. When 
running an auction, buyers must work to avoid collusion among bidders. Successful negotia
tions are most likely when both parties are well informed about each other's positions and 
have multiple dimensions they can use to increase the size of the pie, resulting in a win-win 
outcome. 

5. Describe the role of supply contracts and their impact on supplier performance and infor
mation distortion. 

Supply contracts must take into account the desired objective of the buyer and supplier 
and the resulting impact on supply chain performance. Contracts can be designed to increase 
product availability, coordinate supply chain costs, increase agent effort, and induce perfor
mance improvement from the supplier. Contracts to increase product availability include 
buy-back, revenue-sharing, and quantity flexibility contracts. They are designed to counter 
the problem of double marginalization. Buy-back and revenue-sharing contracts increase 
information distortion relative to quantity flexibility contracts. Quantity discounts coordinate 
supply chain costs when the supplier has significant fixed costs per lot. Quantity discounts 
increase information distortion because of order batching. Two-part tariffs and threshold 
contracts are designed to increase agent effort. Threshold contracts can significantly increase 
information distortion and are best implemented over a rolling horizon. Shared-savings con
tracts are most effective when a buyer wants the supplier to improve performance along 
dimensions such as lead time and quality. 

6. Categorize purchased products and services and identify the desired focus of procurement 
in each case. 

Direct materials are components that are used to make the finished product. Indirect 
materials and services are used to support the main production process. Direct materials can 
be further categorized into bulk purchase, critical, and strategic items, based on the value 
of the item and how critical it is for the buyer. Procurement should focus on aggregating 
the spending and reducing transaction costs when purchasing indirect materials. For 
bulk purchase items, procurement should focus on the value-added service provided and 
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performance along other dimensions that affect total cost. For critical items, procurement 
should focus on improving coordination of forecasting and fulfillment with the supplier. For 
strategic items, procurement should focus on improving design and manufacturing collabo
ration with the supplier. 

Discussion Questions 

Exercises 

1. What are some ways that a firm such as Wal-Mart benefits from good sourcing decisions? 
2. What factors lead Wal-Mart to own its trucks although many retailers outsource all their 

transportation? 
3. How can a supplier with a lower price end up costing the buyer more than a supplier with a 

higher price? 
4. Explain why, for the same inventory level, a revenue-sharing contract results in a lower sales 

effort from the retailer than if the retailer has paid for the product and is responsible for all 
remaining inventory. 

5. For a manufacturer that sells to many retailers, why does a quantity flexibility contract result 
in less information distortion than a buy-back contract? 

6. Most firms offer their sales force monetary incentives based on exceeding a specified target. 
What are some pros and cons of this approach? How would you modify these contracts to 
rectify some of the problems? 

7. An auto manufacturer sources both office supplies and subsystems such as seats. What, if 
any, difference in sourcing strategy would you recommend for the two types of products? 

8. How can design collaboration with suppliers help a PC manufacturer improve performance? 

1. A publisher sells books to Borders at $12 each. The marginal production cost for the pub
lisher is $1 per book. Borders prices the book to its customers at $24 and expects demand 
over the next two months to be normally distributed, with a mean of 20,000 and a standard 
deviation of 5,000. Borders places a single order with the publisher for delivery at the begin
ning of the two-month period. Currently, Borders discounts any unsold books at the end of 
two months down to $3, and any books that did not sell at full price sell at this price. 

(a) How many books should Borders order? What is its expected profit? How many 
books does it expect to sell at a discount? 

(b) What is the profit that the publisher makes given Borders' actions? 
(c) A plan under discussion is for the publisher to refund Borders $5 per book that 

does not sell during the two-month period. As before, Borders will discount them 
to $3 and sell any that remain. Under this plan, how many books will Borders order? 
What is the expected profit for Borders? How many books are expected to be 
unsold? What is the expected profit for the publisher? What should the publisher do? 

2. A movie studio sells the latest movie on DVD to Blockbuster at $10 per DVD. The marginal 
production cost for the movie studio is $1 per DVD. Blockbuster prices each DVD at $19.99 
to its customers. DVDs are kept on the regular rack for a one-month period, after which they 
are discounted down to $4.99. Blockbuster places a single order for DVDs. Their current 
forecast is that sales will be normally distributed, with a mean of 10,000 and a standard devi
ation of 5,000. 

(a) How many DVDs should Blockbuster order? What is its expected profit? How 
many DVDs does it expect to sell at a discount? 

(b) What is the profit that the studio makes given Blockbuster's actions? 
(c) A plan under discussion is for the studio to refund Blockbuster $4 per DVD that 

does not sell during the one-month period. As before, Blockbuster will discount 
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them to $4.99 and sell any that remain. Under this plan, how many DVDs should 
Blockbuster order? What is the expected profit for Blockbuster? How many DVDs 
are expected to be unsold at the end of the month? What is the expected profit for 
the studio? What should the studio do? 

3. Topgun Records and several movie studios have decided to sign a revenue-sharing contract 
for CDs. Each CD costs the studio $2 to produce. The CD will be sold to Topgun for $3. 
Topgun in turn prices a CD at $15 and forecasts demand to be normally distributed, with a 
mean of 5,000 and a standard deviation of 2,000. Any unsold CDs are discounted to $1, and 
all sell at this price. Topgun will share 35 percent of the revenue with the studio, keeping 65 
percent for itself. 

(a) How many CDs should Topgun order? 
(b) How many CDs does Topgun expect to sell at a discount? 
(c) What is the profit that Topgun expects to make? 
(d) What is the profit that the studio expects to make? 
(e) Repeat parts (a)-( d) if the studio sells the CD for $2 (instead of $3) but gets 

43 percent of revenue? 
4. Benetton has entered into a quantity flexibility contract with a retailer for a seasonal prod

uct. If the retailer orders 0 units, Benetton is willing to provide up to another 35 percent if 
needed. Benettmi's production cost is $20, and it charges the retailer a wholesale price of 
$36. The retailer prices to customers at $55 per unit. Any unsold units can be sold by the 
retailer at a salvage value of $25. Benetton can salvage only $10 per unit for its leftover 
inventory. The retailer forecasts demand to be normally distributed, with a mean of 4,000 
and a standard deviation of 1,600. 

(a) How many units 0 should the retailer order? 
(b) What is the expected quantity purchased by the retailer (recall that the retailer can 

increase the order by up to 35 percent after observing demand)? 
(c) What is the expected quantity sold by the retailer? 
(d) What is the expected overstock at the retailer? 
(e) What is the expected profit for the retailer? 
(f) What is the expected profit for Benetton? 

5. You are a purchasing manager for a large electric utility in charge of stocking a certain type of 
transformer. Weekly demand among your field crews for these transformers is normally dis
tributed, with a mean of 100 and a standard deviation of 50. Holding costs are 25%, and you 
must hold a level of inventory corresponding to a cycle service level of 95%. You are faced 
with two suppliers, Reliable Components and Value Electric, who offer the following terms. 
Reliable sells the transformer for $5,000 with a minimum order of 100, and a lead time of 
1 week with a standard deviation of 0.1 week. Value sells the transformer for $4,800, has a min
imum batch of 1000, a lead time of 5 weeks, and a lead-time standard deviation of 4 weeks. 

(a) What is the annual cost of using Reliable Components as a supplier? 
(b) What is the annual cost of using Value Electric as a supplier? 
(c) What supplier would you choose? 
(d) If you could use both suppliers, how would you structure your orders? 

6. In Exercise 14-5, imagine that you have chosen Reliable as your supplier. Value Electric very 
much wants your business and offers you the choice of three mutually exclusive alternatives: 
a reduced lead time of 1 week, a reduced minimum batch of 800, or a reduction in standard 
deviation of lead time by 1 week. 

(a) What are the expected annual costs of undertaking each of these options? 
(b) What is the expected annual cost if all three could be put into effect? 
(c) Would you change your decision to go with Reliable for any of these options? 

7. Consider the retailer's position in the quantity flexibility contract problem discussed in the 
chapter with results in Table 14-6. Consider the base contract one in which a = 13 = 0.2, the 
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order size is 1,000, and the wholesale price is $6. For the following questions, you will need to 
build a quantity flexibility model. Assume that salvage value is zero for both the retailer and 
the manufacturer. 

(a) How much will profit increase for the retailer if a increases to 0.5? 
(b) How much will profit increase for the retailer if [3 increases to 0.5 (keeping a at 0.2)? 
(c) Why would you expect these to be different? 

8. Imagine that you have acquired both the retailer and manufacturer discussed in Exercise 14-7. 
Your interests now are in maximizing profitability for your new firm and in setting up an 
incentive system to make this happen. You have chosen to keep the quantity flexibility con
tract in place to provide incentive to both your retailer and your manufacturer. 

(a) How does increasing a to 0.5 affect your firm's profitability? 
(b) How does increasing [3 to 0.5 affect your firm's profitability? 
(c) Why does one of these changes have no effect on profitability? 
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