
OPRE 6366. SCM : 5. Sourcing & Contracts

1. Sourcing

Purchasing, procurement and sourcing are similar processes. The term purchasing (procurement) refers to
the tactical process of acquiring goods and services. The process spans the whole cycle from the identifi-
cation of the needs to the end of the useful life of assets and/or of services purchased. Sourcing is more
proactive and strategic compared to purchasing. In sourcing, the purchaser reaches out to candidate sup-
pliers and builds/maintains a dormant portfolio of suppliers that can be easily revived to meet the needs
of the organization.

1.1 Transactional Procurement

The transactional procurement cycle has the following steps:

1. Requisition/Requirement: In this step, the requirement is identified. The requirement could be 50
new buses that DART wants to purchase or sourcing training JCPenney wants to provide to its pro-
curement personnel. The first requirement deals with products, the second with a service.

2. RFB (request for bid) or RFP (request for a proposal): This step involves the preparation of an
RFP/RFB document to list the requirements in general terms. For buses, DART can list a range for
the passenger capacity, size and price. For training sessions, JCPenney can list what the procurement
personnel needs to know (evaluation of suppliers, negotiation skills, etc.), duration and location of
the training.

3. Request for Interest: RFB/RFP are sent to potential suppliers to briefly explain the requirements and
to arise supplier interest in the requirements. DART sends RFB/RFP to coach bus manufacturers
while JCPenney sends RFB/RFP to DFW colleges and universities.

4. Inspection of replies to RFB/RFP: The buyer receives some brochures an specifications from the po-
tential suppliers and inspects this material. The purpose of the inspection is to see if the supplier has
understood the need and has the capability to build the product or offer the service. If a supplier
passes the inspection stage, it is contacted in the next step. Otherwise, the supplier is not considered
for the current requisition but its name remains in the supplier database.

5. RFP/RFQ (Request for bidding): At this step, detailed requests are sent to suppliers. DART can now
specify the technical requirements for the buses such as horsepower, gas consumption, maintenance
contracts. JCPenney can indicate that statistical quality control is very important in its supplier eval-
uation process.

6. Pre-bid meeting: This is an optional meeting where the buyer and the supplier meet to iron out the
details in the RFP/RFQ. Generally, the buyer meets with each supplier one by one. If the prod-
uct/service is rudimentary, the buyer can meet with the suppliers at once. Typically, suppliers do not
want to be together in a pre-bid meeting. Suppliers can also ask questions and receive information
offline –outside these meetings.

7. Receipt of bids and recording: Buyer asks the suppliers to bid by a certain date. When the bids are
received from the suppliers, they are recorded. The critical information is put into a database to
facilitate comparisons.
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8. Review and Selection. This is the final stage where the buyer decides to buy from one or some of the
suppliers. If there is no qualified bid, the process may need to be repeated.

The transactional procurement process outlined above is more appropriate for standard products/services.
For example, commodities can be bought via this process. This transactional process will succeed to cut
costs and eliminate wasteful spending when purchasing standard items. However, if the requirement in-
volves creating new products/service possibly through research and development, the supplier needs to
be integrated more into the buyer’s processes.

1.2 Integration of Suppliers during Product Development

A buyer’s new product development process can start with an idea. This idea can come from the buyer’s
research and development group, from the customers, or from a supplier. For example, Apple developed
the index and middle finger movements on an iPhone’s touchscreen for focusing in/out. Some people
use pinching movement with their thumb and index finger to focus in. Note that the new idea here is
using two points of contact (with two fingers) as opposed to one for interfacing with the iPhone software.
The customers are developing applications for the iPhone. If Apple finds these applications useful, it can
support and further develop the application. Apple does not have expertise on cameras, so it relies on its
camera suppliers to improve the cameras to increase the picture clarity.

In the second stage, the idea is assessed to see if it can be used in a product. This stage is basically about
feasibility of the idea. Sometimes ideas, at their conception, can be paired with products. Such is the case
for iPhone applications. In the third stage, a new product is designed to incorporate the idea. For example,
if the new cell phone camera requires a larger, say 10 × 8 mm, capture window to increase the speed of
capturing, the cell phone case and the connections around the camera all need to be designed again. This
third stage can be named as the design stage.

In the fourth stage, a prototype product is developed based on the design. Then the prototype is tested
to assess whether desired performance can be achieved. Above we have outlined fours stages of product
design that can be performed without a supplier’s involvement. The next stage after prototyping is mass
production where the supplier must be involved. A buyer has the option of involving the supplier in the
four stages of product development: idea, feasibility, design and prototyping.

Having explained the four stages of product development, we turn our attention to three factors that
affect the supplier’s integration to product development: sophistication of the new component, the degree
of integration of the new component with the product, ability and experience of the supplier.

Buyer’s new product may require key supplier’s to develop new components. For a furniture manufac-
turer that develops a larger couch, its spring supplier may have to manufacture wider springs. Manufac-
ture of wider springs is not very different from narrower ones, so wider springs are not very sophisticated.
In this case, the furniture manufacturer does not need to involve the spring manufacturer in the earlier
stages of the product development. In general, more sophisticated the new components are, earlier should
the involvement of the supplier be in the product development process.

In some cases, supplier’s new components need to be tightly integrated with the product. Revisiting
the larger couch example, consider the wood panel supplier for the back and sides of the couch. It would
be easier to manufacture the couch with a single wood panel for the back of the couch. But this panel needs
to be long for a large couch. Such long wood panels are scarce and so are expensive. The size of this panel
is critical for the rest of the couch design, size of the couch, amount of the clothing/leather to be used for
upholstering. In other words, back panel needs to be integrated with the rest of the couch components.
When such integration is critical, the supplier needs to be involved earlier in the product development
process.

Supplier’s ability and previous experience is a critical factor in determining the level of supplier inte-
gration to the product development process. Consider the couch manufacturer that wants water repellent
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upholstery for its new couches. The upholstery supplier might have produced water repellent upholstery
for another customer, say a car seat manufacturer. In that case, the upholstery supplier’s experience and
ability are quite relevant and useful for developing the new couch. However, there still could be some
issues to work out. For example, a water repellent upholstery can have a rough surface which can be ac-
ceptable for a car seat but not for a couch. To make the surface smoother for a couch may require processes
that weaken the upholstery and can lead to easy tear and wear. An experienced upholstery supplier can ex-
plain the trade off between smoothness and strength of the fabric to the couch manufacturer. In summary,
an experienced and able supplier need to be involved earlier in the product development process.

With the single example of couch manufacturer above, we have considered spring, wood panel and
upholstery suppliers. Depending on the sophistication of the new component, the degree of integration of
the new component with the product and ability and experience of the supplier, we have decided at what
stage a supplier needs to be integrated to the product development process.

1.3 Procuring Services

Companies buy as much or more services as they buy products. 71% of the U.S. gross national product
consists of service sectors. Perhaps we need to rename gross national product as gross national service.
Exampe of services include:

1. Consulting services: Managerial consulting services include strategy development, operational deci-
sion making and tools that facilitate implementation.

2. Construction services: This category includes constructing buildings from scratch, making additions
to existing buildings, as well as maintaining and upgrading the buildings.

3. Building maintenance: Most of this is cleaning indoors and outdors (wiping windows).

4. Equipment maintenance: This includes maintenance of heating, ventilating and air conditioing equip-
ment in the buildings. It also includes maintenance plans for cars, trucks, aircrafts purchased by the
owners.

5. Legal services: This includes both commodotized paralegal services and customized legal search.

6. Marketing services: Surveying, product testing with consumer groups and assessing customer pref-
erences.

7. Administrative services: Reception and mail delivery services.

8. Transportation services: Renting trucks or contractting with carriers (truck, air, maritime) to ship
certain amount of cargo within a certain amount of time.

9. Travel services: Arrangement and puchasing of travel tickets and hotel stays.

10. Software development/IT services: Developing new software and interfaces, sometimes to support
the implementation of opertional decisions suggested by managerial consultants. IT services include
hosting data and programs to serve a company’s customers as well as its internal operations.

11. Human resource services: This involves hiring (resume evaluation, interviewing), training, career
management services.

12. Healthcare services: These services are bought from insurance companies, which in turn arrange for
and pay doctors and labratories to perform healthcare services.
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The list above is not complete but it serves the purpose of illustrating the variety and amount of services
procured by companies.

Procuring services has an additional layer of difficulty in comparison to procuring products. This dif-
ficulty is due to the complexity of services which makes the evaluation much harder. For example, many
companies buy consulting services that deal with issues such as supply chain management, product de-
velopment, project management, efficiency improvement. Companies pay signficant amount of money for
these services. Yet they cannot justify the value of these consulting services. Since the company personel is
generally not experienced and at times are ignorant of the issues the consulting project aims to deal with,
they often cannot evaluate the success or the failure of a consulting project. To eliminate this handicap,
companies need personel who can understand/evaluate/independently test the outcomes of a consulting
project. Said differently, even if you are planning to use a consultant to solve a managerial problem, you
need to knkow enough to evaluate the solution posed by the consultant. This is also true in general; compa-
nies must be familiar with the products and services offered by the suppliers to make sound procurement
decisions.

1.4 To Buy or Not to Buy for Suppliers

Mostly for cost reduction reasons, many companies have outsourced manufacturing. Original equipment
manufacturers (OEM) such as Sun microsystems, Cisco, HP, Nokia, Boeing use contract manufacturing to
build components, subassemblies or subsystems. When an OEM contracts the manufacturing of a com-
ponenet to a supplier, the OEM must decide who will be responsible for purchasing raw materials to
manufacture the component. The responsibility can be delegated to the supplier in which case the OEM
does not buy raw materials for the supplier.

There also are plenty of examples where the OEM buys raw material for suppliers, quoting from [1]:

Although OEMs are increasingly handing off the responsibility for . . . component procurement
to EMS providers [suppliers], many remain unwilling to shift purchasing of key parts to their
contract partners. Large North American OEMs . . . insist their market clout, technology require-
ments, and sourcing capabilities better equip them to continue procuring high-value, critical
parts rather than handing over this task to EMS providers.

W. Zenger, vice president of global procurement services for HP, says in [1]: “We have a wide range of
design and procurement arrangements with our EMS partners ranging from covering a very limited level
of procurement engagement all the way up to a completely outsourced design with 100% procurement
responsibility.” On the other hand, Sun buys memory, disk drives, and ASICs for its suppliers. According
to Joe McGrath, Sun’s director of procurement strategy, Sun buys for suppliers “because . . . [Sun has] more
leverage with the [raw material provider] than EMS companies.”

One of the downsides for buying for a supplier is that OEM can inadvertently reveal the its low pro-
curement cost to the supplier. OEMs leverage with raw material privider lets them buy raw materials at a
lower cost than the suppliers can. When this lower cost is revealed to the supplier, the supplier changes its
expectations. That is the supplier attempts to demand the same low cost from the raw material provider
who would clearly not happy with this situation. An importnat issue here is to develop strategies to hide
the low cost from the suppliers.

2. Contracts an Overview

A contract is an agreement between two parties. The rasion d’être for contracts is two parties with conflict-
ing objectives. Contracts are not limited to economical or legal situations. For example, Rousseau outlines
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the limitations of freedom of an individual against a governing body and the responsibilities of the gov-
erning body against an individual in his book Social Contract [6]. Similarly, a vow of honesty taken by
students is a contract where students promise not to cheat to gain instructor’s respect. Another example of
contract is rules of any (sports, card, etc.) game. Contracts are generellay designed to sort out confusions
or conflicts that may come up.

A course syllabus is a contract where an instructor lays out the rules for the course. These rules include
grading policy for homeworks, exams, case studies. Despite this, students frequently ask for extra credit to
increase their grades by performing tasks that are not mentioned in the syllabus. Granting credit for these
extra tasks can be interpreted as a breach of the contract (syllabus) between an instructor and the students.

Supply chain contracts are a special case of economical contracts. Most supply chain contracts include
only two parties. The supplier is in the upstream supply chain and sells materials to the retailer in the
downstream supply chain. Although supply chains include more than two parties, this simplification
allows for studying optimal contracts. In this simple setting, the supplier determines prices and retailer
determines order quantities. The supplier’s price affects retailer’s order quantity: if the prices are low,
the retailer may buy a lot. Low supplier (wholesale) price gives the retailer more leverage in determining
the market price. If the market demand is price sensitive, the wholesale price affects the market demand
which in turn affects the retailer’s order quantity. Large retailer orders may induce the supplier to reduce
its wholesale price. That is why, even in this simple setting of only two parties, the pricing and ordering
mechanisms are not trivial.

Having argued for the nontrivial nature of contracts. Let us clasify pricing contracts from a practical
point of view:

• Constant Price Contracts: Price is constant during the contract and cannot be modified under any
condition without mutual agreement.

• Dependent Price Contracts: Price is not constant but is calculated using a predetermined formula.
The inputs to the formula may change over the time but the formula does not. Inputs such as price
indices, interest rates or gross domestic product are often used in the formula. Note that these inputs
are clearly defined and easily accessible numbers. Ambigious inputs can defeat the purpose of the
contracts — avoiding confusion and conflicts. This type of contract is preferable when there is uncer-
tainty in the future economic environment but this uncertainty can be captured fairly satisfactorily
with several inputs.

– An important special case of dependent price contracts is contracts with incentives. This type
of contract allows for the supplier to retain a certain proportion of the cost savings it achieves
due to efficiency increases, learning, innovations, etc. Therefore, it motivates the supplier to cut
costs. An infamous example comes from the contracts written between GM and its suppliers
where GM forces suppliers to reduce prices at a given annual rate. This policy forced many GM
suppliers into economic troubles.

• Alterable Price Contracts: Price may or may not be constant. At fixed time intervals contracting
parties come together to redetermine the price. If they can agree on a new price, price changes. Oth-
erwise, they must abide with the associated clauses of the contract. This contract is advisable when
there is uncertainty in the future economic environment and this uncertainty can not be captured us-
ing surrogate variables (as inputs in dependent price contracts). Then contracting parties are bound
to come together first to analyze the resolved economic uncertainty and then to set the prices. The
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contract evaluation intervals can be long or short. Contracts with short evaluation intervals can be re-
sponsive to economic factors but they eat up valuable human resources. Therefore, there is a tradeoff
between the responsiveness and the effort in setting the intervals.

Although our classification is based on only pricing. You may replace the word price with order quantity
above to get analogous contracts for ordering. Since practitioners focus more on prices than quantities, we
have presented contracts as price contracts. You can also consider price and quantity together and make
up hybrid contracts such as Dependent Price Fixed Quantity Contract.

Sometimes contracts are based on production costs. In this case, supplier reveals its prduction cost to
the retailer and asks the retailer for reimbursement for the cost plus a fee. This fee can be fixed, dependent
or alterable just like the price in the price based contracts. The tricky part here is whether the buyer trusts
in the production price the supplier reveals now and in the future. There must be objective criteria for de-
termining these costs. An example of this contract comes from what happens when you go to a car repair
shop to have new spark plugs installed into your car. You would generally get two quotes from the clerk,
the first is the cost of the spark plugs and the second is the installation fee. If you accept the quoted price
and the fee, you will be getting into a price based contract. If the retailer accepts a cost based contract, it
pays for all production costs. That leaves minimal incentive to the supplier to improve its production tech-
nology to cut down its costs. The US Military is known for giving many cost based contracts to suppliers
which make high profits.

Contracts are vastly used among businesses for two advantages they provide to the involved parties:

• Uncertainty Reduction: Once the contract is in place, the supplier knows the order quantity and the
retailer knows the supplier’s price so there is less uncertainty for each party to deal with. Therefore,
more (cost or profit) efficiency can be sought while planning at the expense of flexibility — rememeber
the need for flexibility goes down with more certainty.

• Relationship Leveraging: Contracts start up relationships between companies. Then companies can
drive their contractual partners towards a more mutually preferable stand on policies. A concrete ex-
ample is simple information exchange between companies. Such an exchange can lead to innovations
and improvements at both the supplier and the retailer. Another example is blocking the supplier’s
proprieaty technology. In this case the retailer blocks the supplier from selling to the retailer’s com-
petitors. Especially when the supplier owns a proprieaty technology, the contract becomes a tool for
the retailer to compete with its competitors.

Now let us look at the disadvantages of contracts, first for suppliers and then for retailers:

• Supplier’s Disadvantages

– Supplier may be blocked from other profitable businesses. This may be because of a clause in the
contract forbiding the supplier to sell to the retailer’s competitors. It also may happen when the
supplier uses up most of the retailer’s capacity and the retailer cannot accept profitable orders
for lack of capacity.

– Retailer may be too harsh on the supplier, asking for price/cost reductions, high service.

• Retailer’s Disadvantages

– Retailer can be blocked from buying other suppliers. If other suppliers are providing better
deals, then the retailer is basically stuck with a suboptimal choice during the contract’s term.
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– Supplier may be too complacent after the contract and stop improving its service, cost, quality
since it takes the retailer, the customer, for granted.

Good contracts can be written only after a complete forethought of all possible future cases. Otherwise,
there will remain loopholes making one party vulnerable for exploitation by another.

2.1 Contracts among Companies in the Same Echelon

A company in a supply chain is said to be in a certain echelon depending on its distance to the final
customer. The distance is measured in terms of the stages / facilities. For example, a retailer directly deals
with a customer and its distance is zero. On the other hand, a distribution center supplying this retailer
has a distance of 1; a factory supplying the DC has a distance of 2; suppliers shipping to the factory has a
distance of 3. For example, suppliers are in the same echelon. The contracts discussed above are mostly
between companies in different echelons such as a supplier-manufacturer contract.

Contracts between companies in the same echelon are rare. There is not much of a reason why suppliers
need to get into a direct contractual relationship without supervision of the manufacturer. Consider a
computer manufacturer that buys LCD screens from suppliers such as Samsung Electronics, LG Display,
AU Optronics, Chimei InnoLux Corp., Chunghwa Picture Tubes and HannStar Display Corporation; the
first two are Korean and the others are Taiwanese companies. If these suppliers, direct competitors, come
together to contract on some terms, they may start from LCD prices. Since they are not selling much to
each other, they will not talk about quantities, delivery times, or quality. They will focus on pricing.

When suppliers have open contracts or clandestine agreements on their prices, they risk being blamed
for price fixing. Price fixing is illegal as it undercuts the competition among suppliers. A manufacturer
buying supplies, whose price is fixed high, must pass on high prices to consumers. Eventually, consumers
become worse off.

Price fixing is hard to establish in a court or a trade commission. But it is possible: The European
Commission fined six LCD makers listed above for a total ofe649 M on December 8, 2010. These companies
argued to meet monthly in Taiwanese hotels to fix price ranges and/or minimum prices. They had about
60 meetings, which were nicknamed as the crystal meetings. Samsung and LG have fully and partially
cooperated with the commission and obtained 100% and 50% reduction in the fines, respectively1.

3. Execution of Transactions among Partners

Supply chain partners tend to engage in transactions involving two parties (a buyer and a seller) or more
parties (e.g., a carrier in addition to the buyer and seller). Traditionally, financial transactions among these
parties are kept and updated in a centralized database by an authority. The authority is generally a bank
that holds account records (ledgers) for the parties, if the parties are using the same bank. Otherwise,
several banks hold the account records. When there is a payment transaction requiring fund transfer from
the buyer to the seller, the amount in the buyer account is decreased by the payment amount and the
amount in the seller account is increased by the same amount. Even a single payment transaction requires
a few operations on the accounts and are subject to consistency rules such as the paying account must have
enough funds available. Hence, we can refer to a ledger architecture (location and content of ledgers) and
a protocol (sequencing of operations and logical rules) for executing transactions.

Prior to the invent of blockchains, the ledger of a firm (person) was held at centralized locations by
authorities. In a blockchain, the ledger is distributed to many locations [3]. To make this distinction sharp,
consider your bank account. Your bank account records are kept by your bank. If you want to be a part of
a blockchain, you can open up an account in the blockchain, which then maintains identical copies of this

1www.eulib.com/antitrust-commission-fines-panel-producers-million-12570
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account at various locations managed by participants of the blockchain. This points to a difference in the
ledger database architecture.

Authority to execute transactions in blockchains is distributed to the participants. There is not a single
authority, such as a bank, Visa network or PayPal, to execute transactions. The validity of requested trans-
actions in a blockchain is established by the validity of the private key of the requester. Each requester has
a private key (similar to a computer account password but longer, say 32 or 64 alphanumeric characters)
and a public key (such as 3D2oetdNuZUqQHPJmcMDDHYoqkyNVsFk9r). The requester reveals the pri-
vate key only to the blockchain, but not to the participants or the public. When the blockchain confirms
the private key as the true key, it starts executing the operations involved in the transaction at all of the
decentralized ledger locations. If one of the transaction operations cannot be executed (mostly because
of violating logical rules), none of the operations are executed and the transaction is denied. This con-
cept of executing all or none of the operations of a transaction implies indivisibility of a transaction and is
analogous to indivisibility of an atom (means un-cuttable in Greek). It is referred to as atomic (logical) rule.

Being a distributed ledger, a blockchain suffers from all the maladies of a distributed database: compli-
cated execution protocol and consistency across locations. The consistency issue is handled by making the
ledgers at each location public and inserting extra checks into the execution protocol. This is exactly where
blockchain poses its biggest challenge to supply chains. Supply chain partners, for being competitors or
contract term negotiators, do not want to reveal their transaction data to each other and do not like this
aspect of publicly accessible blockchain records.

The reason why supply chain partners tend to hide transaction data is that these data can reveal prod-
uct prices, order quantities, timing of sales campaigns. For example, when a carrier delivers a product to
the buyer as a part of seller-buyer transaction, the carrier may see the price of the product in a blockchain.
When two sellers are supplying the same buyer in a blockchain, they may see each other’s sales amounts.
To avoid such information leakage in blockchains, only some partners could be considered in a relatively
small blockchain, sometimes called micro blockchain. An alternative is making only less sensitive data
publicly available. Either of these fixes can undercut the efficiency of implementing supply chain transac-
tions through a blockchain.

When compared to supply chain transactions, individual transactions of consumers can be made with-
out revealing the identity or the purpose of the transaction. For example, observing a sales of 1,000 bitcoins
from the individual 3D2oetdNuZUqQHPJmcMDDHYoqkyNVsFk9r to the individual 16rCmCmbuWDh-
PjWTrpQGaU3EPdZF7MTdUk does not reveal much to another individual. So the information leakage is
not an issue for transactions among consumers as much as it is among supply chain partners. In the final
analysis, information leakage could be the biggest hurdle limiting the vast adoption of blockchains in the
supply chains.

4. Contracts a Technical View

4.1 Buyback Contracts

Consider a supplier(S) and a retailer(R) subject to random demand D with pdf f , cdf F and F̄ := 1 − F. Let
us define the following cost parameters:

• c: Supplier’s cost of supplying 1 unit. If supplier manufactures this unit, c is the marginal manufac-
turing cost. If the supplier simply buys the unit, c is the purchasing price for the supplier.

• w: Wholesale price that supplier charges to retailer.

• b: Supplier’s buyback price for any unit unsold at the retailer.

• p: Market price that retailer charges to customers.
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Naturally c ≤ w ≤ p and b ≤ w (why?). We assume that c, w and p are constant. However, the supplier can
determine b. We will study finding optimal b to coordinate the supply chain. In a coordinated (integrated)
supply chain, there is a mechanism (e.g. a buyback contract) which pushes independent decision makers
(e.g. supplier and retailer) to make unselfish decisions. If the chain is not coordinated, each decision maker
selfishly optimizes its own objective. The coordination mechanism slightly modifies each decision maker’s
objective so that these modified objectives and the total objective of the supply chain yield the same opti-
mal solution.

To make ideas concrete, let ΠS(b|y) be supplier’s profit when the buyback price is b and given that
the retailer orders y. Since b is controlled by the supplier whereas y is dictated by the retailer, we use the
notation (b|y). Similarly let ΠR(y|b) be supplier’s profit when it orders y and given that the buyback price
is b. Notice the switch in notation from (b|y) to (y|b) once we change the point of view from the supplier
to the retailer. Let ΠC(y, D) be the coordinated supply chain profit when the chain orders y and demand is
D, this profit does not depend on b or w because they are internal (transfer) prices in a coordinated supply
chain. Since ΠC(y, D) = p(y ∧ D)− cy, ΠC(y, D) is a random function, taking its expected value:

ΠC(y) := E(ΠC(y, D)) = p
∫ ∞

0
(y ∧ D) f (D)dD − cy = p

∫ ∞

0

∫ y∧D

x=0
dx f (D)dD − cy

= p
∫ y

0

∫ ∞

x
f (D)dDdx − cy = p

∫ y

0
F̄(D)dD − cy.

where ∧ denotes the minimum of two numbers. We have manipulated the integrals by changing their
order of integration, in general such an operation yields∫ ∞

0
(y ∧ D) f (D)dD =

∫ y

0
F̄(D)dD. (1)

In words, this quantity is expected number of units sold to the market if y units are ordered. Let y∗C be the
optimal order size maximizing ΠC(y). From newsvendor problem we already know that y∗C = F̄−1(c/p).

Let us consider supplier’s profit. Supplier makes at least w − b for each unit sold to the retailer and in
addition b if the unit is sold by the retailer to customers. Supplier incurs a cost of c for each unit the retailer
orders. Putting all these revenues and costs together:

ΠS(b|y) = (w − b)y + b
∫ y

0
F̄(D)dD − cy.

Now let us look at the retailer. Retailer first pays wy to the supplier for its order. y −
∫ y

0 F̄(D)dD can
not be sold, and are returned to the supplier at a price of b.

∫ y
0 F̄(D)dD units are sold at a price of p each.

Putting all these revenues and costs together:

ΠR(y|b) = −wy + b
(

y −
∫ y

0
F̄(D)dD

)
+ p

∫ y

0
F̄(D)dD = −(w − b)y + (p − b)

∫ y

0
F̄(D)dD.

Let y∗R(b) be the optimal order size maximizing ΠR(y|b). From newsvendor problem we already know that

y∗R(b) = F̄−1
(

w − b
p − b

)
.

The main question is how the supplier can coordinate the supply chain. The only leverage the supplier
has is the buyback price, supplier must find a buyback price b to achieve supply chain coordination:

ΠC(y∗C) = ΠS(b|y∗R(b)) + ΠR(y∗R(b)|b).
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Since ΠC(y) = ΠS(b|y) + ΠR(y|b), any value of b that makes the retailer order y∗C coordinates the supply
chain. in other words, we are looking for the b value such that

F̄−1
(

c
p

)
= y∗C = y∗R(b) = F̄−1

(
w − b
p − b

)
, or

c
p
=

w − b
p − b

Solving for b that coordinates the supply chain,

bC :=
w − c

1 − c/p
. (2)

This value of b makes sure that although the retailer and the supplier makes independent decisions, their
decisions maximize the total supply chain profit. It can be shown that bC ≤ w (how?), so (2) does not lead
to counterintuitive results. For numerical examples see Table 9.7 of Chopra and compute optimal b values
using the formula above. Fortunately, the value of bC does not depend on the demand distribution so it
is numerically trivial to find it. For extensions see [4] where the buyback price depends on the demand
distribution and [2] where supplier’s cost is nonlinear.

Let us see how supplier and retailer split the integrated supply chain profits. If the supplier uses bC,
then the retailer profit is:

ΠR(y|bC) = −(w − bC)y + (p − bC)
∫ y

0
F̄(D)dD

by(2)
= − p − w

p − c
cy +

p − w
p − c

p
∫ y

0
F̄(D)dD =

p − w
p − c

ΠC(y)

Then the retailer gets the (p − w)/(p − c) proportion of the coordinated supply chain profits. The remaing
profits are 1− (p − w)/(p − c) = (w − c)/(p − c) portion of the coordinated profits and are left to the sup-
plier. These profit ratios depend on neither demand distribition f nor retailer order quantity y. Note that
whether the supplier or the retailer recoups more profit in the coordinated supply chain depends where w
falls in the interval [c, p]. If the wholesale price w is close to the market price p, then the supplier gets most
of the profits and vice versa.

If the supplier is very greedy and wants to recoup all the supply chain profits, its should set wholse
sale price as large as possible w = p which implies that bC = p. In this case the supplier gets 100% of
supply chain profits. Retailer buys at the whole sale price of p and sells at the same price hence making
no profit. Of course these observations are valid only when supplier has the monopoly over the supply
market. Otherwise, the retailer will stop buying from a greedy supplier charging w = p.

What if the reatiler is very greedy and wants all the profit of the supply chain. Retailer may choose to
increase p to bring (p − w)/(p − c) towards 1. If the supplier does not react to this and the market demand
is insensitive to price, the retailer will get a bigger portion of the supply chain profits. If the supplier reacts
with w = p, once more the supplier gets all the profit. It is clear that the supplier has more power over the
retailer than the other way around. This is no surprise given that the supplier has the monopoly.

4.2 Quantity Flexibility Contracts

Now we will study quantity flexibility contracts. In the current setting, the retailer first gives a sign about
its demand to the supplier. The supplier arranges its production according to this signal. Then demand
is realized at the retailer, i.e. demand is known, and the retailer exactly buys as much as the demand sub-
ject to supply availability. The early signal to the supplier gives a partial but advance information to the
supplier. We will see how this advance information along with flexible order quantities can be used to
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coordinate the supply chain.

Suppose that we have the cost structure defined in the previous section except that the supplier does
not buy back any of the remaining inventory at the retailer’s side. Instead both retailer and the supplier
can salvage their remaining inventory at a price of u, u ≤ c. As in the last section, we can go over the
newsvendor model to figure out that the coordinated profit:

ΠC(y) = pE(Sales)− cy + uE(Salvage)

where
E(Sales) =

∫ y

0
D f (D)dD + y(1 − F(y)) and E(Salvage) =

∫ y

0
(y − D) f (D)dD.

Simplfying the profit we obtain:

ΠC(y) = (p − u)
(∫ y

0
D f (D)dD − yF(y)

)
+ (p − c)y

then the coordinated lot size would be y∗C = F−1((p − c)/(p − u)).

Let us see the mechanism of the quantity flexibility contract to achieve this coordinated solution:

1. Retailer knows the demand distribution F and makes a forecast q for its order quantity. Retailer
passes q to supplier.

2. Supplier guarantees to supply at least q(1 + α) and retailer gurantees to buy at least q(1 − β) where
0 ≤ β ≤ 1 and 0 ≤ α. Supplier produces Q ≥ q(1 + α).

3. Retailer sees the demand and buys exactly the demand from the supplier as long as the supplier has
enough inventory to meet the demand.

We assume that all cost parameters are given and constant except for w. We also assume that α and β are
given. We want to find the value of w that will coordinate the chain for each (α, β). Note (α, β) are contract
parameters measuring the flexibility of order quantity. Large α and β (remember β ≤ 1) indicates quantity
flexibility for the retailer. In the special case of (α = ∞, β = 1), retailer is guaranteed all of its supply
requests so overage/underage risk is passed entirely to the supplier. In the other extreme (α = 0, β = 0),
supplier produces only q and sells all to the retailer so overage/underage risk remains at the retailer. Of
course the party that is subject to more risk deserves to ask for financial compensation. Operationally this
implies that if the retailer carries more risk than the supplier, w should be small and vice versa. It must
be clear by now that contract parameters (α, β) define order quantity flexibility for the retailer who may
accept to pay large wholesale prices for flexibility: therein lies the tradeoff.

In the absence of a contract, the supplier performs a newsvendor analysis with its own objective func-
tion (where underage and overage costs are w − c and c − u) and chooses its order quantity as y∗S =
F−1((w − c)/(w − u)). Since w ≤ p we have the next proposition.

Proposition 1. y∗S ≤ y∗C which implies underproduction/ordering without coordination.

The challenge is to choose w so that supplier’s order quantity becomes the coordinated chain’s order
quantity.
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In order to analyze the contract mechanism, we will move in counterchronological order. The 3rd step is
trivial, there is no decision making here. In the 2nd step, the supplier must determine its production/order
quantity Q after seeing retailer’s signal q, supplier will seek to maximize its profit:

ΠS(Q|q) = −cQ + wE(SalesToRetailer) + uE(Supplier′sSalvage)

where

E(SalesToRetailer) = q(1 − β)F(q(1 − β)) +
∫ Q

q(1−β)
D f (D)dD + Q(1 − F(Q))

E(Supplier′sSalvage) = (Q − q(1 − β))F(q(1 − β)) +
∫ Q

q(1−β)
(Q − D) f (D)dD

This is another newsvendor type problem with additional constraint that Q ≥ q(1 + α). The optimal
order quantity for the supplier with the contract is y∗S,C = F−1((w − c)/(w − u)) ∨ q(1 + α) (this is due to
maximizing the concave profit function over a limited range) where ∨ denotes maximum of two numbers.
In other words, y∗S,C = y∗S ∨ q(1 + α). If the retailer gives a small signal, i.e., q ≤ y∗S/(1 + α), the supplier
will order its independently determined lot size, i.e. y∗S,C = y∗S. In this case, supplier believes that it can sell
more than q(1 − β) with or without the contract, so the supplier does not gain anything by participating in
the contract. Let us assume that q is large enough that the supplier participates, i.e., q ≥ y∗S/(1 + α). This
leads to the next proposition.

Proposition 2. When the supplier participates in the contract, it orders Q = q(1 + α).

Let us now consider the 1st step. This time retailer determines its signal. A large signal will force it
to buy a large quantity while a small signal may cause the supplier to produce little. In trading off these
concerns, the retailer maximizes its profit:

ΠR(q) = −wE(PurchaseFromSupplier) + pE(SalesToMarket) + uE(Retailer′sSalvage)

where

E(PurchaseFromSupplier) = q(1 − β)F(q(1 − β)) +
∫ Q

q(1−β)
D f (D)dD + Q(1 − F(Q))

E(SalesToMarket) =
∫ Q

0
D f (D)dD + Q(1 − F(Q))

E(Retailer′sSalvage) =
∫ q(1−β)

0
(q(1 − β)− D) f (D)dD

Q = q(1 + α)

Naturally E(PurchaseFromSupplier) = E(SalesToMarket) + E(Retailer′sSalvage). Since we assume sup-
plier’s participation we set Q = q(1 + α), the profit depends solely on retailer’s signal q. To maximize the
supplier profit, we take its derivative and set it equal to zero:

(1 + α)(p − w)(1 − F(q(1 + α)))− (1 − β)(w − u)F(q(1 − β)) = 0

After letting ℑ = (1 + α)/(1 − β) we can write this optimality condition in terms of Q = q(1 + α) as

F
(

Q
ℑ

)
= ℑ

(
p − w
w − u

)
(1 − F(Q)) (3)

Before we rush to the solution of this equation, let us examine ℑ. ℑ is greater than 1 and it increases with
both α and β. We can envision ℑ as a measure of retailer’s flexibility. If ℑ = ∞ (i.e. (α = ∞, β = 1)) , the
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retailer has infinite flexibility: it can give a small signal and have almost infinite supply available although
it is allowed to buy almost nothing from the supplier. Also note that (3) is a function of only ℑ: what
matters is not absolute values of α or β but their ratio. Namely coordination can be achieved irrespective
of whether supplier or the retailer provides the flexibility, as long as there is some flexibility in the system.
We have purposefully switched to Q notation as oppposed to q in (3), because after all we want to see what
value of w will make the solution of (3) be equal to the coordinated solution y∗C.

For supply chain coordination, we want the solution of (3) be Q = y∗C = F−1((p − c)/(p − u)). There
exists a single wholesale price w which achieves this coordination. Coordinating wholesale price is given
as a proposition, the verification of this price is straightforward.

Proposition 3. The supplier can coordinate a quantity flexibility contract with flexibility ℑ by setting its wholesale
price at the spesific value:

w = u +
c − u

1
ℑF

(
1
ℑF−1

(
p−c
p−u

))
+ c−u

p−u

Let us revisit the connection between flexibility and the wholesale price. If the retailer wants infinite
flexibility (ℑ = ∞) and pass all the risk to the supplier, it has to accept a wholesale price of w = p. However,
at this wholesale price, retailer makes no profit. If the retailer is bold and wants minimal flexibility (ℑ = 1)
and hence assumes all the risk, it can buy from the supplier at supplier’s production cost, w = c. This time
supplier assumes no risk but makes no profit. Since the coordinating wholesale price w is continuous in
flexibility ℑ, any value of w ∈ [c, p] can be obtained as a coordinating price as flexibility varies.

There are also Revenue and Profit Sharing Contracts which we do not discuss here (for now) in the
interest of time.

5. Strategic Partnerships

Strategic partnerships and alliances (SPAs) have become more commonplace in supply chains than earlier
days when they were limited to outsourcing of noncritical parts. This is partly due to the widespread
understanding that SPAs potentially can lead to synergies that cannot be materialized otherwise. Despite
this understanding and willingness to participate into SPAs, the success rate of SPAs is not very high. When
success is measured as a positive return on investment for SPA partners, the success rate is 50% according
to [5].

The failure of SPAs is attributed to their heavy reliance on service level agreements (SLAs). Quoting
from [5]: “The SLAs emphasize operational performance metrics rather than strategic partnership objec-
tives, and all too often those metrics become outdated as the business environment changes.” In a supplier-
retailer relationship, the SLA can include delivery lead time and POS data availability, where the former
and latter are respectively commitments by the supplier and the retailer. In principle, these metrics do not
change much over time although they may take different values. For example, a delivery lead time com-
mitment of 5 business days can be reduced to 3 business days with a renegotiation of a SLA. As a matter
of fact, if we make a list of 5-6 reasonable service level metrics, they will be relevant perhaps in 80% of the
supply chain SPAs.

Another shortfall identified in [5] is focusing on the SLAs at the expense of a joint strategy. Ideally,
SLAs should be driven by the SPA’s joint strategy. This ideal may not be realized due to planning and
execution challenges. As we have already seen in the context of supply chain contracts, the objectives of
an SPA may not match those of its partners. That is why alignment of objectives, via either contracts or
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other mechanisms, during the planning stage is critical. To the extent that these objectives are clarified
or quantified, the alignment will be easier. To make this more concrete, let us think of two SPAs, one in
supply chain domain and the other in product development domain. The objectives are rather customary
and quantitative in the supply chain domain, whereas they involve more uncertainty and surprises in the
product development domain. There, we should expect bigger challenges when attempting to align the
objectives of partners with those of the SPA.

The challenges in execution often result from organizational problems: spending more effort in selling
an SPA than executing it, having goals that span multiple functional areas in partner organizations, dif-
ficulty of enforcing goals in separate organizations, corporate culture issue, push-back against SPA, etc.
To overcome these, top management needs to communicate the SPA objectives to employees and come
up with mechanisms to measure the success of the execution. One of the objectives in SPA is to increase
collaboration between the partners. This requires understanding the capabilities and services existing in
each organization. This is easier said than done, especially when you consider that there are numerous
companies whose own employees do not necessarily know capabilities and services in that company. In
this context, increasing trust and then transparency between partners will be useful. In implementation,
this can be achieved by establishing cross-organizational teams and having these teams map out the ca-
pabilities and service of each organization. A case in point is the SPA example in [5] where the following
teams and committees are established between Solvay and Quintiles: a joint steering committee, 1 joint
development committee, 1 project team, 5 theme teams, 1 clinical team per compound, many functional
teams.

The motivating case in [5] comes from the drug (product) development domain, where Solvay is a drug
developer and Quintiles is a clinical trial service provider. Solvay is a Brussels-based, research company
with annual revenues of e5,694 million in 2009. Quintiles is headquartered in Durham, North Carolina,
and it is a service company with an annual revenue of $2,398 million in 2005. The relationship of Solvay
and Quintile turned from transactional relationship to preferred partnership and then to alliance (SPA) over a
decade. In this SPA, the clinical tests of the drugs developed by Solvay are undertaken by Quintiles. It is
important to introduce the drugs as fast as possible to the marketplace provided that regulatory conditions
on clinical tests are satisfied. The partners have identified five themes to emphasize: living the alliance,
collaboration, speed and process of innovation, growth and value for both. They have been most successful
in reducing the time spent during clinical trials by 40%.

Specific tactics used in expediting the clinical tests include improving protocol development, reducing
the time between testing and the release of the statistical report, adopting new trail methodologies and
reducing the time from trial site identification to patient enrollment. You can read more about Solvay-
Quintile SPA in [5] but keep in mind that this is a case from product development; it is not from supply
chains.

6. Case Study: Dart Train Coming Slowly, If Coming At All

Edited excerpts from “Slow Train Coming” by Jim Schutze, December 20-26, 2007 issue of Dallas Observer,
Vol.27, No.51.

DART, the regional mass transit agency, announced on a couple weeks ago that it had underes-
timated the cost of building a new billion-dollar suburban rail line by about a billion dollars. It
was going to cost $1 billion. But, the DART staff now says it is going to cost more like $2 billion.
Oops. “Inflation,” they said. So the board of directors of DART basically humped its shoulders
and said to the staff, “Well, OK then. But try to scrimp.”

I have listened to tapes of the original committee meeting a month ago in which the DART
staff made this amazing announcement about missing the cost estimate by a big B (Billion).
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On those tapes, you can hear the kind of reaction you would expect from a board of directors.
Wilkins, who represents Dallas, Cockrell Hill and Plano on the board, tells DART President
Gary Thomas on the tapes that:

– I have not missed a board meeting in a year, have not ever heard a whisper of a
billion-dollar shortfall before the November 27 committee meeting and do not appre-
ciate being blind-sided. This is the first that I have known that it has come to the
board that there is an issue with the financial plan. It really concerns me, . . . . I do not
have a huge vocabulary. I cannot come up with a bunch of words that mean dishon-
esty and incompetence. Those are the two words that I know. And that is what this
appears to be to me.

I should mention that it took me more than a week to pry these tapes out of the DART lawyers.
In that time, a story appeared in that favorite organ of people with something to hide, The
Dallas Morning News, announcing that there had been a bit of a hiccup with the DART budget,
but that, happily, everything is now well under control.

Sure enough, when I attended the next public meeting of the same committee on December 11,
well, it was all sweetness and light. Yes, they had sorta missed the budget by a B or so, but,
the kids on the staff had come up with a lot of great ideas for saving money. For example, they
could sell more advertising to put up inside the trains. Or they could look for more “public-
private partnerships.” Let me tell you what they’re really talking about. You had to attend the
whole meeting and listen closely for that. The overwhelming bulk of the cost-cutting they want
to do would come from delaying construction of a second rail line in downtown Dallas by five
years. That is Dis-ass-trous!

All of these new rail lines that DART is building have to go through downtown. Without a
second line and a subway to carry some of the new train traffic downtown, downtown will
wind up with a solid wall of trains at street level. That will screw up vehicular traffic from
here to high heaven. That’s why Dallas has a contract or “interlocal agreement” with DART
by which DART has promised to build a subway and a second line downtown when the train
traffic reaches a key point. The talk at the most recent meeting was about how the interlocal
agreement only forces DART to begin planning for the second downtown line when the new
suburban lines are completed. A staff member told the committee he didn’t think the interlocal
agreement really pinned DART down on when the second downtown line actually must be
built. So, great news, in other words. DART can weasel on the contract and screw the hell out
of downtown for several years to make up for blowing the budget. This is not a small matter.
This is not an adjustment. In naval terms, the captain just knocked the end off the pier with the
ship and dumped the visiting orphans into the briny blue.

Up until about a month ago, the staff of DART was telling the board of directors they could build
light rail lines out to suburban Irving and Rowlett by 2011 for $988 million. At the committee
meeting three weeks ago the staff said the bill was going to be more like $1.9 billion, which they
sorta don’t have in the bank. I have been doing my best to look at the numbers, based on what
I could hear on the tape and what was said at the more recent meetings.

The staff says they were counting on the new rail lines costing $40 million a mile to build. All
of a sudden it’s going to cost $70 million. On the tapes of that first meeting, however, the staff
concedes a couple things in response to questions. First, they discovered the new higher cost
last year! Last year? Then what in the hell are they doing telling their own board of directors
about it this year?
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They also concede that they had built an inflation factor into the original estimates. That $40
million a mile was in Year 2000 dollars, estimated to increase at 4 percent a year. So by 2006,
they were already estimating a cost of $51 million, by my calculation. So even if the staff did get
totally blind-sided by the new costs that’s still a jump of only 37 percent. So that would have
put them in the hole more like $370 million, not a billion.

I looked at the U.S Bureau of Labor Statistics inflation index for heavy construction over this pe-
riod of time, and I did find numbers that approach what the DART staff is claiming. In some of
the years when they were supposedly inflating their costs by 4 percent a year, the costs actually
went down. But a more recent surge would bring their per-mile costs to something like $63.5
million. That’s still not $70 million a mile. But maybe they have their own problems/reasons
why their costs go up quite a bit faster than the national rate for their industry.

The point is, that surge started in 2004. That was almost four years ago now. The year before,
in 2003, heavy construction costs went up 2.1 percent, according to the national index. But then
in 2004 the rate of inflation for heavy construction was 14.8 percent. The next year it was 15.3
percent. In 2006 it was 13.1 percent. That’s a jump of 43 percent in three years – more than three
times what they were expecting. But it started almost four years ago. Why are they only telling
the board about it now?

In an e-mail response, DART told me they were waiting for a more complete design and a “more
accurate and current picture of our financial situation.” Bad decision. It would have been way
better to warn Mom and Dad about the credit card bill before it arrived in the mail. Very bad
decision.

But I wonder about Mom and Dad, too, if they’re the DART board of directors. At one point in
the taped meeting, DART Chief Financial Officer Sharon Leary is explaining cost estimates and
time lines for the new route to Irving and DFW Airport. She tells them the original estimate
was $643 million in 2010 dollars. Now they think the real cost will be $881 million. But guess
what! They actually only have $575 million in the budget for it. If the original estimate was
$643 million, why don’t they have $643 million in the budget?

Leary tells the board: “In the 2003 financial plan, we had to find $130 million in unidenti-
fied Phase II savings to make the plans work, so $130 million was basically pulled out of that
project.” When a board member asked her what she meant, Leary explained, “We just said
we’re going to make cuts in certain projects...you have to do the same amount of work for $575
million as you were going to do at $643 million.” What does that mean – do the same amount
for $575 million as for $643 million? Make bricks from straw?

In my e-mail to DART, I said I couldn’t make these numbers add up right. Their response was:
“In 2003, approximately $720 million was cut from the Capital Line item of the 20-year Financial
Plan.” But, they say, “...we could not achieve the desired savings on the current rail expansion
projects.” So they whacked $720 million out of the capital budget to make the budget work. But
the board never had the political balls to go back to its constituent cities and warn them they
were getting $720 million less railroad.

Maybe a third of it is inflation. And the other two-thirds is explained by the missing balls.
That means that for the last four years the DART budget and all those railroads they’ve been
promising the suburbs have all been one big fat political lie. You know, people don’t just wake
up one day and realize they’ve misplaced a billion dollars. Yeah, and on my tape of the meeting
I could hear this long soulful silence, which I surmise was the board of directors stroking its
collective chin and thinking, “Hoo-boy. These chickens are comin’ home to roost, and these are
our chickens.” I’m sure there is plenty of blame to go around here, lots for the staff and lots for
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the board. But the idea of paying for this crap by delaying the downtown Dallas subway and
second rail line is a dirty razor at the jugular of downtown.

7. Case Study: Centralized Procurement at State Level

Edited excerpts from “Saving States the Sam’s Club Way” by David Yarkin, Feb 28, 2011, OP-ED article in
New York Times.

As any Sams Club shopper knows, buying in bulk saves you money. But states and cities have paid
too little attention to the costly and inefficient way they buy goods and services. By visiting an office that
few of them have likely paid much attention to central purchasing governors and mayors could make
significant headway in plugging their deficits.

Nearly every state is facing budget problems. A fifth of all states face deficits equal to 20 percent or more
of their budgets, topped by Nevada and Illinois at 45 percent. . . . Pennsylvania faced a likewise daunting
deficit, of $2 billion, in 2003, when I began managing the states procurement operations, responsible for
$4 billion in annual spending. To help close it, we borrowed an approach used by businesses: strategic
sourcing.

Previously, the state purchasing office would set up a master contract with dozens of suppliers and
then allow agencies to buy whatever they wanted from whichever supplier on the list they preferred. The
result was to break the states buying power into thousands of pieces. Rather than making a big monthly
purchase at, say, Costco, Pennsylvania was effectively making tiny, hourly purchases from 7-Eleven. Take
ketchup . . . since every agency was allowed to choose the vendor it wanted, the state paid wildly divergent
prices: a hospital in Allentown paid $23.20 for a case while a prison near Shamokin paid just $12.66.

Our approach turned this model on its head. Rather than allowing purchasing decisions to be made
by each agency, state procurement aggregated purchases while consolidating suppliers, pushing prices
down by buying in bulk. We did the same with technology purchases, requiring that all the states com-
puters come from a single manufacturer, saving $19 million annually. We saved $4 million by closing
13 state-managed warehouses after we switched to a single office-supply vendor that guaranteed next-
day statewide delivery, eliminating the need to stock our own supplies. Whats more, strategic sourcing
reversed the traditional relationship between agencies and vendors, who had used our decentralized pro-
cesses against us to drive up their profit margins at taxpayer expense. Suddenly the state had the power
and vendors were competing for larger but less lucrative contracts. . . .

8. Exercises

1. [Fingernails for Touchscreens] Since Apple developed its two finger movement to interface with the
cell phone software, another phone manufacturer, say Nokia, would not want to use the same finger
movements2. Suppose that a Nokia engineer comes up with the idea of using the skin of finger to
focus in on a touchscreen while the fingernail is used to focus out. These touchscreens have a metal-
lic sheet to conduct electricity. Touching on this sheet changes the conductivity pattern and these
changes are received as commands by the cell phone software. Since skin and fingernail have differ-
ent conductivity properties, they can presumably create different conductivity patterns on a sensitive
touchscreen.

2There are bunch of patent infringement cases in the cell phone domain: Eastman Kodak Co. claims Apple and (Blackberry
producer) Research In Motion Ltd. use Kodak’s patented digital-imaging technology. Nokia sued Apple for 10 patent infringe-
ments in Oct 09, Apple countersued Nokia for 13 patent infringements in Dec 2009. In Mar 2010, Apple sued HTC Corp (Google’s
Nexus One producer) for 20 iPhone-related patent infringements.
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Nokia does not produce touchscreens but buy them from Sharp. Sharp has not produced any sensi-
tive touchscreens that can differentiate between a skin’s touch and a fingernail’s touch. Nokia will
have to develop new touchscreeens by integrating Sharp into its product development process which
includes four stages: idea generation, feasibility check, design and prototyping. Consider the follow-
ing three factors: sophistication of the new component, the degree of integration of the new com-
ponent with the product, ability and experience of the supplier. Using these factors to decide and
explain at what stage of product development Nokia needs to involve Sharp.

2. [Price Masking] An OEM can use its purchasing power / leverage to buy raw materials for its sup-
plier at a low price. Such an OEM would like to hide the low price from the supplier so that the
supplier does not demand the same low price from the raw material provider. Price masking is hid-
ing this price by buying raw materials from the raw material provider and having them shipped to
the supplier. In other words, the OEM executes the entire procurement process for raw materials un-
til these materials are received by the supplier. At this recipt, the OEM charges a price to its supplier
for the raw materials.
a) What price p̄ should the OEM charge to the supplier to mask the low price it paid to the raw ma-
terial provider?
b) What is the consequence of charging a lower price than p̄?
c) What is the consequence of charging a higher price than p̄?

3. As a retailer, would you prefer a cost based or a price based contract in each of the following situa-
tions, please briefly explain:
a) Cost of the components used in supplier’s production are uncertain.
b) Supplier desires a long term contract only.
c) This is your first contract with the supplier so your trust for the supplier is limited.

4. [Sensitivity of Buyback price] Consider the buyback price b that coordinates the supply chain. Study
how b would change as each of problem parameters c, w, p increase. Then determine:
a) Should the supplier decrease the buyback price if its cost c goes up?
b) Should the supplier increase its buyback price if its wholesale price w goes up?
c) Should the supplier decrease its buyback price if market price p goes up?

5. [Dart Trains] In 2007, DART was $1 B short for building a new suburban rail line out to Irving and
Rowlett. One of the reasons for this budgetary shortage was high inflation in heavy construction
sector in 2004, 2005 and 2006.
a) In order not to have this type of budgetary shortfall, should DART sign fixed cost, inflation-
dependent cost or alterable cost contracts with the construction companies? Explain.
b) Would a construction company prefer a fixed cost contract or an inflation-dependent cost contract?
Explain.
c) Even with the inflation taken into account, we cannot explain all of $1 B shortage. Moreover, con-
struction projects almost always cost more and last longer than they were initially planned for. Is it
possible that the cost and/or duration of these projects are conciously underestimated? Who would
benefit from this underestimation?

6. After the financial crisis that started in 2006 and became visible to common public in 2008, the con-
struction activities have dropped significantly. As a result, construction costs dropped.
a) If you know that the constuction costs will drop, will you sign a fixed cost contract or an inflation-
dependent cost contract with a construction company?
b) Is it more likely for construction costs to drop or to increase?
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7. [Bullwhip effect] Using the absence of a direct connection between the bullwhip effect and the sup-
ply chain costs, explain why the bullwhip effect is not an important concept.

8. PhD Prove Proposition 3.

9. PhD Repeat the arguments for flexible quantity contracts assuming that retailer pays an additional cost
of goodwill s per unmet demand. Show that the coordinating wholesale price becomes:

w = u +
c − u

1
ℑF

(
1
ℑF−1

(
p+s−c
p+s−u

))
+ c−u

p+s−u

.

Give a verbal justification for this expression by comparing it with that of Proposition 3. See [7] for
more details.
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