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10.1 INTRODUCTION

In this review, we summarize model-based research on contracts in the sup-
ply chain setting and provide a taxonomy for work in this area. During our
discussions it became clear that the field has developed in many directions at
once. Furthermore, as we surveyed the literature, it was not obvious what
constitutes a contract in this context. While the nomenclature “supply chain
management” is relatively new, many of the problems that are addressed are
not. In particular, mathematical models for optimizing inventory control have
a long history as a significant part of the mainstream of operations research
and operations management. Inventory modeling, per se, dates to the early
part of the century and the ideas of a Westinghouse engineer named Ford Har-
ris (1915). A natural issue to address first is what is meant by supply chain
management (SCM) research and how it relates to the vast body of work con-
stituting classical inventory theory. Modern usage of the term seems to be
consistent with the following definition: a supply chain is two or more parties
linked by a flow of goods, information, and funds. One way to interpret this
is that SCM research is essentially the same as multi-echelon inventory theory,
introduced by Clark and Scarf (1960) to model logistics problems encountered
by the military. Using a dynamic programming formulation, the authors de-
rived the optimal ordering and transshipment policy for a single-product serial
system facing independent, identically distributed demand. The optimal pol-
icy is characterized by a critical “order-up-to” echelon inventory target for each
installation, where echelon inventory counts not only the local stock but also
the inventory downstream in the system. On the whole, much of the work
on multi-echelon inventory theory relies on relaxing assumptions in the ba-
sic Clark-Scarf formulation. Experience thus far suggests that optimal control
policies can be calculated only in limited settings. We direct the reader to Fed-
ergruen (1993) for a recent review of multi-echelon inventory models. Clark
(1972) is also recommended for its excellent coverage of the earlier work. While
the basic structure of the systems studied can be similar, we believe that SCM
research encompasses a much broader scope of issues than does multi-echelon
inventory theory. That is, while multi-echelon inventory theory is primarily
about controlling the timing and quantity of material flows, SCM studies this
and more. For instance, SCM treats environments in which there are multiple
decision makers, which may be different firms or different divisions within a
single firm. Behavior that is locally rational can be inefficient from a global
perspective (cf. Whang 1995), so attention turns to methods for improving
system efficiencies. Some mechanisms for making these improvements are the
contractual arrangements surveyed here. These include the reallocation of de-
cision rights, rules for sharing the costs of inventory and stockout, and policies
governing pricing to the end-customer or between supply chain partners. Rep-
resentation of the information structure and rules for information sharing are
also important, since the assumption of common information usually made in
multi-echelon inventory theory may be inaccurate in real supply chains. SCM
also considers the topology of the system; that is, the number of suppliers, dis-
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tributors or retailers. While traditional multi-echelon inventory theory tends to
deal with issues of transportation delays via lead times, modern SCM studies
the implications of alternative modes of logistics. One example is the cur-
rent trend towards the outsourcing of the logistics function to external parties
whose comparative advantage derives from scale and focus. Even the prod-
uct itself may be redesigned to affect supply chain performance improvement.
For example, several studies consider the extent to which delaying product
differentiation (“postponement”) affects volume and inventory pooling efficien-
cies within the supply chain (Lee et al 1993, Lee 1996). Of course, aspects
of these problem areas have been considered in other fields, which suggests a
distinguishing characteristic of SCM research: like supply chains themselves,
the research questions and methodologies tend to cross traditional functional
lines. As suggested above, the management of supply chains consisting of mul-
tiple agents with possibly conflicting objectives requires consideration of the
relationships among the parties. Recent research explores arrangements not
considered in traditional inventory theory. We will refer to these structures
as contracts. Because much of the research in this area is quite recent, many
of the papers discussed have not yet appeared in the open literature, and are
available as working papers only. Our including a paper in this review does
not mean we believe it to be completely correct, nor that it will eventually pass
peer review and appear in print. We believe this is the first review to try
to provide a comprehensive description and classification of the model-based
analyses of contracts in supply chain management.

10.2 SCOPE OF THE REVIEW

Before beginning our review, we note that contracts are an important area
of study in disciplines other than SCM. Contracts are, of course, a major
consideration in law, and the literature in this area is enormous. There is
also a substantial literature on contracts in the economics literature (Tirole
1988 and Katz 1989 provide excellent reviews). These bodies of work con-
tribute deep understanding of basic issues of motivation for a broad variety of
contractual structures, with particular attention to their legality, enforceabil-
ity, and ramifications for public policy and social welfare. Furthermore, they
are the source of many concepts and techniques which SCM researchers make
use of and build upon. What distinguishes SCM contract analysis may be
its focus on operational details, requiring more explicit modeling of materials
flows and complicating factors such as uncertainty in the supply or demand of
products, forecasting and the possibility of revising those forecasts, constrained
production capacity, and penalties for overtime and expediting. Due to space
limitations, we review only those papers from other fields which are consid-
ered foundational to a stream of SCM research.  Even after restricting our
search in this way, we were faced with the challenge of defining what consti-
tutes a “contracts” paper in the SCM context. This challenge arises because,
broadly speaking, all literature on inventory theory could qualify. Certainly,
the purchase of materials implies an agreement between two parties even if the
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behavior and preferences of one party are suppressed. We adopt the more
narrow definition that the analysis must explicitly offer guidance in negotiat-
ing the terms of the relationship between buyer and seller. This would mean
that classical inventory theory, in which the supply parameters (e.g. price, lead
time, bounds on order size) are typically treated as exogenous environmental
characteristics, would not satisfy this test. Thus, we review in depth only
those papers which treat the terms of the contractual relationship as decision
variables, or at the very least investigate the behavioral and performance con-
sequences of changing these terms. The specific terms on which we focus are
described later in §10.3.3.

10.3 FUNDAMENTALS OF CONTRACT ANALYSIS

In this section we describe the structure of a basic supply chain to provide
a context for the subsequent discussion. Specifically, we use this to identify
the decisions to be made, the relevant environmental components, and the
behavioral dynamics which underlie the contracts discussed.

10.3.1 Supply Chain Structure

Consider a supply chain in which an upstream party (which we refer to as
a manufacturer) provides a single product to a downstream party (which we
refer to as a retailer), who in turn serves market demand, as shown in Figure
10.1. This scenario could describe the link between any two consecutive nodes
in a supply chain, and indeed on occasion the tandem may be referred to as
supplier and manufacturer, manufacturer and distributor, or, most generally,
supplier and buyer. Researchers commonly make the following simplifying
assumptions to render the analysis more tractable. The manufacturer produces
(or acquires) the product at a constant unit cost of cand charges the retailer
a wholesale/transfer payment of W (Q) for @ units. W (Q)) may either be
exogenous, or a decision variable under the control of one of the parties. The
retailer, in turn, sells the product at a price of p per unit. Market demand,
denoted as D(p), in reality is both price-sensitive and uncertain. While some
models include both these features, it is more common to either take the retail
price as fixed and represent market demand as a random variable (as in the
operations research literature), or assume a deterministic, downward-sloping
demand curve (as in the economics and marketing literatures). In the latter
case the retailer’s decision is primarily p, whereas in the former it is Q. A
simpler underlying structure allows traditional inventory models to treat more
complex problem settings including multiple periods, continuous review, and
finite and infinite horizons. However, most contract papers assume only a
one-period problem (i.e., a newsvendor setting), since the resulting models are
often too complex to be amenable to multi-period analysis.
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Figure 10.1 The Supply Chain

10.3.2 Purposes of Contracts

To understand what motivates the parties to pursue certain contract struc-
tures, consider the simple supply chain pictured in Figure 10.1. In the best
of all possible worlds, total expected supply chain profits would be maximized
if all decisions are made by a single decision maker with access to all available
information. This is referred to as the first-best case, and is often associated
with central control. Denote the resulting expected profit as I1¢ in this case.
However, in general neither the manufacturer nor the retailer is in a position
to control the entire supply chain, and each has his own incentives and state of
information. Refer to this as a decentralized control structure, with resulting
total expected profit I1%. It is inefficient if [I* < II°.  Some contracts focus
on how II? is to be split between the two parties. We call this the risk-sharing
objective in that it provides a means for the buyer and supplier to share the
risks arising from various sources of uncertainty, e.g. market demand, selling
price, process yield, product quality, delivery time, and exchange rates. The
risk sharing motive is common in the contracts reviewed here. As an exam-
ple, suppose that the retailer is required to transmit sales forecasts upstream
to manufacturers. These forecasts are intended to assist the manufacturer to
make capacity and materials purchasing decisions. However, in most cases
no commitment is attached to these forecasts. As a result, the manufacturer
assumes a large portion of the risk of demand uncertainty. Not only might
the retailer cancel orders if demand is lower than anticipated, there is an in-
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centive for the retailer to deliberately inflate forecasts as a form of insurance.
Minimum purchase agreements or penalties for returns are often included in
contracts to protect the manufacturer against this behavior. Of course, a nec-
essary condition for the adoption of any contractual agreement is that both
parties ultimately benefit. Contracts also provide a means for bringing IT¢
closer to I1°, which we call the system-wide performance improvement objec-
tive. This is also referred to as the channel coordination objective (a phrase
coined in the marketing literature). Channel coordination may be achieved
by first identifying the intra-chain dynamics which cause the inefficiency, then
modifying the structure of the relationship to more closely align individual in-
centives with global optimization. For example, the existence of two separate
entities within the channel can lead to double marginalization, a well-known
cause of supply chain inefficiency. This notion apparently originated in the
economics literature (Spengler 1950), where the fundamental decision is usu-
ally p, and the tradeoff to be made is between the unit profit margin (which
favors higher p) and the size of the market (which favors lower p). If the
retailer pays a unit price ¢ > ¢ to the manufacturer, hence creating the two dis-
tinct profit margins referred to by the name of this phenomenon, the retailer’s
choice of p will be consistent with a profit margin of (p —t) rather than the
(p — ¢) that would be appropriate from a central planner’s perspective. Double
marginalization can also occur when p is fixed, demand is stochastic and @ is
the decision variable (more commonly assumed in the inventory management
literature). Here, the optimal @ is determined by considering the overstocking
and understocking costs. While the consequence of overstocking may be the
same whether control is centralized or decentralized, the retailer perceives an
overstock cost of (p —t) rather than (p —¢). The problem does not go away
if the manufacturer controls the order quantity decision, since the manufactur-
er’s cost of overstocking is (¢t — ¢). Many of the contractual structures recently
studied (cf. Pasternack 1985, Donohue 1996, Tsay 1996, Ha 1997a) attempt to
remedy some variant of this basic problem. Contracts also facilitate long-term
partnerships by delineating mutual concessions that favor the persistence of the
business relationship, as well as specifying penalties for non-cooperative behav-
ior. The lengthening of the time horizon may encourage parties to engage in
activities that are unfavorable in the short term but have substantial payoffs
over time. For example, chip vendor Intel might be willing to consign a large
portion of its production of a new generation of microprocessors to a single
computer maker, such as Dell, even though the chips would fetch more on the
open market. Intel’s motivation would be to build a long-term relationship in
the hope that Dell would be a volume purchaser for many years to come. In
addition to providing a reliable supply for a buyer and demand volume for a
supplier, stable partnerships can reduce transactions costs and allow for greater
cooperation (e.g. information sharing and collaborative product and process
improvement). One effort to study some of these issues is Cohen and Agrawal
(1998), which evaluates the impact of various contractual arrangements on to-
tal costs incurred by a risk-averse buyer firm. In particular, they analyze the
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tradeoffs between the flexibility offered by short-term contracts and the fixed
investments, improvement opportunities, and price certainty associated with
long-term contracts. However, few of the models we have encountered con-
sider the time horizon of the contract as a decision variable. Another important
rationale for a contract that is not typically modeled is that it makes the terms
of a relationship explicit. In fact, in the course of making legally concrete
the expectations of each party, a contract can suggest and unambiguously de-
fine quantifiable performance metrics which are prerequisite to any systematic
process improvement effort. Lead times, on-time delivery rates, and confor-
mance rates are among the metrics commonly specified in supply contracts.

10.3.3 A Classification Scheme

Having restricted our attention only to papers on “contracts” in the SCM con-
text, we still needed to determine a suitable scheme for classifying the resulting
set of papers. This was complicated by the fact that no commonly accepted
taxonomy appears to exist, and papers that purport to study contracts in sup-
ply chains consider a wide range of problems and issues. After experimenting
with several schemes, we decided to classify the literature by contract clauses.
These include:

(a) specification of decision rights,
(b) pricing,

(¢) minimum purchase commitments,
(d) quantity flexibility,

(e) buyback or returns policies,

(f) allocation rules,

(g) lead time, and

(h) quality.

Several papers were candidates for more than one of these categories. For
example, a minimum purchase commitment may also require special pricing
terms to attract the buyer. Also, virtually all contracts must explicitly spec-
ify decision rights in order to be executable. However, classification in the
“specification of decision rights” category suggests that a paper’s main thrust
is to investigate the relative desirability of alternative configurations of decision
authority. Naturally, there is an element of subjectivity in this categorization,
and there may be some clauses discussed in the literature or used in practice
that simply do not fit well into this classification scheme. However, this clas-
sification covers the majority of the research that we have seen. Below we
briefly describe the above contract clauses as they relate to the supply chain in
Figure 10.1.

(a) Specification of Decision Rights

Here the goal is to achieve specific objectives by reassigning control of the de-
cision variables. For example, although the retailer typically chooses ) and p
given the W (Q) specified by the manufacturer, there is an arrangement called
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Resale Price Maintenance (RPM) in which the manufacturer is allowed to dic-
tate conditions on the p that the retailer may charge. Likewise, Quantity
Fizing is in effect when the manufacturer exerts control over (. The issue of
local versus global control may also be interpreted as an issue of decision rights.
(b) Pricing

W (Q) is the component of the contract between the manufacturer and re-
tailer that defines the financial terms of the supply relationship. Typically,
W (Q) = F+tQ for constants F and t. F = 0 results in linear pricing, perhaps
the most commonly assumed pricing structure. A positive F', often referred to
as a franchise fee, results in “two-part tariff” pricing. Some researchers also
treat more complex pricing schemes, such as quantity discounting.

(¢) Minimum Purchase Commitments

Such an agreement requires the retailer to purchase a minimum quantity, either
within each single transaction, or cumulatively over a specified time horizon.
The manufacturer may reduce W (Q) to provide an incentive to the retailer to
agree to this arrangement.

(d) Quantity Flexibility

In a quantity flexibility clause, the quantity the retailer ultimately purchases
may deviate from a previous planning estimate, subject to certain constraints
and/or financial consequences. To properly represent such a setting requires
a stochastic demand model in which some event (such as a forecast update)
occurs within the time frame of the model to motivate the exercise of flexibility.
(e) Buyback or Returns Policies

A buyback clause is one that specifies that the retailer may return some or all
unsold product to the manufacturer, possibly for only partial credit. —Natu-
rally, mismatches between the retailer’s purchase and the market demand are
only an issue when demand is assumed random.

(f) Allocation Rules

Allocation rules specify how the manufacturer’s available stock or production
capacity is to be distributed among multiple retailers in a shortage scenario.
(g9) Lead Times

The lead time for delivery of product from the manufacturer to the retailer is
treated in traditional inventory models as either a fixed constant (one special
case being zero), or a realization of a random variable. This clause highlights
the possible benefits of adjusting that lead time via a contractual agreement.
(h) Quality

Any supply relationship is premised on the quality of the delivered product.
The specific notion of quality may be formalized within the contract.

10.4 REVIEW OF THE LITERATURE

In this section we review the current literature on contracts in supply chains.
Each paper will be classified into one of the above categories and briefly sum-
marized.
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10.4.1 Specification of Decision Rights

While most of the vast multi-echelon inventory literature presumes central con-
trol (e.g. Clark and Scarf 1960, Bessler and Veinott 1966, Eppen and Schrage
1981, Federgruen and Zipkin 1984, Rosling 1989), some recent works have pro-
ceeded under the realization that localization of decision-making authority may
be necessary for large enterprises operating in complex environments. This
creates a different set of challenges. Conflicts in the interests of the different
parties may lead to inefficiency. Double marginalization, as described earlier,
can be interpreted in this way. Or, in a setting of information asymmetry, a
key decision may be under the purview of a party with inferior information.
Yet shifting control to the better-informed party may engender opportunistic
behavior since self-interested actions might be undetectable. Hence, careful
consideration of information and incentives is central to all attempts to im-
prove supply chain performance by reconfiguration of decision rights. We note
that the economics literature has contributed a great deal to the understand-
ing of such possibilities, including the phenomena of Resale Price Maintenance
(RPM) and Quantity Fixing. Rather than summarize this vast literature, we
refer the reader to Katz (1989) for a review. In this section we first describe
four papers that propose ways to facilitate the shift from centralized to decen-
tralized control of a supply chain, followed by those which focus on solutions
which transfer decision rights among the various independent agents. Lee and
Whang (1997) consider the problem of coordinating a decentralized version of
the Clark-Scarf serial system. While each site incurs a holding cost, only the
site serving the end customer faces a shortage cost. As a result, the upstream
sites will carry less buffer inventory than may be best for the system as a
whole. Realizing this, the site furthest downstream tends to carry extra inven-
tory, which is inefficient since finished goods usually are most costly to hold.
The authors propose rules for performance measurement and accountability,
which have the following desirable properties: (i) cost conservation (i.e., all
costs can be traced to individual sites without the need for subsidies or taxes
from the central planner), (ii) incentive compatibility (i.e., what is optimal for
each individual manager is also optimal for the system as a whole), and (iii)
information decentralizability (i.e., the rules can be implemented using local
information only). Their scheme involves a consignment policy for redistrib-
uting inventory carrying costs among the sites, an additional backlog penalty
paid to an upstream site by its direct customer, and a shortage reimbursement
paid to a downstream site by its direct supplier. No markups are added to the
transfer prices. However, implementing this scheme requires common knowl-
edge about the demand distribution. Kumar et al (1996) consider a similar
problem but use a different set of control mechanisms for coordination: (i) an
internal transfer price and a shortage penalty imposed on the upstream site,
and (ii) a service level constraint imposed on the upstream site. For the same
model as Lee and Whang (1997), except with delays between the transmission
and receipt of orders between sites, Chen (1997) restores system-optimal per-
formance using a measurement scheme based on “accounting inventory”. A
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division’s accounting inventory is its on-hand stock minus backlogs of orders
placed by the downstream site, under the assumption that the upstream divi-
sion is perfectly reliable. Porteus and Whang (1991) describe the conflicts of
interest between the manufacturing and marketing divisions of a firm (which
can be interpreted loosely as a “supply chain”) over the production capacity
decision. These conflicts can be reconciled by establishing an internal futures
market for capacity. While the discussion in each of these papers concerns the
coordination of individual agents within a single organization, we include them
here because with merely a slight change in interpretation the mechanisms are
equivalent to contracts. We now turn our attention to models in which con-
trol of certain decisions is transferred from one independent party to another.
The focus of Blair and Lewis (1994) is on designing efficient contracts for a
one-manufacturer, one-retailer system, where the manufacturer cannot observe
the demand or the retailer’s service effort. This introduces both information
asymmetry and moral hazard. Market demand (@) is assumed to be a function
of the retail price (p), the retailer’s service effort (X) and some exogenous para-
meter (6), which is known only to the retailer and reported to the manufacturer
at the time of contracting. The retailer’s cost for service is assumed to be X.
Demand is deterministic, and inventory considerations are ignored. The re-
tailer learns about 6 and reports it to the manager (not necessarily truthfully),
who in turn offers a menu of contracts from which the retailer selects one. The
retailer then chooses his service effort. Assuming full information, first-best
performance can be attained when the manufacturer charges a franchise fee
and the retailer sets the price, service effort and quantity. However, under
information asymmetry and moral hazard, the efficient contracts require some
form of resale price maintenance and quantity fixing. The structure is shown
to depend upon how the impact of market demand on the retailer’s optimal
promotion varies with price and quantity, i.e., upon the signs of 92X/dpd¢
and 02X /0Q00. When both these derivatives are zero, there exists a contract
that will induce the retailer to select the first-best price, quantity and effort
level. Otherwise, the manufacturer must impose a ceiling or floor on the retail-
er’s price, and use quantity fixing/rationing. Ha (1997a) studies the effect of
decision rights in the presence of information asymmetry regarding the down-
stream member’s production cost in an environment of demand uncertainty.
He considers a two-member channel similar to that of Blair and Lewis (1994),
but allows customer demand to be random and price-dependent, modeled as
D = u(p)+Y, where p(p) is deterministic and Y is random and independent of
p. First, the author argues that under complete information, coordination can
be achieved by various contractual arrangements: quantity fixing, franchising,
or a returns policy with price fixing. Then, he considers the case in which
the downstream member’s variable production cost is private information (the
upstream member has a probability distribution for this cost). Here, coordi-
nation can be achieved with a nonlinear pricing scheme with price fixing, in
which the upstream member offers a menu of contracts that specifies the retail
price, order quantity and a fixed fee. Narayanan and Raman (1997) focus
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on the discrepancy between the impacts perceived by the manufacturer and
the retailer when the retailer stocks out of a product. Typical retailers carry
products that substitute for that of a given manufacturer, so tend to stock less
of that product than may be optimal for the manufacturer. In a newsvendor
framework with complete information, the authors assume a market demand
consisting of a deterministic component (a linear function of the manufacturer’s
promotional effort) and a component that is uniformly distributed between 0
and 1. The cost of the effort is modeled as the square of the effort level. The
retail price is fixed. They compare the optimal stock levels and channel profit
for three scenarios: (i) the first-best case (a vertically integrated channel that
manufactures and retails the product and its substitutes), (ii) “retailer man-
aged inventory” (RMI), in which the retailer controls the inventory decisions,
and (iii) “vendor managed inventory” (VMI), in which the manufacturer has
the control. This abstraction of VMI is analogous to what is known in the
economics literature as Quantity Fixing. The authors show that VMI may or
may not do better than RMI, but VMI’s relative performance improves as the
manufacturer’s influence over demand increases. Finally, Agrawal and Tsay
(1998) attempt to generalize the discussion on decision rights by focusing on
the effect of intra-organizational goal incongruence on contract efficiency. They
consider a single-period model of a supply chain consisting of an independent
manufacturer and retailer. The retailer serves a price-sensitive stochastic de-
mand of the form D = N - g(p), where N is random and g(p) is a deterministic
downward-sloping function of the retail price, p. Each party seeks to maximize
its individual expected profits. However, the operational-level decisions in the
retail organization (pricing and stocking level) are delegated by the owner to a
manager whose compensation scheme induces behavior inconsistent with this
objective. In particular, this manager is interested in maximizing the proba-
bility of meeting or exceeding a target profit level specified by the owner. The
authors study how this impacts the behaviors and outcomes on both sides of
the supply contract. Further, in order to determine the consequences for the
welfare of end customers, they define the notion of expected consumer surplus.
Their analysis evaluates the preferences of the various parties for wholesale and
retail prices, inventory levels, and product and customer types. Certain impli-
cations for supply chain strategy are suggested: increasing the profitability of a
supply chain need not be at the expense of the end customer, and coordination
of goals within an organization does not necessarily improve the supply chain
efficiency. Industry case studies in which significant supply chain benefits have
accrued in conjunction with the reallocation of decision rights include the Ven-
dor Managed Inventory agreements between Proctor & Gamble and WalMart
and between Levi Strauss and some of its retail partners, the Efficient Con-
sumer Response initiative in the grocery industry, and the JIT II movement
pursued by some manufacturing companies. On the other hand, obstacles to
such programs are also well documented, as in the case of Barilla SpA, the
world’s largest pasta manufacturer. Its Just-in-Time Distribution program
was resisted by its distributors as well as its own personnel (Hammond 1994).
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The transfer of inventory stocking decision rights to Barilla was perceived by
the distributors as a strategic threat. Internally, the sales organization also
opposed this program out of fear that it might adversely affect their incentive
systems. Modeling of such implementation issues is an area for future research.

10.4.2  Pricing

In most of the traditional inventory models, W (Q) is specified and is not sub-
ject to negotiation between the buyer and the seller. More recently, some
researchers have considered this cost schedule as a means to modifying the
behavior of one or both parties. In particular, they have considered the use
of quantity discounting as a coordination mechanism. One stream of such
research includes Monahan (1984), Rosenblatt and Lee (1985), Lee and Rosen-
blatt (1986), and Banerjee (1986). Monahan (1984) considers the economic
implication of offering quantity discounts to the (single) buyer from the suppli-
er’s point of view. Assuming that the supplier follows a lot-for-lot policy, he
shows that a sufficient discount can induce the buyer to order a quantity that
increases the supplier’s net profit. This modified quantity is related to the
buyer’s original economic order quantity by a factor that depends only upon
the ratio of the fixed ordering costs of the two parties. Lee and Rosenblatt
(1986) extend Monahan’s model to include the supplier’s lot sizing decision,
by considering the inventory carrying and fixed costs incurred by the supplier.
Instead of the all-units discount schedule featured in both these papers, Rosen-
blatt and Lee (1985) study a linear discount schedule in the same setting as Lee
and Rosenblatt (1986). Interestingly, here the benefits do not all accrue to the
supplier (as in Monahan 1984 and Lee and Rosenblatt 1986), but instead both
parties can benefit. Bannerjee (1986) takes the perspective of a central decision
maker who can jointly optimize the total of both parties’ costs. He computes
the joint economic lot-size, quantifies the resulting benefit to the buyer and the
supplier, and determines the optimal quantity discount schedule. The preced-
ing papers all assume deterministic and price-independent demand, and allow
no shortages. The papers reviewed next relax some of these earlier assump-
tions. A seminal paper considering the role of pricing in channel coordination is
Jeuland and Shugan (1983), which appears in the marketing literature. They
primarily consider a two-member channel facing deterministic market demand,
assumed to be a function of the retailer’s selling price (p) and service (s), where
the latter costs s. The production cost is C (Q), a function of the manufac-
turer’s product quality (Q). By comparing the optimality conditions with and
without coordination, they show that absent coordination, the manufacturer
has the motive to raise his price markup above first-best level. At the same
time, he will set levels of quality and all other promotional variables that are
below the first-best level. The same is true of the retailer. The authors then
go on to show how a quantity discount scheme can coordinate the channel, and
also share the efficiency gains. However, they acknowledge practical and legal
barriers to implementation: in particular, determining the parameters of their
scheme will require all costs to be common knowledge of both parties. Moorthy
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(1987) offers other schemes which can coordinate the channel of Jeuland and
Shugan (1983) and are easier to implement. In particular, he argues that a
two-part tariff is superior to quantity discounting because it is simpler, it sep-
arates the coordination problem from the profit-sharing problem (coordination
is achieved by setting the wholesale price equal to the manufacturer’s variable
cost, and the lump-sum transfer allows the profits to be split arbitrarily), and
leads to fewer legal problems (charging all retailers the same wholesale cost
is more consistent with the Robinson-Patman Act). Many subsequent pa-
pers in the marketing literature have considered variants of this model. Weng
(1995) extends Jeuland and Shugan (1983) by specifically incorporating the
mechanisms that determine the relationship between operating decisions (such
as order quantities and selling prices) and profits (revenues less inventory and
setup costs, calculated using the typical EOQ framework) for a buyer and a
supplier, and deriving pricing policies between them that can coordinate the
channel’s activities. The buyer determines the size of the order placed with
the supplier and the selling price charged to customers. Customer demand
is a known, deterministic function of that selling price. The supplier, whose
profits depend upon the buyer’s decisions, controls the transfer price and his
own production lot size. All data are assumed to be common knowledge. The
focus of the analysis is on determining how to implement a mechanism to divide
the additional profits generated through coordination. Under the assumption
that the buyer will receive a fixed fraction of the incremental profit, the author
shows that a quantity discount for the buyer along with a franchise fee paid to
the supplier is sufficient to induce the buyer to make decisions that lead to joint
profit maximization. Further, he shows that the form of the quantity discount
scheme (all-units vs. incremental quantity discount) is not critical to achieving
channel coordination. The dependence of customer demand on price and of
operating costs on order quantity are the critical factors. Weng (1997a) also
treats a newsvendor model in which the goal is to coordinate the decisions of
the manufacturer and the retailer (which he calls the distributor) via pricing.
The one-period demand is assumed to follow a phase-type distribution and in-
cludes a functional form that is an explicit function of the distributor’s selling
price. He compares the system performance when the manufacturer and retailer
independently choose prices to that when production and ordering is jointly co-
ordinated. He shows how coordination increases system profits and how the
magnitude of the increase depends on the various system parameters. Weng
(1997b) treats a problem similar to that considered in Weng (1997a), except
with somewhat different assumptions regarding the costs and objectives. He
assumes a quadratic manufacturer’s cost function, and a service level constraint
at the retailer level rather than a stockout cost. He derives the optimal system-
wide policy and the transfer price between the manufacturer and retailer that
achieves that policy. Weng (1997¢) includes demand uncertainty in the con-
text examined in Weng (1995). However, a number of simplifying assumptions
have been made to facilitate the analysis. A single-period model (newsvendor
type) is assumed, and both the transfer price and retail price are exogenous.
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The manufacturer produces to order (with a fixed setup cost), and produces a
second run at the end of the season to cover unmet demand (at a higher cost).
Thus, the only decisions are the buyer’s two order quantities. As in Weng
(1995), the objective of the paper is to determine a pricing scheme to allocate
the additional profits that result from coordination. Assuming an all-units
discounting policy, the author shows that coordination increases the number
of units produced by the manufacturer and held by the retailer. However, the
increase in the system profit may not always be substantial. Corbett and de
Groote (1997) consider a two-member channel in a deterministic EOQ-type of
environment, where all information is common except the buyer’s holding cost.
The supplier assumes a probability distribution on this holding cost. The au-
thors compare the supplier’s optimal contracts under full information to those
under asymmetric information, both with and without coordination. These in-
clude contracts with a fixed cost transfer, one-step quantity discount, and with
full cost transfer. As expected, all these contracts are equivalent under full
information. However, under asymmetric information, only full cost transfer
to the buyer is system-optimal. It is also the buyer’s preferred scheme, while
the supplier is indifferent between it and a one-step quantity discount.

10.4.3 Minimum Purchase Commitments

Traditional inventory theory generally assumes that the buyer can order any
quantity from the supplier at any time. Certainly the buyer prefers to avoid
any constraints on his ability to meet his own customers’ demand in an eco-
nomical way. However, this may be undesirable from the supplier’s point of
view for a variety of reasons. For instance, suppose a buyer facing uncer-
tain demand places orders according to an (s,.S5) policy. The variance of the
resulting orders will exceed the demand variance since the buyer makes no or-
der in many periods, waiting until cumulative demand over a period of time
is sufficiently large. Amplification of demand variance is referred to as the
“pbullwhip effect” (see Lee et al 1997), and is undesirable upstream since, gen-
erally speaking, the supplier’s costs increase with the order variance. This is
due, for instance, to the increased need for inventory buffers and/or the more
tentative scheduling of machine and labor capacity that may result. Even
when the buyer’s demand is certain, the supplier’s production costs may be
lower when the order is larger than what the buyer may consider to be opti-
mal. One response to this conflict is an agreement in which the buyer agrees
in advance to accept delivery of at least a certain quantity of stock, either in
each individual order or cumulatively over some period of time. Depending on
the relative strategic power of the parties, the seller may offer the buyer some
forms of inducement, the most natural of which is a lower unit cost on items
purchased under the contract. Incorporation of a lower bound on the buyer’s
purchase quantity is fairly straightforward in many settings, for instance when
the problem can be specified in the EOQ framework (cf. Nahmias 1997) or as a
single-period newsvendor model (cf. Porteus 1990). We refrain from reviewing
such models. Additionally, while some quantity flexibility contracts contain
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components which resemble minimum purchase commitments, we present them
separately since the emphasis in modeling those structures is on the revision
of orders. Here we discuss some recent papers that consider the choice to
install a minimum purchase agreement in multi-period settings with demand
uncertainty. Anupindi and Akella (1993) cast the problem as a stochastic finite
horizon model in which the buyer agrees to accept delivery of a fixed quantity
of goods in each period. Discounts are given based on the level of this fixed
commitment. The buyer can purchase extra units at a price premium. While
the supplier guarantees the availability of the previously committed quantities,
the additional units might not be delivered immediately. Thus, delivery of the
additional units is expensive and uncertain. The authors prove that a modified
S-type policy is optimal for this problem. Moinzadeh and Nahmias (1997) treat
the same general problem (the minimum commitment per period, @, is given),
but with both fixed and proportional penalties for adjustments, and over an
infinite rather than finite horizon. Delivery of the additional units is assured.
The authors contend (but do not formally prove) that a type of (s, S) policy is
optimal: if the inventory on-hand just prior to a delivery is less than s, adjust
so that the total inventory after delivery is S. Assuming normal demand, they
develop a diffusion approximation of the system, which allows efficient approx-
imation of both s and S. They show that this type of contract results in order
variance lower than under conventional Sor (s,S) policies. Hence, the fixed
delivery contract serves as a risk sharing mechanism. While the preceding two
papers assume a constraint on every period’s purchase, the agreement in Bassok
and Anupindi (1997a) applies to the cumulative purchase (at least Ky units)
over a given planning horizon of N periods. Demand is assumed to be a se-
quence of independent, identically distributed random variables. The authors
prove inductively that the buyer’s optimal policy in each period is a modified S
policy. Letting (I, K;,) be the on-hand inventory and the minimum remaining
purchase commitment when n periods are left, the optimal policy is defined by
constants S,, and SM (S,, < SM) in the following way:

if I,, < (Sp — K,,), then order up to S;

if (S, —Kp) <I,< (SM — Kn),then order exactly Kp;
if (Sapr — K,) < I, < Swyr, then order up to Sys; and

if Syr < I, then do not order.

The impact of unit cost discounts on the buyer’s total cost is described. The
computations show that the advantages of the unit discount drop off quickly
on approaching a particular quantity, which depends on the parameters of the
problem. The buyer should never commit to more than this quantity. Cachon
and Lariviere (1997a) consider the problem faced by a manufacturer who faces
uncertain demand for a component that is purchased from an external sup-
plier. The manufacturer must offer a contract to the supplier for production
capacity that must be built before the uncertain demand is observed. = Ob-
viously, the manufacturer would like the supplier to build ample capacity, but
wishes to avoid the cost of excess. Under the simplifying assumption that the
demand is a Bernoulli random variable, the authors show that termination fee
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contracts are equivalent to minimum purchase contracts in this setting. Under
the former, in addition to a unit cost, the manufacturer pays a cancellation
fee per unit for all units not purchased if he takes delivery of fewer than the
agreed-upon number of units. Under the latter, the manufacturer guarantees
a minimum purchase amount and pays a penalty per unit if he takes deliv-
ery of fewer than the guaranteed number of units. Further, the appropriate
contract terms depend upon both the information available to the parties as
well as the enforceability of the contract. When the demand distribution is
known to all, the manufacturer offers such contracts only if he is able to force
compliance and verify the supplier’s capacity choice. Since such contracts re-
quire the manufacturer to share some risk, they simply add to his costs in this
case. The manufacturer should, therefore, simply offer a price-only contract.
However, when the manufacturer is privately informed about the demand dis-
tribution, he may offer a cancellation fee or a minimum purchase contract to
convey information credibly, even when he must rely on the supplier’s voluntary
compliance.

10.4.4 Quantity Flexibility

A Quantity Flexibility (QF) clause defines terms under which the quantity a
buyer ultimately obtains may deviate from a previous planning estimate. The
conditions can include limits on the range of allowable changes, pricing rules,
or both. The motivation for each party to agree to such a clause depends on
the nature of the alternative. The benefit to the buyer is clear if the clause
ensures a degree of flexibility where previously there was none. This implies a
willingness to pay a higher cost on all units and/or for each unit of deviation
from the initial estimate. Indeed, some premium would be necessary to com-
pensate the supplier for the increased exposure to demand risk. On the other
hand, some buyers enjoy the strategic power to affect flexibility without the au-
thority of a formal agreement. As noted earlier, when a buyer’s estimate does
not entail enforceable commitment, buyers commonly overstate their intended
purchase, only to refuse undesired product later on. In this context, the clause
is a way to encourage the buyer to forecast and plan more deliberately and
honestly. In exchange, the supplier might need to provide a price break to give
the buyer an incentive to participate. Either way, a QF clause has risk-sharing
intent, and the hope is that the agreement can make both parties better off.
Typical research questions to ask of QF settings include: (1) how should the
buyer behave (i.e. forecast and purchase) given the available flexibility, (2)
how should the supplier behave given the flexibility promised the buyer, (3)
what would be the cost or benefit to each party of changes to parameters of
the agreement, e.g. a flexibility bound or pricing term. Attempts to address
these questions rigorously for the various types of QF clauses share a number of
modeling challenges. Because the exercise of flexibility implies reconsideration
of a prior decision, even the simplest model requires at least two decisions on
the part of the buyer for each purchase: there is an initial inventory decision,
and then a revision conditional on whatever new information about demand
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should become available. The first decision must properly anticipate the sec-
ond for all contingencies, since the two are linked by the terms of the QF clause.
Dimensionality of the decision space is an obstacle to analytical solution, as is
the machinery required to represent updating of a stochastic demand. For
these reasons, the available models tend to be very stylized, e.g. a selling sea-
son represented by a single random variable with a distribution amenable to
Bayesian updating. Furthermore, most models focus only on the buyer’s per-
spective, since the supplier’s problem is even more complex. As is well known
from multi-echelon inventory theory, fairly simple multi-level systems using
relatively straightforward operating policies often yield demand processes at
upper levels which are analytically quite difficult to characterize (cf. Schwarz
1981). Here, the informational dynamics of market demand are already an
issue, and the buyer’s ability to revise purchase quantities only adds complex-
ity. Below we describe efforts to model contracts containing variants of the
QF structure. “Backup agreements,” which have been observed in the fashion
apparel industry, are the focus of Eppen and Iyer (1997). Such agreements are
parametrized by (p,c). Prior to the selling season, the buyer (e.g. a mail-order
retailer) commits to y units for the season, and takes immediate ownership of
(1 — p)y at unit price c. After observing the first two weeks of sales data (ap-
proximately 10% of total sales), which is used to perform a Bayesian update
on the prior distribution of the total season’s demand (modeled as a negative
binomial random variable), the buyer can order up to the remaining py for the
original price and receive quick delivery. There is a penalty cost of b for any
of the backup units not purchased. The analysis suggests that the buyer’s
optimal strategy has “order-up-to” structure, meaning that each of the two de-
cisions has some target threshold. The second is obtained as a critical fractile
of the distribution of remaining demand conditional on the early sales, while
the first does not have a simple solution. Some comparative statics properties
of these thresholds are provided. While the bulk of the analysis focuses on
the buyer’s side, this paper reports that for certain parameter combinations,
the backup agreement contract can improve profits for both parties relative
to a setting with no backup agreement. In Anupindi and Bassok (1995), the
supply contract commits the buyer to purchase at least a given total quantity
of a single product over a finite time horizon. A certain additional volume is
also available at the same price, beyond which a higher price is charged. This
paper derives the purchase policy that minimizes the buyer’s total costs (pur-
chase, holding, and backorder) under stationary and random demand, which is
shown to be of modified order-up-to structure. The critical values are related
to those obtained by solving a standard finite horizon model with no commit-
ments and a single price. Bassok and Anupindi (1995) consider forecasting
and purchasing behavior in an arrangement in which the buyer initially fore-
casts its period-by-period purchases over a T-period horizon, then may revise
each period’s purchase one time within specified percentage bounds. Demands
are non-stationary but independent. Because information about that demand
never changes, the adjustment in period n is a response to the demand realiza-
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tions and purchases made in periods 1 through (n —1). With linear holding
and shortage costs, and complete backordering from month to month, their
objective is to solve for: (i) the purchase estimates prior to period 1, and (ii)
each period’s actual purchase. The authors discovered this problem to be very
complex, and ultimately proposed a heuristic policy, constructed numerically.
No special structure to this policy was reported. Milner and Rosenblatt (1997)
analyze a setting in which the buyer places orders for two periods, and may
then adjust the second order after observing demand in the first period. This
differs from the contract in Bassok and Anupindi (1995) in that there is per-
unit penalty for any adjustments. They describe the optimal behavior of the
buyer, both in the initial orders and the subsequent adjustment. As in Bassok
and Anupindi (1995), beliefs about the second period’s demand do not change
between the time of the initial order and the adjustment, so what drives the
use of flexibility in period 2 is purely the discrepancy between the purchase and
the demand outcome in period 1. The optimal adjustment is characterized by
a range [L,U], whose endpoints are simple functions of the cost parameters
and the demand distributions. If the pre-adjustment inventory position on
entering the second period falls in this interval, no adjustment should be made;
otherwise, adjust to get to the closest boundary of the interval. Closed forms
are not available for the optimal initial orders, but some structural properties
and comparative statics results are presented, all of which are consistent with
intuition. Finally, parameter combinations are derived which characterize the
buyer’s preference for either the flexible contract, a non-flexible contract, or no
contract at all (assumed to allow adjustment without financial consequence).
The supplier’s preferences are not considered. Barnes-Schuster et al (1998) ex-
amine the use of options for supplier capacity as a means of affecting flexibility
for the buyer. Here, a selling season is divided into two periods of correlated
demands. Excess demand is backordered after period 1, and lost after period 2.
Prior to the first period, the buyer places firm orders for both periods, and also
purchases options which reserve additional supply in period 2. After observing
the period 1 demand, the buyer has the prerogative to exercise some number of
the options (at an additional fee), or let them expire, thereby losing the reser-
vation fee but avoiding any additional cost that would have been incurred had
actual production been commissioned initially. The supplier is obligated to
position raw materials to the maximum buyer request (firm orders + options),
but may convert these to finished product at two different points in time at
different costs. A cheaper mode of production is available only immediately
after the buyer’s initial orders, while more costly production, if necessary, oc-
curs after the buyer has exercised any options. The supplier dictates the price
terms of the contract (wholesale price, option price, exercise price). Examin-
ing the efficiency of the contract form, this paper concludes that linear prices
cannot coordinate the channel in a way that offers the supplier positive profits,
and then proposes various quantity discount schemes that achieve this goal.
The cost ramifications for both parties under linear pricing are characterized
numerically. Finally, the decision of when to update demand is analyzed nu-
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merically by dividing the time horizon into several subintervals. In contrast
to the more common assumption in which the procurement price of a required
component is either a decision variable or an exogenous parameter, in Li and
Kouvelis (1997) what motivates a buyer’s desire for flexibility is uncertainty in
that price (modeled as a geometric Brownian motion with drift). The main
thrust of this paper is to evaluate the value of flexibility in quantity and time,
and determine when each form might be the more desirable contract struc-
ture conditional on the cost parameters, the design of the risk-sharing price
arrangement, and the dynamics of the anticipated price fluctuations. In the
model setting, the buyer must procure exactly D units by time T under pricing
terms specified in the supply contract at time 0, and is interested in selecting a
favorable flexibility arrangement to minimize his own expected purchasing and
inventory costs. Possible arrangements that are considered in various com-
binations are: (1) a “time-inflexible contract”, in which the buyer must state
up front the purchase times, (2) a “time-flexible contract”, in which the buyer
may observe price movements and decide dynamically when to buy, and (3)
a “quantity flexible contract”, in which the buyer chooses a @ at time 0 that
entails commitment to purchase an amount in the window [(1 — ) @, Q] for a
given a. The analysis determines the timing and quantity of purchases that
minimize the buyer’s expected net present value of purchase and holding costs.
Given a single supplier that offers no quantity flexibility and sells at exactly the
market price, the buyer’s optimal strategy is shown to be invariant to the exis-
tence of any time flexibility. The buyer will purchase the full amount either at
time O or time 7', the choice of which depends on the holding cost, the discount
rate, the drift parameter of the price process, and the value of T. However, if
the contract price is distinguished from the market price, for example through
an agreement that transfers some of the fluctuation risk to the supplier, then
the optimal strategy must be obtained computationally. This is done via a
discretization of the geometric Brownian motion into a random-walk type of
process. Quantity flexibility is analyzed in the two-supplier case, where the
suppliers are assumed to exist in different markets with separate but correlated
prices. Tsay (1996) models the incentives of both the supplier and the buyer
in a setting in which the buyer first estimates a purchase quantity for a given
selling season, the supplier then commits to production, and finally the buyer
makes his actual purchase (which may differ from the estimate) in light of up-
dated information about a stochastic market demand. System inefficiency can
result in such an environment because, as noted earlier, the buyer might be
expected to inflate the initial estimate. The root cause of this behavior can
be linked to the phenomenon of double marginalization. This paper considers
a QF contract which couples the buyer’s commitment to purchase no less than
a certain percentage below the initial estimate with the supplier’s guarantee
to deliver up to a certain percentage above. There is no penalty for making
adjustments within the defined range. In conjunction with an appropriately
chosen unit price, this contract structure is shown to be able to allocate the
costs of market demand uncertainty so as to coordinate the individually moti-
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vated supplier and buyer to the system-wide optimal outcome. The structural
properties of efficient QF contracts are characterized, as is the mechanism for
allocating efficiency gains. Bassok and Anupindi (1997b) analyze the buyer’s
side of the percentage flexibility contract studied in Tsay (1996), generalizing
to an ongoing supply relationship in which planning for multiple future periods
is performed in a rolling-horizon fashion. At each period, the buyer makes a
purchase, and also provides estimates of purchases to be made in subsequent
periods. The contract defines percentage limits on how these estimates may
be revised from one planning iteration to the next. Demand is assumed to
be independent and stationary, with known distributions. Shortages are com-
pletely backordered, and holding and backordering costs are linear. Because
the decision space becomes substantially more complex, a heuristic forecast and
purchase algorithm is proposed and defended by simulation analysis. Simu-
lation experiments are also used to characterize the value to the buyer of a
certain amount of flexibility and the variability of buyer purchases as a func-
tion of flexibility. Tsay and Lovejoy (1998) consider the rolling-horizon QF
contract in a multi-echelon setting, allowing for non-stationary demand with
information updating. At period ¢, the buyer states to the supplier the vector

{r(t)} = [ro(t),r1(t),r2(), -],
where

ro (t) = actual purchase in period ¢
r; (t) = estimate of purchase to be made in period (¢ + j), for eachj > 1.

The QF contract between the buyer and the supplier is parametrized by (o, w),
where o = [, g, ...] and w = [wy,ws, ...]. This describes how much flexibility
the buyer enjoys in revising {r (#)} going forward in time. Specifically, for each
tand j > 1:

1 —wilr () <rja(E+1) < [L+a5]r;(2).

{r (t)} is the only information available to the supplier concerning the buyer’s
purchases, and any revisions are allowed provided that they observe the stated
bounds.  The analysis provides heuristics based on Open-Loop-Feedback-
Control logic indicating how the buyer should construct {r (¢)} in light of the
statistics of market demand and the flexibility parameters, as well as how the
supplier should behave (i.e. submit orders and forecasts to its own upstream
supplier, with whom there may be a separate QF contract) in order to fulfill
its contractual commitment to support the buyer’s order sequence. Atten-
tion is then given to how the flexibility characteristics of the system impact
the inventory and service patterns, as well as how order variability propagates
along a multi-level supply chain. Simulation experiments suggest that QF con-
tracts can dampen the transmission of order variability throughout the chain,
thus potentially retarding the well-known “bullwhip effect”. This paper also
addresses the issue of contract specification. A nonlinear programming for-
mulation is provided for answering the channel coordination question: if the
supplier and buyer are both independently managed units of the same firm,
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how might a central planner specify the internal contract to achieve good joint
performance? Also, an investigation of the value of flexibility to a buyer in-
dicates that flexibility increases in value as the market environment becomes
more volatile, and that this value observes a principle of diminishing returns.
Anupindi and Bassok (1997) is the only paper among those reviewed here which
analyzes flexibility contracts in a multi-product context. The contract requires
the buyer to commit to a minimum cumulative dollar value of purchases dur-
ing a specified time horizon to be eligible for a percentage discount off regular
prices. The discount is available only for purchase volumes up to a certain
fraction above the minimum commitment, with the regular price charged for
any additional purchases. Again, because of problem complexity, a heuristic
algorithm is used by the buyer. Numerical studies indicate that a policy which
commits to a total dollar value that is the sum of the mean dollar volumes for
the individual products performs relatively well. Moreover, the flexibility to
increase purchases at the lower price is not particularly critical. This is because
risk pooling across demands in different periods for various products already
provides sufficient flexibility.

10.4.5 Buyback or Returns Policies

A buyback or return clause establishes who bears responsibility for unsold in-
ventory, and to what extent. One can make an analogy between buyback
clauses and QF clauses, in that both structures lay out ground rules for the
buyer to end up with an amount that is potentially less than his prior estimate.
A subtle difference is that buybacks generally take place after demand has been
observed, whereas QF-style order reductions may be executed while demand
uncertainty remains. Nevertheless, many of the modeling issues discussed in
the previous section also apply here. Analytical treatment of buybacks first
appeared in the marketing literature, in Pasternack (1985). In this paper a
manufacturer produces a commodity for sale to a retailer. The item has a
relatively short shelf or demand life, and the retailer places only one order
with the manufacturer. The manufacturer sets the wholesale price and the
market selling price is fixed, so the only decision for the retailer is the order
quantity. Using a single-period, newsvendor-style model, the author charac-
terizes potential inefficiencies within this channel that are essentially due to
double marginalization, and finds that neither a policy of allowing for unlim-
ited returns at full credit nor one which allows for no returns is efficient. He
determines that coordination of the channel can be achieved by a buyback
clause which allows full return at a partial refund, and that the efficient prices
(wholesale and buyback) can be set in a way that guarantees Pareto improve-
ment. A key result is that the channel-coordinating prices are independent of
the market demand distribution. This is significant in that the manufacturer
need not know the market demand distribution in order to implement an effi-
cient contract, although this remains necessary in order to properly value and
allocate efficiency gains in a way that will insure the retailer’s participation. In
the economics literature, Kandel (1996) extends Pasternack (1985) by modeling
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price-sensitivity in end customer demand, with a general downward-sloping ex-
pression for the expected demand. Hence, the retailer must also set the retail
price. The author confirms that Pasternack’s results proving the inefliciency of
certain decision structures generalize to this setting, and proposes two arrange-
ments under which coordination can be achieved. The first assumes that the
manufacturer can additionally impose a resale price maintenance contract on
the retailer, in which case a consignment agreement (full returns for full credit)
is efficient. This allows the manufacturer to impose the channel-optimal retail
price, and leads the retailer to choose the channel-optimal quantity. Here, the
retailer makes zero profit and the manufacturer retains all profits of the coor-
dinated channel. Alternatively, the manufacturer can charge a wholesale price
of exactly the marginal production cost, rendering the retailer’s decision prob-
lem identical to that of the integrated channel. The profits of a coordinated
channel accrue entirely to the retailer in this case. The author concludes with
conjectures regarding the impacts of risk-aversion of either party, consideration
of additional variables such as the manufacturer’s choice of product quality
and the retailer’s promotions effort, information asymmetry, the elasticity of
market demand, and the stability of market demand over time. Emmons and
Gilbert (1998) generalize Pasternack (1985) in much the same way as does Kan-
del (1996), however assuming a specific multiplicative form of demand model.
One result that is enabled by the functional assumption is that for a given
transfer price, the offer to buy back excess stock tends to increase the total
profits of the channel. Donohue (1996) studies buyback contracts within two
different two-stage production environments. In the first, the supplier offers
the product for delivery at two different lead times. The buyer commits in
advance to a quantity of the long-lead time item at a given wholesale price.
After revising his demand forecast to reflect information gathered prior to the
season, the buyer can place an additional order for short-lead time delivery
at a different wholesale price. At the end of the season, the manufacturer
takes back any unsold items at a third price. The author first finds that
the buyer’s optimal ordering policy has order-up-to structure, then determines
the three price parameters that will result in the same system profit as the
optimal centralized solution. Similar analysis is performed for the second set-
ting, an assemble-to-order context in which some critical component must be
prepositioned. Whereas coordination in the first environment entails a sort
of minimum purchase commitment in the initial purchase, in the second envi-
ronment there is an option-like arrangement which communicates a maximum
purchase commitment. As in Pasternack (1985), the prices that coordinate
the channel turn out to be independent of the distribution of market demand.
There is also some discussion of how the efficiency gains might be split between
the buyer and manufacturer, and the implications of the contract structure for
the variability in each party’s profits.
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10.4.6 Allocation Rules

Allocation issues arise when multiple retailers compete for a product that is
rendered scarce by some limit on the manufacturer’s production capacity or
stock availability. Such concerns are not considered in most of the papers
in this review since they model only supply chains with a single retailer and
a manufacturer with unlimited capacity. However, as suggested in Lee et al
(1997), the possibility of rationing by the manufacturer can induce competition
between retailers and, therefore, lead to strategic behavior. In particular, re-
tailers will tend to inflate their orders, which distorts the flow of information.
While insightful, Lee et al (1997) does not model the effect of alternative al-
location policies. We are aware of only two papers on supply contracts that
consider the design of allocation policies, as described below. Cachon and Lar-
iviere (1996) model a single-period, single-supplier, multi-retailer supply chain
where the supplier’s production capacity is limited and each retailer’s stocking
level is private information. The wholesale price is fixed. In case of shortage,
the supplier’s capacity is allocated using some fairly general allocation scheme,
which is required only to be (i) “efficient”, meaning that the available capacity
is never wasted, (ii) “insured”, i.e. if a retailer desires a positive quantity of
stock, he will receive at least some stock, and (iii) “individually responsive”,
i.e. if a retailer wants more stock, he gets more as long as capacity is avail-
able. The main result is that Pareto optimal allocation mechanisms are easily
manipulated by the retailers. At the same time, truth inducing mechanisms
lead to system inefficiency. The authors also show that some mechanisms may
lead the supplier to choose a higher capacity. Cachon and Lariviere (1997b)
consider a one-supplier, two-retailer supply chain in a two-period context. The
supplier’s production capacity and the wholesale price to the retailer are fixed,
but retailers can set their own price. Demand in the second period can be
high or low, and is a simple linear function of price. Common information
is assumed. In case of shortage, capacity is allocated using a publicly known
allocation scheme, of which they consider two versions: “even allocation” and
“turn-and-earn”. “Even allocation” means that the available capacity is di-
vided evenly among all retailers placing orders. In “turn-and-earn”, allocation
is a function of past sales (for example, a retailer with higher past sales may
receive a more favorable allocation). The main result of their analysis is that
under turn-and-earn, the supplier’s profits will increase but the retailers’ prof-
its may not. Since the retailers are identical, they end up just selling greater
volume at a lower price to protect their allocation. While both papers illus-
trate the effect of allocation on supply chain behavior and performance, they
offer little by way of specifying what allocation policies might be optimal. In-
deed, this is a difficult problem even when system control is centralized, as has
become evident from extensive studies in a variety of contexts. Some exam-
ples include single-warehouse/multi-retailer settings (e.g. Eppen 1979, Eppen
and Schrage 1981, Jonsson and Silver 1986, Jackson 1988), manufacturing sys-
tems with component commonality (e.g. Baker 1985, Gerchak and Henig 1989,
Agrawal and Cohen 1997), inventory systems with different customer classes
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(e.g. Nahmias and Demmy 1981, Cohen et al 1988, Ha 1997b), and queuing
systems with multiple servers or customer classes (e.g. Gilbert and Weng 1997).
To understand the source of the difficulty, consider an assembly system with
component commonality. The optimal allocation policy must depend on the
inventory levels of all items in the system, which is a function of the joint dis-
tribution of demand for all end items. This makes the problem analytically and
computationally complex. Also, in practice, when capacity shortages occur,
suppliers may vary pricing to mitigate the effects of the problem and buyers
may turn to alternate sources of supply. The models described in this section
do not allow such possibilities.

10.4.7 Lead Times

In classical inventory models, delivery lead time is either fixed (at zero in some
cases), or a realization of a random variable. Additionally, some researchers
have allowed the buyer a choice from multiple (but fixed) lead times that result
from multi-sourcing or the option to expedite material from a single supplier,
two practices frequently observed in industry. For example, Hausman et al
(1994) build on the efforts of Daniel (1963) and Fukuda (1964) and others in
analyzing a buyer’s optimal purchasing behavior given an exogenous menu of
various lead time and unit cost combinations. Lawson and Porteus (1996) per-
form similar analysis on a multi-echelon system under central control. Agrawal
et al (1998) model the contracting of capacity with suppliers which differ in
commitment dates as well as other structural features, from the perspective of
a retailer of multiple products. We do not present these works in detail since
they take the characteristics of the supply base as given, and therefore fall be-
yond the scope of what we define to be “contracts” papers. Below we discuss
papers that consider issues that arise when the terms of timing in delivery are
control variables. Barnes-Schuster et al (1997) consider a system composed of a
supplier and one or more buyers in which the supplier faces a known production
lead time (I,), while the lead time for delivery to the buyer (I4) is a decision
variable. The buyer faces a stationary periodic review problem for which a
static base-stock inventory policy is known to be optimal, and the appropriate
base-stock level is an increasing function of [;. The supplier faces an analogous
problem, except that increasing [; reduces its required safety stock. This pa-
per shows that in the single-buyer case the [; that is optimal from the system’s
point of view is either zero, which has the supplier hold all the system safety
stock, or equal to (I, + 1), in which case the supplier produces to order and
hence holds no safety stock. Conditions on the cost and demand parameters
are provided that determine which lead time to use. In the case of multiple
buyers with identical cost parameters, the supplier should hold the safety stock
for buyers with “sufficiently low” standard deviations of demand, while the re-
maining buyers hold their own. Iyer and Bergen (1997) model Quick Response
(QR), a movement in the fashion apparel industry, in a manufacturer-retailer
supply chain. Achieved by any of a number of process improvements, QR is
simplified to mean lead time reduction, i.e. a delay of the point at which the
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supply chain makes its quantity commitment. The retailer benefits since its
orders may then be placed under an improved state of information (as modeled
within a Bayesian updating framework), yet the manufacturer can actually be
made worse off. Specifically, since this manufacturer is assumed to operate
in pure make-to-order mode, its payoff is determined once the retailer orders,
regardless of how the uncertain market demand eventually resolves. Unaf-
fected by any overage risk, the manufacturer naturally prefers high retailer
orders, even if this includes large amounts of safety stock that never get sold.
Thus the manufacturer may resist efforts that will reduce lead-times precisely
because improved forecasts enable the retailer to reduce its safety stock posi-
tion. According to the authors, this may explain the various side-agreements
which have been observed to accompany QR efforts, such as commitments to
higher service levels to the end customer, higher wholesale prices, or volume
commitments across multiple products. These mechanisms all work by forc-
ing the retailer to buy and/or pay more than it would with QR alone, enough
so that the manufacturer’s original profit is preserved. The key conclusion
is that Pareto-improving contractual combinations do exist whereby the im-
plementation of lead time reduction can proceed with the blessings of both
parties. Grout and Christy (1993) discuss the incentives faced by a supplier in
quoting a delivery time to a buyer, and the implications for the likelihood of
on-time delivery. During the contracting process associated with the one-time
purchase of some item, the buyer offers a lump-sum bonus of B for on-time
delivery, and the supplier in turn specifies a delivery time A. The supplier’s
risk is due to uncertainty in the production time. If the supplier completes
production prior to time A, he collects B but incurs a cost of o per unit of time
for holding the item until delivery. If instead a production delay causes tardi-
ness, the supplier incurs a cost of 3 per unit of time late. Given this structure,
the supplier’s optimal A turns out to be a critical fractile of the distribution
of the random production time, reflecting the relative values of «, 8 and B.
Anticipating this, the buyer specifies B so as to minimize his own expected
shortage cost (incurred at a rate of § per unit of time the delivery is late) and
expected bonus payment. The analysis focuses on the role of the bonus by
comparing the case of B = 0 to a contract in which the buyer sets the bonus
with channel coordination in mind. Indeed, B = 0 leads to inefficient perfor-
mance since the supplier’s decision does not take the buyer’s shortage cost into
account. A B which achieves the first-best outcome is shown to exist, which
leads to a recommendation regarding the make-or-buy decision: compare the
expected bonus paid to an independent supplier under the first-best B against
the cost of vertical integration, and choose the cheaper option. Moinzadeh
and Ingene (1993) call attention to the supplier’s perspective on the design of
what amounts to a dual lead-time supply arrangement. The supplier carries
two different products which are partially substitutable. Good 1 is held in
inventory, hence offers immediate delivery if in stock. Good 2 is available by
special order only, imposing a one-period delay on customers. Each product
is the first choice of some segment of the population, as characterized by two
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stationary Poisson processes. (While the discussion is placed in a context of a
population of individual consumers, the overall demand pattern could poten-
tially describe the purchase preferences of a single downstream organization.)
The net demand for each item is computed by examining the customer’s 3
possible reactions to unavailability of the stocked good: (i) “walk”, meaning
that the sale is lost altogether, (ii) “wait”, which imposes a backorder cost,
or (iii) “switch” by special-ordering good 2 instead. The rate of occurrence
of each of these is known, with an interpretation based on consumer utility.
The analysis considers the supplier’s problem in maximizing its long-run profit
(discounted over an infinite horizon), assuming that good 1 has fixed price and
is managed according to a base-stock inventory policy. The decisions are the
base-stock level of good 1 (R) and the markup on good 2 (mg). For a given
msg, the optimal R is shown to have newsvendor-style structure, which balances
the margin on good 1 against the marginal cost of being out of stock on good 1.
The latter includes lost sales and backorders as in a traditional model, but also
the possible benefit that accrues when customers switch to good 2. Naturally,
the relative magnitudes of these factors depend on ms. In fact, if a sufficient
fraction of good 1 customers show a tendency to either switch or wait (which
can be induced by the choice of my), the supplier may prefer not to stock good
1 at all. More generally, the profit maximizing strategy can involve setting a
price that encourages switching in order to reduce holding costs for the zero
lead-time item. A numerical method for setting mo under additional structural
assumptions is presented, as is some discussion of how this parameter might
be used to compensate customers for the dissatisfaction that results from their
not obtaining their first-choice item.

10.4.8 Quality

The papers discussed thus far are concerned primarily with the timing and
quantity of material flows and the associated financial transfers. However, any
supply relationship is premised on the quality of the delivered product. This
may be formalized by conditions of the contract. The economics literature has
an extensive history of modeling supply settings in which product quality is
a management choice. The representation of quality is relatively abstract,
treating it as a product attribute which has a positive effect on both sales vol-
ume and production cost. This is typically encoded in a deterministic demand
curve that is downward-sloping in price and shifts upward with quality, in con-
junction with a production cost function that increases in both volume and
quality. Attention then turns to characterizing the decisions that are optimal
for a given market structure, and commenting on the consequences for profits
and social welfare. Early examples of this approach include Spence (1975)
and Dixit (1979). Similar efforts appeared later in the marketing literature,
one example being the treatment of non-price variables by Jeuland and Shugan
(1983). Because of the generality of this structure, virtually identical models
have also been observed with “service” or “advertising” taking the place of the
quality parameter in the formulation. A great deal of insight into supplier
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and buyer behavior results from relaxing the assumption that product quality
is common knowledge to all parties. In many models in economics, the buyer
must attempt to infer in advance the true quality of the product. This may
be based on signals conveyed by other terms of the contract, such as the selling
price or the supplier’s willingness to offer a warranty. Or, if transactions re-
cur over time, the buyer may rely on previous experiences with that supplier’s
products. In turn, the supplier may incur the cost of initially offering high
quality in order to establish a reputation that will lead to repeat business. See
Chapter 2 of Tirole (1988) for a textbook treatment of this body of literature,
which relies heavily on game theoretic constructs. Quality has also long been of
concern to the inventory management community, and, by extension, the SCM
community. The models in this area examine the production process in more
detail and therefore tend to have a much more concrete notion of quality, opera-
tionalizing it primarily in one of two ways: (1) as a probability that a particular
item is defective or non-conforming, or (2) as a yield rate (either deterministic
or stochastic). Many inventory models treat the process quality capability as
an exogenous variable and then determine the appropriate lot-sizing behavior
(see Yano and Lee 1995 for an extensive review). Others consider the choice
of the quality level, but more from the vantage point of a single organization
contemplating how to design its internal practices in light of its own costs of
quality. For example, Porteus (1986) modifies a basic EOQ setting to consider
the manufacturer’s option to invest in the improvement of process quality (de-
fined as a probability of going “out of control”) as a way to manage the cost of
reworking defective lots. Starbird (1994) examines how a risk-averse supplier’s
choice of quality level depends on the acceptance sampling method used by
the buyer, and Starbird (1997a) performs similar analysis for an expected-cost-
minimizing supplier with EOQ-style setup and holding cost concerns. Models
which explore the negotiation for quality are much less common in the SCM
literature, and many of the phenomena described earlier (e.g. signaling behav-
ior) are usually beyond the scope of the analysis. This is because, as noted,
the relative emphasis on operational-level details obstructs the in-depth con-
sideration of issues such as information asymmetry. Below we describe some
efforts to examine the motivations that determine the quality terms in supply
chain relationships. Reyniers and Tapiero (1995) use a simple game-theoretic
formulation of a supplier-producer channel to examine the impact of contract
structure on the supplier’s quality and the producer’s inspection practices, and
the implications for the quality of the end product. The supplier chooses one of
two production methods, indexed by 7, which differ in output quality (modeled
as the probability of defect, p;); the production cost T; is higher for the process
with higher quality. The producer may choose to perfectly inspect the incoming
item at cost of m, or incorporate it directly into the end product. The supply
contract stipulates that if the inspection reveals a defect, the supplier pays the
producer (C + Aw), where C covers the cost of repair and A represents any
additional rebate. If a defective input reaches the end customer, a failure cost
of R is incurred with certainty. A fraction « of this is paid by the supplier, the
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rest by the producer. All parties are risk-neutral, all parameters are common
knowledge, and the game is played only once. This results in a simple 2x2
matrix representation of the payoffs, which can be analyzed for Nash equilib-
ria in the standard way. The game has an equilibrium in mixed strategies,
whose structure depends on the value of AT/Ap (= (T} — Tz) / (p1 — p2)) and
the other cost parameters in the following intuitive ways: (i) the probability
that the producer uses inspection is increasing in AT'/Ap, (ii) the probability
that the supplier provides low quality is increasing in m, and (iii) the qual-
ity of the end product is decreasing in o and m, and increasing in AT/Ap.
The “value of cooperation”, which is the value of moving from independent to
joint decision-making given the contract structure, is shown to be decreasing
in Am for both parties, and decreasing in « for the producer. Tagaras and
Lee (1996) focus on a manufacturer who has the option to increase the quality
of an input material by paying a higher unit procurement cost. (The menu
of cost-quality combinations may come from multiple differentiated vendors,
or could also be different offerings from a single vendor.) The input item is
defective with probability p, and the manufacturer’s production process fails
with probability q. Costs are assigned to the various root causes which might
lead to a defective final product: r; if the input is defective, rq if the manufac-
turing process is at fault, and 75 if both apply. The manufacturer’s expected
cost per unit processed is then ¢ (p) =p (1 —q)r1 + ¢ (1 — p) re + pgri2. This
is compared against C(p), the unit cost charged by the vendor for a defect
rate of p (C(p) = ¢(1 —p) and C (p) = ¢(1 — p)? are considered). Incoming
inspection is also a possibility (at a unit cost of a, with any necessary rework
costing r;). The analysis reveals that the manufacturer’s proper choice of ven-
dor quality depends not only on the vendor’s price, but also on the capability
of the process using the item as an input (the structure of the dependence re-
flects the relative magnitudes of 71, r2,712). Contrary to a view that is popular
in the modern quality movement, under some circumstances the manufacturer
is better off buying lower quality inputs at a lower cost, because the value of
high quality inputs is negated by internal process problems. Starbird (1997b)
examines supplier buyer behavior in a model which features a careful account-
ing of the quality-related costs categorized by Joseph Juran (cf. Juran and
Gryna 1988). Prevention and internal failure (e.g. scrap, rework) costs are
incurred by the supplier, and appraisal (inspection) and external failure costs
(warranty, replacement costs, etc.) are paid by the buyer. The buyer, who
faces a deterministic market demand, procures from the supplier in lot sizes
(L) that are economically chosen to minimize the expected cost of ordering,
holding, purchasing, inspection, and external failure. The supplier minimizes
the sum of expected setup, holding, manufacturing, prevention, and scrap costs
by choosing a production lot size (Q) and a quality level (¢, the probability
that an individual item is defective). The probability that a procurement lot
will be accepted by the buyer is determined by the acceptance sampling rule,

and has the binomial form P4 (¢) = > 4_, < Z ) (1-— ¢))d "~ where n is the
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sample size and c is the acceptance number (¢ < 1 simplifies the analysis). The
author characterizes the resulting non-cooperative Nash equilibrium outcome,
which demonstrates that the independence of the parties may lead the supplier
to choose a quality level that is either higher or lower than the quality level
that would arise under cooperation.

10.5 CONCLUSION

In this paper we have reviewed some recent efforts to study how the design of
contracts affects supply chain behavior and performance. We believe this to be
a very important and challenging field of research. The scope of issues that this
literature has addressed thus far has been limited, as the variety and complex-
ity of contracts used in practice do not lend themselves easily to mathematical
modeling. This is one reason why so many of the papers reviewed here are
done in the single-period “newsvendor” setting. Our review suggests several
opportunities for future research. Following the evolution of inventory theory,
these analyses could naturally benefit from extension to production systems
of greater structural complexity. This could include consideration of multiple
planning periods, a larger number of products, or multi-layered and branch-
ing supply “networks” in which each party might have contracts with several
others. Other issues worthy of further attention derive from the multi-party
aspect of real systems, a few of which are described below. Despite recent ad-
vances in information technology and trends towards sharing information with
supply chain partners (cf. Kumar 1996, Verity 1996, Lee et al 1997), informa-
tion asymmetry remains a key feature of real supply relationships. However,
virtually all multi-player models in this review rely at some level on common
knowledge of all parameters. One of the difficulties of including informa-
tion asymmetry is that the analysis must then consider the multiple points of
view. Since the probability structure of an uncertain event may be perceived
differently by the parties to the contract, there may be disagreement in the cal-
culation of expected profits. Hence, the notions of efficiency and optimality are
not clearly defined. Addressing this issue might require a substantially more
complex informational structure. This can include, for example, conditions
regarding the buyer’s beliefs about the supplier’s beliefs, and vice versa. A
related concern is the assumption of risk neutrality, as the notion of efficiency
again becomes unclear once the various players are allowed to have different
objective functions. Further, decisions made by individuals are often moti-
vated by a variety of complex incentive and compensation schemes instituted
by their own firms. Not only are such schemes difficult to formulate ana-
Iytically in the kind of models described here, they are often unknown to the
other contracting parties. Nevertheless, contracts may be a way to reconcile
the differing preferences the parties may have towards the uncertainty in the
outcomes. Another deficiency in the current literature is the lack of attention
to competition, either between multiple buyers or multiple suppliers. Buyers
that share a common supplier and compete in the same consumer market might
behave in a way that obstructs their competitors’ access to suppliers. In turn,



30

the supplier might consider playing the buyers off one another to obtain price
or purchase commitments. Multiple suppliers to a common buyer might need
to alter their price, service, lead time, or flexibility offerings in light of the com-
petitive environment. The kinds of contracts discussed here could play a role
in structuring such relationships so as to improve efficiency and/or reallocate
the risks. While the stylized models we have reviewed offer many insights
into supply chain behavior, they fail to address a variety of issues that become
relevant to actual implementation. For example, as mentioned earlier, these
models ignore many of the legal, public policy and social issues associated with
contracts. Further, contractual arrangements can substantially affect the roles
of particular individuals within any organization. If the affected parties feel
threatened, or if their incentive systems are not appropriately modified, imple-
mentation of such contracts could be far from successful. Another practical
concern that is unattended to by the existing SCM contract literature is that
of prescribing how the benefits from coordination ought to be divided among
the parties, a decision which might require extensive bargaining and negotia-
tions. Clearly, there are opportunities to integrate the existing literature with
the substantial body of knowledge from the field of Game Theory. We believe
that these issues offer a rich set of possibilities for future research on contracts
in supply chains, and look forward to the interesting work in this area that the
current literature will spawn.
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