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This paper studies a procurement problem with one buyer and multiple potential suppliers who hold private
information about their own production costs. Both the purchase quantity and the price need to be deter-

mined. An optimal procurement strategy for the buyer requires the buyer to first design a supply contract that
specifies a payment for each possible purchase quantity and then invites the suppliers to bid for this contract.
The auction can be conducted in many formats such as the English auction, the Dutch auction, the first-priced,
sealed-bid auction, and the Vickrey auction. The winner is the supplier with the highest bid, and is given the
decision right for the quantity produced and delivered. Applying this theory to a newsvendor model with
supply-side competition, this paper establishes a connection between the above optimal procurement strategy
and a common practice in the retail industry, namely, the use of slotting allowances and vendor-managed inven-
tory. Also discussed in the newsvendor context are the role of well-known supply contracts such as returns
contracts and revenue-sharing contracts in procurement auctions, the scenarios where the buyer and suppliers
may possess asymmetric information about the demand distribution, and how the cost of supply-demand mis-
match is affected by supply-side competition. Finally, this paper compares the optimal procurement strategy
with a simpler but suboptimal strategy where the buyer first determines a purchase quantity and then seeks
the lowest-cost supplier for the quantity in an auction.
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1. Introduction
Mathematical models in operations management ad-
dressing procurement decisions (i.e., when and how
much to buy) often make the simplistic assumption
that the prices for the items to be purchased are exoge-
nously given. For example, the celebrated newsven-
dor model typically assumes a given purchase price.
The plethora of inventory models in the literature also
make a similar assumption. In reality, procurement
managers often need to discover the prices for the
items they want to buy, and the discovery process
typically involves market research, negotiations, auc-
tions/bidding, etc. Procurement models in economics,
on the other hand, tend to focus on price discovery,
fixing quantity decisions. The purpose of this paper is
to understand how price discovery can be integrated
with quantity decisions to reach an optimal procure-
ment strategy.
We consider a model with one buyer and a num-

ber of potential suppliers. The question facing the
buyer is how much of a product should be purchased
and from which supplier. The buyer’s revenue is a
concave, increasing function of the purchased quan-
tity. Each supplier can produce the product at a con-
stant marginal cost and without any capacity limit.
The marginal costs of different suppliers all come

from a common probability distribution and each sup-
plier is privately informed about his own marginal
cost. The suppliers are risk neutral. We study the pro-
curement problem from the buyer’s standpoint, seek-
ing an optimal procurement strategy that maximizes
her expected profit, which is her revenue (as a func-
tion of the purchased quantity) minus the procure-
ment cost. The structure of such a strategy shows how
price discovery should be integrated with the quantity
decision.
A key result of this paper is that the following sup-

ply contract auction is optimal. Here the buyer first
commits to a supply contract, which specifies a pay-
ment for each quantity the buyer may purchase and
delegates the quantity decision to the winning sup-
plier. Each potential supplier views this contract as
a business opportunity, taking the payment function
offered by the buyer as their revenue function. Based
on their own marginal production cost, they each
determine an optimal quantity to produce and deliver
to the buyer to maximize their own profit. Note
that different suppliers derive different values from
the contract, with the lowest-marginal-cost supplier
deriving the most value. In an auction, the suppliers
compete for the contract by submitting an up-front,
lump-sum fee they are willing to pay, with the winner
being the supplier offering the highest fee. Only the
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winning supplier pays an up-front fee.1 The auction
can be conducted in many different forms, including
the English auction, the Dutch auction, the first-price,
sealed-bid auction, and the Vickrey auction.
The integration of price discovery and the quantity

decision therefore requires the design of a supply con-
tract (a quantity-to-payment mapping) followed by an
auction that awards the contract to a supplier, who is
given the decision right to determine the procurement
quantity. This is intuitive. The auction chooses the
most efficient supplier. Moreover, the lowest marginal
cost among the suppliers together with the supply
contract offered by the buyer determine the ultimate
quantity decision. In other words, the quantity deci-
sion comes from both sides of the trade.
The supply contract auction fits well with a preva-

lent practice in the retail industry, i.e., the use of
slotting allowances and vendor-managed inventory
(VMI). A slotting allowance is an up-front, lump-
sum fee that a manufacturer pays to a retail store
when it introduces a new product to the store. It can
also be a fee paid to keep an existing product in the
store, although in this case, it is often referred to as
a pay-to-stay fee. The total of slotting allowances is
estimated at between $6 and $9 billion a year (Rao
and Mahi 2003). The reasons given for using slot-
ting allowances often focus on the need to signal to
the retailer the manufacturer’s belief about the prod-
uct’s market potential or the need to compensate the
retailer for the risks of carrying a new product. On
the other hand, VMI refers to the practice of dele-
gating inventory decisions to the supplier. The argu-
ments for this reallocation of stocking decision rights
are multifaceted, including the bargaining power of
the retailer (e.g., Wal-Mart), the vendor’s expertise in
managing inventories, the vendor’s ability to coor-
dinate the production and distribution of multiple
products, modern communication technologies, etc.
While VMI has been hailed as an important strat-
egy for improving supply chain efficiency, the use of
slotting allowances is more controversial, attracting
antitrust inquiries (see, e.g., Federal Trade Commis-
sion 1999). It is therefore interesting that our particu-
lar optimal procurement strategy actually requires the
use of a slotting allowance (i.e., the lump-sum fee)
and the delegation of the production/inventory deci-
sion to the chosen supplier. The lump-sum fee results
from the suppliers’ competition for the retailer’s shelf
space, while the allocation of decision rights is to take
advantage of the suppliers’ private cost information.

1 An alternative way to implement the supply contract auction is to
require each supplier to submit a two-dimensional bid consisting
of a fee and a quantity, but the winner is chosen solely based on the
fee. This implementation eliminates any uncertainty about what a
supplier may deliver after being chosen. Thanks to a referee for
making this suggestion.

Our results therefore have the potential to contribute
to the on-going debate on the purposes and conse-
quences of slotting allowances.
Interpreting the buyer in our procurement model

as a newsvendor facing an inventory decision at the
beginning of a selling season with uncertain demand,
we arrive at a newsvendor model with supply-side
competition. When demand is uncertain, we often
see supply contracts that are demand dependent. For
example, a returns contract calls for a wholesale price
paid for each unit delivered to the newsvendor at
the beginning of the selling season, and a rebate for
each unit of excess inventory at the end of the season.
On the other hand, a revenue-sharing contract con-
tains a wholesale price for each unit of inventory at
the beginning of the selling season, and an agreement
on how the realized revenues are to be split between
the newsvendor and the selected supplier. Note that
under either a returns contract or a revenue-sharing
contract, the (net) transfer payment for any given pur-
chase quantity (or initial inventory) is uncertain as it
depends on the realized demand. This is clearly dif-
ferent from the contract considered so far, whereby
the transfer payment is a deterministic function of the
purchase quantity, but for our risk-neutral suppliers,
all that matters is the expected transfer payment as
a function of the purchase quantity. It is shown that
under fairly general conditions, a returns contract or
a revenue-sharing contract can indeed be found that,
when auctioned off among the suppliers, constitutes
an optimal procurement strategy for the newsvendor.
We also discuss the advantages and disadvantages of
these demand-dependent contracts if the newsvendor
and the suppliers have asymmetric information about
the probability distribution of the demand.
An alternative procurement strategy is for the firm

to choose a purchase quantity and then run an auction
to identify a supplier that can deliver the quantity at
the lowest cost. We refer to this strategy as the fixed-
quantity auction. It is suboptimal because the quan-
tity decision only takes into account the distributional
knowledge the buyer has about the suppliers’ costs
(the actual production costs do not play a role in the
quantity decision), but it is simpler than the optimal
strategy because it does not involve the specification
of a supply contract. There are two decision variables
that need to be determined: the purchase quantity and
the reserve price for the auction. For the newsven-
dor setting, we develop an algorithm to determine
the optimal values of these variables that maximize
the buyer’s expected profit. Numerical examples are
used to illustrate the difference in the newsvendor’s
expected profit between the fixed-quantity auction
and the optimal procurement strategy.
Closely related to this paper is Dasgupta and

Spulber (1990; hereafter DS for brevity), who have
provided a different solution to the above procure-
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ment problem. We refer to their solution as the quan-
tity auction, which works as follows. As in the supply
contract auction, the buyer first announces a sup-
ply contract (a payment function). The suppliers then
submit quantity offers in a sealed, high-bid auction.
The supplier with the highest bid (i.e., quantity offer)
wins the auction, produces and delivers his bid, and
receives a payment according to the preannounced
contract. With a properly chosen supply contract,
the quantity auction maximizes the buyer’s expected
profit, but unlike the supply contract auction, the
quantity auction must be conducted in the sealed-bid
fashion, and would lose its optimality when imple-
mented in other formats. Another distinction between
the quantity auction and the supply contract auction
is the amount of detail required to determine the opti-
mal payment function: the quantity auction requires
the number of potential suppliers, whereas the supply
contract auction does not.2

Also closely related to this paper is the literature
on multidimensional auctions (see, e.g., Che 1993 and
Branco 1997). Here the suppliers compete for a pro-
curement contract on price and quality. For example,
the Department of Defense, in procuring a weapons
system, cares about the system’s performance as well
as price. The optimal design of a multidimensional
auction typically specifies a scoring rule that com-
bines the multiple dimensions of a bid (e.g., a quality
specification and a price) into a single score, which
is then used to determine a winner. As mentioned
earlier, the supply contract auction discussed in this
paper can also be implemented as a multidimensional
auction, with an up-front fee and a quantity, and
a scoring rule that puts the weight entirely on the
former. For further discussions on the relationship
between the supply contract auction and Che’s scor-
ing rule approach, see §2.2.
This paper is at the intersection of auction the-

ory and operations management. Auction theory has
grown tremendously since Vickrey’s (1961) seminal
work; McAfee and McMillan (1987a) and Klemperer
(1999) provide comprehensive surveys of the theory.
Supply contracts have recently receivedmuch research
attention in operations management and the research
effort is centered around their role in achieving sup-

2 An alternative way to implement the quantity auction is via a
wholesale price auction. Here the buyer first announces a purchas-
ing plan, which specifies the quantity the buyer is committed to
purchase as a function of the realized wholesale price. The sup-
pliers then engage in a sealed, low-bid auction, where the sup-
plier submitting the lowest wholesale price wins. The transaction is
completed at the lowest bid (wholesale price) and the correspond-
ing purchase quantity. The purchasing plan can be shown to be a
quantity discount scheme, i.e., lower wholesale prices are associ-
ated with larger purchase quantities. Wholesale price auctions have
been studied by Hansen (1988) and Jin and Wu (2000), where the
purchasing plan is exogenously given.

ply chain coordination (see Cachon 2003 and Chen
2003b). The contribution of this paper is therefore to
demonstrate how supply contracts can be integrated
with auction mechanisms to obtain an optimal pro-
curement strategy (for one party of the supply chain).
Research efforts to introduce auction theory to the
field of operations management have been on the rise.
Many papers have started to include an auction mech-
anism or some other price-discovery mechanism in an
operations context (see Mendelson and Tunca 2000,
Gallien and Wein 2000, Lee and Whang 2002, etc.).
Elmaghraby (2000) provides a survey of this area.
Whereas our paper focuses on integrating a sup-

ply contract with an auction mechanism, others have
studied the use of incentive contracts in auctions (see,
e.g., Laffont and Tirole 1987; McAfee and McMillan
1986, 1987b; and Riordan and Sappington 1987). The
setting typically includes one principal and multi-
ple agents. The principal has a project for which the
agents compete. Each agent possesses private infor-
mation and his action is unobservable to the princi-
pal. The solution is to auction off an incentive contract
among the agents. This part of the literature is also
discussed in Laffont and Tirole (1993).
The remainder of this paper is organized as fol-

lows: §2 describes and develops different optimal pro-
curement strategies; §3 applies these strategies to a
newsvendor model with supply-side competition and
compares them with a suboptimal but simpler pro-
curement strategy; §4 contains concluding remarks.

2. Optimal Procurement Strategies
Consider the following procurement problem with
one buyer and multiple potential suppliers. The buyer
can purchase any quantity of a product from any of
the suppliers. Let Q be the total quantity purchased
and R�Q� the value the buyer attaches to the total
purchase. Assume that R�·� is strictly concave and
increasing with R�0� = 0. There are n, n ≥ 2, poten-
tial suppliers and each of them is capable of produc-
ing the product with a constant marginal cost and
an unlimited capacity. Let ci be the marginal cost
for supplier i, i = 1� 	 	 	 �n. Each supplier is privately
informed of his own cost. These costs are indepen-
dent draws from a common probability distribution
F , c ∈ �c� c̄�, which is differentiable with F �c�= 0 and
F �c̄�= 1. Define

�H�x�= x+ F �x�

F ′�x�
(1)

and assume �H�·� is increasing.3 The suppliers are risk
neutral. We seek an optimal procurement strategy that
maximizes the buyer’s expected profit.

3 This is a regularity condition often assumed in auction con-
texts (see, e.g., Myerson 1981). The assumption is clearly true if
F �x�/F ′�x� is increasing in x, or equivalently, F is logconcave. Many
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2.1. Quantity Auction
DS provides an optimal strategy for the above pro-
curement problem. It requires the buyer to first an-
nounce a contract P�·�, whereby the buyer pays P�Q�
to a supplier if Q units are purchased from the sup-
plier for any possible value of Q. Knowing P�·�,
the suppliers each name a quantity in a sealed
bid. The supplier who bids the maximum quantity
wins the contract, produces and delivers his bid, and,
in return, receives a payment from the buyer accord-
ing to P�·�. (The other suppliers do not produce and
do not receive any payment.) With a properly cho-
sen payment function P�·�, the above auction maxi-
mizes the buyer’s expected profit. We shall refer to the
above procurement strategy as the quantity auction
conducted in the sealed, high-bid format. (For brevity,
we may say “the quantity auction” without specifying
the format. In such cases, we usually mean the sealed,
high-bid format, but other formats are possible. The
exact meaning should be clear from the context.)
DS first considered the direct revelation game. The

solution to this game is the optimal direct mechanism.
They then suggested that the quantity auction imple-
ments the optimal direct mechanism and is thus opti-
mal among all possible procurement strategies due to
the revelation principle (see, e.g., Kreps 1990). Below
we provide a more detailed analysis of this procure-
ment strategy.
Consider the quantity auction (sealed, high-bid).

Given the payment function P�·�, the suppliers play a
game of incomplete information (due to their private
cost information) for which the Bayesian-Nash equi-
librium is an appropriate solution concept. Assume
that there is a symmetric Bayesian-Nash equilibrium
strategy; this is plausible because the suppliers are
ex ante symmetric (with independent and identically
distributed (i.i.d.) costs). Denote this strategy by Q�·�:
a supplier with marginal cost c bids Q�c�, c ∈ �c� c̄�.
Assume Q�c� is strictly decreasing in c for c ∈ �c� c∗�,
for some c∗ ∈ �c� c̄�, and Q�c�= 0 for c > c∗.
Note that there is a trade if and only if C1 ≤ c∗,

where C1 is the lowest marginal cost among the sup-
pliers. Because the lowest-cost supplier always wins
the auction, we know that R�Q�C1�� is the system’s
revenue and C1Q�C1� is the system’s production cost.
As a result, the expected systemwide profit is

∫ c∗

c
�R�Q�x��− xQ�x�� f�1��x� dx� (2)

where f�1� is the probability density function (p.d.f.)

probability distributions are logconcave, including the beta family
of which the uniform distribution is a member, and the normal dis-
tribution truncated and scaled to a finite interval. See Rosling (2002)
for an extensive discussion on logconcave probability distributions
and further references on the topic.

of C1. To derive the buyer’s expected profit, it suffices
to determine the suppliers’ expected profits.
Take any i = 1� 	 	 	 �n. Suppose that all the suppli-

ers but supplier i play the strategy Q�·�. Consider the
problem facing supplier i. For Q�·� to be an equilib-
rium strategy, it must be the case that supplier i can
do no better than bidding Q�ci� for all ci ∈ �c� c∗�. In
particular, supplier i gains nothing by bidding Q�x�
for some x 
= ci, which is the same as playing the
strategy Q�·�, but pretending that his marginal cost
is x. Take any c ∈ �c� c∗� and suppose that ci = c. Let
�i�x� c� be supplier i’s expected profit if he bids Q�x�
while his marginal cost is c, given that all the other
suppliers play Q�·�. Note that

�i�x� c�= �P�Q�x��− cQ�x���1− F �x��n−1� (3)

where P�Q�x�� − cQ�x� is the supplier’s profit if he
wins the auction (by bidding Q�x�) and �1− F �x��n−1

is the probability of winning, which occurs if and
only if every other supplier’s marginal cost is greater
than supplier i’s “reported” marginal cost x. For
�i�x� c� to be maximized at x = c, it is necessary that
��i�x� c�/�x�x=c = 0, i.e.,

�P ′�Q�c��Q′�c�− cQ′�c���1− F �c��n−1

− �P�Q�c��− cQ�c���n− 1��1− F �c��n−2F ′�c�= 0	

Using this equation in the expression of � ′
i �c�, where

�i�c�
def= �i�c� c� for any c ∈ �c� c∗�, we have � ′

i �c� =−Q�c��1 − F �c��n−1. Setting �i�c∗� = �i�c∗� c∗� = 0, we
have

�i�c�=
∫ c

c∗
� ′�x�dx=

∫ c∗

c
Q�x��1− F �x��n−1 dx (4)

with

E��i�c�� =
∫ c∗

c

{∫ c∗

c
Q�x��1− F �x��n−1 dx

}
F ′�c� dc

=
∫ c∗

c

{∫ x

c
Q�x��1− F �x��n−1F ′�c� dc

}
dx

=
∫ c∗

c
Q�x��1− F �x��n−1F �x�dx	

Because the suppliers are symmetric, the sum of the
expected profits of the suppliers is simply n times the
above expression. Subtracting nE��i�c�� from (2) gives
the buyer’s expected profit∫ c∗

c
�R�Q�x��− �H�x�Q�x��f�1��x� dx	 (5)

Define

Q∗�x�= argmax
Q≥0

�R�Q�− �H�x�Q�� x ∈ �c� c̄�	 (6)

Because R�·� is concave and �H�·� is increasing, Q∗�x�
is decreasing in x. Set c∗ equal to the minimum x ∈
�c� c̄� with Q∗�x�= 0; if no such x exists, set c∗ = c̄. It is
clear from (5) that the buyer’s expected profit is max-
imized if Q∗�·� arises as a Bayesian-Nash equilibrium
in the bidding game.
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Suppose that Q∗�·� is a Bayesian-Nash equilibrium.
Take any c ∈ �c� c∗�. From (4),

�i�c�=
∫ c∗

c
Q∗�z��1− F �z��n−1 dz	

Because �i�c� c�=�i�c�, we have from (3),

�P�Q∗�c��− cQ∗�c���1− F �c��n−1

=
∫ c∗

c
Q∗�z��1− F �z��n−1 dz	

Therefore,

P�Q∗�c��= cQ∗�c�+
∫ c∗
c
Q∗�z��1− F �z��n−1 dz

�1− F �c��n−1
	 (7)

Denote by P ∗�·� the payment function that satisfies the
above equation for all c ∈ �c� c∗�.
The above derivation for P ∗ is entirely based on

necessary conditions for Q∗�·� to be a Bayesian-Nash
equilibrium. It remains to verify that under P ∗�·�,
Q∗�·� indeed arises as such. (DS did not address this
issue.) To see this, suppose P ∗�·� is the payment func-
tion and assume that all players but player i follow
strategy Q∗�·�. Now in (3), replace P�·� with P ∗�·� and
Q�·� with Q∗�·�. We have
�i�x� c� = �x− c�Q∗�x��1− F �x��n−1

+
∫ c∗

x
Q∗�z��1− F �z��n−1 dz� x� c ∈ �c� c∗�	

Note that
��i�x� c�

�x
= �x− c�

�

�x
�Q∗�x��1− F �x��n−1�	

Because both Q∗�x� and �1− F �x��n−1 are decreasing
in x, the partial derivative on the right side is neg-
ative. Therefore, ��i�x� c�/�x > (respectively, <) 0 for
x < (respectively, >) c. Consequently, �i�x� c� is maxi-
mized at x= c.
The following theorem, which we attribute to DS,

summarizes the above development.

Theorem 1 (Dasgupta and Spulber 1990). In the
quantity auction defined by the payment function P ∗�·�
and conducted in the sealed, high-bid format, Q∗�·� arises
as a common Bayesian-Nash equilibrium strategy for the
suppliers, and the buyer’s expected profit is

E�R�Q∗�C1��− �H�C1�Q
∗�C1��	

This is also the highest expected profit the buyer can achieve
among all feasible procurement strategies.

The expression for the buyer’s maximum expected
profit in Theorem 1 indicates that the buyer’s lack of
cost information is reflected in the “virtual cost” she
pays to the winning supplier, i.e., she pays �H�x� to
the winning supplier when in fact his marginal pro-
duction cost is x. The difference �H�x�− x is thus the
information rent. The outcome is as if the buyer had
complete information about the suppliers’ costs, but
agreed to pay virtual costs.

Several observations are immediate. The quantity
traded is Q∗�C1�, a decreasing function of C1. There-
fore, as competition intensifies, i.e., as n grows, C1
becomes stochastically smaller, leading to a stochas-
tically larger trade. Moreover, as expected, the
buyer’s expected profit increases with supply-side
competition. To formally show this, define ��x� =
maxQ≥0R�Q�− �H�x�Q, a decreasing function of x be-
cause �H�x� is increasing in x. As n grows, C1 becomes
stochastically smaller, increasing E���C1��, the buyer’s
expected profit. Finally, note that the efficient trade
volume between the lowest-cost supplier and the
buyer, i.e., the one that maximizes their joint gains,
is Q0�x�

def= argmaxQ≥0R�Q�− xQ. Note that Q0�x� >
Q∗�x� for all x. Hence, asymmetric cost informa-
tion causes supply chain inefficiencies by reducing
trade. This is reminiscent of the well-known double-
marginalization phenomenon (see, e.g., Tirole 1988):
the marginal cost facing the buyer, i.e., the virtual cost
�H�C1�, is higher than the system’s marginal cost, C1.
For independent, private-values auctions, a well-

known result is the revenue equivalence theorem,
which states that the auctioneer is indifferent among
many commonly used auction formats such as the
English auction, the Dutch auction, the first-price,
sealed-bid auction, and the Vickrey auction. Does a
similar result hold for the quantity auction? In other
words, if the buyer can freely modify the payment
function to suit the auction format used, can she still
achieve the optimal expected profit by using an auc-
tion format other than sealed, high-bid? For exam-
ple, the buyer can run the quantity auction in the
Vickrey fashion: the suppliers submit quantity offers
in sealed bids, the winner is the highest bidder, but
the quantity produced by the winning supplier and
delivered to the buyer is equal to the second-highest
bid. What is the buyer’s maximum expected profit in
this case? The following theorem shows that revenue
equivalence does not hold for the quantity auction.
The proof is in Chen (2003a).

Theorem 2. The auction format used in the quantity
auction matters: while the sealed, high-bid auction and
the Dutch auction are optimal (maximizing the buyer’s
expected profit), the English auction and the Vickrey auc-
tion are not. Moreover, the buyer prefers the English auc-
tion to the Vickrey auction.

2.2. Supply Contract Auction
An important feature of the quantity auction is that
the buyer first commits to a payment function (supply
contract). This payment function represents a poten-
tial source of revenue for each supplier. This busi-
ness opportunity (of trading with the buyer) is likely
to be valued differently by different suppliers, with
the lowest-cost supplier achieving the highest value.
Therefore, an alternative way to select a supplier is to
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ask them to bid in terms of an up-front, lump-sum fee.
The winner is the supplier offering to pay the highest
fee, and only the winning supplier pays an up-front
fee. The winning supplier then determines his pro-
duction quantity (to maximize his profit), delivers it
to the buyer, and receives a payment from the buyer
according to the supply contract. This procurement
strategy will be referred to as the supply contract auc-
tion. It is also optimal for the buyer, as we show next.
Take any payment function P�·� with P�0�= 0. Con-

sider the problem of supplier selection. Define

v�c�=max
Q≥0

P�Q�− cQ	 (8)

Let Q�c�= argmaxQ≥0 P�Q�− cQ.4 Therefore, supplier

i values the business opportunity at v�ci�
def= vi,

i= 1�2� 	 	 	 �n. Because the suppliers’ marginal costs
are independent draws from a common distribution,
the values �vi�

n
i=1 are i.i.d. random variables. Con-

sequently, the problem of choosing a supplier can
be thought of as selling an object (i.e., the business
opportunity) to the highest bidder, where the bidders
have i.i.d. valuations. From the revenue equivalence
theorem, the buyer obtains the same expected lump-
sum fee (and selects the same supplier) if she uses the
English auction, the Dutch auction, the sealed, high-
bid auction, or the Vickrey auction.
Suppose the buyer uses the English auction for sup-

plier selection. That is, the suppliers openly bid on
the fee they are willing to pay for the privilege to
trade, and the supplier with the highest bid wins and
pays his bid. Clearly, the supplier with the highest
valuation (and the lowest marginal cost) wins the auc-
tion and pays (to the buyer) a lump-sum fee equal to
the valuation of the second-lowest-cost supplier. Let
Vk = v�Ck�, k = 1� 	 	 	 �n, where Ck is the kth lowest
cost. Thus, the lump-sum fee the buyer receives is V2.5

We now proceed to determine the optimal payment
function. Consider the buyer’s cash flow. First, the
buyer collects a lump-sum fee, V2, from the lowest-
cost supplier. This supplier determines the quantity
to maximize his profit, i.e., maximizing P�Q� − C1Q
over Q. The optimal quantity is Q�C1�. The trade gives
the buyer revenues in the amount of R�Q�C1��, but
costs her P�Q�C1��. Consequently, the buyer’s profit is

�
def= R�Q�C1��− P�Q�C1��+V2	

4 In the previous subsection, Q�·� was used for a Bayesian-Nash
equilibrium strategy in the quantity auction.
5 A reader versed in auction theory may think that the buyer is bet-
ter off with a reserve price (see, e.g., Riley and Samuelson 1981).
This is actually not the case, as the subsequent development (sum-
marized in Theorem 3) shows. The reason is that the auction is not
regular in the sense of Myerson (1981). Chen (2003a) illustrates this
with an example.

Because V1 = P�Q�C1��−C1Q�C1�,

�=R�Q�C1��−C1Q�C1�− �V1−V2�	 (9)

We next obtain a convenient expression for the ex-
pected value of �V1 − V2�, which is the winning sup-
plier’s profit. Note from the optimization problem
in (8) that Q�c� is decreasing in c. (This is true for
any P�·�.) Let c0 be the minimum c with Q�c�= 0. If
Q�c� > 0 for all c ∈ �c� c̄�, then set c0 = c̄. Take any
c < c0. Thus, Q�c� > 0. Writing v�c�= P�Q�c��− cQ�c�
and differentiating,

v′�c�= P ′�Q�c��Q′�c�−Q�c�− cQ′�c�	

Because P ′�Q�c��= c (the first-order condition for the
optimization problem in (8)), we have v′�c�=−Q�c�.
On the other hand, for any c > c0, Q�c�= 0 and thus
v�c�= 0 because P�0�= 0. Consequently, for all c > c0,
v′�c�= 0=−Q�c�. Combining the two cases, we have

V1−V2 = v�C1�− v�C2�=
∫ C2

C1

Q�x�dx	

Using the conditional probability density function of
C2 given C1 = c, we have

E

[∫ C2

C1

Q�x�dx

]

= EC1
E

[∫ C2

C1

Q�x�dx
∣∣∣C1 = c

]

=
∫ c̄

c
nF ′�c��1− F �c��n−1 dc

·
∫ c̄

y=c

(∫ y

c
Q�x�dx

)
�n− 1�F ′�y��1− F �y��n−2

�1− F �c��n−1
dy

=
∫ c̄

c
nF ′�c� dc

∫ c̄

y=c

(∫ y

c
Q�x�dx

)
�n− 1�

· F ′�y��1− F �y��n−2 dy

which, after changing the order of integration twice
(first between x and y and then between c and x),
becomes ∫ c̄

c
Q�x�nF �x��1− F �x��n−1 dx	 (10)

Substituting (10) for the expected value of �V1 − V2�
in (9), we have

E���=
∫ c̄

c
�R�Q�x��− �H�x�Q�x��nF ′�x��1− F �x��n−1 dx�

which is exactly the same as (5), the buyer’s expected
profit in the quantity auction. (Note the different
meanings of Q�·� in the two places.) Although the
above expression is obtained under the assumption
that the buyer uses the English auction to select a
supplier, we know, from the revenue equivalence the-
orem, that the same expression holds if she instead
uses the Dutch auction, the first-price, sealed-bid auc-
tion, or the Vickrey auction.
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Note that if Q�x� =Q∗�x�, which is defined in (6),
for all x ∈ �c� c̄�, then E��� equals the buyer’s max-
imum expected profit (Theorem 1). This is indeed
possible. The payment function that achieves this,
denoted by P ∗∗�·�, is the solution to

P ′�Q∗�c��= c (11)

for all c ∈ �c� c̄� with Q∗�c� > 0. Note that this optimal
payment function is increasing in Q, concave because
Q∗�c� is decreasing in c, and independent of the num-
ber of bidders. Also note that it is independent of the
auction format. Finally, adding a constant to the pay-
ment function does not change its optimality.

Theorem 3. The buyer maximizes her expected profit if
she uses the supply contract auction with P ∗∗�·� as the pay-
ment function. Moreover, this payment function is increas-
ing, concave, and independent of the number of potential
suppliers.

We pause here to establish connections between the
supply contract auction developed here and the scor-
ing rule auction developed by Che (1993) for multidi-
mensional auctions. It should be evident by now that
the procurement problem discussed in this paper has
two objectives, i.e., price discovery and quantity deci-
sion. The idea of a scoring rule is to ask the suppliers
to bid in both price and quantity, and then for each
supplier, combine the price bid and the quantity bid
into a single number (the supplier’s score). The scor-
ing rule is the mechanism that does the second step.
The supplier with the highest score wins the auction.
Let p and q be the price bid and quantity bid, respec-
tively, submitted by a supplier. Che (1993) gave a scor-
ing rule of the following form: the score for a supplier
bidding �p� q� is s = s�q� − p for some function s�·�.
(Che considered price and quality, but this is just a
cosmetic difference.) The supply contract auction with
payment function P�·� is closely related to Che’s first-
score auction, with s�·� ≡ P�·�. (Under the first-score
auction, the winning supplier delivers his quantity
bid to, and receives his price bid from, the buyer.)
Note that under Che’s scoring rule, a supplier bidding
�p� q� is given score s = P�q�− p, which corresponds to
the up-front, lump-sum fee the supplier offers to pay
in the supply contract auction. The two approaches
imply different cash flows between the buyer and
the winning supplier: under the supply contract auc-
tion, the supplier first makes an up-front payment to
the buyer (to secure the business), then produces and
delivers the quantity, and finally receives a payment
from the buyer for the quantity delivered (according
to a previously given contract), whereas under Che’s
design, there is no up-front payment, and the terms
of trade (the quantity to be delivered and the corre-
sponding price) are fully specified in the winning bid.

The basic idea of the supply contract auction is
to treat a supply contract as an “object” to be auc-
tioned off among the suppliers. The main task is to
design this “object” properly, and then invite single-
dimensional bids. The supply contract (the “object”)
serves to convert a quantity decision into a price fig-
ure, effectively aggregating price and quantity dimen-
sions into one dimension (price). In contrast, the
scoring-rule approach is to first invite multidimen-
sional bids and then aggregate the different dimen-
sions into one. Note that both approaches achieve
aggregation, one before bidding and the other after.
Interestingly, achieving aggregation before bidding
has real benefits: simpler analysis with more general
results. For example, with the supply contract auc-
tion approach, one could use the revenue equivalence
theorem to effortlessly establish the equivalence of
different auction formats, whereas Che was confined
to sealed bidding. Moreover, the new approach pro-
duces an optimal procurement strategy that fits well
with a practice in the retail industry (§3.1).

2.3. Comparisons
Although both the quantity and the supply contract
auctions are optimal for the buyer, they are different
in many ways. Under the supply contract auction, the
buyer has the flexibility of using any of the common
auction forms mentioned earlier. This flexibility is lost
for the quantity auction (Theorem 2). Moreover, the
optimal payment function for the supply contract auc-
tion is concave, increasing, and independent of the
number of bidders, but for the quantity auction, it
may actually decrease (a rather unpleasant feature),
and it generally depends on the number of bidders. In
other words, the optimal payment function in the sup-
ply contract auction is more “intuitive” (a supplier is
paid more if he delivers more) and more “detail-free”
(the buyer does not have to know the exact number
of potential suppliers).

3. A Newsvendor Model with
Supply-Side Competition

One of the most celebrated models in operations man-
agement is the newsvendor model, which succinctly
captures the trade-off between buying too much and
buying too little. The model assumes complete cer-
tainty on the supply side, where, typically, an unlim-
ited quantity can be procured at an exogenously
given per-unit wholesale price. In reality, however,
most industrial buyers face multiple potential sup-
pliers with private information about their produc-
tion costs. As a result, the purchase price needs to be
discovered, which, of course, influences the purchase
quantity. In this section, we introduce a newsvendor
model with supply-side competition and character-
ize the optimal procurement strategies in this setting.
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Toward the end of the section, we study a simpler,
but suboptimal, procurement strategy and numeri-
cally compare it with the optimal strategies.
Consider the following newsvendor model with

supply-side competition. A firm (the buyer) must
determine how much inventory of a product to stock
in advance of a selling season. The total demand for
the product over the entire selling season, D, is a non-
negative random variable, with p.d.f. g�·� and c.d.f.
G�·�. The selling price is p per unit, which is exoge-
nously given. (Later, we will discuss the case where
the selling price is a decision variable.) If the buyer
runs out of stock during the selling season, there
are no replenishment opportunities and the excess
demand will be lost. On the other hand, if there is
excess inventory at the end of the season, it can be
salvaged at v per unit. Let e be the processing cost per
unit of purchased quantity, such as expenses incurred
for space and handling. On the supply side, there
are n �≥2� potential suppliers for the product. We
shall retain all the assumptions made earlier about
the suppliers in §2. That is, each supplier is capable
of producing an unlimited quantity of the product at
a constant but supplier-specific marginal cost. Recall
that ci is supplier i’s marginal cost, i = 1� 	 	 	 �n, and
that these marginal costs are i.i.d. draws from a com-
mon probability distribution over the finite interval
�c� c̄�, with p.d.f. f �·� and c.d.f. F �·� satisfying F �c�= 0
and F �c̄� = 1. Each supplier is privately informed of
his own marginal cost. Finally, the virtual cost func-
tion, �H�·�, as defined in (1), is strictly increasing. The
buyer and the suppliers are all expected-profits maxi-
mizers. We seek an optimal procurement strategy for
the buyer.
Let Q be the level of inventory at the beginning

of the selling season. The buyer’s profit, excluding
the costs incurred to purchase the inventory, can be
expressed as

pmin�Q�D�+ v�Q−D�+ − eQ	

Because min�Q�D� = Q − �Q − D�+, the expected
profit is

R�Q�
def= �p− e�Q− �p− v�

∫ Q

0
G�y�dy	

For convenience, we will refer to R�·� as the buyer’s
revenue function. Clearly, this function is concave
with R�0�= 0. For the rest of the section, we will focus
on the case where the revenue function is strictly con-
cave. Note that limQ→+�R′�Q� = v − e, which may
become negative (unlike the revenue function used
in §2).
We assume that

p > v� p− e > c� and e+ c > v� (12)

where the first inequality is natural, the second indi-
cates that a profitable supply chain may exist, and the
third eliminates the possibility of an arbitrage.

3.1. Optimal Procurement Strategies
The procurement problem facing the newsvendor is
identical to the one considered in §2.6 Therefore, an
optimal procurement strategy is to use either the quan-
tity auction (sealed, high-bid) or the supply contract
auction (multiple formats). Recall that this requires the
buyer to first specify a payment function and then
invite the suppliers to bid in quantity or in fee.
To determine an optimal procurement strategy, first

obtain Q∗�·� from (6) (with the newsvendor revenue
function). Note that the range of �H�·� is �c� c̄+1/F ′�c̄��
and that R′�0� = p − e (assuming G�0� = 0). Because
p− e > c (see (12)), there are only two possibilities. If
p− e > c̄+ 1/F ′�c̄�, then Q∗�x� > 0 for all x ∈ �c� c̄�, and
by definition, c∗ = c̄. Otherwise, c∗ is the solution to
p− e= �H�c∗�. Using the specific form of the newsven-
dor revenue function, we have

Q∗�x�=G−1
(
�p− e�− �H�x�

p− v

)
� x ∈ �c� c∗��

where G−1 is the inverse of the demand distribu-
tion function G. Clearly, Q∗�x� is decreasing in x. Let
�Q� �Q� denote the range of Q∗�·�.
3.1.1. Quantity Auction. Consider the quantity

auction. The optimal payment function is given in
(7). Although there is in general not a closed-form
solution for P ∗�·�, it can be easily computed numeri-
cally. Note that P ∗�Q� is actually a quantity discount
scheme because P ∗�Q�/Q, the average per-unit whole-
sale price, is decreasing in Q. To see this, simply note
from (7) that

P�Q∗�c��
Q∗�c�

= c+
∫ c∗
c
Q∗�z��1− F �z��n−1 dz
Q∗�c��1− F �c��n−1

and that the right side is increasing in c. (The proof,
omitted here, does not require the specific form of
the newsvendor revenue function.) Hence, under the
quantity auction, the buyer demands identical quan-
tity discounts from the suppliers and picks a winner
based on the quantities they are willing to supply.7

The above observation provides a new rationale for
using quantity discounts. Dolan (1987) gives an excel-

6 The only difference is that the revenue function here may be
unimodal, but this is clearly inconsequential, as there is no loss of
optimality if one restricts the procurement quantity to the range
where the function is increasing.
7 The quantity auction can also be implemented by inviting the sup-
pliers to bid in wholesale price. Define

w�Q�= P ∗�Q�

Q
for all �Q� �Q��

a decreasing function. Invert this function to obtain a purchase
schedule for the buyer. Consider the following sealed-bid auction.
Each supplier submits a per-unit wholesale price that they would
charge, and the supplier with the lowest wholesale price wins the
auction. It is straightforward to show that the Bayesian-Nash equi-
librium in this auction, w∗�c� for c ∈ �c� c̄�, is such that w�Q∗�c��=
w∗�c� for all c. Therefore, bidding in wholesale price, with the
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lent review of the different forms of quantity dis-
counts. He identified logistics system efficiency (e.g.,
full truck-load economies), price discrimination, and
channel coordination as potential reasons for using
quantity discounts. Toward the end of the paper,
Dolan used competitive bidding among electronic
components suppliers (the buyer being IBM) as an
example to illustrate a new motivation for quantity
discounts. He said “even with constant unit cost,
quantity discounts may be optimal if the buyer has a
desire to multisource procurement” (p. 14). In Dolan’s
example, the buyer’s purchase quantity is fixed, and
quantity discounts emerge as a rational bidding strat-
egy when the buyer attaches a large enough penalty to
single sourcing. (As the purchase quantity increases,
the competition for each additional unit intensifies,
triggering discounts.) Note that in our setting, the
buyer’s purchase quantity is not fixed a priori and
there is no penalty for single sourcing. Consequently,
the need to integrate quantity decision with price dis-
covery in variable-quantity procurement is a new rea-
son for quantity discounts. The intuition is clear: the
more efficient the winning supplier, the larger the pur-
chase quantity, indicating that the per-unit price the
buyer pays should decrease as she buys more. In short,
quantity contains cost information.

3.1.2. Supply Contract Auction. Another optimal
procurement strategy, which is in many ways more
attractive than the quantity auction (see §2.3), is the
supply contract auction. Here, the buyer offers a pay-
ment function (a supply contract) and invites the
suppliers to bid for the right to trade. The supplier
willing to pay the most for the right to trade wins
and is given the decision right to choose the quan-
tity to deliver to the buyer. The optimal supply con-
tract, P ∗∗�·�, is characterized by (11), which has a
closed-form solution for the newsvendor model. Take
any Q ∈ �Q� �Q�. Thus, there exists an x ∈ �c� c∗� with
Q = Q∗�x�. Note that P ∗∗′�Q� = x and R′�Q� = �H�x�.
Because R′�Q�= �p− e�− �p− v�G�Q�, we have

P ∗∗′�Q�= �H−1��p− e�− �p− v�G�Q���

where the inverse function �H−1�·� is well defined be-
cause �H�·� is increasing. Therefore,

P ∗∗�Q�=
∫ Q

Q

�H−1��p− e�− �p− v�G�z�� dz�

Q ∈ �Q� �Q�	 (13)

Note that adding a constant to the above payment
function does not alter the marginal calculations fac-
ing the suppliers and only shifts their bids by the

purchase schedule properly chosen, is also optimal. Hansen (1988)
studied a variable-quantity auction where the purchase quantity is
an exogenously given decreasing function of the winning wholesale
price.

same constant. Therefore, auctioning off P ∗∗�·�+K for
any constant K constitutes an optimal procurement
strategy. (Adding a constant allows us to establish
connections with some well-known supply contracts,
as we will see later.)
The supply contract auction fits well with the use

of slotting allowances and VMI, both of which are
prevalent in the retail industry. Slotting allowances
are lump-sum, up-front payments from a supplier to
a retailer when the supplier introduces a new prod-
uct to the retailer’s stores. Sometimes, such payments
are made to keep an existing product on the retailer’s
shelves (also called pay-to-stay fees). Therefore, a slot-
ting allowance corresponds to the right-to-trade fee
collected by the newsvendor in our model. On the
other hand, VMI is a practice where the inventory
replenishment decision is delegated to the supplier.
In our model, this means that the supplier that has
been selected is given the decision right to determine
the level of inventory to stock at the beginning of
the selling season. Of course, the supplier should not
be given complete freedom in making the inventory
decision. Instead, the decision is guided by the pay-
ment function specified by the buyer. It is interesting
that in our framework, slotting allowances and VMI
arise as two distinct features of an optimal procure-
ment strategy. The existing literature on the reasons
for using slotting allowances tends to focus on the
signaling effect (when the supplier has more informa-
tion about the product’s potential in the marketplace)
or the risk-sharing effect (the retailer often incurs real,
out-of-pocket costs in new-product introductions and
many new products fail) (see Federal Trade Commis-
sion 2001 and the many academic papers on slotting
allowances such as Shaffer 1991, Chu 1992, Lariviere
and Padmanabhan 1997, Sullivan 1997, Bloom et al.
2000, and Desai 2000). Our interpretation is simply
that slotting allowances are fees resulting from suppli-
ers competing for the scarce shelf space and that they
can be part of an optimal procurement strategy for the
retailer. This observation adds a new dimension to the
ongoing debate on the purposes and consequences of
slotting allowances.
The above interpretation of the supply contract auc-

tion relies on a particular method of “bookkeeping,”
i.e., the winning supplier first pays a lump-sum fee to
the buyer to gain the right to trade, followed by the
supplier’s production/delivery decision, and finally
ending with a payment from the buyer to the supplier
for the delivered quantity. As mentioned earlier, one
could also ask each of the suppliers to submit a two-
dimensional bid, consisting of a price and a quantity.
The suppliers are then ranked according to a given
scoring rule and the supplier having the highest score
wins the auction. Under this implementation, we do
not require the winning supplier to pay the buyer
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an up-front, lump-sum fee. Consequently, whether
or not we observe a slotting allowance depends on
the bookkeeping method we use to implement the
optimal procurement strategy. The fact that slotting
allowances are prevalent in practice suggests that
other factors may be at play here. For example, the
buyer, given her lack of information about the new
product’s market potential, may want some insur-
ance before committing her shelf space (a very impor-
tant resource) to a particular supplier. An up-front
fee serves just that purpose. Incorporating the buyer’s
aversion to risks may therefore tilt the balance toward
the use of slotting allowances. This is an interesting
topic for future research.

3.1.3. Returns Contracts and Revenue-Sharing
Contracts. In both the quantity and the supply con-
tract auctions, the payment function contains no
uncertainty, i.e., the payment a supplier receives is a
deterministic function of the quantity he delivers to
the buyer. In practice, we often see supply contracts
where the transfer payment also depends on the real-
ized demand (see Cachon 2003 for a comprehensive
review of the supply contract literature). Next, we dis-
cuss the implications of using some of these supply
contracts in our procurement setting.
Let P�Q�D� be the transfer payment (from the

buyer to a supplier) if Q units are delivered to the
buyer and the realized demand is D. Consider, e.g.,
the returns contract, whereby the buyer pays a per-
unit wholesale price w for every unit of inventory
stocked at the beginning of the selling season, and if
there is leftover inventory at the end of the selling sea-
son, the buyer obtains a rebate of b per unit of excess
inventory. (The buyer does not physically return the
leftover inventory to the supplier, but salvages the
excess inventory for v per unit. Other arrangements
are possible, but are not considered here.) Under such
a contract,

P�Q�D�=wQ− b�Q−D�+	

Another example is the revenue-sharing contract.
Here the buyer pays per-unit wholesale price w for
the initial inventory and promises to transfer + ∈ �0�1�
fraction of her revenues (regular sales and salvage
sales) to the supplier. In this case,

P�Q�D�=wQ++�pmin�Q�D�+ v�Q−D�+�	

Suppose our newsvendor auctions off the supply
contract P�Q�D�. Because the suppliers are risk neu-
tral, they value the contract at EDP�Q�D�

def= �P�Q�.
If �P�·� = P ∗�·� (respectively, P ∗∗�·�), then auctioning
off the contract by inviting the suppliers to bid in
quantity (respectively, up-front fee) maximizes the
newsvendor’s expected profit. Below we provide an

example where an optimal procurement strategy can
be implemented by auctioning off either a returns
contract or a revenue-sharing contract.
Assume F �x�= �x− c�/�c̄− c� for all x ∈ �c� c̄�, i.e.,

the marginal production cost is uniformly distributed.
Hence, �H�x�= 2x− c, x ∈ �c� c̄�. From (13),

P ∗∗�Q�=
∫ Q

0

1
2 ��p− e�− �p− v�G�z�+ c� dz	

(Here we have added a constant,
∫ Q

0 , to the payment
function. As noted earlier, the resulting payment func-
tion is still optimal.) It can be easily verified that a
returns contract with

w= p− e+ c

2
and b= p− v

2

satisfies �P = P ∗∗ for any G.8 On the other hand, an
alternative way to express the above payment func-
tion is

P ∗∗�Q�= c− e

2
Q+ p

2
EDmin�Q�D�+ v

2
ED�Q−D�+	

Therefore, a revenue-sharing contract with

w= c− e

2
and += 1

2

also achieves �P = P ∗∗ for any G.9 An optimal pro-
curement strategy for the newsvendor is, therefore,
to auction off a returns contract or a revenue-sharing
contract with the above parameters in the supply con-
tract auction. Note that the contract specification does
not require the knowledge of the demand distribution.
Now we have seen an example where specify-

ing the payment function either as P�Q� or P�Q�D�
makes no difference for the parties of the trade. This
is no longer true if there is information asymmetry
regarding the demand distribution or there are differ-
ences in risk attitudes.
Suppose that only the buyer knows the demand dis-

tribution G�·�. In this case, the buyer can compute the
optimal payment function P�·� for either the quantity
auction or the supply contract auction. Because the
payment is independent of demand, there is no need
for the suppliers to know the demand distribution.
The buyer’s expected profits are maximized (as if the
suppliers had full knowledge about the demand distri-
bution). In contrast, if the buyer chooses to specify the
payment function as P�Q�D� (through, e.g., a returns
or a revenue-sharing contract), then the suppliers are

8 Note that b may be higher than w. But this is fine because the
supplier chooses the quantity to deliver to the buyer in the supply
contract auction and because b+v < p, which means the buyer does
not want to turn away demand.
9 If w < 0, then the supplier subsidizes the initial inventory before
taking a share of the buyer’s revenues.
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forced to evaluate this contract based on their imper-
fect information about demand. As a result, their bid-
ding strategies will be different from their strategies
under full knowledge about the demand distribution.
The buyer’s expected profits depend on the nature
of the suppliers’ imperfect knowledge about demand.
If the suppliers happen to believe that demand is
higher than it really is, then their evaluation of the
supply contract may be inflated and the buyer may
even be better off (relative to her expected profits
under the optimal procurement strategy assuming
symmetric demand information).
On the other hand, suppose that the buyer does not

know the demand distribution, but the suppliers do.
In this case, if the buyer chooses to offer a payment
function in the form of P�Q�, then she must first cal-
culate the revenue function R�Q� based on her faulty
knowledge of the demand distribution. The result-
ing payment function is likely to be different from
what she would offer given true demand distribution.
The outcome is that the payment function is subop-
timal and the buyer’s expected profit is not maxi-
mized. (In this case, the suppliers’ knowledge of the
demand distribution goes wasted because, as men-
tioned above, they have no use for this knowledge
when given a deterministic payment function.) Now
consider the alternative of specifying the payment
function in the form of P�Q�D�. As our earlier exam-
ple demonstrates, when the marginal production costs
are uniformly distributed, the design of an optimal
procurement strategy does not require the knowledge
of the demand distribution if the buyer chooses to
write the payment function as a returns contract or a
revenue-sharing contract.10 Therefore, the buyer suf-
fers no loss of optimality even without knowledge of
the demand distribution. (When the suppliers eval-
uate the contract, i.e., EDP�Q�D�, they use the true
demand distribution.) This rather surprising result is
due to the specific form of the optimal payment func-
tion for the supply contract auction, P ∗∗�Q�, and its
close connection to the returns or revenue-sharing
contract. (The form of the optimal payment function
for the quantity auction, however, does not seem to
lend itself to this connection.)
Note that specifying the payment function as

P�Q�D� instead of P�Q� makes the suppliers bear
more risk. Of course, in the current model setup with
risk neutrality, the suppliers are indifferent. An inter-
esting future research topic is to investigate the impact
of risk aversion on the form of the optimal procure-
ment strategy.

3.1.4. Impact of Supply and Demand Characteris-
tics. We next consider how the demand- and supply-

10 This is reminiscent of Pasternack (1985), where a coordinating
contract is found to be independent of the demand distribution.

side characteristics affect the newsvendor’s profit. To
this end, suppose D is normally distributed with
mean , and standard deviation - . As this assumption
implies the possibility of negative demand,11 we mod-
ify the revenue function as follows:

R�Q�= �p− e�Q− �p− v�
∫ Q

−�
G�y�dy	 (14)

In this case, we have

Q∗�x�=,+-.−1
(
p− e− �H�x�

p− v

)
� x ∈ �c� c∗�� (15)

where .�·� is the c.d.f. of the standard normal and
.−1 its inverse. Recall that c∗ is determined as follows.
If p− e > �H�x� for all x ∈ �c� c̄�, then c∗ = c̄. Otherwise,
c∗ is the solution to p− e= �H�c∗�.
With the normal demand distribution, the buyer’s

maximum expected profit, given in Theorem 1, can be
expressed as

�∗ = a,− b-� (16)

where

a =
∫ c∗

c
�p− e− �H�x��f�1��x� dx and

b = �p− v�
∫ c∗

c
0

(
.−1

(
p− e− �H�x�

p− v

))
f�1��x� dx� (17)

with 0�·� being the density function of the stan-
dard normal. Note from (16) that the impacts of
the demand- and supply-side characteristics on �∗

are “decoupled”: a and b depend on the number of
suppliers and their marginal cost distribution, but
are independent of , and - , which are of course
the demand-side characteristics. Note also that a,
would be the buyer’s expected profit if there were no
demand uncertainty (the expectation is with respect
to the supply-side uncertainty), where a is the buyer’s
expected profit margin.12 On the other hand, b- is
the cost of demand uncertainty, which increases lin-
early in the demand standard deviation. The coeffi-
cient b thus represents the buyer’s marginal benefit
from reduction in demand uncertainty.
It is easy to see that a is increasing in supply-

side competition (i.e., n), which also means that there
is synergy between increasing the number of poten-
tial suppliers and increasing the mean demand, i.e.,
increasing n increases the benefit of increasing ,

11 The likelihood of negative demand should be negligible for the
normal assumption to be plausible.
12 Note that a, is also the newsvendor’s expected profit under
the make-to-order regime, whereby she waits until the demand is
revealed and then procures the exact quantity needed from the
lowest-cost supplier via an auction. Of course, this mode of opera-
tion is not always feasible: it depends on how patient the customers
are and how fast the suppliers can deliver the product.
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and vice versa. The relationship between b and n
is, however, not as simple. Define 1�x� = 0�.−1��p −
e − �H�x��/�p − v���, x ∈ �c� c∗�. Note that 1�·� is inde-
pendent of n. (Hereafter, all proofs can be found
in the online appendix, which is provided in the
e-companion.)13

Lemma 1. If �H�x� ≤ �p + v�/2− e for all x ∈ �c� c∗�,
then 1′�x� > 0 for all x ∈ �c� c∗�. Conversely, if �H�x� ≥
�p+ v�/2− e for all x ∈ �c� c∗�, then 1′�x� < 0 for all x ∈
�c� c∗�.

Theorem 4. As n increases, the coefficient b decreases
(respectively, increases) if �H�x�≤ (respectively, ≥) �p+v�/
2− e for all x ∈ �c� c∗�.

For the case with �H�c� < �p + v�/2− e < �H�c̄�, the
coefficient b is no longer monotone in n (see Chen
2001).
One may interpret �p+v�/2 as the average revenue

per unit of production (averaging between regular
sales and salvage sales). Thus, �p+v�/2−e is the aver-
age profit margin, excluding procurement costs. The-
orem 4 indicates that when the margin is high relative
to the procurement costs (as measured by the virtual
cost �H�·�), b decreases as n increases. In this case, an
increase in supply-side competition decreases the cost
of demand uncertainty and reduces the incentive for
demand variance reduction. The reverse is true in the
low-margin case.
The intuition behind the above results can be better

understood by considering the traditional newsven-
dor model where the per-unit procurement cost is
exogenously specified. Let c be the per-unit procure-
ment cost. Then, �∗ = a0,− b0- , where a0 = p− e− c
and b0 = �p − v�0�.−1��p − e − c�/�p − v���. It is easy
to verify that for c > �p + v�/2 − e, b0 increases as c
decreases, and the reverse is true for the range c <
�p + v�/2 − e. (These are parallel to the observations
made in Theorem 4 by replacing c with the virtual
cost.) For the traditional newsvendor model, first note
that the expected profit is essentially independent of
demand uncertainty for either very large Q or very
small Q. For example, if the order quantity is very
large, the newsvendor never runs out of stock and
her expected profit is only a function of the mean
demand. Similarly, if the order quantity is very small,
the newsvendor always runs out of stock, in which
case her expected profit is again only a function of
the mean demand. This suggests that b0 is small for
extreme values of c. It may also suggest that b0 is maxi-
mal for “intermediate” values of c. This is indeed true.
To see this, note that b0 is maximized when c = �p +
v�/2− e, which corresponds to b0 = �p−v�0�0� and an

13 An electronic companion of this paper is available as part of
the online version that can be found at http://mansci.journal.
informs.org/.

order quantity of Q=,. Therefore, the newsvendor’s
profit is most sensitive to demand uncertainty when
the order quantity is of “intermediate” values. Finally,
note that as c decreases, the order quantity increases.
In the range c > �p+ v�/2− e (the low-margin case),
a decrease in c moves the order quantity closer to
the “middle ground,” making the profit more sensi-
tive to demand uncertainty (i.e., b0 increases). On the
other hand, for the range c < �p+ v�/2− e, a decrease
in c moves the order quantity away from the “middle
ground,” making the profit less sensitive to demand
uncertainty (i.e., b0 decreases).

3.1.5. Newsvendor with Pricing. So far, the sell-
ing price p is fixed. Now suppose it is a decision
variable. Let D�p� be the total demand during the
selling season, a random variable whose distribution
depends on p. Suppose the pricing decision is made at
the beginning of the season, after the initial inventory
level is known. Define

�R�Q�p�= E�pmin�Q�D�p��+ v�Q−D�p��+ − eQ�	

Let R�Q� = maxp �R�Q�p�. To the extent that R�·� is
concave, our previous results can be applied to obtain
an optimal procurement strategy by simply using this
newly defined R�·� in place of the old revenue func-
tion. Limited numerical tests suggest that this R�·�
is indeed concave if D�p� = d�p� + 2, where d�p� is
a downward-sloping, linear function of p and 2 is a
normal random shock. It is interesting to note that
the concavity of the above-defined R�·� is seldom
discussed in the voluminous literature on the (tra-
ditional) newsvendor model with pricing (see, e.g.,
Porteus 1990, Petruzzi and Dada 1999, and Dana
and Petruzzi 2001). Analytical characterization of the
behavior of R�·� is a good topic for future research.
3.2. Fixed-Quantity Auctions
An alternative procurement strategy for the buyer is
to first determine a purchase quantity, Q, and then in
an auction, find the lowest-cost supplier to produce
and deliver the Q units of the product. This procure-
ment strategy, where the input quantity is fixed before
the auction, is suboptimal because the quantity deci-
sion only reflects the distributional knowledge about
the suppliers’ costs (as opposed to the actual costs),
but it is clearly simpler than auctioning off a supply
contract, as required in an optimal procurement strat-
egy. Later, we will compare these two strategies in
terms of the newsvendor’s expected profit.14

Given Q, optimal auction design is easy: simply
choose any of the commonly used auction formats

14 There is a body of research investigating the trade-off between
control losses and informational gains when a decision is delegated
(see Melumad et al. 1997 and the references therein). When a prin-
cipal transfers a decision right to an agent with private informa-
tion, the principal loses control, but gains informational advantage
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such as the English auction, the Dutch auction, the
first-price, sealed-bid auction, or the Vickrey auction
and set a (per-unit) reserve price c∗. (This is essentially
the well-known single-unit procurement auction, with
the “single unit” being the lot Q.) With the optimal
design, the buyer’s expected profit as a function of Q
and c∗ is

��Q�c∗� =
∫ c∗

c
�R�Q�−Q �H�x��f�1��x� dx

= R�Q�F�1��c∗�−Q
∫ c∗

c

�H�x�f�1��x� dx� (18)

where, as before, F�1� and f�1� are, respectively, the c.d.f.
and the p.d.f. of C1, the lowest per-unit production
cost among the suppliers. The expression is intuitive
as R�Q� is the value of the lot (of Q units), acquired
at per-unit virtual cost �H�x� if C1 = x. The optimal
values of the two decision variables, Q and c∗, can be
found via an iterative procedure. Due to space limit,
the detailed algorithmic development is presented in
the online appendix.

3.3. Numerical Examples
We use numerical examples to compare the fixed-
quantity auction with the optimal strategy that
auctions off a supply contract. The comparison illus-
trates the gap between the two strategies in terms of
the newsvendor’s expected profit and how the gap
depends on some of the model parameters.
For the numerical examples, we assumed that the

suppliers’ marginal production costs are drawn from
a uniform distribution and the demand is normally
distributed with mean , and standard deviation - .
The following parameters were used: n= 2�4; �c� c̄�=
�3�8�� �1�10�; p= 10�15; e= v= 0; ,= 10�15; - = 3�5.
Note that the two ranges for the uniform distribution
are mean preserving. There are a total of 32 examples.
For each example, we computed the newsvendor’s
maximum expected profit (achieved with an optimal
procurement strategy), and for the fixed-quantity auc-
tion, the optimal quantity, the corresponding reserve
cost, and expected profit for the newsvendor. (The iter-
ative procedure described in §3.2 converged to a point
in a few iterations. Theorem 5 guarantees that the
point is the optimal solution.) The percentage increase

because the decision, now made by the agent, reflects informa-
tion that was not accessible to the principal. In some cases, the
informational gain outweighs the control loss, suggesting that the
principal is better off delegating. This is similar to the comparison
between the fixed-quantity auction and either the quantity auction
or the supply contract auction in our procurement context. With the
fixed-quantity auction, the buyer (principal) takes back the quantity
decision right, but loses the informational advantage because the
buyer’s quantity decision is based on her distributional knowledge
about the suppliers’ costs. In our setting, as the paper has shown,
the buyer prefers delegating.

Table 1 Comparison between Optimal Strategy and Fixed Quantity
Auctions

Opt. Fixed Reserve Fixed-qty. %
No. n �c� c̄� p � � profit qty. price profit diff.

1 2 �3�8� 10 10 3 28	42 9	58 5	98 27	25 4
2 2 �3�8� 10 10 5 22	24 9	68 5	55 20	90 6
3 2 �3�8� 10 15 3 47	35 14	49 6	17 45	91 3
4 2 �3�8� 10 15 5 41	43 14	36 5	91 39	23 6
5 2 �3�8� 15 10 3 70	21 10	59 7	93 69	06 2
6 2 �3�8� 15 10 5 59	47 11	09 7	25 57	43 4
7 2 �3�8� 15 15 3 114	07 15	59 8	00 112	39 1
8 2 �3�8� 15 15 5 103	35 15	99 7	81 100	65 3
9 2 �1�10� 10 10 3 30	64 10	39 4	82 29	00 6

10 2 �1�10� 10 10 5 25	70 11	18 4	32 24	01 7
11 2 �1�10� 10 15 3 48	91 15	25 5	07 47	57 3
12 2 �1�10� 10 15 5 44	58 15	74 4	74 42	19 6
13 2 �1�10� 15 10 3 68	28 10	80 6	86 64	56 6
14 2 �1�10� 15 10 5 59	21 11	78 6	08 54	92 8
15 2 �1�10� 15 15 3 108	35 15	69 7	25 104	61 4
16 2 �1�10� 15 15 5 98	28 16	41 6	73 94	32 4
17 4 �3�8� 10 10 3 39	06 10	12 5	88 38	30 2
18 4 �3�8� 10 10 5 31	95 10	36 5	45 30	72 4
19 4 �3�8� 10 15 3 64	46 15	08 6	09 63	27 2
20 4 �3�8� 10 15 5 56	74 15	22 5	81 55	53 2
21 4 �3�8� 15 10 3 84	27 11	29 7	70 83	64 1
22 4 �3�8� 15 10 5 73	94 12	16 6	99 72	74 2
23 4 �3�8� 15 15 3 134	55 16	29 8	00 133	64 1
24 4 �3�8� 15 15 5 123	85 17	15 7	58 122	73 1
25 4 �1�10� 10 10 3 46	13 10	92 4	72 44	58 3
26 4 �1�10� 10 10 5 40	29 11	88 4	21 38	14 6
27 4 �1�10� 10 15 3 73	50 15	83 4	98 72	00 2
28 4 �1�10� 10 15 5 68	01 16	58 4	63 65	21 4
29 4 �1�10� 15 10 3 90	62 11	62 6	59 88	51 2
30 4 �1�10� 15 10 5 81	36 12	89 5	81 78	61 3
31 4 �1�10� 15 15 3 142	46 16	58 7	03 140	43 1
32 4 �1�10� 15 15 5 133	72 17	73 6	46 130	25 3

in profit from a fixed-quantity auction to an optimal
strategy is also calculated. These results are summa-
rized in Table 1. The gap ranges from 1% to 8%, with
the average at 3%.
Table 2 shows how the gap between the two strate-

gies depends on the model parameters. A larger
gap is observed when (1) there are fewer potential
suppliers, (2) the marginal-cost distribution is more
spread out, (3) the retail price is lower, and (4) the
coefficient of variation for the demand distribution
is higher. These trends are intuitive. Recall that the
fixed-quantity auction only uses the marginal-cost
distribution and as a result, the quantity decision is
not influenced by the minimum realized cost. To the
contrary, the quantity decision under an optimal strat-

Table 2 Sensitivity Results

�
% diff.

n % diff. � c� c̄� % diff. p % diff. � 3 (%) 5 (%)

2 4	46 �3�8� 2	68 10 4	13 10 3	25 4	95
4 2	47 �1�10� 4	25 15 2	80 15 2	14 3	53
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egy depends on the minimum realized cost via the
Q∗�·� function. This informational loss is a key reason
for the profit gap between the two strategies. When
there are many potential suppliers, the distribution of
C1 becomes very narrow, implying that the informa-
tional loss is quite small. Put differently, when there
are fewer potential suppliers, the informational loss
becomes larger. This explains (1). The same kind of
reasoning explains (2). When the retail price is lower,
the cost side plays a relatively larger role in deter-
mining the expected profit. Similarly, an increase in
the demand’s coefficient of variation depresses the
newsvendor’s revenues, increasing the relative impor-
tance of the procurement costs. Both cases magnify
the informational loss. This explains (3) and (4).15

4. Concluding Remarks
A main observation of this paper is that when the
purchase quantity is a decision variable and the price
needs to be discovered, optimal procurement can
be achieved by embedding a supply contract within
an auction mechanism. This is done by inviting the
suppliers to compete for a supply contract, and the
competition can take place in the space of quantity
offers, wholesale price quotes, or up-front fees for the
right to trade. Under an optimal strategy, the ultimate
quantity and price decisions come from both sides of
the trade: the buyer specifies the contract and the auc-
tion rules, and the suppliers bid with their private
cost information in mind.
A special case of the procurement model is a

newsvendor model with supply-side competition.
Here, an optimal procurement strategy, namely, the
supply contract auction, offers a new explanation for
the use of slotting allowances and VMI, both of which
are prevalent in the retail industry. Under this strat-
egy, the winning supplier is the one willing to pay
the highest up-front fee (or slotting allowance) and
is given the decision right to make the quantity deci-
sion. In some cases, the optimal supply contract to be
auctioned off can be written as a returns contract or
a revenue-sharing contract. These contracts are well
known for their abilities to coordinate supply chains,
but as we have shown here, they are also useful in
procurement settings. Moreover, when the buyer has
inferior information about demand vis-a-vis the sup-
pliers, writing the supply contract as a returns con-
tract or a revenue-sharing contract can mitigate her
informational disadvantage.
This paper has also studied an alternative pro-

curement strategy, namely, the fixed-quantity auction,

15 For the normal distribution to be a good description of demand,
the coefficient of variation cannot be too large. This puts a limit on
the gap between the two strategies. With a different distribution,
a larger gap may appear.

where the buyer first determines a purchase quantity
and then seeks the lowest-cost supplier to deliver the
quantity. Although suboptimal, this strategy is sim-
pler than the optimal strategy because announcing a
quantity is easier than specifying a contract. In a set
of numerical examples (newsvendor problems with
supply-side competition), the gap (relative difference
in the buyer’s expected profit) between the fixed-
quantity auction and the optimal strategy ranges from
1% to 8%, with an average of 3%. This gap increases
when the number of potential suppliers is fewer, the
distribution for the suppliers’ marginal costs has a
larger variance, the retail price is lower, or the coeffi-
cient of variation for demand is higher.
Interesting research questions abound. When the

marginal production costs are increasing, sole sourc-
ing is no longer optimal. DS provide an optimal
mechanism that uses the information received in the
competitive bidding process to allocate production
among the bidders. It would be interesting to see if
there exist alternative, simpler mechanisms. On the
other hand, if production exhibits economies of scale,
then sole sourcing should remain optimal, but the
optimal procurement strategy is still unknown. One
possibility is to ask the suppliers to make supply-
curve bids (i.e., quantity-discount schedules) (see
Hohner et al. 2003). It is unclear if this design is opti-
mal. Procurement models with asymmetric or risk-
averse suppliers are interesting topics as well. For
optimal auction designs when the bidders are either
asymmetric or risk averse, see Myerson (1981) and
Maskin and Riley (1984). These papers deal with
single-object auctions, and it would be interesting
to see how the optimal designs change when the
quantity being sold (or procured) is variable. Finally,
the optimal procurement strategy identified for our
model represents the best the buyer can do given her
information about the suppliers’ costs. It is conceiv-
able that if the buyer can extract more information
from the suppliers about their costs, she can improve
her profit. Seshadri and Zemel (2003) have explored
this idea by considering audits as a means to extract
information.

5. Electronic Companion
An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.
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