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T his paper studies the optimal component procurement strategies of two competing OEMs selling substitutable
products. The OEMs outsource their production to a common contract manufacturer, who in turn needs an input

from a component supplier. Each OEM may either directly procure the input from the component supplier, or delegate
the procurement task to the contract manufacturer. We first analyze the OEMs’ procurement game under a non-strategic
supplier whose component price is exogenously given. It is found that symmetric equilibria arise for most situations, that
is, both OEMs either control or delegate their component procurement in equilibrium. Interestingly, despite the com-
monly-held belief that the contract manufacturer would be worse off as OEMs gain component procurement control, we
show that the contract manufacturer may enjoy a higher profit. Then we study the OEMs’ procurement game under a
strategic supplier who can set its component price. We find that the supplier’s strategic pricing behavior plays a critical
role in the equilibrium procurement structure. In particular, in the equilibrium under strategic supplier, the larger OEM
always uses delegation while the smaller OEM may use either delegation or control. By identifying the driving forces
behind the OEMs’ procurement choices, this research helps explain observed industry practices and offer useful guideli-
nes for firms’ component sourcing decisions.
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1. Introduction

Fierce competition in the global marketplace has dri-
ven many original equipment manufacturers (OEMs)
to outsource their production processes to external
suppliers. By doing so, the OEMs can reduce produc-
tion costs while focusing on core competencies such
as product design and marketing (Kakabadse and
Kakabadse 2005). It has been widely believed that the
trend of outsourcing will continue in the near future
(Stevens 2009). A prevailing practice in production
outsourcing is the so-called contract manufacturing,
that is, instead of making the products themselves,
the OEMs depend on contract manufacturers to pro-
duce their products. In order to fulfill the production
function, the contract manufacturer may need to pro-
cure certain parts and components on behalf of the
OEM. This gives rise to a fundamental question:
should the OEM control the procurement of compo-
nents or delegate this task to the contract manufac-
turer?
This question has received an increasing amount of

attention in the business media in recent years.

Industry evidence shows that both the “delegation”
and the “control” strategies have been adopted by
OEMs. For instance, Sun Microsystems imposes a
tight control on component procurement whereas
Cisco prefers to delegate the responsibility to its con-
tract manufacturers (Kayis� et al. 2013). Even the same
firm may customize the strategies for different parts
and components. Dell delegates the procurement of
some components for its notebooks, including cases
and circuit boards, to its contract manufacturers, but
controls the procurement of CPUs, hard disk drives,
and memory chips (CENS 2007). Similarly, Hewlett-
Packard (HP) delegates commodity-like components
to suppliers, but controls the procurement of strategic
components (Carbone 2004). A more recent industry
trend indicates that more and more OEMs are switch-
ing from the “delegation” strategy to the “control”
strategy. Motorola has changed its long-standing
strategy of delegating component procurement to its
contract manufacturers to controlling their compo-
nent procurement (Jorgensen 2004). Boeing has
launched a procurement program to negotiate con-
tracts directly with fastener suppliers instead of
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decentralized procurement via its first-tier manufac-
turing partners (Anupindi and Lee 2009). Such a
trend has also been observed in the service industries.
For example, rather than asking Boeing and Airbus to
manage engine parts procurement, airline carriers
have increasingly used direct contracts with aircraft
engine manufacturers (Kayis� et al. 2013).
An OEM’s decision to delegate or control its com-

ponent procurement is critical when it intends to use
outsourcing as a competitive weapon in the market-
place. The management at Motorola has explicitly
emphasized that controlling component procurement
would help restore the company’s competitive advan-
tage (Jorgensen 2004). Interestingly, it is quite com-
mon that competing OEMs share common contract
manufacturers and depend on the same supplier for
critical components or parts. For example, Dell and
HP compete in the laptop computer market. They use
a common contract manufacturer, Wistron, to pro-
duce their products (Shen 2011). In addition, both Dell
and HP use the same components, such as Intel’s pro-
cessors. Similarly, a number of OEMs (e.g., Apple,
Motorola Mobility, and Nokia) depend on Foxconn
for the manufacturing of their smartphones, and they
all use the chips supplied by Qualcomm, a dominant
chip maker for smartphones and other electronics
products (Troianovski and Clark 2012). Clearly, com-
petition plays an important role in firms’ procurement
strategy decisions. In particular, when selecting its
own procurement structure (i.e., delegation or con-
trol), a firm must take its competitors’ strategies into
consideration.
Our study aims at better understanding how firms

should manage component procurement in a supply
chain with competition. A game-theoretic model is
proposed for this purpose. We consider two compet-
ing OEMs that outsource their production to a com-
mon contract manufacturer; both of the OEMs’
products require a key component provided by a
third-party supplier. The OEMs may either procure
the component directly from the supplier or delegate
the procurement function to the contract manufac-
turer. For concision, hereafter we will use D to stand
for the direct procurement strategy (i.e., the control
strategy) and I for the indirect procurement strategy
(i.e., the delegation strategy), respectively. For
instance, if both OEMs delegate their component pro-
curement to the contract manufacturer, the procure-
ment structure is called II. As typical, procurement
contracts reflect economies of scale via the use of
quantity discount terms, that is, volume increases are
rewarded by lower unit prices. We divide the analysis
in this study into two parts. In the first part, the sup-
plier’s price is exogenously given, that is, the supplier
is non-strategic. This corresponds to market condi-
tions where the supplier has little pricing flexibility

for various reasons. In the second part, the supplier
can adjust its component price in response to the
OEMs’ procurement choice, that is, the supplier is
strategic. This fits well with situations where the sup-
plier possesses more pricing power in the market.
With this model setup, we attempt to address the
following research questions: What is the equilibrium
outcome of the procurement game? How does the procure-
ment structure affect supply chain members’ profits? What
is the impact of the supplier’s pricing behavior on the
OEMs’ procurement choices? There are several major
findings from this study:
First, under a non-strategic supplier, either II or DD

may arise as equilibrium for most parameter ranges.
The II equilibrium is not surprising because it allows
the contract manufacturer to aggregate the orders and
thus achieve a deeper quantity discount from the
supplier. However, the DD equilibrium is less intu-
itive. Under the DD equilibrium, no OEM will unilat-
erally switch from direct to indirect procurement. We
examine the firms’ incentives and identify an interest-
ing trade-off behind an OEM’s potential deviation
from DD. If an OEM deviates from DD, then a differ-
entiated sourcing strategy (either ID or DI) will soften
the market competition, that is, both OEMs’ prices
will go up. This competition dampening effect bene-
fits both OEMs. However, deviating from D to I will
increase the component price of the OEM, due to the
so-called discount-sharing effect. That is, under dele-
gation, the discount from large order quantity must
be shared between the contract manufacturer and the
OEM, so these downstream firms have less incentive
to order more components, which increases the com-
ponent price. Such a discount-sharing effect is similar
to double marginalization but occurs in a different
setting. Under reasonable conditions, no OEM will
deviate from DD because the positive competition
dampening effect is dominated by the negative dis-
count-sharing effect, making DD an equilibrium.
Second, we find that the contract manufacturer

may prefer that the OEMs control their component
procurement under non-strategic supplier, that is, the
contract manufacturer’s profit is higher under DD
than under II. This is contrary to a widely held belief
in practice that the contract manufacturer’s profit will
be squeezed when OEMs switch from delegation to
controlling their component procurement (see, e.g.,
the discussion in Pick 2004). It can be shown that the
margins charged by the contract manufacturer do not
change across the II and DD structures, but the mar-
gin for the larger OEM is higher than that for the
smaller OEM; in addition, the larger OEM will order
more (while the smaller OEM will order less) under
DD than under II. Therefore, the contract manufac-
turer earns a higher profit under DD because a larger
portion of demand will come from the more profitable
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customer. This result implies that contract manufac-
turers may not be worse off if both OEMs change their
procurement strategy from delegation to direct con-
trol.
Third, our analysis shows that the supplier’s strate-

gic pricing behavior plays a critical role in the OEMs’
equilibrium procurement strategies. In the strategic
supplier case, either II or DI may arise as equilibrium
outcome in the procurement game; however, unlike
in the non-strategic case, DD is not an equilibrium
any more. It is noteworthy that DI can never be an
equilibrium under a non-strategic supplier. This
change is caused by a new driving force associated
with the supplier’s pricing behavior. Specifically,
when the supplier is able to customize the price, it
tends to charge a higher (lower) price to the larger
(smaller) OEM due to its higher (lower) market poten-
tial. By deviating from II, the smaller OEM will enjoy
a more advantageous component price than the larger
OEM. As a result, under a strategic supplier, the smal-
ler OEM may have incentives to choose direct control
while the larger OEM always prefers delegation.
Therefore, II and DI are the only possible equilibria of
the procurement game.
The rest of the study is organized as follows. Sec-

tion 2 reviews the related literature. Section 3
describes the model setting. The game analyses for
the non-strategic and strategic supplier cases are pre-
sented in sections 4 and 5, respectively. Section 6 com-
pares the equilibrium procurement structures in the
two cases and section 7 concludes the study. All
proofs are given in the Appendix.

2. Literature Review

Recently, there has been an increasing interest in
studying firms’ component procurement strategies
when outsourcing to contract manufacturers. Our
study is mostly related to this growing body of litera-
ture. Guo et al. (2010) consider a three-tier supply
chain where an OEM may choose from three out-
sourcing structures. These structures may involve
either controlling or delegating the component pro-
curement function. It has been assumed that both the
contract manufacturer’s and the component sup-
plier’s production costs are private information. They
characterize each firm’s optimal decision and com-
pare their profits in different outsourcing structures.
Kayis� et al. (2013) study a contracting problem where
an OEM chooses between delegating component pro-
curement to the contract manufacturer and contract-
ing directly with the component supplier. They
examine how asymmetric cost information and con-
tract complexity influence the optimal component
procurement decision. They show that if complex
contracts can be used, then the OEM would be

indifferent between delegation and control of compo-
nent procurement; but under price-only contracts,
either of these procurement structures could be opti-
mal. Similarly, Niu et al. (2014) examine the interac-
tion between the OEM’s delegation decision and the
contract format (e.g., push or pull). They find that the
contract formats have different impacts on the OEM’s
delegation decision. They also characterize the condi-
tions under which the OEM may prefer a specific con-
tract format. Deshpande et al. (2011) study the
component procurement problem from a distinct per-
spective. In particular, they aim to develop secure
price-masking mechanisms that possess some useful
properties, such as preserving the private component
prices of all parties in the supply chain.
When studying the component procurement prob-

lem, most studies consider a monopolist OEM in the
market. One of the exceptions is Chen et al. (2012) in
which two competing OEMs outsource to a common
contract manufacturer. It has been assumed that only
the larger OEM can choose its component procure-
ment structure, and the smaller OEM must delegate
its procurement function to the contract manufac-
turer. This is different from our study where both
OEMs can choose their component procurement
structures. In addition, we study two different scenar-
ios to shed some light on the effect of competition in
the supply market on the OEMs’ optimal component
procurement strategies.
Our study is also related to the extensive literature

on quantity discounts that have been mostly studied
from the perspectives of channel coordination (Chen
and Roma 2011, Ingene and Parry 1995) and opera-
tional efficiency (Dada and Srikanth 1987, Erhun et al.
2008). Interested readers are referred to Weng (1995)
and Chen and Roma (2011) for a review of this litera-
ture. In particular, Chen and Roma (2011) study two
retailers’ decision to form a group buying unit to take
advantage of the quantity discounts. This is similar to
the OEMs’ delegation or control decision in our study
because the firms will get common sourcing terms if
they both delegate, which is essentially group buying.
However, Chen and Roma (2011) are not concerned
about contract manufacturing, while we consider a
three-tier supply chain where the supplier’s compo-
nent needs to be processed further by a contract man-
ufacturer before it can be delivered to the OEMs. In
addition, we also study the case where the component
supplier is strategic by customizing the prices for dif-
ferent downstream firms.
There are papers in the economics literature that

study similar problems where firms transact in a mul-
ti-tier network (see, e.g., Baron and Basenko 1992,
McAfee and McMillan 1995, Melumad et al. 1997,
Mookherjee 2006). These studies adopt the principal-
agent framework to investigate the firms’ optimal
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transaction strategies in a network. In this study, we
focus on studying the impact of competition at the
supplier’s and the OEMs’ levels on the OEMs’ compo-
nent procurement strategies. So both the model set-
ting and the insights are different from those in the
above mentioned economics literature.

3. Model Setting

We consider a three-tier supply chain consisting of a
component supplier, a contract manufacturer, and
two OEMs. The downstream OEMs, denoted by M1
and M2, produce and sell partially differentiated
products in the same market. Both OEMs use the con-
tract manufacturer to perform significant manufactur-
ing tasks or customized processing services. For
instance, they depend on the contract manufacturer
for the assembly of a portion or the whole product.
We use C to stand for the contract manufacturer. Like
the OEMs, the contract manufacturer does not manu-
facture its product from scratch; instead, it needs a
key component (e.g., a computer chip) from the
upstream supplier. Let S denote the component sup-
plier. Such a supply chain structure is quite common
in the industry. For instance, the two OEMs may refer
to Dell and HP, while the contract manufacturer and
chip supplier can be viewed as Wistron and Intel,
respectively.
We are interested in the OEMs’ procurement strate-

gies in such a model setting. Specifically, an important
question for the OEMs is: should they control or dele-
gate their component procurement to their contract
manufacturer and when? To address this question,
we study a two-stage game among the above four
players: the OEMs (M1 and M2), the contract manu-
facturer (C), and the component supplier (S).
In the first stage of the game, the OEMs choose their

procurement strategy simultaneously. In particular,
an OEM may choose to either control procurement of
the key component or delegate it to the contract man-
ufacturer. The former case is referred to as “direct
procurement,” or D for short, since the OEM directly
contracts with the component supplier, while the

latter case is called “indirect procurement,” or I for
short, since the OEM outsources procurement to the
contract manufacturer. Clearly, depending on the
OEMs’ decisions in the first stage, there are four pos-
sible procurement structures: {II, DD, DI, ID}, where
the letters stand for the procurement strategies of the
two OEMs, respectively. For illustration, Figure 1
depicts two of the procurement structures. Figure 1a
corresponds to the II structure (indirect procurement
for both M1 and M2), where C is responsible for pro-
curement of the key component from S. Figure 1b rep-
resents the DD structure (direct procurement for both
M1 and M2), where both OEMs contract directly with
S to supply the key component to C. For brevity, we
omit the pictures for procurement structures DI and
ID as self-evident by-products of our discussion so
far.
After the procurement structure has been deter-

mined, players set their prices and place their orders
in the second stage of the game. The detailed
sequence of events in the second stage will be intro-
duced in the next two sections, but first we need to
introduce some notations. Let i 2 {M1, M2} index the
OEMs and j 2 {II, DD, DI, ID} index the procure-
ment structures. Further, let p

j
i and q

j
i denote the price

and demand for OEM i in the market under procure-
ment structure j. We consider a linear duopoly
demand model as follows.

q
j
M1

¼ 1� p
j
M1

þ cp j
M2

; ð1Þ

q
j
M2

¼ a� p
j
M2

þ cp j
M1

: ð2Þ

This model has been widely used to model price
competition in the market (see, e.g., Feng and Lu
2013, McGuire and Staelin 1983, Trivedi 1998). In
this model, a denotes M2’s market depth while M1’s
market depth is normalized to 1. Without loss of
generality we assume that a ≥ 1. The parameter c
captures the demand interdependence for the prod-
ucts and satisfies 0 ≤ c ≤ 1. When c is equal to zero,
the OEMs’ product demands are independent and
there is no market competition. As c increases, the

(a) (b)

Figure 1 Illustration of Two Procurement Structures II and DD
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market becomes more competitive, and one firm’s
price decision has a greater impact on the other
firm’s demand. Thus c reflects the intensity of com-
petition between the OEMs. Market demand for
many electronics products, such as cell phones, com-
puters, and game consoles, can be modeled as above
where each OEM’s market depth is a proxy of its
market power, brand image, and leadership position
in the market. Thus a > 1 implies that M2 has a
stronger position than M1 in the market, that is, M2
enjoys a higher demand if the firms charge the same
market price. Also M2’s demand would be less
price-sensitive due to its larger a, that is, M1’s
demand has a greater price-elasticity than M2’s. It is
straightforward to show that price elasticity of M2
decreases in a. All firms’ production costs are nor-
malized to zero to simplify the analysis and exposi-
tion. Each firm’s objective is to maximize its own
profit.
Throughout the study, we assume that the supplier

offers a quantity discount price schedule to buyers:
The unit price for supplier’s component is
wðqÞ ¼ w0 � bq if a buyer orders a quantity q, where
w0 is the base price and b is the discount rate. The
quantity discount schedule is commonly observed in
practice and captures two important facts from our
problem setting: First, the supplier may enjoy more
efficient production due to economies of scale; sec-
ond, by aggregating the order quantities from OEMs,
the contract manufacturer may achieve higher bar-
gaining power and obtain a lower unit price. Later we
will see that the quantity discount rate plays an
important role in the firms’ procurement strategies.
To simplify the analysis and focus on most practical
situations, we assume 0\ b � 1

2 (i.e., the discount
rate is no greater than 50%; see Hu et al. 2012 for more
discussion of this assumption). For simplicity, we
assume that C offers a wholesale price rather than a
quantity discount schedule to customers. This is
because the effect of scale economies at C should be
less significant than that at the supplier. For example,
the supplier may produce a common component for
all customers while C’s operations can be tailored to
different customers. In addition, relaxing this
assumption will not affect the qualitative results as
long as C’s discount rate is not too large.
We separate the analysis of the procurement game

into two cases. In the first case, the supplier’s price is
exogenously given. This corresponds to market condi-
tions where the supplier has little pricing flexibility
for various reasons. Call this the non-strategic sup-
plier case. In the second case, the component supplier
has more pricing power and can choose the pricing
scheme based on the procurement structure. Call this
the strategic supplier case. Next we analyze these two
cases and show that the supplier’s pricing power

plays a critical role in the equilibrium outcome of the
procurement game.

4. Non-Strategic Supplier

In this section, we study the case where the compo-
nent supplier is non-strategic, that is, the supplier
offers a fixed pricing schedule regardless of the
procurement structure. The case of strategic sup-
plier will be studied in section 5. Specifically, the
unit price charged by the supplier is given by a
quantity discount schedule wS;kðqÞ ¼ w0 � bq,
k 2 {C, M1, M2}, where w0 and b are fixed parame-
ters and q is the order quantity. We assume w0 � 1
since the market size has been normalized to 1.
Such a linear discount schedule has been widely
adopted in the literature to maintain tractability
(e.g., Chen and Roma 2011, Ingene and Parry 1995).
However, a limitation is that the price wS;k may
become negative when b or q is too large. Follow-
ing the literature, in the subsequent analysis we
will restrict our attention to scenarios where firms’
prices and order quantities are positive in equilib-
rium. Since the supplier’s pricing schedule is fixed,
the contract manufacturer is the Stackelberg leader
in the second, pricing stage of the game. For any
chosen procurement structure j 2 {II, DD, DI, ID}
in the first stage, the sequence of events in the sec-
ond stage is as follows: First, the contract manufac-
turer sets its prices for each of the OEMs; second,
the OEMs set their market prices and place orders
at the contract manufacturer (when they use dele-
gation) or at the supplier (when they control their
component procurement); and, finally, the contract
manufacturer, if necessary (for the II, DI, and ID
structures), places its order at the component sup-
plier. We denote these prices by w

j
l;k with l 2 {S,C},

which represents a price offered by l to k under
procurement structure j. Given the contract
manufacturer’s and supplier’s prices, each OEM
chooses the market price p

j
i and associated order

quantity q
j
i to maximize its own profit. OEM i’s profit

under procurement structure j can be written as:

Pj
i ¼ p

j
i � w

j
S;i � w

j
C;i

� �
q
j
i ; ð3Þ

where w
j
S;iðq j

i Þ ¼ w0 � bqji denotes the OEMs’ unit
procurement costs from the supplier and q

j
i,

i 2 {M1, M2} are given by the linear demand func-
tions in (1) and (2). For the profit function in (3) to
hold in all procurement structures, we set the non-
existing prices to zero, that is, wII

S;M1

= wII
S;M2 ¼ wID

S;M1 ¼ wDI
S;M2 ¼ wDD

S;C ¼ 0; this is for
notational convenience and will not affect the analy-
sis and results.
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The contract manufacturer’s objective is to maxi-
mize its profit by quoting input prices for the OEMs.
The contract manufacturer’s profit under procure-
ment structure j can be written as:

Pj
C ¼ w

j
C;M1q

j
M1 þ w

j
C;M2q

j
M2 � w

j
S;Cq

j
C; ð4Þ

where w
j
S;CðqjCÞ ¼ w0 � bqjC denotes the contract

manufacturer’s unit procurement cost when it
orders q

j
C from the supplier.

We first solves the second-stage game using back-
ward induction. As an illustration, we analyze the
equilibrium outcome under the II procurement struc-
ture as follows (the analysis for the other structures is
similar). First, for a given set of component prices
fwj

C;M1; w
j
C;M2g from the contract manufacturer, we

find the optimal market prices and order quantities p
j
i

and q
j
i for the OEMs. Their optimal order quantities

are functions of w
j
C;M1 and w

j
C;M2, therefore we can

write the contract manufacturer’s profit as a function
of w

j
C;M1 and w

j
C;M2. Since the contract manufacturer’s

profit is just a function of these prices, we can

maximize the profit to find the contract manufac-
turer’s optimal prices and thus order quantities.
Table 1 summarizes the equilibrium outcomes under
the II and DD procurement structures.

4.1. Equilibrium Outcome
In this subsection, we characterize the equilibrium
outcome for the two-stage procurement game. As
preparation, we first present two lemmas. These
lemmas introduce several important effects that
help explain the equilibrium outcome of the game.
Lemma 1 compares the three procurement struc-
tures DD, ID and DI in the second stage of the
game.

LEMMA 1. Under a non-strategic supplier, the following
relationships hold for DD, ID and DI procurement
structures:

(i) pDD
M1 � pIDM1 and pDD

M2 � pIDM2, qDD
M1 � qIDM1 and

qDD
M2 � qIDM2;

Table 1 Equilibrium Outcomes of the Second-Stage Game (non-strategic supplier)

j = II j = DD

pjM1

1

2ð2 þ cÞðc2 � 1Þð2 � c þ 2bðc � 1ÞÞ ð�6 � 2w0

þ cð�w0 þ cð3 þ w0ðc þ 2Þ � 5bÞ � 2bÞ þ 7b

þ aðb þ c ð�5 þ c2ð2 � 4bÞ þ 6b � 3cbÞÞÞ

1

4

��4ð1 þ acÞ
c2 � 1

þ 1 þ a þ 2w0ðc � 1Þ
ðc � 1Þð2 � c þ 2bðc � 1ÞÞ

� 1 � a
ðc þ 1Þð2 þ c � 2bð1 þ cÞÞ

�

pjM2

1

2ð2 þ cÞðc2 � 1Þð2 � c þ 2bðc � 1ÞÞ ð�2w0 þ b

þ cð�5 � w0 þ cð2w0 þ cð2 þ w0 � 4bÞ � 3bÞ þ 6bÞ
þ að�6 þ c2ð3 � 5bÞ þ 7b � 2cbÞÞ

1

4

��4ða þ cÞ
c2 � 1

þ 1 þ a þ 2w0ðc � 1Þ
ðc � 1Þð2 � c þ 2bðc � 1ÞÞ

� a � 1

ð1 þ cÞð2 þ c � 2bð1 þ cÞÞ
�

qjM1

1

4

�
1 � a
2 þ c

þ 1 þ a þ 2w0ðc � 1Þ
2 � c þ 2bðc � 1Þ

�
1

4

�
1 þ a þ 2w0ðc � 1Þ
2 � c þ 2bðc � 1Þ � a � 1

2 þ c � 2bðc þ 1Þ
�

qjM2

1

4

�
a � 1

2 þ c
þ 1 þ a þ 2w0ðc � 1Þ

2 � c þ 2bðc � 1Þ
�

1

4

�
1 þ a þ 2w0ðc � 1Þ
2 � c þ 2bðc � 1Þ � 1 � a

2 þ c � 2bðc þ 1Þ
�

Pj
M1

ð2 þ w0ðc2 þ c � 2Þ þ ðc � 1Þb þ aðc þ b � cbÞÞ2
4ð2 þ c2Þðc � 2 þ 2b � 2bcÞ2

ð1 � bÞðcða þ w0 þ w0cÞ � 2bðac þ w0ðc2 � 1ÞÞ � 2ðb þ w0 � 1ÞÞ2
4ðc2ð1 � 2bÞ2 � 4ðb � 1Þ2Þ2

Pj
M2

ð2a þ w0ðc2 þ c � 2Þ þ bða � 1Þðc � 1ÞÞ2
4ð2 þ c2Þðc � 2 þ 2b � 2bcÞ2

ð1 � bÞð2a þ c þ w0ðc2 þ c � 2Þ � 2bða þ c þ w0ðc2 � 1ÞÞÞ2
4ðc2ð1 � 2bÞ2 � 4ðb � 1Þ2Þ2

Pj
C

1

4ðc þ 2Þðc2 � 1Þð2 � c þ 2bðc � 1ÞÞ ð�2 � 4w0ðw0 � 1Þ
� 2w2

0 c
4 � 2w0c3ðw0 þ 1Þ þ 2cðw2

0 þ w0 � bÞ þ b

þ c2ð�1 � 4w0 þ 6w2
0 þ bÞ þ a2ð�2 þ c2ðb � 1Þ

þb � 2bcÞ � 2að�2w0 þ b þ cð3 þ ð�1 þ cð2 þ cÞÞw0

þbðc � 2ÞÞÞÞ

1

8

� ð1 þ a þ 2w0ðc � 1ÞÞ2
ð1 � cÞð2 � c þ 2bðc � 1ÞÞ þ ða � 1Þ2

ð1 þ cÞð2 þ c � 2bð1 þ cÞÞ
�

Pj
S

�1 þ a þ 2w0ðc � 1ÞÞðbð1 þ aÞ þ 2w0ð�2 þ c þ b � cbÞÞ
4ð2 � 2b þ cð2b � 1ÞÞ2

1

4ðc2ð1 � 2bÞ2 � 4ðb � 1Þ2Þ2
ð2w0ð1 þ aÞð2 þ cðb � 1Þ � bÞ

�ð2 þ c � 2b� 2cbÞ2 þ 2ðc � 1Þw2
0 ð2 þ c � 2b � 2bcÞ2

�ð4 � 3b þ cð�2 þ 3bÞÞ � bða2ðc2ð1 � 2bÞ2 þ 4ðb � 1Þ2Þ
þ c2ð1 � 2bÞ2 þ 4ðb � 1Þ2 þ 8acð1 � 3b þ 2b2ÞÞÞ
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(ii) pDD
M1 � pDI

M1 and pDD
M2 � pDI

M2, qDD
M1 � qDI

M1 and

qDD
M2 � qDI

M2;

(iii) PDI
M1 � PDD

M1 , P
ID
M2 � PDD

M2 .

Parts (i) and (ii) show how the OEMs’ market prices
and demands change when one of them deviates from
DD. We can see that a deviation by any firm will
soften market competition because it will lead to
higher market prices for both firms. In fact, Part (iii)
indicates that each OEM will be better off if the other
OEM moves from direct to indirect procurement. We
may call this the competition softening effect. What will
happen to the profit of the deviating firm? The answer
is ambiguous. Take M1 for example (the observation
for M2 is similar), it has been found that after deviat-
ing from DD to ID, M1 will procure a lower quantity
and thus pay a higher total procurement price (com-
ponent price plus processing fee). Close scrutiny
reveals an interesting driving force behind this obser-
vation. Under direct procurement, M1 determines the
order quantity and has stronger incentives to place a
large order quantity (M1 is the sole-beneficiary from a
large discount). In contrast, under indirect procure-
ment, we add an intermediary contract manufacturer
who sets a price that will determine M1’s order quan-
tity. Since the contract manufacturer will share the
benefit of a large discount with M1, these two down-
stream firms have less incentives to increase order
quantity. The contract manufacturer anticipates such
an incentive change, and therefore will charge a
higher total procurement price to compensate for the
loss of volume. Such under-ordering behavior under
indirect procurement is analogous to the classic
under-ordering behavior caused by double marginal-
ization. It is well known that in a two-stage supply
chain governed by wholesale price contract, the
downstream firm will order less than in the central-
ized supply chain due to sharing the profit margin
with the upstream firm. Here, the downstream firms
will order less due to sharing the component quantity
discount with each other. The difference is that in our
setting, the split of discount hinges upon the quantity
discount schedule offered by the supplier, while the
classic double marginalization does not require a
quantity discount schedule and the split of unit profit
margin is independent of volume. For easy reference,
we call this the discount-sharing effect. The next lemma
introduces another effect in the procurement game.

LEMMA 2. Under a non-strategic supplier, the
procurement structure DI is never an equilibrium.

The DI structure can never be sustained in equi-
librium because M1 (the smaller OEM) will always
have incentives to deviate from direct to indirect

procurement (from DI to II). The deviation allows
the contract manufacturer to aggregate the two
OEMs’ orders and thus obtain a better quantity
discount from the supplier. This will benefit both
OEMs. We may call this the order aggregation
effect. Due to its smaller order quantity, M1 will
benefit more from the order aggregation relative to
M2. Therefore, DI will never arise in equilibrium.
Next, we characterize the equilibrium outcome for

the two-stage procurement game. Define

D1 ��4ð1�bÞð�4þ c2�2bðc2�1ÞÞ
� ðbþað2þbðc�1ÞÞ� cðb�1Þ
þw0ðc2þ c�2ÞÞ2þ4ðcþ2Þ2ð�2� 2bðc�1Þþ cÞ2
�ðaðb�2Þþ cðb�1Þþw0ðc�1Þ
� ðb�2þ cðb� 1ÞÞÞ2;

D2 ��4bð�1þbÞ3þ4ðb�1Þ2ð�1þbþ2b2Þc2�
�ð1�2bÞ2ðb2þb�1Þc4:

PROPOSITION 1. Under a non-strategic supplier, the
sub-game perfect equilibrium of the procurement game
can be characterized as follows:

(i) If D1 � 0 and D2 � 0, then both II and DD are
equilibria.

(ii) If D1 � 0 and D2 [ 0, then II is the unique equili-
brium.

(iii) If D1 [ 0 and D2 � 0, then DD is the unique
equilibrium.

(iv) If D1 [ 0 and D2 [ 0, then ID is the unique equi-
librium.

Proposition 1 indicates that else than DI, all pro-
curement structures may arise in equilibrium. First, II
will arise as an equilibrium as long as D1 � 0. From
the discussion of Lemma 2, we know M1 will not
deviate from II; thus II will be an equilibrium as long
as M2 does not deviate from II. If M2 deviates from II
to ID, then the contract manufacturer can no longer
aggregate the OEMs’ orders, which will increase the
component price for M2. However, the component
price for M1 would increase even more due to its
lower order quantity. So although the deviation from
II to ID will increase M2’s component price, it will
also give it a more advantageous position in market
competition. M2 will find it profitable to deviate when
b is large (i.e., the negative impact of procurement
economies of scale on M1 is large) and c is large (i.e.,
market competition is intense). In other words, M2 is
less likely to deviate when either b or c is relatively
small. As an illustration, Figure 2 shows the equilib-
rium outcome for the procurement game under three
different b values and w0 ¼ 1 (the outcome is not
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sensitive to the value of w0). When b is small (e.g.,
Figure 2a), II will always be an equilibrium. When b
and c are both large (e.g., Figures 2b and c), ID and
DD may arise as unique equilibrium (these two equi-
libria also require a to be large; note a large a means a
large difference in the OEMs’ order quantities, which
will incentivize M2 to deviate from II to ID). It is
worth mentioning that DD may also arise as equilib-
rium under other parameter ranges (see more discus-
sion below). These observations are consistent with
the equilibrium condition D1 [ 0,which tends to hold
when all three parameters a, b, and c are large.
The II equilibrium is not surprising because the

OEMs can enjoy a deeper discount by both delegating
procurement to the contract manufacturer. However,
Proposition 1 indicates that DD may also arise as an
equilibrium, which is less intuitive. Under DD, both
OEMs will receive a higher component price com-
pared to II; nevertheless, no firm would deviate when
D2 � 0. Next we provide an explanation of this equi-
librium using the effects introduced by Lemma 1.
It can be shown that whenever M1 prefers not to

unilaterally deviate from DD, M2 prefers not to devi-
ate either. Thus to ensure the DD equilibrium, we
only need to check the conditions under which M1
will not deviate. From the discussion after Lemma 1,
M1 will not deviate if the negative discount-sharing
effect, as it drives up the procurement cost, dominates
the positive effect of softening competition. This cor-
responds to the condition D2 � 0. Note D2 is a func-
tion of only b and c and Figure 3 characterizes their
relationship. For any b, D2 � 0 holds when the prod-
ucts are sufficiently differentiated, that is, when c is
smaller than a threshold. We can see that the thresh-
old for c increases in b since a large b strengthens the
discount-sharing effect.
Proposition 1(iv) states that ID and DD may

arise as the unique equilibrium when D1 [ 0.

Under this condition, II cannot be an equilibrium
because M2 will choose to deviate from indirect to
direct procurement. To obtain a better understand-
ing of the odds for different equilibrium structures
to happen, we conduct extensive numerical experi-
ments as follows. The range of each parameter is
evenly divided into 20 intervals (so each parame-
ter can take 20 values), where a 2 [1, 10],
c 2 [0, 1], b 2 ½0; 1

2�, and w0 2 ½0; 1�. For each
parameter combination, we derive the equilibrium
outcome (again we restrict our attention to scenar-
ios with positive equilibrium prices and order
quantities). It has been found that II is the unique
equilibrium among 48.6% of the scenarios, II and
DD coexist among 51.1% of the scenarios, and DD
or ID may arise as the unique equilibrium under
only 0.3% of the scenarios. Thus, the condition of
D1 [ 0 is rather restrictive, as is also shown by
the small regions for ID and DD in Figure 2. Since

(a) (b) (c)

Figure 2 Equilibrium Outcome under Different b Values (non-strategic supplier)

Figure 3 The Sign of D2 as a Function of b and c
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ID is an equilibrium only under extreme condi-
tions, we will focus our analysis and discussion
on the equilibria II and DD in the rest of the
section.

4.2. Comparison of II and DD
We have characterized the equilibrium outcome for
the procurement game. Now we may compare these
different equilibria and examine supply chain mem-
bers’ preferences. We focus on II and DD since they
are the equilibria for most parameter ranges. In addi-
tion, these two equilibria may coexist under certain
conditions. First, the following proposition shows that
when both II and DD are equilibria, then II Pareto
dominates DD.

PROPOSITION 2. Under a non-strategic supplier, if II and
DD are both sub-game perfect equilibria of the procurement
game, then II Pareto dominates DD, that is, both OEMs’
profits are higher in II than in DD.

The Pareto dominance implies that both OEMs
would prefer the II equilibrium to the DD equili-
brium. However, it does not mean the DD equili-
brium will not happen in practice at all. Many
research studies demonstrate that Pareto dominated
equilibrium may happen in experimental settings
(see, e.g., Van Huyck et al. 1991, and the references
therein). Also DD may happen in the following
sequential entry setting: Suppose at the beginning
there is only one OEM in the market, and it can be
shown that the single OEM will choose control; and
then the second OEM enters, and it would also choose
control if D2 � 0. Although the Pareto dominance
cannot rule out the DD equilibrium, it does indicate
that the II equilibrium might be more likely to happen
in practice.
The next proposition sheds some light on the pref-

erences of different supply chain members.

PROPOSITION 3. Under a non-strategic supplier, the
following holds for the II and DD procurement
structures:

(i) pIIM1 � pDD
M1 ; p

II
M2 � pDD

M2 ; q
II
M1 � qDD

M1 ; q
II
M2 � qDD

M2 ;

(ii) PDD
C � PII

C ;

(iii) PDD
S � PII

S ;

(iv) PDD
S þ PDD

C þ PDD
M1 þ PDD

M2 � PII
S þ PII

C

þPII
M1 þ PII

M2.

We know that both OEMs’ procurement costs
would be higher under DD than under II because of
the lost quantity discounts. Interestingly, Proposition
3(i) shows that the OEMs adopt different strategies to
absorb the heightened costs. The smaller OEM would

increase its market price; in contrast, the larger OEM
would decrease its market price, which would result
in higher market demand and therefore larger quan-
tity discounts. The OEMs’ different strategies are due
to their different price elasticities. Knowing that its
smaller competitor has greater price elasticity (which
would make it increase market price when its input
cost increases), the larger OEM with less price elastic-
ity prefers to reduce its market price and take advan-
tage of the supplier’s quantity discounts. Part (ii) of
the above proposition shows that the contract manu-
facturer prefers DD over II, which is unexpected. One
may intuit that the contract manufacturer’s profit will
be squeezed as the OEMs gain more control of their
component procurement. For example, Pick (2004)
mentions that electronics manufacturing services
(EMS) providers (i.e., the contract manufacturers in
the electronics industry) can generate significant prof-
its from the acquisition and sale of components; thus,
as OEMs are implementing component procurement
control, the EMS providers are losing significant por-
tion of their value-added from procurement. How-
ever, our model analysis suggests that contract
manufacturers might actually benefit from the OEMs’
control on component procurement. We offer the fol-
lowing explanation of this interesting finding in Part
(ii). First, it can be shown that the margins charged by
the contract manufacturer do not change across the II
and DD procurement structures. Specifically, the mar-
gin set for the larger OEM is higher (again, because of
the lower price elasticity of the larger OEM). Second,
as Part (i) indicates, when switching from II to DD,
M1’s order quantity decreases while M2’s order quan-
tity increases. This implies a bigger portion of the con-
tract manufacturer’s demand comes from the larger
firm, thus higher overall margins for the contract
manufacturer. Therefore, based on the given model
setting, direct control of component procurement by
the OEMs may benefit the contract manufacturer. An
immediate implication is that if the contract manufac-
turer has the power to impose the component pro-
curement structure in a competitive supply market,
he would choose DD over II and require the OEMs to
procure their own components.
The rest of Proposition 3 implies the supplier and

the entire supply chain earn a higher profit under DD.
Note that the OEMs’ component costs would be lower
under II (due to the aggregated order discounts).
Since the contract manufacturer charges the same
margins under both II and DD, the supplier receives a
greater profit margin under DD and therefore prefers
DD to II. Similarly, the supply chain also prefers DD
to II, using the same explanation for part (ii): Under
DD, the larger OEM with a higher market price will
sell more, which increases the overall supply chain
profit; under II, the competition drives down the
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larger firms’ demand and hence reduces the supply
chain profit.
Finally, we finish this section by presenting the

equilibrium outcome for two special cases, that is,
symmetric OEMs and no market competition.

PROPOSITION 4. Consider the non-strategic supplier case.

(i) For symmetric OEMs (i.e., a = 1), both II and DD
are equilibria of the procurement game if D2 � 0,
and II is the unique equilibrium otherwise.

(ii) If there is no market competition (i.e., c = 0), then
both II and DD are equilibria of the procurement
game.

Proposition 4(i) indicates that even for symmetric
OEMs, DD can arise in equilibrium. That is, if one of
the OEMs controls its component procurement, then
the other one may also prefer to do the same, even
though both of them prefer II to DD. Chen and Roma
(2011) study two competing retailers’ procurement
strategies under non-strategic supplier. They find that
group buying is always preferable for symmetric retail-
ers. However, as shown by Proposition 4(i), both II
(which is similar to group buying) and DD may arise
in equilibrium in our problem. This is mainly due to
the intermediary contract manufacturer who can set a
price and grab a share of the profit in the supply chain.
Specifically, the strategic role of this new player in our
model gives rise to the discount-sharing effect that is
absent in Chen and Roma (2011). Such an effect
reduces the incentives for an OEM to deviate from D
(direct procurement) to I (indirect procurement), which
makes DD a possible equilibrium in our model.
Proposition 4(ii) indicates that when there is no

market competition, DD always arises as an equilib-
rium. Without competition, the competition softening
effect from procurement delegation disappears. As a
result, any OEM that deviates from DD would
decrease the competitor’s procurement cost while
increasing its own. This implies that DD is an equilib-
rium for any value of the discount parameter b in the
absence of product competition. These findings are
consistent with our discussion above for more general
cases.

5. Strategic Supplier

In this section, we study the case of a strategic compo-
nent supplier, that is, the supplier can adjust the com-
ponent price based on the procurement structure.
Again let w

j
S;kðqÞ ¼ w

j
k � bqjk be the supplier’s pricing

schedule offered to firm k under procurement struc-
ture j, where k 2 {C, M1, M2} and j 2 {II, DD,
ID, DI}. For ease of exposition, we assume the quan-
tity discount b is fixed; this might hold for situations

where the supplier has a limited flexibility in adjust-
ing the discount rate. Given this assumption, we may
discuss what will happen for different values of b.
Allowing both b and w

j
k to vary will significantly com-

plicate the analysis. Although b is fixed, the supplier
may charge different base prices w

j
k to different cus-

tomers, which is not uncommon in practice. Accord-
ing to an iSuppli survey, various pricing programs
(e.g., rebate, consignment, buy/sell agreement) have
been used to disguise suppliers’ component prices
(Pick 2004). How to effectively implement confiden-
tial price agreement with different customers has also
been studied in the literature (see Deshpande et al.
2011).
The strategic supplier is the Stackelberg leader in

the second stage of the game. For any procurement
structure j 2 {II, DD, DI, ID} chosen in the first
stage, the sequence of events is as follows: First,
the supplier sets the component price schedules for
its customers (either the contract manufacturer or
the OEMs); second, the contract manufacturer sets
its prices for the OEMs; finally, the OEMs set their
market prices and place their orders at the
upstream firm (either the supplier or the contract
manufacturer).
In the second-stage game, the supplier’s objective is

to maximize the profit by choosing the base prices w
j
k

for its customers:

P j
S ¼ w

j
S;M1q

j
M1 þ w

j
S;M2q

j
M2 þ w

j
S;C q

j
C: ð5Þ

Similar to the non-strategic supplier case, the prices
that do not exist under certain procurement struc-
tures are set to zero. We may solve the second-stage
game using backward induction. Table 2 presents
the equilibrium solutions for the II and DI procure-
ment structures, which may arise as the equilibrium
outcome in the first-stage game.
Define the following threshold value for later use:

D3 � 16ðcþ 2Þ2ð2þ cðb� 1Þ � bÞ2ðb� 1Þð�4

þ acðb� 2Þ þ bÞ2 þ ð�6þ 2aþ c� 3ac

þ 2ða� 1Þðc� 1ÞbÞ2ððb� 4Þð3b� 4Þ
þ c2ðbð8� 3bÞ � 4ÞÞ2:

Then we can characterize the sub-game perfect equi-
librium for the procurement game under a strategic
supplier.

PROPOSITION 5. Under a strategic supplier, II is the
unique equilibrium if D3 � 0, and DI is the unique
equilibrium otherwise.

According to Proposition 5, both II and DI may
arise as the equilibrium outcome under a strategic
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supplier. Recall under a non-strategic supplier, DI
cannot be an equilibrium because M1 always prefers
II to DI due to the higher quantity discount benefit.
Let us now examine M1’s preference between II and
DI under the strategic supplier. If M1 deviates from II
to DI, it receives a lower quantity discount, for the
same reason as before. However, now the deviation
allows the supplier to charge different prices for the
components going to different OEMs. In particular,
the supplier will decrease its component price for M1
while increasing its price for M2 since the price elas-
ticity of demand for M1 is higher than that for M2.
That is, the deviation will reduce M1’s own compo-
nent cost, while increasing its competitor’s compo-
nent cost. Clearly, this will benefit M1 when setting
prices for the competitive market. We may call this
new driving force the price discrimination effect. So
M1’s choice depends on the trade-off between the
negative quantity discount effect and the positive
price discrimination effect. The equilibrium outcome
depends on three key parameters. First, since a large a
implies a greater difference in the OEMs’ price elastic-
ities, the discrimination effect would be more signifi-
cant when a is large. It can be shown that there is a
threshold value â [ 1 such that DI is the equilibrium
if and only if a [ â. Second, the quantity discount
effect would be stronger if there is a large b, so the DI
equilibrium will be less likely to happen as b
increases. Third, the quantity discount effect would
be stronger if the market is more competitive (i.e., c is

large). In that case both firms’ demands would be
higher, which means they will lose more if they do
not aggregate their demands. On the other hand, the
price discrimination effect weakens as c increases
since the OEMs’ order quantity increases and the sup-
plier has less incentive to decrease its base prices for
the OEMs. Hence the chance for II to happen
increases in c. For illustration, Figure 4 demonstrates
the equilibrium procurement structures for three dis-
count rates, b = 0.1, b = 0.3 and b = 0.5. We can see
that the region for II equilibrium (i.e., D3 � 0) is more
likely to happen for large b and c but small a, which is
consistent with the above discussion.
Since DD may arise as an equilibrium under a non-

strategic supplier, it would be interesting to investi-
gate why it cannot be an equilibrium under a strategic
supplier. We find that this is because the larger OEM
always prefers DI to DD under a strategic supplier.
To explain this result, we need to compare the pro-
curement structures DI and DD. It can be shown that
under a strategic supplier, the following relationships
hold for the procurement structures DI and DD:
(i) pDD

M1 � pDI
M1 and pDD

M2 � pDI
M2; (ii) qDD

M1 � qDI
M1 and

qDD
M2 � qDI

M2; (iii) P
DD
M1 � PDI

M1 andPDD
M1 � PDI

M1.
Similar to the findings in Lemma 1, under a

strategic supplier, when M2 deviates from DD to
DI (i.e., M2 delegates its procurement to the
contract manufacturer), both OEMs increase their
prices in the market, that is, the deviation softens
competition and benefits both firms. At the same

Table 2 Equilibrium outcomes of the second-stage game (strategic supplier)

j = II j = DI

pjM1

1

8

�
2 � 2a
2 þ c

þ 1 þ a
2 þ cðb � 1Þ � b

�
1 þ ac

1 � c2
þ �4 þ b þ cðcð3b � 2Þ þ að4b � 6ÞÞ

2ðc2 � 1Þðð4 � bÞð3b � 4Þ þ c2ðb � 2Þð3b � 2ÞÞ

pjM2

1

8

�
2a � 2

2
þ c þ 1þ a

2þ cðb� 1Þ�b

�
a þ c

1 � c2
þ �6c � 2aðc2 þ 2Þ þ 4ac þ abðc2 þ 3Þ

2ðc2 � 1Þðð4 � bÞð3b � 4Þ þ c2ðb � 2Þð3b � 2ÞÞ

qjM1

1

8ðc � 1Þ
�
� 8a þ 4ða � 1Þ

1 þ c
þ 6ða � 1Þ

2 þ c
þ 1 þ a

2 þ cðb � 1Þ � b

�
acðb � 2Þ þ b � 4

�2ðb � 4Þð3b � 4Þ þ 2c2ðb � 2Þð3b � 2Þ

qjM2

1

8ðc � 1Þ
�
� 8 þ 4ð1 � aÞ

1 þ c
þ 6ð1 � aÞ

2 þ c
þ 1 þ a

2 þ cðb � 1Þ � b

�
3bðc þ aÞ � 2ðc þ 2aÞ

�2ðb � 4Þð3b � 4Þ þ 2c2ðb � 2Þð3b � 2Þ

Pj
M1

ð�6 þ 2a þ c � 3ac þ 2ða � 1Þðc � 1ÞbÞ2
64ð2 þ cÞ2ð�2 þ c þ b � bcÞ2

ðb � 1Þðacðb � 2Þ þ b � 4Þ2
4ððb � 4Þð3b � 4Þ þ c2ðþ ð8 � 3bÞb � 4ÞÞ2

Pj
M2

ð2 � 6a � 3c þ ac � 2bða � 1Þðc � 1ÞÞ2
64ð2 þ cÞ2ð�2 þ c þ b � bcÞ2

ð3bðc þ aÞ � 2ðc þ 2aÞÞ2
4ððb � 4Þð3b � 4Þ þ c2ðþ ð8 � 3bÞb � 4ÞÞ2

Pj
C

1

32

�
4ð1 � aÞ2

ð1 þ cÞð2 þ cÞ � 2ð1 þ aÞ2
ðc � 1Þð2 þ cðb � 1Þ � bÞ �

ð� 2 þ cÞð1 þ aÞ2
ðc � 1Þð� 2 þ cð1 � bÞ þ bÞ

�
1

4ðc2 � 1Þððb � 4Þð3b � 4Þ þ c2ð� 4 þ bð8 � 3bÞÞ2
ðc4ð1 � bÞð3b � 2Þ2 þ 2ðb � 4Þ2ðb � 1Þ þ c2ðbð16 þ bð7b � 19ÞÞ
� 8Þ þ 2acðbð88 þ bð11b � 53Þ � 48Þ þ c2ðbð� 40 þ bð37 � 11bÞÞ
þ 12ÞÞ þ a2ðð4 � 3bÞ2ðb � 2Þ � c4ðb � 2Þ2ð2b � 1Þ
� c2ð8 þ cðbð7b � 17Þ þ 4ÞÞÞÞ

Pj
S

ð1 þ aÞ2
16ð1 � cÞð2 þ cðb � 1Þ � bÞ

2ð2 þ 6ac þ c2 þ a2ðc2 þ 2ÞÞ � bð1 þ 8ac þ 3c2 þ a2ðc2 þ 3ÞÞ
4ðc2 � 1Þðð4 � bÞð3b � 4Þ þ c2ðb � 2Þð3b � 2ÞÞ
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time, due to the discount-sharing effect, M2 will
face a higher component price under indirect than
under direct procurement. Unlike Lemma 1, we
find that the positive softened competition effect
always dominates the negative effect of heightened
component price for M2, so M2 always prefers DI
to DD under a strategic supplier. This is because
when the supplier can adjust its component price,
it will take the discount-sharing effect into account
and induce M2 to order more by reducing its
base price. At the same time, the supplier will
increase the base price for M1, who controls its
procurement. This strategic move by the supplier is
intended to minimize the negative effect of dis-
count sharing on its profit. It is straightforward to
show that the supplier charges a higher margin to
the larger OEM, so it prefers to increase M2’s order
due to the higher margin. Such a strategic behavior
would mitigate the discount-sharing effect, and
thus make the softened competition the dominant
effect. As a result, DD is always dominated by DI
from M2’s perspective and can never be an equilib-
rium under a strategic supplier. Notice that in a
non-strategic supplier setting, the supplier could
not change its base price to mitigate the discount-
sharing effect. Hence the discount-sharing effect
may dominate the softened competition effect, lead-
ing to the DD equilibrium structure.
In summary, the strategic supplier is able to price

discriminate the OEMs for certain procurement
structures, which offers incentives for the smaller
OEM to choose control. By directly procuring from
the strategic supplier, the smaller OEM may enjoy
a lower component price due to its larger price
elasticity of demand. Further, the supplier’s strate-
gic pricing behavior may also change the larger
OEM’s incentives as well. In particular, it will
reduce the negative effect of discount sharing

caused by delegation (i.e., the OEM would receive
a higher component price when switching from
direct control to delegation) and, as a result, the
larger OEM will always prefer delegation to direct
control under a strategic supplier.

6. Discussion

The previous two sections study the non-strategic
supplier and strategic supplier cases, respectively. In
each section, it has been shown that the equilibrium
of the procurement game depends on several key fac-
tors, including the difference in market potential (a),
the intensity of market competition (c), and the sup-
plier’s discount rate (b). This section summarizes and
compares the results from these two cases. The pur-
pose is to highlight the critical role of the component
supplier’s pricing behavior in the equilibrium out-
come of the procurement game.
We may start the discussion with II, which could be

an equilibrium in both cases. The reason behind this
equilibrium is that under II, both OEMs can receive a
large quantity discount by allowing the contract man-
ufacturer to aggregate the orders. Interestingly, the
OEMs’ incentives to deviate from II depends on the
supplier’s pricing power. Under a non-strategic sup-
plier, it is the larger OEM who may choose to deviate
from the II structure. Deviating from II will increase
the larger OEM’s component price due to the loss of
discount; at the same time, it will help the OEM
achieve a competitive advantage because the smaller
OEM’s component price will increase more signifi-
cantly. When the discount rate is small (b is small) or
the market competition is not very intense (c is small),
the larger OEM will not deviate from II because the
loss of discount dominates the benefits of competitive
advantage. In contrast, under a strategic supplier, it is
the smaller OEM who may choose to deviate from II,

(a) (b) (c)

Figure 4 Equilibrium Characterization for Different Discount Rates with Strategic Supplier
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while the larger OEM will never do so. The strategic
supplier price discriminates and tends to charge a
lower price to the smaller OEM due to its smaller
market potential. This is enough of an incentive for
the smaller OEM to deviate from II. The smaller OEM
will not choose to deviate only if the loss of discount
is significant enough to outweigh the benefit from
price discrimination, which happens when a is small
(the discrimination effect is small) and b is large (the
loss of discount is more significant). We can see that
the conditions for II to be an equilibrium are quite dif-
ferent depending on the supplier’s pricing power.
The nature of the other equilibrium of the procure-

ment game also depends on whether the supplier is
strategic or not. Specifically, DD could be an equilib-
rium under a non-strategic supplier but never under
a strategic one; by contrast, DI could be an equilib-
rium under a strategic supplier but never under a
non-strategic one. The supplier’s strategic pricing
behavior affects the incentives of both OEMs and
drives the different equilibria of these two cases. First,
the price discrimination effect may make DI an equi-
librium under a strategic supplier. As explained
before, the smaller OEM may choose to deviate from
II to DI to take advantage of better component prices.
Second, although DD may arise as an equilibrium
under a non-strategic supplier, it can no longer be an
equilibrium under a strategic supplier. Under a non-
strategic supplier, an OEM faces the following trade-
off when deviating from DD: A deviation will
dampen market competition (both firms’ market
prices will go up), which is beneficial to both firms;
however, the component price will increase for the
deviating firm due to the discount-sharing effect. So
DD may arise as an equilibrium when the negative
discount-sharing effect outweighs the positive compe-
tition softening effect. Under a strategic supplier,
however, we find that the larger OEM always finds it
profitable to deviate from DD. In other words, due to
the supplier’s strategic pricing behavior, the competi-
tion softening effect ends up dominating the dis-
count-sharing effect, which makes DD not a
sustainable equilibrium.

7. Conclusion

This paper studies the optimal component procure-
ment strategies of two competing OEMs in a three-tier
supply chain. The OEMs depend on a contract manu-
facturer for processing an important input, which in
turn requires a component from a supplier. The
OEMs can choose to either control component pro-
curement (i.e., direct procurement or control strategy)
or delegate component procurement to the contract
manufacturer (indirect procurement or delegation
strategy). There are four possible equilibrium

procurement structures: II (both firms use indirect
procurement), DD (both firms use direct procure-
ment), DI (the smaller firm uses direct while the larger
firm uses indirect procurement), and ID (the smaller
firm uses indirect while the larger firm uses direct
procurement). We analyze the OEMs’ equilibrium
strategies under two supplier characteristics: non-
strategic supplier who follows an exogenously given
pricing schedule, and strategic supplier who can set
prices in response to the OEMs’ chosen procurement
structure.
We characterize the OEMs’ equilibrium procure-

ment strategies in such a supply chain setting under
competition. Under a non-strategic supplier, we find
that symmetric equilibria (II or DD) may happen in
general, that is, the OEMs either both use delegation
or both use control. II could be an equilibrium
because both OEMs will receive a large quantity dis-
count from the supplier (i.e., the order aggregation
effect). The DD equilibrium depends on the trade-off
between two effects caused by a firm’s deviation from
it: A deviation can dampen the price competition, so
it benefits both OEMs (i.e., the competition softening
effect); however, the deviating OEM will receive a
higher component price because the contract manu-
facturer and the OEM have less incentive to order a
large quantity (i.e., the discount-sharing effect). Thus,
DD would be an equilibrium when the negative dis-
count sharing effect dominates the competition soft-
ening effect; and this happens as long as the products
are sufficiently differentiated. Further, we show that
the contract manufacturer prefers the DD structure to
the II structure, which is unexpected. Under DD, the
order from the larger OEM accounts for a greater por-
tion of the contract manufacturer’s demand, and the
contract manufacturer can charge a higher margin to
the larger OEM. Thus the contract manufacturer may
have higher profits when the OEMs directly control
their component procurement. Finally, the supplier’s
pricing behavior plays a critical role in determining
the equilibrium outcome. In particular, the smaller
OEM will have more incentives to deviate from II
because of the supplier’s price discrimination
between the OEMs. Thus DI may arise as an equilib-
rium of the procurement game. Furthermore, the
supplier’s strategic pricing behavior makes the larger
OEM always prefer DI to DD, and as a result, DD is
no longer an equilibrium. Hence in the equilibrium
under a strategic supplier, the larger OEM always
uses delegation while the smaller OEM may either
use delegation or control.
This research reveals several effects influencing the

OEMs’ component procurement strategy choices.
These effects include the benefit from order aggrega-
tion, the competition softening effect, the negative
impact of discount sharing, and finally, the strategic
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supplier’s price discrimination effect. Our research
results help explain the procurement practice
observed in the industry and also provide useful
guidance to managers for making strategic procure-
ment decisions.
Some promising directions for future research are

worth highlighting. First, it has been assumed in this
study that the supplier’s discount rate is exogenously
given. A potential direction for future research is to
relax this assumption and examine how the results
may change. Second, the current model assumes that
the contract manufacturer is passive with respect to
the type of procurement arrangement. It would be
interesting to consider other negotiation models in
future research. For example, one may study a model
where all parties can actively participate in deciding
the procurement arrangement. Finally, we have
assumed OEMs are Stackelberg followers in the sec-
ond stage of the game, regardless of their firm size.
Under a bargaining framework, the larger OEM
might obtain additional advantages such as lower
procurement price. Introducing a bargaining frame-
work is also a natural extension to our model. All
these directions may further deepen our understand-
ing of firms’ component procurement strategies in
various settings.
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