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This paper investigates a supply chain comprising an original equipment manufacturer
(OEM) and a contract manufacturer (CM), in which the CM acts as both upstream part-
ner and downstream competitor to the OEM. The two parties can engage in one of three
Cournot competition games: a simultaneous game, a sequential game with the OEM as
the Stackelberg leader and a sequential game with the CM as the Stackelberg leader. On
the basis of these three basic games, this paper investigates the two parties’ Stackelberg
leadership/followership decisions. When the outsourcing quantity and wholesale price are
exogenously given, either party may prefer Stackelberg leadership or followership. For exam-
ple, when the wholesale price or the proportion of production outsourced to the CM is lower
than a threshold value, both parties prefer Stackelberg leadership and, consequently, play a
simultaneous game in the consumer market. When the outsourcing quantity and wholesale
price are decision variables, the competitive CM sets a wholesale price sufficiently low to
allow both parties to coexist in the market, and the OEM outsources its entire production to
this CM. This study also examines the impact of the supply chain parties’ bargaining power
on contract outcomes by considering a wholesale price that is determined via the generalized
Nash bargaining scheme, finding a Stackelberg equilibrium to be sustained when the CM’s

degree of bargaining power is great and the non-competitive CM’s wholesale price is high.
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1 Introduction

Outsourcing the manufacturing function to contract manufacturers (CMs) is common prac-
tice today for many original equipment manufacturers (OEMs). In the personal computer
industry, for example, Apple and Hewlett-Packard outsource all of their assembly functions
to Foxconn, Flextronics and other CMs in Taiwan and mainland China (Smith 2008). Due to
the intense competition among CMs, the services they provide now go beyond the pure man-
ufacturing function. In the electronics industry, increasing numbers of classic CMs (which
have no design capabilities) are becoming original design manufacturers (ODMs) that offer
value-added services in addition to product manufacturing. Foxconn and Flextronics, for in-
stance, have built large R&D centers to offer product design services to OEMs (Baljko 2006),
a welcome development that allows OEMs to shorten new product development lead-times
and introduce greater product variety.

However, allowing CMs to handle an increasing number of business functions, from in-
novation and design to production and even logistics, can prove a double-edged sword for
OEMs, as the former are becoming increasingly capable of producing and selling their own
self-branded products. A number of interesting business cases have been observed in which
CMs act as both upstream partner and downstream competitor to OEMs. For example,
Ben@, Motorola’ s CM, produced its first own-brand cellular phone in 2005 (Hilmola et al.
2005). Asustek, a Taiwan-based CM for Apple, Dell, Sony and Toshiba, designs, produces
and sells its own Asus brand of notebook computers (Shilov 2007). Acer Inc., originally a
CM for IBM and Apple, actually became the third largest computer manufacturer in the
world (by sales) in 2007 (Nystedt 2007).

If a CM performs a single role, whether upstream partner or downstream competitor, then
its relationship with the OEM is relatively simple. In the former case, the OEM decides the
production quantity as a monopoly, and the CM is responsible only for manufacturing. In
the latter case, according to traditional oligopoly theory, the party that first decides the pro-
duction quantity is able to capture a larger share of the market and obtain a higher profit,

thereby exhibiting first-mover advantage (see, e.g., Vives 2001). However, a competitive CM



is not only an OEM’s competitor, but also its business partner. Its revenue is generated both
from producing and selling its own self-branded products and from contract manufacturing.
The outcome of Cournot competition between an OEM and its competitive CM and the in-
centives of both in choosing quantity leadership/followership remain unclear, which provides
the motivation for this study.

In practice, it is common for an OEM to act as a Stackelberg leader in contracting with
a competitive CM, although there are cases in which the latter assumes the leadership role.
For example, at Computex 2007 in Taipei, Asustek announced its production of a low-cost
sub-notebook based on Intel’s Classmate PC reference design. It also reported a sales target
of 200,000 units by the end of 2007 and of between three and five million by 2009 (Laptops
2007, Vilches 2007). One year later, one of its OEMs, Dell, entered the same market with a
target production of more than 3.6 million (Dannen 2008).

This paper considers a setting in which the end market includes an OEM and a com-
petitive CM. The OEM outsources part of its production to the competitive CM and the
remainder to non-competitive CMs. All of the CMs, whether competitive or non-competitive,
are capable of both design and manufacture.! There is no intellectual property (IP) conflict
between the OEM and competitive CM’s products in this paper. Further, the products of-
fered by the competitive CM and the OEM are imperfectly substitutable; that is, the OEM’s
products can be fully substituted for those of the CM, but the reverse does not hold true.
There exist three basic Cournot (quantity) competition games between these two parties: a
simultaneous game, a sequential-move Stackelberg game with the OEM as the leader and
a sequential-move Stackelberg game with the competitive CM as the leader. To explore
the endogenous quantity leadership issue, this paper adopts the extended two-stage game
in Hamilton and Slutsky (1990). In the first stage, the two players simultaneously choose a
leadership or followership role. In the second stage, they play a simultaneous game if both
players choose leadership or followership in the first stage, and a sequential game otherwise.

To provide a full picture of the outcomes of the three games, the paper first considers

a scenario in which the wholesale price and the proportion outsourced from the OEM to

'With regard to the electronics industry, the CMs investigated in this paper are considered to be ODMs.
Although ODMs are capable of both design and manufacture, they do not necessarily constitute OEM
competitors. In this industry, some ODMs have successfully launched self-branded businesses, whereas
others, such as BenQ (Wang 2006), have tried but failed to do so. Others, such as Foxconn and Flextronics,
enjoy large accumulative profits from contract manufacturing and have thus decided not to enter the consumer
market. (Note that Foxconn and Flextronics do produce self-branded components, but they do not produce
self-branded end products for the consumer market.)



the competitive CM are exogenously given. This scenario is realistic in certain settings. For
example, intense price wars among CMs can result in price alliances or associations among
them and lead to an industry standard price, which can be deemed as given. At the same
time, an OEM may have multiple reasons to outsource production to several CMs, one of
the most important of which is to avoid supply risks (see Tomlin (2006) for details of supply
chain disruptions). The proportion of production the OEM outsources in these settings can
be deemed exogenous. Both first- and second-mover advantages may exist for the OEM and
the competitive CM. The advantage of quantity leadership depends on multiple factors, such
as the market size, the wholesale price, the product substitution rates and the percentage
of production that the OEM outsources to this competitive CM. When the wholesale price
or the proportion of production outsourced to the CM is lower than a threshold value, both
parties prefer Stackelberg leadership and, consequently, play a simultaneous game in the
consumer market. As the degree of homogeneity between the OEM and competitive CM’s
products increases, the more difficult it becomes to keep the CM as the follower and the
more likely it is that a simultaneous game appears.

The second scenario this paper considers is one in which both the wholesale price and the
proportion of production outsourced to the competitive CM are endogenized. In this scenario,
the OEM determines the proportion of production that it outsources to the competitive CM,
whereas the competitive CM endogenously determines the wholesale price.

Interestingly, the OEM is found to prefer outsourcing entirely to the competitive CM
as long as its wholesale price is no more than that of non-competitive CMs. Further, when
the competitive CM sets the wholesale price, it always sets it sufficiently low to allow both
parties to coexist in the market.

This finding implies that a rational competitive CM will not readily give up its contract
manufacturing business and that a rational OEM will be cautious about employing the
outsourcing quantity as a weapon against a competitive CM. A win-win solution for both
may be to allow coexistence in the market. Otherwise, the loss of orders from OEMs may
actually spur CMs to develop and sell their own-brand products, thereby turning them into
aggressive competitors. Many CMs in Taiwan and the Pearl River Delta region of China were
reportedly forced to create their own brands to compensate for lost OEM orders following
the global financial crisis that began in September 2008 (Liu 2009). At the same time,
however, there are many examples of OEMs and competitive CMs coexisting in harmony.

Some competitive CMs even put considerable effort into retaining long-term relationships



with OEMs, such as by dividing themselves into two companies, with one responsible for self-
branded business and the other for contract manufacturing business (Chung 2004). Other
CMs, such as Arima, Clevo, Elite, TPV Technology and Twinhead, choose to maintain their
self-branded and ODM businesses within the same organization. In the case of any conflict,
they place priority on the latter, satisfying outsourced orders first by reducing the output
of their own branded products (Yang 2006, Wang 2008). As a result, many OEMs choose
to retain long-term relationships with competitive CMs rather than terminate their business
with them, especially when those CMs have accumulated special expertise, such as trained
workers and good production control systems and policies.

The final scenario considered here is that the CM and the OEM negotiate the wholesale
price via a generalized Nash bargaining (GNB) scheme. Paradoxically, a weak CM is found
to behave aggressively in the end-product market and, consequently, to play a simultaneous
game with the OEM, whereas a powerful CM is rather cooperative, prompting a sequential-
move game. The explanation is that greater bargaining power allows the CM to obtain a
larger revenue share from contract manufacturing, which weakens its incentives to sell its
own-brand products.

The remainder of this paper is organized as follows. Section 2 reviews the related lit-
erature. Section 3 presents the model notations and assumptions. Section 4 analyzes the
way in which the OEM’s outsourcing decision affects the production quantity and leadership
preference of both itself and the competitive CM, and carries out sensitivity analysis of the
product substitutability parameter. Section 5 extends the discussion to a setting with endo-
genized quantity and wholesale price, and Section 6 investigates the endogenous wholesale
price via a GNB scheme. Section 7 concludes the paper. All of the proofs are relegated to

online Appendix A.

2 Literature Review

The issue of subcontracting to a rival/potential entrant has been discussed in the economics
literature. Spiegel (1993), for example, shows that if the transfer payment can be shared
via Nash bargaining, then outsourcing production to a potential rival always renders both
the incumbent and the potential rival better off, meaning the latter has fewer incentives to
build up its self-branded business. However, the issue of outsourcing to a competitive CM

is relatively new to the operations management literature. Arrunada and Vazquez (2006)



provide a number of business cases of competition between an OEM and a competitive
CM. Horng and Chen (2007) empirically examine why some Taiwanese CMs have shifted
toward own-brand management, and Arya et al. (2007) investigate a Cournot competition
model between a retailer and its supplier. In an encroachment setting, they assume that the
supplier has the right to set the wholesale price and that the retailer maximizes its profit by
choosing the retail quantity. In a non-encroachment setting, they assume the wholesale price
to be exogenously given. By comparing encroachment and non-encroachment settings, they
demonstrate that supplier encroachment can achieve Pareto improvement by inducing lower
wholesale prices and increasing downstream competition. Ozkan and Wu (2009a) explore
the market entry timing problem from the perspective of a competitive CM by adopting a
product life-cycle model, and they further consider such a CM’s capacity allocation issue
(Ozkan and Wu 2009b). Lim and Tan (2010) investigate an OEM’s make, buy, and make-
and-buy decisions by considering its interactions with its supplier (a CM in our context)
over two periods. They show that the OEM’s high degree of brand equity can prevent
the potential market entry of its CM. Chen et al. (2010) examine the OEM’s component
sourcing decision in the face of a competitive CM, i.e., the decision concerning whether to
buy and resell components or delegate the procurement function to the competitive CM. This
paper, in contrast, investigates how the OEM’s outsourcing decisions affect the Stackelberg
leadership /followership preferences of both itself and a competitive CM, and also considers
the endogenous wholesale price and outsourcing proportion decisions.

This work is closely related to the study of firms’ outsourcing decisions. Elmaghraby
(2000) presents a survey of the operational issues related to outsourcing, and Cachon and
Harker (2002) consider two competitive firms facing economies of scale. McGovern and
Quelch (2005) summarize the reasons that firms engage in outsourcing, and discuss what
should be outsourced and the responsibility borne by marketing managers. Ulkii et al.
(2007) investigate whether the OEM/CM should bear the inventory/capacity risk. Arya
et al. (2008a) are concerned with a firm’s make-or-buy decision, in which the firm can
either produce inputs internally or outsource them to a monopoly supplier. Gray et al.
(2009a) explore the impact of cost-reduction ability and the OEM’s outsourcing decision in
a two-period game setting. They (Gray et al. 2009b) further test the OEM’s outsourcing
propensity by jointly considering cost and quality issues. Kaya and Ozer (2009) discuss
the quality risks of outsourcing, and Feng and Lu (2009) characterize OEMs’ design-related

outsourcing decisions. In the marketing field, Stremersch et al. (2003), Leiblein and Miller



(2003), Hoetker (2005) and Parmigiani (2007) empirically investigate the OEM’s make-or-
buy decision from the transaction cost perspective.

This work is also related to studies of multi-channel distribution and dual sales. Chiang
et al. (2003) consider a setting in which the manufacturer can open a direct channel to
compete with its retailers. They investigate the impact of that channel on supply chain
performance, and show that it can benefit the manufacturer even when no direct sales occur.
Tsay and Agrawal (2004b) study the channel conflict issue between existing reseller partners
and direct sales, and find that the addition of a direct channel is not necessarily detrimental to
the reseller. Chen et al. (2008) assume consumer demand to be endogenously affected by the
service level (delivery lead time and product availability), and investigate the optimal time
for the manufacturer to establish a direct or retail channel if it is already selling through
one or the other. Arya et al. (2008b) consider a dual distribution channel in which the
manufacturer sells a product to a retailer and also competes with that retailer in the retail
market. More work in this area can be found in the survey carried out by Tsay and Agrawal
(2004a).

Wang et al. (2009) adopt the endogenized timing game to investigate the production
strategy choices of two competing firms, where each decides individually whether to be ef-
ficient (to begin production before demand realization) or responsive (to begin production
after demand realization). They identify the conditions under which efficiency or respon-

siveness is a Nash equilibrium (NE).

3 Notation and Assumptions

This paper considers an OEM (labeled o) that outsources the entire manufacture of its
products to CMs. One competitive CM (labeled ¢) both manufactures this OEM’s products
and produces and sells its own-brand products to the consumer market. The two parties’
products are substitutable. Let 6, 6 € [0, 1], represent the proportion of production that the
OEM outsources to this competitive CM. The OEM then purchases the remaining (1 — 6)
proportion from non-competitive CMs. For simplicity, the CM incurs the same production
cost in producing its own and the OEM’s products. Let w represent the wholesale price that
the OEM pays to all of the CMs for each unit of product they produce. w is first considered
to be exogenously given and greater than each CM’s unit production cost. Later, in §5

and §6, the analysis is extended to the cases in which the wholesale price is an endogenized



decision variable that is either determined by the competitive CM or negotiated between it
and the OEM.

The OEM and competitive CM engage in quantity-setting Cournot competition in the
consumer market. Thus, the market prices of their products are jointly determined by their
respective production quantities, i.e., via inverse demand functions. For tractability, this
study adopts the commonly used inverse demand function for the differentiated product of

firm i 2:

where p; is firm ¢’s market price, ¢; is its production quantity, and b; is a parameter that
measures the cross-effect of the change in firm ¢’s product demand caused by a change in
that of firm j. Let 0 < b; < 1, and note that the limiting values b; = 0 and b; = 1 correspond
to the cases of independent products and perfect substitutes, respectively. b; is interpreted
as the substitution rate of firm j’s product over that of firm ¢, 7,7 = o,¢; @ # j. As the
OEM’s products are usually regarded as superior to those of the CM (Arrunada and Vazquez
2006), the former are assumed to be perfect substitutes for the latter, but the reverse is not
true; that is, b. = 1. Further, b, = b < 1. To omit cases in which no production occurs, m,
the upper bound on market size, is assumed to be sufficiently large relative to the wholesale
price w. For simplicity, the CM’s marginal production cost is normalized to zero®. Then,

the profit functions of the OEM and the competitive CM are, respectively,

Ho = (m — 4o — bQC)QO — Wqo, (2>
Hc - (m — (e — QO)QC + QwCIm (3)

which are concave and differentiable. Note that in these two functions the first term is the
profit that each firm gains from selling products in the consumer market, whereas the second
is the transferred outsourcing payments (this term is negative for the OEM and positive for
the competitive CM).

The OEM and the competitive CM can play three basic games: a simultaneous game,

an OEM-as-leader sequential game and an CM-as-leader sequential game. To explore the

2Linear (inverse) demand functions are widely used in the economics, marketing and operations fields to
investigate product competition; see Bernstein and Federgruen (2004) and Farahat and Parakis (2011) and
the references therein.

3As this paper considers both the competitive and non-competitive CMs to be ODMs, the difference
between their cost structures is slight and can be ignored.



Stackelberg leadership preferences of the OEM and the competitive CM and the way in
which those preferences affect the realization of the three aforementioned settings, this pa-
per employs a two-stage extended game called the endogenous timing game (see, for example,
Hamilton and Slutsky, 1990; van Damme and Hurkens, 2004; Amir and Stepanova, 2006).
This extended game features a pre-play stage in which the OEM and competitive CM simul-
taneously, though independently, choose either to move first and be the Stackelberg leader
(denoted as L) or to move second and be the Stackelberg follower (denoted as F'). The
players are then committed to this choice. o = (v, a.) denotes the joint actions of the OEM
and the competitive CM. Then, a € {(L, L), (L, F), (F, L), (F, F)}. Next, each player’s tim-
ing choice is announced, and the next stage is played accordingly: a simultaneous play if
both players decide to move first/second (o = (L, L)/(F, F')}), and a sequential play under
perfect information otherwise (with the order of moves announced by the players). Denote
19, i = o, c as firm 4’s profit when it is engaged in a simultaneous game, where S stands for
simultaneous. The resulting production quantity is denoted as ¢”. Also, denote ITF (I1F),
i = o,c as firm 4’s profit when it is the Stackelberg leader (follower). Let ¢ (¢/') represent
the corresponding production quantity.

The subgame perfect equilibrium of this extended game leads to a quantity decision
timing sequence, and the resulting payoffs of each player are listed in Table 1. Comparing
the equilibrium payoffs in the simultaneous and Stackelberg settings allows derivation of the
conditions under which the OEM and competitive CM would prefer Stackelberg leadership.

For simplicity, in the following analysis, the term CM means the competitive CM.

Table 1: Quantity and Leadership Decisions

OEM
oM Leader | Follower
Leader 5, 18 | 1IF, 1t
Follower L 1e | s, s

4 Exogenous Wholesale Price and Outsourcing Deci-
sions

This section begins with the case of exogenous wholesale price and outsourcing decision

parameters, and investigates the quantity leadership preferences of the OEM and the com-
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petitive CM.

4.1 Equilibrium of three basic games

The closed-form expressions for the equilibrium outcomes under the three basic games are

summarized in the following proposition.

2w, then the equilibrium production

Proposition 1. In the simultaneous game, if m > 5=

quantities and profits are:

(1) q _ (= b)m 2w S _ miw.

2—bym—2w)? m+w)? 2—b)m—2w|0
(2) HOS = (4)37)2 ] ’ Hf = ((4—b))2 K )Zl—b e,

In the OEM-as-leader game, if m > 55w, then the equilibrium production quantities and

profits are:

_ (2=b)m—2w F _ (2-b)m+t2w,
(1) 45 = S @ = a5

L _ [(2=b)ym—2w)? F _ [(2=b)m+2w]? [(2—b)m—2w]0w
(2) 1I; = se—p) 0 e = “oampz - T 2o

4-b%0—b

In the CM-as-leader game, if m > =3=7

w, then the equilibrium production quantities and

profits are:

F __ (4=3b)m—(4—b%0—b)w L _ m+(1-bw,
(1) q, = 4(2-0b) y 4 = 2(2—_1;)w’

F _ [(4—3b)m—(4—b%0—b)w]? L _ [m+1+b0)w][m+(1-b0)w] [(4—3b)m—(4—b%0— b)w]ew
(2) I, = 16(2—b)2 LG 8(2—b) + 4(2-b)

Therefore, if the market size is too small relative to the wholesale price, such that m <

5 bw then both the simultaneous and OEM-as-leader games are reduced to a monopoly

setting in which the CM alone produces its monopolistic quantity and the OEM is expelled

4-b%6-b

from the market. A similar situation results if m < 30

w in the CM-as-leader game. The
explanation lies in the difference between the profit margins of the OEM and CM. Their
objective functions, (2) and (3), indicate that the OEM must pay the CM a wholesale price
w that is larger than the latter’s production cost; that is, the OEM has to bear a larger cost
than the CM. Condition m < ﬁw in the simultaneous and OEM-as-leader games suggests
a wholesale price so high that the market price does not even cover the OEM’s cost (i.e., the

<4b0b

wholesale price paid to the CM). Condition m 0

w in the CM-as-leader game has a

similar implication.
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Proposition 1 provides several conclusions about the wholesale price’s impact on the
equilibrium outcome. In both the simultaneous and sequential games, a higher transfer
wholesale price to the CM always results in a smaller production quantity and a smaller profit
for the OEM. However, the wholesale price’s impact on the CM depends on the production
proportion outsourced to it. A high wholesale price can hurt the CM, as it reduces the order
quantity from the OEM.

Proposition 1 also provides interesting conclusions concerning the impact of 6. In both
the simultaneous and OEM-as-leader games, the equilibrium production quantities of the

OEM and CM are independent of . The best response function of the CM, g.(q,) = =5%,

is clearly independent of 6, because the market price of the CM’s own-brand product is
affected by the OEM’s production quantity decision, not by its manufacturing outsourcing
decision. Anticipating such independence, the OEM’s decision is also independent of 6.
However, in the CM-as-leader game, 6 does affect the CM’s production quantity decision
because it affects the tradeoff between the CM’s two revenue streams: that generated from
contracted manufacturing and that generated from self-manufacturing. Counterintuitively,
the OEM’s profit is increasing in #. To maximize its own profit, the OEM should thus
outsource all of its production (6 = 1) to the CM. One explanation is that the CM’s profits
come from two sources: contract manufacture and sales in the consumer market. When
the CM is the quantity leader, the OEM can reduce the CM’s incentive to produce its own-
brand products, and thus face less competition in the consumer market, by outsourcing more

product manufacturing to it.

4.2 Equilibrium of the extended timing game

Drawing on Proposition 1, the conditions under which moving first and being the Stackelberg
leader is beneficial for the OEM/CM are now derived by comparing their sequential payoffs
with their simultaneous payoffs.

The equilibrium outcome of the extended endogenous timing game depends on certain

conditions. If m < min {ﬁ, 4_539; b} w, then the OEM is always expelled from the market

4—b%0—b
4-3b

and the CM is always the monopolist. If w<m< ﬁw, then the OEM is expelled

4—b%0-b
4—3b

from the market in the simultaneous and OEM-as-leader games. If ﬁw <m < w,
then it is expelled in the CM-as-leader game. These three reduced cases are omitted here.

When m > max { A-b20-b 2 } w, both the OEM and CM exist in the market in all three

4-3b 0 2-b
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basic games. To characterize the equilibrium, define

16 — 10b + b2 e — (.
89(2—b)(4—b)— 16+ 6b T a—ne—1

WAL =

Proposition 2. Assume that m > max {4;”_251;”, ﬁ} w orw < min {2452, 221 m. Com-
paring the three basic games shows that, at the quantity timing decision stage, the extended

timing game can have the following possible outcomes.
(1) L is a dominant strategy if 6 € [O, ﬁ) orf e [ﬁ, 1], but w < way.

(2) If 0 € [5%5.,1], then (L, F) is the unique pure NE for w € [war, war), and (L, F) and
(F, L) are the two NE for w € [wAF, %’bm] war and wap are decreasing in 0, and

war, < warp for e [ﬁ, 1].

(3) F cannot be the dominant strategqy because 1L > 115 and 1L > 115

W= [Z_:}JJm
19 Y

Wie) W
13 =

(L.F)or (F,L)

1 (L.L)

o1 02 o3 o4 o5 06 o7 og ag 1

m= 20, b= 06 8

Figure 1: Impact of Wholesale Price on Quantity Timing Equilibrium

The results in Proposition 2 show that the outsourcing relationship between the OEM
and CM, the relative size of the wholesale price and the outsourcing proportion all affect
both parties’ quantity leadership preference in the consumer market. Figure 1 illustrates the

impact of the wholesale price on the Stackelberg leadership preference of each. When 6, the

L

proportion outsourced to the CM, is low (< 57

), regardless of how high the wholesale price
is, the CM will be aggressive in the consumer market and choose Stackelberg leadership.

Even when 6 is high, it will still choose Stackelberg leadership if the OEM offers a low

12



wholesale price (< waz). Only when § is large (> 7) and the wholesale price is moderate
(w € (war,war)) will the CM definitely choose the follower position. Interestingly, when the
outsourcing percentage 6 is large (> 2%()) and the wholesale price is high (> war), (F, L) can
also be the NE in the quantity timing game, and the OEM faces the possibility of losing its
Stackelberg leadership. This occurs because when w is very high, the OEM’s profit margin
is too small. In such a scenario, the OEM’s payoff as the follower is higher than that in the
simultaneous game. Knowing this to be the case, the CM is motivated to take the leadership
position. In addition, w,y, is decreasing in #, which implies that when the OEM outsources
a large proportion of its product manufacturing to the CM, the latter is willing to play the
quantity followership role even if the wholesale price offered is not high.
Let k = W, where k£ > 2. Define

k(8 — b) + 16 — 6b
8(2—1b)(4—10)

k+(2—0b)
2—-b)(4—b)

QAL: s and HAF:

Fixing k, the following corollary is obtained on the equilibrium strategy for different ranges
of 6.

Corollary 1. Assume that ﬁ <0<I.
(1) L is a dominant strategy if 6 € [57,0a1).
(2) (L, F)is a NEif 0 € [0a1,04r).
(3) (L, F) and (F, L) are two NE if 6 € [0ap,1].
(4) Oar > O0ar; Oar, Oar and Oar — 041 are all increasing in b.

Figure 2 illustrates how the OEM’s outsourcing decision and the substitutability of the
CM’s product over that of the OEM affect the quantity timing equilibrium outcome. For
any given substitution rate b, when the amount outsourced to the CM is relatively high, 6 €
(0ar,04r), and the CM will surely assume the Stackelberg followership position. Otherwise,
it is motivated to take the leadership position. The figure also shows that when substitution
rate b increases, both 647 and 04 are increasing. It thus becomes more difficult to retain
the CM as the follower, as the degree of homogeneity between the two parties’ products

increases, rendering it easier for the simultaneous game to appear.
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(L,F)or (F,L)
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Figure 2: Impact of Outsourcing on Quantity Timing Equilibrium

4.3 Impact of CM product substitutability

Note that a larger b implies greater homogeneity between the OEM and CM’s products.
As the competitive CM enhances such abilities as learning, design, production and quality
control, the degree of its product’s substitutability b increases and may even reach 1. The

following proposition summarizes the impact of b on the outcomes of the three basic games.
Proposition 3. For the three basic games,

(1) ¢°, q& and qF are decreasing in b, and q¢3, q¥ and g~ are increasing in b.

(2) IS, 1L and IE are decreasing in b.

(8) T2, TIL and T1% are increasing in b if 0 € [0, 575]. If 0 € (555, 1], then

(i) IIJ is decreasing in b for m € [5%;w, ((4 — b)0 — 1)w|; otherwise, I is increasing

m b;
.. . . . 4(2—b)9—2 . L. . .
(ii) TIF is decreasing in b for m € [%}w, %w]; otherwise, 11X is increasing in
b; and
4-b20-b

(iii) TIL is decreasing in b form € | w, ((4—b)0—1)w]; otherwise, 1% is increasing

4-3b
in b.

Proposition 3 shows that in the three basic games, the OEM’s equilibrium production

quantities are higher if the CM’s product has a lower degree of substitutability, whereas the
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situation is reversed for the CM. In other words, if the OEM’s/CM’s products are favored over
those of the CM/OEM, then the OEM/CM will produce more. Moreover, the OEM always
obtains a higher profit when the CM has a lower degree of product substitutability. Hence, it
is beneficial for OEMs to make large investments in R&D and product quality improvement.
An interesting finding is that if the market is not very large, but the proportion outsourced
to the competitive CM is high, then the CM is also better off with a lower substitution rate
b. Hence, the OEM always prefers a less-substitutable CM product, a preference sometimes
shared by the competitive CM.

Moreover, when b = 0, that is, the OEM and competitive CM’s products are not substi-
tutes for each other, the two parties are indifferent to which basic game they play (according
to Proposition 1). When b = 1, however, both parties prefer leadership, and the simultaneous

game is played (see Corollary 1).

5 Outsourcing with Endogenized Wholesale Price De-
termined by the CM

In contrast to the previous section, in which the wholesale price w and outsourcing decision
were exogenously given, this section considers a price-only contract in which the CM decides
w and the OEM makes the optimal decision about #. A similar assumption can be found in
other operations management and marketing research studies, including those of Lariviere
and Porteus (2001) and Cui et al. (2008). It is also consistent with current industry practice.
Such CMs as Asustek, Quanta and Foxconn, for example, usually offer price quotes to their
OEMs, including Apple, Dell and Sony. The OEMs then decide whether and what kind of
contract to sign. For simplicity, here, the non-competitive CMs charge a wholesale price py,
and py > w; otherwise, the OEM would have no incentives to source from the competitive

CM. The profit functions of the OEM and competitive CM are, respectively,

Ho = (m — 4o — bQC>QO - quo - (1 - 0>pOQOa (4)

Il = (m—qe— qo)qe + Owg,. (5)

It is possible that the competitive CM decides the wholesale price w first, followed by the
OEM'’s outsourcing decision 6 (named Decision order 1). Alternatively, the OEM decides

the outsourcing proportion first, followed by the CM’s decision on w (named Decision order

2). The main results are the same regardless of the sequence. Hence, the decision order 1
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results alone are listed here, with the decision order 2 results relegated to online Appendix

B. In the following, superscript * denotes the optimal results when w and 6 are endogenous.

5.1 Simultaneous game

The game sequence in the simultaneous game is defined as follows and illustrated in Figure
3. The CM first decides the wholesale price w, and the OEM then makes its outsourcing
decision 6. Finally, the CM and OEM simultaneously decide their production quantities.
Solving the game backwards obtains the following proposition.

OEM and CM decide the

OEM decides the production quantities
outsourcing proportion 6 simultaneously

CM decides the | |
wholesale price w | |

Simultaneous game

Figure 3: Game Sequence for the Simultaneous Game

Proposition 4. For the simultaneous game,

(1) w’* = min {py, ws}, where wS = L=ty g — 1,
* —b)? * — 2 : * —o)m— 2
(2) If py > w®, then II5* = ((717212)27712, 5 = i(;ﬁ;’) m?; otherwise, 115" = %7
m 2 —b)ym—
Hf* _ ((4—t€())3 + [(2 b)47b2170]770'

As Proposition 4 shows, the OEM will prefer to source its entire production from the
competitive CM as long as py > w*. Will the competitive CM then have the incentive to

produce nothing for the OEM, thus expelling it from the market? Note that a monopolist

2-b

CM needs to charge a wholesale price of w = =

m, and its monopolist profit (denoted as

I17") is thus 17" = mTQ. The following corollary is then obtained.

S'x m 6—b
Corollary 2. TI2* > II7" for pg > 1;—mm.

The wholesale price offered by non-competitive CMs, py, is often the result of a price war
among them. Corollary 2 shows that when py is higher than a threshold value, the CM has

no incentive to charge a wholesale price sufficiently high to expel the OEM from the market,
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a rather surprising result. A mixture model, that is, selling its own products in the low-end
market and carrying out contract manufacturing for the OEM in the high-end market, allows
the CM to enjoy higher profits than does a pure model in which it acts as a monopolist and
provides only low-end products in the consumer market. If the wholesale price war leads to
po < 7 4 4bm then the competitive CM cannot be a monopolist even if it wants to, as the
OEM will source from non-competitive CMs.

5.2 OEM-as-leader game

Recall that “leader” in this paper refers to the quantity leader, not the price leader. In the

OEM-as-leader game, the game sequence is as follows. The CM first decides its wholesale

price; the OEM then jointly decides its production quantity and the fraction of production

to source from the competitive CM; and, finally, the CM decides the production quantity of

its own-brand products (see Figure 4). Again solving the game by backward induction leads
. CM decides its production

production quantity quantities for its self -branded
and 0 products

CM decides the I I
wholesale price w | |

OEM-as-leader game

Figure 4: Game Sequence for the OEM-as-leader Game

to Proposition 5.

Proposition 5. For the OEM-as-leader game,

@-BE=2) e

(1) w'™ =min{py, w"}, where w" = =5

(2) Ifpo > w¥, then T1E* = @-h-b? (?(ib)’;) m?, II5* = CobE-Y) 12 otherwise, 2+ = [@=b)m—2po]” 2p°]2,

4(7—4b) 8(2-b)
Fx _ [(2=b)m+2po]? [(2—b)m—2po]po
I = 16(2-b)§0 + 2(2—b)p0

Similarly, comparing the competitive CM’s optimal profit with its monopolist profit leads

to the following corollary.

Corollary 3. T > TI™ for py > 1(42 sblzm

Again, the competitive CM is better off keeping the OEM in the consumer market. This

analysis is similar to that in the simultaneous game.
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5.3 CM-as-leader game

Figure 5 depicts the game sequence for the CM-as-leader game. First, the CM decides
its wholesale price and the production quantity of its own branded products. Second, the
OEM decides its production quantity and the fraction to outsource to the competitive CM.

Proposition 6 is obtained by solving the game backwards.

OEM decides its
production quantity
CM decides the and 6
wholesale price w and
its production quantity I

CM-as-leader game

Figure 5: Game Sequence for the CM-as-leader Game

Proposition 6. For the CM-as-leader game,

(1) w™ =min{py, w"} where w* = 22-m, 6* = 1.
(2) Ifpo > wk, then IE* = (7_(12;—5);2)27712, [k = 7%;2)2 m?; otherwise, IIL* = [(4_31))?6_(54__{);’2_1’2)7’0}2
1L+ = Imt(tbpollmt(1=blpo] | [(4=3b)m—(4=b=b*)polpo
c = 8(2-b) 1(2-b) :

Again, comparing the competitive CM’s optimal profit with its monopolist profit leads

to the following corollary.

Corollary 4. II7* > II" for py > (5_3b)_7(_12_bb_)b2 2(2_b)m

Here, the CM still prefers to charge a low wholesale price and earn contract manufacturing
revenue as long as pq is relatively high.

The preceding analyses support the following proposition.
Proposition 7. For the three basic games,

(1) The optimal wholesale price for the competitive CM is always the one that keeps both
itself and the OEM in the consumer market.

(2) If the competitive CM offers a wholesale price no higher than that of the non-competitive

CMs (w < pg), then the OEM will outsource its entire production to the competitive
CM (ie., 0" =1).
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As the proofs of Propositions 4-6 in online Appendix A show, the OEM’s profit functions
in different scenarios all have a term of § with the coefficient parameter py—w. Consequently,
as long as py > w, the OEM’s profit function is increasing in 6, and hence the optimal decision
0* = 1. Otherwise, if pg < w, then the OEM’s profit function is decreasing in , which leads
to the optimum 6* = 0. For the boundary case in which py = w, the OEM is indifferent
to the choice of different CMs. However, in this case, the competitive CM always has the
incentive to lower its wholesale price slightly to attract contract manufacturing business from
the OEM. Therefore, in equilibrium, 6* = 1 holds.

Considering that it is very common for an OEM to target the high-end market while its
CM targets the low-end market, Proposition 7 is very insightful for contract manufacturing
practice. Part a implies that the OEM need not worry about being expelled from the
consumer market by a competitive CM, as it is in the latter’s best interests to keep the OEM
in the market and earn greater revenue from selling its own-brand products and engaging in
contract manufacturing. One possible explanation is that if the OEM chooses to outsource
to non-competitive CMs, then the resulting loss in profits will force the competitive CM
to become more aggressive in producing and selling its own branded products, which will
harm the OEM in the consumer market. For example, Asustek believes that “the capability
to create innovative technology (for its self-branded business) and maintain manufacturing
strength is crucial for I'T players as they try to outflank their competitors in fast-changing
times” (Chung 2004). Part b of the proposition states that the OEM should outsource all
of its production to the competitive CM as long as that CM’s wholesale price is not higher
than the other options available to the OEM. In reality, a competitive CM will normally have
accumulated such special expertise as trained workers, advanced production technology and
good quality control system. From the viewpoint of transaction cost economics (Williamson
1985), such expertise can be considered to constitute transaction costs for the OEM, which
hinder it from switching to non-competitive CMs. For example, Asustek, a competitive CM,
snatched back an Apple production order for the 14-inch wide-screen iBook by charging a
wholesale price lower than that of the non-competitive CM Quanta (Lin 2005).

5.4 Equilibrium of the extended timing game

The following Lemma facilitates the derivation of the extended timing game equilibrium.

Lemma 1. wy;, < wap < wf < w’® < wk.
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Consequently, the competitive CM’s optimal wholesale prices in the three basic games
have the following relationship: wf™* < w%* < w™*. In other words, the competitive CM
charges the highest wholesale price in the CM-as-leader game and the lowest in the OEM-
as-leader game. Moreover, w? < w™™ < w™ < w™ if py > w¥, whereas w™ = w™* = w™ =
po < wh if pg < wf. Recall that in all of the basic games, #* = 1. Proposition 2 then leads

to the following conclusion.

Proposition 8. L is a dominant strategy if po < war; (L, F) is the unique pure NE if
Po € [war,war); and (L, F) and (F, L) are the two NE if pg > war.

Proposition 8 shows that pg, the wholesale price charged by the non-competitive CMs,
has a significant influence on the competitive CM’s endogenized wholesale price decision,
and thus on the outcome of the quantity timing game; see Figure 6. If pg is very low, then
the simultaneous game is preferable; if py is moderate, then the OEM-as-leader game is
preferable; and if pg is large, then the OEM-as-leader and CM-as-leader games are equally
preferable.

A\ 4

Figure 6: Impact of py on Quantity Timing Equilibrium

6 Outsourcing with Endogenized Wholesale Price via
Nash Bargaining

The assumption in §5 was that the CM determines the outsourcing wholesale price. In
practice, the wholesale price can also be determined through negotiation. If this is the case,
then both the OEM and the CM have bargaining power, which enables them to influence
the outcome of the negotiated wholesale price. This section considers such a scenario and

discusses both parties’ quantity leadership preference.
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6.1 Generalized Nash bargaining scheme

The GNB scheme first proposed by Nash (1950) and later extended by Roth (1979) is a
common methodology for studying price negotiation. A number of recent papers in the
operations management arena use the GNB scheme to investigate the endogenized pricing
issue, for example, Nagarajan and Bassok (2008), Nagarajan and Sosic (2008), Feng and Lu
(2009) and Islegen and Plambeck (2009).

In this paper, the GNB scheme is defined to solve the following optimization problem.

Max Q= (HC)Q<H0)1_a
) 2—-b 4 —3b
s.t. 0<w<min {po, (Tm or mm) } , (6)
I, > 117, (7)

where  is the Nash product and II; is party i’s corresponding profit, i = o,¢. a (a € [0,1])
and 1—a correspond to the bargaining powers of the competitive CM and OEM, respectively.
The value o« = 1/2 refers to the equal bargaining power case, whereas the extreme values
a =0 and a = 1 reduce the two-player bargaining setting to a one-player setting. Both the
OEM and the competitive CM are rational and risk-neutral, and their bargaining powers
are exogenously given. Condition (6) is the participation constraint for the OEM. First,
w must not be larger than pg; otherwise, the OEM will have no incentive to source from

the competitive CM. Second, assume that w < (%m or ﬁ;fll’jg

m) (for the simultaneous

4-3b
4—b—b?

that the OEM and the competitive CM can coexist in the market. Condition (7) is the

and OEM-as-leader games, w < 2T_bm; for the CM-as-leader game, w <

m) to ensure

participation constraint for the competitive CM to participate in the contract manufacturing

business, where II7, is its reserved profit if it does not engage in such business, but competes

directly with the OEM in the market.

Nj
?

The GNB-characterized wholesale price in the three basic games is denoted as w j =

S, F, L, where the superscript j stands for the CM’s quantity leadership position.

6.2 GNB-characterized wholesale price in three basic games

Here, the game sequence remains the same as that in §5 except that in the first stage,
instead of the CM deciding the wholesale price w, the competitive CM and OEM cooperate
to negotiate the price. The game is solved via backward induction. Moreover, as argued in

§5, 0* = 1 as long as the GNB-characterized wholesale price w7 < pg, j = S, F, L. Solving
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the constrained optimization problem leads to the following proposition on the negotiated

wholesale price.

Proposition 9. For game j, j = S, F, L, denote K7 as the optimum mazimizing the Nash
product without considering the constraints and w’ as the wholesale price leading to the

binding nature of the CM’s participation constraint (7). Then,

2(10 — 60+ b?) + (1 — b)(4 — b)ar — (4 — b)\/(1 — b)2a2 + 4(8 — 4b + b2)(1 — )

KS =

A4(7 — 2b) "
WS (10 — 6b + b*)m — /(10 — 6b + b2)2m? — 4(7 — 2b)(p3 + 2pomn)_
- 2(7 — 2b) ’
xF — 2=0)(B-20)+2-b)(1—bja—(2- b)v/(1—b)2a2 +4(2 —b)(4 —b)(1 — o)
2(7 — 4b) ’
oF = (2=0)(-2b)m - V(2 = 0)2(5 — 2b)>m? — 4(7 — 4b)(p§ + (2 — b)porn)
- 2(7 — 4b) ’
xr _ (G-3h(E-b- b?) +2(1 — b)(2 — b)ar — 2(2 — b)y/(1 — b)2a2 + 2(16 — 8b — 7b% + 263 + b4)(1 — a)
B (4=b—b2)(7—2b—b?)
o~ (B=3hm- V(5 —3b)2m2 — (7 — 2b — b2)(p3 + 2pom)

7T—2b—b?

For the three basic games, the Nash product Q.7 = S, F,L is unimodal in w, and the

GNB-characterized wholesale price is
1. w™N = min(py, max(w’, K9)), j =S, F, L;

2. K is increasing in o and K7 = w? (j = S, F,L) if « = 1, where w’ is the wholesale

price determined by the CM, as discussed in §5.

In the expression w™7, w’ provides a lower bound on the negotiated wholesale price. In
other words, if the negotiated wholesale price is lower than w?, then the competitive CM
will give up the contract manufacturing business and become purely a competitor to the
OEM. In addition, pg, the wholesale price offered by a non-competitive CM, provides an
upper bound for the negotiated wholesale price. Part 2 of Proposition 9 shows that the
GNB-characterized wholesale price increases in the competitive CM’s bargaining power «,
but decreases in that of the OEM. Moreover, it shows that in each basic game j, 7 = S, F, L,
the GNB-characterized wholesale price w7 is less than the corresponding CM-determined

wholesale price w’ (they become equal when a = 1, provided that py is sufficiently high).
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6.3 Equilibrium of the extended timing game

Analogous to the discussion in §5.4, the equilibrium outcome of the quantity timing game

depends on the value of the negotiated wholesale prices in the three basic games—w™, w™F

and w™N’—and the wholesale price charged by the non-competitive CM, po. w™?, w™¥F and

w™E are all increasing in «, which allows examination of the impact of o and py on the

equilibrium of the quantity timing game.

6.3.1 a=0

First we consider the special case in which o = 0, which is equivalent to the OEM-determines-
the wholesale-price setting. As the OEM’s profits in the three basic games —IIS (w), IT£(w)
and ITF(w)—are always decreasing in the wholesale price, the OEM will offer the CM a
wholesale price that is as low as possible. Proposition 9 suggests that there is a lower bound
on the wholesale price for the competitive CM to participate in contract manufacturing
business. Here, pg is assumed to be higher than that lower bound. Therefore, the OEM will
offer the CM the lower bound of the wholesale price, which leads to the following proposition.

Proposition 10. If the OEM determines the wholesale price, then the competitive CM al-

ways prefers leadership.

Figure 7: Comparison between I15 and IIZ" if o = 0

Proposition 10 suggests that we need only compare IT1Z'(w!) and I15(w®) to determine

whether (L, L) or (F, L) is the equilibrium. When b = 0, it can be shown that IT¥'(w’) =
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I15 (w®). When b > 0, extensive numerical study shows that I1Z (w”) < I15(w¥) always holds;
see Figure 7. Thus, the OEM also prefers leadership, and (L, L) is the unique equilibrium
for the extended timing game when the OEM determines the wholesale price.

This conclusion appears paradoxical, as it suggests a weak CM actually behaves aggres-
sively in the end-product market. A possible explanation is as follows. Because the OEM
sets a very low wholesale price, and the revenue generated from contract manufacturing thus
becomes minimal, the competitive CM is forced to become aggressive in the end-product

consumer market.

6.3.2 a>0

This subsection considers the general case in which the CM’s negotiating power a > 0. In
extensive numerical study, « is first fixed and py varied, and p, is then fixed and o varied;

see Table 2 for the list of parameters.

Table 2: Parameters

varying pg case varying o case
a=02 1 po=1, 20
m =30,b=0.5 m = 30,b=0.5

po = 0: 20 (steplength: 0.5) | @ =0 : 1 (steplength: 0.05)

Several patterns are displayed across the various parameter settings, as illustrated in
Figures 8 and 9, which depict the payoff differences among the three basic games for each
player, thus allowing equilibrium analysis.

Figure 8 shows the impact of py on the quantity leadership preferences of the OEM and
CM. When « is small, say o = 0.2, (L, L) is the unique equilibrium for the extended timing
game. Again, the limited revenue from contract manufacturing forces the competitive CM
to become aggressive in the end market. However, as « increases, many different equilibria
appear. In particular, when o = 1, the equilibrium outcomes are exactly the same as those
in Proposition 8; that is, when py is small, (L, L) is the equilibrium; when py is moderate,
(L, F) is the equilibrium, as the shaded area of Figure 8 shows; and when pg is large, the
two equilibria (L, F) and (F, L) coexist.

Figure 9 shows the results for a given py. The kinks in the curves are due to the expression

of the optimal wholesale price, as shown in Proposition 9: w9 = min(py, maz(w?, K7)),
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Figure 8: Impact of pg on the Equilibrium of the Quantity Timing Game
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Figure 9: Impact of the CM’s bargaining power « on the Equilibrium of the Quantity Timing
Game
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j = S, F, L. Clearly, w™ is determined by the relative value of three items, py, w’ and
KJ. The first two items are independent of the bargaining power a, whereas the third is
increasing in . When « changes, the optimal wholesale price may take different values
from among py, w’ and K7, which generates the kinks. When py = 1, (L, L) is always the
equilibrium no matter how large o is. The CM’s revenue again provides an explanation.
Although the CM’s degree of bargaining power is large here, a low outside option for the
OEM, py, still allows the OEM to offer a low wholesale price to the CM, which forces the
latter to be the market leader. When py = 20, the equilibrium outcome depends on «. If «
is less than 0.8, then the equilibrium is (L, L). An interesting observation arises when « is
larger than 0.8, but less than 0.95 (the shaded area in the figure). In this case, the OEM
prefers a simultaneous game, and the competitive CM prefers a sequential-move game, which
implies that no pure-strategy equilibrium exists. A closer look at the negotiated wholesale
prices in Table 3 explains this phenomenon. The numbers in bold show that the wholesale
price in the simultaneous game is the lowest for 0.8 < pg < 0.95, which reduces the OEM’s

incentive to assume market leadership.

Table 3: Impact of Bargaining Power on Negotiated Wholesale Prices

Do Qa wNS wNF ’U)NL

20| 0.75 | 10.26 | 10.00 10.83
20 | 0.80 | 10.26 | 10.40 | 10.83
20/0.85|11.31 | 11.70 | 11.49
201 0.90 | 12.90 | 13.20 | 13.10
20 1 0.95 | 14.89 | 15.06 | 15.10
20 | 1.00 | 18.13 | 18.00 18.26

The table also shows that when both « and py are large, the two equilibria (L, F) and (F,
L) coexist. Complementing the conclusion under o = 0 in §6.3.1, the results of numerical
studies suggest that the OEM and CM will tend to collaborate by engaging in a sequential-
move game when the latter’s bargaining power is strong and the former has no favorable

outside option (a high py).
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7 Conclusion

It is quite common today for a CM to be both the upstream partner and downstream com-
petitor of an OEM. The two parties’ preferences for quantity leadership and the intensity
of competition in the consumer market are intriguing but under-explored issues in the lit-
erature. This paper considered asymmetric Cournot competition between an OEM and a
competitive CM, and showed that both parties can prefer either Stackelberg leadership or
followership depending on the circumstances. Whether the OEM and CM play a simultane-
ous, OEM-as-leader or CM-as-leader game depends on multiple factors, including the market
size, the wholesale price, the outsourcing percentage and the degree to which their products
are substitutable. Contrary to the conventional wisdom that the OEM may need to penalize
its “competitor”, this paper demonstrated that it is actually in the OEM’s best interests to
treat the competitive CM as a partner. Further, the OEM must be very cautious in adopting
penalizing practices, such as reducing the amount of production it outsources to this CM or
decimating its surplus by offering a very low wholesale price, because doing so can actually
spur the competitive CM to develop its own-brand business and intensify the competition
in the end market. This paper showed that outsourcing a high proportion of products to
a competitive CM at a moderate wholesale price can effectively reduce the CM’s incentive
to become the Stackelberg leader. If, in contrast, the outsourcing proportion is small or the
wholesale price is lower than a threshold value, then both the OEM and the CM will prefer
Stackelberg leadership.

The paper further demonstrated that the OEM’s profit and production quantities de-
crease when the competitive CM’s products have a higher degree of substitutability, whereas
the competitive CM’s production quantities increase when this is the case. Interestingly, if
the proportion of production the OEM outsources to the competitive CM is high, but the
market is small in size, then the CM’s profit actually decreases with greater product substi-
tutability. Again, this conclusion implied that as long as the profit generated from contract
manufacturing is sufficiently large and the market size is not attractive, the CM has little
incentive to develop highly substitutable products.

The paper also investigated the impact of bargaining power on competition between
the two parties in a scenario in which the wholesale price is determined through Nash bar-
gaining. The results suggested that the two parties tend to collaborate by engaging in a

sequential-move game when the CM’s bargaining power is strong and the non-competitive
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CM’s wholesale price is sufficiently high. Otherwise, the CM becomes aggressive in the end
market, and the simultaneous game is likely to be played. In short, a powerful CM is ac-
tually more cooperative, a conclusion that may explain the non-market-entry strategies of
such large CMs as Foxconn and Flextronics. In the extreme case of the CM deciding the
wholesale price as the Stackelberg leader, the findings suggested that the CM will set a low
wholesale price to allow itself and the OEM to coexist in the market. Furthermore, the OEM
will outsource all of its manufacturing to the competitive CM as long as this CM’s wholesale
price is lower than the other options available to the OEM.

In summary, this paper’s main conclusion is that when a competitive CM is able to obtain
a reasonable level of profit from contract manufacturing, it has little incentive to develop
self-branded products, mitigating the intensity of the competition between it and the OEM.
This paper thus provides another angle from which to view the relationship between OEMs
and competitive CMs. Admittedly, outsourcing activities are highly complex in practice.
Deciding which functions to outsource and which type of CM to choose involves consideration
of multiple factors, such as IP leakage, potential competition from the CM, the product cost
structure, tax issues, the lead-time for new product development and inventory liabilities.
This paper focuses on the issue of competition and cooperation between an OEM and a CM.
It would be interesting in future research to consider a richer model in which some of these

other factors are included.
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Appendix A Proofs

Proof of Proposition 1. For the simultaneous game, by maximizing (2) and (3) the best

response functions are:

m —bg. —w m—q
qO(QC) - 9 ) (:ZC((:ZO) - 9 :
Solving these two equations yields the equilibrium quantities ¢ = (271)%2“’, ¢ = %. The

corresponding equilibrium profits can be obtained by substituting ¢° and ¢3 into functions
(2) and (3):

15 — [(2—=b)m — 2w]

m+w)? (2 —b)m — 2w]fw
° (4 — b)? '

2
HSZ(
e T T b

For the OEM-as-leader game, substituting g.(g,) into the OEM’s profit function yields II, =

m—4go
2

—w)q,. Maximizing the above objective function yields the optimal production

quantity for the OEM: gL = (272#2“). Moreover, the corresponding optimal decision for the

CM is ¢ = m;q‘% = (27?:2:2“’. The procedure for the CM-as-leader game is similar to the

(m_QO_b

foregoing analysis.

4-b%0-b 2
4-3b 7 2—b

the following, we compare the performance of the OEM and the CM under the three basic
games derived in Proposition 1. First, we show that

Proof of Proposition 2. When m > max{ }w, all three basic games exist. In

[(2—b)m —2w]®> [(2—b)m—2w]®> [(2-0b)m — 2w]|*h?

oy — 17 = 6—8 @-0? _ s@—nie—p
 m+ A+ b)w]m+ (1 —b0)w]  [(4— 3b)m — (4 — b%0 — b)w]|bw
Iy —I; = 8(2 —b) + 4(2 = b)
(m+w)?  [(2—b)m — 2w]w
4-b2 4—b

V2[(b%62 — 8bO? + 1602 — 86 + 2b0 + 1)w? + 2(1 — 40 + bO)mw + m?]
8(2 —b)(4 — b)2
V(b0 + 1 — 40)w + m]?

- T seopua-nz =V

Hence, TIZ > 115 and 11X > TS, Next, we have

1
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Fops _ (2=bm+2w w+m (2-bm+2w w+m B B 11
-1 = =y "1 T ap oy 1—p  TOwIC—bm = 2l(Gr—s - )
(0 = 10b+ 16)m + (16 — 6b)w][b((b — 2)m + 2w)] = [(2 — b)m — 2w]Owb
B 16(2 — b)2(4 — b)2 2(2 —b)(4 — b)
b2 —=b)m — 2u] o e 9
=~ e oAby L[86(2 — b)(4 — b) — 16 + 6w — (16 — 10 + b*)m].
Then, the sign of IIF" — 15 depends on that of
[86(2 — b)(4 — b) — 16 + 6bJw — (16 — 10b + b*)m. (8)
Note that if § < 57, _ﬁgb_bwz %}w then m > 4= bgbbw 1f— < # <1, then 44b—§bbw<
22bw and m > 5%

Case 1: 0 € [2 1160 € [2 1], then 86(2—b)(4—b) —16+6b > 8(4—b) — 16+6b > 0.

Thus, if w > Se(él_Gb)(lffz)lf)m —o = War, then equation (8) is positive. Furthermore, we show
that
orr e — (16 =106 +b)m 1 .
AL AL = 02— b)Y (4 —b) — 16+ 60 (4—b)0 —1

(—8b0 + 6620 + 4b — b3 — b2)m
[86(2 — b)(4 — b) — 16 + 6b][(4 — b)f — 1]
(4 —b)[b— 6b(2 — b)|m

<
BOZ—b)(d —b) — 16+ 6B[(4—0)o—1] =
C2-b (@—B)[—(2-b)m
WAR T T = T e SO
Thus, war, < wap < QT_bm if 0 € [ib, 1], and IIF > 119 if w € [wAL,—m] Otherwise,

IE < 115.
Case 2: 0 € [0, ;5;). Equation (8) implies that ITf" > IIY if m < (89— ?)6(41(?g+;26+6b}

However,

[80(2 — b)(4—b) — 16+ 6blw (4 — b20 — b)w
16 — 10b + b2 43
w{B(2 — b)[(1 — b)(128 + b?) + 3167 — [(1 — b)(128 + b?) + 3102}
(16 — 10b + b2)(4 — 3b)
wl(1 = b)(128 + b?) + 316%)[0(2 — b) — 1]

pr— O-
(16 — 100 + 0)(4 — 3b) =

Hence, IIF" > I15 requires m < (4_22_%1’)“’, which cannot hold. Thus, IT5 < IIS.

Similarly, we can show that the sign of I1X' — IIY is the same as that of
[(4—=0)0 — 1w —m. 9)

2
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Case 1: § € [;1,1]. If 6 € [51,1], then (4 —b)§ — 1 > 5=2 — 1 > 0. Then, equation (9)

m = wap. Therefore, IIF' > 115 if w € [war, 25°m]. Otherwise,

2—-b? 2-b?

is positive if w > W
IF < 115,

Case 2: 0 € [0,55;). Equation (9) shows that IIY" > II5 requires m < [(4 — b)0 — 1]w
Note that here, m > w but

(4= 50— 1w — & —462_93—6 Yo _ul0--1@- zbb>—<4—b2e—b>]
 Aw(2-b)B2—b) —1]
= 1-3 < 0.

Therefore, ITJ" > TI5 cannot hold. Hence, ITf < II3 if 6 € [0, 557). In summary, we have

(117 > 115, if 0 €[5, 1] & w e [war, Eom),
g (10)

(IIF <TI2, if 0 €(0,55) orfe(5,1] &wel0,war).

(Hf >T115, if f¢ [ﬁ,l] &we [wAF,%_bm],

(11)

([TI5 < TI5, if 6 €[0,55) or 6 € [55,
Because ITL > 19 and IIF > 119, based on Table 1, we have (L, F) which is a NE if I1¥ > TI?;
(F,L)isa NEif I1Z > I15; if IIY > 1%, then L is a dominant strategy for the CM; if I15 > I,

& w € [0, war).

then L is a dominant strategy for the OEM; and F is never a dominant strategy for the OEM
or the CM. Therefore, we have proved Proposition 2 based on equations (10) and (11).

Proof of Corollary 1. Assume that 6 € [515, 1], then, max(‘ibng bw, F25w) = 52;w. Let
m = QL_bw, k > 2. Then, w = = &= b)m Equation (10) indicates that IIZ" > TI% requires that
w > wyyr, which is equivalent to 0 > % = 6,45. Because
1 k(8 —b) + 16 — 6b — 8(4 — b) (k—2)(8 —b)
HAL — = = > 0,
2—b 8(2—10)(4—0) 8(2—-0)(4—10)

IT7 > 112 requires 647, < 6 < 1. Similarly, we can show that ITY < IIJ requires 7 < 6 <

min(far, 1).
From equation (11), we have HF > HS which requires w > wap. This condition is
. k+(2—b) k+(2—b)
equivalent to 6 > m Denote m
ITY > 105 if 6 € [fap,1]. We can also show that IIJ < IIJ if 75 < 0 < mm(&AF, 1). In

as Oap. k> 2 1mp11es that 0ap > 57. Thus,

summary, we have
e >18, if 6¢€ [fag,1], E >15, if 0¢€ [fap, 1],
and (12)
Il <18, if 0 e [35, min(0ar,1)). I <15, if 0 e [35, min(fap, 1)).
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In addition, because

0. g _RB-D)+16-6b  k+(2-b) _  b2-k) _,
ALTUAET TR ) (A —b)  (2—-b)(d—b) 32—-bA—0b)
Oar, < 04p. Further, we can show that
904, (—k—6)(2—b)(4—b) — [k(8 —b) + 16 — 6] (—4 + b — 2+ b)
ob 8(2 — b)2(4 — b)2
(k4 6)(2—b)(4—b) + 2[k(8 — b) + 16 — 6b)(3 — b)
N 8(2 — b)2(4 — b)2
(40 — 16b + b?)k + 48 — 32b + 6b
= 82— b)2(d b2 >0,
ar  —(2-b)4—b)— (k+2—b)(~4+b—2+b)
a (2= b)2(4 — b)2
_ 78+6b—b2+2(k+2—b)(3—b)_2(3—b)k+4—4b+b2>0
(2-0)*(4—0)? (2-0)*(4—1)? ’
OOar —0ar)  (k—2)2-b)(4—b)—bk—2)(-4+b—2+b) (k—2)(8—1b?) -0
ob B 8(2 — b)2(4 — b)? C8(2-b)2(4—0)2 "

Similar to Proposition 2, we derive Corollary 1 based on equation (12).

Proof of Proposition 3: We first consider the simultaneous game. Taking the first-order

condition (FOC) of the equilibrium production quantities yields

dq5  —2(m+w) o¢0  (m+w)

o~ e "o T Y
Correspondingly, we have
oy Oy e, s04;
b ogs b gy <0
oIy 2(m+4w)?  —(4—b)fmw+ [(2 — b)m — 2w]fw
ob  (4—b)3 (4 — b)?
C2mP+(2—-(A4-b))mw+ (1 — (4 —Db)0)w?]
- A—bp
_ 2(m+w)(m—((4—-0)0 - 1w)
(A= by |

Hence, ngcs > 0if m > ((4 — b) — 1)w. Note that we have assumed m > %w. Comparing

(4 =)0 — Dw with 72w yields 724w — (4 —b)f — Nw = Ww. Therefore,

I1% is increasing in b if 0 € |0, QL_b], if 0 € (ﬁ, 1], then it is decreasing in b when m €

(725w, ((4 — b) — 1)w] and is increasing in b otherwise.
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Now we consider the OEM-as-leader game. We similarly take the FOC of the equilibrium

production quantities and obtain

gk __Tw 0. oq” W -0, oTtL _ —[(2 = b)m — 2w][(2 — b)m + 2w] <o
b (2 —b)? 0b 2(2 —1b)? 0b 8(2 —b)?
In addition,
oIl 2[(2—b)m + 2w|(—m)(2 — b)® + 2[(2 — b)m + 2w]*(2 — b) N [(2 —b)m — 2w — (2 — b)m)fw
ob 16(2 — b)* 2(2 — b)?
2= b)m — (42 - b)0 — 2)w]w
B 4(2 — b)3 '

Hence, 8;? > 0if m > 4(2;—3);9_210. Combining our assumption that m > ﬁw, we have
2%1;7“"_4(2;2;9_2“} = 4[1_2(321))9]. Similarly, we can show that [T is increasing in b if 6 € [0, ﬁ]v
if € (355, 1], then it is decreasing in b when m € [Fw, %w] and is increasing in b
otherwise.

Lastly, we consider the CM-as-leader game. The FOCs of the equilibrium production
quantities are

qf  —2m 4 (—2+4b0 — *0)w gt  m — (20 — L)w
ob 4(2 — b)2 Tob 212-b)2

Note that our assumption in this basic game is that m > 4’41’_231: bw; therefore,

—2(4 — 120 — b) + (4 — 3b)(—2 + 4b0 — b20)

—2m + (=2 +4b0 — b*O)w < (4= 3b) w
_ (2-Db)[(8 —3b)bo — 8] _
- (4—3b) v
4520 —b— (4—3b)(20 — 1)
m—(20—-1w > 13 w
R T .
B 4—3b '

Thus, agg < 0 and ng > 0. We can then show that

L

b~ ogk ob gy <0

We also have

OIE  m?+2(1 — 20)mw + (1 — 46 + 406> — b62)
b 8(2 — b)?
[m+ (1 —bh)w]|[m — ((4 — b)§ — 1)w]
8(2 — b)2 :

5
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Hence, 202 > 0/if m > ((4—b)8—1)w. Note that =0y — ((4—b)§—1)w = LEHA-2-00,,

1], then it is

Similarly, we can show that IIZ is increasing in b if 6 € [0, 75]; if 0 € (55,
4-b29—b
4-3b

decreasing in b when m € | w, ((4 — )0 — 1)w| and is increasing in b otherwise.

Proof of Proposition 4:
First, given the outsourcing decision # and wholesale price w, and drawing on Proposition
1, we can derive the equilibrium production quantities of the OEM and the CM as

(2 —=b)m + 2(py — w)f — 2pg
4—b

m — (po — w)8 + po

5*0 —
qo(7w> 4—b

) q5*<07w) =

Next, substituting ¢5* and ¢5* into the OEM’s profit function (4) yields the OEM’s equilib-

rium profit
[(2 = b)m + 2(po — w)O — 2py]?
(4—0) ’

which increases in 6. Therefore, the OEM will set * = 1.

HOE

In addition, substituting ¢>*, ¢5* and 6* = 1 into the CM’s profit function (5) results in

o

(4 —b)? 4—-0
which is concave in w. Taking the first order derivative of I15(w) w.r.t. w yields

O (0, w)  [(10 —6b+ b*)m — (14 — 4b)w
dw B (4 —b)? '

10—6b+b2
14—4b

Setting the above to be equal to 0 generates the optimal solution, m. According to

the analysis in §3.1, m > QL_bw or w < %m is required for the OEM to remain in the

t 10-6b+b%, 2T—bm — —@d-Ha-b) . <0.

market. It can be verified that —>=7 Tt

As w < pg, the optimal pricing decision of the CM is to set

10 — 6b + b? }
—_— M

Sx .
v _mm{po’ 14— 4b

Substituting w®* and 6* into (4) and (5), we can obtain the optimal profits of the OEM and
the competitive CM.

10—6b-+b2 Sx __ 10—6b+b? :
T M, then w”* = = =5>m. The maximum profit that

the CM can obtain with the OEM in the market is I1$* = (i??f;?; !m?2. Tt can be verified

Proof of Corollary 2: If p, >

(8=4b+b?) o m2 _ (1=-b)2 9
that S=—s5-m” — 5 = gpmpm” 2 0.
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If po < 10=60+0% ) then wS* = po. The maximum profit that the CM can obtain with the

T4—1b
OEM in the market is [15* = (7(1313’22 + Kz_b);n_fp oo - Comparing I15* and II™ yields
IS e = (m+po)® . [(2=b)m —2polpo _ m*
@—0b)y 10 1
_ A(m A po)® 4+ 4(4 — b)[(2 — b)ym — 2po]po — (4 — b)*m?
= 4(4—b)?
~ —4(7—2b)pg + 4(10 — 6b + b*)mpy — (2 — b)(6 — b)m?
B 4(4 — b)2
-2 (6~ byml[2— b — 2
4(4 —b)? '
Hence, II3* < II™ if py € [0,:5=%:m]. Otherwise, II5* > II™". It can be verified that
— _ 2
opm < PRtm.

Proof of Proposition 5: First, given the wholesale price w and the OEM’s production
quantity ¢,(f,w) and outsourcing decision 6, the CM maximizes its profit by choosing an
optimal production quantity. It can be shown that the optimal production quantity the CM
should produce for its own-brand products is

m — qo(6,w)
4e(qo, 0, w) = 5
Second, anticipating the CM’s optimal production decision, the OEM makes its production
and outsourcing decisions to maximize its own profit. Substituting the production decision

of the CM into (4) yields

(2 — b)g? _ _ _
max TT(w) = (2—b)gZ +[(2 m2+2@0 w)0 = 2polg,
q0,

The above objective function is increasing in # and concave in w. It can be shown that the
optimal decisions of the OEM and the corresponding quantity decision of the CM are

2-bm—-2w 5, (2=bm+2uw
ey 0 W="Ip oy

Finally, substituting the above production quantities and outsourcing decision into the CM’s

0"(w) =1, ¢,"(w) =

o

profit function 1% (w) yields

max I = (2 —b)m +2w]>  [(2—b)m —2w]w
v 16(2 — b)? 2(2— )

Taking the FOC, we have
oY 4[2—-bym+2w] [2—bm—2w]—2w  (2—0)(5—2b)m —2(7 — 4b)w

ow 16(2 — b)2 2(2 —b) B 4(2 — b)2

7
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Hence, the optimal wholesale price is

(2—10)(5—2b)
14 —8b

w!™ = min{py,

m}.

It can be verified that w™ < 25%m. Substituting w’* and 6 into (4) and (5), we can obtain

the optimal profits of the OEM and the competitive CM listed in Proposition 5.

Proof of Corollary 3: If p, > %m, then wf™ = %m. The corresponding
profit becomes I1£* = %. It can be verified that IIZ* — TI™ = % =
1-b)2
4((7 ib) m? > 0.
If py < #m, then w™* = py. Thus, we have
N (L VU O (R
e T e 16(2 — b)2 2(2 — b) 1
_ (2= b)m +2po]* + 8(2 — b)[(2 — b)m — 2polpo — 4(2 — b)*m
16(2 — b)?
=47 —4b)p + 4(2 = ) (5 — 2b)mpy — 3(2 — b)*m?
B 16(2 — b)2
_ [2(7—4b)po — 3(2 — b)m][(2 — b)m — 2pq]
16(2 — b)2 ‘
Note that ?i(f:;b)m — (27112(_58;%)771 = %m < 0. Hence, if py € [0, 31(42 82 m], then

15 < TI™; otherwise, II5* > TI™.

Proof of Proposition 6: First, given production quantity ¢. and wholesale price w, the
OEM will choose # and a production quantity to maximize its profit. As the OEM’s profit
function (4) is increasing in 6, the OEM will set * = 1. Taking the FOC with respect to

(4) yields
m — bq. —
2

Next, anticipating the OEM’s optimal decisions, the CM makes decisions about its produc-

QZ(QCa w) =

tion quantity and wholesale price to maximize its own profit. Substituting ¢*(¢., w) and

0* = 1 into (5) generates the following decision problem for the CM.

maxHﬁ _ [m — (2 = b)q. + w]g. N (m — bg. — w)w
qc,w 2 2
The FOCs are ( )
- m+(1-b)g B 1—b)w
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Solving these two equations yields w™* = min{py, %m} It can be verified that w™* <

2222 m. Substituting w’* and 6* into (4) and (5) yields the optimal profits of the OEM

and the competitive CM.

Proof of Corollary 4: If py > %m, then w* = 752b3bb2m The competitive CM’s
optimal profit is I1Z* = 7(22;b)b2 m?2. It can be verified that IIL* — [T = %WLQ > 0.
If pg < %m then w™ = po. The corresponding profit is

[m 4 (1 + b)pol[m + (1 = b)po] | [(4 —3b)m — (4 — b — b*)po]po
8(2 = b) 4(2 - b)

L*x
IT" =

Taking the FOC on p yields

AL (14b)(m+po — bpo) + (1 — b)(m + po + bpo) n (4—3b)m — (4 —b—b*)py — (4 —b—b*)po
opo 8(2 — b) 4(2 —b)
_ (5—=3b)ym — (7T —2b—b*)po
12-1) =0

Hence, T1X* is increasing in py and there exists a unique po at which I12* — II"™ = 0. Note

that
5—3b (1 - b)?

~3+2b
15 (po = 0)—II" = 2<0, and I (pg = o————m)-1II" = —————m? > 0.
< (P =0) s g =0 adIl = g m) - = gy 20
Solving
ee _qpe = 2 O+ Dpolfm 4+ (1= b)po] | [(4—3b)m — (4-b— Ppolpo  m* _

8(2—b) 4(2 — b) 4

yields the feasible root (5_3b)_7(_12_bb_)b2 2@, Therefore, if py € [0, (6-88)~ . 12bb)b§ 2@-0) m], then

12+ < TI™; otherwise, T1X* > TI™.



Quantity Leadership between an OEM and Its Competitive CM Online Appendices
S

Proof of Lemma 1: Comparing war, w®, w! and w” yields
10-6b+6  (2—b)(5— 2b)
s_ ., F _ _
v 4—4b 14— 8b
_ (10—66—1—62)(7—46)—(2—b)(5—2b)(7—2b)m

2(7 — 2b)(7 — 4b)

b(1 — b)
B
s_oo o W0-6h+¥  5-3
14— 4b 72012
(10— 6b+ b2)(7 — 2b— b) — (5 — 3b)(14 — 4b)
- 2(7 — 2b)(7 — 2b — 12) "
I Ty
2T —)(T—2 )
~b3(3 - b)(1 - b)
= e —mop)" ="
. (2 — b)(5 — 2b) 1
oA = T s 3
(2= b)(5— 2b)(3 — b) — (14 — 8b)
2(7 — 4b)(3 — b)
16 — 20b + 15b% — 2°
2(7 — 4b)(3 — b)
_ -h(a6—13+20)
27— 43 —b)

Thus, war < war < wh <w® <wh.

Proof of Proposition 9:
Simultaneous game For the simultaneous game, when 6* = 1, the CM’s and the OEM’s
profit functions are respectively

(m+w)*  [(2—0b)m — 2w]w [(2 = b)m — 2w)]?

c(w) (4—b)2 + 4—b ) o(w) (4_())2
The corresponding Nash product becomes
Max Q% = (I3 (w))* (I3 (w)) (13)
. 2—0
s.t. 0<w<min-A po, 5 mo,
12 (w) > 1%, (14)

where 179 is the reserved profit for the CM if not participating in the negotiation and giving

up the contract manufacturing business. It can be shown that II* = (m + py)?/(4 — b)%.

10
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We solve the above constrained optimization problem as follows.

First, taking the first order derivative of 2 with respect to w yields

S S w o o S W
o = o)™ (m5w)) ™ T (1 ) (115 ) (8 ) P
S w S w
= ()" @) [amsw) T 4 o - g et

3
As the first two terms are positive, the first order condition (FOC) % = 0 is reduced to let

the third term be zero, and substituting the CM’s and the OEM’s profit functions into the
third term yields

—OIT° (w S(w
(1= () ~2ge ) = ans() 2 )
(1—a)is (w)4[(2 (_4?”;)2_ 2u] oI5 (1) 106+ ?4)2;22(7 — W

which can be simplified as
4(7 — 2b)w?* — 2[2(10 — 6b + b?) + (1 — b)(4 — b)a]mw + [(24 — 22b + 8b* — b*)a — 4]m? = 0,

a quadratic function of w. Solving it yields two optimal solutions:

2(10 — 6b 4+ b*) + (1 — b) (4 — b)ar+ (4 — b)\/(1 — b)2a® + 4(8 — 4b + ) (1 — )

o= 4(7 — 2b) i
s 2010 6b+17) + (1 —b)(4 — ba— (4—b) /(T — B2aZ + 48 — 4b 1 (1 — )
2= 4(7 — 2b) "

Note that w5 = K.

Next, taking the first order derivative of w{ with respect to a yields

owy m (4 —0)[2(1 — b)%a — 4(8 — 4b + b?)]
o 4(7—2b) (1=0)=0)+ 2/(1—b)2a2 + 48 — 4b+ 0?)(1 — )
(4—b)m
4(7 —2b)+/(1 — b)2a2 + 4(8 — 4b + 1?)(1 — «)
x[(1 = b)\/(1 —Db)2a% + 4(8 — 4b + b2)(1 — ) — (16 — 8b + 2b* — (1 — b)?a)]

< 0,

11



Quantity Leadership between an OEM and Its Competitive CM Online Appendices

where the last inequality is due to

[(1 —b)v/(1 —b)2a2 +4(8 — 4b + b2)(1 — «) C [16 — 8b+ 2b* — (1 — b)*a)?
= (1-0)*[(1 —b)*a®+4(8 —4b+b*)(1 — a)] — (16 — 8b + 2b*)?
—(1—b)*a® +2(16 — 8b + 2b*)(1 — b)*«
= —(16 — 8b + 2b%)* + 4(8 — 4b + b*)(1 — b)?
= —4(8 —4b+b*)(7 — 2b)
< 0.

Hence, w{ is decreasing in a. Thus, w{ > w{|,—1 = Z52m, which is in conflict with our

2
pricing constraint w < %‘bm. Therefore, w7 cannot be the optimal solution.

Similarly, we can show the first order derivatives of wj with respect to «a as

owy m (4 —0)[2(1 — b)2a — 4(8 — 4b + b?)]
da  A(T—2b) (1=6)(4-0)= 2,/(1—b)2a? + 48 —4b+ 0?)(1 — )
(4—b)m
4(7 —2b)\/(1 — b)2a2 +4(8 — 4b+ 1?)(1 — «)
x[(1 —b)y/(1 —b)2a% + 4(8 — 4b + b2)(1 — a) + (16 — 8b 4 20> — (1 — b)%a)]

> 0,

so w3 is increasing in a.. Letting w5 = 0 yields o (0) = m. Therefore, if « > o°(0),

_ 2 _ . . .
then 0 < ws < w5|ay = 02807 — S < QTbm. However, is w5 the maximizer of Q%? To

2(7—2b)
answer this question, we need to check the sign of %Lﬂgzo and %L%S‘:ws. If the former is
positive and the latter is negative, then w3 maximizes Q° and thus Q(w) is unimodal for
2-b

We can show that

i = (M) (150) ™ |anz 05y 4 (1 - 0 g

(2 —b)*m? (10 — 6b + b*)m m?  —4(2—b)m

(m2(0)" (150) [ B2 e - ) s T

a— —a (2—b)m?
= (I5(0))*" (115(0)) ﬁ [(4—b)(6—4b+b")a — 4] .
Note that w5 > 0 requires a > a¥(0) = m. Substituting this condition into

12

|
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%Mg:m then we have %Lﬂg:o > 0. Similarly we have

00° S/ S\ @1 1S/ Sy~ 5, 5,012 (w) 5, 5015 (w)

%|w25:w5 = (Hc (’LU )) (Ho (w )) |:04H0 (’UJ )T‘wf:ws + (1 - a)Hc (’UJ ) w |w§:w5
oIS ()

= ()" (1S () ™ [<1 )T ()

|w§:ws < 0.

ow

Thus we prove that w3 is the optimal solution that maximizes Q°, and Q° is unimodal for
—b
w [0, 27 ]

Next, let

(m+w)?  [(2—b)m — 2ww
(4 — b)? 4—b

(m + po)?

115 () = e

_ TTRS _
_HC =

then it can be shown that the unique solution is

w_(m—ﬁb+ﬁwr—Jﬂo-%+ﬁ%%ﬂ-ﬂ7-%ﬂ%+ﬂmm)_ws

2(7 — 2b)

which is smaller than w¥. As 0 < py < 22m (otherwise the OEM cannot source from the

non-competitive CM as it will get negative profit), we can show that

10 — 6b + b?)*m? — 4(7 — 2b)(pj + 2pom)

(
(m—%+¥ﬂﬁ—4ﬁ—%)@;m2f+@—®m2
= [(10 — 6b+ b*)* — (2 — b)(6 — b)(7 — 2b)]m?

= (16 — 40b + 33b* — 106° + b*)m?

= (1-0b)*(4—1b)*m*>>0.

Then the participation constraint is reduced to that the negotiated price is no less than w?.

Based on the foregoing analysis and recalling that K° = w3, we obtain the GNB-

characterized wholesale price as wV®

= min(po, maz(w®, K¥)). Thus, the simultaneous game
is solved.
OEM-as-leader game
For the OEM-as-leader game, when 6* = 1 the CM’s and the OEM’s profit functions are
respectively
[(2—b)m +2w]*  [(2—b)m — 2ww
16(2 — b)? 2(2 = b)

[(2 = b)m — 2w)]?

1Y (w) = 5D

s I (w) =

13
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The corresponding Nash product becomes

Max  QF = (II7 (w))* (I (w)) (15)

2
I (w) > T, (16)

. 2—0
s.t. 0 < w<min-A po, mo,

where ITEF is the CM’s reserved profit if not participating in the negotiation. It can be
—b 2
shown that 17 = %.
Then we optimize the above Nash product as follows.
Similar to the proof of simultaneous game, we let the first-order derivative of Nash product
QF with respect to w to be zero to derive the extreme-value points. Substituting IT7' (w) and

1% (w) into QF, the FOC can be rewritten as

(1=t () e o 2 ()
po AR—0)m —2w] o [(2 - 0)(5 — 2b)m — 2(7 — 4b)u)]
e ) 8(2 —b) = olly(w) 4(2 —b)2 .

Rearranging the foregoing equation yields a quadratic function of w,
4(7 — 4b)w?® — 4[(2 — b)(5 — 2b) + (1 — b)(2 — b)a]mw + (2 — b)*[2(3 — b)a — 1]m? = 0,

which has two roots

» (2=0)(5-2b)+ (2—-b)(1—b)a+ (2—0b)y/(1 —b)2a®+4(2—b)(4 —b)(1 — a)

o= 2(7 — 40) m
e 2=0)GE=-20)+ 2-b)(1—ba—(2-b)/1 - b2+ 42— b){A—b)(1—a)
2 = 2(7 — 4b) -

Note that wi = K¥'.
Next we check whether w!” and wf are the optimal solution. Taking the first-order

derivative of w!” with respective to « yields

owt  (2-bm 2(1 —b)?a—4(2—0)(4 - D)
Do 2(7—4b) 2,1 - 022+ 42— b)(A—b)(1—a)
(2-bm  (1-b)y/[T b2 + 42— 0)E—b)({I —a) — [16 — 120+ 2" — (1 — b)’a]
2(7 — 4b) VI =022 42 -0)(4 - b)(1 — )
< 0,

(1-0)+

14
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where the last inequality is because of

[(1 — )1 —b2a2 + 42— b4 —b)(1— oz)]z —[16 — 120 + 26* — (1 — b)%a]?
= (1-0)2[(1-0b)%a®+4(2—0b)(4—0b)(1 —a)] — (16 — 12b + 2b*)*

—(1—b)*a® +2(16 — 120 + 2b*)(1 — b)*a
—  —4(2 - b)(4 — b)(T — 4b) < 0.

Hence, w!" is decreasing in . Thus, w! > wl|,—; = 2Tbm which contradicts our assumption

that w < Tm. Thus, w!” cannot be the optimal solution.

Taking the first-order derivative of wf with respect to « yields

owy  (2—bm (1—b)— 2(1 —b)%a —4(2 - b)(4 — D)
da 2(7 — 4b) 2¢/(1 —b)2a2 +4(2—b)(4 —b)(1 — )
(2 —b)m y (1=0)/(1 —b)2a2+4(2—0)(4 —b)(1 —a) + 16 — 12b+ 2b* — (1 — b)*«
2(7 — 4b) V(=022 +4(2—0)(4 —b)(1 — )
> 0.
F o : F F _ @2-bp(B-2) _ F 2 b
Hence, wy increases in a. Thus, 0 < wy < w) |a=1 = 507 4b) m = w" < =2m. Letting
wl (o) = 0 yields of'(0) = . We then check the sign of %L ]wF _o and 89 ]w F_,r. If the

former is positive and the latter is negative, then wl” maximizes Qf and the constrained QF

is unimodal.

00" Feo\ L (rLray) @ L O (w) F oy Olls (w)
g = (@) (1200) ™ [anr0) s gy + (- P
a— o (2=0)m?*(2-10)(5—2b)m m? —4(2 — b)m
— HF 1 HL ( 1 — A S A
(I(0)™ (115(0)) {O‘ 8 4(2 — by +(1—a)7g 82 —0)
a—1 —a m3
= ()" (40) 23~ B - 1),
As wl > 0 requires a > of'(0) = —2(31—1))’ substituting this condition into 89 So lwr—o leads to
8QF ‘w F=0 Z > 0.

Slmllarly7 we can show that

1 —a B w
g = (M) (W) ™ ol @) st e + (1 )N ()

1 a L’UJ
= @) @) - e T <o

ONIE (w)

ow ‘wé‘ﬂ:wF

Therefore, wl is the optimal solution that maximizes Qf, and the constrained QF is thus

unimodal.

15
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Next, letting T1F(w) = T2 and solving it yields

WF — (2= D)5 =20)m = /(2= b)*(5 — 2b)*m? — 4(7 — 4b)[p§ + (2 — b)mpy)

2(7 — 4b)

which is smaller than w’. As 0 < py < QT_bm (otherwise the OEM cannot source from the

non-competitive CM as it will get negative profit), we can show that

2 — b)2(5 — 2b)*m?* — 4(7 — 4b)[p? + (2 — b)ympy)
e ,
2

2 — b)%(5 — 2b)*m? — 4(7 — 4b) (2 _4b)2m2 +
= [(2—-1)*5—2b)* — 3(7 — 4b)(2 — b)*|m?

= (2-0)*[(5—2b)* — 3(7 — 4b)|m?
= (1-0b)*2-1b)*m*>>0,

thus w’" does exist and the participation constraint is reduced to the negotiated wholesale
price is no less than w’".

Based on the foregoing analysis and recalling that K = w!’, we obtain the GNB-
characterized wholesale price as w™* = min(py, maz(w”, K*')). Thus, the OEM-as-leader
game is solved.

CM-as-leader game

For the CM-as-leader game, when 6* = 1, the CM’s and the OEM’s profit functions are

respectively
Loy m+A+bw)[m+ (L-bw]  [(4—3b)m—(4—b—b)ww
I (w) = 32— 1) * 12 —0) !
Fooy LA=3b)m — (4 —b—b*)w]?
1L, (w) = 16(2 — b)?

The corresponding Nash product becomes
Max QF = (I (w))* (I (w)) '~ (17)
. 4 —3b
s.t. 0 <w < min < po, —62m ,

4—-b—
T (w) > I, (18)

where TT7L is the CM’s reserved profit if not participating in the negotiation. It can be

shown that HfL — (;n(-g%;?‘

We solve the game as follows.

16
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Similar to the proof of simultaneous game, we let the first-order derivative of Nash product
QL with respect to w to be zero to derive the extreme-value points. Substituting IT%(w) and

17 (w) into QF, the FOC can be rewritten as

(1 - i) =2 ) o M)
b (A=b=0)[(4-3)m—(4—b—b)w] (5 b (7 — 2 — 1)
(1 — a)TI (w) SeE o -0 |

Rearranging the foregoing equation yields a quadratic function of w as follows:

(4—b—b*)(T—2b—b*)w*—2[(5—3b) (4—b—b*)+2(1—b)(2—b)a]mw+[4(6—T7b+2b*) a— (4—b—b*)|m?* = 0,

which has two roots,

L (5=3b)(4—b—b%) +2(1—b)(2—Db)a+2(2—b)\/(1—b)2a?+2(16 — 8b — b + 2b% + b*)(1 — )
= (4—b—b2)(7— 2b— 0?)

m,

L (5=3b)(4—b—b%)+2(1 —b)(2—b)a—2(2—0b)\/(1—b)2a>+2(16 — 8b — 70> + 2b% + b*)(1 — )
w2 = (4—b—02)(7— 2b— 02

Note that wl = KT,
Taking the first-order derivative of wf with respect to a yields

m.

owf 2(2 — b)ym 1)+ 2(1 — b)%a — 2(16 — 8b — 7b% + 2b% + b*)
da (4 —b—b2)(7 — 2b — b2) 2¢/(1 —b)2a2 +2(16 — 8b — 702 + 203 + b4)(1 — )
2(2—-b)m

(4 —b—b2)(7 — 2b — b2)
1—b)y/(1 —b)2a2+2(16 — 8b — 762 + 263 + b4)(1 — a) — [16 — 8b — 7b% + 2b3 + b* — (1 — b)%a]
V(1 —b)2a% +2(16 — 8b — 7% + 253 + b4)(1 — @)

o

< 0,

where the last inequality is due to

2
[(1 —b)\/(1 —b)2a2 +2(16 — 8b — 7b2 + 203 + b)(1 — a)| — [16 — 8b — 7b + 2% + b* — (1 — b)%a)?
= (1 -0)%[(1 —b)%a® +2(16 — 8b — 7b? + 2b° + b*)(1 — a)] — (16 — 8b — Tb? + 2% + b*)?
—(1—=0b)*a? +2(16 — 8b — Tb* + 2b° + b*)(1 — b)%«x
= —(16 — 8b — 7b? + 20% + b*)(14 — 4b — 9% + 20° + b*) < 0.

L O L L _ _4-3b ST -
Hence, wy is decreasing in . Thus, wy’ > wy'|a=1 = ;=5°3zm, which violates our assumption
that w < %m. Therefore, w¥ cannot be the optimal solution.

17



Quantity Leadership between an OEM and Its Competitive CM Online Appendices

Next, taking the first-order derivative of w¥ with respect to « yields

owy 2(2 — b)m (1 _py_ 20 —bPa—2(16—8b— T+ % 1)
da d—b—b2)(T—20—1?) 2/(1— )20 + 2(16 — 8b — 7% + 263 + bA)(1 — a)
B 22—-b)m "

(4—b—0b2)(7—2b—12)
(1 —b)y/(1 —b)2a2 +2(16 — 8b — 7b2 + 2b3 + b3) (1 — a) + [16 — 8b — 7% + 2b% + b* — (1 — b)2q]
V(1 —b)2a2 +2(16 — 8b — 762 + 263 + b4)(1 — «)

> 0.
Lo s PR L L _ _5-3b _ L 4-3b
Hence, wy is increasing in a. Thus, 0 < wy < wyla=1 = s=gmm = w" < 555,

Letting wf(a) = 0 yields a = #@If%) = a’(0). Then we check the sign of %\%L:O and

%|w%:wL. If the former is positive and the latter is negative, then wl maximizes QF and

the constrained QF is unimodal. We can show that

L 1 —« L w i w
iz = ()™ (10) ™ [onf Py g+ 1 - 0 T
B a—1 —a [ (4—3b)?>m? (5—3b)m m?  —2(4—b—b*)(4—3b)m
= () (1(0) {O‘ 6@ -0z a2z T Y5e 162 b)? }
L a—1 r —« (4 — 3b)m3 2
= (I(0)  (I(0) 612 = b)F [42-b)(3 —2b)a— (4 —=b—b?)].

4—b—b?

As wk > 0 requires a > 0062 substituting this requirement into 8(;2—15|w%:0 leads to

Nk

G lwt—0 = 0.
Similarly, we have

Nk

D g=ut

oI (u)
ow

OTIE (w)
_ L, L o L L
|w§‘:wl‘ + (1 O[)Hc (U] ) w |w2 =w

o

= (Hf(wL))a_1 (HOF(wL))_a {aHF(wL)

oIE (w)

— () (I (wh) {(1 _ o (k) Mo (W) <0,

w ‘wQL:wL
Therefore, wk is the optimal solution that maximizes QF, and the constrained QF is uni-
modal.
_ _ _ 202 _(7—_9h—}2 2
Next, solving ITZ (w) = TR yields w” = (-3)m—y/(5 3b)7_n;b_g 2= 5)lpo +2pom],
As 0 <py < 44_—_?;5’771 (otherwise the OEM cannot source from the non-competitive CM as

it will get negative profit), we can show that

(5 —3b)*m?* — (7 — 2b — b*)[pa + 2pom]
(4-30)2 , 24-3b) ,

> (5 —3b)*m? — (7 —2b—b%) Tk T

= [(4 —b)*(5 — 3b)? — (4 — 3b)(12 — 5b)(7 — 2b — b?)] T

= 4(4 —8b+6b%)(2 — b)?
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where the last inequality is due to the fact that 4 — 8b + 6b? is always positive for b €
[0, 1]. Therefore, w” does exist and the participation constraint is reduced to the negotiated
wholesale price is no less than w’.

Based on the foregoing analysis and recalling that K = wf, we obtain the GNB-
characterized wholesale price as w™* = min(py, maz(w”, K*)). The CM-as-leader game

is solved.

Proof of Proposition 10
If the OEM determines the wholesale prices, the price lower bounds will be reached under
three basic games. The competitive CM will receive the reserved profits respectively: TT75

[TEF and 2L, We have the following relationship among them.

(m+po)®>  (m+po)?

RL RS
W=l = e =~ Ty
b*(m + po)?
8(2 — b)(4 — b)2
>
RS RF (m+4po)* (2 =b)m + 2po)?
=== = (4—b2  16(2—0b)?
[@=bm+2py  mApo| [(2—=bm+2py m+py
B 42 —b) 4—bH 42-b) 4-0b
b[(2 — b)(8 — b)m + (16 — 6b)po[(2 — b)m — 2po]
B 16(2 — b)2(4 — b)2
> 0.

The last inequality is due to our assumption that py < %’bm. Therefore, we have [T >

155 > TIRF and the competitive CM always prefers the price leadership.

Appendix B

Here, we consider decision order 2 in which the OEM decides the outsourcing proportion 6

first and then the competitive CM decides its wholesale price w.

Simultaneous game

The game sequence in the simultaneous game is as follows. First, the OEM makes the
outsourcing decision 6, and then the competitive CM announces the wholesale price w. Next,
the OEM and the competitive CM decide their production quantities simultaneously. We

solve the game backwards.
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First, we can derive the equilibrium production quantities as

(2 =0)m + 2(py — w)d — 2pyg
4—b

m — (po — w)0 + po
4—0b ’

@ (0, w) = , (0, w) =

Next, by substituting ¢>*(6,w) and ¢5*(#,w) into (5), the competitive CM’s profit is

[m — (po — w)0 + pol? N [(2—=0b)m + 2(py — w)0 — 2]?0]11}‘

T2 (w) = (41— D) 1—b

Setting the FOC to zero generates the optimal solution

WS — (8 —=6b+ 0%+ 20)m — 2(1 — 0)(4 — b — 0)py
B 20(8 — 2b — 0) '

8—6b4-b%+20

Therefore, w®* = min {po, ws}. It can be verified that if pg > ST b6 507 then w®* = w?

w;
: S*x __ Sx __
otherwise, w”* = py. When w~* = py,

[(2 = b)m + 2(py — w™*)6 — 2p]?
(4— D) ’

s (0) =

and II? is constant in 6 if w™ = py. Then, if py € [ﬁ%@;ﬁg)m, ), substituting

w* = w? into IT¥ and rearranging it yields

(2—b—0)m—2(1—60)p]°

s _
= 8—2b—10
oy 2[(2—b—0)m —2(1 —0)pg] (—6 + b)m + (14 — 4b)p,
o0 8—2b—10 (8 —2b — )2 '
Because
2A2—b—0Om—20—0p] _ 2A2-b-Om—(1-0)2-bym] _2W001-b)
8 —2b—0 - 8—2b—0 8§—20—60 — 7
(=6 4+ b)m + (14 — 4b)po - (—6+b)(4—b+30—b0)+(7—2b)(8—6b+b2+20)m
(8 —2b— 6)2 - (4—b+30—b0)(8 —2b—0)2

(1—b)(4 — D)((8 — 20— 6)
(4— b+ 30— bd)(8 — 2b — 0)?
(1-0)(4-0)
(4—b+30—b0)(S—20—0)

>0,

22 > 0. Thus, the OEM will set 6% = 1.

OEM-as-leader game
Under this game, the OEM first decides its production quantity and the outsourcing
proportion. Then, the CM decides its wholesale price and production quantity. We also
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solve this problem backwards. First, we can show that 1 in (5) is increasing in w, and thus

the CM will set w!™ = py. The production quantity is ¢.(g,) = %"(9). Substituting w!™

and ¢.(g,) into the OEM’s profit function yields

gt — —(2=0)g5 +[(2 = b)m — 2poJg,
o 2 I
which is constant in 6 and reaches the maximum when ¢y = (2_?_+;2p°. We assume that the

OEM will outsource all of its production orders to the competitive CM if w™* = py?; thus,

0" = 1.

CM-as-leader game

The game sequence here is as follows. First, the OEM makes the outsourcing decision
6. Then, the competitive CM decides the wholesale price w and its production quantity gq..
Next, the OEM decides its production quantity g,.

We can show that the best response function of the OEM’s production decision is

m — bq. — 0w — (1 — 0)pg
5 )

05 (ge; w) =

Then, we can derive the competitive CM’s profit function as

= [m =2 =g+ 6w+ (1 = Opolg. | (m = bge = w — (1 = O)po)fw
(& 2 2 .

The competitive CM will decide w and ¢, simultaneously. Their best response functions are

~ mA+ (1= 0)po+ (1 —b)ow m+ (1 —b)g. — (1 — 0)po
B 2(2 —b) 20 ‘

qe(w) , and w(q.) =

Solving these two equations yields

Wb = B =3)m =B -b)(A—-0py p_ B-bm+(1-0)(1+bpy

(7— 20— 02)0 e 7—2b— b2

5-3b
3—b+(4—b—b2)0

When w’* = py, the OEM’s profit function is
[(7 —5b)ym — (7 — b)po + b(1 + b)@;ﬂ 2

L

Therefore, if py < m, then we have w'* = py; otherwise, w* = w”.

I = (¢))* =

7—2b—0b?
which is increasing in #, and so * = 1. When w’* = w*, the OEM’s profit function is

[2(1 —bym — 4py + 40p0} 2

nr =
7—2b— b2

o

4This assumption is reasonable as, in practice, a competitive CM can normally offer value-added services
in addition to product manufacturing. Thus, it can win the OEM’s orders when non-competitive CMs do
not have a price advantage.
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which is also increasing in 6, and thus 6* = 1.

As the results for the three basic games under decision order 2 are similar to those under

decision order 1, the equilibrium quantity timing decisions are also the same as those in

Proposition 8.
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