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Abstract

Economic globalization has swept the whole world. To focus on their main business, enter-

prises that are referred to as original equipment manufacturers (OEMs) outsource non-core

production activities to contract manufacturers (CMs). By constructing a two-level supply

chain consisting of two competing OEMs and one upstream CM, the strategic interaction of

the OEMs between outsourcing and purchasing is studied. Specifically, the CM can offer

custom- and predefined modes of original equipment manufacturing (namely, CO mode and

PO mode, respectively). The former mode enables OEMs to determine product quality,

while the latter only allows them to purchase from several quality configurations. The results

show that, first, since the CO mode allows the adopter to lead the product design, whether

to choose this mode depends on the required R&D cost. Interestingly, however, a lower

R&D cost does not necessarily result in the adoption of the CO mode if the product quality

difference is small under the PO mode. Second, the optimal purchasing strategy of an

OEM is indifferent to the outsourcing mode (CO and PO) of its rival but significantly affected

by the quality cost. However, compared to the PO mode, choosing the CO mode would

cause the competitor to suffer more profit losses. Third, differing from the prior literature,

this paper finds that when the downstream OEM can make quality decisions, although this

may lead to profit loss of the contract manufacturer in some channels, it could benefit the

CM overall.

1. Introduction

In the context of globalization, the world economy has become integrated; any enterprise only

exists as a certain link or several links in the supply chain, and some low-value businesses are

outsourced to other organizations to complete. For example, to minimize supply risks and

reduce production costs, Apple outsources 70% of its iPhone production business to Foxconn
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and the remaining 30% to Pegatron Group [1]. In the PC industry, the notebook computers of

Apple, Dell, Sony and Toshiba are mainly manufactured by Taiwan’s Asus [2]. In 2010 alone,

Asian firms created over $110 billion of output value in OEM business [3]. As a result, out-

sourcing activities have become an important part of a company’s operations.

However, in April 2018, the US government announced that ZTE was forbidden to pur-

chase products involving sensitive technologies from American enterprises. Since the core sys-

tem and key components are highly dependent on foreign suppliers, this "blocking" action

seriously damaged the production and operation activities of ZTE, especially the mobile phone

business, which was nearly shut down [4]. In cell phone industries, technology giants, such as

Xiaomi, Vivo, Oppo and ZTE, as original equipment manufacturers (OEMs), generally take

charge of product concepts, shapes and structure design, while other processes, such as com-

ponent procurement, product assembly and testing, are outsourced to contract manufacturers

(CMs), such as Foxconn and BYD [5]. The "ZTE incident" reminded OEMs to rethink the

rationality of this outsourcing mode. For the sake of comparison, we call it the predefined

OEM mode in this paper.

Another mode is the so-called custom OEM. Similar to the predefined OEM, most of the

component procurement and product assembly are also entrusted to a CM; the difference is

that in addition to the overall design of the product, the OEMs are responsible for the R&D of

the key component (e.g., the central processing unit of a smartphone). Under the custom

OEM mode, the core technology or component of the product is the focus of the enterprise,

and other non-core businesses can be outsourced. Taking the mobile phone industry as an

example, Huawei chose to design the core SoC (system-on-chip) of mobile phones by itself

and outsourced its chip production to TSMC, the world’s leading semiconductor manufac-

turer. Benefitting from this strategy, Huawei can focus on the demands of customers and inte-

grate them into SoC development. The Kirin 970 processor developed by Huawei is the

world’s first mobile phone chip with a built-in independent neural network unit, which can

greatly improve the performance of mobile phone photography and thus benefit customers

who value photography functions [6]. However, competitors such as Xiaomi and Oppo are

limited by their SoC suppliers, and they can only catch up to Huawei when Qualcomm pro-

vides an upgraded Snapdragon chip [7]. Obviously, strong control over key components of

production makes the custom OEM model more competitive.

There is no doubt that taking control of product design can enhance the competitiveness of

firms [8, 9]. However, choosing the custom OEM mode means investing in the R&D of the

core technology, and whether this is a worthwhile effort is a hard question to answer. First, this

investment requires sufficient funds. In 2019, Huawei’s operating revenue exceeded 800 billion

yuan, and its R&D investment surpassed 100 billion yuan, most of which was related to the

mobile phone processor developed in-house. Meanwhile, the revenue of Xiaomi and OPPO in

the same period was only 1/4 of that of Huawei [10]. Second, even if companies can perform

their R&D in-house, they need an incentive to make that decision. For instance, Nokia’s

mobile phone market share was over 25% in 2013, ranking first in the world, but it still chose

to purchase chips from Texas Instruments instead of custom OEM [11]. Some studies have

suggested that, in a market with homogenized products, enterprises’ enthusiasm for R&D

investment will be inhibited [12].

To address this research gap, the strategic interaction of original equipment manufacturers

between outsourcing and purchasing should be further studied. This study mainly discusses

the following questions: 1) What are the conditions for a manufacturer choosing the custom

OEM mode? Is the custom mode always optimal when the required R&D investment is low?

2) How does a manufacturer make purchase decisions in a quality-differentiated supplying
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market? How does the competitor’s OEM mode affect its choice? 3) How do downstream

manufacturers’ OEM mode and procurement strategy affect the upstream CM?

The rest of this paper is organized as follows. Section 2 reviews the related literature. Section

3 describes the problem and basic model setting. Section 4 analyses four models and shows the

optimal order quantity and profits of the supply chain members under the four models. In Sec-

tion 5, we discuss the optimal strategy choice of M1 and M2 and the impact of strategy choice

on upstream CM. Finally, conclusions and managerial insights are given in Section 6.

2. Literature review

2.1 Outsourcing decision-making

The first stream of literature related to our paper is the original equipment manufacturer’s out-

sourcing decision-making. Some scholars focus on the influential factors of outsourcing.

Wang et al. [13] investigated how the pricing sequence affects the competition between con-

tract manufacturers and original equipment manufacturers in the end market and found that

when the wholesale price is exogenous, either party prefers to be a Stackelberg leader. Zhu [14]

designed an optimal outsourcing contract involving product cost, quality and time to market

and considered both complete and incomplete information, which aims to model the buyer’s

internal variable cost information. Leoni [15] pointed out that with the continuous increase in

investment, if the marginal probability of successful product research and development con-

verges smoothly to zero, then even if the compensation for R&D failure is certain and there

exists an optimal contract equilibrium, outsourcing R&D work still has only a small chance of

innovation success. Feng et al. [16] studied how the relationship between the cost of providing

fast service and the cost of achieving high-quality service affects outsourcing contracts and

supply chain performance. The results show that when the cost is positively correlated, simple

contracts usually perform well, but when the cost is negatively correlated, contracts with com-

plex structures need to be designed. The other part of the study is mainly about the choice of

outsourcing strategy. Shen et al. [17] compared the application of OEM and ODM (original

design manufacturer) outsourcing modes in the fashion industry and found that when suppli-

ers trade with retailers through wholesale price contracts under the ODM strategy, suppliers

have no incentive to invest in innovation. Bolandifar et al. [18] and Xu et al. [19] both studied

the impact of OEMs outsourcing procurement to contract manufacturers on supply chain

members. The former work suggested that contract manufacturers could still benefit even if

they did not lead the procurement, while the latter found that the outsourcing strategy of mul-

tinational companies was affected by local competitors and international tax rules. Chen et al.

[20] studied the outsourcing relationship between OEMs and CMs in the same product market

and explored the win-win conditions under which OEMs and CMs support outsourcing in all

cases.

As shown in Table 1, the differences between the prior studies and our paper are summa-

rized in two aspects: 1) the literature has only studied the predefined OEM mode, whose access

to manufacturer’s leading core technology research and development of the custom OEM

mode is not allowed. While the custom OEM mode has become an important means of out-

sourcing high-tech enterprises, a full comparison of the two kinds of OEM modes is discussed

in this paper, specifically, pricing competition, order of decision-making, contract manufac-

turers and the impact of supply chain member benefits. 2) Outsourcing and procurement are

important production activities of manufacturing enterprises. This study first investigates the

strategic interaction of original equipment manufacturers between OEM mode selection and

procurement strategy selection.
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2.2 Product quality differentiation in competition

The second literature stream involves the topic of product quality differentiation in competi-

tion. Jaskold and Thisse [21] and Mussa and Rosen [22] have made pioneering contributions

to address the impact of vertical differentiation on manufacturers’ product selection and pric-

ing under a fixed quality level. Shaked and Sutton [23], from the perspective of supply chain

coordination, found that differentiated product strategies could help alleviate supply chain

conflicts. In recent years, Chen et al. [24] studied how manufacturers with flexible production

capacity determine the best product quality difference, price and scheduling when consumers

can evaluate product quality. Li and Chen [25] found that exogenous quality differences inten-

sify retailer price competition in the Stackelberg game, while endogenous quality differences

could improve the performance of the whole supply chain. In terms of information asymme-

try, Li et al. [26] proposed an adaptive spatial network model for manufacturers’ pricing deci-

sions in the face of uncertain product quality and customer learning. Keskin and Birge [27]

discussed how companies construct product lines considering the uncertain cost of quality. In

addition, some studies have focused on the interaction between quality differentiation and

firms’ nonprice operating decisions. Huang et al. [28] showed that, in a duopoly, if market fol-

lowers have more cost advantages than leaders in terms of quality improvement, they can ben-

efit from strategic decentralization. Li and Chen [29] studied the backward integration

Table 1. Summary of the related literature regarding outsourcing decision-making.

Literature Original Equipment Manufacturing Mode Competition of OEMs

Predefined Custom

Wang et al. [13] ✓

Zhu [14] ✓

Leoni [15] ✓

Feng et al. [16] ✓

Shen et al. [17] ✓

Bolandifar et al. [18] ✓

Xu et al. [19] ✓

Chen et al. [20] ✓

Our study ✓ ✓ ✓

https://doi.org/10.1371/journal.pone.0262678.t001

Table 2. Summary of the related literature regarding product quality differentiation in competition.

Literature Supply Chain Operational Topics

Pricing Quality Control Coordination Channel/Power Structure Investment Strategy Procurement Outsourcing

Jaskold and Thisse [21] ✓

Mussa and Rosen [22] ✓

Shaked and Sutton [23] ✓ ✓

Chen et al. [24] ✓ ✓

Li and Chen [25] ✓ ✓

Li et al. [26] ✓

Keskin and Birge [27] ✓ ✓

Huang et al. [28] ✓

Li and Chen [29] ✓ ✓

Cui [30] ✓ ✓

Jain and Bala [12] ✓

Our Study ✓ ✓ ✓ ✓

https://doi.org/10.1371/journal.pone.0262678.t002
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strategy between retailers and different manufacturers, believing that retailers are more willing

to integrate with upstream suppliers with high exogenous quality; otherwise, retailers should

integrate with companies with low quality. In addition, Cui [30] and Jain and Bala [10] studied

the impact of investment strategy on differentiated competition. The former group indicated

that reasonable quality improvement of leaders could weaken the motivation of followers to

free ride, while the latter found that providing differentiated services does not always alleviate

homogeneous competition for quality-differentiated products.

As shown in Table 2, differing from the above studies, this paper combines quality differen-

tiation with enterprise procurement and outsourcing strategy, discusses what quality configu-

ration to purchase when competitors choose different OEM modes and analyses the impacts

of these strategic interactions on supply chain performance.

3. Problem description

As a world-famous semiconductor manufacturer, Samsung not only sold Exynos chips

designed and manufactured by itself for downstream mobile phone OEM firms (such as Vivo),

but also provided chip customization services (such as the A-Series SoC of Apple iPhone) [31].

Motivated by this, consider a two-echelon supply chain consisting of one upstream contract

manufacturer (CM) and two downstream original equipment manufacturers, where the CM,

such as Samsung, can provide two OEM modes: (1) Predefined OEM mode (PO strategy), CM

undertakes all activities of product production from design to assembly, and it produces a two-

type product for the strategy adopter to choose, i.e., a high-quality item (i = H) with quality

level qH = 1 and a low-quality item (i = L) with quality level qL< 1; (2) Custom OEM mode

(CO strategy), the adopter would lead R&D of the core component and thus could determine

the product quality level q (qL< q< qH = 1). As a result, the CM is only responsible for imple-

menting the adopter’s manufacturing plan. Note that theoretically, CM can certainly add

countless quality configurations, but it is obviously impractical to consider the unlimited possi-

bilities. What we want to emphasize is that the quality configuration (qL and qH) of CM is pre-

determined, and all firms understand this knowledge. The adopter who chooses custom mode

will determine the quality level under their own profit maximization.

For clarity, the parameters and variables involved in this paper are summarized in Table 3.

We assume that the market power of the two manufacturers is different. In particular, the

dominant manufacturer (M1, such as Huawei whose products are equipped with Kirin chips

developed by itself and SoC purchased from Media Tek) can choose different OEM modes

(PO or CO strategy). As a market leader, if choosing the PO mode, M1 will only consider

purchasing high-quality products (q1 = qH = 1). In contrast, the disadvantaged manufacturer

(M2, such as Vivo) cannot provide financial support for R&D and hence only chooses the PO

mode that needs to decide the procurement strategy: buying high-quality products (HQ strat-

egy, q2 = qH = 1) or buying low-quality products (LQ strategy, q2 = qL< 1). Furthermore, we

visualize the relationship between the contract manufacturer and the two original equipment

manufacturers in Fig 1.

Since there are only M1 and M2 suppliers in the end market, we employ a linear demand

function that is affected by the price and quality of its own product and the price and quality of

competitive products, referring to classical duopoly firm theory [31–37], the product demand

function can be expressed as Qj ¼ a � Pj þ aP�j þ qj � aq�j . Note that the units of all variables

and parameters are not considered in this function, since such a stylized model (please see

https://en.wikipedia.org/wiki/Stylized_fact, some scholars may call it to abstract model) is not

data-driven, and its purpose is to reveal the impact of price and other factors on demand

through a simple but quantitative method. Similar dimensionless functions were commonly
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used in the literature regarding management science. For an instance, Banker et al. [37]

employed qi = kiα − βpi + γpj + λxi − μxj to draw the linear impact of product i’s price pi and

quality xi and product j’s price pj and quality xj on the former’s demand qi. In addition, we

thank anonymous reviewers for their comments, and remind readers who want to use real

data to drive the stylized models that we assume all quantities in equations Q1 and Q2 to be

dimensionless or having normalized units. It is common not to specify units of measurement

in such models, the right member of the demand equality contains a coefficient for each term,

so there is the expected conversion from the number of products to prices and quality level.

Table 3. Parameters and variables and their definitions.

Parameters Definition

j Both j and Mj, j 2 {1, 2}, denote the manufacturer entities downstream of CM

�j The set of all the members in {1, 2} that do not belong to j, j 2 {1, 2}

i The product type offered by contract manufacturer, i 2 {L, H}, and i = H(L) denotes the high (low)

quality item.

Pj Product price of manufacturer Mj, j 2 {1, 2}

P�j Product price of manufacturer M�j ,
�j 2 1; 2f g

qH Predefined high-quality level, 0 < qL < qH = 1

qL Predefined low-quality level

qj Product quality level of manufacturer Mj, 0 < qj < 1

a Basic product demand, a> 1

α Substitution coefficient of M1 and M2, 0 < α < 1

m The amortized R&D cost of contract manufacturer, m > 0

c M1’s quality cost coefficient, c> 0

f Raw material cost of contract manufacturer, f � c
k The fixed R&D expenditure of M1, k > 0

Variables Definition

Qj Order quantity of manufacturer Mj, Qj > 0

wj Wholesale price offered to manufacturer Mj, wj > 0

πj Profit of manufacturer j, πj > 0

q The quality level decided by M1 when chooses HO strategy, qL < q < qH

https://doi.org/10.1371/journal.pone.0262678.t003

Fig 1. The relationship between the contract manufacturer and the original equipment manufacturers.

https://doi.org/10.1371/journal.pone.0262678.g001
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In the demand function of Qj ¼ a � Pj þ aP�j þ qj � aq�j ,
�j (�j 2 f1; 2g) is the set of all the

members in {1, 2} that do not belong to j (j 2 {1, 2}), if j = 1,�j ¼ 2 otherwise j = 2,�j ¼ 1; a
refers to the potential market demand, which also reflects the total market size, and it is much

larger than other parameter to avoid cases with negative demand [33, 38]; Qj refers to the

order quantity of Mj, which reflects the consumer demand for its products; qj refers to the

quality level of Mj products; Pj (P�j) represents the market price of the Mj (M�j) product; α (0 <

α< 1) is the substitution coefficient or so-called cross elasticity coefficient in classical micro-

economic literature [39], which characterizes the impacts of rival product’s price and quality

on its own demand, and reflects the competition degree between the two products [34, 38].

Thus, we have the related product demands in the different channels:

Q1 ¼ a � P1 þ aP2 þ q1 � aq2;Q2 ¼ a � P2 þ aP1 þ q2 � aq1 ð1Þ

In PO mode, the unit production cost of the CM is composed of raw material cost f and

amortized R&D cost m (i.e., R&D cost per unit product). Following the literature [34, 40–42],

we adopt a quadratic function of raw material cost to characterize the serious impact of

improving unit product quality on cost input: f ¼ cq2
i , where c is the quality cost coefficient,

which reflects the CM’s production technology. M1 and M2 purchase from the CM at w1 and

w2 unit wholesale prices, respectively. In CO mode, the unit cost of the CM only includes f.
Note that the adopter of CO mode leads the R&D of the core component, so it has the related

invention patents. As a result, it does not need to pay m for CM. Since M1 is responsible for

the development of core technologies, it also needs to pay fixed expenditures k for the equip-

ment, personnel and places needed for the research and development. Finally, the four strategy

combinations with detailed model settings are shown in Fig 2.

4. Model analysis

4.1 M1 chooses the CO mode, and M2 sells high-quality products

(q1 = q, q2 = 1)

In the COHQ model, M1 leads the design and development of its own products, while the CM

only provides OEM production services for it. Due to its weak strength, M2 can only choose

the PO mode and compete with M1 by purchasing high-quality products from the CM. Follow-

ing the literature [14, 43], the decision order is as follows: First, M1 determines the quality level

of its products q; second, the CM determines the wholesale prices w1 and w2 according to the

quality requirements of M1 and its own manufacturing capacity. Finally, M1 and M2 determine

the order quantities Q1 and Q2, respectively. By solving simultaneous Eq (1), we can obtain

the inverse demand functions P1(Q1, Q2) = [a(1 + α) + q1(1 − α2) − Q1 − Q2α]/(1 − α2) and

P2(Q1, Q2) = [q2(1 − α2) + a(1 + α) − Q2 − Q1α]/(1 − α2). According to Section 3, q1 = q and

q2 = 1 in this case. Based on the backward induction method [34, 41, 44], we first solve the

optimal order quantity decisions of the two OEMs, and the profit maximization problem of

M1, M2 and CM can be expressed as:

p1 Q1;Q2ð Þ ¼ P1ðQ1;Q2Þ � w1ð Þ � Q1 � k ¼
Q1 þ Q2a � a 1þ að Þ þ q a2 � 1ð Þ

a2 � 1
� w1

� �

Q1 � k! Max
Q1

ð2Þ

p2ðQ1;Q2Þ ¼ P2ðQ1;Q2Þ � w2ð Þ � Q2 ¼
Q2 � a 1þ að Þ þ a Q1 þ að Þ � 1

a2 � 1
� w2

� �

Q2 ! Max
Q2

ð3Þ

pCMðw1; w2Þ ¼ w1 � cq2ð Þ � Q1ðw1;w2Þ þ ðw2 � c � mÞ � Q2ðw1;w2Þ ! Max
w1 ;w2

ð4Þ
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It is easy to prove that π1(Q1) and π2(Q2) are concave functions with respect to Q1 and Q2

(π1 is quadratic in Q1 and π2 is quadratic in Q2), respectively. By the first derivative condition

(
@p1

@Q1
¼ 0,

@p2

@Q2
¼ 0), the optimal order quantity decisions are derived under the profit maximiza-

tion of M1 and M2 (Note that the main derivations of this paper are derived by computer pro-

grams. We provide the copy of the source code with 4.1 Section in the Supporting Information

to show how to solve optimal decisions, and the other cases can also be solved by the similar

method. The readers could run it through Mathematics with 11.0 or higher version):

Q1 w1;w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2q � 2w1 þ w2 � 1ð ÞaÞ½ �

a2 � 4
ð5Þ

Q2 w1;w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2 � 2w2 � qaþ w1aÞ½ �

a2 � 4
ð6Þ

Eqs (5) and (6) are substituted into CM’s profit maximization problem. We provide proof

to illustrate that πCM(w1, w2) is a jointly concave function with respect to w1 and w2 (Appendix

9 in S1 Appendix). The optimal wholesale price decision of CM can be obtained as follows:

w1 qð Þ ¼
1

2
qþ cq2 þ

a
1 � a

� �
ð7Þ

w2 ¼
1

2
1þ cþmþ

a
1 � a

� �
ð8Þ

Fig 2. Four strategy combinations. (a) COHQ model, (b) COLQ model, (c) POHQ model, and (d) POLQ model.

https://doi.org/10.1371/journal.pone.0262678.g002
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Similarly, it is easy to prove that π1(q) is a concave function with respect to q. Substituting

Eqs (5)–(8) into Eq (2), the optimal quality decision can be obtained by solving M1’s profit

maximization problem p1ðqÞ ¼ P1ðqÞ � w1ðqÞð Þ � Q1ðqÞ � k! Max
q

. By solving
@p1 qð Þ
@q ¼ 0 can

find there exists three roots. However, the second root is always negative, and the third root

exceeds 1 under constrains that a (the basic market demand) is much larger than other param-

eter to avoid cases with negative demand [33, 38], then we have:

q ¼
1

2c
ð9Þ

According to Eqs (2)–(9), we have Theorem 1:

Theorem 1: In the COHQ model, the optimal decisions and benefits of M1, M2 and CM are

shown in Appendix 1.1 in S1 Appendix.

4.2 M1 chooses the CO mode, and M2 sells low-quality products (q1 = q,

q2 = qL)

In the COLQ model, M1 still dominates the design and development of its products; M2

chooses to purchase the CM’s low-quality products to compete with M1. The decision order is

the same as the COHQ model. First, M1 determines the quality level of its products q. Second,

the CM determines the wholesale prices w1 and w2 according to the quality requirements of

M1 and its own manufacturing capacity. Finally, M1 and M2 determine their respective order

quantities Q1 and Q2, respectively. Referring to Eq (1), we can obtain the inverse demand func-

tions P1(Q1, Q2) = [a(1 + α) + q1(1 − α2) − Q1 − Q2α]/(1 − α2) and P2(Q1, Q2) = [q2(1 − α2) + a
(1 + α) − Q2 − Q1α]/(1 − α2). According to Section 3, q1 = q and q2 = qL in this case. Based on

the backward induction method, we first solve the optimal order quantity decisions of the two

OEMs, and the profit maximization problem of M1 and M2 can be expressed as:

p1 Q1;Q2ð Þ ¼ P1ðQ1;Q2Þ � w1ð Þ � Q1 � k ¼
Q1 þ Q2a � a 1þ að Þ þ q a2 � 1ð Þ

a2 � 1
� w1

� �

Q1 � k! Max
Q1

ð10Þ

p2 Q1;Q2ð Þ ¼ P2ðQ1;Q2Þ � w2ð Þ � Q2 ¼
Q2 þ Q2a � a 1þ að Þ þ qL a2 � 1ð Þ

a2 � 1
� w2

� �

Q2 ! Max
Q2

ð11Þ

pCM w1; w2ð Þ ¼ w1 � cq2ð Þ � Q1 w1;w2ð Þ þ w2 � cq2

L � m
� �

� Q2ðw1;w2Þ ! Max
w1;w2

ð12Þ

It is easy to prove that π1(Q1) and π2(Q2) are concave functions with respect to Q1 and Q2,

respectively. By the first derivative condition (
@p1

@Q1
¼ 0,

@p2

@Q2
¼ 0), the optimal order quantity

decisions are derived under the profit maximization of M1 and M2:

Q1 w1;w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2q � 2w1 þ ðw2 � qLÞa½ �

a2 � 4
ð13Þ

Q2 w1;w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2qL � 2w2 þ ðw1 � qÞa½ �

a2 � 4
ð14Þ

Eqs (13) and (14) are substituted into the CM’s profit maximization problem. Similar to

Section 4.1, it is easy to prove that πCM(w1, w2) is a jointly concave function with respect to w1
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and w2, and the optimal wholesale price decision of the CM can be obtained as follows:

w1 qð Þ ¼
1

2
qþ cq2 þ

a
1 � a

� �
ð15Þ

w2 ¼
1

2
mþ qL þ cq2

L þ
a

1 � a

� �
ð16Þ

Similarly, it is easy to prove that π1(q) is a concave function with respect to q. Substituting

Eqs (13)–(16) into Eq (10), the optimal quality decision can be obtained by solving M1’s profit

maximization problem p1 ¼ P1ðqÞ � w1ðqÞð Þ � Q1ðqÞ � k! Maxq, and by the same solution

process as the model of COHQ we have:

q ¼
1

2c
ð17Þ

According to Eqs (10)–(17), we have Theorem 2:

Theorem 2: In the COLQ model, the optimal decisions and benefits of M1, M2 and CM are

shown in Appendix 1.2 in S1 Appendix.

4.3 M1 chooses PO mode, and M2 sells high-quality products (q1 = 1, q2 = 1)

In the POHQ model, M1 gives up the core technology research and development of investment

products and, like M2, chooses to purchase high-quality products from a CM for OEM sales.

In this case, the decision order of all parties is simpler than the previous two modes. First, the

CM determines the wholesale prices w1 and w2. Next, M1 and M2 determine the order quanti-

ties Q1 and Q2, respectively. Referring to Eq (1), we can obtain the inverse demand functions

P1(Q1, Q2) = [a(1 + α) + q1(1 − α2) − Q1 − Q2α]/(1 − α2) and P2(Q1, Q2) = [q2(1 − α2) + a(1 +

α) − Q2 −Q1α]/(1 − α2). According to Section 3, q1 = q2 = 1 in this case. Based on the backward

induction method, we first solve the optimal order quantity decisions of the two OEMs, and

the profit maximization problem of M1 and M2 can be expressed as:

p1 Q1;Q2ð Þ ¼ P1ðQ1;Q2Þ � w1ð Þ � Q1 ¼
Q1 � a 1þ að Þ þ a Q2 þ að Þ � 1

a2 � 1
� w1

� �

Q1 ! Max
Q1

ð18Þ

p2 Q1;Q2ð Þ ¼ P2ðQ1;Q2Þ � w2ð Þ � Q2 ¼
Q2 � a 1þ að Þ þ a Q1 þ að Þ � 1

a2 � 1
� w2

� �

Q2 ! Max
Q2

ð19Þ

pCM w1; w2ð Þ ¼ w1 � c � mð Þ � Q1 w1; w2ð Þ þ w2 � c � mð Þ � Q2ðw1; w2Þ ! Max
w1 ;w2

ð20Þ

It is easy to prove that π1(Q1) and π2(Q2) are concave functions with respect to Q1 and Q2,

respectively. By the first derivative condition (
@p1

@Q1
¼ 0,

@p2

@Q2
¼ 0), the optimal order quantity

decisions are derived under the profit maximization of M1 and M2:

Q1 w1; w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2 � 2w1 þ w2 � 1ð ÞaÞÞ½ �

a2 � 4
ð21Þ

Q2 w1; w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2 � 2w2 þ w1 � 1ð ÞaÞÞ½ �

a2 � 4
ð22Þ

Eqs (21) and (22) are substituted into the CM’s profit maximization problem. Similar to

Section 4.1, it is easy to prove that πCM(w1, w2) is a jointly concave function with respect to w1
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and w2, and the optimal wholesale price decision of the CM can be obtained as follows:

w1 ¼ w2 ¼
1

2
1þ cþmþ

a
1 � a

� �
ð23Þ

According to Eqs (18)–(23), we have Theorem 3:

Theorem 3: In the POHQ model, the optimal decisions and benefits of M1, M2 and CM are

shown in Appendix 1.3 in S1 Appendix.

4.4 M1 chooses PO mode, and M2 sells low-quality products (q1 = 1, q2 = qL)

In the POLQ model, M1 still does not choose independent research and development and con-

tinues to purchase high-quality products from a CM. The difference is that M2 chooses to pur-

chase low-quality products to compete with M1. The decision order is the same as the POHQ

model: first, CM determines the wholesale prices w1 and w2; then, M1 and M2 determine the

order quantities Q1 and Q2, respectively. Referring to Eq (1), we can obtain the inverse demand

functions P1(Q1, Q2) = [a(1 + α) + q1(1 − α2) − Q1 − Q2α]/(1 − α2) and P2(Q1, Q2) = [q2(1 − α2)

+ a(1 + α) − Q2 − Q1α]/(1 − α2). According to Section 3, q1 = 1 and q2 = qL in this case. Based

on the backward induction method, we first solve the optimal order quantity decisions of the

two OEMs, and the profit maximization problem of M1 and M2 can be expressed as:

p1 Q1;Q2ð Þ ¼ P1ðQ1;Q2Þ � w1ð Þ � Q1 ¼
Q1 � a 1þ að Þ þ a Q2 þ að Þ � 1

a2 � 1
� w1

� �

Q1 ! Max
Q1

ð24Þ

p2 Q1;Q2ð Þ ¼ P2ðQ1;Q2Þ � w2ð Þ � Q2 ¼
Q2 þ aQ1 � a 1þ að Þ þ qLða2 � 1Þ

a2 � 1
� w2

� �

Q2 ! Max
Q2

ð25Þ

pCM w1; w2ð Þ ¼ w1 � c � mð Þ � Q1 w1; w2ð Þ þ w2 � cq2

L � m
� �

� Q2ðw1; w2Þ ! Max
w1 ;w2

ð26Þ

It is easy to prove that π1(Q1) and π2(Q2) are concave functions with respect to Q1 and Q2,

respectively. By the first derivative condition (
@p1

@Q1
¼ 0,

@p2

@Q2
¼ 0), the optimal order quantity

decisions are derived under the profit maximization of M1 and M2:

Q1 w1; w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ð1 � aÞð2w1 � 2þ qLa � w2aÞ½ �

a2 � 4
ð27Þ

Q2 w1; w2ð Þ ¼
ð1þ aÞ a a � 2ð Þ þ ða � 1Þð2qL � 2w2 þ w1a � aÞ½ �

a2 � 4
ð28Þ

Eqs (27) and (28) are substituted into the CM’s profit maximization problem. Similar to

Section 4.1, it is easy to prove that πCM(w1, w2) is a jointly concave function with respect to w1

and w2, and the optimal wholesale price decision of the CM can be obtained as follows:

w1 ¼
1

2
1þ cþmþ

a
1 � a

� �
ð29Þ

w2 ¼
1

2
mþ qL þ cq2

L þ
a

1 � a

� �
ð30Þ

According to Eqs (24)–(30), we have Theorem 4:

Theorem 4: In the POLQ model, the optimal decisions and benefits of M1, M2 and CM are

shown in Appendix 1.4 in S1 Appendix.
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4.5 Comparison of optimal decisions

By comparing the four models’ optimal decisions, such as the optimal order quantity, the opti-

mal wholesale price and the optimal quality level, the following conclusions can be drawn.

Proposition 1: Regardless of what quality product (LQ or HQ) M2 sells, the optimal quality

decision of M1 in CO mode is consistent: qCOHQ = qCOLQ.

Proposition 1 shows that the optimal quality decision of M1 in CO mode is not affected by

the quality of competing products. Since M1 entrusts a CM to produce as an OEM, although

M1 can lead its own product design in CO mode, the quality of its products is inevitably

restricted by the OEM’s technical level. Specifically, the upper limit of its quality is high-quality

products in the CM, and the lower limit is low-quality products. When the quality cost is very

high ( 1

2c � qL), M1 chooses to produce products with the same quality as the CM’s low-quality

products; in contrast, when the quality cost is very low ( 1

2c � 1), products with the same quality

as the CM’s high-quality products will be produced. In addition, the existing literature shows

that product homogenization will intensify price competition among products, causing losses

to all manufacturers. M1 has more advantages in producing products with different qualities.

Therefore, when the quality cost is moderate (qL < 1

2c < 1), M1 chooses to produce either high-

quality or low-quality CM products. At this point, regardless of the quality of products that M2

sells, M1 can differentiate itself from M2 to maximize revenue.

Proposition 2: M1 can obtain a higher demand for products produced in the CO mode

than in the PO mode: QCOHQ
1 > QPOHQ

1 ; QCOLQ
1 > QPOLQ

1 .

Proposition 2 shows that M1 can increase the order quantity in CO mode compared with

PO mode. In PO mode, product quality is determined by the CM, and M1 can only select a cer-

tain fixed quality type (high quality or low value) and is unable to adapt to market changes. In

the CO mode, M1 has a dominant role in product design, so in the endogenous quality situa-

tion, the optimal quality level can be determined according to consumer preferences to obtain

higher demand than that in the PO mode. In the mobile phone industry, manufacturers with

SoC research and development capabilities are more often preferred by consumers. For exam-

ple, Huawei has greatly improved the camera performance of its Mate10 phone by adding an

AI computing chip to its self-developed Kirin 970SoC, which has attracted the attention of

many photography enthusiasts.

Proposition 3: When c < 1

1þqL
, M2 sells high-quality products with higher demand

(QCOHQ
2 > QCOLQ

2 , QPOHQ
2 > QPOLQ

2 ); otherwise, when c > 1

1þqL
, selling lower-quality products is

more in demand (QCOHQ
2 < QCOLQ

2 , QPOHQ
2 < QPOLQ

2 ).

Proposition 3 mainly reflects the impact of the quality cost on the demand of the con-

tracted product. Generally, the larger c is, the more CMs need to pay for quality inputs, and

the increased cost will be transferred to M2 through increased wholesale prices. Similarly,

M2 will also increase the end price of the product to compensate for the loss caused by the

rising purchase cost. Especially for high-quality products, the double marginal effect will

amplify the impact of the upstream quality cost on the downstream retail price. Therefore,

when the quality cost is high (c > 1

1þqL
), the demand for low-quality products sold by M2 is

higher. This is because the double marginal effect will cause the high-quality products to be

priced too high, thus weakening the attraction to consumers. In contrast, when the quality

cost is low (c < 1

1þqL
), the price will not be too high even if high-quality products are sold,

which will be more attractive to consumers who value product quality and are sensitive to

price. Therefore, the demand for high-quality products is higher than that for low-quality

products.
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Proposition 4: Regardless of M1 or M2, the wholesale price provided by CMs is not affected

by the strategic choice of competitors: wPOHQ
1 ¼ wPOLQ

1 > wCOHQ
1 ¼ wCOLQ

1 , wCOHQ
2 ¼ wPOHQ

2

> wCOLQ
2 ¼ wPOLQ

2 .

Proposition 4 shows that it is not the choice of strategy but the quality of OEM products

that affects the wholesale prices of M1 and M2. Specifically, regardless of whether M2 sells high-

quality or low-quality products, the wholesale price of M1 will always be higher in PO mode

than in CO mode. There are two main reasons. First, when M1 dominates product design, its

optimal quality level decision is usually lower than that of the CM high-quality products

(unless 1

2c � 1). When c is constant, the raw material cost of products in CO mode is lower

than that in PO mode. Second, if M1 chooses the PO mode, in addition to the necessary raw

material cost, CMs also have to pay the R&D cost m for each unit’s product. As a result, whole-

sale prices are also higher in PO mode. Similarly, the wholesale price provided by CMs to M2

is also affected by product quality. Obviously, the wholesale price of high-quality goods is

higher than the wholesale price of low-quality goods, so wCOHQ
2 ¼ wPOHQ

2 > wCOLQ
2 ¼ wPOLQ

2 .

5. Strategy discussion

This section will analyse the optimal strategy choice of M1 and M2 and the impact of strategy

choice on upstream CM benefits by comparing the benefits of the two manufacturers (M1, M2)

and the contract manufacturer (CM) under different modes.

5.1 OEM mode selection for M1

Proposition 5:

1. If M2 purchases high-quality products for sale, then the optimal OEM mode of M1 will be

selected as follows (see appendix for k1 − k6):

a. If 1

2c � qL, when k< k1, the CO mode is optimal (pCOHQ
1 > pPOHQ

1 ); otherwise, when

k< k1, the PO mode is optimal when (pCOHQ
1 < pPOHQ

1 );

b. If qL < 1

2c < 1, when k< k2, the CO mode is optimal (pCOHQ
1 > pPOHQ

1 ); otherwise, when

k> k2, the PO mode is optimal when (pCOHQ
1 < pPOHQ

1 );

c. If 1

2c � 1, when k< k3, the CO mode is optimal (pCOHQ
1 > pPOHQ

1 ); otherwise, when k> k3,

the PO mode is optimal when (pCOHQ
1 < pPOHQ

1 ).

2. If M2 purchases low-quality products for sale, the optimal OEM mode of M1 will be selected

as follows (see appendix for k4, k5 and k6):

a. If 1

2c � qL, when k< k4, the CO mode is optimal (pCOLQ
1 > pPOLQ

1 ); otherwise, when k> k4,

the PO mode is optimal when (pCOLQ
1 < pPOLQ

1 );

b. If qL < 1

2c < 1, when k< k5, the CO mode is optimal (pCOLQ
1 > pPOLQ

1 ); otherwise, when

k> k5, the PO mode is optimal when (pCOLQ
1 < pPOLQ

1 );

c. If 1

2c � 1, when k< k6, the CO mode is optimal (pCOLQ
1 > pPOLQ

1 ); otherwise, when k> k6,

the PO mode is optimal when (pCOLQ
1 < pPOLQ

1 ).

Proposition 5 shows how M1’s R&D expense k affects its choice of the optimal OEM mode

in the case that M2 chooses the HQ/LQ strategy. It is easy to understand that when the

required R&D investment exceeds a certain threshold (k1 − k6), the CO mode will impose sig-

nificant cost pressure on M1, and such a result is unbearable for the average SME. In fact, tens
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of billions of dollars are needed to develop SoCs in mobile phone manufacturing, which is one

of the reasons why there are only a handful of handset manufacturers in the world that have

their own chips. In contrast, when the required R&D investment is lower than the threshold

value, the cost pressure of M1 decreases, and he has sufficient incentive to choose the CO

mode. One example is that before Google released Android to the public, few manufacturers

could develop their own mobile operating systems independently. However, since Google

introduced its open-source platform, Xiaomi, Meizu, Huawei, and other companies have

launched their own improved versions of Android systems. The main reason is that the open

source of Android has greatly reduced the cost of mobile phone system development.

Corollary 1: A small difference between the CM products’ quality (qL and qH) might moti-

vate M1 to choose the CO mode, even if the R&D investment of M1 is not high.

Corollary 1 indicates that the quality of products provided by upstream contract manufac-

turers also affects the OEM model choice of downstream OEMs. As shown in Fig 3, with the

Fig 3. The influence of k and qL on the maximal profit scenario of M1 (a = 1; α = 0.5; m = 0.02; c = 0.8).

https://doi.org/10.1371/journal.pone.0262678.g003
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increase of k and qL, maximum profit scenario of M1 might change. Note that maximum profit

scenario of M1 means M1 obtain maximum profit in the scenario than in other scenarios. For

example, the region of “POLQ” in Fig 3 represents pPOLQ
1 > Max½pCOLQ

1 ; pCOHQ
1 ; pPOHQ

1 �. The

same is true in other cases.

When M2 purchases low-quality products for sale, the regions COLQ and POLQ are sepa-

rated by k5 (see Proposition 5(2).b). When M2 purchases high-quality goods for sale, the bound-

ary between the region COHQ and POHQ is a piecewise function (see Proposition 5(1)). If
1

2c � qL, the boundary k1(qL) is a decreasing curve with respect to qL. Since the quality of CM

high-quality products is fixed at 1, a larger qL means a smaller quality difference between high-

quality products and low-quality products. (1) When k is small, with the decrease in the CM

product quality difference, the maximum profit scenario of M1 will change from COHQ to

POHQ, and its optimal strategy will change from CO to PO. The reason is that the decrease in

qL will lead to decreased quality choices for M1; that is, CMs would be unable to produce fin-

ished products that meet the quality requirements of M1 due to their limited technical expertise.

Therefore, even though the required R&D cost is low, the optimal choice for M1 is still the PO

strategy. (2) k1(qL) can be regarded as the lower limit of the R&D cost that M1 can bear. The

larger the R&D cost is, the stronger the endurance will be. The negative correlation between

k1(qL) and qL means that a higher differentiation degree of CM product quality will lead to a

weakened tolerance of M1 to the R&D cost. As mentioned in (1), the weak ability of upstream

OEM manufacturers to produce differentiated products will inhibit the impulse of downstream

enterprises to develop core technologies. Therefore, unless the cost is low, it is difficult to moti-

vate M1 to invest in R&D, which is manifested by a reduced tolerance to R&D costs.

5.2 M2 procurement strategy selection

Proposition 6: Regardless of M1’s choice, the optimal procurement choice of M2 is as follows:

when c < 1

1þqL
, the HQ product is optimal (pPOHQ

2 > pPOLQ
2 , pCOHQ

2 > pCOLQ
2 ); otherwise, when

c > 1

1þqL
, the LQ product is optimal (pPOHQ

2 < pPOLQ
2 , pCOHQ

2 < pCOLQ
2 ).

Proposition 6 presents how the quality cost c influences the optimal purchasing decision of

M2 when M1 chooses the CO or PO strategy. For ease of understanding, we provide visualiza-

tion in Fig 4 to illustrate the influence of c and qL on the maximal profit scenario of M2. Note

that Proposition 6 can be proofed mathematically (refer to Appendix 3 in S1 Appendix);

hence, its parameter values do not impact Proposition 6. Also, the region of “COLQ or POLQ”

in Fig 3 represents pPOLQ
1 > Max½pCOLQ

1 ; pCOHQ
1 ; pPOHQ

1 �. The same is true in case with “COHQ or

POHQ”.

It is easy to find that a larger c means a higher wholesale cost of M2. Therefore, when c is

small, the cost of purchasing high-quality products is relatively low. According to Proposition

3, when c < 1

1þqL
, sales of high-quality products can obtain higher demand, so choosing the

HQ strategy is more profitable. In contrast, when c is large (c > 1

1þqL
), the purchase cost of

high-quality products will increase, and the demand for high-quality products will be lower

than that of low-quality products (see Proposition 3). Therefore, low-quality products should

be purchased at this time, and the LQ strategy should be chosen.

Proposition 7: Compared with the PO mode, M1 choosing the CO mode will result in the

loss of M2 revenue: pCOHQ
2 < pPOHQ

2 , pCOLQ
2 < pPOLQ

2 .

Proposition 7 illustrates the economic impact of M1’s choice of OEM mode on M2; that is,

M1’s dominant product design will lead to a decline in M2’s revenue. In combination with

proposition 2, M1 can obtain higher demand for products produced in the CO mode, but the

market capacity is limited. A larger market share of M1 means a lower demand for M2
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products, and the income of M2 will also be affected. Huawei, for example, has steadily

increased its market share since it started selling phones with Kirin processors, becoming the

top Chinese vendor of phone shipments in 2019, while sales of its main rival Xiaomi’s phones

have been declining for years. The cases in the mobile phone market have proven that the

enterprise mastering the core technology is bound to seize the market share of competitors,

which will bring much pressure to their business. The reason is that, as shown in Proposition

2, the CO mode gives enterprises the dominant right in product design. Under the endogenous

quality situation, enterprises can decide the optimal quality level according to the preferences

of consumers and take the largest market share, which is obviously very harmful to

competitors.

Fig 4. The influence of c and qL on the maximal profit scenario of M2 (a = 1; α = 0.035; m = 0.4).

https://doi.org/10.1371/journal.pone.0262678.g004
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5.3 Influence of M1 and M2 strategies on the CM

Proposition 8: Regardless of the strategy choice of M1, the maximum profit scenario of the

CM is consistent with that of M2: when c < 1

1þqL
, pPOHQ

CM > pPOLQ
CM , pCOHQ

CM > pCOLQ
CM ; when c > 1

1þqL
,

pPOHQ
CM < pPOLQ

CM , pCOHQ
CM < pCOLQ

CM .

Proposition 8 shows the impact of M2’s purchasing strategy choice on CM revenue. Both

have the same threshold value c. For ease of understanding, we provide a visualization in Fig 5

to show the influence of c on the profit of CM. Note that Proposition 8 can be proofed mathe-

matically (refer to Appendix 3 in S1 Appendix); hence, its parameter values do not impact

Proposition 8. When c < 1

1þqL
, the production cost of high-quality products is not high, and it

is easier to attract M2 to purchase. Moreover, the market demand of high-quality products is

higher than that of low-quality products, and the CM will benefit from M2’s choice of HQ

strategy. When c > 1

1þqL
, the wholesale price of high-quality products will also rise, and M2 can-

not afford high-price products but chooses low-quality products. Although the unit profit of

low-quality products is far less than that of high-quality products, the sales volume is high.

Meanwhile, the market demand of low-quality products is higher than that of high-quality

products. CMs will also benefit from M2’s choice of LQ strategy.

Proposition 9: Regardless of the strategy choice of M2, CM can benefit from M1 choosing

the CO mode: pCOHQ
CM > pPOHQ

CM , pCOLQ
CM > pPOLQ

CM .

Proposition 9 points out the impact of M1’s choice of OEM mode on CM revenue; that is,

regardless of what quality products M2 purchase, M1’s choice of OEM mode leading product

design will always cause CMs to profit. However, Proposition 7 shows that M1’s choice of CO

Fig 5. The influence of c on the profit of CM (a = 1; α = 0.9; m = 0.152; qL = 0.266).

https://doi.org/10.1371/journal.pone.0262678.g005
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mode will lead to the loss of M2’s revenue, mainly because, in CO mode, M1 can determine the

product quality that maximizes its profit, which will seriously erode M2’s market share. From

this point of view, there is no doubt that the CO mode will reduce the CM’s income from M2,

contrary to Proposition 9. For ease of understanding, Fig 6 help explain Proposition 9. Note

that Proposition 9 can be proofed mathematically (see Appendix 8 in S1 Appendix). Therefore,

its parameter values do not impact Proposition 9. Fig 6 illustrates the changes in profit of the

CM’s two channels under different scenarios. pCOHQ
CM1

and pCOHQ
CM2

(pCOHQ
CM1
þ pCOHQ

CM2
¼ pCOHQ

CM ) repre-

sent the profits of CMs from the M1 and M2 channels, respectively, in the case of COLQ, and

other symbols are used in the same way. Thus, we can identify the impact of the M1 strategy

choice on CM’s revenue from different channels: I and II represent the increased profit of the

M1 channel caused by the CO mode and the decreased profit of the M2 channel when M2

chooses the HQ strategy, respectively; III and IV represent the increased profits of the M1

channel caused by the CO mode and the decreased profits of the M2 channel when M2 chooses

the LQ strategy, respectively. As shown in Fig 6, regardless of what quality products M2 pur-

chase, the increased profit of the M1 channel is far greater than the decreased profit of the M2

channel. This explains why the CO mode hurts CM’s profitability in the M2 channel but still

benefits it overall. The management implication of Proposition 9 reveals that if the contract

manufacturer cannot directly obtain the relevant preference information from the end con-

sumer, the optimal strategy is to provide only the CO mode. Without knowing consumer pref-

erences, it is difficult to develop the products in line with market expectations, and the optimal

decision of endogenous quality cannot be realized. At this point, downstream OEMs will lead

Fig 6. Impact of the M1 strategy choice on profit of the CM in different channels (a = 1; α = 0.742; m = 0.266; qL = 0.017).

https://doi.org/10.1371/journal.pone.0262678.g006
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to the development of core technologies. For contract manufacturers, it is most advantageous

to conserve research and development investment funds and have higher market demand.

6. Conclusion

This paper conducts an in-depth study on the strategic interaction of original equipment man-

ufacturers between their outsourcing and purchasing in a quality-differentiated market. Based

on the decision order (game sequence) and the linear demand function assumed in section 4,

we derive the optimal decisions and profits of two original equipment manufacturers and con-

tract manufacturer. Finally, we analyse the influence of the OEM mode and quality differentia-

tion on competitors and the whole supply chain by establishing and solving four decision

models composed of two OEM modes (CO and PO) and two purchasing strategies with differ-

ent quality configurations (HQ and LQ). Note that this paper is based on a stylized model

rather than a data-driven empirical study, and the results of the paper are derived by mathe-

matical derivation (see S1 Appendix). However, as mentioned in Section 3, the stylized model

has been widely used in management science studies, especially supply chain management

[31–35]. Although it does not involve real data, researchers can also derive some managerial

insights. In fact, not relying on the data could help avoid the risk of overfitting.

The main results and managerial insights are summarized as follows: First, products under

the CO mode can obtain higher demand than those under the PO mode. This means that the

CO mode erodes the market share of competitive products and causes losses to competitors

(Proposition 2). Second, whether the powerful manufacturer (M1) chooses the CO mode

depends on the required and fixed R&D expenditure k (Proposition 5). If the cost is sufficiently

high, the CO mode will be abandoned. However, the lower cost does not necessarily result in

the adopter choosing the CO mode. The main reason is that the weakly differentiated product

production capacity of upstream manufacturers will inhibit the impulse of downstream enter-

prises to research and develop core technologies. Third, the optimal purchasing strategy of the

manufacturer (M2) is not affected by the OEM mode of the competitor but only depends on

the production technology c of CM (Proposition 6): if it is too high, low-quality products will

be chosen; otherwise, high-quality products are optimal. Fourth, regardless of M1’s OEM

mode selection, the maximum profit scenario of the contract manufacturer is consistent with

that of the disadvantaged manufacturer, which is also determined by the quality cost (Proposi-

tion 8). Fifth, for the contract manufacturer, there will be more advantages than disadvantages

if the powerful manufacturer can dominate the decision on product quality (Proposition 9).

This is because the downstream manufacturers directly contact consumers and have their pref-

erence information, which enables them to maximize their profits via the CO mode, although

the contract manufacturer part channel gains will lead to damage to the increase of profit is

much greater than the loss of profits.

By taking into account factors such as product quality differentiation, R&D investment and

quality cost were taken into consideration, which contributes to enriching the prior studies

regarding outsourcing and procurement strategies in the supply chain. There are several

potential limitations in this paper. First, the influence of product quality uncertainty, produc-

tion capacity and quality control fluctuation are not involved. Future research can consider the

product quality uncertainty caused by PO mode OEM technology, production capacity or

quality control fluctuation. Second, considering the impact of consumer preference changes

on the choice of OEM mode under multiple cycles is worth further study. Finally, the stylized

models of this paper are conducted based on industrial organization theory and game theory,

and some empirical methods and real data can be introduced to further verify the conclusions

in the future.
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