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ENCROACHMENT STRATEGY AND REVENUE-SHARING CONTRACT FOR
PRODUCT CUSTOMIZATION

JuaN L1, RONG ZHANG? AND BIN Liu3*

Abstract. This paper investigates the optimal encroachment strategy of product customization and
the revenue-sharing contract in a two-stage supply chain consisting of a contract manufacturer (CM)
and an original equipment manufacturer (OEM). In addition to producing and wholesaling standard
products for OEM, CM has the motive to manufacture customized products under store brand and
encroach the end consumer market. Stackelberg game models with different strategies (encroachment
or no-encroachment) under both decentralized and centralized supply chains are explored. Models
analyzing CM’s encroachment with product customization are rare. Besides, this paper characterizes
both vertical partnership and horizontal competitive relationships between supply chain members. The
findings show that it is unprofitable to encroach on the retailing market for CM when the acceptance
degree of store brand is low. There is a threshold value of customization level that can gain positive
demand. Interestingly, as the Stackelberg leader, OEM always suffers from the encroachment. Then a
revenue-sharing contract is designed that can fully integrate the decentralized supply chain and obtain
a contract-implementing Pareto zone. Furthermore, a numerical example is developed, demonstrating
the validity of the obtained analytical results. On this basis, some suggestions for industry managers
are discussed in the form of managerial insights.
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1. INTRODUCTION

The words, delegate the specialized work to the professionals, reflect the significance of cooperation, especially
in the manufacturing industry. Many original equipment manufacturers (OEMs) are just dedicated to the
research and development (R&D) and outsource the production of standard products to the professionals,
contract manufacturers (CMs). Then, these standard products are sold by OEM under its national brand. Such
cooperation benefits both firms in decreasing production costs. However, a CM with a large-scale production
capacity may not be satisfied with the thin profit difference between wholesale price and production costs. An
increasing number of CMs begin encroaching on the end consumer market and selling products under their own
label or self-brand [1,2] . For simplicity, this paper defines the own brand as store brand to correspond to the
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national brand of OEM. Though such encroachment behavior may make CM earn an enormous profit from
retailing products than from wholesaling, something will not always be as good as it seems.

Shenzhou International Group Holdings Limited is an OEM giant who provides products for many national
brands, such as Uniglo, Adidas, Nike, and Puma [3]. The store brand, Maxwin, was introduced in 2010 and sold
in 2016 [4] because of its lower acceptance degree leading to the accumulated loss in retail business. In contrast,
Redcollar, a store brand established by Qingdao Kutesmart Co., Ltd., has been famous for its tailored suits.
People who want to buy the goods can choose the color, button shape, waistband form, and other aspects [5].
Customization enables a firm to satisfy consumers’ heterogeneous tastes by providing optional characteristics to
their ideal preferences based on the flexible production line [6], which in turn makes the company more attractive
to consumers and enhances its competitiveness [7,8]. Comparing the two examples of CM encroachment, an
exciting problem arises. Do all CMs successfully encroach end consumer market when they produce customized
products under store brand? It seems to be Yes because CM can benefit from wholesale and retail businesses.
Additionally, the store brand’s existence also enhances his bargaining power [9]. However, the disruption of the
customization manufacture program introduced by Levi Strauss (Levi’s), named Original Spin, violates this
general thinking. Motivated by these phenomena, this paper would like to explore the following problems.

(1) As discussed above, does manufacturing and selling customized products under store brand always benefit
CM who produces standard products for OEM? If not, what is CM’s optimal strategy?

(2) How should CM determine the optimal customization level and the corresponding retail price if he sells
customized goods with the store brand?

(3) What is the impact of CM’s encroachment with product customization on OEM’s profit and How should
OEM respond to such influence?

To address these questions, the Hotelling model [10] is adopted. We consider a market with an OEM and
a CM, where OEM wholesales standard product from CM and sells it under the national brand to consumer
and CM produces and sells customized products under store brand (if he chooses encroachment strategy). We
assume that both products have the same quality and perform horizontal differentiation, which is captured by
the difference in OEM’s and CM’s locations in our model. In addition, this model also uses consumers’ location
to demonstrate their heterogeneous ideal preferences for product characteristics. Based on this, we investigate
CM’s different strategies (encroachment or no-encroachment) under a decentralized and centralized supply chain
and highlight its impact on firms’ performance.

This study makes the following novel contributions to CM’s encroachment and product customization. Firstly,
CM’s encroachment strategy under different supply chain settings is discussed, where the customized product
performs as horizontal differentiation. This phenomenon is normal in real world, such as the Apple’s Airpods
with and without customized lettering. While existing research [11] assumes CM’s product is different from the
incumbent in quality (vertical difference). Secondly, this paper takes the point that offering customized products
can satisfy consumers’ demand and reduce misfit risk, which is different from the current literature [12] that a
service facility can help consumers select goods without risk and enhance demands in a remanufacturing system.
Thirdly, this paper considers an outsource supply chain consisting of an OEM and a CM, which differs from
the research of [13]. Scholars focus on the problem of an online platform cooperates with a new manufacturer
to produce tailored products in addition to selling standard product from an incumbent manufacturer. In our
model, there are both vertical partnership and horizontal competitive relationship in the consumer market
between OEM and CM, which is common in reality.

The research findings show that not all market conditions are available for providing customized products.
There is no demand for CM’s store brand when the customization level is lower than a certain threshold. Second,
although the product customization can make CM obtain positive markets, the profit is not always higher than
that only produces standard products for OEM. Only when the acceptance degree of store brand is not too low,
CM benefits from the retail business. From the perspective of CM and the whole supply chain, encroachment
under a centralized setting is the optimal equilibrium. Last but not least, OEM always suffers from CM’s
entry behavior even though she is the leader, owning prior power in making-decision in the decentralized supply
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TABLE 1. Comparison between our work with relevant research.

Article Who encroaches Product difference Brand difference Customization strategy Channel coordination
[32] M H N Y N
[28] CM \%4 N N N
[11] CM \%4 Y N N
[6] N H N Y N
[16] M H N N N
[14] M \%4 N N Y
[33] N H N Y N
[22] R \%4 Y N N
[13] R H Y Y N

This paper CM Y Y Y

Notes: M — “Manufacturer”, R — “Retailer”, CM — “Contract manufacturer”, N — “Not considering this factor”, Y —
“Considering this factor”.

chain. However, our results also state that the proposed revenue-sharing contract can change such an unsatisfied
situation for OEM. Then we get a contract-implementing Pareto zone, in which both OEM and CM can earn
higher profits and the system reach optimally.

The remainder of this study is designed as below. The relevant literature is reviewed in Section 2. Followed
by it, the basic model and some assumptions are introduced in Section 3. The equilibrium outcomes with
CM’s different strategies under different supply chain structures are explored in Section 4. Moreover, this paper
discusses the impacts of CM’s entry in the product customization market on firms’ performance and then obtains
the optimal entry strategy in Section 5. Based on this, we propose a revenue-sharing contract to improve the
efficiency of decentralized supply chain. In Section 6, we introduce numerical analysis to illustrate the analytical
findings. We also examine how CM’s decision and supply chain structure affects consumer surplus and social
welfare in Section 7. Lastly, the conclusion and some management insights are proposed in Section 8. All proofs
are summarized in Appendix A.

2. LITERATURE REVIEW

This paper focuses on the optimal encroachment strategy of product customization under different supply
chain settings and its impact on OEM and CM'’s profits. Therefore, the related literature will be reviewed to
have a comprehensive understanding of our work and present the main contributions of this paper. We illustrate
the research gap between our work and the existing research in Table 1.

The first stream of literature is on the contract manufacturer encroachment. The current research on encroach-
ment is developed mainly from three perspectives, manufacturer’s channel encroachment [14-18], retailer’s store
brand encroachment (or introduction), and the interaction between the above strategies [19-22]. This paper is
most relevant to the second one, but not the same. Scholars investigate this problem from the following aspects,
motivation for the introduction [23,24], store brand position [25,26], and quality [27] issues. In addition to
exploring the problem of store brand encroachment in a manufacturer-retailer supply chain, there is literature
focusing on such problem in a outsource supply chain, where OEM wholesales products from CM and then sells
them to consumers. Based on this cooperative between OEM and CM, the paper [28] pointed out CM always has
the incentive to encroach on OEM’s final market when there is no quality improvement room for the incumbent
product. Different from the assumption that CM can imitate OEM’s product without any quality investment
cost in literature [28], scholars [11] considered a quality-related cost would incur if CM adopted encroachment
strategy and defined it as a quadratic function. Then the optimal encroachment strategy and quality level were
investigated under both scenarios that CM is dominant, and OEM is dominant. Apart from encroaching retail
market and competing directly with OEM’s products, CM also can encroach the wholesale market. Therefore,
the paper [1] considered a three-level supply chain which is consisted of a CM, an OEM, and a retailer and
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not only studied whether to provide own-label products but also discussed which market CM should enter.
Scholars [29] analyzed that whether OEM can source from a new non-competitive CM with limited capacity
when facing CM’s own-brand product encroachment. They found that adopting this strategy and abandoning
his original CM was preferable for OEM when the market competition became more intense. In contrast to the
above literature, our study assumes that the product sold by CM is of equal quality as that produced for OEM
because they are all manufactured by CM. The horizontal difference between them is that the former can offer
consumers personalized options while the latter without such characteristics.

Our work is also related to the literature on a firm’s product customization strategy. The paper [30] analyzed
how should a monopoly seller adopt a product mix strategy (produce both standard and customized products)
according to information collection cost and production flexibility cost and found that the retail prices of both
products increased with the efficiency of customization technology. Based on this, literature [31] extended the
market to a case of competition and revealed the impacts of product mix strategy on firms’ competition and
profits. Generally, customization level and the corresponding cost may directly affect a firm’s profit. Besides
that, research [6] thought the cost of consumer involvement in customization influenced the product demands,
which impacted the revenue. Considering this factor, scholars explored manufacturer’s optimal customization
level, and pricing strategy. With the development of e-commerce, manufacturers’ engaging in dual-channel
structures, selling the same products through traditional retail and online channels, may result in channel
competition and conflict. Thus, scholars [32] studied the impacts of distributing customized and standard
products on online and offline channels respectively on firms’ profits. In the setting of an e-tailer and n retailers,
the paper [33] investigated the optimal customization strategies of supply chain members and found that the
customization scope only depended on its cost efficiency and was irrelative to other companies’ decisions. The
online retailer also can sell different products from different manufacturers. Research [13] pointed out that
introducing a customized product from a new manufacturer could hurt the profit of the incumbent one while
always benefit the online retailer. Overall, scholars focus on the issue of customization from the perspective
of competition with standard products without or with channel differentiation. However, the brand difference
is not considered. In practice, people will also compare brand images among different goods except whether
the product meets their ideal preferences when they shop. Product customization is a manufacturing decision.
Though literature [34] discussed such production problem on innovation green products, competitors’ strategy
interaction was not considered. Our work investigates how the competition in retailing market influences CM’s
encroachment behavior. Moreover, the demand function is obtained by analyzing customers’ consuming utility,
which is different from the literature [35] that regarded demand as an imprecise one and adopted a fuzzy model
to characterize such uncertainty.

Research on supply chain coordination is also relevant. Interest conflict exists in a supply chain if a channel
member makes decision on maximizing his profits without considering the impact on others’” member [36].
On the other hand, the discards in a supply chain, such as the wastage of food products, have polluted the
environment and reduced the supply chain efficiency. The work [37] investigated how to use such resources in an
efficient model with a circular economy, which is on the management of products. In contrast, our work mainly
focuses on the coordination between players through designing appropriate contracts and then increasing supply
chain performance. Scholars [38] found that channel members could obtain higher yield under coordination
mechanism, although it was difficult to achieve because each member had an incentive to deviation. Moreover,
they also pointed out that the profit-sharing mechanism and quantity discounts could coordinate the supply
chain. Under a decentralized setting, the paper [39] revealed the channel preference priority of channel members
were diverse and designed an easily implemented coordination mechanism, revenue sharing contract, reaching
the contract-implementing Pareto zone. In an online dual-channel supply chain system, scholars [40] discussed
how the two types of contracts, a single of contract and a menu of contracts, could inspire retailers to share
private information to the upstream supplier and then realize supply chain coordination. Besides these research,
sales rebate contracts [41], and buy back contracts [42] were also presented and confirmed could realize a win-
win outcome for all members. Two-part tariffs and revenue-sharing contract were designed in literature [43]
because they found the manufacturer would also suffer from the retailer’s introduction of store brand although
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the retailer offered the same service for the two brand products. Unlike this, our work concentrates on the
optimal entry strategy of product customization and discusses its impact on supply chain performance. Then
the revenue-sharing contract is designed to eliminate the negative effect of CM’s encroachment behavior on
OEM and optimal the supply chain system.

3. THE BASIC MODEL

This paper adopts the Hotelling model to capture the relationship among OEM’s standard product under
national brand, consumers with different aesthetic preferences, and CM’s customized product under store brand
if he encroaches the end consumer market. The consumer market is conceptualized as a straight line, where OEM
is located at the left point (i.e., zero point) because she only provides the standard product. Moreover, when
CM manufactures store brand product with customization level [, its location is at point [ between point 0 and
1. Otherwise, it will not appear. The consumer is identified by x, where x denotes the consumer’s ideal aesthetic
preference and is uniformly distributed on the line interval [0,1]. This paper normalizes the consumer market
scale 1. Therefore, according to the above assumption, the straight line can stand for consumers’ preference for
products and be considered a production line where CM can determine the customization level.

We assume that each consumer can purchase at most one product subject to a perceived valuation V. When a
consumer with x ideal aesthetic preference buys a standard product without any customization, it will generate
disutility from not matching the taste completely. Such disutility can be expressed as t(z—0). Thus, the consumer
will incur a disutility of ¢(z — ) if the CM’s store brand product with customization level [ is purchased. The
parameter ¢t means the consumer’s sensitivity to the unmatched aesthetic preference, reflecting the unit misfit
cost. In addition, CM’s store brand often has a lower valuation compared with the national brand. Therefore,
a product worth valuation V' from OEM’s national brand will bring a utility of 4V to a consumer when it is
marked with CM’s store brand, where p € [0,1]. Parameter u reflects consumers’ acceptance of store brand
related to the brand image. We use subscript ¢ = n or s to represent the standard product under national
brand or customized product under store brand. Then the prices of the two types of products are p, and ps,
respectively. Generally, a higher price will result in lower utility. In summary, the consumer’s net utility from
buying one unit standard product under national brand (denoted as U,) or customized product under store
brand (denoted as Us) can be written as:

Unzvfpnftxa (1)
WV — ps ifo<z <,

= 2

Us {qust(xl) ifl<a <1, @)

Equation (2) indicates that if consumer’s ideal aesthetic preference is completely stratified by the customized
product whose customization level is I (i.e., z € [0,1]), such consumer will not incur disutility from unmatched
bias. Otherwise, the disutility of ¢(z — [) may arise.

Furthermore, to ensure that the equilibrium results are meaningful in all scenarios, for example, the cus-
tomization level [ is restrained between 0 and 1, the total demand should not exceed consumer market scale
(i.e., 1) and so on, this paper assumes that the perceived valuation V must satisfy such constraint condition
0<V< min{‘*k;k;ﬁ, 4t}.

In this paper, we assume that the production process of customized products is based on that of standard
products, using common material [44]. While the difference between them is that the former provides more
options for consumers to cater to individual taste, such as the color, size, and symbol picture needed to draw on
the product. For example, Apple offers personalized engraving services for iPad products, which indicates that
the customized product and the standard one have indifferent quality and perform as horizontal differentiation.
Therefore, their marginal costs are the same and normalized to zero without loss of generality. However, other
than that, providing customized options also requires additional investments, such as collecting and analyzing
consumers’ purchase behavior data, buying special equipment, employing more workers, and so on. The higher
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OEM Ds,l

Consumer

FIGURE 1. Supply chain structure of the research problem.

the customization level, the higher production flexibility is needed, and then the higher the additional cost is
incurred. This paper assumes the additional cost (cost of production flexibility) is kI?, which suggests diminishing
returns on the investments. Here, the coefficient k£ represents the amount of the investment cost for providing
a specific customized option.

We also assume CM adopts a uniform price for all customized goods as long as the customization level
is determined. Same assumption can be found in papers [31,32]. This shows that all the consumers whose
aesthetic preferences are different are charged the same price regardless of the requested customization variety
and whether they are located in the customized range or not. In practice, the price of customized sport shoes
of Dunk series in https://www.Nike.com/ is 899RMB no matter what material is chosen.

The channel structure is as shown in Figure 1. The game sequence is as follows: Firstly, the CM decides
whether to encroach the end consumer market, then the customization level [ is determined if CM adopts the
encroachment strategy. Otherwise, this step will be omitted. Secondly, as the Stackelberg leader, OEM decides
on the profit margin m,, of the national brand product. At last, CM simultaneously decides the wholesale price
w,, for national brand product and the sale price p, for store brand product if he provides tailored products.

4. EQUILIBRIUM OUTCOMES UNDER DIFFERENT SCENARIOS

This section examines the equilibrium outcomes of CM’s encroachment strategy of product customization
under different supply chain settings. We use the letter D to represent a decentralized supply chain in which
CM and OEM make decisions dependently. Then, the letter C' means a centralized supply chain in which CM
and OEM operate as a whole. For CM, the strategy space is encroachment or no-encroachment (denoted as E or
N). Consequently, combing the supply chain setting and CM’s entry behavior, there are four different subgames
represented by the superscript TT = {DN, DE,CN,CE}, as shown in Table 2. For example, superscript DE
means the case that CM encroaches on the end consumer market under a decentralized supply chain. The others
are similar. Moreover, the subscript b = ¢ or o represents the firm CM or OEM. We first analyze consumers’
behavior and then discuss firms’ decisions for the above four scenarios.
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TABLE 2. Four scenarios based on CM’s entry strategy and supply chain setting.

No-encroachment (N) Encroachment (E)

Decentralized structure (D)  Scenario DN Scenario DE
Centralized structure (C') Scenario CN Scenario CE

4.1. Scenario DN

In this section, CM does not offer customized products, and there are only standard products with national

brand. CM produces according to the OEM’s requirements and wholesales to the OEM at a price w2 which is

based on the profit margin m2?" decided by OEM. In line with equation (1), the consumer with = ideal aesthetic
preference is indifferent between buying one unit standard product and leaving the market when U,, = 0. Then

DN
the indifference point is 2PV = V_%~ Consumer makes purchases only when the utility is larger than zero.
Therefore, consumers with ideal aesthetic preferences on the left side of point 2 will buy national brand

products. The demand for OEM would be:

dPN = V—p"

3)

t )
where pPN = wPN 4 mDN,
Then the profit of CM and OEM are as follows:
RN = ap, 0
RPN — PN gD, o)

Based on the game sequence, the equilibrium outcome is solved by backward induction and is given in
Lemma 1.

Lemma 1. When CM does not encroach the end consumer market, the equilibrium wholesale price wP™N* | profit

margin mPN* | retail price pPN*, demand dPN*, and firms’ profits tPN* and 7PN* are given in Table 3.

4.2. Scenario DFE

When CM has enough capacity, he may not only produce for OEM but also manufacture and sell customized
products under store brand. Then CM makes decisions on the customization level firstly. Because this is a
strategic level decision and the customization level cannot be changed easily for referring to large investments
on production line adjustment. The equilibrium outcome is also abstracted by backward induction.

We firstly analyze how the market share allocates when there are both standard products under national
brand and customized products under store brand. Consumers compare the utility from buying the two products
and take away the one that gives them a higher and positive utility. Based on this, we can obtain three marginal
consumers. The first is indifferent between buying a standard product and nothing, denoted as x,,. Let U,, =0
and yields x,, = V%p The second is indifferent between buying a customized product and nothing, denoted
as x4. Let Uy = 0, and yields x4 = W ifl <z <1, and ps < pV if 0 < & < I. The third is indifferent

between buying the two types products, denoted as z,5. Let U,, = U, and yields z,, = %~ We find
that although CM encroaches the end consumer market, he does not always have positive market share. The
condition under which makes the encroachment unmeaningful is given in Lemma 2.

Lemma 2. When CM encroaches the end consumer market and provides the customized product under store

1= ) VAps—pn (. 1—p)V+ps—pn
_ (-p :—p. P (Z.e.,l<( 1) ;Irp P

brand, if the customization level is less than ), there is mo demand.
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TABLE 3. Equilibrium outcomes under scenarios DN and DFE.

Scenarios DN  Scenarios DE

wIT* \4 V[t(—=14p)+4k(14p)]

n 1 1(dk—t)
mTT* v V(1—p)

TTx* :iv V[3%(—1+;L)—4k(—3+,u)]

TTe : 2V A(ak—t)
p;T /A Lt
l N/A P
dTT* v V(—p)

7’17:‘T* At V[t%t—1+,u,)+4k(l—3,u)]
& TT ]\\/T/A oy )
Td at t(4léft)
7T T v2 VZ(1—-p)?
o 8t 5 8t R
gl T vz V2 [—t(=14+p)°+4k(1+u(=2+5p))]
c 16t 16t(4k—t)
LT 3v?2 V2[4k(34+p(Tp—6)) =3t (n—1)?]
t 16t 16t(4k—t)
4(1—p)

Notes. The parameter constraint condition is {(k,t,,u)| EITES RN % < 2, % <p<lit> 0} to guarantee the equilibrium

outcome significant under a decentralized supply chain.

According to the utility function of consuming a customized product, although the misfit cost reduces, a
lower store brand image makes the perceived valuation is less than that of the national brand (i.e., uV < V).
Lemma 2 indicates that the utility from buying a standard product will be higher if the customization level
is too low. Thus, all consumers choose OEM’s national brand product as long as their utilities are positive.
It conveys that if CM wants to obtain more profits from both retail and wholesale businesses, he should set
the customization level higher than the threshold z,s. Otherwise, he will not gain market share and loss the
investment in customization production line.

Therefore, to develop the followed analysis, this paper assumes that the customization level is not less than
Tns = w as long as CM adopts the encroachment strategy. Based on this assumption, comparing
the three indifferent points, the relationship among them always holds, that is, z,s < z, < xs. Consequently,
when consumers’ ideal aesthetic preferences are fully covered by the customized product (i.e., x € [0,1]), these
consumers are located at interval [0, z,s] will buy the standard product and located at [z,s,{] will buy the
customized one. When consumers’ ideal aesthetic preferences are partly covered (i.e., x € (I,1]), the utility from
buying a customized product is always larger than that from consuming a standard product, because of Us > U,
given [ > z,s. Hence, these consumers may take away CM’s store brand products as long as their utilities are
positive. It means that the market segment [I,z;] belongs to CM. In summary, the demand functions are as
followed:

(1—p)V +pPE — pPE

dPF =z, —0= : : (6)
2w—1V DE __ 2 DE
40P = (@, — 1) + (o 1) = (0P 4 GV 20 @
The profit functions of CM and OEM are:
PP = wlPdPP 4+ pPEdP” — k(1PP)’, (8)
- o)

The same as in Section 4.1, the equilibrium outcome is given in Lemma 3 by adopting backward induction.
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TABLE 4. Equilibrium outcomes under scenario C N and scenario C'E.

Scenario CN  Scenario CE

pTT* v V(4k—t+tp)

n 4k —

TT * ]%/A 2]6%/([_L R

Ps Ak—t

I N/A 4

dZT* 2% V(12;u>

TT V[E(=14p)+4k(1—2p)]

ds N/A L 2H—Ak+D) )

D V2[4k(Q42p(—1+p)—t(—1+p)?)]
4t 4(dk—t)t

4—4p
7 1+tp

Notes. The parameter constraint condition is {(u, k, t)\% <pu<l1 < % <2,t> 0} to guarantee the equilibrium

outcome significant under a centralized setting.

DE " profit margin

are given in Table 3.

Lemma 3. When CM encroaches the end consumer market, the equilibrium wholesale price w

mDE* retail price pPE* | pPE* demand dPF*, dPF*, and firm profits tPE* and nDE*

4.3. Scenario CN

Under a centralized supply chain, OEM and CM operate as an integrated firm and make decisions jointly to
maximize the profit of the whole supply chain.

If CM does not manufacture the customized product, OEM makes decision on p¢™ to maximize the profit
of whole supply chain. The profit function is

e = p ™, (10)
cN _ V—pSN . . . . .
where d,;"" = —— is obtained similar to that in Section 4.1.

C' N * 2
CNx*_ %’ d _V and HCN*:L.

Then the equilibrium results are p;; = 3% e

4.4. Scenario CFE

Suppose CM manufactures both customized and standard products under a centralized setting. In that case,
the supply chain can be seen as a firm selling standard products with national brand and customized products
with a new construct sub-brand whose brand image is not larger than the national brand’s. For example, the
mobile Phone branded Huawei and U-MAGIC, the latter is a new brand that Huawei has partnered with a
network operator named Unicom. For the sake of consistency, we also call it the store brand.

It is noted that consumer behavior is same as that in scenario DE. Then the market share d5® ( or d¢%)
has the common expression structure as d2F (or dP¥). Therefore, the profit of the whole supply chain can be
expressed as:

OB = pCB(CE 4 pCBACE _ jOB (R, (1)
Given the customization level, OEM maximizes II°F (pCF pCF |CF) with respect to p¢F and p¢'F, simultane-
ously. Then she will maximize IIF (19F) with respect to I“#. The equilibrium outcomes are shown in Table 4.

5. EQUILIBRIUM ANALYSIS AND CHANNEL COORDINATION WITH REVENUE-SHARING
CONTRACT

This section first discusses how CM’s entry in the product customization market affects supply chain members
by comparing the equilibrium outcomes under different scenarios. Then, we investigate the dominant strategy
and design a revenue-sharing contract to obtain the contract-implementing Pareto zone where both CM and
OEM earn higher profits, and the whole supply chain reaches optimally.
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2.0

DE DN
] Dn > D

1.5F

1.0

0.5

0.0 | | | u
0.2 0.4 0.6 0.8 1.0

FIGURE 2. Comparison of the retail price p,, (N A identifies the infeasible domain of parameter
combinations, which is appropriate for other figures.).

5.1. The effects of customized product encroachment

We examine how the retail prices, demands, and firms’ profits change with CM’s market entry behavior in a
decentralized and centralized supply chain, respectively.

Proposition 1. Comparing the equilibrium outcomes under scenario DN and DE, some key insights about
price are summarized as follows:

o QwPEr v(4k+4t) amPEx vy .
(1) B = T 0 and =5 < 0;

i) w w and m m always hold; And |w —w m —-m when + R
7[L)E* > 7[l)N* d T?E'* < EN* l h ld, And EE* EN* > EE* 7?N* h ]i > g

Otherwise, wT?E* —w,?N* < mﬁ’E* —me)N* ;
<\ DE DN 1 1 4—4 t 1 4 t . \DE DN
(1ll)pn*>pn*wh@ng<ﬂ<§a”d1+3z<g<2;07”§</ﬁ<16md§<§<2,pn*<pn*wh@n

4—4p
1+3p

%<u<1and <%<%~

Proposition 1(i) and (ii) means that the wholesale price increases with the consumer’s acceptance degree of
store brand (i.e., 1) while the margin profit of OEM decreases with it. As consumers’ acceptance of store brand
increases, CM’s customized product has higher competitiveness, which makes CM more powerful in making
decisions. Thus, the wholesale price under scenario DFE is larger than that under scheme DN and increases
with parameter . On the other hand, higher acceptance of store brand indicates fiercer competition. To enhance
the demand for standard products under the national brand, OEM must reduce the margin profit to lower the
retail price. Such reduction is more apparent when the acceptance degree is larger. Moreover, the increase
in wholesale price is greater than the decrease in marginal profit when % > % For a given investment cost,
higher sensitiveness to the misfit of ideal preference means that CM’s customized product has more tremendous
flexibility advantages. It makes CM adopt a more aggressive strategy of raising more wholesale prices.

Proposition 1(iii) describes how the retail price of standard products changes when CM also sells customized
products under store brand, as shown in Figure 2. The retail price of standard products is greater than that
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under scenario DN when the ratio is large enough (i.e., % > %) regardless of the consumers’ acceptance degree
of store brand. This is consistent with Proposition 1(ii). The increasement of wholesale price is larger than
the reduction in margin profit when % > 3, which increases the retail price (because of p, = w, + m,,). For
the second part of Proposition 1(iii), CM’s store brand has strong attractiveness when its acceptance degree is
large. Meanwhile, lower sensitiveness to misfit indicates lower horizontal differentiation, leading to more intense
competition. Thus, both factors make lower retail price of standard product when CM provides customized
products.

Proposition 2. The comparisons of equilibrium demand for the standard product and the whole supply chain
system with and without contract manufacturer encroachment are as follows:

(1) d7[L)E* <dDN*,’

n
- DE DN 1 1 t 4-4 DE DN
(ii) Td™"" > Td""" when  <p <3 and4—8u< £ <2, or3 <u<1and1+3ﬁ< <2; Td""* <Td”"™"
1 1 4—dp _ ¢ 1 1 44;4
wheng<,u<1and1+3u<g<2,or1<u<§and1+3H<E<4—8u.

From Proposition 2(i), it can be seen that CM’s entry in the product customization market always negatively
influences the demand for national brand products. This is obvious when pP#* > pDN*_ Because higher retail
prices lead to lower demand. However, an interesting finding is that although the retail price is lower compared
with that under scenario DN (i.e. pfl’ Ex <« pPN=) which holds only when the acceptance degree of the store
brand is not too small (i.e., % < p < 1), the demand still decreases. The implied reasons are as follows.
As discussed above, a higher acceptance degree of store brand means CM’s customized product has stronger
competitiveness and consumers have not too small valuation for it. Although the lower price may result in higher
demand for a standard product, intuitively, more powerful attractiveness competes for more market share, which
causes lower demand for the national brand product.

For Proposition 2(ii), it indicates that the whole supply chain demand may increase or decrease and is jointly
influenced by parameter p and & £, Which is more explicitly demonstrated in Figure 3. When % is large, the
number of these consumers that buying standard products can generate positive utilities reduces because of
pPE* > pPN* On the other hand, the store brand cannot obtain enough market share because of its lower
acceptance degree (i.e., p < %) Therefore, the whole supply chain demand decreases because of the above two

pressures on demand for standard and customization products.

Proposition 3. The profits earned by firms are changed as followed:
(1) DE* < 7.[.DN* .

(ii) 7rCDE* < 7TDN* when <<y and
8*‘1’20#

4—4n
14+3p

< <2 0r4<u<1and

1 4—4p —84+20u . _DEx* DN
<t <2 or % <u< and1+3u< < = Tl >
4—4p

193 < & P <2

when 2 s<wp<gy and

Proposition 3(i) shows that OEM suffers from CM’s encroachment under a decentralized supply chain. The
reason is that both the demand and margin profit of OEM’s national brand product decrease, which leads to a
reduction in the total profit. Some interesting insights are shown in part(ii). Intuitively, CM will benefit from
producing both standard and customized products because he has an additional income compared to the case of
wholesale products to OEM only. However, this is not the truth. The selling of customized products may harm
CM’s profit under some situations, such as low acceptance degree (i.e., u) and a great ratio of sensitiveness

to misfit to investment cost (i.e., %), as shown in the upper left area of Figure 4. We find that the earn from

2
retail business (i.e., %) is negative when p < % The lower acceptance degree of store brand seizes a

lower market share of customized products, which leads to the retail revenue not being able to compensate for
the investment in the customization production line. Therefore, such a negative effect makes the total profit
of operating retail and wholesale businesses lower than that from only producing standard products for OEM
(i.e., TPE* < 7DN*) The case that no one gains at the expense of others arises.

Comparing the profit of the whole supply chain under different settings, some primary results are summarized
in Proposition 4.
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Proposition 4. From the perspective of overall supply chain profitability, there are such relationships hold in
the feasible domain:

(1) TIE¢N* > HtDN*, and TICE* > HtDE*,'
- 1 2 4—4 2
(ii) IION* > TI9F* when & < p < % and 1+; <ft<20r2<p<land

2 —8+8u t
when 5 < p <1 and o <E<2

4—4p t —8+8u . TTCN* CEx
1+#<,€<_2+#,H <II

The first part of Proposition 4 is intuitive. Whether CM produces customized production or not, the whole
supply chain profit under a centralized setting is larger than that under a decentralized one. That is, coordination
can alleviate the double marginal effect.

Proposition 4(ii) conveys that the co-existence of two products with horizontal differentiation in the supply
chain is not always preferable under a centralized supply chain, as shown in Figure 5. It seems counter-intuitive.
Usually, a firm offering various products can satisfy different consumers’ needs and yield higher profits. In fact,
however, such an interesting thing will firstly happen when the acceptance degree of store brand is not large
(i.e., % <p< %) Under such conditions, the customized product cannot obtain enough market share to meet
the investment cost. Moreover, though the profit from retail business is optimistic with the promotion of store
brand image (z’.e., % <p< 1). If the ratio % is small (i.e., % < 18218:, low misfit cost ¢ or high investment
cost k), the competition between the two brands becomes intense. It makes a larger reduction in the profit
from standard products than the increment in profit from customized products. Thus, the whole supply chain
profit decreases. The management insight is that if a company intends to cultivate a sub-brand and expand
manufacture, he should propagandize the new brand, such as advertising, to increase its brand valuation. On
the other hand, differentiating the products under different brands to reduce the competition is also necessary.

5.2. Equilibrium strategy

According to the above investigation, the boundary values of p and % are different in the centralized and
decentralized supply chains, as shown in Figure 6. We can find that CM always benefits from entry in the
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FIGURE 4. The comparisons of firms’ profits.

consumer market in area A;, Ao, and A3, no matter what the supply chain modes would be. Furthermore,
the whole supply chain profits under scenario CE are larger than that under scenario CN in area A;. Thus,
providing customized products under centralized supply chain (i.e., scenario CE) is the dominant strategy
where CM and the supply chain system perform better.

5.3. Revenue-sharing contract

Propositions 3 and 4 demonstrate that CM’s encroachment behavior always hurts OEM but can improve
the whole supply chain profit under a centralized setting in a particular situation. Then an interesting question
arises: Can the revenue-sharing contract eliminate the negative effect on OEM and enhance the performance of
the decentralized supply chain when CM develops the retail business?

Under the decentralized supply chain, if OEM and CM reach an agreement to manufacture customized
and standard products based on the revenue-sharing contract, CM wholesales products at a cost price, and
OEM returns CM a percentage A (0 < A < 1) of its net earnings. We use superscript I to represent such
integrated supply chain. The game sequence is as follows. CM first determines the customization level based on
its production capacity. Then OEM decides on retail prices of the two products. It is noted that OEM undertakes
the investment cost on the customization production line. Therefore, firms’ profits are as below, respectively.
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Tt = Mdyepy? +de2pe — k(12)?), (12)
o = (1= N)(dpy +dPpe — k(17)?). (13)

where the expression of d’2 (or d!2) can be obtained by replacing all the superscript DE in d?F (or dPF) as I,
in Section 4.2.
According to the discussion in Section 5.2, the equilibrium strategy CFE happens in area A;

(% <p<1and __8+8:‘ < % < 2), in which TI€F* > TION* gDEx ~ 7DNx and 7DE* < 7DN* The revenue-

2+ c
sharing contract is better for OEM if her profit is larger than that under scenario DE. Moreover, the profit
allocated to CM should not be less than that under scenario DE (i.e., 72* > 7PE*). Otherwise, CM will not
accept the revenue-sharing contract because he obtains a lower profit. Therefore, using backward induction,
the equilibrium outcome is listed in Table 5. It is easy to find that the equilibrium retail price pf2*, pf2*  the
customization level /2% and the demand d/2*, d%2* under the revenue-sharing contract are all the same as those
in the centralized supply chain, which shows that the proposed contract can fully coordinate the supply chain.
As discussed above, the profit allocation mechanism should guarantee that OEM has an incentive to provide it
and make sure CM will accept it. That is, 7/2* > 7PE* and wl2* > 7DPE* With 7/2* and 7f2* in Table 5, and

7PE* and 7PF* in Table 3, the profit-sharing ratio A is given in Proposition 5.
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TABLE 5. The equilibrium outcomes with revenue-sharing contract.

Equilibrium outcome

Io% V(4k—t+tp)
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Proposition 5. The revenue-sharing contract that OEM, the Stackelberg leader, shares A € (A, \) percent of
her net earnings to CM under an integrated setting can be designed to obtain the contract-implementing Pareto

zone, as shown in Figure 7, where A = fﬁi?‘ﬁ and \ = f;‘;“Q =5 - 1%+ 8u(1—p) — 4

Proposition 5 shows how to allocate the revenue when OEM collaborates with CM who manufactures cus-
tomized and standard products. If the revenue-sharing contract is achieved, it is easy to find 7/2* > 7PF* glox >
DB and T172* = TI9P* according to Table 5. It indicates that the proposed revenue-sharing contract can not
only improve firms’ profits, but also eliminate the double marginalization effect, making the supply chain
as efficient as a centralized system. Then a contract-implementing Pareto zone arises, as area A shown in
Figure 7.

Furthermore, Proposition 5 demonstrates that the revenue-sharing rate is relevant to the acceptance degree
of store brand, the unit misfit cost, and the investment cost. The lower bound A represents the lowest revenue
required by CM to benefit from accepting the contract. The upper bound A means the highest revenue that
OEM would like to share with CM. We can find that the lower and upper bounds increase with the acceptance
degree of store brand. In general, the revenue-sharing rate reflects the negotiation power between OEM and
CM. Then a higher acceptance degree of store brand makes CM more power over requiring revenue from OEM,
resulting in a larger revenue-sharing percentage. Moreover, the growth rate of the former is larger than that of
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the latter (i.e., % > ‘9—5 > 0), which is vividly illustrated in Figure 7. The contract-implementing Pareto zone

shrinks with the increase of p.

Additionally, as shown in Figure 7, area A increases with the percentage i for a given acceptance degree
of store brand. A small ratio % requires a lower t or a larger k. If we fix the investment cost k, a smaller
t means that the competition between customized and standard products becomes more intense, resulting in
lower retail prices, which mitigates the double marginalization effect in a decentralized supply chain. Therefore,
the contract-implementing Pareto zone narrows.

In summary, although the customized products under store brand are always harmful to OEM in the decen-
tralized supply chain, a revenue-sharing contract can be adopted to improve the supply chain performance.
Then the contract-implementing Pareto zone arises where both firms have higher revenue than scenario DFE.
Besides, the whole supply chain profit is the same as that in the centralized setting, realizing the optimal supply

chain system.

6. NUMERICAL ANALYSIS

In this section, we utilize numerical analysis to demonstrate the analytical findings on the impacts of CM’s
entry into the end-consumer market on supply chain members presented in Proposition 1. We take the value
of the parameter p as % and 1%, respectively. Adopting different values can make the numerical analysis more
generally.

Firstly, what describes in Proposition 1(i) is straightforward. It is omitted here. Secondly, Figure 8 depicts
how the CM’s customized products influence the wholesale price and marginal profits of the standard products
with national brand when the acceptance degree of store brand is low (i.e., u = %) As Figure 8a shows, the
encroachment behavior always has negative (positive) effects on the marginal profits (wholesale price), which
present differently and are conditional on the value of % It is consistent with Proposition 1(ii). Significantly, the
increase in wholesale price always dominates the decrease in marginal profits under the feasible domain. The
reason is that a larger % means the customization is efficient with lower cost (i.e., a small k) and the flexibility
advantage of customized products is large with a higher sensitiveness to the misfit of ideal preference (i.e., a
large t). Consequently, the store brand is more competitive leading CM pricing powerfully. Combing the above
two opposite impacts, the sale price of national brand becomes higher than that under scenario DN, as shown

in Figure 8b.
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On the other hand, we also verify the results under an inclusive market situation with a high acceptance
degree of store brand (i.e., w= f) It shows that the feasible domain expands compared to the one under a
low parameter value (z’.e., W= E3 Moreover, the feature that CM’s entry has an opposite influence on supply
chain members still holds. Figure 9a indicates that the reduction in marginal profits is not always lower than
the increment in wholesale price. Though introducing a store brand may enhance CM’s bargaining power, he
would not set a too high price when the value of i is less than % Otherwise, CM will be more aggressive. It
demonstrates the analytical results in Proposition 1(ii). Affected by this inverse pressure, the change rule of

retail price shown in Figure 9b further verifies the conclusions in Proposition 1(iii).

7. EXTENSION

This section examines the impacts of customized products and supply chain structure from other views,
especially the consumer surplus and the social welfare.

7.1. Consumer surplus

Consumer surplus, denoted as CS and superscripted with the encroachment strategy and sup-
ply chain structure being wused, is obtained according to the utility from consuming a stan-
dard or tailored product, as expressed in equations (1) and (2). Therefore, consumer surplus are

TTx* TTx*
csTT = [i» (V—pI™* —ta)dz (IT = DN or CN), and CSTT* = [F (V —pIT* —tz)dx
TT=* TT=
+fiTT* (V= pI"™)da + [irr. (uWV —pIT* —t(x —177*))da (TT = DE or CE), respectively. We summa-
rize these specific results in Table 6. Based on this, we analyze how the entry in product customization market

in diverse supply chain structures influences consumer surplus in Proposition 6.

Proposition 6. Comparing the consumer surplus under different subgames, the following relationships always
holds in the feasible domain:

(i) CSN* > 08PN and CSOE* > 0SPE;
(i) CSPE* > C¢SPN* when (u, 1) € By, otherwise, csPEx <« 0gPN~.
CSYE* > CSN* when (1, %) € By, otherwise, CS“F* < SN~
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TABLE 6. Consumer surplus and social welfare under four scenarios.

Consumer surplus Social welfare
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F1GURE 10. Comparison with respect to consumer surplus among four subgames.

) 4-4 t 2+ —6pu+19u2
where Br = (1, g)lg < <1, T53h < 5 <— (2+155) +8 W}’

o= {0 DIE < <L UG LR < f < AGER 1y [Rpn
Consumers benefit from the centralized supply chain regardless of CM’s entry strategy. Because the central-
ization can eliminate the double marginalization effect, resulting in a lower retail price. Consequently, consumers
obtain more from purchasing. The first part of Proposition 6(ii) indicates that CM’s encroachment is better for
consumers when the ratio i is not too large, and the store brand is famous in a decentralized supply chain. For
a given investment cost, a lower % requires a smaller ¢, which means a fiercer competition. Then the decrease in
retail price is favorable for consumers. Figure 10 describes the preferable scenario for consumers under different

conditions. As % reduces, C'E becomes superior when the acceptance degree of store brand is enough large.

7.2. Social welfare

This section further investigates the impacts of encroachment strategy in the view of social welfare, which
means the sum of whole supply chain profits and the corresponding consumer surplus, denoted as SW. The
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results under different scenarios are exhibited in Table 6. In addition, we plot the dominant subgame that gives
rise to the highest social welfare for each feasible combination of p and % in Figure 11.

The region in which DE dominates shrinks compared with that in Figure 10. Generally, SW is a compre-
hensive performance metric consisting of firms’ profits and consumer utility. As discussed in Section 4.2, OEM
always suffers from CM’s encroachment. Therefore, the increase in CM’s profit cannot offset the decrease in
OEM’s revenue when the acceptance degree of store brand is minor, resulting in lower social welfare than the
one in scenario DN.

An intriguing change is that the area of CE dominance has become more prominent in contrast to Figure
10. If % is large enough, consumers suffer from more misfit costs and obtain a lower utility. And then they are
worse off under scenario C'E. On the other hand, in the view of total supply chain profits, we have verified that
CFE is the optimal strategy in area A; in Figure 6, and the dominant region increases with % Then, compared
with scenario C'N, the whole supply chain gains more from the entry of customized products for a larger ratio
%- The reason is that a higher ¢ indicates the horizontal difference more obvious and consequently a less intense
competition. Therefore, the centralized supply chain is better off. In summary, the positive effect of customized
product encroachment on the whole supply chain outweighs the negative one on consumer surplus under a
centralized setting, which makes C'FE dominant from social welfare.

8. CONCLUSIONS AND MANAGERIAL INSIGHTS

In this paper, we investigated the problem of CM’s encroachment strategy of product customization and
supply chain coordination mechanism in a two-echelon supply chain. The equilibrium strategy C'E was obtained
by comparing the equilibrium outcomes under four different scenarios, i.e., no-encroachment under decentralized
supply chain (DN), encroachment under decentralized supply chain (DFE), no-encroachment under centralized
supply chain (CN), and encroachment under centralized supply chain (C'E). We also proposed a revenue-sharing
contract and got the contract-implementing Pareto zone where firms’ profits and the performance of the whole
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supply chain were optimal. Additionally, we discussed how CM’s entry in the retail market affected consumer
surplus and social welfare. The primary findings are summarized as follows.

Firstly, there is a threshold on customization level that may gain positive market share for CM. It indicates
that the encroachment is insignificant if the customization level is too low except for losing investment in
the customization production line. Moreover, encroachment is beneficial only when the acceptance degree of
the store brand is not too small though CM can acquire market demand for his store brand product. The
equilibrium strategy is encroachment under a centralized supply chain, which benefits CM and the supply chain
system. Thirdly, OEM suffers from CM’s customized product under store brand. With the flexibility advantage,
customized products always carve up some market share of standard products. Combing the reduction of
margin profit, OEM gains less profit. The research findings also demonstrate that the revenue-sharing contract
can change such a negative situation and improve supply chain members’ performance.

Additionally, we can summarize several managerial insights through the research results.

(1) A higher brand acceptance degree makes the encroachment beneficial more easily. To enhance the store
brand image, managers should be concerned to promote the brand concept and provide a comfortable
shopping experience [45]. Moreover, to a certain extent, a lower customization cost and a higher sensitivity
to the misfit of ideal preference can compensate for the disadvantage of brand value. Thus, a CM who plans
to develop a new retailing business should optimize the manufacturing process to improve customization
efficiency. Besides, advertising the superiority of customized products to stimulate consumers’ shopping
desire is necessary.

(2) Brand competition becomes more intense when the horizontal difference lowers, reducing the whole supply
chain profit. It is not always preferable to utilize such a multi-brand strategy for a firm. Thus, managers
should pay attention to product differences when introducing a new sub-brand.

(3) The cooperation between supply chain members can alleviate the double marginalization effect and increase
their profits, consumer surplus, and social welfare. The regulators should promote collaboration, such as
a revenue-sharing contract, which can improve each party’s performance and optimize the entire system.
Then, a win-win outcome may arise.

This paper also has some research limitations and can be further investigated in future works. First, instead
of horizontal difference, one can extend this work by considering the store brand product with lower quality [11]
and then discuss how both vertical and horizontal difference influence CM’s decision. Moreover, an interesting
topic is whether OEM could seek a new contract manufacturer [29] and improve her performance when facing
CM'’s encroachment behavior. Also, future work can design other coordination mechanisms except the revenue-
sharing contract to optimize the supply chain system. The assessment of the popularity of customization is a
new research direction. It is best to survey and predict customized products’ market situation before making
a manufacturing decision for the CM. Then the fuzzy regression approaches [46] can be applied to evaluate
prediction results. Considering the noise and uncertainty in market data of customized products, the robust
optimization [47] on prediction is also worth investigating.

APPENDIX A.

DN

", according

Proof of Lemma 1. We work out the equilibrium outcomes through backward induction. Given m

L. K} DN V— DN . .
to the first-order condition (FOC) 8;1?131\, =0, we have w2 (mPN) = =—F»—. Plugging w?™ (m2") into 72V,
we have OEM’s decision mPN* = % based on FOC. Last, plugging mPV* into w2 (m2V), we have wPN* = %-
SR ‘« wDNx _ 3V JDNx _ V. _DNx _ V> _DNx _ V?
Then the equilibrium outcome is p,, ™ * = 2-, ;)" = 5, 7, = 150 To =% O

Proof of Lemma 2. We assume the customization level is less than the threshold z,,1 < O_MW#'

The first condition is « € [0,{]. Then the utility from buying a standard product and a customized product
isU, =V —p, —te and Us = uV — ps, respectively. Comparing U, with Us, the condition U,, > Uy always
holds. It means that consumers who are located in interval [0,] will not buy the customized product.



3520 J. L1 ET AL.

The second condition is z € (I, 1]. The utility from consuming a customized product is Us = uV —ps —t(z—1).

(1=p)V+4ps—pn
t

Comparing it with U,, the condition U, > U, always holds when [ < - It means that consumers

who are located in interval (I, 1] will not buy the customized product.

Therefore, U, > Uy always holds under | < (1= )V;rp :—Pn which indicates no one buy the customized product
in the end consumer market. (]
Proof of Lemma 3. In the last stage of the game, given I”F and mP¥, CM maximizes 7P¥ with respect to

E and pPP simultaneously. We have pPP(IPF mPF) = LV and o PE(IPE PPy = L2 4V pop
DE(IDE p,DE

2
FOCS In the second stage, plugging p?Z (IPF mPF) and w m,’™) into equation (9), OEM maximizes

m ¥ with m;". According to FOC, we have my# (1P¥) = = QMV Then CM maximizes 72 (IPF). The second
2 _DFE1DE
condition satisfies 27 (")

= _4§+t <0if % < 4- Thus, supposing E < 4, we have the optimal customization

a(lDE)2
level is [PF* = % according to FOC. Last, plugging [PF*, we have the equilibrium outcome is mPF* =
VopV  DEx _ VI[t(=14p)+4k(1+p)] DEx __ V[3t(—14p)—4k(p—3)] DEx _ 2kVp  gDEx _ V(-u) dPEx —
2 o W = 1(4k—%) » P = 1(4k—1) » Ps = Tk—t> = Tak—t > =
V14w +4k(1=30)]  DEx _ V2[t(=140)°+4k(14p(Gu=2)]  DEx _ V2(=14p)?
Tt(—Ak+t) » Te = T6(dk—t)t v o = 8t

Noting that the market size is normalized to 1, then parameters should satisfy 0 < dDF* + ¢PE* < 1.

(1=1)V+ps—pn -
t

Moreover, the assumptions [ > also should be satisfied. Thus, we constrain parameters to

41—
{(k,t7u)| §#+’{)<%<2,%<u<1,t>0}. O
DEx

Proof of Proposition 1. (i) 8w8“M = Z((f,fftt)) > 0 and 87” =V < 0 are obvious;
(ii) Comparing the wholesale prices under scenario DN and DE, we have wPP* — DN* = % > 0.

Comparing OEM’s margin profit, we have mP&* — mDN+ = 7“‘/ < 0.

DE* DN*

Comparmg the magnitude of wholesale price and margin profit changes \mD o mDN*| = 2(44]“,:[’50 > 1if

§ < < 2.
(iii) For the retail price of the standard product, we have

. . —pV(4k =3t
pREr — ppe = MV 30, (A1)

44k —t)

The sign of equation (A1) is opposite to that of formula (4k — 3t). Obviously, (4k —3t) < 0 if £ > 2,
otherwise, (4k — 3t) > 0.

On the other hand, the condition 5% > 4 holds when § < p < §, and $5% < § holds when § < p < 1.
Thusp —p,’?N*>OWheng<u<§and?+§ﬁ< <2,or7<,u<1andf< < 2. Otherw1se
pRF* — pPN* <0 when § <y <1 and %;gz <i<3
O
Proof of Proposition 2. (i) It is apparent that dPF* < dPN*;
(ii) We derive the whole supply chain demand
kV(—4+ % +8

4t(4k — 1)

Since the denominator is positive, the sign of equation (A2) will match the sign of numerator. Moreover, we

have kV > 0. If TdP®* — TdP"* > 0, it implies 1> 4 —8u. According to the proof of Lemma 3, constrain
parameters to {(k,t,u,V)\‘lé;Jr‘f) <z<2, = < p<1l,0<V < 4t(k t)}. Therefore, 3(1+‘f) <4-—8u<?2
4(1—p)
3p+1

Wheni<,u§%;4—8u< <2When§<,u<1.
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Thus Td”%* — Td"™* > 0when4 -8 <t <2and L <p<dior 2828 <L <9 and L << 1. The

3u+1
derivation of TdPF* — TdPN* < 0 is similar.

O
Proof of Proposition 3. (i) It is straightforward to verify 72F* = ‘g—: < gPN* = W;
(ii) Comparing CM’s profit under scenarios DE and DN, we have
2 2t ¢
wa*ﬂrCDN*:V ku(=8+ 3 +20p - %) (43)

16t(4k — t)

Because the denominator and VZ2ku are positive, the sign of equation (A3) is identical to the sign of
(=8 + 2L +20p — ™). It is positive when £ > 8 20“ We find that 2= < 8 20“ <2when 2 <p< g

3u+1
82 22“ < 4§i+‘1‘) < 2 when i < wu <1 Therefore, equation (A3) is positive When %22“ < % < 2 and
2<p<gor éijr’f) <i<2andi<p<l
Suppose —8+ 2t+20,u t“ < 0, then we have% < %~ In addition, :511 +’f) <2< 8 20“ holds if ¢ Lopu< g'
And 2ot o 5220m o 2 holds if 2 < i < %+ Otherwise, 5720 < 2=t). Thuys, wDE* - DN* <0 when
1— 4 1— 8 20

§H+’{)< <2and L<p<Zior ?Eu+q)< < “and%<u<z

O

Proof of Proposition 4 () Comparing the profit of the whole supply chain under different setting, we have

2, 2
TICN* _ HtDN* — 176t > 0, and TICE* _ H?E* _Vv (1ét+IJ) > 0;

(ii) To examine the impact of selling customized products on profits of the whole supply chain, we have

1 A4

4t(4k —t) (A4)
Obviously, the sign of equation (A4) is consistent with that of (78 + % + 8u f—) Then, TI¢F* — " >
0 holds if L (1 “ ) , otherwise, ITI¢F* — ‘" < o. Moreover, the feasible domain for providing customized
products under a centrahzed supply chain is {(u, k, t)\l <p<l, 41+4” <f<2,t> 0} as shown in Section
5.1. Note that <11+;> < 2= <2 holds if 2 < p < 1, and A <2 < 8“ S0 olds if § < < 2- Thus,
WehaVGIfS(l “) <t <2and s<u<l, suchthatHCE*>H ; f4(11+;7) <E<2and§</¢<§,or
4(11+:f) <z< M and 2 5 < <1, such that ee < ¢

O

Proof of Proposition 5. We first solve the equilibrium outcome under revenue-sharing contract for producing
both tailored and standard products by backward induction. The firms’ profits are

T = A (d2py +dep? — k(1)) (A5)
Tt = (1= ) (d2py2 +d2p — k(12)?) (A6)

. 1—p)V4pl2—pl2 2u—1)V +pl2—2pl2
respectively. Where dl2 = (#)# and dlz = 12 + @u-LV4p2 —2p2

In the last stage of the game, given the customization level, OEM decides on retail prices of the two products.

I
According to the FOCs, we have p’2(1%2) = MT*V and pl2(1f2) = MTJFV“ Plugging plz(112) and pf2(1'2) into
equation (A5), CM maximizes 722 (112) with respect to /2. We have [12" = 4k ; per FOC. Lastly, by plugging

p2(1"2) and p’2(1'2), we can obtain the equilibrium outcome is pf2~ = %, plr” = iivltta " = W,
dl2” — Vit= 1+u)+4’f(1 20)] I AVt 1) k(I 2p(= 1)) L V2N [4k(142u(=14p)) —t(=14+4)%] |
s = 2t(—4k+t) » Te™ = 10(4k—1) » To™ = 1(ak—10)t
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In area A;, the parameter constraint condition is {(u, k,t, V)|% <p<l, __82":3/7 <i<2,0<V< 4]’“22_;2 }

According to the criteria for achieving the revenue-sharing contract, 7/2* > 7PE* and 7l2* > 7DE* we have
DE« _ V2[AN4k—t—8ku+2tu+8kp® —tu?)—(4dk—t—8ku+2tu+20ku>—tu?)] >0
T = 16t(dk—t)
e Ak—t—8ku+2tpu+20ku’ —tu®
holds if T T—8kp2tut sk —ip?) < A< 1.

Iox _
e

V22X (4k—t—8ku+2tp+8ku® —tp?)—(4k—t—8kpu+2tu+12kpu® —tp>
And 7l — gDEx — [2A( pt2tp+8kp 8t(ljlk)—t() pot2tpt12kp” —tp)]
. dk—t—8kp+2tu+12kpu® —tp®
holds if 0 < X\ < sep=—si rarurahez—t2)
. Ak —t—8ku+2tu+20kp> —tpu? Ak —t—8ku+2tu+12kp> —tu? . s
Moreover, we can derive TAF— =Sk 2t Sk —t®) < 2(Ah—i—8kp+2iptahuZ—t2) always holds in area Aj.
4 2_ 2 _ 2 —_ 4 2_ 2 _ 2
Denotedgz 4k—t—8ku+2tpu+20kp~—tpn~  _ f—12u ,and N\ = 4dk—t—8ku+2tp+12kp”—tp~  _ f—4p ,where f _

4(4k—t—8kp+2tu+8ku? —tp?) 4f 2(4k—t—8kpu+2tpu+8ku2—tu?) —  2f

(p— 1)% + 84 (1 — p) — 4, we have wl2* > gDEx  glox 5 7DEx and I112* = TICE* when A\ < A < A in area A;.
Therefore, the contract-implementing Pareto zone arises with the constraint condition A < X\ < X, as area A
shown in Figure 7. ]

The proof of Proposition 6 is similar to Proposition 4, which is omitted.

Acknowledgements. The authors gratefully acknowledge the support from the National Science Foundation of China
through grants number 71971134.
Conflict of interest. All authors declares no possible conflict of interest.

REFERENCES

[1] J. Chen, L. Liang and D.-q. Yao, Factory encroachment and channel selection in an outsourced supply chain. Int. J. Prod.
Econ. 215 (2019) 73-83.

[2] B. Niu, Y. Wang and P. Guo, Equilibrium pricing sequence in a co-opetitive supply chain with the ODM as a downstream
rival of its OEM. Omega 57 (2015) 249-270.

[3] G.H.L. Shenzhou International, Development course. http://www.shenzhouintl.com/119/ (2006).

[4] G.H.L. Shenzhou International, Voluntary notice for sale of Mawei (b.v.i.) limited. https://pilu.tianyancha.com/
announcement/0fb4276d2eabe70c5385804b9866b407 (2016).

[5] Kutesmart, Introduction for Qingdao Kutesmart co., ltd. http://www.kutesmart.com (2021).
[6] P.-J. Jost and T.Siisser, Company-customer interaction in mass customization. Int. J. Prod. Econ. 220 (2020) 107454.

[7] M. Ghiassi and C. Spera, Defining the Internet-based supply chain system for mass customized markets. Comput. Ind. Eng.
45 (2003) 17-41.

[8] K. Kundu, M.J. Land, A. Portioli-Staudacher and J. A. Bokhorst, Order review and release in make-to-order flow shops:
Analysis and design of new methods. Flez. Serv. Manuf. J. 33 (2021) 750-782.

[9] H. Chung and E. Lee, Effect of store brand introduction on channel price leadership: An empirical investigation. J. Retail.
94 (2018) 21-32.

[10] H. Hotelling, Stability in competition, in The collected economics articles of Harold Hotelling, Springer (1990) 50-63.

[11] J. Shi, Contract manufacturer’s encroachment strategy and quality decision with different channel leadership structures.
Comput. Ind. Eng. 137 (2019) 106078.

[12] B. Sarkar and S. Bhuniya, A sustainable flexible manufacturing-remanufacturing model with improved service and green
investment under variable demand. Ezpert Syst. Appl. 202 (2022) 117154.

[13] X. Fan, S. Wang and J. Wang, The value of introducing customer-to-manufacturer model by the online retailer. Int. Trans.
Oper. Res. 29 (2022) 2566—2585.

[14] J. Li, Z. Hu, V. Shi and Q. Wang, Manufacturer’s encroachment strategy with substitutable green products. Int. J. Prod.
Econ. 235 (2021) 108102.

[15] W. Yan, Y. Xiong, J. Chu, G. Li and Z. Xiong, Clicks versus bricks: The role of durability in marketing channel strategy of
durable goods manufacturers. Eur. J. Oper. Res. 265 (2018) 909-918.

[16] J. Zhang, Q. Cao, and X. He, Manufacturer encroachment with advertising. Omega 91 (2020) 102013.

[17] T. Zhang, X. Feng and N. Wang, Manufacturer encroachment and product assortment under vertical differentiation. Eur. J.
Oper. Res. 293 (2021) 120-132.

[18] B. Zheng, N. Yu, L. Jin and H. Xia, Effects of power structure on manufacturer encroachment in a closed-loop supply chain.
Comput. Ind. Eng. 137 (2019) 106062.

[19] Y. Jin, X. Wu and Q. Hu, Interaction between channel strategy and store brand decisions. Fur. J. Oper. Res. 256 (2017)
911-923.


http://www.shenzhouintl.com/119/
https://pilu.tianyancha.com/announcement/0fb4276d2ea5e70c5385804b9866b407
https://pilu.tianyancha.com/announcement/0fb4276d2ea5e70c5385804b9866b407
http://www.kutesmart.com

[20]
[21]
[22]

23]
(24]
[25]

[26]
27]

28]
29]

(30]

(31]
(32]

33]
(34]

(35]
(36]
(37)

(38]
(39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]

(47]

ENCROACHMENT STRATEGY AND REVENUE-SHARING CONTRACT FOR PRODUCT CUSTOMIZATION 3523

S. Karray and G. Martin-Herrdn, Fighting store brands through the strategic timing of pricing and advertising decisions.
Eur. J. Oper. Res. 275 (2019) 635-647.

H. Li, K. Leng, Q. Qing and S.X. Zhu, Strategic interplay between store brand introduction and online direct channel
introduction. Transp. Res. Part E: Logist. Transp. Rev. 118 (2018) 272-290.

Z. Zhang, H. Song, X. Gu, V. Shi and J. Zhu, How to compete with a supply chain partner: Retailer’s store brand vs.
manufacturer’s encroachment. Omega 103 (2021) 102412.

D.E. Mills, Why retailers sell private labels. J. Econ. Manag. Strategy 4 (1995) 509-528.
J.S. Raju, R. Sethuraman and S.K. Dhar, The introduction and performance of store brands. Manag. Sci. 41 (1995) 957-978.

S.C. Choi and A.T. Coughlan, Private label positioning: Quality versus feature differentiation from the national brand.
J. Retail. 82 (2006) 79-93.

C.-W. Kuo and S.-J.S. Yang, The role of store brand positioning for appropriating supply chain profit under shelf space
allocation. Fur. J. Oper. Res. 231 (2013) 88-97.

R. Hara and N. Matsubayashi, Premium store brand: Product development collaboration between retailers and national brand
manufacturers. Int. J. Prod. Econ. 185 (2017) 128-138.

Q. Cui, Quality investment, and the contract manufacturer’s encroachment. Fur. J. Oper. Res. 279 (2019) 407-418.

B. Dong, W. Tang, C. Zhou and Y. Ren, Should original equipment manufacturer assist noncompetitive contract manufacturer
to expand capacity? Omega 103 (2021) 102420.

R. Dewan, B. Jing and A. Seidmann, Product customization and price competition on the Internet. Manag. Sci. 49 (2003)
1055-1070.

N.B. Syam and N. Kumar, On customized goods, standard goods, and competition. Mark. Sci. 25 (2006) 525-537.

G. Li, F. Huang, T.E. Cheng and P. Ji, Competition between manufacturer’s online customization channel and conventional
retailer. IEEE Trans. Eng. Manag. 62 (2015) 150-157.

C. Zhang and X. Zheng, Customization strategies between online and offline retailers. Omega 100 (2021) 102230.

B. Sarkar, M. Ullah and M. Sarkar, Environmental and economic sustainability through innovative green products by reman-
ufacturing. J. Clean. Prod. 332 (2022) 129813.

A.S. Mahapatra, M.S. Mahapatra, B. Sarkar and S.K. Majumder, Benefit of preservation technology with promotion and
time-dependent deterioration under fuzzy learning. Expert Syst. Appl. 201 (2022) 117169.

K. Govindan, M.N. Popiuc and A. Diabat, Overview of coordination contracts within forward and reverse supply chains.
J. Clean. Prod. 47 (2013) 319-334.

B. Sarkar, A. Debnath, A.S. Chiu and W. Ahmed, Circular economy-driven two-stage supply chain management for nullifying
waste. J. Clean. Prod. 339 (2022) 130513.

A.P. Jeuland and S.M. Shugan, Managing channel profits. Mark. Sci. 2 (1983) 239-272.
G.G. Cai, Channel selection and coordination in dual-channel supply chains. J. Retail. 86 (2010) 22-36.

B. Liu, R. Zhang and M. Xiao, Joint decision on production and pricing for online dual channel supply chain system. Appl.
Math. Model. 34 (2010) 4208-4218.

W.-K. Wong, J. Qi and S. Leung, Coordinating supply chains with sales rebate contracts and vendor-managed inventory. Int.
J. Prod. Econ. 120 (2009) 151-161.

J. Heydari, T.-M. Choi and S. Radkhah, Pareto improving supply chain coordination under a money-back guarantee service
program. Serv. Sci. 9 (2017) 91-105.

Z. Huang and T. Feng, Money-back guarantee and pricing decision with retailer’s store brand. J. Retail. Consum. Serv. 52
(2020) 101897.

J. Dérmer, H.-O. Giinther and R. Gujjula, Master production scheduling and sequencing at mixed-model assembly lines in
the automotive industry. Flex. Serv. Manuf. J. 27 (2015) 1-29.

S.-B. Choi, B.K. Dey, S.J. Kim and B. Sarkar, Intelligent servicing strategy for an online-to-offline (020) supply chain under
demand variability and controllable lead time. RAIRO-Oper. Res. 56 (2022) 1623-1653.

E. Kropat, A. Ozmen, G.-W. Weber, S. Meyer-Nieberg and O. Defterli, Fuzzy prediction strategies for gene-environment
networks—fuzzy regression analysis for two-modal regulatory systems. RAIRO-Oper. Res. 50 (2016) 413-435.

A. Ozmen, E. Kropat and G.-W. Weber, Robust optimization in spline regression models for multi-model regulatory networks
under polyhedral uncertainty. Optimization 66 (2017) 2135-2155.



3524 J. L1 ET AL.

Subscribe to Open (S20)

A fair and sustainable open access model

This journal is currently published in open access under a Subscribe-to-Open model (S20). S20 is a transformative
model that aims to move subscription journals to open access. Open access is the free, immediate, online availability of
research articles combined with the rights to use these articles fully in the digital environment. We are thankful to our
subscribers and sponsors for making it possible to publish this journal in open access, free of charge for authors.

Please help to maintain this journal in open access!

Check that your library subscribes to the journal, or make a personal donation to the S20 programme, by contacting
subscribers@edpsciences.org

More information, including a list of sponsors and a financial transparency report, available at: https://www.
edpsciences.org/en/maths-s2o-programme



mailto:subscribers@edpsciences.org
https://www.edpsciences.org/en/maths-s2o-programme
https://www.edpsciences.org/en/maths-s2o-programme

	Introduction
	Literature review
	The basic model
	Equilibrium outcomes under different scenarios
	Scenario DN
	Scenario DE
	Scenario CN
	Scenario CE

	Equilibrium analysis and channel coordination with revenue-sharing contract
	The effects of customized product encroachment
	Equilibrium strategy
	Revenue-sharing contract

	Numerical analysis
	Extension
	Consumer surplus
	Social welfare

	Conclusions and managerial insights
	
	References

