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Abstract

To capture more market share, manufacturers have recently set up sales channels on
well-known e-commerce platforms, which has greatly changed the business environ-
ment. To investigate whether manufacturers should adopt the online dual-channel
strategy, we build a Stackelberg game model based on the previous studies and study
the optimal decisions and optimal profits of a manufacturer and e-commerce plat-
forms under different strategic backgrounds. Our study shows that, first, the chan-
nel selection strategy of the manufacturer is affected by the attributes of the new
channel. When consumers of the new channel are very sensitive to the price of the
product, the manufacturer should maintain the original single-channel operational
strategy; however, when consumers of the new channel are not sensitive to the price
of the product, the manufacturer can adopt the strategy of online dual channels. Sec-
ond, When the price elasticity of the new channel is in a specific range, the imple-
mentation of online dual channels will result in a decrease in the manufacturers’
profit but beneficial to the whole supply chain. Therefore, under such conditions, the
e-commerce platform should give the manufacturer a certain amount of transfer pay-
ment to motivate its implementation of the dual-channel strategy.

Keywords E-commerce platform - Channel selection - Price and service level -
Coordination

1 Introduction

In the twenty-first century, the popularity of the Internet has increased dramatically.
The number of internet users in China has reached 989 million, with an internet pen-
etration rate of 70.4 percent by December 2020 (http://www.cnnic.net.cn/hlwfzyj/).
In addition, in the past decade, security payment technology and express delivery
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services have made great progress. Under the comprehensive effect of these fac-
tors, online shopping has rapidly attracted many consumers, which is due to its fast
and convenient method of consumption. The national e-commerce trading volume
reached 34.81 trillion yuan in 2019, an increase of 6.7 percent over the previous year
(http://dzsws.mofcom.gov.cn/article/ztxx/ndbg/202007/20200702979478.shtml).

The development of the internet has not only significantly changed people’s con-
sumption patterns but also changed the traditional business model and supply chain
model. On the one hand, Tencent, Alibaba, Amazon and other international com-
panies have developed a great deal of online shopping applications, such as Tao-
bao, Tmall, Vipshop and Amazon, which are open to traditional manufacturers and
retailers and greatly promote the transformation and upgrading of traditional offline
manufacturers and retailers. On the other hand, to occupy more market share, a large
number of enterprises have established new channels in various e-commerce plat-
forms. There are great differences in the charging policy of various platforms for
merchants. For example, Taobao requires merchants to pay only a certain amount of
deposits, while platforms such as JD.com adopt the model of fixed commission and
profit extraction.

The form of online dual channels enables the enterprise to contact more con-
sumers than it could before and then gain more market share. However, it also ena-
bles more competitors to flow into the market, which intensifies the competition
between companies. In addition, the increase in channels means an increase in cost.
Researchers and scholars have proposed many effective mechanisms to eliminate or
reduce the price competition between dual channels.

However, under what circumstances should an enterprise set up a new channel,
and what impact does a new channel have on the profits of the enterprise? These
problems urgently need to be solved. At present, there are some studies on the
channel selection of manufacturers or retailers, but they mainly focus on the chan-
nel selection between offline retail channels and online direct sales channels. There
are few studies about online dual channels. However, in practice, many enterprises
adopt this mode of operation. Therefore, this paper establishes a model to study the
choice of online channels. The main contributions of this study are summarized as
follows. First, under the background of the completely online operation of a manu-
facturer, the optimal strategy of the manufacturer is studied. Through the compara-
tive analysis of the optimal profit of the manufacturer, we find the optimal strategy
of the manufacturer in different situations. Second, we solve the optimal decisions of
the manufacturer and e-commerce platforms under different channel backgrounds.
These results provide a useful reference for the decision-making of enterprises in
practice. Finally, we analyse the impact of the attributes of the purely online channel
on the optimal decision-making and profit of enterprises. This makes the research
conclusion more practical.

The remainder of this paper is organized as follows. We introduce the background
of this article in Sect. 1. The literature review presented in Sect. 2. The establish-
ment of the model and the explanation of the related symbols are provided in
Sect. 3. In Sect. 4, the equilibrium solutions of a single channel and dual channel are
solved, and the optimal solution and optimal profit are analysed. In Sect. 5, the dif-
ferent models are contrastively analysed, and the contract is designed to coordinate
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the decision of the supply chain. In Sect. 6, numerical analysis is carried out to ver-
ify the conclusions. Section 7 concludes the paper. All proofs are outlined in the
Appendix.

2 Literature review

The literature that is closely related to this paper focuses on three aspects: the opti-
mal decision of supply chain, and the coordination of supply chain and channel
selection of e-commerce supply chain.

2.1 The optimal decision of the supply chain

The optimal decision of supply chain has long been the focus of scholars. A supply
chain is a complex entity network, and the behaviour of different enterprises will
interact with each other, thus, the decision of supply chain will be affected by many
factors. Pu [1] and Zhou [2] studied free riding. Pu pointed out that free riding has
an impact on the retailer’s sales efforts and then affects the profit of the enterprise.
Zhou pointed out that the contract incentive can effectively motivate the retailer to
improve the service level when facing free riding and then realize the coordination
of the supply chain. The methods of capital constraint relief also have a significant
impact on the decision-making of enterprises. Wang [3] analysed the pricing and
service decisions of enterprises under different financing modes. Their study found
that the supply chain benefited more when other companies in the supply chain
shared the cost of financing.

In addition, the operational strategy in the supply chain is one of the focus issues
studied by scholars. A single retail channel, a single direct channel and dual chan-
nels are common strategies of enterprises, and will have a direct impact on the deci-
sion-making and profits of supply chain [4]. Zhu [5] has studied how factors such as
supply chain structure (centralized and decentralized), product type (development
intensive product or marginal cost intensive product) and competition type (price
competition and green competition) affect supply chain decision-making. moreo-
ver, some other factors, Similarly, Wang [6] has conducted a comparative analysis
of centralized and decentralized decision-making in supply chain and found that the
structure of supply chain has a direct impact on the decision-making of supply chain
and leads to the highest price decision. Yang [7] conducted a similar study, but came
to a different conclusion, which indicates that centralized decision making may lead
to lower price decisions. Moreover, such as return strategies [8] and operation costs
[9], will also have a significant impact on the optimal decision-making of the supply
chain.

Although scholars have conducted detailed studies on the decision-making in the
supply chain, they have not reached a consensus or even reached completely oppo-
site conclusions. Therefore, to verify the conclusions of previous studies, this paper
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explores the influence of supply chain structure and supply chain operation strategy
on the optimal decision-making of supply chain through comparative analysis.

2.2 Coordination of supply chain

Although the increase of channels can help enterprises reach more consumers and
improve their economic benefits, it will also lead to conflicts between channels [10,
11], which has become one of the most important reasons restricting the develop-
ment of enterprises at supply chain. To realize the coordination between channels,
scholars have designed a variety of coordination mechanisms from different per-
spectives to effectively realize the coordination between supply chains.

Revenue sharing contract is one of the major ways of coordination. When the
supply chain adopts revenue sharing contract, the retailer not only needs to pay the
manufacturer the wholesale price of each product purchased, but also needs to pay
the manufacturer a certain percentage of the revenue [12]. Revenue sharing contract
can make the decision-making of supply chain coordinate with each other [13, 14],
which is beneficial to improve the overall efficiency of supply chain and the profit
level of enterprises [15]. Chakraborty [16] and Xu [17] made a comparative analy-
sis of centralized and decentralized decision-making in the supply chain and found
that the coordination of the supply chain could be realized through revenue sharing
contract. Some other contracts have also attracted scholars’ attention, such as cost
sharing contract [18-23], revenue sharing contracts and fixed fee contracts [24] and
rebate contracts [25, 26].

In addition to contracts, many other mechanisms can achieve supply chain coor-
dination. Saha [27] studied the recycling strategy of waste products for remanu-
facturing in a closed-loop supply chain (CLSC) and designed a tripartite discount
mechanism to achieve the coordination of the supply chain. Ha [28] studied the
manufacturer’s equilibrium rebate decision and found that the retailer can induce
the manufacturer to provide a rebate through the subsidy strategy, thus realizing the
coordination of the supply chain. Qin [29] studied trade credit policy and pointed
out that trade credit policy can alleviate the conflict of a dual-channel supply chain
composed of a manufacturer and a value-added retailer.

There is a difference between this article and the above literature, since the dual
channel studied in the above literature refers to an offline retail channel and an online
direct sales channel; Although this paper also involves the conflict and coordination
of dual channels, the dual channel in this paper refers to an online channel and an
online channel, which is obviously different from previous studies.

2.3 Channel selection of e-commerce supply chain
E-commerce refers to the use of electronic information technology to provide con-

venient services for enterprises in the supply chain, which will have a significant
impact on the decision-making and profits of enterprises in the supply chain [30].
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E-commerce involves the whole process of supply chain management, including
procurement [31], sales and transportation [32, 33].

Due to the rapid development of e-commerce in the past few decades, competi-
tion and cooperation between online and offline channels has become an important
issue [34]. E-commerce channel entry will have a significant impact on the prof-
itability and behaviour of manufacturers and retailers in the supply chain. There-
fore, a large number of scholars have conducted research on channel selection in the
e-commerce supply chain [35]. To study the channel and logistics service selection
decisions of offline enterprises, Cao [36] conducted a comparative analysis of enter-
prises entering and not entering the e-commerce platform. The results show that the
channel and logistics service selection strategies of enterprises are influenced by
factors such as annual service fees. Khouja [37] studied the manufacturer’s chan-
nel choice and analysed the optimal decision and profit of the manufacturer under
the background of exclusive retail channel, exclusive direct channel and dual chan-
nels respectively. Their research results showed that unit transformation cost had a
key influence on the manufacturer’s channel choice. Wang [9] established a linear
demand model to explore the channel selection and pricing strategy in the supply
chain and obtained an interesting conclusion, which indicates that only when the
operating cost gap between online channel and offline channel is small, dual-chan-
nel is the optimal choice for the retailer, otherwise the retailer will only choose the
channel with lower cost.

This paper focuses on the issue of channel selection in e-commerce channels as
well, but different from other articles: First, in the new business context, manufac-
turers’ choice of online channels is explored, without considering the traditional
offline channels; Second, different from other scholars, this paper mainly analyses
the impact of price elasticity on the manufacturer’s channel selection, rather than
the operating cost of the channel; In addition, different from other papers, this paper
considers the game between the manufacturer and e-commerce platforms, without
involving the retailer.
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Fig. 1 The model structure of this paper
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3 Problem formulation

Consider a supply chain that consists of an online manufacturer and two e-commerce
platforms. Figure 1 illustrates the dual structure of the manufacturer. The manufac-
turer, who sells products through online e-commerce platforms, is the leader in the
supply chain. To simplify the analysis of the model, we normalize the total cost paid
by the manufacturer to 0, which does not have a qualitative impact on the conclusion
of the model; this assumption is consistent with that in the studies of Abhishek [38]
and Nie [39].

In practice, if a manufacturer sells products on the platform, there are two types
of fees:

(1) The fixed fee. Such a fixed fee only guarantees “basic services”, which means
that an online shop is allocated to the manufacturer so that sales information can
be published and consumers can make a deal with the manufacturer.

(2) The commission. If the manufacturer sells products on the platform, the platform
provides sales services. When consumers and the manufacturer complete the
product transaction on the platform, the platform charges the manufacturer a
certain amount of fees as a commission for providing the sales service.

In the model of this paper, the demand decreases with the increase in the price of
a product in its own channel but increases with the increase in the price in another
channel. Moreover, the service level provided by the e-commerce platform signifi-
cantly affects the market demand. Based on previous studies, such as Xu [17], Liu
[40] and Chen [41], the cost of service improvement is an increasing and convex
function with the service level. In this paper, we assume that the cost of the service
improvement by the e-commerce platform can be expressed as a quadratic function
of the service level, namely, c (s) = ks? /2, where the coefficient k is defined as the
difficulty degree of service improvement, s is represented as the service level pro-
vided by the e-commerce platform.

Furthermore, like many previous researchers, we study a specific linear demand
function [42], which is affected by price and service level. The demand function is
as follows:

dy =0a—p\p, +v\py + 15, (D)

dy = (1 = 0)a— popy + 1201 + 25y 2)

where a is the potential market size of the product, in addition, we use 6 to present
the market share of channel 1. Parameter f, reflects the sensitivity of the demand of
each channel to the change in product price, and the parameter y; captures the cross-
price elasticity of channels. Generally, the demand of channel 1 is more sensitive
to the price of channel 1, and likewise for channel 2. Thus, we assume S, > y, and
P, > v,. Besides, the parameters y; and u, are the coefficients of the service elastic-
ity of d, and d,.
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Table 1 The description of the symbols

Notations Explanation

a Initial market demand

S; The level of service in channel i (i=1,2)

B; The cross price elasticity coefficient of channel i (i=1,2)

7i The cross price elasticity coefficient of channel i (i=1,2)

H; The service elasticity coefficient of channel i (i=1,2)

d; Market demand of channel i (i=1,2)

0 The proportion of the original channel market share in
total market share

k; The service cost coefficient of channel i (i=1,2)

o; The commission ratio of channel i (i=1,2)

b4 The optimal profit of enterprises in the supply chain

Superscripts

1 I stands for the case of single channel supply chain

11 [] stands for the case of dual channel supply chain

T T represents the case of contract coordination

Subscripts

m m stands for the manufacturer

w w stands for the whole supply chain

e; ¢; stands for the i-th e-commerce platform (i=1,2)

c ¢ stands for the supply chain with centralized decision

Decision variables
p; The price of the products in channel i (i=1,2)

S; The service level of the i-th e-commerce platform (i=1,2)

i

To complete the model, we impose some additional inequality constraints to
guarantee that the model conforms to the actual situation, and the optimal solution
of the model exists (Table 1).

Assumption 1 k; > max{38u>/p;, u7/f;} i = 1, 2. This assumption means that the
e-commerce platform’s cost in providing service is not very cheap, which is reason-
able due to increasing labour costs. A similar assumption was employed by research-
ers such as Xu [43] and Tsay [44]. Since the input of production factors exhibits
diseconomies of scale [45], we ensure that the degree of difficulty in improving the
service level is sufficiently large to satisfy the above condition.

Assumption 2 To ensure that the profit functions in the following models are jointly
concave on the decision variables and have the maximum value, we need the fol-
lowing assumptions:2(k;f; — 5u7)—ki(y; +v,) > 0, (ki — uH)—ki(y; +1,)* > 0,
28,2k — uH)—ki(y, +v,) > 0 and 4p7 — (v, + r,)* > 0. The following proposi-
tions are derived based on such conditions. If the assumptions are not satisfied, the
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profit functions’ concavity cannot be guaranteed. In fact, these assumptions are com-
mon in the literature, and similar assumptions can be found in Wang [46].

Assumption 3 In practice, manufacturers need to pay security deposits before
undertaking trading activities, which means that the payment of security deposits
occurs before the sales cycle. Therefore, for the manufacturer, the security deposit is
a sunk cost, which does not affect the decision of the manufacturer, so we normalize
the fixed cost to 0.

4 Model solutions and discussion
4.1 Case 1: Only one e-commerce platform

In this section, we consider a single-channel supply chain that consists of an e-com-
merce platform and an independent manufacturer as the benchmark, and obtain the
optimal decision of each party. In our model, the manufacturer and e-commerce plat-
form are perfectly rational, and they make decisions to maximize their own profits.
The e-commerce platform and manufacturer follow a Stackelberg game model, in
which the manufacturer is in the dominant position, while the e-commerce platform
is the follower. The decision-making order is as follows. First, the manufacturer, as
the leader, decides the product’s price p; then, the e-commerce platform, as the fol-
lower, decides its service level to maximize its own profit with the given price.
In this model, the manufacturer’s profit function is:

7, = (1 =6)p;d =(1—=06)a—pip, + ms)p 3)
The e-commerce platform’s profit function is:
ey = 6pyd —kys1/2 = 8py(a = Bipy + wysy) = kys1/2 4)

The equilibrium optimal solution is solved by the backward induction method.

Theorem 1 The optimal solution and profit of the manufacturer and the e-commerce
platform are as follows:

_ ak 5 = asu; - @ha-9) a’k 52k, f =38p7)
P 2k =)’ "L T 2k p—eu?) M T akypi—asud el 8(ky By —6u7)?

From Theorem 1, the following propositions can be obtained.

Proposition 1

% ()S1 or on

1) >0, — >0, —2 >0, —L >0.
da da da da
op, s, oz, T,

2) —>0, — >0, >0, — <0
06 06 26 06
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As indicated in Proposition 1 with the increase in potential market share, the
optimal retail price, the optimal service level of the platform and the profit of the
platform and the manufacturer also increase. This is consistent with our intuition
because an increase in potential market share leads to an increase in the sale volume
of the product, which in turn leads to an increase in the profit of the supply chain.
Since the profit of e-commerce platform increases, the motivation of e-commerce
platform to improve service level will increase, which leads to the increase of ser-
vice level 51.

Besides, Proposition 1 shows that in a single-channel supply chain, the proportion
of the commission is positively correlated with the retail price, the optimal service
level and the e-commerce platform’s profit, while the commission ratio has a nega-
tive impact on the manufacturer’s benefit. This is because the higher the percent-
age of the commission is, the higher the operating costs of the manufacturer, which
damages the manufacturer’s profit. Therefore, the manufacturer increases the retail
price of the product to pursue higher profits. From the perspective of the platform,
the higher the commission ratio is, the higher the revenue the platform obtains, and
the more willing the e-commerce platform is to improve its service level.

The increase in platform profit comes from two aspects. On the one hand, the
increase in the commission ratio directly leads to the increase in revenue. On
the other hand, the improvement in service level directly leads to the increase in
demand, thus improving the profits of the enterprise. This is consistent with the pre-
vious conclusions of Wang [6] and Wang [47], which prove that the optimal retail
price, service level and profit of the platform are positively correlated with the com-
mission, while the optimal profit of the manufacturer is negatively correlated with
the commission.

Proposition 2

%<0, &<0, aﬂ<0, el
9 9p ah

Proposition 2 means that the higher the price elasticity f, is, the lower the retail
price and service level of the product are. In addition, the optimal profit of the man-
ufacturer and e-commerce platform are reduced. This is because enterprises should
reduce the prices of products with high-price elasticity. Price reduction can greatly
increase the sales of the product and ultimately lead to an increase in corporate prof-
its. However, in our model, the sales volume of the product is affected not only by
the retail price of the product but also by the service level. When the price decreases,
the service level of the e-commerce platform decreases, and the decrease in the ser-
vice level reduces the sales volume and eventually leads to a decrease in the profits
of the manufacturer and the e-commerce platform.

In short, an increase in price elasticity leads to a decrease in the price of the prod-
uct, which has two opposite effects. First, a decrease in price leads to an increase
in demand, which increases the profits of enterprises in the supply chain; second, a
decrease in price leads to a decrease in profits. The decrease in the service level also
leads to a decrease in sales, which has negative effects on the profits of enterprises.

< 0.
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And ultimately the negative effect dominates the positive effect, and therefore, the
revenue of the manufacturer and the e-commerce platform eventually decreases.

Proposition 3

ap, 0s, or, oz,

1 —>0, — >0, — >0, > 0.
o, ouy ouy oy

) ap1 0 051 0 07rm 0 direl 0
— <0, — <0, — <0, <0.

@ ok, ok, ok, ok,

As shown in Proposition 3, there is a positive correlation between service demand
elasticity 4, and the retail price p,, service level s, and the profits of the manufac-
turer and the platform, while service cost coefficient k, is negatively correlated with
the service demand elasticity u, and the retail price p,, service level s, and the prof-
its of the manufacturer and the platform. These relationships are intuitive. A higher
value of y; means a greater impact of the service level on the demand. Therefore, the
e-commerce platform actively improves the service level. The improvement in the
service level increases the demand and then increases the company’s profit.

In addition, a high-cost coefficient means an increase in cost, and an increase in
cost reduces the profit of the enterprise. Then, the decrease in e-commerce platform
revenue reduces the platform’s willingness to improve the service level, which leads
to a decrease in the service level and the price of products.

4.2 Case 2: Two e-commerce platforms

In this part, we expand the model in Case 1 to involve two e-commerce platforms.
In Case 1, we consider the optimal decisions of the manufacturer and e-commerce
platform in the case of a single channel. In this part, we consider that on the basis of
the original model, the manufacturer actively opens up a new channel to expand the
market and improve its profits, which means cooperating with a new e-commerce
platform. Figure 1 describes the supply chain structure. In this model, we consider
a dual channel supply chain, which consists of a manufacturer and two e-commerce
platforms. The decision-making order of the supply chain is as follows. First, the
manufacturer, as the leader, decides whether to implement the dual channel strategy.
If the dual channel strategy is not implemented, the optimal decision can be solved
according to Case 1. If the dual channel strategy is implemented, then in the second

decides whether to Sets the retailer
implement the dual chain strategy price p; and p,
The manufacturer
platforms

Sets the service
level s; and s,

Fig.2 Decision Sequence in Case 2
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step, the manufacturer needs to decide the optimal retail prices p, and p, of the two
platforms to maximize its profits. Finally, the two e-commerce platforms determine
their service levels s, and s, based on the retail prices p; and p,. Figure 2 describes
the decision order of the manufacturer and e-commerce platforms in the case of dual
channels. In addition, the e-commerce platform mainly determines the proportion of
the commission according to the product type. In this paper, the manufacturer sells
the same product, so we assume that the commission ratios are the same, that is,
6,=06,=0.

After adopting the dual channel strategy, the profit of the manufacturer is as
follows:

7y = (L= 6)py(0a — fipy + v1py + pys)) + (1 = 8)p,[(1 — 0)a — pyp, + 1opy + Ups,]
©)

The profit functions of platform 1 and platform 2 are as follows:
T = 6pidy —ki5° /2 = 6p,(Ba — Bip, + 11py + mys)) — Ky /2 (6)
T = 8pady = kys3/2 = 6pa[(1 = 0) = Bopy + 10y + s3] = kas3/2 (7
The equilibrium optimal solution is solved by the backward induction method.

Theorem 2 The optimal decisions of the manufacturer and e-commerce platforms
are as follows:

ak;[ky(ry +72)(1 = 0) +20(ky 5 — 543)] aky {(1 = 0)(2k; By = 2643) + Ky 0(ry +72)}

P1= P2 =
LAy - Dby — 812 — Kk 12 Ak By — S Kay — 813) — Kika(ry + 7)?
_abu{kyl(ry + 7)1 = 0) + 20,01 = 28643} aduy(2(1 = 0)(ky By = 6u]) + kK 6(ry + 1))

N 38 = .
4(ky By — 842) (ko By — S12) — kiky(y) +12)? 4k, By — SuB) oy — 813) — ki oy + 12)?

From Theorem 2, the following propositions can be obtained.

op, 0s, ap, 0s,
) —>0, — >0, — <0, —= <0.
M 00 00 00 00

Jp, Jp, s, s,
2) —>0, —=>0, — >0, —=>0.
2) ) > ) > ) 06

Proposition 4

Proposition 4 shows that retail price p, and service level s, are positively corre-
lated with market share 6 of channel 1, while retail price p, and service level s, are
negatively correlated with market share 6 of channel 1. An increase in 8 means that
the market demand of channel 1 increases, which leads to an increase in the retail
price of channel 1. In summary, on the one hand, the market demand of channel 1
increases; on the other hand, the retail price p, also increases, thus bringing higher
profits to all enterprises in channel 1, which stimulates platform 1 to improve its
service level. However, with an increase in 6, the demand of channel 2 decreases
accordingly. Similar to the previous reasons, retail price p, and service level s,
decrease.
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According to Proposition 4, the higher the proportion of revenue extracted by
e-commerce platforms is, the higher the retail price and service level of products
will be. An increase in § means an increase in the cost to the manufacturer, which
reduces its earnings. To compensate for the loss, the manufacturer voluntarily raises
the retail price. On the other hand, the increase in profit proportion extracted by
e-commerce platforms increases their revenue, which makes the e-commerce plat-
form more active in improving the service level. Therefore, both the retail price and
service level increase with the increase in 8, which is consistent with the conclusion
of a single channel in the previous part.

Proposition 5

2

ey
ap

apl 1

— <0, <0, — <0,
B, op, op,
% < 0’ % < 0, ﬁ ﬁ
0P, 9P, 0B, 0P,

Proposition 5 shows that the retail prices p, and p,, service level of platform 1
and service level of platform 2 are positively associated with the price elasticity
coefficient of platform 1 and platform 2 when the second e-commerce platform is
taken into account. This is because as f; increases, all else being equal, the price has
a great effect on demand, which leads to a decrease in demand. To increase sales
and obtain higher income, the manufacturer actively reduces the price of products,
which attracts more consumers to buy products. Low-prices have two effects. First,
a low-price lead to higher demand, which increases the income of enterprises; sec-
ond, a low-price reduces the company’s earnings. Nevertheless, the negative effect
dominates the positive effect, and therefore, the revenue of enterprises eventually
decreases. Therefore, the willingness of e-commerce platforms to improve their ser-
vice level decreases, which leads to a decrease in service levels s and S5

)] <0.

(@) <0, <0.

Proposition 6

0 0 op ap as Js Js as
Pr P g 222509 Lolyg 2o 250
dy;  0n, dy;  On dy;  In, dy;  On

Through Proposition 6, the increase in cross-price elasticity y, means that the
price of channel 2 has a great impact on the demand of channel 1, so channel 1
obtains a greater demand. Facing a higher demand, the manufacturer increases
the price of products to obtain higher profits. In other words, if other conditions
remain unchanged, the revenue of both the manufacturer and e-commerce plat-
forms increases. In addition, the increase in e-commerce platform revenue promotes
the improvement in its service level, so the service level s, also increases with the
increase in y;. Cross-price elasticity y, is similar to y;, so we omit it.
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Proposition 7

d d ds s

(1) ﬁ>o, ﬁ>o, —L1>0, —2>0.
oy ouy i oHy
ap ap Js as

2 — >0, —2>0, — >0, —= > 0.
oy oy oy Oy

Many scholars who have studied the service level in the supply chain, such as
Han [48, 49], have reached a similar conclusion; that is, the optimal retail price and
the optimal service level in the supply chain are positively correlated with the ser-
vice elasticity coefficient ;. The increase in u; and p, indicates that service levels s
and s, have a highly positive impact on demand. In other words, if 4, and y, increase
while the retail price and service level remain the same, then the demand for each
channel increases. When the demand increases, the price of products from all chan-
nels rise due to the manufacturer’s pursuit of profit maximization, which increases
the profits of the manufacturer and e-commerce platforms. The increase in e-com-
merce platform revenue leads to the improvement in service levels s, and s, which is
consistent with the impact of the cross-price elasticity coefficient.

Proposition 8

Jp op, Jp op
(D dk: Oak <0 <Oak‘<0 2<0 d <O

ky(ri+1n)? . . 95, . ‘3_
2) Ifp, < P is sansﬁed, ak, > 0. 0therwzse, 7 <0.

3) Ifp, < % is satisfied, 37 > 0. Otherwise, 37 <0.

According to Proposition 8, we can conclude that there is a negative correlation
between k; and the optimal decision, which excludes s " There is a negative correla-
tion between k, and the optimal decision, which does not include Sy

The increase in k; means the increase in the cost of e-commerce platforms. To
maintain its own profits unchanged, the e-commerce platform will reduce the ser-
vice level, which will force the manufacturer to reduce the price of its products.
To ease the channel conflict, the price of products in the other channel will also be
reduced accordingly, which will force the other e-commerce platform to reduce its
service level.

For e-commerce platforms, service level is affected by their own price elasticity.
If the price elasticity g, is less than the threshold, the supply chain relies more on the
service level to adjust the market. Therefore, the increase of k; will not reduce the
service level. However, when f, exceeds the threshold value, the influence of price
on the market increases, so when the service cost increases, the supply chain relies
more on the price to adjust with the market.
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5 Comparison and analysis
5.1 The optimal solution of centralized decision making

We obtained the optimal solution in the case of a single channel and the optimal
solution in the case of a dual channel by using reverse induction in the third and
fourth parts. Next, we make a comparative for the two cases.

In the fourth part, we found that the manufacturer and e-commerce platform
can achieve their optimal profits when they make decentralized decisions in the
context of a single channel. To determine the optimal profit in the case of a single
channel, we solve for the optimal profit in the centralized supply chain under the
background of a single channel. In the centralized situation, there is a centralized
decision maker to determine the optimal price and service level at the same time
to achieve the optimal profit of the whole supply chain. Therefore, the profit of
the whole supply chain is shown in the following:

. = pid—kis1/2 = py(a=Pip; + wys,) = kys7/2 @)

Theorem 3 The optimal solution and profit of in single channel as follows:

ak, ap, a*k,
= ) S, = s T, = .
2k, By — /4% ¢ 2k, ) — /4% ¢ 4k, p, — 2/4%

P

Corollary1 >z + 7.

In the case of centralization, the decision-maker’s goal is to maximize the over-
all profit. However, in the case of decentralization, the decision-making goal of the
manufacturer and e-commerce platforms is to maximize their own profit, which
leads to a double marginal effect and reduced benefits to the supply chain, which is
consistent with the conclusions of Li [50] and Wang [51].

This research conclusion can be explained as follows: in the case of decentralized
decision-making, the manufacturer increases the price of products to achieve higher
profits, which leads to the reduction of demand. In addition, e-commerce platforms
improve their service level. However, the marginal production effect of factors of
production is diminishing, so the increase in demand caused by the improvement
in service level is less than the negative effect brought by the increase in price. This
ultimately leads to a loss of benefit.

Next, we discuss centralized decision-making under the background of dual chan-
nels. In the case of centralization, the profit function of dual channels is as follows:

7, =p10a— pipy +v1p2 + py51) + pol(1 = 0)a — Pops + vopy + HaS,] — kls%/Z - sz%/Z

Proposition 9 The optimal solution and profit of supply chain in dual channel are as
follows:
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_ ak, {ky[—(y; +y)(1 —0) — 28,01 + 9/4§}
kiky (=481 + (ry +12)* + 2/61,31/1% + y%(Zkzﬁz - ;4%)]

Pic

_ aky[2k, By (1 = 60) + ky(y; + 12)0 — (1 = O)u;]
kiky[—=4B1 By + (ry + 12)* + 2Kk By /45 + M%(Zkzﬂz - M%)]

pZC

. apy {ky[=(y; + 1)1 — 0) = 25,01 + 043}
' kyky[—4P, By + (ry + 12)* + 2k B ? + 122Ky By — 12)]

. = apr[=2k By (1 = 0) = ky (v, + 7200 + (1 — O]
2 ko [=4B1 By + () + 1) + 2K By i3 + 122k By — i2)]

L @l = 0Pk — i) + k6l — ) + ik, + 7001~ )]
¢ 202k By — 1) 2ky By = p3) = 2kiky(yy +72)?

To obtain the equilibrium channel strategy, we perform a comparative analysis of
the profits of the manufacturer and supply chains under the background of a single
channel and dual channels.

5.2 Comparative analysis of profit

To determine whether there is a double marginal effect in the case of dual chan-
nels, we compare the optimal profits of centralized decision-making and decen-
tralized decision-making in the case of dual channels. However, due to the com-
plexity of the analytical solution, we use numerical analysis to determine in
which case the overall profit of the supply chain is greater.

According to the assumption in the third part of this paper and the practical signif-
icance of the parameter, we allow O to vary in the range of [0,1], assuming 6 = 0.1,
bh=ph=2,vi=v,=1, uyy=p, =15, and k; =k, = 5. Figure 3 describes the

Fig.3 The difference between
the optimal profits of central-
ized decisions and decentralized
decisions under the background
of dual channels
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difference in supply chain profits in the context of centralized decision making and
decentralized decision making when @ varies in the range of O to 1.

According to Fig. 3, we can draw the following conclusions. First, the differ-
ence between the total profit in the case of centralization and the total profit in the
case of decentralization is always greater than 0. Therefore, there is a double mar-
ginal effect in the case of decentralization. Second, the profit difference decreases
with the increase in 6 and then increases with the increase in 6. Then, we can con-
clude that in the context of decentralized decision making, the profit is the lowest
when the two channels share the whole market fairly equally.

Next, we conduct a comparative analysis of the manufacturers’ profits.

In the fourth part, we obtain the optimal prices and the optimal service levels.
Then, by substituting them into the profit function, the manufacturer’s maximum
profit can be obtained as follows:

a(=1 4 8){ky8ut(1 = 0)2 = ky [ko By (1 = 002 + ky(yy + 72 — 710 — 120 + f20) — 562431}
T, =
4(ki By — D)k fy — 813) — kiko(yy + 72)?

m

Then, to obtain the optimal strategy of the manufacturer, we compare the optimal
profit of the manufacturer in the case of a single channel with that in the case of dual
channels.

(1 = &)k (ry + 7)1 = 0)0 + ky(1 = 0P (ki py — 643) + k1 02 (ho o — 613)] k(1 — 6)
- = -
m 4k, By — 3u2) ey By — B2 —kiKy(ry + 72)? 4ky By = 8p7)

Corollary 2

(1) If B, > By is satisfied, x,, > =, . otherwise, x, < 7, .
(2 1If B,>p; is satisfied, m,>xn . otherwise, zn <m.where
Kk [4B7(1 = 07 = 48,00 = D, + 1) + (11 +72) 1= 45,6(6> = 1) )

L 4601 = Ok 831+ 0) + 2K (1 = 0) + a0y, +72)] +48°(1 = 0P ko]
By = 4k Ky (ky By =617)(1-02)

K {al4p7(1 = 6)? = 45,6(8 = D(ry + 1) + (1 + 1)1+ 26, (1 = 693}
_ —kyui(0 = DI=(1 + 0)ps; + 4k, 51 (6 = 1) = 2k;0(r, + 7)1 + 4(1 = 0k
2kiky 2k, By — (1 — 62)

s
2

According to Corollary 2, when f, exceeds the threshold value 7', to obtain more
sales, the manufacturer will reduce the price of the second channel, which will lead
to the decrease of the service level of the second channel. Besides, to mitigation the
channel conflict, the price and service level of the first channel will also be reduced,
which will bring negative effects to the manufacturer’s profits. Finally, the opening
of that new channel will lead to the loss of the manufacturer’s total profit.
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Similarly, when the price elasticity f, exceeds the threshold £, the profit of the
whole supply chain decreases. Thus, for the whole supply chain, the implementation
of a single-channel strategy can yield more profits.

From Theorem 2, we can obtain some management enlightenment. Before decid-
ing whether to add new channels, the manufacturer should conduct research on the
users of the new e-commerce platform. If the consumers of the new channel are not
sensitive to the price, then the manufacturer can implement the channel strategy;
however, if the consumers of the new channel are sensitive to the price and exceed
a certain threshold value, then the manufacturer’s best choice is not to add a new
channel.

Corollary 3

(1) Ifinequality —1426 < 0, then when 0, < 6 < 0, is satisfied, the threshold values,
which were defined in theorem 2, B3 and B3, have the following relationship:
B3 > By'; otherwise, 5 < ;.

(2) Ifinequality —1426 > 0 holds, then when 0 < 0, or 6 > 0, is satisfied, the thresh-
old values, which were defined in theorem 2, 3" and B have the following rela-
tionship: 5 > B'; otherwise, f; < B3'.

When
_ kyp? B Sy (ry + 72)% + kikyut 13 (ry + 122 + 22k, By — uP)(ky By — 5#%)#3]
Uk k2 202k, y = i)k By = Su) (K iy + Ky p3)?
_ kZM% k%[kgﬂ?(yl +712)* + klkzﬂ?ﬂg(h +72)? + 22k — ﬂ%)(klﬂl - 5#%)#;]
=
kzll% + k]M% 22k py — ﬂ%)(klﬁl - 5#%)(1(2/4% + klﬂ%)z

According to Corollary 3, when 6 and 0 satisfy the above inequalities, the value
of is greater than that of . Otherwise, the value of is less than that of . Therefore,
according to Theorem 3, we can obtain the equilibrium channel selection strategy of
the manufacturer and supply chain, as shown in Corollary 4.

Corollary 4

(1) If B5 < B3 holds, then when ' < p,, the optimal strategy of manufacturer and
supply chain is not to add new channels. When B < f, < B3' is established,
the manufacturer implements the dual channel strategy, although this strategy
is not optimal for the supply chain. When B, < p;, the equilibrium strategy of
manufacturer and supply chain is to add new channels.

(2) If By < B, is true, then when B < p,, the optimal strategy of the manufacturer
and the supply chain is not to add new channels. When p, < 7', the equilibrium
strategy of the manufacturer and the supply chain is to add new sales channels.
However, when By < B, < f;, the manufacturer’s equilibrium strategy is not
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to add new channels, but for the whole supply chain, the development of new
channels can bring higher profits.

The equilibrium strategies of the manufacturer and supply chain are as follows:

According to Corollary 4, we can conclude that there are four situations that arise
when the manufacturer and the whole supply chain choose their strategies, namely
(Dual channel, Dual channel), (Dual channel, Single channel), (Single channel, Sin-
gle channel) and (Single channel, Dual channel).

Next, we will briefly explain the above four cases.

When f < p7' is satisfied, the value of f, is divided into three regions, as shown
in Fig. 4(1).

In Region I, 8, < ﬁ; < ﬂ;‘, according to the conclusion of Theorem 2, the imple-
mentation of a dual channel strategy can increase the profits of the manufacturer and
the supply chain. The choice of the manufacturer is to implement the dual channel
strategy. In Region II, since f < f,, the implementation of the dual channel reduces
the overall profit of the supply chain. Therefore, the optimal choice is not to imple-
ment the dual-channel strategy. However, for the manufacturer, the implementation
of dual channels can bring more profits, so the manufacturer tends to implement the
dual channel strategy. As the manufacturer is the leader, the manufacturer eventually
adopts the dual channel strategy, which has a negative effect on the profit of the sup-
ply chain. In Region III, after the dual channel strategy is implemented, the profits
of the manufacturer and the whole supply chain are reduced, so the manufacturer
continues to implement the single channel strategy, which is also beneficial to the
supply chain.

When S < f; is satisfied, the value of f, is also divided into three regions, as
shown in Fig. 4(2).

In Region IV, when g, < fJ' < f] is satisfied, the implementation of the dual-
channel strategy can make the manufacturer and the supply chain obtain more
profits, so the manufacturer implements the dual-channel strategy. In Region VI,
B3 < B5 < P; under this background, the implementation of the dual channel strat-
egy not only reduces the profits of the manufacturer but also reduces the profits of
the supply chain. Therefore, the single channel strategy is the optimal strategy. In
Region 'V, since f, < f, the implementation of dual channels can bring more prof-
its for the whole supply chain, so the dual channel strategy is better for the supply

Region | Region 1l Region [I]
M > /,
s 2
Region [V Region V Region VI
@ > 5
28 e

Fig. 4 Different intervals for the value of f,
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chain. However, the implementation of the dual channel strategy reduces the profits
of the manufacturer, so the manufacturer prefers the single channel strategy.

Therefore, when ' < f, < f;, adding a new channel can bring higher profits for
the whole supply chain, but it will lead to the decrease of the manufacturers’ profits.
Thus, e-commerce platforms in the new channel need to provide incentive measures
to attract the manufacturer to open up a new channel.

Next, we design a transfer payment contract to support the coordination between
the manufacturer and the e-commerce platform. The specific decision-making order
is as follows: first, the e-commerce platforms determine their respective service lev-
els to maximize their own profits; second, based on the service levels determined
by the e-commerce platforms, the manufacturer determines the optimal retail price;
finally, the e-commerce platform in the new channel decides the amount of transfer
payment to attract the manufacturer to open up a new channel.

Then, the profit functions of the manufacturer and e-commerce platforms are as
follows:

xl = (1= 8)p;(0a— Bip, + 1Py + mys) + (1 = &)py[(1 — 0)a — pop, + vops + o5, + F
9
ﬂeTl =6pd; — le%/2 = 6py(0a — Bipy +v1py + Hy5)) — kls%/Z (10)

ﬂETZ = 6p,d, — k2s§/2 — F=6p,[(1 = 0)a— fyp, + 1op| + HaSy] — k2s§/2 -F
(an
Because the size of the transfer payment is independent of decision variables p,,
D», 5; and s,, the optimal profits of the manufacturer and the e-commerce platforms
are as follows:

o= ag(] — )ky(1 = 0)*(k, By — 5;4%) + k0% (ky B, — 5/45) + ki k,0(1 = 0)(yy + 12)] P
" 4k, By — 5#%)(k2ﬂ2 - 5#%) —kiky(y +1)?

. k85120 — Ok By — 8} + kO + 1)
< 204k By = 6u)ka By = 515) = kyka(yy + 7))
asky812(1 = 0)(ky By — S47) + Ky 0(ry + 1)U 2(1 = O) Koy — 843)(ky By — 6117)
+ —kikyy 1 (ry + 7)1 = 0) + k1 0(y, — v)(ky By — 5#% 1
[4(k, B, — 8u2)(ko By — B113) = kyko(y) + 72

Only when the following inequalities hold simultaneously can the contract coor-
dinate the whole supply chain effectively.

nh=n,—F>0 (12)

; k(-0

T >n, =—-—
"o AK1BL - 483

13)
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According to inequalities (12) and (13), we can find that the value range of trans-
fer payments is [M,, M,].where
a2k (1-8)  ay(1=8)lky(1=0)*(ky 1 =6 u7) + ky 0% (ky =6 13) + k1 kn 0(1=0)(y, + 1))

R 4k, By =0 1)) (ky fr=613) = kiky(vy + 12)?

1

5

2a3ky8[2(1 = 0)(ky By — Su7) + ki 0(r, + v )1 2(1 = O)(kafy — 813)(ky By — SuT) — kykyyy (vy +72)
=0+ k0 = 1)y — 33} = a3kyd i3 12(1 = Ok By = 6) + ki Oy + 1)
: 2[4k By — 5ﬂ|2)(k2ﬂ2 - 5#%) —kiky(y + 72)2]2

Therefore, when the value of fixed payment falls in the range, the e-commerce
platform attracts the manufacturer to open up a new channel through fixed payment.
In this context, it is better for the manufacturer and the whole supply chain to open
up a new channel.

6 Numerical analysis

In this section, following previous studies He [52], we perform numerical analy-
sis of the above decisions obtained in different models to illustrate the theoretical
results and explain some management insights.

6.1 Sensitivity analysis of the optimal decision

To examine the effect of a on the optimal decision, we assume 6 = 0.1, §; = f, =1,
nn=vr.=1 u =pu, =15, and k;, =k, =5. Moreover, a and 6 are independent
variables.

The relationship between decision variables and parameters a and 6 is shown in
Fig. 5

Figure 5 demonstrates that the optimal decision is positively related to the poten-
tial market demand a, and the equilibrium solutions are identical because of our
symmetric assumptions on the parameters between the two chains. Besides, 6 has
a significant impact on the equilibrium decision of each channel. Specifically, the
increase in 6 will make the first channel gain more profits, which will make the first
channel set a higher price and service level than the second channel, and vice versa.

The impact of the price elasticity on the optimal decision is shown in Fig. 6. In
the context of the dual channel strategy, the optimal price (p¢, p3, p% and p%) and
the optimal service level (s?, s3, s% and s4°) show a negative correlation with f,.
However, it is obvious that f, has a greater impact on the decision-making of new
channels. Similarly, the optimal price and service level are negatively correlated
with f,.

From Fig. 7, we can draw the following conclusions. First. in the context of the
dual channel strategy, cross-price elasticity has a positive impact on the product
price and service level. Furthermore, when the other parameters of the two channels
are symmetrical, the optimal price and service level of the two channels are equal.
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Fig.5 Influence of a (6=0.5) and 6 (a = 10)

Fig.6 The influence of f; on the optimal decision
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Fig. 8 The influence of y; on optimal decision making

@ Springer



348 OPSEARCH (2023) 60:326-369

Through Fig. 8, we can draw the following conclusions. First, in the context of
the dual channel strategy, an increase in y, leads to not only an increase in the ser-
vice level but also an increase in the product price. Second, in the case of centralized
decision-making, the manufacturer sets higher product prices, and the e-commerce
platform provides a higher service level. Third, the manufacturer and e-commerce
platforms are more sensitive to changes in y, when making centralized decisions.
The influence of y; on the optimal solution is similar to that of u,.The difference
is that the change in y; has a positive impact on the optimal decision of a single
channel.

Figure 9 prove the relationship between the service cost coefficient and the opti-
mal decision, and the conclusion is similar to the previous conclusion, except for the
relationship between the service cost coefficient and its own channel decision in the
context of centralized decision-making. Taking k; as an example, when the value of
k, is small, the service level of the first channel is significantly higher than the opti-
mal service level of the second channel. However, with the increase in k, sf“ drops
sharply, and the service level of the new channel gradually exceeds that of the origi-
nal channel. The effect of k, is similar to that of k;, so we omit it here.

Figure 10 shows that in the context of decentralized decision-making, the optimal
price and service level increase with an increase in 6. However, in the context of
centralized decision-making, the optimal decision-making of the manufacturer and
e-commerce platforms is not affected by the profit proportion.

Besides, the equilibrium solution under the centralized model is always larger
than that under the decentralized decision, which can also be found in Figs. 5, 6, 7,
8 and 9.

Fig.9 The influence of k; on the optimal decision
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Fig. 10 The influence of 6 on the optimal decision

6.2 Sensitivity analysis of optimal profit

In this part, we compare the profits of the manufacturer, e-commerce platforms and
supply chains under different backgrounds. The settings of the parameters are simi-
lar to those in the previous part.

As shown in Fig. 11, When the potential market capacity a increases, the profits
of the manufacturer, e-commerce platforms and the whole supply chain, whether
centralized or decentralized, increase. However, the change in the original channel’s
market share 6 has different effects on the optimal profit. when the original chan-
nel’s market share 6 is small, the increase in € leads to the decrease in the profit
of the supply chain; only when 6 is greater than the threshold value (0.5) does the
increase in € lead to an increase in the supply chain profits. Besides, the increase in
0 can have a positive impact on the profit of the first e-commerce platform, but it has
a negative impact on the profit of the second e-commerce platform. Therefore, the
manufacturer should take measures to ensure a large gap between the market shares
of the two channels to obtain greater benefits.

Besides, the profit proportion does not affect the optimal profit under the back-
ground of centralized decision-making, while it has an impact on the profits of the
manufacturer and e-commerce platforms. When 6 increases, the profit of the e-com-
merce platform increases, and the profit of the manufacturer decreases. Currently,
the increase in profit is greater than the decrease in profit, leading to an increase
in supply chain profit. However, when 6 exceeds a certain threshold, the decrease
in profit exceeds the increase in profit, leading to a decrease in supply chain profit.
Therefore, properly increasing the proportion of profits is conducive to increasing
supply chain profits.

Figure 12 verifies the conclusion of Theorem 2, which shows that when the value
of f, is small, the manufacturer and the supply chain can obtain higher profits by
adopting the dual channel strategy; however, when f, exceeds a certain threshold,
the manufacturer and the supply chain can obtain higher profits by implementing
the single channel strategy. In addition, we can conclude that price elasticity has a
negative impact on the profits of enterprises. Especially for the manufacturer and the
supply chain, an increase in f;(i = 1, 2) leads to a significant reduction in profits. The
impact of cross-price elasticity y; on enterprise profit is different from that of price
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Fig. 11 The influence of a, # and
6 on the optimal profit
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elasticity. In general, the increase in price elasticity y,(i = 1,2) has a positive impact
on the profits of enterprises, except for the profits of the j(j = 2 — i) platform.

Figure 13 show that service elasticity has little effect on the optimal profit, except
in the case of centralized decision-making. In other words, changes in y; and y, can
cause only slight changes in the profits of the manufacturer and e-commerce plat-
forms. This is also the case for the service cost coefficients. Therefore, it is unwise
for managers to invest many resources to reduce the cost of services and improve
profits under the background of decentralized decision-making.
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Fig. 14 Optimal profit before the implementation of the contract and the range of the transfer payment

6.3 Analysis of contract coordination

In the following section, we analyse the possibility of the designed contract to pro-
vide a reference for the decision-making of enterprises. we reassign the parameters
as follows: a=10,a=10,0=0.9, g, =25, =35, 7vi=r,=L uyy=u, =15
and k; =k, = 1.5. Figure 14 show the optimal profit of the enterprise before the
implementation of the contract and the feasible range of the contract under the new
background, respectively.

According to Fig. 14, we can conclude that with the increase in 6, the manufac-
turer’s profit decreases, but in the case of a single channel, the manufacturer’s profit
decreases to a greater extent. Figure 14 shows that the lower bound of the transfer
payment M, accepted by the manufacturer has a downward trend. Thus, when 6 is
too small, there is no possibility of coordination. In this case, the transfer payment
provided by the e-commerce platform cannot effectively stimulate the manufacturer.
However, when 6 increases, the possibility of coordination arises. With the increase
in 6, the transfer payment provided by the e-commerce platform gradually increases,
which eventually attracts the manufacturer to implement the dual channel strategy.
In addition, when 6 increases and exceeds a certain threshold (0.38), the manufactur-
er’s profit in the dual channel increases, which means that M, begins to be less than
0. Then, even if the e-commerce platform does not increase the transfer payment, the
manufacturer will implement the dual channel strategy.

7 Conclusion

In this paper, we study the manufacturer’s channel selection strategy, the manufac-
turer’s optimal price and the determination of the optimal service level of an e-com-
merce platform. In this paper, the market demand faced by the manufacturer is lin-
ear and depends on the price of products determined by the manufacturer and the
service level determined by e-commerce platforms. The basic model based on the
Stackelberg game is established. To explore the effectiveness of different channel
selection strategies, we consider an integrated system controlled by a single decision
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maker. Then, to maximize the profit of the supply chain, we design a transfer pay-
ment contract to support coordination.

Some interesting conclusions are obtained. First, in terms of the channel selec-
tion theory, different from the previous research conclusions, neither the single
channel strategy nor the dual channel strategy can always be in the dominant posi-
tion. Therefore, in practice, when the manufacturer decides their channel struc-
ture, it needs to carefully analyse the attributes of the new channel and compare it
with the original channel. In short, if the consumers of the new sales channel are
very sensitive to the price of products, then the manufacturer should not open up
the new sales channels; however, if the consumers of the new sales channel are
not sensitive to the price of products, the manufacturer should actively open up a
new sales channel. Second, in the case of decentralized decision-making, there is
a double marginalization effect, whether in the context of a single channel or dual
channels, which further proves the previous research on the theory of double mar-
gin. Thus, in practice, the manufacturer and e-commerce platforms should coop-
erate to obtain optimal profits under centralized decision-making and achieve a
win—win situation. However, inconsistent with our intuition, although centralized
decision-making eliminates dual marginal utility, the price of products under this
scenario is higher than that under decentralized decision-making. This is mainly
because in the context of centralized decision-making, the level of service pro-
vided by the e-commerce platform is higher, which eventually leads to higher
product prices. Thus, in the context of centralized decision-making, enterprises
can obtain more profits, and consumers can also obtain more benefits. In addition,
the contract we design is feasible and can effectively induce the manufacturer to
implement the dual channel strategy and achieve a win—win situation between the
manufacturer and e-commerce platforms.

Our study has some limitations. First, in this paper, we assume that the manu-
facturer is the leader of the supply chain. However, in actual transactions, some
e-commerce platforms have greater rights and occupy a dominant position.
Therefore, in future studies, the manufacturer’s channel choice can be analyzed
under different power structures. For example, the e-commerce platform is the
leader of the supply chain. Second, in our model, the manufacturer faces linear
demand, but in reality, enterprises face random market demand. Thus, it would be
an interesting extension to study the manufacturer’s selection of online channels
in the context of random market demand. In addition, there is only one manufac-
turer and two e-commerce platforms in our model, but there are multiple manu-
facturers and multiple e-commerce platforms in the real market. Therefore, more
interesting conclusions may be drawn if horizontal competition within the supply
chain is considered in future studies and more market players are introduced.

Appendix

Proof of theorem 1 The profit function of that manufacturer and that e-commerce
platform is as follows:
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7, =1 —=6pd=(1-06)a—pp+ usp (14)

o = 6pyd = kys7/2 = 8py(a—Bipy + mysy) = kys7/2 (15)

After taking the first-order derivative x, with respect to s, we have

1
oz, /0s = 6p u; — k;s;. Because d°z, /dst = —k; <0, the profit function is a
convex function of service level s, and there is an optimal s to maximize the plat-
form’s profit. From the first-order condition, the optimal solution can be calculated
as follows:

op1 1y
5p = 3 (16)

Substituting (16) into Eq. (14), we can find that under the given condition of s,
the optimal profit of the manufacturer is as follows:

T = (1= 8)a— pip, + 6pu3/k)p (17)

To maximize the manufacturer’s profit, we have the first-order derivative of the
profit function

or ,U% P15M12
— =p(1=8)(—-pf)+1=8)a— +—
o, i1 =8)(o = A+ A =8)a—=fip) + —77)

The second glerivative of the profit function with respect to p,; is

»? 8 . . . .

Fﬂz’“ =2(1 - 5)(% — p;). According to the assumption, k; is a sufficiently large
1 1

number, which is much greater than the other parameters. Therefore, we can judge

5u? . o .
that 2(1 — 6) % — p,) is less than 0. As a result of 0:2“ <0, r, is a concave func-
1 1

tion of retail price p;. According to dz_ /dp; = 0, it can be derived as follows:

ak,

P\ —/——:
Y20k By — B

(18)

When Eq. 18 is substituted into Eq. 16, the optimal service level of the e-com-
merce platform is

aéy?

=—1 19
20,6, — 62) e

51

By substituting Egs. (18) and (19) into (16) and (17), the optimal profit function
of the manufacturer and e-commerce platform is shown as follows:
a*k,(1 - 6)

= 20
4k, B —46/,t|2 (20

T
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a*k, 52k, B, — 35/4%)
8k p) — 5#%)2

21

Tl =

Proof of proposition 1 Accordrng to Egs. (18) and (19), we can see that when

p.o=—% __and 3 L
17 2k pr-6id) 20,5

can achieve optimal profits. Thelr optrmal profits are as follows:

the manufacturer and the e-commerce platform

@k, (1 - 6)
4k, py — 45/4%

T, =

@k, 52k, fy — 354°)

ey = 2
8(kyfy — éu7)
. % _ K, l)i _ 5;4% or, ak15(2klﬁl—35uf)
It is apparent 5 = 37— 512 oa 20k Pr—om2) " T Ak p—ouy and

on 2

o ak(1=8) ~
Toa 2k pi— 25#1 -So when 2k, f, 35'“1 > 0, that is, k;, >

getﬁ>0 >0—>O nd 2 “>0

is satisfied, we can

d.k > s ak B or, —a?ky(ky fy—u?)
Similarly, we can et =—1 = _Tahl e — 1T T gpd
; szﬂy(k 520 g 2k, 1 — 5;42)2 95 20k p—6p3R° 96 4k, py—642)?
ol 1155y My _ _ 2 . .
T —4(k1ﬂl Sy So when kp, u] >0 and kB —épu; > 0 is satisfied, we
can get > O > O 2 <0 and "1 (). Therefore, the conclusion of proposi-

tion 1 is proved

Proof of proposition 2 After taking the first-order derivative of p,, s, 7, and z , with

: op ak? Js adky u
respect  to , we can derive that =t =-——"'— 1 =— i
’ g % 2k pr=8uiY* Oy 2kypy=6147)
on @ki(1-5) om,, AR5k, py=2547) 2
= an 4 =—————= So when kB, —26u% >0 and
o~k p-ou? o, Ah o) 1131 Hi

0 (l
kb, 5/41 > 0 is satisfied, we can obtain —* 3, L <0, aﬂl L <0, 0/31 n <0 and 2 %, <0.

Therefore, the conclusion of proposition 2 is proved.

Proof of proposition 3 After taking the first-order derivative of p,, s, x, and z, with
o, ask 95, as(kyfy+5u?)

respect to we can derive that = =
P Hr om . B—a? om0

or, a? 5%k, py (ky 1 =361%) or,, @26k (1-6), s op adu?
Jll = Wanda—m = W—lﬁﬂfﬁ’ Similarly, we can get — = —m,
05, aspip,  Om, _ a*6ui(1-6) om, @& ui(k p=36u7)
ok T2k By ok, AU B—ei R om 8k f—dm)

So when k, f; — 36;41 > 0 and k ﬂl - 6;41 >0is satrsﬁed we can obtarn >0,
2>0,92 > 0,50 > 0,92 < 0,5 < 0,52 <0and 2 <0,

Therefore, the conclusion of proposmon 3 1s proved.

@ Springer



356 OPSEARCH (2023) 60:326-369

Proof of theorem 2 After adopting the dual channel strategy, the profit of the manu-
facturer is as follows:

7, =1 =8)pid) + (1 = 8)pd, = (1 = )py(0a — Bypy+yPatps))+(1 = 8)py[(1 = 0)a — Brpy+7,P 1 +HH,S]

The profit functions of platform 1 and platform 2 are as follows:

7, = 6p\d; — k5% /2=6p,(0a — Bp,+7\py+u;s)) — k5> /2 (22)

7,5 = 6pady — ko83 /2=6p,[(1 = 0) = Bopy+1aD 1 +125,] — ky53/2 (23)

In the third stage, platform 1 and platform 2 need to determine the optimal ser-
vice s; and s, based on the manufacturer’s given retail prices p; and p, to maximize

their own revenue.
. 0272'\ 0271\ . .
Since — = —k; < 0, =— = —k, < 0, there are optimal service levels s, and s,
sy 0s;

so that platform 1 and platform 2 can maximize their respective revenue. The first-
order derivatives of z_, to s; and 7, to s, are as follows:

orn

061 =-k;s; +pidp, (24)
S

orn
e2

0_s2 =-K;8, + p,6i, (25)

Therefore, let the first derivative order be equal to zero, and the optimal service
level is shown as follows:

D16y
5= K, (26)
P26,
H=7 27
2

Substituting Eqgs. (26) and (27) into the manufacturer’s profit function, we can
obtain

P

Sut P26u;
7, = (1= 8)p,0a = ipy+7ipyt——1+(L = Op[(1=0)a = fopy+7opy+——]
1

k 2
(28)
It can be obtain from Eq. (28) that the Hessian matrix of the manufacturer’s profit
function with respect to p; and p, is as follows:

6/412

21 -8 =)+ 1)1 -5)
(n+7)1=8) 21 =8} = )
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So we know that when kf, — 6;4]2 >0 and 4(k,p, — 5;4%)(/@,62 - 5;4%) —kk,
(y; + 7,)* > 0 are satisfied. we obtain the following inequality:

u? 2(1 = 8)(k, B, — 6u?)
<0

Hi _
2(1_5)(F_ﬁ])_ 3

H| = (1= 5)2[4(k1ﬁ1 - 5#%)(](2/32 - 5/43 — kiky(ry + 72)2] 50
- k1k2

According to the assumption mentioned above, the Hessian matrix of = with
respect to p; and p, is negative definite, so when its first derivative is equal to zero,
the optimal p, and p, can be obtained.

aky {ky(yy + 7)1 = 0) + 20(ky p, — 613)}

= 29
P 4By — 510k — 612) — koo, + 1) @9

P, = ak, {2(k, p; — 5#%)(1 = 0)+ ki (r; + 120} 30)
2 Ak By — SuP)kyBy — S12) — kyky(vy + 1)

When retail prices (29) and (30) are brought into the optimal service level (26)
and (27), the services of the platforms can be obtained as follows:

. = aop {ky(yy + 7)1 = 0) + 20(k, 6, — 5.”%)}
YAk By — 12 (ko By — S13) — kyky(ry + 72)?

3D

adpy {20k, By — suD)(1 — 0) + ky (v, + 7,)60}
52 = 5 5 > (32)
4(ky By — 6u)ka By — Sp3) — ki (vy +72)

Proof of proposition 4 The following equation can be obtained by calculating the
first derivative of p, p,, s, and s, to 6 respectively:

o, ak[2(kf, = u3) — ky(r + 1))
00 Ak, — s ko — 6142) — kiky(yy + 1)

0s, adu[2(ky By = 613) = ko (yy + 1))

90— 4k, — Su>)(kyfy — S12) — kyky(yy + 1)

ap2 ak,[2(k, g, — 5/4%) —ky(r; + 1)l

00 Ak By — 6D ko — S12) — kiky(yy + 72)?
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652 adp,[2(k, f — 5#% —ki(y; + 1)l
20 4k By — 5#%)("2/’2 - 5/45) = kiky(yy +12)?

According to the assumption when 2(k;f, — 6;42) —ki(y, +7,) > 0,1=1,2 satis-

iy p2
fies, wecanobtam - >0 aa > 0,2 — <0and 2 < ().

Similarly, we derive the optimal pricing and optlmal service levels for & respec-
tively. After simplification, we obtain the following equation:
2ak {265 8,17 [(r1 + 72)(1 = 0) + 2,01 + kot (K, vy + 72)[28,(1 = 6)
op,  +(ry +72)01 = 4647 ((y, + vo)(1 = 0) + 2,01} +46°0u} 17 )
96 [4(kpy — 511]2)(]‘2.32 - ﬂz) = kiky(ry + 12?12

Obviously, we can get that the denominator and 2ak; are greater than 0, so the
sign of % is consistent with that of Eq. (33).

23813 [(ry + 72)(1 = 0) + 28,01 + ky i3 {ky (ry + 12)[25,(1 — 6)

33
7y + 72001 = 45u71(r, + 72)(1 = 0) + 2,01} + 46°04; 43 &9

Next, we only need to determine whether Eq. (33) is greater than 0.

81 = 2k§ﬂ2ﬂf[(7’1 +7,)(1 = 0) +25,0] +kzﬂg{k1 (r1 +1r)[26,(1 - 0)
+ (1 + 1201 = 4647 [(ry + 1)(1 = 0) + 26,01} + 46°04s; 1
= 25 Bo i (ry + 12)(1 = 0) + 4G B3 042k ey By 15 (ry + 12)(1 = 0) + ki ka3 (ry + 12)°0
— dky 3 138y, + 72)(1 — 0)—8ky By a3 4360 + 450447 1i5
= 255517 (1 + 7)1 = 0042k ko By 15y + 1)1 = 0) = kot 161y + 7,)(1 = 6)
+ kikyp3 (1 + 7270 + 435 10 + 48704 13 8k By i3 47 66
= 2538511y + 72)(1 = 0) = 2y i3 176 (ry + 12)(1 = 042Kk ko 31y + 72)(1 = 0) = 2ky 3 6
(1 + 1)L = 0) + ky ko3 (ry + 7,)%0 + 4K3 B2 70— 4k By 12 1360 + 467017 i — 4y By i3 4360
= 21‘2/‘%(71 + 7)1 = 0)(ky B, — 5ﬂ§>+2k2142(71 + 7)1 =)k, p; — 5141
+ ky ko g3(r, + 12)°0 + 4y B 1 0(ky By — S113) + 4607 15 (ko By — S143)
Thperefore when k, f, — 5;412 > 0and k,p, — 6y§ > 0, we can get g, > 0, that is to
say, — — > (0 holds.
In the same way, we can get 2 > ( (the proof process is similar to that of > 0,
SO we omit it).
The derivative of s over 6 is as follow:
apy { =4y 3 (ry + 72)(1 = 0) + ky {345, 5, — (v + 72)*11(1 = 6)
95, _ (1 + 1) + 28,01 = 4k;6045[481 > — (ri + 12’1 + 86,6°0u })
96 [4(k, By — 5#%)(k2ﬂ2 - 5/45) = kiky (v, + 72?12

Obviously, the denominator of % is greater than 0, and ay, is greater than 0, so
we only need to analyse Eq. (34).
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= —4k, 6> i 51y + 1)1 = 0) + ki (K5 [46, By = (v, + 12)° My +72) ”
(1= 0) + 26,01 = 4k,80 43[4, , = (1, + 12)] + 85,570 113)}
Therefore, we only need to solve the inequality g, > 0.
Because the calculation process is too complex, we use Mathematic to solve the

problem. The results are as follows.
When f; > By and —uj < py < pj are satlsﬁed > 0.

Where
3 ky (1 +72) (ko[ (1 472)(1 = 0) + 28,61-466443 }
! Y2y [(r+72)(1 — 0) + 2B,0] — 4k, 665 + 2670415}

1 \/kl {k§ (45,8, (r1+72)1(r, ‘H’z)(l—9)+2ﬂ29]—4k259!4§[4ﬂ1 Br=(r1+712)*1+8, 62 9”3} In the

w1
i ky(y1+72)(1-0)82
same way, When g, > f and —p; < p, < p; are satlsﬁed 2 > 0.
Where

P ky (n+r2)* Uk [ +72)8 + 28,(1 = 0)]=46u7(1 — 6)}
2 A{3B [(r+r)0 + 2B,(1 — O)] + 4k, B8 3(1 — 0) + 282t (1 — 6)}

- +n)?l+ 8ﬁ252/4‘]1(1 -0)}

”*_1 kz{k%l4ﬁ'1 By = (ry + 1)1y +72)0 +28,(1 - 0)] - 4/(15!4%(] — 0)[48,5,
22 ky(ry + 128270

Then the conclusion of proposition 4 is proved.

Proof of proposition 5 Similar to the proof of propositions 3, the following equations
can be obtained by taking the derivative of p,, p,, s, and s, with respect to f(i=1,2):

o, _dkf(4k2ﬂ2 4613)[20(ky By — 5143) + ky(1 = )7y + 12)]
aﬂl [4(k1ﬂ1 - 5#%)("2/32 - /42) - klkz(}’l + 72)2]2

I, 2akiko(n + )20k = 513) + ka1 = O + 1))
9, (40, By = 81D hkaBy = 42) — iy, + 7222

s, ak,6u;(dkypy — 45u2)20(ky By — S42) + ky(1 = )7y + 12)]

p [4(Kk, By — S kofy = 613) = ki Ky, + 1)1
552 _ 201(%5#2(71 + )20k, B, — 5ﬂ2) + k(1 = 0)(y; + 72l
9B, [4(k, By — 5M2)(k2ﬂ2 —6p3) — k1k2(}’1 + V2)2]2
Therefore, when k,f, — 5/42 >0, =+ <0, Z;z <0, =+ <0 and < 0 can be
1

obtained. In other words, p,, p,, s, and s are negatively correlated w1th /31
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op, _ 2akS(yi + 11201 = 0)kify — u]) + K00y + 1))
9p, [4(k, B, — 5#%)("2/32 5/42) kiky (v, + 72)*1?

op,  4aki(kpy — U121 = )k By — Su}) + ki 6(r + 1))

B[4 By — opd)kaBy — 613) — kiky(ry + 1)
0s,  2aksu(ri + 1)I21 = O)(ki B — Su]) + K6(r, + 1))
9p, [4(k, B, — 5#%)(k2ﬂ2 5/42) kiky(yy + 72)*1?

ds,  Akadu,(kf — SHDI2(1 = 0)(ky By = 87) + ki Oy, + 72)]
b, [4(k, By — 5M2)(k2ﬁ2 - 5,‘42 = kiky(yy + 12)*1?

Therefore, when k,f, — 5,u]2 >0, Z;] <0, Z;z <0, ﬁ <0 and % <0 can be
2
obtained. That is, p,, p,, s, and s, are negatively correlated with f,. Then the conclu-

sion of proposition 5is proved.
Proof of proposition 6 Similar to the proof of proposition 5, we can obtain the deriv-
atives of P Py Sy and S, for y, as follows:

ap, _ akik[4ki By — SuDkaBy = 4813)(1 = 0) + 4y (ko = Su3)(ry + 1208 + Kiko(1 = )y + 1)1
9y [4(k; By — 8u)ka By — Bu3) — ki ko (ry + 12)* 1

ap, _ akikol4ko(k ) - 8D + 1)1 = 0) + 4k By — 5u)kafy — 5130 + K Ko (y1 +72)26]

9y [4(k By = 514%)(]%/32 5l42) kiko(ry + 72)?12

s, akop B[4k, By — 8P (ka By — 821 — 0) + 4y (kB3 — 12Xy + 72)0 + Ky Ko (ry + 72)2(1 = )]
oy [4k; By — 8Py — 813) — ky ko () + 72)2 1

,  akyuy6l4ky (ki By — 5/4] Y1+ 7)) = 0) + 4k, ) — 5/412)(k2ﬁ2 5#2)0 +ki ks (7) +72)%6]
9y [4(k By — 5#?)(k2ﬂ2 - 5142) = kiky(ry + 72)%1?

Similarly, the derivatives of p,, p,, s, and s, for y, as follows:

dap,  akik[4(kf) — Su)ky By = 4813)(1 = 0) + 4k (kp o — 613)(r1 + 7208 + K ko (1 = )y +12)*]

97, [4(ky By = SuD)ka By = 8113) = kiky (v + 72T

dp,  akiky[4ky(ki By — Su3)(r, + yz)(l = 0) +4(ky By = S ko By = 513)0 + KKy (ry +12)*0]
%) [4(ky By — Sub)ky By — Su2) — kiky(ry + 12?1
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0s,  akop 8l4tki By — SD) (ko — 813)(1 — ) + 4y (ko — 513)(r1 + 1200 + KKy + 12)2(1 — )]
or [k By = S kaBy = 813) = kika(ry + 12)*1?

ds,  akypuy8[4ky(kyfy — 5#%)(3’1 +7)(1 = 0) + 4k, p; — 5#%)(/%/72 - 5#%)0 +kiky (71 +72)%6]
o [4(k; By — Sub)kyfy — Su2) — kiky(ry + 12?12

When k) —6u? >0 and k,p, —6u; >0 are true, we can conclude that

. RN S N W R L
a7, (27} ’ 91, o ’ on oy, o

or,
Therefore, proposition 6is proved.

Proof of proposition 7 The following equations can be obtained by deriving p;, p,, s,
and s, from y, and p, respectively.

op, _ 8ak,ou,(kyf, — SHNN2(ky By — 843)0 + Ky (y, + 72)(1 = O)]
o, [4(k, p; — 5/4?)(k2ﬁ2 - 5/45) —kiky(yy + 72?12

& _ dak,ky(yy + v2)p [2(ky By — 5,‘45)9 + k(1 + )1 — )]

Oty [4ky ) — 6u)) (o By — 613) — kyky(ry + 12)* T

ﬁ _ad[2(kypp ~ 8130 + ky(yy + 72)(1 = D[4k, By — 5p) (ko By — 4813) = (1) + 12)*]
ou, [4(ky By = 613)(ky By = 6143) = kyky(ry + 7212

s, aki8%puyuy(ry + 1)[20ka By — 5u3)0 + ky(yy + 1)1 = 0)]

om [4ky By — Su)) (ko By — 613) — ik vy + 12)* 1

% _ dak ky(yy + 12)0uy[2(ky By — 5#%)(1 —0)+k(r; + 701

oy [4(k, B, — 5#%)(k2ﬁ2 - 5#%) = kiky(ry + 7)1

op, _ Bakyduy(kify — SHDI2(ky By = Su7)(1 = 0) + ki (yy + 1,)0]
ouy [4(k, B, — 5#%)(k2ﬁ2 - 5#;) — kiky(y) + }’2)2]2

0s,  4aky8uypy(yy + )20k By — SuD)(1 — 0) + ky (v, + 7,)6]
o, [4(k, By — Su)(ky By — S2) — kiko(y) + 7,)*T?

9s, _ adl2kpy Sub)(1 = 0) + ky (v; + rp)01[4(k B; — SuP)(kypy — 6143) — Ky k() + 72)*]
g [4(k, B, — 514%)(k2ﬂ2 - 5#% = kiky(yy + 72?12
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It can be conclude that, When k ﬁl - 5/41 > 0 and k,f, — 5/,12 > 0, we can infer
thata FPRE TR TRE PR % and— are greater than 0. Therefore, the conclusion
of proposition 7holds.

Proof of proposition 8 Take the first derivative of p,, p,, s, and s, with respect to k;(
i=1,2), respectively, and the following equation can be obtained:

Jp, _ 4515#% (kzﬁz - 5#3) [2(k2ﬁ2 - 5#;)9 + k2(7’1 + Yz)(l - 9)]
ok, [4(ky By — Su) (ko — 8143) = ko vy + 12212

P, _ _20/€25Mf(7/1 + 120k By = 613)0 + ky(yy + 12)(1 = )]
ok, [4(k1 By = SuD(aBy = 613) = kiky(ry + 12?12

asl 05141 [kr(ry + 72) —4p,(kyp, — 5/4 N2k, 5, — 5/4 )0 + k(v +7,)(1 = 6)]
ok, [4(ky By = 517)(ka By = 6 143) = kyky(yy + 12)?]?

o5, 2a8%ui (v, + 120k ffy = 8120 + kyl, + 12)(1 = 0)]
ok, [4(k, B, — 612 (ko — 612) — kiky(ry + 7, PP

o, 2ak8p3(n + )2k B = 8111 = ) + Ky (1) +7,)6]
ok, [4(k, By — SuP)(kyBy — 5142) — kyko () + 7,)*]

% B 4115M2(k By = SuDI2(k By — 5141)(1 —0) + ki (r, +7,)0]
ok, [4(k ) — 5#%)(](2.52 - 2) = kiky(yy + 72T

s, 2a8% py 5 (yy + r2)[2(ky By — Su)(1 = 0) + k(v + 1,)6]

Ok, (4(k g, - 51112)(]‘2,32 5H2) = kiky(ry + 7)1

ds, aduylk (v, + 12)* = 4B,k By — SuDI2(1 = 0)(ky By = 6u7) + kiky(ry +1,)0]
ok, [4(ky By = S ) ka iy = 615) = ky ko (v1 + 12)%1?

> ok, dkl ok, 0k, ok,
than O; when k,f, — 5/4]2 >0, kp, — é,ug > 0, kz(yl + yz) —4p, (k2ﬂ2 - 5/4%) <0

and k, (7, + y2)2 — 4B, (k\py — 6u?) < 0 —L and a— are less than 0.

Proof of theorem 3 The profit of the whole supply chain is shown in the following:
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ﬂc=P1d'k15%/2zpl(a'ﬁ1P1+P‘151) 'kls%/z (35)
According to Eq. (35), the Hessian matrix of z_ is obtained:

0*xt /op? a?ng/aplasl] _ [—2131 Hy

H= P /os;0p,  0*x*/os? o =k

2
] =2klﬁl - H >0
Therefore, the profit function is concave, and the optimal solution of 7, exists.

Then, in the case of centralized decision-making, the optimal price and service level
are as follows:

ak,
Po=r"7 36
¢ 2k By — M]Z (36)
ap
§. = l 2 (37)
Zklﬂl - Ml

Taking the optimal price and service level into Eq. (35), the optimal profit of the
whole supply chain can be obtained as follows:

2
a‘k,

T, =
IRT T G

Proof of corollary 1 According to Egs. (20) and (21),

N @k (1 = 6) +a2k15(2k1 By —36u>)  a*ki[2k By — 82 + 8)u?]
T 7T61= 2 2 >
" 4\ —Adu7  8(kyp, — 642) 8 (ki By — 6u7)

However, it can be seen from Eq. (38)
a*k,
=
4k, By — 2,
So,
a’k, a’ky[2k, fy = 62 + )u]
4k, p, — 2/4% 8(k\py — 5#%)2
3 a’k {8k, B, — 6/4%)2 — 4k, p, — ZMf)[Zklﬁl -6(2+ 6);4%]}
8(k p) — 5#%)2(4]‘1.31 - 2#12)

Obviously, a*k; > 0 and 8(k, f; — 6u7)* > 0, so when 4k, — 2u} > 0, we only

need to discuss 8(k, f; — 5/4%)2 — 4k, p, — 2/4]2)[2k1ﬁ1 -6(2+ 5);412].
Let g(5) = 8(k By — 512 — (4, By — 2uD)(2k, B, — 62 + 6)u]

S
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9g(6)
—5 = 8ky By (—1+8)u} + 6841 —2(2 — 36)u;
2
Due to a;@ = 8k, B2 + 121 > 0.
. 2%k . ..
So when %:O, that is, 5—%, g(8) is the minimum.
1H
2k Pipul A B =2u 2u Q=)

If we take 6_—2k1ﬂ1;4]2+3;4f into g(6), we can get g(6),,i, = T N Ty e

So when 2k, §, — ;4% > 0 is satisfied, more profits can be obtained in the case of cen-
tralized decision-making. Therefore, the conclusion of Theorem 1 holds.

Proof of proposition 9 We have obtained the Hessian matrix of 7, as follows:

=28 nn+r, mp O
ntr, =26 0
Hy 0 -k O
0 Hy 0 —ky

Since

~28, 7, +
b = ag -+ P,

nt+r. =26

=20 nitrom
ritr =26 0 | =k[-486+ (i + 1)l + 2132/4% and
Hy 0 -k

=26 vi+v, uy O

+ -2 0
n " 72 Oﬁl —k, /62 =2k B, — #%)(zkzﬁz - M%) — kiky(yy + 72)2-

0 Hy 0 —ky

when 47 — (v, +7,)* > 0, 2k fy — uD)(2kofiy = 13) = kiko(yy +1,)* > 0 and
ki [=46,8, + (r; + )] + Zﬁz,u% < 0 are satisfied, _ is a convex function of pj, p,,

s; and s,.
Therefore the ogtrmal decrsron can be obtained by making its derivative equal to
=0,—¢=0,-—==0a d =0.

Therefore we get the conclusron of proposmon 9.

Proof of corollary 2

(1) In the case of decentralized decision-making, the manufacturer’s optimal profit
under the single channel background is as follows:

@ Springer



OPSEARCH (2023) 60:326-369 365

_ &k(1-8)
Ak By — Asu3

ﬂm
In addition, the optimal profit of the manufacturer in the case of dual channel
can be obtained.
a*(1=8)[ky(1 = 0)*(k By — Su7) + ky (ky By — 643)0% + kK (y) + 12)0(1 — 6)]
T =

" 4k ) — 5/412)(k2ﬂ2 - 5#%) = kiky(yy + 12)?

So,

_ dtk(1-9) @(1=8)lky(1 ~ Y(ky fy — 6p7) + ky (ko — 814306 + kiR (yy + 12)8(1 — 6)]
4k By — 451412 4k py — 5I412)(k2ﬂ2 - 514%) = kiky(ry +12)?

T

m~m .

T, > 0 S=[a’k (1 = §)I[4(Kk By — Su]) (ko s — S143) — ko (yy +12)*] = 4(ky By — S1)
{2 (1-8)lky (1 = 0)*(ky By — Sp%) + ky (ky By — 82)0% + ki ey (1 + 12)0(1 = O)]} > O

Obviously, > > 0and 0 < 6 < 1, so

a’k;(1 = §)[4(k, B, — Su))(kyBy — 613) — kyka(yy + 1,)°] — a*(1 = 8)[kyp(1 — )
(ky By — 5#%) + ki (ky By — 5#5)92 + kiky(yy + )01 — 0)](4k, ) — 45/412) >0
& ky[40ky By = SRy = 81u3) = kiky(ry + 12)°] = ho(ky By = Sp)(1 = 0)°
+hy (ky By — 613)0° + kyky(vy + 72)(1 — 0)01(4k By — 46p7) > 0

By solving the above inequality, we can get the following conclusion:
When

Iy [4B7(1 = 6)7 = 48,00 — 1)(yy +12) + (11 + 121 = 4$,6(6” — D3}
—45(1 — Ok, 12 [8(1 + )2 + 2k, B, (1 — ) + ky0(y, + 7)1 + 46%(1 — 0)* ki
Ak ey (ky py — 813)(1 = 62)

By > By =

s

ky[4(ky By — 1)k By — 813) — kyky(vy + 12)*] — [ho(1 = 0)*(ky By — 6447)

s ) , that is
+ky(ky By — 6145)0” + kiky(yy + 7,)0(1 — O)1(4k, By — 46u7) > 0
ﬂ'm < ﬂm.
(2) According to Theorem 3 and Proposition 9
a2k, @’y (1 = 02 (2ky By — 1) + k1 622y 3 — 13) + 2k ky(vy + 72)(1 — 6)6]
Te—Re = -
4k, By — 2#% 22k, py — M%)(Zkzﬂz - #%) = 2kiky(yy + 72)?
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@2k @l =02k fy — u}) + k6> Qkafs = 1) + 2hiks (1 +12)(1 = 0)6] o
4y By = 2u3 202k, ) — 12y — 12) = 2kikyry + 72
& @’k 202k By = 1)Koy = 1) = 2 oy + 1)) = @y (1 = )k By = ) + Ky 022k — 143)
+2k ky (ry + 1r2)(1 — 0)01(4k, By — 2;4%) >0

n.—n.>0&

& ki [22k, ) — 4D 2hkofy — 13) — 2k1 Ky (vy + 72)*] — [y (1 — )22k, By — ) + k1 0% (2K — 113)
+2k ky (1 + 1)1 — 0)01(4k, ) — 2;4%) >0

After using Mathematica for calculation, we can obtai the following conclu-

sions:
When
Iy [4B1(1 = 0)* = 48,000 — D)1, + 12) + () + 72)° 1+ 28,(1 — 0%)p3}
o k(0 = DI=(1+ 03 + 4k 10 = 1) = 2k,0(r, + 1)1 + 4(1 = )’ kp
ﬁZ > ﬁz =

2k ky 2k, By — 12)(1 — 62) ’
n, > r, Otherwise, 7, < 7.

That is, corollary 2 holds.

Proof of corollary 3

K (ko [4BT(1 = 02 — 48,000 — D1y + 12) + (ry + 12)" 1+ 28,(1 = 07)p3)
—ky p2(0 — DI—(1 + O)u + 4k, (6 — 1) = 2,0(r, + 1)1 +4(1 — 0)*kypi

hrie 2Kk K, By — 21— 07)

I Uy [4B7(1 = 0)7 = 48,000 — D(ry + 1) + (r1 +72)°1 = 48,8(6% = D3}

—45(1 = O)ky 2 [8(1 + O) 2 + 2k By (1 — ) + kyO(ry + 72)] + 487 (1 — 0 ko pi o
>
ki ky(ky By — Sp2)(1 — 62)

& 4k ky(ky fy = S )(1 = 02 (I (o [4B7(1 — 0)7 — 48,00 — Dy, +72) + (g + 1)1+ 28, (1 — 023}
— k1200 = DI=(1 + )3 + 4k, 8,0 — 1) = 2,0y, + 7)1 +4(1 — 0)*hypit} — 2k, ky 2y By — p2)(1 — 67)
(I {ky[4B7(1 — 0)> — 4B,6(0 — 1)y, + 1) + (11 +12)*1 — 4B, 6(6° — Dp3 )=

46(1 = O)ky 12[8(1 + )i + 2k, 1 (1 — 0) + ky 0(yy + 1)1 + 462 (1 — 0)*hyi}} > 0

& 20k By = SUDIK; Ky [4BT(1 = 6) = 48166 — Dy +72) + (1 + 1271 +28,(1 = 6743}

— k(0 = DI=(1 + )3 + 4k, 1 (0 — 1) = 2,00y, + 12)] + 4(1 = 0)*hy i} — 2Ky By — 117)

(2 {ky[452(1 = 0)* = 45,000 — D)(ry + 1) + (ry +72)°] — 45,667 — D3} -
46(1 = O)ky 43 [8(1 + O)i3 + 2Ky 1 (1 = 0) + kr Oy, + 1)1 +46%(1 — 0)* ki } > 0

& (—1+28){2k,8(1 — 0)? b — 4k 212 (1 — %) — 2ky it (1 — O)[ky By (1 + 28)(1 — 0) + S2(1 + 6)]

— ki Ul +12)7 — 4871 = 071 = 26,1 +26)(1 — 073 })
If -1 + 26 > 0, we only need to prove that

2k, (1 — 0)* b — 4k B3 (1 — 0%) — 2k, 1} (1 — O)[ky By (1 + 28)(1 — 0) + 551 + 0)]
=kt ko [(ry +7)* = 4871 = 0)*] = 2, (1 +28)(1 — 053} > 0

After using Mathematica for calculation, we can get the following conclusions:
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or

When —-1+26 >0,

<o = kyp? UG 1Y (ry + 72 + kiky it i3 (ry + 7202 + 22Ky By — )kt By — S5
= _
kop? + ky 4 \ 202k, By — )k By — S ey pd + ky p3)?
0> 0. = kop? N RIGu 1+ 72)? + kiko 2 13 (ry + 12)? + 20Kk, By — )y py — S5
b = ,
ko2 + ky 113 \ 202k By — uhky By — Sk i3 + ky p13)?

Similarly, when —1 + 26 < 0,0, < 6 < 0,.
Therefore, we get the conclusion of Corollary 3.
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