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Te progress of communication technology and the Internet has made the dual-channel supply chain have great development.
Supply chain members have to compete and cooperate with other enterprises on the chain in order to obtain greater self-beneft.
In the competitive-cooperative relationship among enterprises, price discrimination and sales efort are common tools of
operation, and Nash equilibrium theory is a common strategy in the process of supply chain game. Whether manufacturers can
promote retailers to implement sales eforts through price discrimination and ensure that the overall revenue of the supply chain is
improved at the Nash equilibrium is great signifcance to both the supply chain and individual enterprises. Tis paper constructs
a decentralized dual-channel supply chainmathematical model composed of an independent manufacturer, an ofine retailer, and
an online retailer, taking into account the impact of the ofine retailer’s sales eforts on his demand and its positive external for the
other channel.Te revenue matrix of retailers’ decisions about whether or not to pay their sales eforts is built under the condition
that manufacturers charge diferent wholesale prices to diferent retailers and solves the condition of every decision combination
becoming the Nash equilibrium using the Nash equilibrium game theory. Finally, the optimal pricing strategy of the manu-
facturers is analysed to get the constraints of this dual-channel supply chain achieving Pareto improvement when manufacturer
uses wholesale price discrimination strategy.

1. Introduction

Te increase in the number of personal computers and
smartphones, combined with the rapid popularization of the
Internet and the increasing perfection of logistics networks,
has resulted in a signifcant shift in consumer behaviour
patterns. Te penetration rate of online shopping has in-
creased signifcantly due to the fact that it provides cus-
tomers with a wealth of information and reduces various
restrictions on shopping. Because it efectively reduces the
operating costs of sellers, it has greater price competitiveness
and is preferred by merchants. To seize the market and gain
more benefts, enterprises begin to replan distribution
channels, and the dual-channel supply chain system with the
coexistence of online and ofine sales channels has become
a hot spot in theoretical research and enterprise practice.

Supply chain management aims to meet the needs of
consumers while maximizing overall benefts by co-
ordinating enterprises’ internal and external resources. As
an independent economic and decision-making entity, each
enterprise comprising the supply chain pursues proft as its
primary objective, and supply chain management must solve
the issue of how to efectively coordinate the relationships
between enterprises. Sales is the only way for enterprises to
obtain profts, and price, as the most sensitive factor af-
fecting sales, is crucial to the impact of corporate profts. Due
to the fact that the same product is sold through both
channels of the dual-channel supply chain, there is intense
competition between bricks and mortar and online retailers.
To compete for market share and increase profts, sales
eforts, such as increasing publicity and enhancing service
quality, have become essential. Zhang et al. [1] confrmed the
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important impact of sales eforts on the profts for supply
chain enterprises. However, sales efort has signifcant
positive externalities, and consumers are likely to free ride,
enjoying the sales efort of one channel while consuming
through another. For example, consumers accept the ser-
vices provided by ofine channels to learn about product
information and then choose online channels with lower
price for purchase (this phenomenon is especially common
in the sale processes of clothing and small household ap-
pliances). Te free-riding behaviour of consumers and re-
tailers has a signifcant impact on the willingness to pay for
sales eforts, which will eventually lead to the loss of the
overall efciency of supply chain. Terefore, it is of great
theoretical and practical value to investigate how to use price
to motivate retailers of diferent channels to make sales
eforts and to coordinate the dual-channel supply chain.

2. Literature Review

As a classic game theory, Nash equilibrium was widely used
to analyse the behaviour of supply chainmembers. Lu et al. [2]
used a progressive hedging algorithm to fnd Nash equilib-
rium of a two-stage supply-chain model constituted by
multimanufacturers andmultisuppliers. Liu et al. [3] analysed
dual-channel supply chain decision making in the presence of
market volatility and risk aversion and compared the dif-
ferences in decision making in centralized, manufacturers or
retailers as dominant player and Nash equilibrium. Te study
by Pal et al. [4] researched the dual-channel supply chain that
the sale price set by every player and vertical Nash and
manufacturer Stackelberg models were discussed in the
decentralized structure. Gou et al. [5] focused on the co-
operative advertising program of supply chain that manu-
facturers help retailers bear the corresponding advertising
costs and derived Nash equilibrium advertising investments
of manufacturers and retailers. Clempner and Poznyak [6]
used Nash equilibrium to maintain the decentralization of
departments and used strong Nash equilibrium to achieve the
optimal efect of centralized decision-making. Considering
two competing supply chains, Mahmoodi [7] transformed
internal and external competition of supply chain into
a bilevel programming problem by game theory and solved
Stackelberg-Nash equilibrium of this problem at the same
time. Liu et al. [8] developed a numerical scheme for com-
putation of Nash equilibrium and extended the method to set
distributional robust Stackelberg model to study hierarchical
competition of supply chain. Rofn and Mahanty [9] studied
how the speed of price adjustment afects the Bertrand Nash
equilibrium under the dual-channel supply chain environ-
ment and how retailers use the speed of price adjustment to
maximize their profts. Te research by Qian et al. [10]
showed that the prisoner’s dilemma in technology investment
can be avoided efectively and the interest of the social welfare
system composed of consumers, manufacturers, and tech-
nology suppliers can be maximized by asymmetric Nash
equilibrium.

On the other hand, as the main means of competition
and cooperation are among supply chain members, price
had been widely studied by many scholars. Liu et al. [11]

derived the method to refect the impact of consumer
overconfdence on market demand, pricing strategies, and
profts of supply chain members based on the analysis of
centralized and decentralized pricing strategies in dual-
channel supply chain. Liu and Zhang [12] analysed the
profts models and its pricing rules of dual-channel green
supply chain in the big data environment and verifed only
when retailers are willing to bear some cost of green pro-
duction technology, the optimal wholesale price is afected
by the cost-sharing parameter. Sun et al. [13] studied optimal
decisions in a dual-channel supply chain composed of single
supplier and two diferent duopolistic retailers for three
competitive behaviour patterns (Cournot, Collusion, and
Stackelberg) and found that supplier can achieve more proft
by raising maximum retail price or holding down self-price
sensitivity factor. Te study by Yang et al. [14] analysed how
the innovation input of retailers afects the supply chain
operation using Stackelberg game model based on consumer
utility theory and drew the conclusion that the optimal
efciency of supply chain is afected by retail prices,
wholesale prices, and innovation input levels. Te research
by Zhang et al. [15] showed that the dual-channel supply
chain under decentralized decision-making can get the same
optimal benefts as centralized decision-making using price
discount and compensation strategy. Hu et al. [16] found
that facing to the uncertain market demand, manufacturers
and retailers in the dual-channel supply chain are able to
achieve higher profts by cooperating than competing, so
they have a stronger willingness to make sales eforts. On the
basis of analysing the pricing strategy of dual-channel supply
chain in diferent decision models, Sha and Zheng [17]
applied modifed Shapley value with cost to realize the
reasonable distribution of individual benefts under the
premise of maximizing the overall revenue of supply chain.
Yan et al. [18] incorporated reference price to the design of
product line to refect the infuence of reference price on the
company and the consumer and it is concluded that the
optimal range of quality in product line will decrease with
the increasing importance of price comparison. Li et al. [19]
developed a duopoly game considering the free-riding cost
based on the Hotelling model to discuss the efectiveness of
the reference price mechanism and the results showed that
the brick-and-mortar/online retailers can beneft from
implementing the reference price mechanism separately.
Yan et al. [20] demonstrated that manufacturers are more
likely to choose a uniform wholesale price strategy rather
than price discrimination due to the role of innovation
incentives and the optimal pricing level depends on fuc-
tuations in market demand. Wang et al. [21] looked at which
is the better choice manufacturers or channels rebate and
formulated diferent rebate strategies using game theory on
the premise of considering rebate sensitivity. Yang and
Wang [22] took a supply chain consisting of a single
manufacturer and duopoly retailers as the target studied
information access and three-level price discrimination and
analysed how the price strategies of supply chain members
are afected by the proportion of high price sensitive con-
sumers and the diferent price sensitivities of consumers.Te
research by Zhou et al. [23] investigated the manufacturer’s
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behaviour-based price discrimination strategy with the re-
tailer’s information disclosure service in dual-channel
supply chain. Chen et al. [24] indicated that the robust-
ness of the business model will enhance with the develop-
ment of the trade-in program. Cai et al. [25] showed that
when cost saving and demand growth are large enough or
acceptance of online channel of consumer reaches a certain
level, the uniform pricing strategy will be superior to the
price discrimination strategy. Matsui [26] investigated the
supply chain system consisting of traditional retailers and
manufacturers integrating online channels and obtained the
optimal wholesale and retail prices using non-cooperative
game theory.

A comprehensive analysis of the existing literature re-
veals that research on the price coordination mechanism of
dual-channel supply chains primarily lacks in the following
three areas: First, the selection of research objects typically
focuses on vertical and partially centralized dual-channel
supply chains (i.e., manufacturer-owned network channels)
in four typical dual-channel supply chains [27–29], whereas
there are few studies on decentralized and horizontally
centralized dual-channel supply chains (i.e., manufacturers
and network channels are independent of one another).
Second, few studies have examined the efect of retailers’
sales eforts on the dual-channel supply chain, and even
fewer have examined the interaction between channels of
positive externalities of sales eforts. Tird, most studies
focus on the formulation of optimal strategies and the ac-
quisition of optimal values, which minimizes the harshness
of the conditions required to achieve the optimal and ignores
the possibility of Pareto improvement even if adequate
coordination of the dual-channel supply chain is not pos-
sible. In light of the aforementioned faws, this paper selects
the distributed dual-channel supply chain in which manu-
facturers, traditional retailers, and online retailers are in-
dependent of one another as the research object, fully
considering the sales eforts of each channel and the impact
of positive externalities on the supply chain, and employs
Nash equilibrium theory to analyse the conditions for
manufacturers to ensure the Pareto improvement of dual-
channel supply chain through positive externalities.

3. Materials and Methods

3.1. Assumptions and Parameter Settings. Tis paper con-
structs a distributed dual-channel supply chain consisting of
a single manufacturer, traditional retailers, and online re-
tailers and considers only the sales of a single commodity.
Manufacturers adopt the wholesale price discrimination

strategy, selling products to various retail channels at varying
wholesale prices. Traditional retailers only sell through
physical stores, while online retailers only sell through direct
online channels. Tere is no subordination between mem-
bers of the supply chain, and they make decisions in-
dependently and risk-neutral. In order to preserve
generality, the manufacturers determine the wholesale price
frst, followed by the two retailers, who each determine the
retail price of the channel.

Te key mathematical notations used in this paper are
listed in Table 1.

Considering that consumers of network channels are
often more sensitive to price in reality, it is assumed that
b2 > b1 > θ2 > θ1, λ2 > λ1 > μ2 > μ1.

Based on reference [30], fully considering the impact of
sales eforts on the demand of this channel and the impact of
its positive externalities on the demand of other channels,
the demand function of each channel of the dual-channel
supply chain is set as follows:

d1 � (1 − ϕ)a − b1p1 + θ1p2 + λ1c1 + μ1c2, (1)

d2 � ϕa − b2p2 + θ2p1 + λ2c2 + μ2c1. (2)

3.2. Model Establishment and Analysis. According to the
above hypothesis, the respective profts of traditional re-
tailers and online retailers in the dual-channel supply chain
are obtained as follows:

π1 � p1 − ω1( 􏼁 (1 − ϕ)a − b1p1 + θ1p2 + λ1c1 + μ1c2( 􏼁 − c1, (3)

π2 � p2 − ω2( 􏼁 ϕa − b2p2 + θ2p1 + λ2c2 + μ2c1( 􏼁 − c2. (4)

Because of the Cournot game between traditional re-
tailers and online retailers, judge (z2π1/zp2

1) � −2b1 < 0 and
(z2π2/zp2

2) � −2b2 < 0. It is known that p1 and p2 exist to
maximize π1 and π2.

Simultaneous and solve equations:

zπ1

zp1
� (1 − ϕ)a − 2b1p1 + θ1p2 + λ1c1 + μ1c2 + b1ω1 � 0,

zπ2

zp2
� ϕa − 2b2p2 + θ2p1 + λ2c2 + μ2c1 + b2ω2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(5)

It can be known that

p
∗
1 �

2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ1 ϕa + λ2c2 + μ2c1( 􏼁 + θ1b2ω2 + 2b1b2ω1

4b1b2 − θ1θ2
, (6)

p
∗
2 �

2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ2b1ω1 + 2b1b2ω2

4b1b2 − θ1θ2
. (7)
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Substituting equations (6) and (7) into equations (1) and
(2), we obtain

d1 �
2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ1 ϕa + λ2c2 + μ2c1( 􏼁 + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡b1, (8)

d2 �
2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡b2. (9)

To ensure that the market demand of each channel is
greater than zero, it is required that d1 > 0 and d2 > 0, and the
inequality set is solved as follows:

ω1 <
b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ1 ϕa + λ2c2 + μ2c1( 􏼁

b1b2 − θ1θ2
� 􏽢ω1,

ω2 <
b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁

b1b2 − θ1θ2
� 􏽢ω2.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(10)

Substituting equations (6) and (7) into equations (3) and
(4), we obtain

π1 �
2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ1 ϕa + λ2c2 + μ2c1( 􏼁 + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡

2

b1 − c1, (11)

π2 �
2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡

2

b2 − c2. (12)

Table 1: Notations used in this paper.

Symbol Description Additional information
d Channel demand d1, d2 ≥ 0

Subscript “1,” “2,” “3” Respectively represent the parameters of traditional retail channel, network direct
marketing channel, and manufacturer

a Total demand of the maximum potential market a≥ 0
φ Market share of the network direct sales channel 0<φ< 1
p Channel sales price
b Price elasticity coefcient b≥ 0
θ Cross-price elasticity coefcient θ≥ 0
c Cost of sales efort c≥ 0

λ Sales efort demand coefcient (the cost of c sales efort will cause λc demand
increase for this channel) λ≥ 0

μ Positive external spillover coefcient of sales eforts (demand increase caused by
sales efort of other channels is μc) μ≥ 0

π Enterprise proft
ω Manufacturer’s wholesale price ω≥ 0
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4. Results and Discussion

4.1. Nash Equilibrium Analysis of Traditional Retailers and
OnlineRetailers. As shown in Table 2, the incomematrix for
each retailer in the dual-channel supply chain with and
without sales investment was constructed.

When traditional retailers invest sales eforts, c1 > 0, and
vice versa, c1 � 0, and the same is true for online retailers.
Te superscript “I” is used to represent the investment

strategy, and the superscript “N” is used to represent the
noninvestment strategy. For instance, the superscript (I, N)
represents the strategy combination parameters when tra-
ditional retailers invest in sales eforts, but online retailers do
not. Using equations (11) and (12), we can obtain

A �
2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ1 ϕa + λ2c2 + μ2c1( 􏼁 + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡

2

b1 − c1,

B �
2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁 + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡

2

b2 − c2,

C �
2b2 (1 − ϕ)a + λ1c1( 􏼁 + θ1 ϕa + μ2c1( 􏼁 + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡

2

b1 − c1,

D �
2b1 ϕa + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1( 􏼁 + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡

2

b2,

E �
2b2 (1 − ϕ)a + μ1c2( 􏼁 + θ1 ϕa + λ2c2( 􏼁 + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡

2

b1,

F �
2b1 ϕa + λ2c2( 􏼁 + θ2 (1 − ϕ)a + μ1c2( 􏼁 + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡

2

b2 − c2,

G �
2b2(1 − ϕ)a + θ1ϕa + θ1b2ω2 − 2b1b2 − θ1θ2( 􏼁ω1

4b1b2 − θ1θ2
􏼠 􏼡

2

b1,

H �
2b1ϕa + θ2(1 − ϕ)a + θ2b1ω1 − 2b1b2 − θ1θ2( 􏼁ω2

4b1b2 − θ1θ2
􏼠 􏼡

2

b2.

(13)

When [A> E]∩ [B>D], the (investment, investment)
strategy combination is a Nash equilibrium solution, that is,
all channel retailers expand sales eforts. Combining and
solving this set of inequalities, we obtain

ω1 <
b2 − b2ϕ + θ1ϕ

b1b2 − θ1θ2
a +

2b1b
2
2λ1 + 3θ1μ2b1b2 − θ21θ2μ2/2􏼐 􏼑

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

4b1b
2
2μ1 + 3θ1λ2b1b2 − 3θ1θ2μ1b2/2( 􏼁 − θ21θ2λ2

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b1 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁θ1
2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁

� ω(I,I)
1 ,

ω2 <
θ2 − θ2ϕ + b1ϕ

b1b2 − θ1θ2
a +

4b
2
1b2μ2 + 3θ2λ1b1b2 − 3θ1θ2μ2b1/2( 􏼁 − θ1θ

2
2λ1

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2b
2
1b2λ2 + 3θ2μ1b1b2 − θ1θ

2
2μ1/2􏼐 􏼑

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁θ2

2 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁
� ω(I,I)

2 .

(14)
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When [G>C]∩ [H> F], the (noninvestment, non-
investment) strategy combination is the Nash equilibrium
solution, that is, neither retailer in the two channels expends

sales efort. Te result of combining and solving this set of
inequalities is

ω1 >
b2 − b2ϕ + θ1ϕ

b1b2 − θ1θ2
a +

2b1b
2
2λ1 + θ1μ2b1b2 − θ21θ2μ2/2􏼐 􏼑 − θ1θ2b2λ1

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

θ1λ2b1b2 + θ1θ2μ1b2/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b1 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁θ1
2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁

� ω(N,N)
1 ,

ω2 >
θ2 − θ2ϕ + b1ϕ

b1b2 − θ1θ2
a +

θ2λ1b1b2 + θ1θ2μ2b1/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2b
2
1b2λ2 + θ2μ1b1b2 − θ1θ

2
2μ1/2􏼐 􏼑 − θ1θ2b1λ2

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁θ2

2 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁
� ω(N,N)

2 .

(15)

When [C>G]∩ [D>B], the (investment, noninvest-
ment) strategy combination is a Nash equilibrium solution,
i.e., traditional retailers expand sales eforts while online

retailers do not. Te result of combining and solving this set
of inequalities is

ω1 <
b2 − b2ϕ + θ1ϕ

b1b2 − θ1θ2
a +

2b1b
2
2λ1 + 3θ1μ2b1b2 − θ21θ2μ2/2􏼐 􏼑

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

θ1λ2b1b2 + θ1θ2μ1b2/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b1 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁θ1
2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁

� ω(I,N)
1 ,

ω2 >
θ2 − θ2ϕ + b1ϕ

b1b2 − θ1θ2
a +

4b
2
1b2μ2 + 3θ2λ1b1b2 − 3θ1θ2μ2b1/2( 􏼁 − θ1θ

2
2λ1

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2b
2
1b2λ2 + θ2μ1b1b2 − θ1θ

2
2μ1/2􏼐 􏼑 − θ1θ2b1λ2

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁θ2

2 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁
� ω(I,N)

2 .

(16)

Table 2: Sales efort strategy beneft matrix.

Traditional retailers
Online retailers

Investment Noninvestment
Investment A, B C, D
Noninvestment E, F G, H
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When [E>A]∩ [F>H], the (noninvestment, in-
vestment) strategy combination is Nash equilibrium solu-
tion, i.e., traditional retailers do not invest in sales eforts,

while online retailers invest in sales eforts. Te result of
combining and solving this set of inequalities is

ω1 >
b2 − b2ϕ + θ1ϕ

b1b2 − θ1θ2
a +

2b1b
2
2λ1 + θ1μ2b1b2 − θ21θ2μ2/2􏼐 􏼑 − θ1θ2λ1b2

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

4b1b
2
2μ1 + 3θ1λ2b1b2 − 3θ1θ2μ1b2/2( 􏼁 − θ21θ2λ2

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b1 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁θ1
2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁

� ω(N,I)
1 ,

ω2 <
θ2 − θ2ϕ + b1ϕ

b1b2 − θ1θ2
a +

θ2λ1b1b2 + θ1θ2μ2b1/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2b
2
1b2λ2 + 3θ2μ1b1b2 − θ1θ

2
2μ1/2􏼐 􏼑

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

−
4b1b2 − θ1θ2( 􏼁θ2

2 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
−

4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁
� ω(N,I)

2 .

(17)

Because [A>E]∩ [B>D], [G>C]∩ [H> F], [C>G]∩
[D>B], and [E>A]∩ [F>H] are all strategy combinations,
(investment, investment), (noninvestment, noninvestment),

(investment, noninvestment), and (noninvestment, in-
vestment) are sufcient conditions for the Nash equilibrium
solution. For this purpose, consider the following situation:

ω(I,I)
1 − ω(N,N)

1 �
2θ1μ2b1b2 + θ1θ2b2λ1

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2b2μ1 + θ1λ2( 􏼁 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2,

ω(I,I)
2 − ω(N,N)

2 �
2b1μ2 + θ2λ1( 􏼁 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

2θ2μ1b1b2 + θ1θ2b1λ2
4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁

c2.

(18)

Because b2 > b1 > θ2 > θ1, c1 ≥ 0, and c2 ≥ 0, then
ω(I,I)
1 ≥ω

(N,N)
1 and ω(I,I)

2 ≥ω
(N,N)
2 .

For this reason, we further consider the following
situation:

􏽢ω1 − ω(I,I)
1 �

b2λ1 2b1b2 − θ1θ2( 􏼁 + θ1μ2 b1b2 − θ1θ2/2( 􏼁( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

θ1λ2b1b2 + θ1θ2μ1b2/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

+
4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b1 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
+

4b1b2 − θ1θ2( 􏼁θ1
2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁

> 0,

􏽢ω2 − ω(I,I)
2 �

θ2λ1b1b2 + θ1θ2μ2b1/2( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c1 +

b1λ2 2b1b2 − θ1θ2( 􏼁 + θ2μ1 b1b2 − θ1θ2/2( 􏼁( 􏼁

4b1b2 − θ1θ2( 􏼁 b1b2 − θ1θ2( 􏼁
c2

+
4b1b2 − θ1θ2( 􏼁θ2

2 2b2λ1 + θ1μ2( 􏼁 b1b2 − θ1θ2( 􏼁
+

4b1b2 − θ1θ2( 􏼁 2b1b2 − θ1θ2( 􏼁

2b2 2b1λ2 + θ2μ1( 􏼁 b1b2 − θ1θ2( 􏼁
> 0.

(19)

So, we can come to a conclusion: 􏽢ω1 >ω
(I,I)
1 and

􏽢ω2 >ω
(I,I)
2 .
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So, similarly, [􏽢ω1 >ω
(I,I)
1 ≥ω

(I,N)
1 ≥ω

(N,N)
1 ]∩ [􏽢ω1 >

ω(I,I)
1 ≥ω

(N,I)
1 ≥ω

(N,N)
1 ] and [􏽢ω2 >ω

(I,I)
2 ≥ω

(I,N)
2 ≥ω

(N,N)
2 ]∩

[􏽢ω2 >ω
(I,I)
2 ≥ω

(N,I)
2 ≥ω

(N,N)
2 ]. However, the size relationship

between ω(I,N)
1 and ω(N,I)

1 , ω(I,N)
2 and ω(N,I)

2 cannot be de-
termined. Terefore, we have the following conclusions:

(1) Te wholesale price range that prompts the emer-
gence of the (investment, investment) strategy
combination is

ω1 ≤MAX ω(I,N)
1 ,ω(N,I)

1􏼐 􏼑􏽨 􏽩∩ ω2 ≤ω
(N,N)
2􏽨 􏽩,

ω2 ≤MAX ω(I,N)
2 ,ω(N,I)

2􏼐 􏼑􏽨 􏽩∩ ω1 ≤ω
(N,N)
1􏽨 􏽩.

(20)

(2) Te wholesale price range that prompts the emer-
gence of the (investment, noninvestment) strategy
combination is

ω1 ≤MIN ω(I,N)
1 ,ω(N,I)

1􏼐 􏼑􏽨 􏽩

∩ MAX ω(I,N)
2 ,ω(N,I)

2􏼐 􏼑<ω2 < 􏽢ω2􏽨 􏽩.
(21)

(3) Te wholesale price range that prompts the emer-
gence of the (noninvestment, investment) strategy
combination is

MAX ω(I,N)
1 ,ω(N,I)

1􏼐 􏼑<ω1 < 􏽢ω1􏽨 􏽩

∩ ω2 ≤MIN ω(I,N)
2 ,ω(N,I)

2􏼐 􏼑􏽨 􏽩.
(22)

(4) Te wholesale price range that prompts the emer-
gence of the (noninvestment, noninvestment)
strategy combination is

MIN ω(I,N)
1 ,ω(N,I)

1􏼐 􏼑<ω1 < 􏽢ω1􏽨 􏽩∩ ω(I,I)
2 ≤ω2 < 􏽢ω2􏽨 􏽩,

ω(I,I)
1 ≤ω1 < 􏽢ω1􏽨 􏽩∩ MIN ω(I,N)

2 ,ω(N,I)
2􏼐 􏼑<ω2 < 􏽢ω2􏽨 􏽩.

(23)

When [ω(N,N)
1 <ω1 <MIN(ω(I,N)

1 , ω(N,I)
1 )]∩ [ω(N,N)

2
<ω2 <MAX(ω(I,N)

2 ,ω(N,I)
2 )] and [MIN(ω(I,N)

1 ,ω(N,I)
1 )<

ω1 <MAX(ω(I,N)
1 ,ω(N,I)

1 )]∩ [ω(N,N)
2 <ω2 <ω

(I,I)
2 ], or [MAX

(ω(I,N)
1 ,ω(N,I)

1 )<ω1 <ω
(I,I)
1 ]∩ [MIN(ω(I,N)

2 ,ω(N,I)
2 )< ω2 <

ω(I,I)
2 ], the (investment, investment) and (noninvestment,

noninvestment) strategy combinations will both be Nash
equilibrium solutions. Each channel retailer will choose the
same strategy as the other channel retailer. Figure 1 illus-
trates the sales efort strategy combinations of conventional
retailers and online retailers at varying wholesale prices.

4.2.Determining theManufacturer’sOptimalWholesalePrice.
Te manufacturer’s sales revenue is

π3 � ω1d1 + ω2d2. (24)

Substituting equations (8) and (9) into equation (24) and
calculating the Hessian Matrix, we obtain

−2b1 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2

b1b2 θ1 + θ2( 􏼁

4b1b2 − θ1θ2

b1b2 θ1 + θ2( 􏼁

4b1b2 − θ1θ2

−2b2 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (25)

It can be seen from the analysis

−2b1 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2
< 0,

−2b2 2b1b2 − θ1θ2( 􏼁

4b1b2 − θ1θ2
< 0. (26)

Assuming b2 > b1 > θ2 > θ1, there is

H �
b1b2 4 2b1b2 − θ1θ2( 􏼁

2
− b1b2 θ1 + θ2( 􏼁

2
􏼐 􏼑

4b1b2 − θ1θ2( 􏼁
2 >

b1b2

4b1b2 − θ1θ2( 􏼁
2 4 2b1b2 − b

2
1􏼐 􏼑

2
− b1b2 b1 + b1( 􏼁

2
􏼒 􏼓

�
b1

3
b2

4b1b2 − θ1θ2( 􏼁
2 16b2 − 4b1( 􏼁 b2 − b1( 􏼁> 0.

(27)

Terefore, π3 is a joint strictly concave function with
respect to ω1 and ω2. Simultaneous (zπ3/zω1) � 0 and
(zπ3/zω2) � 0, we can solve the system of equations:
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ω∗1 �

b2 θ1 + θ2( 􏼁 2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁( 􏼁

+2 2b1b2 − θ1θ2( 􏼁 θ1 ϕa + λ2c2 + μ2c1( 􏼁 + 2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁( 􏼁

4 2b1b2 − θ1θ2( 􏼁
2

− b1b2 θ1 + θ2( 􏼁
2 ,

ω∗2 �

b1 θ1 + θ2( 􏼁 θ1 ϕa + λ2c2 + μ2c1( 􏼁 + 2b2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁( 􏼁

+2 2b1b2 − θ1θ2( 􏼁 2b1 ϕa + λ2c2 + μ2c1( 􏼁 + θ2 (1 − ϕ)a + λ1c1 + μ1c2( 􏼁( 􏼁

4 2b1b2 − θ1θ2( 􏼁
2

− b1b2 θ1 + θ2( 􏼁
2 .

(28)

As can be seen from equations (8), (9), and (24), when ω1
and ω2 are constant, π3 is an increasing function of c1 and c2,
i.e., an increase in the retailer’s sales efort level can increase
the manufacturer’s income.

5. Numerical Analysis

According to the assumptions in Subsection 3.1., let a� 100,
φ� 0.4, b1 � 0.55, b2 � 0.6, θ1 � 0.45, θ2 � 0.5, λ1 � 0.35,
λ2 � 0.4, μ1 � 0.25, μ2 � 0.3, c1 � 10, and c2 � 8. Te calcu-
lation results are as follows: ω(N,N)

1 � 518.51, ω(N,N)
2 � 499.04,

ω(I,I)
1 � 544.90, ω(I,I)

2 � 527.33, ω(I,N)
1 � 530.37, ω(I,N)

2 � 518.14,
ω(N,I)
1 � 533.04, ω(N,I)

2 � 508.22, 􏽢ω1 � 572.29, 􏽢ω2 � 553.90,
ω∗1 � 292.12, and ω∗2 � 271.50.

When [ω1 ≤ 533.04∩ω2 ≤ 499.04] and [ω2 ≤ 518.14∩ω1
≤ 518.51], both channel retailers expend sales eforts. As
shown in Table 3, as the wholesale price of themanufacturers
decreases, the profts of traditional retailers and online re-
tailers increase, whereas the manufacturer’s income dem-
onstrates a trend of frst increasing and then decreasing,
reaching a maximum value at ω∗1 and ω∗2 . When the dual-
channel supply chain manufacturers lower the wholesale

ω̂2

ω2

ω1

ω̂1

ω2
(I ,I)

ω2
(N ,N)

ω1
(I ,I)

ω1
(N ,N)

MAX (ω2
(I ,N) , ω2

(N ,I))

MAX (ω1
(I ,N) , ω1

(N ,I))

MIN (ω2
(I ,N) , ω2

(N ,I))

MIN (ω1
(I ,N) , ω1

(N ,I))

(investment, non-investment)
(investment, investment)
(non-investment, investment)
(non-investment, non-investment)
(investment, investment) or
(non-investment, non-investment)

Figure 1: A combination diagram of two-channel retailers’ sales efort strategies.

Table 3: Income statement of each party when both traditional retailers and online retailers pay for sales.

ω1 ω2 d1 d2 p1 p2 π1 π2 π3
492 471 6.30 7.66 503.45 483.77 62.13 89.87 6708.21
442 421 10.44 12.05 460.99 441.08 188.26 233.87 9687.18
392 371 14.59 16.43 418.52 398.38 376.84 441.92 11813.41
342 321 18.73 20.81 376.05 355.69 627.85 714.02 13086.90
292 271 22.87 25.20 333.59 313.00 941.31 1050.17 13507.66
242 221 27.02 29.58 291.12 270.30 1317.20 1450.38 13075.67
192 171 31.16 33.96 248.66 227.61 1755.54 1914.63 11790.95
142 121 35.31 38.35 206.19 184.91 2256.32 2442.94 9653.48
92 71 39.45 42.73 163.73 142.22 2819.54 3035.30 6663.27
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price of each channel within the range [ω∗1 ≤ω1 ≤
MAX(ω(I,N)

1 ,ω(N,I)
1 )]∩ [ω∗2 ≤ω2 ≤ω

(N,N)
2 ] and [ω∗2 ≤ω2

≤MAX(ω(I,N)
2 ,ω(N,I)

2 )]∩ [ω∗1 ≤ω1 ≤ω
(N,N)
1 ], the Pareto

improvement of the dual-channel supply chain will be
achieved. Te results indicate that in order to ensure the
Pareto improvement of dual-channel supply chain with the
sales eforts of retailers, manufacturers should reasonably
reduce wholesale prices to a certain range, so as to beneft
retailers and achieve increased returns for all members of
supply chain.

6. Conclusions

Tis paper investigates a decentralized dual-channel supply
chain system comprised of independent manufacturer,
traditional retailer, and online retailer, fully considering the
impact of each channel’s retailer’s sales eforts on this
channel’s demand as well as its positive externalities on the
demand of other channels. A mathematical model of the
manufacturer’s infuence is established, and the proft matrix
is constructed for each retailer’s decision regarding whether
or not to make sales eforts when the manufacturers employ
a price discrimination strategy to charge diferent wholesale
prices to diferent retailers. Te Nash equilibrium game
theory is used to solve the conditions of each decision
combination becoming Nash equilibrium. Te results of the
study refect more clearly how wholesale price discrimina-
tion by wholesaler will afect the sales eforts of retailers in
diferent channels. Additionally, the optimal pricing strategy
for the manufacturers is solved, as well as the conditions for
the manufacturers to use wholesale price discrimination to
achieve Pareto improvement in the dual-channel supply
chain. Although this paper analyses the impact of manu-
facturers’ wholesale prices on retailers’ sales eforts, it did not
carry out in-depth analysis of the interaction between re-
tailers’ sales eforts of diferent channels and their impact on
wholesale prices, which will be the direction of further
research.
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