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Abstract: This paper considers a sales mode selection problem between resale and agency modes
on e-commerce platforms for a manufacturer with traditional retail channel, direct selling channel,
and e-commerce platform channel. By considering the factors price competition, market shares,
and commission rate, we construct two leader-follower models with the manufacturer as a leader
and traditional retailer and e-commerce platform as followers. To obtain optimal solutions, we
discuss the conditions under which the upper and lower models are convex and then give optimal
strategies for all members in the network. Through numerical experiments, we analyze the impact
of price competition intensity, market shares, and commission rate on mode selection strategies
and the changing trend of each member’s optimal pricing and profit under different sales modes.
The numerical results reveal the following revelations: If the market share of the traditional retail
channel is lower than the direct selling channel, the manufacturer should choose the agency mode
when the market share of the direct selling channel and price competition are lower or when the
market share of the direct selling channel together with the price competition and the commission
rate is higher; otherwise, the manufacturer should choose the resale mode. If the market share of the
direct selling channel is lower than the traditional retail channel, the manufacturer should choose
the agency mode when the price competition is weak and choose the resale mode when the price
competition is strong. Under certain conditions, a win–win situation can be achieved no matter how
the manufacturer chooses.

Keywords: multi-channel competition; e-commerce platform; sales mode selection; leader-follower game

1. Introduction

With the rapid development of e-commerce, more and more consumers choose online
shopping. Affected by some emergencies such as COVID-19, many enterprises encourage
employees to work at home so that the online shopping demand is gradually increasing.
According to the 50th Statistical Report on the Development of Internet in China released
by the China Internet Network Information Center, the number of internet users in China
reached 1.051 billion as of June 2022, with an internet penetration rate of 74.4%. While
maintaining offline sales, many manufacturers actively expand various online sales chan-
nels, such as online direct sales and e-commerce platform sales, to attract consumers so as
to form an online and offline multi-channel sales structure. For example, Haier wholesales
its products offline to traditional retailers such as Gome and provides a direct selling
website “Haier Smart Home” online by cooperating with e-commerce platforms such as
Tmall.com and JD.com. In general, the sales modes of e-commerce platforms are divided
into resale mode and agency mode [1]. Under the resale mode, e-commerce platforms
purchase products from manufacturers and sell them to consumers through their own
stores. For example, Panasonic, Yar, and Huawei sell products on JD.com [2], while Crocs
sells footwear products through e-commerce platforms such as eBay. Under the agency
mode, e-commerce platforms charge manufacturers commission rates and slotting fees to
settle in the form of flagship stores and provide direct contact services with consumers.
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Product prices are generally determined by manufacturers. In addition, manufacturers may
choose multiple sales modes at the same time (e.g., Haier and Gree choose a mixed mode
on Suning.com). Given the foregoing, it is necessary to investigate how manufacturers with
online and offline multi-channel sales channels select the sales mode on the e-commerce
platform. This study not only adds to the theories of multi-channel supply chain and
e-commerce platform sales mode selection strategy, but it also provides manufacturers
with guidance and suggestions for making the most advantageous selection strategy under
various realistic environments.

To the best of our knowledge, the majority of existing research objects on sales mode
selection strategy are e-commerce platforms operating within the dual-channel supply
chain. Few studies consider multi-channel structure of traditional retail, direct selling, and
e-commerce platform channels to explore sales mode selection strategy of manufacturers
on e-commerce platforms. Therefore, in this paper, we take manufacturers with multiple
online and offline sales channels as our research object and mainly focus on the following
questions:

(1) Under what conditions do manufacturers choose resale mode or agency mode?
(2) What influence do manufacturers’ sales mode selection strategies have on each mem-

ber and the whole supply chain? Is it beneficial or harmful? Can we achieve a win–win
supply chain?

To address the above problems, we establish leader–followers game models with
the manufacturer as a leader and the traditional retailer and the e-commerce platform as
followers under resale and agency modes, respectively. Furthermore, by comparing the
profit differences of manufacturers under different sales modes, this paper analyzes the
strategic conditions for the manufacturer choosing different sales modes. At the end, we
investigate the impact of price competition intensity, market share, and commission rate on
each member’s optimal price and profits and further analyze the impact of conditions for
manufacturers to choose different sales modes on the profit of supply chain members.

The main contributions of this paper can be summarized as follows: Firstly, current
researches on channel pricing mainly focus on single-channel or dual-channel supply
chains rather than multi-channel supply chains. In this paper, we consider a supply chain
in which the manufacturer has multiple sales channels, including traditional retail, direct
selling, and e-commerce platform sales. Secondly, most existing literature discusses the
perspective of e-commerce platforms. In this paper, we study the game behaviors between
traditional retailers and e-commerce platforms from the perspective of the manufacturer
and establish leader–follower game models with the manufacturer as a leader and the others
as followers. Through theoretical and numerical analysis, we obtain the following insights
and conclusions: (1) For multi-channel supply chains, manufacturers’ sales mode selection
strategies are related to intensity of price competition, market share of each channel, and the
commission rate. (2) Under certain conditions, only market share influences optimal prices
in the same channel. (3) Under certain conditions, manufacturers can achieve a win–win
situation with other members no matter what sales mode they choose. These findings may
provide guidance for e-commerce platform sales mode selection strategy.

The remainder of this paper is organized as follows: Section 2 reviews the relevant
literatures. Section 3 introduces the framework and notations used later on. Section 4 builds
leader–follower game models in resale and agency modes, respectively, and analyzes each
member’s optimal decisions. Section 5 introduces numerical experiments, which include
the manufacturer’s sales mode selection strategy, impact of each parameter on optimal price,
and profit of supply chain members and impact of manufacturer’s sales mode selection
strategy on the whole supply chain. Section 6 includes some discussion and conclusions.
The proofs of all propositions are given in the Appendix A.

2. Literature Review

This research is mainly related to supply chain management of channels and sales
mode selection on e-commerce platforms.
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2.1. Supply Chain Management of Channels

There has been a lot of research on supply chain management of channels, including
channel pricing, channel selection, supply chain coordination, and so on. The closest issue to
this paper is the channel pricing analysis. At present, the categories of single channel mainly
include traditional retail, direct selling, online reselling, and agency selling. In addition,
many scholars have conducted a lot of research on the dual-channel pricing strategy. For
example, Chiang et al. [3] and Matsui [4] explored whether manufacturers should introduce
online direct selling channels in addition to traditional retail. Yi et al. [5] and Wang et al. [6]
discussed the selection of online direct selling and e-commerce platform agency selling for
manufacturers when traditional retail channels are opened. For manufacturers, traditional
retailers, online retailers and e-commerce platforms, Pu et al. [7] presented respectively
the pricing decisions of manufacturers in three cases of direct selling, reselling and agency
selling based on traditional retail channels and analyzed the impact of operating costs,
commission rates and slotting fees on the equilibrium results. In a supply chain system of
manufacturers, retailers, and platforms, Wang et al. [8] studied the selection of e-commerce
platform agency mode and self-built website direct sales mode of retailers under Bertrand
competition and Cournot competition, respectively. In addition, there is a small amount
of research on multi-channel pricing. For example, Ma et al. [9] considered four channel
structures in which manufacturers open direct selling channels and wholesale products to
retailers and online retailers, where the retailers have a traditional channel and an online
channel. They investigated the effects of price discount sensitivity and uncertain demand
on channel pricing decisions.

As can be seen from Table 1, most research on channel pricing decisions mainly
focuses on dual channels and less on multi-channels. Different from the existing works, the
supply chain members considered here include manufacturers, traditional retailers, and
e-commerce platforms, while the multi-channels consist of traditional retail channels, direct
selling channels, and e-commerce platform channels (including resale and agency modes).

Table 1. Overview of pricing research on the supply chain management of channels.

Reference Channel
Structure Research Focus

Type of Channel

Traditional
Retail

Direct
Selling Reselling Resale Agency

[3,4] Dual Impact of manufacturer intrusion
√ √

[5,6] Dual Selection of online channels
√ √ √

[7] Dual Selection of online channels
√ √ √ √

[8] Dual Selection of online channels
√ √ √

[9] Multi Bullwhip effect in a multi-channel
supply chain

√ √ √

Our study Multi Sales mode selection of e-commerce
platform

√ √ √ √

“Dual” indicates dual-channel, “Multi” indicates multi-channel, and “
√

” indicates its presence.

2.2. Sales Mode Selection on E-Commerce Platforms

Our research is mainly related to sales mode selection on e-commerce platforms.
Firstly, some scholars have studied whether agency mode of e-commerce platform should
be introduced on the basis of resale mode. In particular, Ryan et al. [10] considered whether
retailers would introduce the agency mode on e-commerce platforms and expand the
consumer market on the premise of direct selling through their own websites. Mantin
et al. [11] studied whether agency mode should be introduced into third-party sellers and
found that manufacturers are more inclined to prevent the introduction of 3P market. Yan
et al. [12] considered the impact of sales efficiency and demand information and provided
conditions under which manufacturers, e-commerce platforms, and consumers can achieve
a win–win situation. Ha et al. [13] studied interactions between whether manufacturers
introduce the agency mode and the information sharing strategy of e-commerce platforms.
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Secondly, with the intensification of competition environment, horizontal competition
cannot be ignored in sales mode selection. It mainly includes platform competition [14–18] and
manufacturer competition [19–24]. In terms of platform competition, Abhishek et al. [14]
analyzed the influence of network spillover effect on selection strategy of sales mode
from the perspective of e-commerce platform. Zhu and Yao [15] provided optimal pricing
decisions for e-books and found that publishers prefer resale mode rather than agency
mode by comparing profits. Li et al. [16] investigated the impact of platform performance
investment and commission rate. Wei et al. [18] considered the influence of channel role,
referral fees and market share of e-commerce platforms and found that the best action for
manufacturers is to allow e-commerce platforms to adopt agency mode without the influ-
ence of parameters. In terms of manufacturer competition, Kward et al. [19] explored the
influence of third-party online reviews on sales mode selection and found that improved
accuracy of quality information and appropriate information are beneficial to the resale
mode and the agency mode, respectively. Wei et al. [22] analyzed the influence of product
substitution rates and different power structures, and found that the optimal selection
strategy is resale mode. Based on the competition between major suppliers with large
potential demand and small suppliers with small potential demand, Zennyo [23] found
that manufacturers choose agency mode when the product substitution rate and commis-
sion rate are both low. Zhong et al. [24] constructed leader–follower game models with
e-commerce platforms as leaders and manufacturers as followers, and compared the strate-
gic results before and after the introduction of incumbent manufacturer. In addition,
some scholars have studied both platform competition and manufacturer competition.
For example, Li and Ai [25] considered the formation of cross-sales between two compet-
ing manufacturers and two competing e-commerce platforms and analyzed the selection
among resale mode, agency mode, and hybrid mode of e-commerce platforms.

Thirdly, some scholars have studied the influence of product substitution [26,27],
information asymmetry [1,27–29], data-driven marketing [30], power structure [31], and
other factors [32–34] on sales mode selection strategy. In particular, Jerath and Zhang [26]
found that, when the price competition intensity is strong (weak), the e-commerce plat-
form should choose resale (agency) mode, and when the intensity of price competition is
moderate, it is more inclined to choose hybrid mode. Jiang et al. [27] studied how product
demand characteristics affect sales mode selection strategy of e-commerce platforms under
uncertain demand levels. Liu et al. [30] studied the impact of market size and data-driven
marketing. Shi et al. [31] studied how product matching probability, profit sharing ratio,
and travel cost of physical stores affect sales mode selection strategy of online retailers
under three different power structures of physical stores and online retailers. Qin et al. [32]
considered the interaction between e-commerce platform sales mode and logistics service
strategy. Chen et al. [33] found that the manufacturers’ choice of agency mode under
certain conditions can achieve a win–win situation for supply chain members. Ha et al. [34]
studied the selection among resale, agency and hybrid modes of e-commerce platforms by
manufacturers under the influence of sales effort on demand.

Finally, some scholars have studied the sales mode selection strategy of e-commerce
platform on the basis of traditional retail channels. For example, Tan and Carrillo [35]
analyzed the influence of vertically differentiated products on manufacturers’ choice of
resale, agency, and fixed price modes and found that agency mode is better. Dennis
et al. [36] considered the influence of different supply chain power structures and showed
that resale mode under retailer dominance is beneficial to manufacturers. By exploring
interaction between bundling sales of upstream manufacturers and sales mode selection of
downstream e-commerce platforms, Geng et al. [37] showed that high commission rate is
not necessarily beneficial to e-commerce platforms. Shen et al. [38] analyzed interactions
between channel selection of manufacturers and sales mode selection on e-commerce
platform. Zhang and Zhang [39] discussed the influence of offline entry cost, channel
substitution rate, and information uncertainty on sales mode selection. Chen et al. [40]
found that downstream competing e-commerce platforms prefer to choose resale mode
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when the inventory levels are moderate. Lu et al. [41] studied the choice of resale and
agency mode of publishers in e-bookstores and found that choosing agency mode under
decentralized decisions is beneficial to publishers and e-bookstores.

The simple comparative analysis results of the literature related to our research are
shown in Table 2. Recently, with the introduction of various technologies and policies, many
scholars have studied their influence on the selection strategy of sales modes [42–49]. Alaei
et al. [42] considered manufacturers’ online store channels to provide return policies. Guo
et al. [43] discussed the strategic interaction between the selection of the sales mode and
the blockchain anti-counterfeit traceability service. Hao and Yang [44] and Wang et al. [45]
considered the impact of livestreaming sales. In addition, Zhang et al. [48] and Chen
et al. [49] focused on the impact of consumer behavior (e.g., consumer loss aversion and
fairness concerns). However, these studies, like those in Table 2, had fewer sales channels
that were inconsistent with this paper and focused on single or dual channels. In particular,
the sales channels and research objects in literature [7] are similar to those of this paper, but
they focus on the selection of online distribution channels for manufacturers under dual
channels. In addition, although all the above studies have considered various factors, they
have not considered the different distribution proportions of the market shares of the three
channels. Most importantly, our results show that both the resale mode and the agency
mode can achieve equilibrium, which is different from the traditional theoretical view.

Table 2. Overview of the most relevant research on the selection of sales mode on e-commerce
platforms.

Reference Channel
Structure

Research Focus (Problem) Leader
Type of Channel

T D R A

[14] Dual When should an e-tailer use agency
selling Manufacturer

√ √

[18] Dual How to choose online sales formats for
competitive e-tailers Manufacturer

√ √

[20] Dual Online retailer’s pricing model choice Manufacturers
√ √

[22] Dual How do manufacturers choose the best
sales formats E-tailer

√ √

[33] Dual Manufacturer’s online sales mode
selection Manufacturer

√ √ √

[36] Dual Manufacturer’s online sales mode
selection Manufacturer

√ √ √

[37] Single Manufacturer’s additional pricing and
distribution strategy Platform

√ √

[38] Dual The interaction between sales mode
and channel choice Dominant retailer

√ √ √

[39] Dual
Strategic interaction between e-tailer’s

information sharing and supplier’s
offline entry

E-tailer
√ √ √

Our study Multi Manufacturer’s selection of sales mode
under multi-channel Manufacturer

√ √ √ √

“Dual” indicates dual-channel, “Single” indicates single-channel, “Multi” indicates multi-channel, “T” indicates
traditional retail channel, “D” indicates direct selling channel, “R” indicates resale mode, “A” indicates agency
mode, and “

√
” indicates its presence.

With the rapid development of retail diversification, it is necessary to manufacturers
to adopt a multi-channel sales structure and it has become common to regard e-commerce
platforms as distributors. In what follows, we focus on sales mode selection of e-commerce
platforms under a multi-channel structure. We suppose that the manufacturer has multiple
sales channels, such as traditional retail channels, direct selling channels, and e-commerce
platform channels. In addition, we discuss under what conditions the manufacturer
chooses resale mode and agency mode of e-commerce platforms, respectively, and analyze
the influence of its sales mode selection strategy on each member.



Systems 2022, 10, 234 6 of 21

3. Problem Formulation

Consider a multi-channel supply chain system composed of a single manufacturer,
a single traditional retailer, and a single e-commerce platform. We mainly discuss sales
mode selection of the manufacturer under resale and agency modes in traditional retail
channels, direct selling channels, and e-commerce platform channels. The notations related
to this problem are described in Table 3.

Table 3. Notations.

Notation Description

Set
I Set of sales modes i ∈ I = {R, A}: R represents resale mode; A represents agency mode

J Set of channels j ∈ J = {T, D, E}: T represents traditional retail channel; D represents direct selling
channel; E represents e-commerce platform channel

Parameter
α Market share of traditional retail channel, α ∈ [0, 1]
β Market share of direct selling channel, β ∈ [0, 1− α]

δj = δ Intensity of price competition, δ ∈ [0, 1]
d Potential market demand
λ Commission rate in agency mode, λ ∈ [0, 0.3]
k Slotting fee in agency mode

Decision variable
wi Wholesale price in sales mode i
piT Retail price of traditional retail channel in sales mode i
pRD Retail price of direct selling channel in resale mode
pRE Retail price of e-commerce platform channel in resale mode

pR = (pRT , pRD, pRE) Price vector in resale mode
pA Retail price of direct selling channel and e-commerce platform channel in agency mode

Dependent variable
Dij Demand function of channel j in sales mode i

πiM, πiT , πiE Profit of manufacturer, retailer and e-commerce platform in sales mode i

In resale mode, the manufacturer wholesales products to the traditional retailer and
e-commerce platform at a price wR. The traditional retailer and e-commerce platform sell
products to consumers at prices pRT and pRE, respectively. In the direct selling channel, the
manufacturer sells products to consumers at a price pRD through direct selling websites.
The structure diagram of resale mode is shown in Figure 1a.

In agency mode, the manufacturer pays slotting fee k to the e-commerce platform
and sells products to consumers at price pA, while the e-commerce platform collects part
of sales from the manufacturer at commission rate λ. Suppose that the slotting fee and
the commission rate are exogenous variables and the commission rate generally does not
exceed 30%. In traditional retail channel, the manufacturer gives wholesale price wA to the
traditional retailer, while the traditional retailer sells products to consumers at price pAT .
In the direct selling channel, the manufacturer sells products to consumers through direct
selling websites at the same price pA. The structure diagram of agency mode is shown in
Figure 1b.
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Referring to the linear demand function expressions in Kurata et al. [50] and Dan
et al. [51], we set the demand functions for three channels as follows: When the manufac-
turer chooses resale mode, the demand functions are

DRT = αd− pRT + δD pRD + δE pRE (1)

DRD = βd− pRD + δT pRT + δE pRE (2)

DRE = (1− α− β)d− pRE + δT pRT + δD pRD (3)

When the manufacturer chooses agency mode, the demand functions are

DAT = αd− pAT + δD pA + δE pA (4)

DAD = βd− pA + δT pAT + δE pA (5)

DAE = (1− α− β)d− pA + δT pAT + δD pA (6)

Here, d represents a potential market demand, α represents the market share of
traditional retail channel, β represents the market share of direct selling channel, 1− α− β
represents the market share of e-commerce platform channel, and δj ∈ [0, 1] represents the
intensity of price competition (the larger the value of δj is, the more intense the competition
among channels is).

4. The Models

For simplicity, we assume that the marginal cost of production of manufacturer is
zero [21,52] and the price competition intensities of all channels are equal to δ, namely,
δj = δ, where j ∈ J = {T, D, E}. We mainly analyze the manufacturer’s sales mode
selection strategy; that is, we construct models from the manufacturer’s point of view.

4.1. The Resale Mode

In resale mode, we consider the manufacturer as a leader and the traditional retailer
and e-commerce platform as followers. The manufacturer determines its wholesale price
wR to the traditional retailer and e-commerce platform and its retail price pRD in the direct
selling channel. The traditional retailer determines its retail price pRT in the traditional
retail channel. The e-commerce platform determines its retail price pRE in the e-commerce
platform channel.

Both followers aim to maximize their own profits, that is,

max
pRT≥wR

πRT(pRT) = (pRT − wR)DRT (7)
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max
pRE≥wR

πRE(pRE) = (pRE − wR)DRE (8)

It is easy to see that the above two models are convex optimization problems with
respect to their own decision variables pRT and pRE. Then, by direct calculations, when
(2 + δ)((1− δ)wR − δpRD) ≤ min{2α + δ(1− α− β), 2(1− α− β) + αδ}d, we can obtain
the optimal prices of the traditional retailer and e-commerce platform as follows:

p∗RT(wR, pRD) =
2αd + δ(1− α− β)d

4− δ2 +
1

2− δ
wR +

δ

2− δ
pRD (9)

p∗RE(wR, pRD) =
2(1− α− β)d + αdδ

4− δ2 +
1

2− δ
wR +

δ

2− δ
pRD (10)

The profit function of the manufacturer is

πRM = wRDRT + pRDDRD + wRDRE (11)

Therefore, by maximizing the profit function, the manufacturer’s model (I) is

max
wR ,pRD

πRM =
1

2− δ
(wR((1− β)d + 2δpRD + 2(δ− 1)wR)

+pRD((2(1− δ)β + δ(d + 2δ2 + δ− 2)pRD + 2δwR))
s.t. pRD ≥ 0, wR ≥ 0,

(2 + δ)((1− δ)wR − δpRD) ≤ min{2α + δ(1− α− β), 2(1− α− β) + αδ}d.

(12)

We can derive the following equilibrium results for model (I).

Proposition 1. In resale mode, when δ ∈ [0, 0.5), α ∈ [0, α1), β ∈ [β1, β2] or δ ∈ [0, 0.5),
α ∈ [α1, 1], β ∈ [0, β2], model (I) is a convex optimization problem with respect to (wR, pRD), and
the optimal decisions of the manufacturer, the traditional retailer, and the e-commerce platform are

w∗R =
1− β + 2βδ

4(1− δ− 2δ2)
d (13)

p∗RD =
β + δ− 2βδ

2(1− δ− 2δ2)
d (14)

p∗RT =
2 + 8α− 2β + 5δ− 12αδ + 3βδ− 12αδ2 − 6δ3 + 8αδ3 + 4βδ3

4(4− δ2)(1− δ− 2δ2)
d (15)

p∗RE =
10− 8α− 10β− 7δ + 12αδ + 15βδ− 12δ2 + 12αδ2 + 12βδ2 + 2δ3 − 8αδ3 − 4βδ3

4(4− δ2)(1− δ− 2δ2)
d (16)

where α1 =
2− 3δ

4(2− δ)
, β1 = 1− 4α(2− δ)

2− 3δ
, β2 = 1− 4α(2− δ)

6− δ
.

See the Appendix A for a proof of the above proposition. Proposition 1 shows that,
when the intensity of price competition is low and the market shares of traditional retail
channel and direct channel are different, the manufacturer has an optimal solution in
resale mode. It can be seen intuitively that the optimal wholesale price and product price
determined by the manufacturer have nothing to do with the market share of the traditional
retail channel. It can be further inferred that the optimal profit of the manufacturer in resale
mode is also unrelated to them. In addition, the above optimal prices are all related to the
intensity of price competition, which indicates that the intensity of price competition may
have an important impact on each member’s price and profit.

It is not difficult to obtain the following result.
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Proposition 2. In resale mode, the sensitivity analysis results for the optimal decisions are as follows:

(1)
∂w∗R
∂β

< 0,
∂p∗RD

∂β
> 0,

∂p∗RT
∂β

< 0,
∂p∗RE

∂β
< 0;

(2)
∂w∗R
∂δ

> 0,
∂p∗RD

∂δ
> 0,

∂p∗RT
∂δ

> 0,
∂p∗RE

∂δ
> 0;

(3)
∂w∗R
∂α

= 0,
∂p∗RD

∂α
= 0,

∂p∗RT
∂α

> 0,
∂p∗RE

∂α
< 0.

Proposition 2 shows that, as the market share of direct selling channel increases, the
direct selling channel price of the manufacturer should be set higher, while the wholesale
price of the manufacturer and the product prices of the traditional retailer and e-commerce
platform should be set lower; the increase in price competition is beneficial to all members
to raise prices, which is consistent with the reality. The manufacturer’s prices are not
influenced by the market share of traditional retail channels. Moreover, as the market
share of traditional retail channel increases, the traditional retailer should take advantage
of the market share of the traditional retail channel to set higher product prices, while the
e-commerce platform should set lower product prices.

4.2. The Agency Mode

In agency mode, we treat the manufacturer as a leader and the traditional retailer as
a follower. It should be noted that, since the slotting fee k and the commission rate λ are
exogenous variables [38], the e-commerce platform does not participate in decision-making
so that it is not a player and its profit function is πAE = λpADAE + k. The manufacturer
determines its wholesale price wA to the traditional retailer and its retail price pA in both the
direct selling channel and e-commerce platform channel. The traditional retailer determines
its retail price pAT in the traditional retail channel.

The lower-level model is to maximize the traditional retailer’s profit function, that is,

max
pAT≥wA

πAT(pAT) = (pAT − wA)DAT (17)

This model is a convex optimization problem with respect to pAT . Then, by direct
calculations, when wA ≤ αd + 2δpA, we can obtain the traditional retailer’s optimal price

p∗AT(wA, pA) =
αd
2

+
1
2

wA + δpA (18)

Similarly, we can express the manufacturer’s profit function as

πAM = wADAT + pADAD + (1− λ)pADAE − k (19)

Therefore, the manufacturer’s model (II) is

max
wA ,pA

πAM =
1
2
(wA(αd + 2δpA − wA) + pA(2βλd + 2(1− λ)(1− α)d

+(2− λ)(αdδ + 2(δ2 + δ− 1)pA + δwA)))− k
s.t. 0 ≤ wA ≤ αd + 2δpA, pA ≥ 0.

(20)

We can derive the following equilibrium results for model (II).

Proposition 3. In agency mode, when δ ∈ [0, 0.5), λ ∈ [0, 0.3], α ∈ [0, 1], β ∈ [0, 1− α], model
(II) is a convex optimization problem with respect to (wA, pA), and the optimal decisions of the
manufacturer and the traditional retailer are

w∗A =
8α + 8δ− 16αδ + λ(−4α− 10δ + 14αδ + 8βδ− 2αδ2) + λ2(2δ− 2αδ− 2βδ + αδ2)

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d (21)
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p∗A =
4− 4α + 8αδ + λ(−4 + 4α + 4β− 3αδ)

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d (22)

p∗AT =
12α + 8δ− 20αδ− 8αδ2 + λ(−6α− 9δ + 15αδ + 8βδ + 4αδ2) + λ2δ(1− α− β)

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d (23)

See the Appendix A for a proof of the above proposition. Proposition 3 shows that,
when the intensity of price competition is low, the manufacturer has an optimal solution in
agency mode. In addition, different from resale mode, the optimal price of each member
in the agency mode is related to the market share of traditional retail channel. Similarly
to resale mode, optimal prices are related to the intensity of price competition. It is not
difficult to obtain the following result.

Proposition 4. In agency mode, the sensitivity analysis results of the optimal decisions are

∂w∗A
∂β

> 0,
∂p∗A
∂β

> 0,
∂p∗AT

∂β
> 0;

∂w∗A
∂δ

> 0,
∂p∗A
∂δ

> 0,
∂p∗AT

∂δ
> 0;

∂w∗A
∂α

> 0,
∂p∗A
∂α

> 0,
∂p∗AT

∂α
> 0.

Proposition 4 shows that, as the market share of direct selling channel increases, the
wholesale price and the retail prices in both the direct selling channel and e-commerce
platform channel should be set higher and the traditional retailer should also set higher
retail prices; the increase in price competition intensity is beneficial to all members to raise
prices. Moreover, as the market share of traditional retail channel increases, both wholesale
price of the manufacturer and retail price of the traditional retailer should be set higher.

5. Numerical Analysis

In this section, we mainly discuss which sales mode is better for the manufacturer and
how the manufacturer’s sales mode selection, together with optimal pricing and profit,
influence each member under different modes. We try to find some relevant management
implications from numerical analysis.

In our experiments, we set the potential market demand d = 200 and the slotting
fee k = 0. In order to ensure the nonnegativity of demand in each channel, we set the
intensity of price competition δ ∈ [0, 0.485], the market share of traditional retail channel
α ∈ [0.15, 0.65], the market share of direct selling channel β ∈ [0, 0.85], and the commission
rate λ ∈ [0, 0.3]. Note that, in resale mode, the optimal profit functions of the members are,
respectively,

π∗RM =
1 + 2δ2 − 2β(1− 2δ)2 + β2(5− 14δ + 8δ2)

8(δ− 2)(−1 + δ + 2δ2)
d2 (24)

π∗RT =
(2− 8α− 2β− 3δ + 4αδ + 3βδ)2

16(δ2 − 4)2 d2 (25)

π∗RE =
(6− 8α− 6β− δ + 4αδ + βδ)2

16(δ2 − 4)2 d2 (26)

In agency mode, the optimal profit functions become

π∗AM =
2λ2β2 + (4λ− 4αλ + 8αδλ− 4λ2 + 4αλ2 − 3αδλ2)β + N1

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d2 − k (27)

π∗AT =
(−4α + 4αδ + 8αδ2 + 2αλ− δλ− αδλ− 6αδ2λ + δλ2 − αδλ2 − βδλ2 + αδ2λ2)

2

(16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2)2 d2 (28)

π∗AE =
4− 4α + 8αδ− 4λ + 4αλ + 4βλ− 3αδλ

(16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2)2 λN2d2 + k (29)
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where
N1 = 2− 4α + 4α2 + αδ(8− 10α + 4αδ) + λ(−4 + 8α− 5α2 + αδ

(−11 + 12α− 4αδ)) + λ2(2− 4α + 2α2 + αδ(3− 3α + αδ))
(30)

N2 = 12− 12α− 12δ + 16αδ− 24δ2 + 20αδ2 − 8αδ3 + (−4 + 4α + 4δ− 7αδ + 7δ2

−4αδ2 + 4αδ3)λ + β(−16 + 16δ + 32δ2 + 4λ− 4δλ− 8δ2λ)
(31)

5.1. Manufacturer’s Sales Mode Selection Analysis

This subsection analyzes the influence of each parameter on the manufacturer’s sales
mode selection by comparing the manufacturer’s profit difference between resale and
agency modes. Since the optimal profits of the manufacturer in resale mode and agency
mode are related to parameters δ and β, we mainly analyze how δ and β affect the manufac-
turer’s sales mode selection by changing their values. Since the commission rate generally
does not exceed 30%, we consider three cases: low commission rate with λ = 0.1, moderate
commission rate with λ = 0.2, and high commission rate with λ = 0.3.

5.1.1. Low Commission Rate (λ = 0.1)

By choosing different values of the market share of traditional retail channel α, we can
observe the influence of δ and β on the manufacturer’s sales mode selection, as shown in
Figure 2, where the blue region indicates that it is better for the manufacturer to choose
resale mode and the green slash region indicates that it is better for the manufacturer to
choose agency mode.

It can be seen that, when α ∈ [0.15, 0.35] and δ ∈ [0, 0.45], the manufacturer chooses
agency mode if the market share of the direct selling channel is low and chooses resale
mode if the market share of the direct selling channel is high. When α ∈ [0.45, 0.65] and
δ ∈ [0, 0.45], the manufacturer should always choose agency mode, regardless of the
market share of the direct selling channel. When α ∈ [0.15, 0.65] and δ ∈ [0.45, 0.485], the
manufacturer should always choose resale mode.
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5.1.2. Moderate Commission Rate (λ = 0.2)

The numerical results for this case are shown in Figure 3. It can be seen that, when
α ∈ [0.15, 0.35] and δ ∈ [0, 0.4], the manufacturer chooses agency mode if the market share
of the direct selling channel is low and chooses resale mode if the market share of the direct
selling channel is high. When α ∈ [0.45, 0.65] and δ ∈ [0, 0.4], the manufacturer should
always choose agency mode. When α ∈ [0.15, 0.65] and δ ∈ [0.4, 0.485], the manufacturer
should always choose resale mode.
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5.1.3. High Commission Rate (λ = 0.3)

The experimental results are shown in Figure 4. The results reveal that, when
α ∈ [0.15, 0.35] and δ ∈ [0, 0.35], the manufacturer chooses agency mode if the market share
of the direct selling channel is low and chooses resale mode if the market share of the direct
selling channel is high. When α ∈ [0.15, 0.25] and δ ∈ [0.45, 0.485], the manufacturer chooses
resale mode if the market share of the direct selling channel is low and chooses agency
mode if the market share of the direct selling channel is high. When α ∈ [0.45, 0.65] and
δ ∈ [0, 0.35], the manufacturer should always choose agency mode. When α ∈ [0.35, 0.65],
δ ∈ [0.35, 0.485] or α ∈ [0.15, 0.25], δ ∈ [0.35, 0.45], the manufacturer should always choose
resale mode.
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In summary, when the intensity of price competition is strong, if the commission rate
is low or moderate, the manufacturer chooses resale mode, but its sales mode selection
has nothing to do with the market share; if the commission rate is high and the market
share of traditional retail channel is low, the manufacturer chooses agency mode when
the market share of the direct selling channel is high, otherwise it should choose resale
mode. If both commission rate and market share of the traditional retail channel are high,
the manufacturer always chooses resale mode. When the intensity of price competition is
weak, the manufacturer’s sales mode selection has nothing to do with the commission rate
and, if the market share of the traditional retail channel is lower than the direct channel, the
manufacturer should choose agency mode when the market share of the direct channel is
low and choose resale mode otherwise. If the market share of the traditional retail channel
is higher than the direct channel, the manufacturer always chooses agency mode.

By comparing the manufacturer’s sales mode selection under different commission
rates, we found that, with the increase in commission rate, the probability of the manufac-
turer to choose agency mode decreases when the market share of the direct selling channel
is low and the intensity of price competition is weak. This indicates that the manufacturer
tends to choose agency mode when the commission rate is low, the intensity of price
competition is weak, and the market share of the direct selling channel is low and to choose
resale mode when the commission rate is high, the intensity of price competition is weak,
and the market share of the direct selling channel is high. Moreover, it can be seen from
Figure 4a,b that the manufacturer still chooses agency mode when the commission rate
and market share of the direct selling channel are high, the intensity of price competition is
strong, and the market share of the traditional retail channel is low. This indicates that high
commission rate may not necessarily damage the manufacturer’s profit.
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5.2. Impact of Each Parameter on Each Member

This subsection mainly discusses the impact of the intensity of price competition δ,
the market share of the traditional retail channel α, the market share of the direct selling
channel β, and the commission rate λ on optimal prices and profits. The basic parameters
were set as δ = 0.3, the market share of the traditional retail channel α = 0.25, the market
share of the direct selling channel β = 0.2, and the commission rate λ = 0.2.

Firstly, we analyze the impact of δ on optimal price and profit of each member. Based
on the analysis results in Section 5.1, the manufacturer always chooses resale mode when
δ ∈ (0.45, 0.485] and so we choose δ ∈ [0, 0.45]. The experimental results are shown in
Figure 5. By observing Figure 5a, it can be seen that the optimal price of each member
increases exponentially with the increase in δ, which indicates that the stronger the intensity
of price competition is, the higher the optimal prices of each member in two sales modes
are. By comparing the optimal pricing strategies, we found that, no matter how the
intensity of price competition changes, the optimal price satisfies p∗RT > p∗AT , w∗R > w∗A and
p∗RE > p∗A > p∗RD, which indicates that the intensity of price competition has no influence
on price changes in different sales modes in the same channel. Moreover, by observing
Figure 5b, it can be seen that the profits of each member in two sales modes increase with the
increase in δ. When the intensity of price competition is low, the profit of the manufacturer
in agency mode is higher than resale mode, while the profit of the e-commerce platform in
resale mode is higher than agency mode. No matter how the intensity of price competition
changes, the profit of the traditional retailer in the agency mode is always higher than the
resale mode. The manufacturer should choose agency mode, especially when the intensity
of price competition is low and, in this case, the traditional retailer and manufacturer can
achieve a win–win situation, but it is not beneficial to the e-commerce platform. When the
intensity of price competition is high, the manufacturer should choose resale mode and,
in this case, the profits of the traditional retailer and e-commerce platform in resale mode
are always lower than agency mode, which is disadvantageous to both of them. When the
intensity of price competition is moderate, the manufacturer’s selection of agency mode is
beneficial to both the traditional retailer and e-commerce platform. Therefore, when the
commission rate is moderate and the market share of the direct selling channel is lower than
the traditional retail channel, the manufacturer can choose agency mode under moderate
price competition intensity so as to achieve a win–win situation for all members.
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Secondly, we now analyze the impact of the market share of the traditional retail
channel α on optimal price and profit of each member. The experimental results are shown
in Figure 6. By observing Figure 6a, it can be seen that, with the increase in α, p∗RE and
p∗A decrease gradually, p∗RT , p∗AT , and w∗A increase gradually, p∗RD and w∗R remain the same.
This indicates that the higher the market share of the traditional retail channel is, the higher
the price of the traditional retailer should be set in both sales modes and the lower the price
of e-commerce platform should be set in resale mode. The influence of market share of
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the traditional retail channel on the manufacturer’s optimal price is different in different
sales modes; that is, the higher the market share of the traditional retail channel is, the
higher the manufacturer’s optimal wholesale price should be set and the lower the selling
price should be set in agency mode, while the resale mode is not affected. No matter how
the traditional retail channel market share changes, there is always p∗RE > p∗A > p∗RD, and,
when the market share of traditional retail channel is low, there is p∗RT > p∗AT and w∗R > w∗A,
which indicates that the market share of traditional retail only has an impact on price
change of the traditional retail channel. According to Figure 6b, with the increase in α, the
manufacturer’s profit in agency mode first decreases and then increases, while the profit of
the e-commerce platform decreases and the profit of the traditional retailer increases. The
profit of the manufacturer in agency mode is always higher than resale mode. When the
market share of traditional retail channel is low, the profit of the e-commerce platform in
resale mode is higher than agency mode and the profit of the traditional retailer in agency
mode is higher than resale mode. Moreover, when the market share of traditional retail
channels is low, the manufacturer’s selection of agency mode is beneficial to the traditional
retailer but not to the e-commerce platform. When the market share of traditional retail
channels is high, the manufacturer’s selection of agency mode is not beneficial to the
traditional retailer but to the e-commerce platform. When the market share of traditional
retail channel is in an appropriate range, the manufacturer’s selection of agency mode is
beneficial to all members. Therefore, when both the commission rate and the intensity of
price competition are moderate, and the market share of the direct selling channel is lower
than the traditional retail channel, the manufacturer’s selection of agency mode can achieve
a win–win situation for all members.
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(b) optimal profit.

Thirdly, we analyze the impact of the market share of direct selling channel β on
optimal price and profit of each member. The experimental results are shown in Figure 7.
By observing Figure 7a, it can be seen that, with the increase in β, p∗RT , w∗R, and p∗RE decrease
gradually and the other prices increase gradually. This indicates that, with the increase in
the market share of the direct selling channel, the selling price of the manufacturer in both
sales modes should be set high and the selling price of the e-commerce platform in resale
mode should be set low. The market share of the direct selling channel has different effects
on the selling price of the traditional retailer and the manufacturer’s optimal wholesale
price under different sales modes. That is, the higher the market share of the direct selling
channel is, the lower the selling price of the traditional retailer and the manufacturer’s
optimal wholesale price should be set in resale mode. No matter how the market share of
the direct selling channel changes, there is always p∗RT > p∗AT . When the market share of
the direct selling channel is high, there are w∗A > w∗R and p∗RD > p∗A > p∗RE, which indicates
that the market share of the direct selling channel has no influence on price change of the
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traditional retailer in different sales modes. By observing Figure 7b, it can be seen that,
with the increase in β, the profits of the manufacturer and the traditional retailer increase,
while the profit of the e-commerce platform decreases. When the market share of the
direct selling channel is low, the profits of the manufacturer and the traditional retailer in
agency mode are higher than resale mode. When the market share of the direct selling
channel is relatively low or high, the profit of the e-commerce platform in resale mode
is higher than that in agency mode. When the manufacturer chooses agency mode, the
traditional retailer and e-commerce platform have a low market share in the direct selling
channel to achieve a win–win situation with the manufacturer. When the manufacturer
chooses resale mode and the market share of direct selling channel is high, it is beneficial
to each member. Therefore, when both the commission rate and the intensity of price
competition are moderate, if the manufacturer chooses resale mode when the market share
of the traditional retail channel is lower than the direct selling channel and chooses agency
mode when the market share of the traditional retail channel is higher than the direct
selling channel, all members can achieve a win–win situation.
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Finally, we report the experimental results about impact of the commission rate λ
on optimal price and profit of each member shown in Figure 8. By observing Figure 8a,
it can be seen that, with the increase in λ, p∗AT , w∗A, and p∗A decrease gradually and the
other prices remain the same, which indicates that the optimal price of each member in
agency mode should be set low with the increase in commission rate and the optimal price
in resale mode is not affected by the commission rate. No matter how the commission
rate changes, there are always p∗RT > p∗AT , w∗R > w∗A, p∗RE > p∗A > p∗RD, which indicates
that the commission rate has no effect on price changes under different sales modes in
the same channel. By observing Figure 8b, it can be seen that, with the increase in λ, the
profit of the manufacturer in agency mode decreases, while the profits of the e-commerce
platform and the traditional retailer in agency mode increase. When the commission rate
is low, the profit of the manufacturer in agency mode is higher than resale mode and
the profit of the e-commerce platform in resale mode is higher than agency mode. No
matter how the commission rate changes, the profit of the traditional retailer in agency
mode is always higher than resale mode. Moreover, when the commission rate is low, the
manufacturer’s selection of agency mode is beneficial to the traditional retailer but not to
the e-commerce platform. When the commission rate is high, the manufacturer’s selection
of resale mode is not beneficial to both the traditional retailer and e-commerce platform.
When the commission rate is moderate, the manufacturer’s selection of agency mode
can achieve a win–win situation for all members. Therefore, when the intensity of price
competition is moderate and the market share of the direct selling channel is lower than the
traditional retail channel, the increase in commission rate is not necessarily beneficial to the
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e-commerce platform, while the manufacturer’s selection of agency mode under moderate
commission rate is beneficial to both the traditional retailer and e-commerce platform.
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Figure 8. Impact of the commission rate on (a) optimal price and (b) optimal profit.

Based on the above analysis, the sensitivity analysis results for each parameter to price
and profit of each member are summarized in Table 4. No matter how the price competition
intensity and commission rate change, when the market share of the direct selling channel
is lower than e-commerce platform channel, the optimal price relationship in the same
channel under two sales modes is p∗RT > p∗AT , w∗R > w∗A, and p∗RE > p∗A > p∗RD. This
indicates that channel price change is only related to the market share of channel and has
nothing to do with the intensity of price competition and commission rate. Compared with
agency mode, when the market share of the direct selling channel is lower than e-commerce
platform channel, the optimal prices in the traditional retail channel and e-commerce
platform channel are high in resale mode, while the optimal price of the direct selling
channel is low. Moreover, when the intensity of price competition and the commission
rate are moderate, if the market share of the traditional retail channel is lower than the
direct selling channel, the manufacturer’s selection of resale mode is beneficial to achieve
a win–win situation for all members. If the market share of the traditional retail channel is
higher than the direct selling channel, the manufacturer’s selection of agency mode can
promote the coordination of the supply chain.

Table 4. Sensitivity analysis results of each parameter to each member’s optimal price and profit.

Variables p∗RT p∗AT p∗RD p∗A p∗RE w∗R w∗A π∗RM π∗AM π∗RT π∗AT π∗RE π∗AE

δ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑
α ↑ ↑ - ↓ ↓ - ↑ - ↓↑ ↑ ↑ ↓ ↓
β ↓ ↑ ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↑ ↑ ↓ ↓
λ - ↓ - ↓ - - ↓ - ↓ - ↑ - ↑

“↑” indicates an increase, “↓” indicates a decrease, “↓↑” indicates first a decrease and then an increase, and
“-“ indicates no change.

6. Discussion and Conclusions

With the diversification of sales channels and the development of e-commerce, more
and more manufacturers rely on e-commerce platforms to expand the scale of market sales.
However, in real life, manufacturers choose between resale mode and agency mode under
different conditions (e.g., market competition intensity, commission rate). Therefore, it
is necessary to study how manufacturers choose the most beneficial sales mode on the
e-commerce platform.

We have studied a sales mode selection problem between resale mode and agency
mode on e-commerce platforms for a manufacturer with traditional retail channels, direct
selling channels, and e-commerce platform channels. We have constructed two leader–
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follower game models with the manufacturer as a leader and the traditional retailer and
e-commerce platform as followers. Through theoretical analysis, we have derived optimal
decisions for each member and then, through numerical experiments, we have analyzed the
impact of intensity of price competition, market share, and commission rate on sales mode
selection and each member’s optimal price and profit under different sales modes. Through
these results and the inspiration of Valeri [53], our research brings some enlightenment to
the field of organization management.

The main revelations can be stated as follows:

(1) The manufacturer’s sales mode selection strategy is mainly affected by price competi-
tion intensity, market share of channel, and commission rate. To be specific, when the
market share of the traditional retail channel is lower than the direct selling channel,
the manufacturer should choose agency mode if the market share of the direct selling
channel is low and the price competition intensity is weak, or if both the market
share of the direct selling channel and the commission rate are high, and the price
competition intensity is strong; otherwise, the manufacturer should choose resale
mode. When the market share of the direct selling channel is lower than the traditional
retail channel, the manufacturer should choose agency mode if the price competi-
tion intensity is weak and choose resale mode if the price competition intensity is
strong. In particular, the manufacturer is more inclined to choose the resale mode
with an increased commission rate. This finding is consistent with the actual situation
(e.g., merchants on the platform always want to pay as little commission rate as possi-
ble, because in this way they can obtain more profits). In addition, we find that the
market share of each channel has a great impact on the sales mode selection strategy.
Different from other studies that assume that the market share of the traditional retail
channels is higher or lower than that of the direct selling channels, this paper presents
the sales mode selection strategy under different market share distribution ratios,
which is our characteristic. This finding can solve more problems and has a certain
practical significance. In addition, it also provides a new idea for follow-up research
on multi-channel supply chains.

(2) By comparing the optimal prices in the same channel under two sales modes, we found
that the change of channel price is only related to the market share of the channel
but has nothing to do with the price competition intensity and the commission rate.
Compared with agency mode, if the market share of the direct selling channel is lower
than e-commerce platform channel, the optimal prices of the traditional retail channel
and e-commerce platform channel are high in resale mode, while the optimal price of
the direct selling channel is low. This is mainly because the price of the traditional
retail channels and e-commerce platform channels decreases with the market share
of the direct selling channels in the resale mode but increases with it in the agency
mode. In other words, manufacturers expanding direct selling channels under the
resale mode are detrimental to traditional retailers and e-commerce platforms. This
goes a long way towards explaining why some distributors are reluctant to let their
suppliers expand their online channels because it would hurt their profits.

(3) When both the price competition intensity and the commission rate are moderate, the
manufacturer chooses agency mode if the market share of the direct selling channel
is lower than the traditional retail channel and chooses resale mode if the market
share of the direct selling channel is higher than the traditional retail channel, which
can achieve a win–win situation for all members and promote the coordination of
the supply chain. Interestingly, references [1,14,33] show that manufacturers achieve
supply chain win–wins only under the agency mode. This finding suggests that no
matter what sales mode manufacturers choose, there is a possibility that traditional
retailers and e-commerce platforms are willing to compete and cooperate with them,
which well explains why such sales structures are prevalent in real life and makes our
study meaningful.
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There are some limitations to our study. We assume that the intensity of price com-
petition is the same across all sales channels. However, it is highly likely that different
situations occur in real life. Therefore, in the future, we can consider the influence of
price competition intensity across different channels on sales mode selection strategy. In
this study, we consider the situation of a single manufacturer and a single e-commerce
platform. However, it is beneficial to study the sales mode selection strategy of multiple
manufacturers on multiple e-commerce platforms, which can provide more management
enlightenment for enterprises. Obviously, the models for this general case are more com-
plicated and, especially, the number of parameters will greatly increase, which may cause
some difficulties in solving the models and the corresponding sensitivity analysis. How to
deal with these difficulties will be our next topic.
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Appendix A

Proof of Proposition 1: The Hessian matrix of the objective function πRM in model (I) is

∇2πRM(wR, pRD) =
2

2− δ

(
2(δ− 1) 2δ

2δ 2δ2 + δ− 2

)
.

It is easy to see that, when δ ∈ [0, 0.5], the above matrix is negative semidefinite and
hence the objective function πRM is concave with respect to (wR, pRD). Since the constraints
are all linear, model (I) is a convex optimization problem. Solving∇(wR ,pRD)πRM = 0 yields.

w∗R =
1− β + 2βδ

4(1− δ− 2δ2)
d, p∗RD =

β + δ− 2βδ

2(1− δ− 2δ2)
d.

In order to satisfy the constraints, it requires that 4α(δ− 2) + (β− 1)(3δ− 2) ≤ 0 and
(β− 1)(δ− 6) + 4α(δ− 2) ≥ 0. Therefore, when δ ∈ [0, 0.5), α ∈ [0, α1), β ∈ [β1, β2] or
δ ∈ [0, 0.5), α ∈ [α1, 1], β ∈ [0, β2], (w∗R, p∗RD) is a globally optimal solution of model (I).
Substituting (w∗R, p∗RD) into p∗RT(wR, pRD) and p∗RE(wR, pRD), we can obtain p∗RT and p∗RE.
This completes the proof. �

Proof of Proposition 3: The Hessian matrix of the objective function πAM in model (II) is

∇2πAM(wA, pA) =
1
2

(
−2 (4− λ)δ

(4− λ)δ 4(2− λ)(δ2 + δ− 1)

)
.

When δ ∈ [0, 0.5] and λ ∈ [0, 0.3], the above matrix is negative semidefinite and hence
the objective function πAM is concave in (wA, pA). Since the constraints are all linear, model
(II) is a convex optimization problem. By solving ∇(wA ,pA)

πAM = 0, we have

w∗A =
8α + 8δ− 16αδ + λ(−4α− 10δ + 14αδ + 8βδ− 2αδ2) + λ2(2δ− 2αδ− 2βδ + αδ2)

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d
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p∗A =
4− 4α + 8αδ + λ(−4 + 4α + 4β− 3αδ)

16− 16δ− 32δ2 − 8λ + 8δλ + 16δ2λ− δ2λ2 d

Through direct calculation, when δ ∈ [0, 0.5), α ∈ [0, 1], β ∈ [0, 1− α] and λ ∈ [0, 0.3], the
constraints hold and so (w∗A, p∗A) is a globally optimal solution of model (II). Substituting
(w∗A, p∗A) into p∗AT(wA, pA), we can obtain p∗AT . This completes the proof. �
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