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Abstract: The platform owner promotes the transaction between independent sellers and consumers,
while entering the marketplace of independent sellers to compete with them for consumers. Faced
with the threat of platform encroachment, independent sellers establish their own competitive
advantages through ex ante category quality selection and ex post product differentiation. This study
discusses how independent sellers should determine product positioning (including vertical and
horizontal dimensions) in the face of platform category encroachment. We establish a game model
and determine the best strategy. In addition, we develop a multi-agent model to reach conclusions for
more complex market situations. We show that when the consumer’s platform preference is low, the
independent seller is willing to locate in the high-end product market; otherwise, the independent
seller is willing to locate in the low-end product market. In a competitive environment, when
consumers’ ideal preferences are concentrated, the independent seller vertically positions in the
low-end product market and horizontally positions close to the concentrated area of consumers’ ideal
preferences. Similarly, the platform owner is more likely to encroach on the low-end product market.
However, the independent seller positions in the high-end product market with greater horizontal
differentiation, and the platform owner’s motivation to encroach is weakened.

Keywords: platform encroachment; independent seller; product positioning

1. Introduction

E-commerce breaks through the limitations of time and space and plays an increasingly
important role in economic development. The global e-commerce market is expected to
reach USD 6.5 trillion by 2023. In this rapid development trend, each e-commerce platform
adopts different operating models according to its own situation. Some e-commerce
platforms, such as Taobao and Tmall, adopt a pure platform model, whereby they only
provide trading platforms for independent sellers and consumers and do not participate
in specific transactions. They profit by charging commissions to independent sellers. In
addition, platforms, such as Amazon, Suning Tesco, and Jingdong Mall, while providing
platform services for buyers and sellers, also encroach on the retail market and make profits
by opening their own stores [1]. Statistics show that since 2023, Jingdong’s self-operated
GMV has accounted for more than 70% of Jingdong Mall’s overall sales.

The encroachment of e-commerce platform owners into the retail market has an im-
pact on the supply chain structure. The platform owner not only acts as an intermediary
cooperating with independent sellers to facilitate transactions but also acts as an occupier
competing with independent sellers for consumers in the same market. For more author-
itative platforms, consumers tend to show a stronger sense of trust and have a higher
preference for platform self-owned products. Product positioning is an effective way for
independent sellers to enhance their competitive advantage. Product positioning involves
two aspects: vertical product positioning and horizontal product positioning [2]. Vertical
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product positioning emphasizes the professionalism and depth of the product, focusing
on product quality and function. The difference in the material, process, and function of
the product creates products of a different quality. According to the difference in product
quality and value, the market can be roughly divided into low-, medium-, and high-end
markets [3]. Reliable and excellent quality is the key for medium- and high-end products,
while low-end products have become a pragmatic choice for consumers with their high
cost-effectiveness. Enterprises vertically position their market by selecting the quality of
the products they sell. Faced with the threat of encroachment, some incumbent enterprises
establish market competitive advantages through quality improvement in advance [4].
There are also some incumbent enterprises that respond by reducing the level of product
quality [5]. On the e-commerce platform, some independent sellers are positioned in the
high-end product market, and the platform owner will not engage in encroachment. For
example, luxury brands such as LV and GUCCI have flagship stores on Jingdong Mall, and
there are no Jingdong self-owned stores. At the same time, many independent sellers expect
to take advantage of the high pricing of the platform’s self-owned products [6], positioning
in the low-end product market, such as the digital accessories market and the second-hand
book market. When the platform’s self-owned stores enter, independent sellers may need a
lot of resources to reposition vertically, which is very difficult for them [7]. Therefore, in the
face of serious product homogeneity and weak competitive position, independent sellers
can form differences with the platform owner through horizontal product positioning [8].
Unlike vertical product positioning, horizontal product positioning focuses on the breadth
and diversity of products, that is, the appearance, design, characteristics, etc., necessary to
distinguish them from competitors’ products, positioning on a specific attribute or feature
to attract potential consumers. For example, clothing brands such as GLM and A21 special-
ize in selling certain styles in their flagship stores to differentiate them from products in the
platform’s self-owned stores. Third-party sellers on Amazon try to tap into differentiated
blue ocean products from Red Sea markets. The retailer of selfie ring lights, by analyzing
user reviews on Amazon, developed the large-sized ring light and replaced the flimsy
tripod with a sturdy circular base. In short, product positioning is a primary and important
business decision for independent sellers.

The above analysis leads to the research questions of this paper: Under what conditions
is the independent seller positioned in the high-end product market, and under what
conditions is the independent seller positioned in the low-end product market? Is the
platform owner willing to encroach on the retail market? How does platform encroachment
affect the independent seller’s positioning decision? What is the equilibrium strategy
for the interaction between the two parties? Which equilibrium strategy can yield more
consumer surplus and social welfare?

In view of the above questions, we establish a Stackelberg game model under the
framework of the Hotelling model, involving an independent seller and a platform owner.
If there is no encroachment, then the independent seller as a monopoly only needs to
carry out vertical product positioning and pricing. If there is platform encroachment,
the independent seller also needs to carry out horizontal product positioning to alleviate
competition by selling a product that is different from the platform’s self-owned product.
We not only explore the optimal strategies of both parties but also develop an agent-based
model for more complex consumer markets and conduct simulation experiments. In
addition, we extend the model to further analyze the impact of positive production costs,
pricing order, and the platform’s consumer surplus concerns.

The rest of this paper is arranged as follows. Section 2 reviews the relevant literature
and emphasizes the differences between this paper and the existing literature. Section 3
establishes the main model and investigates the independent seller’s product positioning
strategy and the platform owner’s encroachment strategy. Section 4 conducts multi-agent
simulation experiments and further analyzes the impact of heterogeneity of consumers’
ideal preferences on equilibrium decision making. Section 5 considers several extensions to
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the main model. Section 6 presents the conclusions of this study and discusses management
insights and future research directions.

2. Literature Review
2.1. Platform Encroachment

This article considers the literature on platform encroachment. Previous studies
have focused on the motivation for platform encroachment and the impact of platform
encroachment on supply chain members. In terms of empirical research, Zhu and Liu [9]
conducted an empirical study on Amazon’s motivation to invade the third-party sellers’
marketplace. They found that Amazon is more likely to enter the product field with
successful and small specific investments, and Amazon’s entry hinders the business growth
of third-party sellers. However, some scholars [6,10] have found through empirical studies
that Google’s entry into the Android market has a positive impact on complementary
innovation. In terms of game theory research, Ryan et al. [11] focused on the competition
and coordination of the online market and studied the conditions of platform encroachment
and retailers’ entry into the online market. They found that when retailers are weak
competitors, the platform is more likely to encroach, and retailers do not enter the online
market; on the contrary, retailers enter and the platform does not encroach; and when the
competition is equal, retailers enter the online marketplace and compete with the platform
encroachment. Lam and Liu [12] studied platform encroachment strategy based on different
levels of information usage and the pricing strategy of independent sellers under different
encroachment strategies. They found that platforms use personalized information to
target more successful independent sellers, who charge higher prices and can benefit
from platform encroachment, but consumers may be harmed. Zennyo [13] examined
platform encroachment and content owner bias, comparing platforms’ three strategies
of pure intermediation, fair encroachment, and biased encroachment. The results show
that platform bias encroachment can increase the number of platform users (sellers and
consumers) by reducing the equilibrium between commission rate and price. Wu et al. [14]
constructed a dual-channel supply chain consisting of a manufacturer, a third-party seller,
and an electronic platform and studied the electronic platform’s encroachment strategy and
the manufacturer’s pricing strategy under platform encroachment. The study found that the
electronic platform is always willing to encroach on the third-party seller market, and the
manufacturer tends to choose a price discrimination strategy that provides a more favorable
wholesale price to the third-party seller. However, these studies do not consider how the
product positioning strategies of independent sellers are affected by platform encroachment.
This paper contributes to the literature on platform encroachment by studying different
product positioning strategies under, or not under, platform encroachment.

The literature contains reports describing a combination of platform encroachment
and product positioning studies. Tian et al. [15] investigated the impact of product differen-
tiation among suppliers in a business model selection of electronic platforms. Unlike their
article, where the focus is on upstream vendor competition, we explore the competitive
and cooperative relationship between the independent seller and the platform owner. Jiang
et al. [16] constructed a two-period dynamic game model with asymmetric information,
where independent sellers locate either with a high-demand product type or low-demand
product type and can mask product demand by lowering the service level, while the
platform owner identifies products with high-demand potential in the first period and
invades them in the second period. However, unlike their model, which assumes that
independent sellers exit the marketplace after platform encroachment, we assume that
when platform encroachment occurs, the independent seller can compete with the platform
owner by selling horizontally differentiated products. Moreover, they did not investigate
which product type independent sellers tend to sell, whereas we examined the optimal
product selection strategy of the independent seller under platform encroachment. Etro [17]
considered product differentiation in price competition on a platform that allows sellers
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to retain positive profits after platform imitation. In comparison, this paper examines the
endogenous product differentiation of the independent seller.

2.2. Product Positioning

Product positioning mainly considers the strategic decision of product differentiation.
Some scholars have studied product vertical differentiation. Wang and Sun [18] differen-
tiated second-hand platform products in terms of reliability and timeliness. Su et al. [19]
measured the quality of online knowledge payment products from the perspective of
consumer experience value, providing a more optimized method for knowledge payment
platforms to select high-quality products. Du and Guan [20] studied the product introduc-
tion strategy (decreasing quality or increasing quality) of a monopoly enterprise under the
dual drive of consumer strategic behavior and enterprise cost reduction. Liu and Zhai [21]
compared and analyzed the impact of progressive innovation (positioning in the low-end
market first, the high-end market later) and breakthrough innovation strategy (positioning
in the high-end market all the time) on enterprise operation. Lauga and Ofek [22] and Yi
and Chen [23] used the customer willingness to pay model to study the product quality
positioning of duopoly enterprises. Chen et al. [24] and Ha et al. [25] studied the product
quality selection of suppliers under dual channels. Feng et al. [26] studied the combination
of product positioning strategies of a start-up platform company and a third-party seller
under bilateral network effects. Guo and Li [27] studied the impact of potentially entering
retailers on the product upgrading strategies of upstream manufacturers and found that
the higher the product substitution of entrants, the lower the willingness of upstream
manufacturers to upgrade product quality. Bardon [28] explored how two competing enter-
prises use product positioning to cope with the threat of potential entrants. Their study
showed that narrowing the quality gap between the products of incumbent enterprises can
prevent invasion.

Some scholars have studied product horizontal differentiation. Kapkin and Joines [29]
considered multiple dimensional roundness to explore the impact of product form on
consumers’ perceived meaning. Sajeesh and Raju [30] studied pricing and positioning
decisions in a variety-seeking market. Ottaviano and Thisse [31] discussed the impact of
strategic interaction between multi-product firms on product diversity, mainly focusing
on horizontal differentiation. Ebina et al. [32] built a horizontal differentiation duopoly
competition model and studied the entry timing and product positioning decisions of
leaders and followers under the uncertainty of market size. Chen and Liang [33] analyzed
the product positioning and pricing decisions of competitive enterprises when customers re-
turn goods under the framework of the Hotelling model. Chen et al. [2] studied the product
positioning decision of duopoly competitive enterprises under the rebate promotion model.
Tian et al. [34] analyzed the conditions under which manufacturers sell homogeneous or
differentiated products through their own online channels and independent retailers under
the free ride of consumers. Although the research on product positioning decision making
has been relatively rich, most of the existing literature studies either horizontal product
positioning or vertical product positioning. Shangguan et al. [35] explored a single manu-
facturer’s differentiated design and pricing strategy for its two products from horizontal
and vertical dimensions. In contrast, we focus on the enterprise’s product positioning
strategy in a competitive environment. However, most of the existing literature studies
the product positioning problem of competitive enterprises. The independent seller in this
paper relies on the intermediary role of the platform while facing the threat of platform
self-operation. Based on this, in the context of platform encroachment, this paper not only
focuses on the independent seller’s horizontal product differentiation strategy after the
platform owner’s encroachment but also investigates ex ante product quality position-
ing strategy (high quality or low quality), aiming to enhance the competitive advantage
through product positioning.
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3. Modeling and Analysis

We consider an e-commerce platform supply chain consisting of a platform owner
(O) and an independent seller (S). There are vertically differentiated categories and sellers
within a category that sell horizontally differentiated variants (products). In our model, we
consider two categories with a vertical differentiation of α, one is a lower quality category
L and the other is a higher quality category H. S chooses to sell one of the categories (that
is, vertical product positioning) and transact with consumers through O. At the same time,
S needs to pay a commission of r (0 < r < 1) per unit sales to O, and r is an exogenous
variable [36–38]. In addition, observing the category selection of S, O may introduce its
own product into the market to encroach on S’s category (encroachment strategy is denoted
as E, non-encroachment strategy is denoted as N). Figure 1 illustrates the supply chain
structure under the two platform strategies. In reality, in order to reduce the risk of new
product development, platform owners often use information advantages to encroach on
products with good sales performance [12,16], and the platform owner has product display
advantages [39]. To avoid being squeezed out of the market by the platform’s self-owned
store, S will take the initiative to adopt a product differentiation strategy to distinguish
from O’s product of the same level (i.e., horizontal product positioning) and establish its
own competitive advantage [40]. We denote S’s product and O’s product in category j
(j ∈ {L, H}) as Sj and Oj, respectively, and the degree of horizontal differentiation between
the two products is expressed as dj, where S determines the optimal dj value. For simplicity
of analysis, we assume that both parties produce at zero cost (in Section 5, we consider the
case where the production costs are not zero, and the main result is still valid).

Systems 2024, 12, x FOR PEER REVIEW 5 of 22 
 

 

3. Modeling and Analysis 
We consider an e-commerce platform supply chain consisting of a platform owner 

(O) and an independent seller (S). There are vertically differentiated categories and sellers 
within a category that sell horizontally differentiated variants (products). In our model, 
we consider two categories with a vertical differentiation of α, one is a lower quality cate-
gory L and the other is a higher quality category H. S chooses to sell one of the categories 
(that is, vertical product positioning) and transact with consumers through O. At the same 
time, S needs to pay a commission of r (0 < r < 1) per unit sales to O, and r is an exogenous 
variable [36–38]. In addition, observing the category selection of S, O may introduce its 
own product into the market to encroach on S’s category (encroachment strategy is de-
noted as E, non-encroachment strategy is denoted as N). Figure 1 illustrates the supply 
chain structure under the two platform strategies. In reality, in order to reduce the risk of 
new product development, platform owners often use information advantages to en-
croach on products with good sales performance [12,16], and the platform owner has 
product display advantages [39]. To avoid being squeezed out of the market by the plat-
form’s self-owned store, S will take the initiative to adopt a product differentiation strat-
egy to distinguish from O’s product of the same level (i.e., horizontal product positioning) 
and establish its own competitive advantage [40]. We denote S’s product and O’s product 
in category j (𝑗 ∈ ሼ𝐿, 𝐻ሽ) as Sj and Oj, respectively, and the degree of horizontal differenti-
ation between the two products is expressed as 𝑑௝, where S determines the optimal 𝑑௝ 
value. For simplicity of analysis, we assume that both parties produce at zero cost (in Sec-
tion 5, we consider the case where the production costs are not zero, and the main result 
is still valid). 

 
Figure 1. Supply chain structure. 

According to the Hotelling model, we assume that consumers are uniformly distrib-
uted along a straight line with density 1 [41]. We use a modified Hotelling model where 
the line extends to infinity at both ends [42]. The location of each consumer indicates its 
ideal variant (product) preference. If the consumer buys the non-ideal product, it will 
cause the loss of its purchase utility. Assume that the distance between the consumer’s 
ideal and each seller’s product is 𝑥௜௝ (𝑖 ∈ ሼ𝑂, 𝑆ሽ, 𝑗 ∈ ሼ𝐿, 𝐻ሽ). The utility loss caused by con-
sumers purchasing product ij without satisfying their preferences is 𝑥௜௝ ∙ 𝑡, where t repre-
sents the utility loss per unit distance. We distinguish the consumer’s purchase behavior 
in the following two scenarios. 

 When O does not encroach, there is only S’s product in the linear space. The utility 
obtained by the consumer from purchasing Sj is 𝑈ௌ௝ = 𝑞௝ − 𝑝ௌ௝ − 𝑥ௌ௝ ∙ 𝑡, where 𝑞௝ repre-
sents the category j’s quality, 𝑞ு/𝑞௅ = 𝛼 > 1; 𝑝ௌ௝ represents Sj’s retail price. The value 𝑥ௌ௝ᇱ   is defined as the boundary position at which the consumer acquires non-disutility 
when purchasing Sj, i.e., 𝑈ௌ௝ = 0  when 𝑥ௌ௝ = 𝑥ௌ௝ᇱ  . Figure 2a shows the range in which 
consumers buy products from S in the case of non-encroachment. The market demand of 
S is 𝐷ௌ௝ே = 2𝑥ௌ௝ᇱ = ଶ(௤ೕି௣ೄೕ)௧ . 

Figure 1. Supply chain structure.

According to the Hotelling model, we assume that consumers are uniformly dis-
tributed along a straight line with density 1 [41]. We use a modified Hotelling model where
the line extends to infinity at both ends [42]. The location of each consumer indicates its
ideal variant (product) preference. If the consumer buys the non-ideal product, it will cause
the loss of its purchase utility. Assume that the distance between the consumer’s ideal and
each seller’s product is xij (i ∈ {O, S}, j ∈ {L, H}). The utility loss caused by consumers
purchasing product ij without satisfying their preferences is xij·t, where t represents the
utility loss per unit distance. We distinguish the consumer’s purchase behavior in the
following two scenarios.

When O does not encroach, there is only S’s product in the linear space. The utility
obtained by the consumer from purchasing Sj is USj = qj − pSj − xSj·t, where qj represents
the category j’s quality, qH/qL = α > 1; pSj represents Sj’s retail price. The value x′Sj is
defined as the boundary position at which the consumer acquires non-disutility when
purchasing Sj, i.e., USj = 0 when xSj = x′Sj. Figure 2a shows the range in which con-
sumers buy products from S in the case of non-encroachment. The market demand of S is

DN
Sj = 2x′Sj =

2(qj−pSj)
t .
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When O encroaches, there are Sj and Oj in the linear space. It is assumed that con-
sumers have a higher value evaluation δ (δ > 1) for the platform owner’s products [43–45].
The utility obtained by the consumer from purchasing Oj is UOj = δqj − pOj − xOj·t. The
utility obtained by the consumer from purchasing Sj is USj = qj − pSj − xSj·t. The value x′Oj
is defined as the boundary position at which the consumer acquires non-disutility when
purchasing Oj, i.e., UOj = 0 when xOj = x′Oj. In addition, we define the value x′SO−j as
the undifferentiated location where the consumer purchases Sj and Oj. Let xSj = x′SO−j,

xOj = d− x′SO−j, by solving USj = UOj, we can obtain x′SO−j =
(1−δ)qj−pSj+pOj+dt

2t . Figure 2b
shows consumers’ purchases of different sellers’ products in the case of encroachment. The

market demand of S is DE
Sj = x′Sj + x′SO−j =

(3−δ)qj−3pSj+pOj+dt
2t . The market demand of O

is DE
Oj = x′Oj + d − x′SO−j =

(3δ−1)qj+pSj−3pOj+dt
2t . Note that the boundary values x′Sj and

x′Oj are positive.
We only consider that both products have high enough valuations, so that there

is a competitive relationship between the two parties. Specifically, the constraint is
0 < d < x′Sj + x′Oj. In Table 1, we summarize all the main symbols.

Table 1. Main symbols.

Symbols Definition

α
Degree of vertical differentiation between category L and category H. Category L corresponds to the low-quality
category, while category H corresponds to the high-quality category.

r Platform commission rate.
t The utility loss per unit distance, when a consumer purchases a product that is not their ideal preference.
δ The consumer preference for platform self-owned products.
c The horizontal differentiation cost per unit.
qj The category j’s quality (j ∈ {L, H}).

dj
The degree of horizontal differentiation between Sj and Oj. S and O indicate the independent seller and platform
owner, respectively.

xij The distance between the consumer’s ideal and product ij (i ∈ {O, S}).
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Table 1. Cont.

Symbols Definition

pN
ij (pE

ij)
The retail price of product ij under strategy N (strategy E). Strategy N indicates that O does not encroach, while
strategy E indicates that O encroaches.

Uij The utility obtained by the consumer from purchasing product ij.
DN

ij (DE
ij) The market demand of product ij under strategy N (strategy E).

πN
ij (πE

ij) The i’s profit when S chooses to sell category j and O adopts strategy N (strategy E).

CSN(CSE) The consumer surplus under strategy N (strategy E).
SWN(SWE) The social welfare under strategy N (strategy E).

σ The heterogeneity of consumers’ ideal preferences.
k The cost per unit of product quality.
µ The degree of O’s consumer surplus concern.

The sequence of events for this article is shown in Figure 3. S first vertically positions
its product (L or H), and then, observing S’s market position (category selection), O decides
whether to encroach on the category. According to whether O encroaches, there are two
sub-games: If O does not encroach, S decides the retail price pSj. If O encroaches, S takes
the lead in determining the horizontal differentiation degree dj from Oj, and second, S and
O successively decide the retail price pSj and pOj.
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3.1. In the Case of Non-Encroachment

When O does not encroach, S’s profit is πN
Sj = (1 − r)·DN

Sj·pN
Sj, and O’s profit is

πN
Oj = r·DN

Sj·pN
Sj. S decides the retail price to maximize profit, and the equilibrium result is

as described in Lemma 1.

Lemma 1. In the case of non-encroachment, S’s optimal retail price is pN
Sj
∗
=

qj
2 , the market demand

is DN
Sj
∗
=

qj
t , and the profit is πN

Sj
∗
=

qj
2(1−r)

2t . The profit of O is πN
Oj

∗
=

qj
2r

2t .

Proposition 1. In the case of non-encroachment, the independent seller is positioned in the high-end
product market.

The result of Proposition 1 is intuitive. First, the higher the quality of the product, the
higher the price consumers are willing to pay for it. Second, the high-quality product’s
valuation advantage helps to make up for the utility loss caused by the product’s failure
to meet the horizontal preferences of consumers, and there is a wider range of consumers
to buy the product. As a result, the monopolistic independent seller chooses to sell high-
quality products.

3.2. In the Case of Encroachment

When O encroaches, S’s profit is πE
Sj = (1 − r)·DE

Sj·pE
Sj − dj·c, where c represents the

horizontal differentiation cost per unit [46]. O’s profit is πE
Oj = r·DE

Sj·pE
Sj + DE

Oj·pE
Oj. S first

sets the horizontal differentiation from Oj, then determines the retail price, and finally, O
determines the retail price. According to backward induction, the equilibrium result is
obtained as described in Lemma 2.
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Lemma 2. In the case of platform encroachment, if the consumer’s valuation (product qual-
ity) is high enough to satisfy qj > c(41−r)

14(1−r) , then S and O compete for consumers in the com-

petitive range. Equilibrium decisions are dj
∗ =

24c(17−r)+7qj(1−r)(−17+3δ)

49(1−r)t , pE
Sj
∗
= 12c

7(1−r) ,

and pE
Oj

∗
= 2c(41+5r)

49(1−r) +
4qj(δ−1)

7 . The market demand of S and O are DE
Sj
∗
= c(17−r)

7(1−r)t and

DE
Oj

∗
=

3(c(41−9r)+14qj(δ−1)(1−r))
49t(1−r) . The profits of S and O are πE

Sj
∗
=

c(12c(−17+r)+7qj(−1+r)(−17+3δ))

49(1−r)t

and πE
Oj

∗
=

6(c2(1681+(1502−143r)r)+28cqj(1−r)(41−2r)(−1+δ)+196qj
2(1−r)2(−1+δ)2)

2401(1−r)2t
.

Proposition 2. (1)
∂dj

∗

∂qj
< 0 when 1 < δ < 17

3 , and
∂dj

∗

∂qj
> 0 when δ > 17

3 ; pSj
∗ is not related

to qj;
∂pOj

∗

∂qj
> 0. (2)

∂dj
∗

∂δ > 0; pSj
∗ is not related to δ;

∂pOj
∗

∂δ > 0. (3)
∂dj

∗

∂c > 0;
∂pSj

∗

∂c > 0;
∂pOj

∗

∂c > 0.

(4)
∂dj

∗

∂r > 0,
∂pSj

∗

∂r > 0,
∂pOj

∗

∂r > 0.

Proposition 2 (1) shows that when δ is small, the horizontal differentiation between
products is negatively correlated with qj; when δ is large, the horizontal differentiation
between products is positively correlated with qj. This is because, for lower quality prod-
ucts, S increases market demand by expanding horizontal differentiation between products,
thereby increasing revenue. For higher quality products, S does not need to invest more
in product differentiation costs. However, when δ is larger, the valuation advantage of

Oj is significant, and because
∂(UOj−USj)

∂qj
= 3(δ−1)

7 > 0, the greater the δ, the greater the
encroachment threat caused by the increase in product quality. To mitigate the threat of
encroachment, S needs to broaden the differentiation from Oj. Moreover, unlike Propo-
sition 1, Proposition 2 (1) shows that under platform encroachment, the retail price and
market demand of Sj are independent of product quality. This is because S can regulate
competition by endogenizing the degree of horizontal differentiation between its product
and O’s product. Proposition 2 (2) further indicates that the greater the δ, the higher O’s
pricing, and S will expand the horizontal differentiation from Oj to alleviate competition
and ensure that the retail price and market demand remain unchanged.

Propositions 2 (3) and (4) show that the pricing of S and O and the degree of horizontal
differentiation between their products are positively correlated with c and r. This is because
the higher the cost coefficient of horizontal differentiation and the higher the commission
rate, the more S will be forced to increase pricing. O then gets a free ride, and its retail
price rises. In addition, due to the increase in the retail price, S will expand its horizontal
differentiation from Oj to avoid excessive decline in market demand. Therefore, dj

∗ is
positively correlated with c and r.

Proposition 3. In the case of platform encroachment, when 1 < δ < 17
3 , the independent seller is

positioned in the high-end product market, and when δ > 17
3 , the independent seller is positioned in

the low-end product market.

Proposition 3 shows that when δ is small, S chooses to sell category H; when δ is large,
the excessive encroachment of O forces S to enter the low-end market to sell category L.
Similar to Proposition 2 (1), if δ is small, the positive influence of qj on S will outweigh the
negative influence, and S is positioned in the high-end product market. Conversely, if δ is
large, the negative impact of qj on S is larger than the positive impact, and S is positioned
in the low-end product market.

Proposition 4. (1) pN
Sj
∗
> pE

Sj
∗ when c <

7qj
24 (1 − r), and pN

Sj
∗
< pE

Sj
∗when c >

7qj
24 (1 − r).

(2) DN
Sj
∗
> DE

Sj
∗. (3) πN

Sj
∗
> πE

Sj
∗.



Systems 2024, 12, 36 9 of 22

Proposition 4 shows that platform encroachment leads to reduced market demand and
a lower retail price of Sj (when c is relatively small), thereby damaging S’s profit. Although
the retail price of Sj under platform encroachment is higher when c is larger, its essence is
the forced pricing increase caused by the increase in differentiation cost. The decrease in
demand and the higher product differentiation cost ultimately reduce S’s profit.

3.3. O’s Encroachment Strategy

In this section, we examine the platform owner’s encroachment strategy, i.e., strategy
N or strategy E. By comparing the profits of O under strategy N and strategy E, we
obtain the conditions under which O adopts different encroachment strategies, as stated in
Proposition 5.

Proposition 5. When δ > 31+8
√

62
93 ; 1 < δ < 31+8

√
62

93 and 0 < r ≤ r′; or 1 < δ < 31+8
√

62
93 ,

r′ < r < 1, and c > c′, the platform owner adopts strategy E; when 1 < δ < 31+8
√

62
93 , r′ < r < 1,

and c < c′, the platform owner adopts strategy N.
Where r′ is the root for the equation −289 + 3366δ − 9801δ2 +

(
4114 + 2868δ + 882δ2)r +(

−769 − 282δ − 9δ2)r2 + 48r3 = 0, c′ = (84qj(1 − r)(41 − 2r)(δ − 1) − 49
√

3qj(1 − r)√
r(49 − 143r2 − 1632(δ − 2)δ + 2r(823 + 72(δ − 2)δ)))/(858r2 − 10, 086 − 9012r).

Proposition 5 shows that when δ is large, or δ and r are small, or δ is small and r and
c are large, O will encroach on S’s category; when δ is small, r is large, and c is small, O
does not encroach. This is because when δ is large, O can earn higher profits by selling
self-owned products. The lower the r, the lower O’s shared profit from S. Therefore, O
is willing to introduce self-owned products to the market. In addition, when c is large,
S will expand dj, which encourages O’s category encroachment. Figure 4 summarizes
our findings.
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In addition, Proposition 5 further shows that platform encroachment is related to cate-
gory quality. When δ is small (i.e., 1 < δ < 1

93

(
31 + 8

√
62

)
) and r is large

(i.e., r′ < r < 1), if qH > qL > q′, O will not encroach on any category of S; if qH > q′ > qL,
S’s positioning in the high-end market can prevent platform encroachment; if q′ > qH > qL,
O will encroach regardless of the vertical positioning strategy adopted by S. We obtain the
following Proposition 6.

Where q′ = 24c(−41+2r)(−1+δ)−14
√

3
√

c2r(49−143r2−1632(−2+δ)δ+2r(823+72(−2+δ)δ))

7(−1+r)(49r−48(−1+δ)2)
.
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Proposition 6. The platform owner is more likely to encroach on the low-quality category of the
independent seller.

As stated in Proposition 2 above, when δ is small, the degree of horizontal differentia-
tion between two sellers’ products is inversely proportional to quality. The lower the qj,
the greater the dj, and the more likely O is to encroach.

3.4. Equilibrium Strategy Analysis

As stated in Proposition 1 and Proposition 3 above, S’s positioning strategy is dif-
ferent in competitive and non-competitive environments, and, as stated in Proposition 6
above, O’s encroachment strategy is also different under a different vertical positioning
of S. Therefore, in this section, we construct the game matrix as shown in Table 2 and
obtain the game equilibrium strategy and equilibrium conditions of S’s vertical position-
ing and O’s encroachment according to the profits of both parties under four different
strategy combinations.

Table 2. The equilibrium profits of both parties under the four strategy combinations.

O
S

L H

N
πN

SL
∗
=

qL
2(1−r)

2t πN
SH

∗
=

α2qL
2(1−r)
2t

πN
OL

∗
=

qL
2r

2t πN
OH

∗
=

α2qL
2r

2t

E
πE

SL
∗
=

c(M1+qL M2)
49(1−r)t πE

SH
∗
=

c(M1+αqL M2)
49(1−r)t

πE
OL

∗
=

6(M3+qL M4+qL
2 M5)

2401(1−r)2t
πE

OH
∗
=

6(M3+αqL M4+α2qL
2 M5)

2401(1−r)2t

Where M1 = 12c(−17 + r), M2 = 7(1 − r)(17 − 3δ), M3 = c2(1681 + (1502 − 143r)r), M4 = 28c(1 − r)
(41 − 2r)(δ − 1), and M5 = 196(1 − r)2(δ − 1)2.

Proposition 7. The equilibrium strategy is the following: (1) When 1 < δ < 1
93

(
31 + 8

√
62

)
,

r′ < r < 1, and qH > q′ > qL or qH > qL > q′, the equilibrium strategy is {P,N}. (2) When
1 < δ < 1

93

(
31 + 8

√
62

)
, r′ < r < 1, and q′ > qH > qL; when 1 < δ < 1

93

(
31 + 8

√
62

)
and

0 < r < r′; or when 1
93 (31+ 8

√
62) ≤ δ < 17

3 , the equilibrium strategy is {P,E}. (3) When δ > 17
3 ,

the equilibrium strategy is {T,E}.

Proposition 7 shows that when δ is small and r is large, O has little incentive to
encroach. If α is large (i.e., α > q′/qL), the positioning of S in the high-end market can
prevent O’s category encroachment. Even if the platform encroachment cannot be prevented
(1 < α < q′/qL), S can still make a higher profit selling category H than selling category L.
However, when r is small, O is willing to introduce self-owned products into the market
even if the competitive advantage is not significant. Similarly, category H is the optimal
vertical positioning strategy for S. In addition, when δ is large, O will inevitably encroach on
the category of S to maximize the benefit. If δ is in the middle and the market competition
is not fierce, category H can still bring more profits to S; if δ is too large, more consumers
will buy high-quality products from O rather than S. Therefore, to ease competition and
avoid more horizontal differentiation costs, S will be positioned in the low-end market.

3.5. Consumer Surplus and Social Welfare

In this section, we discuss the impact of the independent seller positioning strategy
and platform encroachment strategies on consumer surplus and social welfare.

In the case of non-encroachment, the consumer surplus and social welfare are, respectively:

CSN = 2
∫ x′Sj

0
(qj − pSj − xSjt) dxSj =

qj
2

4t
, (1)
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SWN = CSN + πN
Sj
∗
+ πN

Oj
∗
=

3qj
2

4t
, (2)

In the case of encroachment, the consumer surplus and social welfare are, respectively:

CSN =
∫ x′Sj

0 (qj − pSj − xSjt) dxSj +
∫ x′SO−j

0 (qj − pSj − xSjt) dxSj +
∫ d−x′SO−j

0 (δqj − pOj − xOjt) dxOj+∫ x′Oj
0 (δqj − pOj − xOjt) dxOj =

M6+qj
2 M7+qj M8

2401(−1+r)2t
,

(3)

SWE = CSE + πE
Sj
∗
+ πE

Oj
∗
=

M9 + qj
2M10 − qj M11

2401(−1 + r)2t
, (4)

where M6 = c2(−68, 589 + 5658r + 51r2), M7 = 49(r − 1)2(3δ(8 + 3δ)− 131), M8 = 84c
(1 − r)(517 − 41δ − r(23 + 5δ)), M9 = −9c2(7611 + r(155r − 2806)), M10 = 49(1 − r)2

(3δ(11δ − 8)− 107), and M11 = 7c(−1 + r)(6053 + 345δ + r(39δ − 1061)).

Proposition 8. (1) ∂CSN

∂qj
> 0, ∂SWN

∂qj
> 0, ∂CSE

∂qj
> 0, ∂SWE

∂qj
> 0. (2) CSE > CSN , SWE > SWN .

Proposition 8 shows that high-quality products always enable consumers to obtain a
higher surplus, and social welfare is always higher. Although both O and consumers prefer
S to adopt a high-end market positioning strategy, S is only willing to sell high-quality
products if δ is small. Proposition 8 shows that the increase in O’s profit and consumer
surplus under the high-quality category positioning strategy can compensate for the decline
in S’s profit. In addition, Proposition 8 shows that consumers are inclined to platform
encroachment, and social welfare can always be improved under O’s strategy E. Although
O’s profit is low under strategy E when δ is small (i.e., 1 < δ < 1

93

(
31 + 8

√
62

)
), r is high

(i.e., r′ < r < 1), and c is low (i.e., c < c′), the increase in consumer surplus under strategy
E makes up for the decrease in the profit of S and O. Therefore, the overall social welfare is
higher under platform encroachment.

4. Numerical Simulation

To examine the robustness of the main results, we develop a multi-agent model, which
is numerically studied in this section. We have formulated the decision rules of agents, and
the interaction between agents is shown in Figure 5. S’s product positioning strategy and
pricing strategy, on the one hand, affect consumers’ market demand for Sj, and on the other
hand, they affect O’s encroachment strategy and pricing strategy (if there is encroachment),
and O’s decisions, in turn, affect S’s decisions and consumers’ potential market demand for
Oj. At the same time, consumer demand has an impact on the decisions of both S and O.
In short, agents interact through their own decisions. Agents learn rules and adapt to the
environment (different parameter combinations in the simulation experiment). Through
multiple iterations, the agents make decisions adaptively and interact with each other to
achieve convergence.

4.1. Multi-Agent Model Construction
4.1.1. Consumer Behavior

We use “~” to describe the multi-agent model. This model differs from the previous
setup in that the consumer ideal is normally distributed, i.e.,

∼
x ij ∼ N(0, σ2), as shown in

Figure 6.
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4.1.2. Decision Makers’ Behavior

As in the main model, when O does not encroach, S’s profit is
∼
π

N
Sj = (1 − r)·

∼
D

N

Sj·
∼
p

N
Sj

and O’s profit is
∼
π

N
Oj = r·

∼
D

N

Sj·
∼
p

N
Sj. When O encroaches, S’s profit is

∼
π

E
Sj = (1 − r)·

∼
D

E

Sj·
∼
p

E
Sj −

∼
d j·c and O’s profit is

∼
π

E
Oj = r·

∼
D

E

Sj·
∼
p

E
Sj +

∼
D

E

Oj·
∼
p

E
Oj.

In addition, we set rules for decision makers. Due to space limitations, this paper only
describes the rules under platform encroachment in detail; the case of non-encroachment is
relatively simple, and the rules are similar. The rules under encroachment follow backward
induction in game theory. Considering the complexity of real-world consumer markets
and the bounded rationality of decision makers, we focus on the interaction between S
and O in the decision-making process. Note that the adaptive process of the multi-agent
model consists of multiple iterations. Figure 7 shows the decision-making process of the
sequential game in one iteration.
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In the Stackelberg game, the first two levels are S and the third level is O. At the first
level, there are three possibilities for S to set up horizontal differentiation for iteration I,

namely,
∼
d(I) =

∼
d(I−1) + ∆

∼
d,

∼
d(I) =

∼
d(I−1), and

∼
d(I) =

∼
d(I−1) − ∆

∼
d, where ∆

∼
d is the change

in horizontal differentiation during each iteration. At the second level, the retail prices
that S may set are

∼
pS(I) =

∼
pS(I−1) + ∆

∼
p,

∼
pS(I) =

∼
pS(I−1), and

∼
pS(I) =

∼
pS(I−1) − ∆

∼
p, where

∆
∼
p is the change in retail price during each iteration. As a result, S has a total of nine

decision combinations. At the third level, corresponding to each decision combination of
S, O also has three optional retail prices, namely

∼
pO(I) =

∼
pO(I−1) + ∆

∼
p,

∼
pO(I) =

∼
pO(I−1),

and
∼
pO(I) =

∼
pO(I−1) − ∆

∼
p. Therefore, we finally obtain 27 two-party decision-making

combinations. We describe the decision rules of both parties as follows.
First, at the third level, corresponding to each decision combination of S, O selects

one of the three retail prices to maximize its own profit. Then, moving up, as a leader, S
can identify the response of O. Therefore, S can calculate the profit under its nine decision
combinations and select a decision combination that maximizes its profit. Thus, through a
round of iterative decision-making interaction, the decision-making results of the round of
iteration are obtained. After several rounds of iteration, the final decision-making results
converge to equilibrium.

4.2. Simulation Results and Analysis

To further discuss the influence of consumer ideal preference heterogeneity on equi-
librium decision making, we experimentally analyze the impact of σ on S’s vertical and
horizontal product positioning and O’s encroachment strategy. We set the parameters

qL = 6, qH = 9, and t = 1; the initial values of the decision variables are
∼
d(0) = 2,

∼
pS(0) = 1, and

∼
pO(0) = 3; and the change in horizontal differentiation ∆

∼
d and the change in

price ∆
∼
p are both 0.01.
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4.2.1. The Impact of σ on S’s Vertical Positioning

With different δ, the relationship between the profit difference of S’s positioning in the
high-end and low-end product markets and σ is shown in Figure 8.
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Observation 1. (1) When σ is small, S is positioned in the low-end market, and when σ is large, S
is positioned in the high-end market. (2) The willingness of S to locate a high-end market decreases
with the increase in δ.

Figure 8 shows that when σ is small,
∼
π

E
SH − ∼

π
E
SL < 0, and when σ is large,

∼
π

E
SH − ∼

π
E
SL > 0.

This is because the greater the product quality, the greater the threat of platform encroach-
ment, and S intends to widen the horizontal differentiation from O’s product. However,
when σ is small and the d value is larger, S will lose more consumers in concentrated areas.
Compared with giving up some high-demand markets to provide profitable category H,
providing traffic-attracting category L for high-demand markets can achieve higher returns.
Therefore, S is positioned in the low-end market. When σ is large, the market competition
is alleviated, and the horizontal preference distribution of consumers is dispersed, making
category H’s valuation advantage appear, and S is more willing to locate in the high-end
market. In addition, Figure 8 shows that the larger the δ is, the less likely S is to locate in
the high-end market due to the influence of competition intensity. This is consistent with
the conclusion in the main model.

4.2.2. The Impact of σ on S’s Horizontal Positioning

With different vertical positioning, the relationship between both parties’ horizontal
differentiation and σ is shown in Figure 9.
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Observation 2. Horizontal differentiation between Sj and Oj first increases and then decreases
with σ, and horizontal differentiation is greater in the high-end market.
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As Figure 9 shows,
∼
d j

*
first increases and then decreases with σ. This is because

when σ is small, the ideal preferences of consumers are concentrated in the competitive
range, and the product positioning of S is close to the ideal concentration to compete for
more consumers. The larger the σ, the more dispersed the ideal preference distribution
of consumers, and S increases the market demand by expanding the competition range.
At the same time, the greater the horizontal differentiation between products, the higher
the differentiation cost paid by S. When the profit increment brought by increasing market
demand through expanding d is not enough to make up for the profit loss caused by
the differentiation cost, S will narrow the horizontal differentiation from Oj. In addition,

Figure 9 shows that
∼
dH

*
is always greater than

∼
dL

*
when the consumer’s ideal preference

is normally distributed.

4.2.3. The Impact of σ on O’s Encroachment Strategy

For different quality categories, Figure 10 shows the relationship between O’s profit
and σ under strategy E and strategy N.
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Observation 3. The motivation of O to encroach increases first and then decreases with σ, and O is
more motivated to encroach on the low-end product market.

As Figure 10 shows,
∼
π

E
Oj <

∼
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N
Oj when σ is small or large, and

∼
π

E
Oj >

∼
π

N
Oj when σ

is centered. This is because when σ is small, S sets a small horizontal differentiation to
win over consumers concentrated at the 0 point, resulting in fierce product competition,
and O will not encroach to avoid excessive damage to shared revenue. When σ increases,
the horizontal differentiation between products increases and the motivation of platform
encroachment increases. However, when σ further increases, considering the horizontal
differentiation cost and the excessively dispersed ideal preferences of consumers, S does not
need to set a large d, and the platform’s self-operating revenue also declines, resulting in
lower profits under strategy E than under strategy N. Therefore, O gives up encroachment.
In addition, a comparison of Figure 10a,b shows that for the low-quality category, in a
wider range of σ values, O’s profit under strategy E is higher than that under strategy N.
Therefore, O has more incentive to encroach on the low-quality category. This is consistent
with the conclusion of Proposition 6.

5. Three Extensions
5.1. Positive Production Cost

In the main model, for the simplicity of analysis, we assume that sellers’ vertical
production costs are normalized to zero. Therefore, we extend the model to explore
whether positive vertical production costs affect the equilibrium outcome. Specifically, we
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define k as the cost per unit of product quality and kqj as the vertical production cost, that
is, the higher the quality of the product, the higher the vertical production cost.

In the case of non-encroachment, the profit functions of S and O are πN
Sj = (1− r)·DN

Sj·pSj

−DN
Sj·kqj and πN

Oj = r·DN
Sj·pSj. In the case of encroachment, the profit functions of S and O

are πE
Sj = (1 − r)·DE

Sj·pSj − DE
Sj·kqj − dj·c and πE

Oj = r·DE
Sj·pSj + DE

Oj·(pOj − kqj). Table 3
shows the equilibrium results obtained by backward induction.

Table 3. Equilibrium results in the case of positive production cost.

N E

dj
∗ — 24c(17−r)−qj M12

49(1−r)t

pSj
∗ qj(1+k−r)

2(1−r)
12c+7kqj

7(1−r)

pOj
∗ — 2c(41+5r)+qj M13

49(1−r)

πSj
∗ qj

2(−1+k+r)2

2(1−r)t
c(12c(−17+r)−qj M14)

49(1−r)t

πOj
∗ qj

2r(−1−k+r)(−1+k+r)
2(1−r)2t

2(M15+qj
2 M16−qj M17)

2401(−1+r)2t

Where M12 = 7(−2k(7 + r) + (−1 + r)(−17 + 3δ)), M13 = 7(k(7 − 2r) + 4(1 − r)(−1 + δ)), M14 = 14k(7 + r)−
7(−1 + r)(−17 + 3δ), M15 = c2(5043 + 4506r − 429r2), M16 = 49(r(3 + 2k − 3δ) + 3(−1 + δ))(r(4 + 5k − 4δ) +
4(−1 + δ)), and M17 = 84c(kr(−74 + 6r)− 41(−1 + δ)− r(−43 + 2r)(−1 + δ)).

Proposition 9. (1) In the case of non-encroachment, the independent seller is positioned in
the high-end product market. (2) In the case of platform encroachment, when k ≥ k′ or when
0 < k < k′ and δ > δ′, the independent seller locates in the low-end product market; when
0 < k < k′ and 1 < δ < δ′, the independent seller locates in the high-end product market.
Where δ′ = 17

3 − 2k(7+r)
3(1−r) and k′ = 7(1−r)

7+r .

Consistent with the results of the main model, S chooses to sell products in a high-
quality category in the absence of platform encroachment. Proposition 9 shows that in the
case of platform encroachment, the vertical production cost has an impact on the vertical
positioning strategy of S. When k is large, S will not target the high-quality category. When
k is small, like the results of the main model, and if δ is large, S will target the low-quality
category; otherwise, the high-quality category will be targeted. In addition, because δ′ < 17

3 ,
the positive vertical production cost makes it more likely that S will target the low-end
market under platform encroachment.

Proposition 10. When δ > 31+8
√

62
93 ; 1 < δ < 31+8

√
62

93 and 0 < r ≤ r′; 1 < δ < 31+8
√

62
93 ,

r′ < r < 1, and c > c′; or 1 < δ < 31+8
√

62
93 , r′ < r < 1, c < c′, and k ≥ k′′ , the platform owner

adopts strategy E; when 1 < δ < 31+8
√

62
93 , r′ < r < 1, c < c′, and 0 < k < k′′ , the platform

owner adopts strategy N.

Where k′′ = 48c(3r−37)
7qj(49+40r) +

46(r−1)(δ−1)
49+40r +

√
M18+qj M19+qj

2 M20

qj
2r(49+40r)2 , M18 = 12c2(r(2490 + r(152r −

1953))− 1681), M19 = 336c(r − 1)(41 − 38r + 4r2)(δ − 1), and M20 = 49(1 − r)2(40r2 −
48(δ − 1)2 + r(53 + 4(δ − 2)δ)).

Proposition 10 shows that the influence of δ, r, and c on O’s encroachment decision
is the same as that of the main model. In addition, Proposition 10 shows that when δ
is small, r is large and c is small; if k is large, then O is willing to encroach the category;
otherwise, O does not encroach. This is because a larger k allows S to set a higher retail price
and horizontal product differentiation, and O gains more benefits by free riding through
encroachment than by larger production costs.
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5.2. Pricing Decision Order

Next, we assume that when O encroaches, S and O simultaneously determine the retail
price of the product. Other settings remain unchanged. S first conducts vertical positioning,
observes whether O encroaches, and then conducts horizontal positioning. Finally, S
and O simultaneously determine the retail price of their respective products. Through
backward induction, the equilibrium results under platform encroachment are obtained, as
Table 4 shows.

Table 4. Equilibrium results of platform encroachment in the case of simultaneous pricing.

E

dj
∗ c(−35+r)2

147t(1−r) +
qj(3δ−17)

7t

pSj
∗ c(35−r)

21(1−r)

pOj
∗ c(35−r)(7+r)

147(1−r) +
4qj(δ−1)

7

πSj
∗ c(c(−35+r)2+42qj(−1+r)(17−3δ))

294(−1+r)t

πOj
∗ M21+qj M22+qj

2 M23

43,218(−1+r)2t

Where M21 = c2(−35 + r)2(147 + 4(35 − r)r), M22 = 84c(42 − r)(35 − r)(1 − r)(δ − 1), and M23 = 21, 168
(−1 + r)2(−1 + δ)2.

We find that the optimal vertical positioning strategy of S in the case of simultaneous
pricing is consistent with Proposition 3.

Proposition 11. When δ > 17(17+2
√

283)
843 ; 1 < δ < 17(17+2

√
283)

843 and 0 < r ≤ r′′ ; or 1 < δ <
17(17+2

√
283)

843 , r′′ < r < 1, and c > c′′ , the platform owner adopts strategy E; when 1 < δ <
17(17+2

√
283)

843 , r′′ < r < 1, and c < c′′ , the platform owner adopts strategy N.
Where r′′ is the root for the equation 306δ − 867δ2 − 27 +

(
361+ 280δ + 24δ2)r − (46+ 8δ)r2 +

r3 = 0, c′′ =
42qj(42−r)(r−1)(δ−1)
(35−r)(147+4(35−r)r) + 147

√
qj

2(1−r)2r(3−4r2−144(δ−2)δ+4r(36+(δ−2)δ))

(35−r)2(147−4(−35+r)r)2 .

Relative to Proposition 5 of our main model, we find that the encroachment strategy
of O is essentially similar. In addition, Proposition 11 shows that in the simultaneous
pricing scenario, O will choose to encroach only if there is a larger δ or a smaller r. This is
because S loses the advantage of early pricing, leading to lower pricing and expanding the
horizontal differentiation from Oj. Therefore, platform encroachment has a greater negative
impact on S’s profit. To avoid an excessive decline in shared profits, platform encroachment
motivation is weakened.

5.3. O’s Consumer Surplus Concern

More and more e-commerce platforms are not only pursuing their own profits but also
pursuing the interests of consumers. Therefore, in this section, we consider the impact of
O’s consumer surplus concern on S’s positioning strategy and O’s encroachment strategy.

In the case of non-encroachment, the profit functions of S and O are πN
Sj = (1− r)·DN

Sj·pN
Sj

and πN
Oj = r·DN

Sj·pN
Sj + µ·CSN . In the case of encroachment, the profit functions of S and

O are πE
Sj = (1 − r)·DE

Sj·pE
Sj − dj·c and πE

Oj = r·DE
Sj·pE

Sj + DE
Oj·pE

Oj + µ·CSE, where µ (µ > 0)
represents the degree of O’s consumer surplus concern. Table 5 shows the equilibrium
results obtained by backward induction.
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Table 5. Equilibrium results in the case of O’s consumer surplus concern.

N E

dj
∗ — 12c(−2+µ)(−17+r+8µ)+qj(−1+r)(−7+4µ)(−17+3δ+8µ)

(1−r)t(7−4µ)2

pSj
∗ qj

2
6c(−2+µ)

(1−r)(−7+4µ)

pOj
∗ — 4qj(−1+r)(−1+δ)(−1+µ)(−7+4µ)+2c(−41−5r+61µ+2rµ−20µ2)

(−1+r)(7−4µ)2

πSj
∗ qj

2(1−r)
2t

c(6c(−2+µ)(−17+r+8µ)+qj(−1+r)(−7+4µ)(−17+3δ+8µ))

(−1+r)t(7−4µ)2

πOj
∗ qj

2(2r+µ)
4t

6(qj
2 M24−qj M25+M26)

(−1+r)2t(7−4µ)4

Where M24 = −4(−1 + r)2(−1 + δ)2(7 − 4µ)2(−1+ µ), M25 = 2c(−1+ r)(−1+ δ)(−7+ 4µ)(−82+ 4r+ 122µ−
11rµ + 4(−10 + r)µ2), and M26 = c2(−(41 − 20µ)2(−1 + µ) + r2(−143 + µ(199 + 16(−6 + µ)µ)) + 2r(751 +
µ(−1495 + 16µ(75 + 4(−7 + µ)µ)))).

Proposition 12. When µ > 7
4 , or when 0 < µ < 7

4 and 1 < δ < 1
3 (17 − 8µ), the independent

seller is positioned in the high-quality product market; when 0 < µ < 7
4 and δ > 1

3 (17 − 8µ), the
independent seller is positioned in the low-quality product market.

By comparison with the results in the main model, we can confirm that the product
positioning strategy structure of S is essentially similar when O pays less attention to
consumer surplus. In addition, Proposition 12 shows that when O pays more attention
to consumer surplus, S is positioned in the high-quality product market. This is because
competition and conflict caused by larger consumer surplus concerns are dominant, and
the higher quality product can reduce O’s sacrifice behavior to a certain extent, which is
also beneficial to S.

We find that the equilibrium result obtained by backward induction is rather complex.
Therefore, we numerically discuss the influence of consumer surplus concern on O’s
encroachment strategy. Figure 11 shows the equilibrium results when µ = 0, µ = 1, and
µ = 4.
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We note that because platform encroachment is beneficial to consumer surplus, O is
very willing to encroach when it starts to pay attention to consumer surplus. However,
as O pays more attention to consumer surplus, O sacrifices more, resulting in excessive
competition with S and hindering profits. Therefore, O does not encroach. In short,
O’s proper attention to consumer surplus incentivizes encroachment, thereby enhancing
social welfare.

6. Conclusions

Focusing on the vertical and horizontal positioning of S’s product under platform
category encroachment, we build a Stackelberg game model under the framework of the
Hotelling model to explore the interaction between O’s encroachment strategy and S’s
product positioning strategy. We combine this with the multi-agent method to further
analyze the influence of consumer preference heterogeneity on equilibrium decision making.
In addition, we extend our model to consider the positive production cost, the simultaneous
price game, and the platform owner’s focus on consumer surplus.

The research findings are as follows: (1) O’s category encroachment will encroach
on the sales of S. Therefore, S will regulate competition through endogenous horizon-
tal differentiation from O’s product. In particular, the greater the consumer preference
for platform self-owned products, the greater the horizontal differentiation between the
two products. However, when the horizontal differentiation between the two products is
expanded, the horizontal differentiation cost is higher, determining, to some extent, the
vertical positioning of S. When O’s encroachment effect is weak, S can often obtain higher
profits by positioning in the high-end product market and even prevent platform encroach-
ment. However, when O’s encroachment effect is strong, the positioning of S in the low-end
product market can effectively alleviate competition. (2) O will decide whether to encroach
by weighing self-operating income and shared income. When the consumer preference for
platform self-owned products is large and the commission rate is small, O is more willing
to profit from the self-operated products. In addition, the higher the unit cost of horizontal
differentiation, the higher the pricing of S, which encourages O’s free riding and enhances
the encroachment motivation. (3) Our simulation experiments show that when consumers’
ideal preferences are concentrated, S vertically locates in the low-end product market and
horizontally locates close to the consumers’ ideal preference concentration area to obtain
more market demand. Conversely, S locates in the high-end product market and adopts the
strategy of expanding the horizontal differentiation of products. However, simultaneously,
limited by the cost of horizontal differentiation, S will narrow the horizontal differentiation
of products when consumers’ ideal preferences are relatively dispersed. Similarly, when
the ideal preferences of consumers are concentrated, O is more likely to encroach on the
low-end product market, and when the ideal preferences of consumers are dispersed, O’s
encroachment does not increase its revenue. (4) Positive production costs have a negative
impact on O’s encroachment and S’s high-end market positioning. The price decision
order does not affect S’s vertical positioning strategy, but compared with the sequential
order, the simultaneous pricing increases the horizontal differentiation between S’s product
and O’s product. This is not conducive to S’s profit and hinders the platform encroach-
ment to a certain extent. (5) Platform encroachment and high-end product positioning
are good for consumer surplus and social welfare. O’s appropriate attention to consumer
surplus encourages encroachment, while excessive attention to consumer surplus hinders
encroachment but encourages S to locate in the high-end product market.

We obtain some management insights. It is critical for independent sellers to identify
the heterogeneity of consumer preferences and understand platform encroachment. When
consumers have a high preference for platform self-operation, independent sellers can
choose to locate in the low-end product market to survive. Independent sellers can also
improve consumer preferences by providing services that accompany products, as well as
further improving product quality, reducing unit production cost, and raising barriers to
imitation by improving production technology, thereby increasing revenue and preventing
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platform encroachment. In addition, when consumers’ ideal preferences are concentrated,
independent sellers should adopt a high-demand strategy (positioning in the low-end
product market with less competition), and when consumers’ ideal preferences are dis-
persed, independent sellers should adopt a high-margin profit strategy (positioning in
the high-end product market with higher valuation advantages). From the perspective of
platform owners, first, improving self-preference will certainly bring more self-operating
profits, but excessive self-preference will lead to independent sellers positioning in the
low-end product market, thus damaging supply chain profits; second, platform owners can
encourage independent sellers to expand their horizontal differentiation between products
by moderately increasing the commission rate, thereby alleviating competition and increas-
ing revenue. In addition, platform owners can use their own information advantages to
find and enter the product market where consumers’ ideal preferences are concentrated
and quality competition is not fierce. Finally, platform owners should allow independent
sellers to set prices first, considering both profit and consumer surplus, while keeping
consumer surplus concerns within reasonable limits. Considering that the positioning of
high-end product markets and platform encroachment have a positive impact on consumer
surplus and social welfare, the government can take appropriate measures to guide plat-
form owners to weaken their self-preference (for example, platform owners can narrow
the gap between consumers’ preference for self-owned products and independent sell-
ers’ products by helping independent sellers with marketing promotions) and reduce the
commission rate.

Future research could take the following approaches: First, this paper focuses on
the heterogeneity of consumers’ ideal preferences and channel preferences. However, the
heterogeneity of consumer preferences is diverse, as is the heterogeneity of consumers’
product quality preferences. Future studies could complicate the model setting of consumer
heterogeneity and compare the impact of horizontal and vertical preferences on consumer
choice. Second, this paper assumes that platform owners collect deductible income from
independent sellers, while some composite e-commerce platforms implement two-part fees.
Moreover, this paper only considers the short-term behavior of platform owners, whereby
the commission rate is an exogenous variable. In the future, we can compare the different
charging modes of the platform and consider the long-term behavior of the platform owner
with an endogenous commission rate and fixed membership fee and further study the
coordination mechanism with independent sellers. Finally, this paper does not consider the
encroachment cost of platform owners. In reality, because independent sellers may have
more resource advantages for the products they sell, the fixed cost is usually silent, while
platform owners need to pay a positive fixed cost to enter the product market, which is
also a potential future research direction.
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