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Abstract: An in-depth study of the product encroachment behavior on the composite e-commerce
platform is of great significance to standardize the platform economy. This paper studies product
encroachment behavior of composite e-commerce platforms with double-differentiated multi-product
competition and constructs a game model of product innovation by an independent seller and
product encroachment by the platform owner. Using multi-agent simulation, we simulate the
bounded rational decision-making and interaction process of multiple agents in multiple periods
and analyze the main parameters’ influence. Results indicate the following: (1) In dual-differentiated
multi-product competition, the third-party seller is more willing to invest in innovating high-quality
category P, and the profit-driven platform owner only encroaches on the new variants of category P.
(2) The larger consumers’ platform owner preference can encourage the third-party seller to innovate
high-quality new products. The increase in vertical differentiation of categories can enhance the third-
party seller’s innovation motivation for the traffic-attracting category. (3) A reasonable commission
rate set by the platform owner can ensure the variety of variants of various categories, thereby
expanding the sales scope of the composite e-commerce platform. Diseconomies of scale of category
diversity management costs hinder the growth of product variety in the online marketplace.

Keywords: composite e-commerce platform; dual differentiated; product innovation; product en-

croachment; multi-agent simulation

1. Introduction

In the context of the COVID-19 pandemic, online marketplaces are becoming more
popular [1], and a series of issues related to the development of the e-commerce ecosystem
are constantly emerging. At present, e-commerce platforms are increasingly not only
trading places between customers and third-party sellers, but the platform owners also
usually act as prevailing sellers in their own platforms. For example, JD, Dangdang.com,
and Amazon are all composite e-commerce platforms [2]. Generally speaking, the types
of products available on the composite e-commerce platform will be far more than that
in the physical store. For example, there are more than 8000 digital cameras displayed
and sold on Amazon, while a Walmart physical store can only display around 30 kinds
of products. Excluding products with high sales volumes, most varieties are “long tail”
products with relatively low sales volumes. For the platform owner, it may be uneconomical
to sell varieties with a low sales volume; accordingly, for example, Amazon will leave
up to 93% of categories to its independent third-party sellers for sale. However, with the
rapid development of third-party sellers, these product categories that help third-party
sellers achieve revenue will attract high attention from platform owners. In order to
expand product categories and create higher revenue, platform owners will encroach on
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the product space of third-party sellers, and procure and sell products directly. Statistics
show that Amazon enters three percent of third-party sellers” product space over a ten-
month period. Platform owners have an information advantage: they are actually closely
observing category sales and perform category evaluation of third-party sellers. Profit
drives them to encroach on the third-party sellers’ successful categories with “blockbuster”
sales. Platform owners also have advantages in product display. For example, Amazon
exhibits “Similar Items to Consider” ads directly above an item’s shopping cart link, thereby
promoting its own products before consumers add third-party sellers” products to their
shopping carts. Because of the dominant market position of the platform owner, this kind
of category encroachment often damages the market position of the independent third-
party sellers or even makes them exit the market. Therefore, understanding the category
encroachment behavior of the platform owner and making strategic adjustments is often
key to the survival of third-party sellers. In addition to responding to the encroachment by
adjusting pricing [3,4] and marketing [5] strategies, third-party sellers should continue to
bring innovative products, create a particularity that is distinguishable from other similar
products to attract customers, and strive for the favorable position of market competition
based on product differences. However, the platform owner is not at complete liberty to take
any action he desires—generally speaking, the platform owner usually carefully balances
the short-term profit encroachment affords them and the damage to product innovation
incurred by independent sellers due to his excessive encroachment [6]. The latter usually
compromises the diversity of products and thus the health of the entire platform.

In addition, with the improvement of economic level, consumers’ pursuit of product
quality and variety is increasing. In order to cater to more consumer segments, there is
an increasing variety of products on the platform. Statistics show that from May 2015
to May 2016, taking shoes, clothing, and jewelry as an example, Amazon’s self-operated
product variety increased by 83%, and third-party sellers’” product variety increased by
84%. At present, product vertical and horizontal differentiation strategies are often used
as an important means for sellers to segment and expand the market. Vertical differenti-
ation mainly refers to the difference in product quality, while horizontal differentiation
refers to the difference in product color, size, taste, and other aspects. For example, the
Philips portable battery has 10,000 mah and 20,000 mah battery capacities and comes in a
variety of color variations, such as pure black and blue-black. From the core level of the
product, the main goal of product innovation is to realize multiple differentiation through
technological innovation and product serialization, which is also an effective way to cope
with competition [7].

In view of this, this paper takes dual-differentiated multi-product competition as
the starting point and constructs a multi-period game model of product innovation by
an independent seller and product encroachment by the platform owner. Based on this,
the optimal product innovation decision of the third-party seller and the optimal product
encroachment decision of the platform owner are discussed. Furthermore, this paper
combines analysis and multi-agent simulation. By simulating the heuristic process of
some bounded rational decision-making of merchants, in addition to the analytical results,
many emergent results can be produced [8-10]. Additionally, the influence of the main
parameters on both players’ decision-making and profit is analyzed. Specifically, this paper
aims to answer the following questions: (1) What is the optimal horizontal differentiation
innovation decision of the third-party seller for categories with different qualities in the face
of possible product encroachment behavior of the platform owner? (2) What is the platform
owner’s optimal product encroachment decision for the third-party seller’s innovative
products? (3) What is the evolution law of the optimal decision-making of both players
under the competitive interaction of multiple periods? (4) How do the main parameters
affect the evolution results?
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2. Literature Review

On a composite e-commerce platform, the platform owner is both an athlete and
a referee and has a wealth of information; third-party sellers, meanwhile, enjoy unique
category innovation, and operation and management capabilities. The key to the healthy
development of e-commerce platforms depends on the perfect integration of multiple
participants [11]. Parker and Van Alstyne [12] studied the motivation of platform owners
to encroach on the product space of more successful third-party sellers, while Gawer
and Henderson [13] found that platform owners may also worry about the deterioration
of the health of the platform ecosystem and its long-term interests and choose to avoid
direct competition with complementary third-party sellers, or only compete with those
with service problems in order to maintain a good “fair” reputation without harming
third-party sellers and richness of categories. A very representative recent study comes
from Zhu and Liu [14]. They used empirical methods to systematically test Amazon’s
category encroachment behavior against third-party sellers and explore the significance
of influencing factors such as price, variety, commission fees, distribution costs, demand
levels, customer reviews, and seller size. They found that third-party sellers should focus
on less prominent products or on categories that require extensive platform-side investment
to be successful, and suggested maintaining the ability to develop new products. Consistent
with Zhu and Liu, Li et al. [15] found that with the development of the platform, due to the
risk of developing new categories and the expectation to free ride on the platform owner’s
best-selling products, third-party sellers that originally focused on “niche products” may
also encroach on the platform owner’s product range. They used empirical methods to
study the encroachment strategies of third-party sellers on platform products and found
that third-party sellers will choose products that have a low price, high demand, low
return rate, low operating cost, abundant supply sources, uniqueness, and high exposure.
Moreover, encroachment by large third-party sellers will reduce the sales of the platform
owner but increase the sales of the entire platform. The above representative works are all
based on empirical or case analysis methods. Other studies on the category encroachment
of composite e-commerce platforms have adopted the method of game analysis. There are
relatively few such studies, which we discuss below.

The seed paper for analytical analysis comes from the research of Jiang et al. [6].
They examined product information disclosure to model Amazon’s product encroachment
behavior against independent third-party sellers and constructed a two-period game model.
Jiang et al. obtained the judgment conditions for “long-tail” and “short-tail” products,
identified the conditions for achieving pool equilibrium and separation equilibrium in
“middle-tail” products, and explained the internal relationship between Amazon’s product
encroachment, product demand, and platform commission fees. Hagiu et al. [16] studied
the competition—-cooperation model of the coexistence of platform self-operated sales and
third-party seller sales from the perspective of consumer surplus. They concluded that
consumers can benefit from the platform’s dual role and pointed out that the platform’s self-
interested purpose and category copycat behavior may bring about inefficiencies. Etro [17]
modeled and compared the various sales models existing on the Amazon platform, namely
the private label sales model, first party sales model, and third-party seller sales model. The
conclusion shows that when third-party sellers have the characteristics of lower customer
conversion rate, higher distribution cost, and lower market voice, or when the product
has the characteristics of low value-added and high-demand elasticity, the platform owner
tends to encroach on the market space of third-party sellers. In addition, Etro introduced the
third-party seller’s product innovation and the platform’s category copycat behavior into
the game model, and identified the third-party seller’s optimal innovation investment level
and the platform’s optimal copycat probability. The above studies on product encroachment
ideally assume that the third-party seller sells a single category or the categories sold are
independent and unrelated, and when the platform side encroaches, the third-party seller
immediately exits the market. None of them takes into account the fact that multiple
products continue to coexist and differentiated competition occurs after the platform owner
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encroaches. Feng et al. [18] discussed the behavior of third-party sellers encroaching on the
platform owner’s market share and assumed the coexistence and competition of multiple
product categories after the encroachment. However, they only considered the vertical
differentiation of categories, not the horizontal differentiation of categories. Moreover, they
focused on the impact of two-way network externalities and did not combine the issue of
category encroachment with that of category innovation.

With the increasing competition, product innovation and the introduction of differ-
entiated products have become an important way for enterprises to cope with invasion
challenges and gain competitive advantages. Wu and Lai [19] constructed a horizontal
differentiation competition model and explored pricing and product launching strategies in
a multistage game between two asymmetric firms. Yi and Chen [20] constructed a duopolis-
tic competition game model consisting of a large manufacturer and a small manufacturer
with imitation function and studied the product quality attributes decision-making of both
manufacturers. Baron [21] studied the product positioning and innovation strategies of
two competing firms under the coexistence of innovative products and initial products.
He concluded that the incumbent firm would offer an additional product to forestall entry
by narrowing the quality gap. Based on the following product encroachment and manu-
facturers” R&D modes (in-house R&D versus outsourcing R&D), Li et al. [22] constructed
game models under oligopoly and oligopolistic competition, respectively, and discussed
the influence of product encroachment on innovation quality. The above studies on product
innovation strategies in the face of encroachment threat only study from one dimension of
product horizontal and vertical differentiation and fail to consider the coexistence of the
multiple differentiation of categories.

The direct source of the dual-differentiated product competition model in this paper
is the research of Zhang et al. [23], who introduced the competition of dual-differentiated
products (different product models exist and each model has multiple variants); however,
they took horizontal and vertical differentiation as a given condition and considered the
impact on information disclosure strategies of the intermediary and competitive sellers
without paying attention to the product encroachment and innovation. In addition, many
scholars have studied the differentiation strategy of dual-differentiated products. Shang-
guan et al. [24] studied the two-dimensional product differentiation design and pricing
strategies of a manufacturer. Jalali et al. [25] studied the optimal product development
strategy (platform-based versus independent development) and the product differentiation
strategy (horizontally versus vertically differentiated products) of a monopolistic manufac-
turer for quality and feature-sensitive customers, and emphasized the impact of operational
cost parameters on the optimal differentiation strategy. Tian et al. [26] considered both
the horizontal differentiation of channels and the vertical differentiation of products and
analyzed the influence of consumer free-riding behavior on the optimal differentiation
strategy. Lv [27] examined a two-dimensional differentiation model of both vertical product
preferences and horizontal coupon preferences and investigated how couponing affects
firms’ promotion strategies and profits. Although these papers studied product differen-
tiation decisions in different scenarios, they did not include product encroachment and
product innovation under encroachment.

To highlight the contributions of this study, we contrast our study with other related
works (as shown in Table 1). It can be concluded that this paper is different from existing
literatures in the following three aspects: (1) Most analytical studies on the category en-
croachment of composite e-commerce platforms assume that third-party sellers withdraw
from the market after the platform owner’s category encroachment occurs, but this is not
realistic. Moreover, only the assumption of a single category is made or only the vertical
differentiation of categories is considered—the horizontal differentiation and the coexis-
tence of multiple product variants are not considered. This paper considers two vertically
differentiated categories with multiple variants, and multiple product variants continue
to coexist after the platform owner’s product encroachment. In addition, most of studies
are based on single-stage and two-stage game analysis. This paper combines multi-agent
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simulation to simulate and observe the emergent results of multi-period competition and
evolution, which is a new manifestation of the computing-driven supply chain in category
encroachment analysis, and provides new ideas for research on e-commerce platform
ecosystem-related issues. (2) Most studies on category innovation strategies under the
threat of encroachment only study from one dimension of product horizontal and vertical
differentiation. From the above background, it can be seen that vertical and horizontal
differentiation of categories are prominent in real life. Therefore, it is necessary to study
product encroachment and innovation strategies considering the dual differentiation of
categories. (3) By reviewing the literature in the field of category dual-differentiation, it is
found that some scholars take category dual-differentiation as a given condition to study
the impact on pricing [28], information disclosure, and other strategies, while others are
concerned about products themselves and focus on the product differentiation strategy.
However, there is no research that combines the competition of multiple differentiated
products with product invasion and product innovation. This paper introduces the dual-
differentiated multi-product competition into the encroachment problem and considers
both the product innovation behavior of the independent seller and the product encroach-
ment behavior of the platform owner. This paper not only analyzes the impact of category
differentiation on both players’ decision-making, but also studies the optimal horizontal
differentiation strategy of both players for different quality categories, which has theoreti-
cal significance for regulating category encroachment behavior on composite e-commerce
platforms. The research results of this paper have theoretical significance for regulating
product encroachment behavior on composite e-commerce platforms.

Table 1. Comparative summary of related studies.

References

Category En- Category Vertical Dif-
croachment Innovation ferentiation

Horizontal
Differentia-
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Period Analysis Multi-Agent
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Jiang et al. [6]
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Liet al. [22]
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3. Model Formulation
3.1. Problem Description and Basic Assumptions

Consider a composite e-commerce platform that includes a platform owner (seller 1)
and an independent third-party seller (seller 3). They can sell both of the two vertically
differentiated categories at the same time: one is a high-quality profitable product (category
P), and the other is a low-quality traffic-attracting product (category F). Each category has
multiple variants, such as different colors or sizes, etc. The third-party seller can develop
new variants to obtain horizontal differentiation advantages of categories, and the platform
owner can increase revenue by copycat third-party innovative products.
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Category price

This study can be regarded as examining a multi-period problem in which both types
of sellers need to decide their retail prices and marketing efforts of the two categories in
each period. In order to expand their market share, the third-party seller may invest in
innovating category variants. The number of variants affects customer demand and incurs
the cost of product diversification. In addition, the third-party seller understands that
the platform owner may encroach when new variants are launched and needs to decide
whether to invest in innovating products and how much to invest in the current period,
and then puts new variants into the market in the next period. After observing the category
innovation of the third-party seller, the platform owner decides whether to copycat new
products in the same period. At the same time, each consumer has a potential demand for
one unit of the product in each period.

In this paper, a multi-period game model is constructed, as shown in Figure 1. The
game sequence is as follows: in period 0, the platform owner and the third-party seller aim
to maximize their respective profits and decide their retail prices and marketing efforts
of categories. After that, according to the prediction of the encroachment behavior of the
platform owner, the third-party seller decides whether to invest in innovation and how
many variants to innovate. Finally, consumers make their purchase in this period. In
period 1, the product innovation of the third-party seller is declared a success or failure.
At the same time, the platform owner chooses whether to encroach or not. Then, both
players decide on category prices and marketing efforts at the same time. Subsequently, the
third-party seller, based on the prediction of the platform owner’s encroachment behavior
and the current category diversity situation, decides whether to continue to invest in
innovation and how many variants to develop; finally, consumers make their purchase in
this period. Next, the actions of period 1 are repeated for each period.

Period 0 Period 1 . Periodt

Encroachment Catwgory ptice

|
|
i 1
|
Platform and marketing ; . and marketing
[ 5 i ! decision . ik
i | effort decisions i effort decisions : bt
! Consumer: Consumer;, !
- i . , purchase | ) , . purchase ;
Third-party | | Category price : ! Success or Category price G ‘
. ! ; Innovation ! ; b : Innovation
seller i | and marketing i : failure of and marketing i
! % S decision ! . : o decision
effort decisions innovation effort decisions
;
;

Figure 1. Decision sequence.

The assumptions of this paper are as follows: (1) Consumers’ willingness 6 to pay
for categories is heterogeneous. Let 0 follow a uniform distribution in the interval [0, 0]
and, without loss of generality, normalize [0, 6] to [0, 1]. (2) The category quality is an
exogenous variable. The quality ratio of category P to category F is aq:q (x> 1). « reflects
the degree of vertical differentiation between the two categories. The larger the value of
o is, the higher the consumer’s valuation of category P is and vice versa. (3) Consumers
have a higher quality estimate & (5 > 1) of the platform’s self-operated products, but
consumers’ valuation of the platform self-operated low-quality category F is lower than the
valuation of the independent seller’s high-quality category P; that is, o > 6. (4) In order to
promote the category and increase the willingness to pay of consumers, sellers implement a

2
t . . 2 . .
i(. ) > (0 and a resulting marketing cost of %eig. ) (i=1,3,j=EP)[5]

in period t. (5) Both types of sellers face diseconomies of scale in the management of
product diversity [29]. The management cost of each category is a quadratic function of the
number of the category variants; therefore, the category management cost per period is

2
% i(jt) (i=1,3;j=EP), where 3 ( > 0) is the diseconomies of scale coefficient, ni(jt)

n
the number of variants of seller i’s category j in period t, and ni(.o) = 0. (6) The platform
charges commission based on the sales of the third-party seller, and the commission rate is
r(O<r<1).

marketing effort level of e

represents
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Information such as product price, quality, marketing level, and seller type obtained by
consumers through the platform search engine affects consumers’ purchasing decisions [30].
In addition, considering that the horizontal differentiation of categories also has a positive
impact on consumer demand, the utility that consumers obtain from purchasing category j
(j =EP) from selleri (i =1, 3) in period t is:

(1) () )
Ui('t) _ 05q; — 1?3)] + e(ltj) + n(ltj) (i=1) )
) qu — P3 + ey + ng; (i=23)
(¥

where qj represents the quality of category j, and pjj represents the retail price of selleri’s
category j in period t.
Consumers choose to buy a product that can afford them the maximum utility in each

period, that is, max(Ui(jt), 0). The market segmentation of consumers is shown in Figure 2.

No purchase Buy 3F Buy 1F Buy 3P Buy 1P

() (t) () (t)
0 0 3F 0 1F ) 3P 0 1P 1
Figure 2. Consumer market segmentation.
Let Gétg, GﬁtF), 9&3, and 6%} be the indifference points of consumer purchase utility in
each period, and satisfy 0 < thF) < OgtF) < Gétlz < 653 < 1. Among them, Gg;) represents the
(t)

indifference threshold between consumers buying 3F-type and not buying; 0, represents
the indifference threshold between consumers purchasing 1F-type and purchasing 3F-type;

Gétg represents the indifference threshold between consumers purchasing 3P-type and pur-

chasing 1F-type; 653 represents the indifference threshold between consumers purchasing
1P-type and purchasing 3P-type. Based on this, the indifference point of the utility of

consumers buying different categories from different sellers needs to satisfy the following;:

0iilq —py +eff + nifl =0 @)

6 — p3y +el + i = offlsq — piY + el + ni} )

6515q — piil + el + nif = 0{faq — pl + el + nf) )
8ipoq — pip + e + ni = O{fsaq — p{il +eff + i} 5)

From the above, the following can be solved:

) _ O _ 1)

—e —n
eétF) _ PsF ZF 3F ®)
t t
i _ B pl el el il 4nl o
1E q(=1+39)
t t t t t t
o _ P ply el el nll i) o
> q(oc—3)
() _ Pip — Pip — ejp +e5p —njp +nip
O1p = )

oq(—1+95)
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Therefore, the profit functions of the third-party seller and the platform owner in
period t are:

63 B 2
m) = (1 =)@y — 8Pl + (O —eplpip) = X (G- +gny ) (10)
=,
eg)z ‘3 2
t t t t t t t t t t t t
! = (817 — O )psy + (O1) — 0Py + (85 — el + (1 - Oippiy — X (54 5ni) (D
J=F,

3.2. Multi-Category Innovation and Encroachment Decision Analysis

Assuming that the innovation success probability p increases with the increase in the
innovation investment of the third-party seller, and the innovation investment amount is a
convex function of the innovation success probability [17], thus the innovation investment
of the third-party seller in period t is:

(t) . 1 +’Y (H_l)lJrU
! 14 0' (12)

where y represents the marginal cost of innovation investment and o represents the sensi-
tivity of product innovation success to investment.
When the third-party seller’s product innovation is successful in period t + 1 and the

/ /
platform owner encroaches, that means nétF) and ngﬁl will increase by AnI(JtH) and An§,t 1) ,

respectively, and ngtF) and ngtg

seller is as follows:

will do the same. Thus, the demand of each category of each

(t+1)"  _(t+1)’ (t+1) oD ) () (t+1) (D) () (t+1)’
pt+)’ _Pir TP~ ~ € e —MyptNgp  Pap  —ep  —Ngp —Ang (13)
. q(—=1+ 6) q
DD _ Bl el e e il
3" *(-T+5) , (14)
_*p%:H) +p§tp+l) (t+1) te gtF+1) +n§F)+A (t+1)7 n§§2—An{f“>
q(x=3)
D)’ _ bl sl s - anf
1F 1)’ 1)/ (t+1 t+1 ae=?) (15)
t t t t
B e el i anl
q(—1+9)
(t+1)  _(t++1) (t+l) 1) ® (1
D(t+1) _q1_Pir TP tep | —ngpt+ngp (16)
1P qoc( 1+9)
/
where p.(.t v’ and e( 1) represent the retail price and the marketing effort of ij-type when

1] y
the platform owner encroaches in period t + 1, respectively.

At this time, the optimization problem of the third-party seller and the platform owner
selling two categories is:

(t+1)/2

(t+1) t+1)_(t+1)’ €3 (t) (t+1)’ 2
(t+1)’ (tnlix (t+1)/ﬂ3(I’E) B '—ZF:P((1 -1 (Daj P3 )= ]2 %(n3] +an ))
3 ooy A =

(17)

/
s.t. egﬂ) >0, Anj(tH) >0
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2

(t+1) 2
(t+1) _ (t+1) (1) [’ (1)) ey B (1) (t+1)’
max ap = L (D" " py  +Dy Py — 7(n1j + Any ))
%Hrl) ,e§;+1) j=FE,P (18)
/
s.t. e(]t.H) >0
where (LE) represents the situation in which the third-party seller’s product innovation is
successful and the platform owner encroaches.
The innovation marginal profit of each seller is:
(t+1) _ _(t41) (t)
AT g) = Te) TG (19)
When the third-party seller’s product innovation is successful in period t + 1 and the
/
platform owner does not encroach, that means nétF) and né? will increase by Angﬂ) and
/
An(tﬂ) , respectively, and n(t) and n(t) will keep unchanged. Thus, the demand of each
P P Y 1F 1P P g
category of each seller is as follows:
1// 1// 1// 1// 1// 1// 1// 1//
e P e o ol a1 ) anltV
* q(=1+3) q
pler)” _ e e ey el on g ang "
P 1" 1" 1) 1 //qcx(_lJré) 1" (21)
_ o g el e D g i - ang
q(x=3)
plrD)” ey gV el e U e gy —ang "
1F1 " 10" 10" 10" (“76 0" (22)
e o e e ol iy Ang
q(—1+9)
(1) ()7 ()7 D (1), (1) (t+1)"
pt)” _qy_Pip = TP TEp teyp  —nyp+ngp +Angp (23)
1P qo(—1+9)
here p{"™!" and el"” he retail price and the marketing effort of ij h
where py and e;; represent the retail price and the marketing etfort of ij-type when

the platform owner does not encroach in period t + 1, respectively.
At this time, the optimization problem of the third-party seller and the platform owner
selling two categories is:

1 " Q)2 w2
g“)”,eér;&a)?/(,/A gﬂ),,”ét(ill\l)) = j=%P((l - r)(Dg]Hl) p;&l) i N 7(n§;> + Anj(t+l) ) o
s.t. eé;Jrl)H >0, Angﬂ)// >0
%4—1)’// %4—1)// (LN) j=F,P 3 3] 1j 1j 2 277 (25)
s.t. e%H)” >0

where (I,N) represents the situation in which the third-party seller’s production innovation
is successful and the platform owner does not encroach.
The innovation marginal profit of each seller is:

(t+1) _ _(t+1) ()
ANy = TSN — T (26)

Therefore, the expected marginal profit of product innovation of the third-party seller
in period t + 1 is:

1+ 1+o
E(Aﬂ§t+1)) _ p(t+1) {f(tﬂ)Aﬂét&B +(1- f(t+l))A7t§t(I+,11\I))] -1 Zp(tﬂ) 27)
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f(H—l)

= min{max|

where f(t+1)

period t + 1.

The expected marginal profit of product innovation of the third-party seller is equal to
the probability of success of innovation multiplied by the weighted average of the marginal
profits of innovation under the condition of platform encroachment and non-encroachment,
minus the innovation investment amount.

In order to obtain the maximum expected marginal profit for the third-party seller, let
IE(ARLTY)

ap(t+1)

represents the product encroachment probability of the platform owner in

= 0, and the optimal success probability of innovation in period t + 1 is:

1
(VAR + (1 - £ ) AnT 0 ] 7

(t+1) — min max
e { 14y

,03,1} €10, 1] (28)

The expected profit change brought about by the successful product innovation for
the platform owner in period t + 1 is:

E(Am( ) = ot [ Van{(ry) + (1 - £ ) an (0 | 29

The expected profit change of the platform owner is equal to the probability of success
of innovation multiplied by the weighted average of profit changes under encroachment
IE(ar")

EY.G)
probability of platform owner in period t + 1 is:

and non-encroachment conditions. Let = 0, and the optimal encroachment

(t+1) (t+1)
AT (1) . OATG 1 N 0,1} € [0, 1] (30)
(14 o) (Amix) = A7iig) (14 0) (A — Ag))

Therefore, the number of variants for each category of the third-party seller and the
platform owner in period t + 1 are the cumulation of increments for each period:

(t+1) :t+1 (t+1) (¢(t+1) o (t+l)'+ 1 — f(EF DA (t+1)”) 31

ng ;)p ( n ( ) N3 (31)
t+1

nﬁﬂ) = Y gD Anj(tﬂ)’ (32)

t=0

3.3. Multi-Agent Simulation Model Establishment

Based on the above strategy, this paper establishes a multi-agent simulation model
based on a genetic algorithm (GA) and observes the emergent results of multiple periods
of competition and evolution by simulating the heuristic process of some bounded rational
decision-making of merchants. As a parallel algorithm, GA has been used for seeking
the global optimum and widely applied to solve the game equilibrium solution [8,9]. The
complex constraints and objective functions are only used to check the feasibility and
quality of the GA solution. In view of the short-term decision-making with the goal of
maximizing the respective profits of both sellers in this paper, it can be regarded as a dual-
objective optimization problem. Therefore, this paper uses GA to determine the optimal
category retail price and marketing efforts in each period and nests GA into the game model
of third-party seller category innovation and platform category encroachment to solve
the optimal pricing, marketing, and innovation decisions under different encroachment
situations of the platform.

This paper uses multi-agent simulation to dynamically simulate the decision-making
and interaction process of each agent in multiple periods. The multi-period, multi-product
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innovation and encroachment decision-making process of a composite e-commerce plat-
form ecosystem is shown in Figure 3. The process can be expressed as the following steps:
Step 0: Enter the number of variants for each category of each seller in the initial state,
nfjo) =0(=1,3j=EDP).
Step 1: Based on Equations (6)-(9), update the demand function of each category of
each seller.

Step 2: Use GA to determine p." (t)

1 1

Step 2-1: Initialize the popula’iion, set]the variable range, and generate individual
genes according to the variable range.

Step 2-2: Determine the fitness function [31] and calculate the fitness of each individual.

Step 2-3: Use the roulette wheel method to select the parents. Select excellent individ-
uals with large fitness values for chromosome cross-combination and mutation.

Step 2-4: Repeat Step 2-2 to Step 2-3 until the number of iterations is reached, then
jump out of the loop.

Step 2-5: Select the individual with the largest fitness as the optimal solution.

Step 3: Calculate 1) and p(t+1) according to the following sub-steps.

Step 3-1: Based on Equations (13)-(16) and (20)—(23), update the demand function in
the case of platform encroachment and non-encroachment.

Step 3-2: Use GA to determine the optimal strategies under different encroachment

situations. Use Equations (19) and (26) to calculate Aﬂi((té El)) and AT[i((t;: 1\1]))

Step 3-3: Use Equation (30) to calculate the platform owner’s optimal encroachment
probability of innovative products in period t + 1.

Step 3-4: Use Equation (28) to calculate the optimal probability of successful innovation
of the third-party seller in period t + 1.

Step 4: Determine whether the probability of successful innovation in period t + 1 is
equal to 0. If p(t+1) = 0, it means that the third-party seller fails to innovate and no longer
invests in innovation; if p(t+1) > 0, it means that the third-party seller can still successfully
innovate new products, and it does not achieve an equilibrium yet.

Step 5: Based on Equations (31) and (32), update the number of product variants of
each category of each party in period t + 1 and use it as the input for the next cycle. If Step
5 determines that the third-party seller’s product innovation success probability decreases
to 0, the iteration ends.

and e;;’ according to the following sub-steps.

Step0: Initial inpulngi‘) (t=0)

l

Stepl: Demand function update

,~” Step3: Calculate product encroachment and innovation probability .,

Encroachment No

Encroachment
Fodate DEIL{S

(+1) Step3-1 Updat

Update D

GA output the optimal results

(t+1)

Step3-2
and calculate AT, o5 Siep

and calculate Anf:r‘\::

1

Step3-3: Calculate f(+1)

Step3-4: Calculate p(t+1)

Figure 3. Schematic diagram of multi-period, multi-product innovation-and-encroachment decision-

* M 1
GA output the optimal results | !

,,,,,,,,,,,,,,,, |

,7 Step2: Current pricing and marketing decision based on GA

Step2-1: Initialize population
Step2-2: Fitness calculation <

Step2-4:

N Step2-3:
Reach the number =05 Parent selection, -
of iterations Cross and Mutation i
Steps:
J, Yes Update ng;) to nfl‘”)
Step2-5:
Output the optimal results
Step4: No
p(l+l) 0

Yes

Stop

making process of composite e-commerce platform ecosystem.
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4. Model Simulation and Analysis

This paper conducts multi-agent simulation experiments on Anylogic 8.7.5 software
(Software Source: Russian X]J Technolegic) to explore the evolution law of the optimal
decision-making of the composite e-commerce platform system and analyzes the influence
of category vertical differentiation, consumer channel preference, scale diseconomies, and
platform commission rate on equilibrium decision-making. The model parameters and
variables are configured as shown in Table 2.

Table 2. Model parameters and variable value settings.

PARAM, VAR Meaning Value Assignment Rules
ot Scope of consumers’ quality assessment of 100 Constant
categories
qg Quality of Category F 1000 Constant
o Category vertical differentiation 2.0,2.1,2.2, etc. Constant,' set accor_dmg_ to the
experimental situation
5 Platform owner operated channel preference of 15 16,17, et Constant, set according to the
customers o e experimental situation
B Diseconomies of scale in product management 0.8.1.0, 1.2, etc Constant, set according to the
costs o e experimental situation
r The commission rate charged by the platform 0.4, 0.5, 0.6, etc. Constant,. set accmjdmg. to the
experimental situation
. Sensitivity of product innovation success to 03 Constant
investment
Y Marginal cost of product innovation investment 70 Constant
® I . . Automatically adjust settings
P Retail price of category j of seller i [0, 1500] from GA training results
) . . . Automatically adjust settings
e Marketing efforts of category j by seller i [0, 100] from GA training results
® . . . . 0 _ Automatically adjust settings
n; The number of variants of seller i’s category j Initial value ' = 0 from GA training results
4.1. Changes in Multi-Period Equilibrium Decision
When t = 1, the third-party seller develops new products successfully, and the platform
owner implements the encroachment strategy. After that, the changes in the equilibrium
decision of both sellers are shown in Figures 4-7.
0.20 8
—
0.15 F
5|
no 10k —e—n{) nlt 9 L
——n}
/‘1 -
0.05 4
0.00 A Y Y N U WU W Gy Gy S — —" 3 | | | 1 | | ) 1 1
4 g 4 2 A2 o 8 il 2 4 6 8 10 12 14 16 18 2
t
(a) (b)

Figure 4. Number of sub-variants of each category of each seller during multiple periods (a) number

of sub-variants of category F of each seller during multiple periods and (b) number of sub-variants of

category P of each seller during multiple periods.
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Figure 5. Retail price for each category of each seller during multiple periods: (a) retail price for
3F-type during multiple periods, (b) retail price for 3P-type during multiple periods, (c) retail price
for 1F-type during multiple periods, and (d) retail price for 1P-type during multiple periods.
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Figure 6. Marketing effort level of each category by each seller during multiple periods: (a) marketing
effort level of 3F-type during multiple periods; (b) marketing effort level of 3P-type during multiple
periods; (c) marketing effort level of 1F-type during multiple periods; and (d) marketing effort level
of 1P-type during multiple periods.
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Figure 7. Profit of each seller during multiple periods: (a) profit of the third-party seller during
multiple periods and (b) profit of the platform owner during multiple periods.

It can be seen from Figure 4 that the number of innovated variants of 3P-type is
much higher than that of 3F-type, and the platform owner only encroaches on category
P, not category F. Figure 4 shows that the independent seller will innovate variants for
both categories at the same time, but the platform owner almost only copycats high-end
category variants. The independent seller consistently develops and maintains more
product variants to stay competitive and strives to survive in the category P market.

It can be seen from Figure 5 that the prices of both categories of the third-party seller
increase; the price of the platform owner’s category F decreases, while the price of the
platform owner’s category P increases. As the third-party seller continues to innovate
category variants, the retail price of his products will increase. The price of 1P-type that
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the platform owner constantly copycats will also increase, but the price of 1F-type that
the platform owner chooses not to copycat will decrease as the competitiveness of the
independent seller increases.

Figure 6 shows that with the passage of time, compared with the platform owner, the
third-party seller has the motivation to improve marketing efforts. Although the marketing
effort level of the platform owner will gradually decrease while the marketing effort level of
the independent seller gradually increases, since the independent seller has more products
to sell, the marketing effort level will actually be lower than that of the platform owner; on
the contrary, the platform owner needs to maintain a higher marketing effort level because
of fewer product variants.

It can be seen from Figure 7 that the profits of both the third-party seller and the
platform owner increase. Although the platform owner may encroach on the innovative
products, the increase in product diversity meets more consumer demand, and there are
more innovative products in the high-end market, increasing profits for both sellers.

4.2. Influence of 6 and a

Figures 8-11 show the influence of the consumers’ platform owner preference 6 and
the category vertical differentiation degree « on the equilibrium decision-making of both
sellers (taking t = 20 as an example).

0.15 F

0. 05

A |

0. 00

n:(;ﬁtli nfﬁ")
——5=1.5 ——5=15
--#--5=]6 --&--3=16
B e =1 eeee A §=1.7

20 (20,

——5=1.5 ——5=15
e 16 ke =16
- §=1.7 e §=1.7

2.0

(a)

Figure 8. The variation in the number of variants of each category of each seller with 6 and o: (a) the
variation in the number of variants of category F of each seller with § and «, and (b) the variation in
the number of variants of category P of each seller with  and «.

It can be seen from Figure 8 that the number of innovative variants of 3F-type is
positively correlated with o; in contrast, the number of innovative variants of 3P-type
and the number of copycat variants of 1P-type are negatively correlated with o. For the
category F, when the quality difference between it and the category P is large, the third-
party seller will usually increase the number of variants of the category F to make up for
the lack of quality value identification. On the contrary, when the quality of the category
P is significantly different from that of the category F, both types of sellers perceive less
necessity to maintain a high volume of variants in the category P.
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Figure 9. The variation in retail price of types 1P, 3P, and 3F with § and «: (a) the variation in retail
price of 1P-type with 6 and «, (b) the variation in retail price of 3P-type with 3 and «, and (c) the
variation in retail price of 3F-type with 6 and «.

In addition, it can be seen from Figure 8 that for the category F, if consumers’ platform
owner preference is high, the number of variants of 3F-type will be reduced. This is because
the platform owner has no new variant of the category F, there is less competition, and the
third-party seller will reduce variants to accommodate the actual reduction in demand. For
the category P, if consumers’ platform owner preference is high, it will cause the third-party
seller and the platform owner to increase variants of the category P at the same time. This
is because there is a strong competitive relationship at this time, and both types of sellers
take the decision to actively expand the number of category variants.
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(b) (©)

Figure 10. The variation in marketing effort level of types 1P, 3F, and 3P with 6 and «: (a) the variation
in marketing effort level of 1P-type with 6 and «, (b) the variation in marketing effort level of 3F-type
with § and &, and (c) the variation in marketing effort level of 3P-type with & and o.

@) (b)

Figure 11. The variation of profit of each seller with 5 and «: (a) the variation of profit of the
third-party seller with § and «, and (b) the variation of profit of the platform owner with 6 and «.
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For the 1P-type, when the quality difference between category P and category F
increases, or consumers’ platform owner preference increases, the price of 1P-type will
increase almost linearly (see Figure 9a). For the 3P-type, when the quality gap between the
category P and the category F increases, the price of 3P-type will monotonically increase.
In addition, when consumers’ platform owner preference increases, at first the third-party
seller can free ride the rapid rise in the pricing of 1P-type and increase the price of his own
category P. However, as consumers’ platform owner preference exceeds the “free-riding
window”, the pricing of 3P-type will fall. Therefore, it can be seen from Figure 9b that the
retail price of 3P-type first increases and then decreases with the increase in 0.

It can be seen from Figure 9c that the retail price of 3F-type also first increases and
then decreases with the increase in 6. This is because the high-end category whose price
starts to fall will form a crowding-out effect on the low-end category. In addition, when
b approaches 1.0, it can be seen from Figure 9c that the price of 3F-type will gradually
decrease as the quality of the category P greatly exceeds that of the category F. However,
when 6 is at a high level, we can see that the price of 3F-type may not decrease as o increases.
The independent seller also has the potential to increase 3F-type pricing by innovating
more variants that create value for consumers. This is not surprising, as the platform owner
actually does not encroach innovative variants of category F.

For the 1P-type, if consumers’ platform owner preference is high, the platform owner
sees no need to provide more marketing efforts for his products. Therefore, the market-
ing effort level of 1P-type decreases monotonically with 6 (see Figure 10a). In addition,
Figure 10a shows that when 6 approaches 1.0, as the quality gap between the category P
and the category F increases, the platform owner reduces the marketing effort level due
to the reduction of copycat. However, when 6 is at a high level, the platform owner pro-
motes the third-party seller to innovate high-quality category variants through enhanced
marketing efforts as o increases.

It can be seen from Figure 10b that the marketing effort level of 3F-type first increases
and then decreases with the increase in 8. This is because when § increases, the third-party
seller will increase his marketing efforts for category F at first; however, if § is larger, the
third-party seller will shift more marketing efforts to category P with more innovative
variants. In addition, Figure 10b shows that when & approaches 1.0, the marketing effort
level of 3F-type decreases as o increases. However, when ¢ is at a high level, the third-party
seller will provide more marketing efforts for the increased number of 3F-type’s innovative
variants as o increases.

It can be seen from Figure 10c that the marketing effort level of 3P-type increases
monotonically with 6 when « < 2.4. For the 3P-type, when « is small, the third-party seller
will provide more marketing efforts for the increased number of innovative variants as
b increases. However, Figure 10c shows that the effect of 6 on the marketing effort level
of 3P exhibits a positive N-shaped characteristic of “increase first, then decrease and then
increase” when « > 2.4. This is because the increasing 6 has to some extent discouraged the
marketing enthusiasm of the third-party seller, but with the decline of the platform owner’s
marketing efforts, the third-party seller will seize this opportunity to promote his products.
In addition, Figure 10c shows that when 6 approaches 1.0, the third-party seller attracts
consumers by increasing the marketing effort level as « increases; when ¢ is at a high level,
the third-party seller reduces marketing investment due to the weakening competition in
the high-end market as o increases.

It can be seen from Figure 11 that the third-party seller’s profit first increases and
then decreases with the increase in 9, and the platform’s profit increases monotonically
with 8. This is because increasing 4 is conducive to promoting the horizontal innovation of
category P, and the third-party seller can benefit more from free rides at first. However, as
b exceeds the “free-riding window”, the 3P-type’s actual demand and retail price decrease,
resulting in lower profits for the third-party seller, while the platform owner’s profit will
increase monotonously. In addition, when « increases, the market demand and pricing of
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category P increase, and since the marginal profit of category P is higher, the profits of both
sellers increase monotonously with « (see Figure 11).

4.3. Influence of B and r

Figures 12-15 show the influence of diseconomies of scale 3 and commission rate r on
the equilibrium decision-making of both sellers (taking t = 20 as an example).
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Figure 12. The variation in the number of variants of each category of each seller with 3 and r:
(a) the variation in the number of variants of category F of each seller with  and 1, and (b) the
variation in the number of variants of category P of each seller with 3 and r.
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Figure 13. Cont.
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(b) (©)

Figure 13. The variation in retail price of types 1P, 3P, and 3F with 3 and 1: (a) the variation in retail
price of 1P-type with § and r, (b) the variation in retail price of 3P-type with 3 and r; and (c) the
variation in retail price of 3F-type with 3 and r.
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Figure 14. The variation in marketing effort level of types 3P, 3F, and 1P with (3 and r: (a) the variation
in marketing effort level of 3P-type with  and 1, (b) the variation in marketing effort level of 3F-type
with 3 and r, and (c) the variation in marketing effort level of 1P-type with 3 and r.
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(a) (b)

Figure 15. The variation of profit of each seller with 3 and r: (a) the variation of profit of the

third-party seller with 3 and r, and (b) the variation of profit of the platform owner with 3 and r.

As can be seen from Figure 12, the number of innovative variants of 3F-type first
increases and then decreases with the increase in r, the number of innovative variants of
3P-type is negatively correlated with r, and the number of copycat variants of 1P-type
is negatively correlated with r. When the commission rate is quite low, the third-party
seller does not innovate variants of category F and can gain more profits by innovating
variants of category P; as r increases, the third-party seller starts expecting to increase
profits by innovating lower-end products that the platform owner will not encroach on;
however, when the r is quite high, the third-party seller is even forced to leave the platform,
naturally reducing the investment in innovation. For the platform owner, when r is small,
the platform owner is willing to directly benefit from his own business, resulting in an
increase in the number of copycat variants. On the contrary, when r is large, the shared
revenue (commission fee) is more important to the platform owner and the platform owner
will reduce the encroachment of innovative products. In addition, Figure 12 shows that the
higher the diseconomies of scale, the fewer the category variants in the online marketplace.

When (3 increases, the number of variants of category P decreases, and the price
consumers are willing to pay for it decreases (see Figure 13a,b). It can be seen from
Figure 13c that the retail price of 3F increases monotonically with 3 when r < 0.5 and
decreases monotonically with 3 when r > 0.5. This is because when r is small, the third-
party seller hardly innovates new variants of category E. If 3 increases, the competitive
pressure from category P decreases, which increases the retail price of category F. How-
ever, when r is large, the third-party seller innovates variants of category F. If 3 increases,
the innovative variants of category F reduce, resulting in a lower retail price. More-
over, the 3P-type with a significantly lower retail price also has a crowding-out effect on
low-end 3F-type.

In addition, it can be seen from Figure 13 that the retail price of all categories is
proportional to r. This is because the larger r is, the more the platform owner relies on
shared revenue. In order to prevent the excessive decline of shared revenue, the platform
owner pushes the third-party seller to set higher retail prices by actively raising the prices
of self-operated products.

When f3 increases, the innovation investment of the third-party seller in category P
decreases, and naturally, the marketing efforts on category P also decrease (see Figure 14a).
It can be seen from Figure 14b that the marketing effort level of 3F-type increases monotoni-
cally with 3 when r < 0.5 and decreases monotonically with 3 when r > 0.5. As mentioned
earlier, when r is small, the third-party seller hardly innovates new variants of category
F. If 3 increases, the third-party seller will expand the low-end market by increasing his
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marketing efforts to 3F-type. However, when r is large, the third-party seller innovates
variants of category F. If 3 increases, the third-party seller reduces marketing efforts for
category F with fewer innovative variants.

It can be seen from Figure 14c that the marketing effort level of 1P-type decreases
monotonically with 3 when r < 0.5 and increases monotonically with 3 when r > 0.5. This
is because when r is small, if 3 increases, the platform owner reduces the marketing effort
level due to the reduction of copycat. However, when r is large, if 3 increases, the platform
owner will motivate the third-party seller to be innovative by improving marketing efforts.
In addition, it can be seen from Figure 14 that the marketing effort level of the above types
varies with r in the same way as the number of variants with r.

It can be seen from Figure 15 that the third-party seller’s profit and the platform
owner’s profit decrease monotonically with 3. This is because when 3 increases, the
horizontal innovation of each category decreases, resulting in lower profits for both sellers.
In addition, Figure 15 shows that the third-party seller’s profit decreases monotonically
with r, while the platform owner’s profit increases monotonically with r. For the third-party
seller, when r increases, although the retail price of the category increases, the horizontal
innovation degree of category P with higher marginal profit decreases, and the commission
paid increases. Therefore, the overall profit of the third-party seller decreases. For the
platform owner, when r increases, the commission charged increases, and the retail price of
1P-type increases. Therefore, the profit of the platform owner increases.

4.4. Managerial Insights

The following managerial insights based on the research results:

From the perspective of third-party sellers, third-party sellers must be wary of the
platform owner’s product encroachment, which leads to a reduction in the differentiation
of the category, reducing their innovation margin profit. Therefore, in order to avoid the
excessive decline of the innovation marginal profit caused by the platform owner’s product
encroachment, firstly, third-party sellers should adjust the innovation investment amount
in each period according to the possible product encroachment behavior of the platform
owner and increase the retail price and marketing effort level of innovative products.
Secondly, as the platform owner focuses on the profitable category, third-party sellers can
sell a variety of vertically differentiated categories at the same time. While competing
fiercely with the platform owner in the high-end market, third-party sellers can also gain
some profits by expanding their share of the low-end market. Thirdly, third-party sellers
can also expand the vertical differentiation between the traffic-attracting category and
the profitable category by improving the level of production technology and adding new
variations of the traffic-attracting category to attract more consumers.

From the perspective of the platform owner, firstly, because the platform owner has a
dominant market position, entering the third-party product market can bring more profits
for himself. Therefore, the platform owner can choose to encroach on some products with
high prices and deep product lines. Secondly, when considering whether to encroach
on new products, the platform owner should not only weigh self-operated income and
shared income, but also balance short-term profit through encroachment and damage
to independent sellers” product innovation caused by excessive encroachment. To be
precise, the platform’s selective encroachment on new products can improve its own
revenue while alleviating the inhibitory effect on the continuity of third-party sellers’
category innovation. In addition, in order to avoid third-party sellers being forced out
of the market by the platform owner’s product encroachment, the platform owner can
appropriately raise the retail prices of self-operated products and reduce marketing efforts
to ease market competition. Thirdly, the platform owner can also improve consumers’
platform owner preference by ensuring the high quality of platform services, thereby
encouraging third-party sellers to invest in research and development of high-quality new
products. Furthermore, the platform owner should set a reasonable commission rate to
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ensure the variety of variations of various categories, thereby expanding the sales scope of
the composite e-commerce platform.

5. Conclusions

This paper studies product encroachment by the e-commerce platform owner on
independent third-party sellers’ innovative products. The applied model considers the
dual differentiation of categories and combines the method of multi-agent simulation to
conduct a competitive dynamic simulation study. The following conclusions are obtained:
(1) In the case where multiple categories are sold at the same time, the third-party seller
will innovate variants for both the traffic-attracting category and the profitable category
at the same time and invest more funds in innovative R&D of high-quality category
P, and the profit-driven platform owner will only encroach on the new variants of the
profitable category. (2) Consumers’ platform owner preference and category vertical
differentiation describe consumers’ valuation of different categories, both of which affect
the intensity of competition between categories and consumers’ purchasing utility, thereby
affecting the equilibrium decision-making of the third-party seller and the platform owner.
When the categories of the platform owner have a greater valuation advantage, the third-
party seller has a stronger incentive to innovate variants of category P, and the platform
owner has a stronger incentive to encroach. When the valuation advantage of the high-
quality category is obvious, the motivation of the third-party seller to innovate variants
of category F increases. (3) The commission rate and diseconomies of scale directly affect
the distribution of shared income and the marginal profit of category innovation, thus
affecting the equilibrium decision-making of the third-party seller and the platform owner.
If the commission rate is low, the third-party seller will invest in innovating variants
of category P. If the commission rate is high, although the platform owner has a weak
incentive to encroach, the third-party seller has little investment in product innovation.
The diseconomies of scale of category diversity management costs hinder the growth of
product variety in the online marketplace.

The research in this paper can be extended in the following directions: Firstly, the
composite e-commerce platform model considered in this paper is relatively simple, with
only the platform owner and one third-party seller. In the future, it can be extended
to study the case of multiple independent sellers. Secondly, this paper assumes that
consumers are rational and seek to maximize utility and does not consider consumers’
strategic behaviors. Future studies should explore whether strategic consumers will guide
the product innovation behavior of independent sellers and the product encroachment
behavior of the platform owner through their own first-period purchases. Finally, this
paper integrates product encroachment and product innovation and drives the platform
owner’s product encroachment with high profit. In the future, product encroachment can
also be studied with the goal of regulating product quality.
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