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EARLY ENTRANT’S STRATEGY FOR COOPERATING WITH A COMPETING
FOURTH-PARTY PLATFORM

Wen Xin and Jun Lin*

Abstract. By integrating several third-party platforms that enter the market late (later entrants),
a fourth-party platform can effectively compete with the third-party platform that enters the market
early (early entrant). Our research develops an analytical framework to address the platform coopetition
problem that the early entrant faces, i.e., integrating its service into the fourth-party platform or not,
when there is a fourth-party platform in the market. This study provides optimal conditions and
platform decisions for platform coopetition and then explores the impact of the implementation of the
coopetition strategy on platform prices and consumer demands. Our analytical results show that the
coopetition strategy is effective only when the sum of the strengths of direct and indirect network effects
is low and the quality difference between the early and later entrants is higher than a certain threshold.
Moreover, the early entrant always partially integrates its service into the fourth-party platform when
the coopetition strategy is adopted. Such adoption always lowers the prices of the early and later
entrants. The implementation of the coopetition strategy always increases the total consumer demand
of the early entrant, but it also results in a reduction in the number of consumers in the standalone
application of the early entrant.
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1. Introduction

“Winner-take-all” outcomes are possible when network effects exist, as the early entrant with the largest
number of users “tips the market” in its favor. Then, the early entrant is sheltered and it is challenging for
the later entrants to compete with it [15, 25]. However, the existence of fourth-party platforms, made up of
several third-party platforms that enter market late, has reversed this situation. Specifically, this situation
makes it possible for later entrants to compete with the third-party platform that enters the market early. The
entry barrier established by the early entrant is weakened as the later entrants share their network effects by
integrating into the fourth-party platform jointly. In such cases, the early entrant may achieve a higher profit
by integrating its service into the fourth-party platform. For instance, the hotel reservation platform Trip.com
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Group, which occupies the largest market share in that industry in China, integrated its service into Amap after
Amap integrated several newly-launched hotel reservation platforms1, while retaining its standalone application.

However, it remains an open question whether and to what degree the early entrant should integrate its
service into the fourth-party platform. The early entrant can integrate its service into the fourth-party platform
to cannibalize the consumer demand of those later entrants integrated into the fourth-party platform. However,
the integration also amplifies the direct and indirect network effects of the fourth-party platform, making the
platform more appealing to customers than before the integration. The reason for this is that consumers can
be served more quickly as the number of service providers on the fourth-party platform increases, thereby
attracting more consumers. In addition, the early entrant incurs additional costs as a result of its integration
into the fourth-party platform because it is required to pay the latter commission fees. For instance, Rookie Wrap
charges the integrated platforms on its platform CNY 0.6 per package as commission fee2. The early entrant
can also determine the degree of integration that is the number of providers allocated to offer services on the
fourth-party platform. For example, some hotel-reservation platforms, such as Trip.com Group and Fliggy, does
not integrate all the housing resources they own into the fourth-party platform, such as Amap and JD.com.
The reason for this is that as the provider number of the early entrant on the fourth-party platform increases,
the early entrant on the fourth-party platform is more likely to be adopted by consumers. This incurs higher
commission fees to the early entrant. This also increases the competitiveness of the fourth-party platform, which
further increases the customer churn of the standalone application of the early entrant.

From the perspective of the fourth-party platform, it is unclear whether it should integrate the early entrant.
If the coopetition strategy is adopted, then the fourth-party platform can receive commission fees from the
early entrant. After the integration, the early entrant not only exists in its standalone application, but also in
the application of fourth-party platform. Then, the competition between the early and later entrants may be
further intensified. In such cases, the fourth-party platform may have to lower its commission price and make
a lower profit than it did prior to the adoption of the coopetition strategy.

Motivated by the abovementioned examples, we study a competitive market structure with a third-party
platform who enters the market first and a fourth-party platform comprised of several later entrants. The early
and later entrants provide competing services. The key questions here are as follows. Under what conditions
would the early entrant and fourth-party platforms reach an agreement on the adoption of the coopetition
strategy in the presence of direct and indirect network effects? Furthermore, how does the early entrant decide
its degree of integration if the coopetition strategy is adopted? How much commission should a fourth-party
platform charge the integrated platforms? Moreover, how do the prices and consumer demands of the early and
later entrants change as a result of the adoption of the coopetition strategy?

Our analytical results show that the coopetition strategy is effective only if the sum of the strengths of direct
and indirect network effects is low and the quality difference between the early and later entrants is higher than
a certain threshold. Specifically, the early entrant always partially integrates its service into the fourth-party
platform when coopetition is the equilibrium strategy. Additionally, the degree of partial integration always
increases with the increase in the quality difference between the early and later entrants and the strength of
network effects but decreases as consumer preference rises. The prices of the early entrant and those platforms
that have integrated into the fourth-party platform decrease after the adoption of the coopetition strategy. In
addition, when the coopetition strategy is adopted, even if the early entrant has an advantage in terms of quality,
its price is lower than those of third-party platforms that have integrated into the fourth-party platform if the
advantage is low. Moreover, we find that the adoption of the coopetition strategy increases the total consumer
demand of the early entrant while decreasing the number of consumers in its standalone application.

The contributions of this study are as follows. First, to the best of our knowledge, this study is the first to
focus on the coopetitive relationships between a two-sided platform and a fourth-party platform comprised of
several competing platforms while considering the platform price competition. This paper differs from previ-

1https://www.163.com/dy/article/FKPKEFD605118QUG.html.
2https://zhidao.baidu.com/question/1503355509513922099.html?qbl=relate_question_0&word=%E8%8F%9C%E9%B8%9F%E8%

A3%B9%E8%A3%B9%E6%8A%BD%E6%88%90.

https://www.163.com/dy/article/FKPKEFD605118QUG.html
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ously discussed platform coopetition strategy in which the coopetition strategy primarily concentrates on the
cooperation between different entities within a platform. In contrast, our study explores the coopetition strategy
between two two-sided platforms. This exploration enables us to derive the structured optimal solutions for the
platforms and help us understand their motivations to cooperate. This study also contributes to the study con-
cerning multiple purchase channel strategy by incorporating the influence of direct and indirect network effects.
Second, our research provides rich management guidance in platform operations. For example, the early entrant
and fourth-party platform in the industry exhibiting strong network effects should never adopt the coopetition
strategy. If the sum of the strengths of direct and indirect network effects is limited, the early entrant of quality
advantage always cooperates with its competing fourth-party platform. In addition, the adoption of coopetition
strategy always benefits consumers and consumers using different platforms consistently pay lower prices.

The remainder of this paper is organized as follows. Section 2 reviews the related literature on the coopetition
strategy of platforms. Section 3 presents the model. Subsequently, in Section 4, we analyze the equilibrium
coopetition strategies and explore the impact of implementing the coopetition strategy on platform prices
and consumer demands. Section 5 examines the robustness of our results. The conclusions of this study and
recommendations for future research are given in Section 6.

2. Literature review

Our study is related to the studies of coopetition strategy, network effects of platforms, multiple purchase
channels and fourth-party platforms.

2.1. Coopetition strategy

Coopetition strategy refers to the cooperation between competing products or firms. Many scholars have
examined the coopetition strategy between competing products considering demand cannibalization effect [1,
18,37] and the coopetition relationship between supply chain members within a traditional supply chain [10,23],
such as outsourcing and store-brand introduction. However, these studies ignored the influence of network effects,
thus cannot be applied to explore the coopetition strategy of platforms.

Some studies have investigated the platform coopetition strategy that provides consumers access to third-
party content considering the coopetition relationship between the self-operated content and third-party content
[27, 35, 56]. Parker and Van [35] discussed whether and to what degree the platform owner should be open to
third-party content to explore new innovations. Using either a case study or an empirical research method, Li and
Agarwal [27] and Zhu and Liu [56] have explored how the platform owner coordinates the relationship between
the third-party and self-operated content. Chen [8] compared the performance of two coopetition strategies
adopted by third-party complementors of a platform using the data from JD.com, and investigated how the
behavior of third-party complementors changes as the coopetition relationship between first and third-party
sellers on the platform alters. Kostis [26] discussed how platform characteristics influence the intra-platform
coopetition strategy. These studies focused on the coopetition within a platform, not considering the coopetition
between competing platforms. The research on platform coopetition between competing platforms is limited
[11, 54]. Cohen and Zhang [11] constructed analytical models of two competing two-sided platforms to explore
whether and when the platforms would cooperate and introduce a new joint service.

In contrast to these studies, we focus on the coopetition between an early entrant and a fourth-party platform
consisting of several later entrants providing competing services. Our study is most closely related to the work of
Zhou et al. [54], who explored whether a two-sided platform is willing to join a fourth-party platform and pointed
out that coopetition can generate greater profits for the two-sided and fourth-party platforms, as well as greater
consumer surplus and social welfare. They assumed that the prices that consumers must pay are exogenous,
thus the impact of price competition on the effectiveness of the coopetition strategy was not considered. In
addition, they focused only on the scenario in which all providers on the integrated platform serve consumers in
the fourth-party platform once coopetition strategy is adopted, but ignoring the situation where the integrated
platform may allow some of its providers to serve consumers in the fourth-party platform. Our work relaxes the
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assumption and addresses when and how the coopetition strategy should be adopted by an early entrant and a
fourth-party platform, further exploring its effect on prices and consumer demands.

2.2. Network effects of platforms

Our work also adds to previous work on network effects of platforms. In the presence of network effects,
consumers obtain network value from using a platform in addition to intrinsic value [17]. Many studies have
focused on the mechanism by which network effects can be utilized by firms to boost sales [34, 52] or compete
against competitors [41, 46] in one-sided platform markets. For example, Xu et al. [46] considered a duopoly
market in which a differentiated information product and a complementary premium service are offered to
consumers, and investigated whether a freemium or bundling strategy should be adopted by the firms in the
presence of network effects. Zhang et al. [52] considered the setting in which a blockchain-technology-supported
platform competes with a traditional platform, and explored whether the platforms should adopt static pricing
or dynamic pricing strategy. Some studies have considered the network effects in the two-sided platform market,
and many of the extant theoretical studies have focused on pricing strategy and discussed how to best exploit
network effects to coordinate the consumer and provider sides [2, 5, 29]. For example, Hyun [21] examined how
direct network effects influence platform prices in a competing platform market. Some scholars have further
explored the effectiveness of different platform operational strategies for maximizing profits [13, 14, 54] when
indirect network effects on the consumer side are present. For example, Dou et al. [14] explored the value-added
service investment and pricing strategies of a two-sided platform to increase profit. Dou and Wu [13] examined
when a two-sided platform should adopt a piggyback strategy to expand its market by recruiting users from
external networks in a competing market.

In contrast to these studies, we focus on whether an early entrant platform should integrate its service into a
competing fourth-party platform comprised of several later entrant platforms when the early and later entrants
compete on prices, which has not been studied previously. To the best of our knowledge, we are the first to
investigate the coopetition strategy implemented by competing platforms through sharing direct and indirect
network effects on the consumer side when both direct and indirect network effects are present.

2.3. Multiple purchase channels

In our work, there are two channels for consumers to use the service provided by the early entrant when the
coopetition strategy is adopted, which closely relates to the studies on multiple purchase channels. Previous
studies have mainly investigated the issues in a traditional supply chain setting, such as the partnership between
competing channels [16, 22, 36], channel choice of manufacturers and retailers [7, 39, 49] and the interaction of
retailer’s decision of selling format and manufacture’s channel choice [20,38,53]. Our work is most closely related
to the first issue. Iacocca and Mahar [22] focused on the pharmaceutical supply chain and investigated whether
and to what extent offline pharmacies should cooperate with a mail-order pharmacy to allow customers who
purchase through the latter to pick up prescriptions at chain stores owned by the former in particular regions.
Pi et al. [36] considered the scenario in which a manufacturer sells its product through its online direct channel
and two retailer channels, and explored whether and when the two retailers should cooperate on providing
value-added service. Fan et al. [16] examined the incentives of two online retailers to implement horizontal
cooperation considering the channel competition between them.

The above studies focus on the traditional supply chain and cannot be applied to the scenario in which
platforms exhibit network effects. However, in practice, when a platform integrates its service into a competing
platform, there are several channels for consumers to use the service provided by the platform. Moreover, the
presence of network effects further complicates the interplay of cooperation and competition among different
channels. Our work complements these studies by exploring whether and when a two-sided platform and a
fourth-party platform should cooperate. Specifically, our work discusses whether introducing an extra purchase
channel for consumers in the fourth-party platform to use the services offered by the integrated platform is a
win–win solution for them.
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Table 1. The differences between this paper and the most relevant literature.

Paper Coopetition
strategy (price
endogenous)

Network
effects of
platforms

Multiple
purchase
channels

Fourth-party
platforms

Cohen and Zhang [11]
√ √

– –
Fan et al. [16]

√
–

√
–

Dou and Wu [13] –
√

– –
Zhou et al. [54] –

√ √ √

Xu et al. [47] –
√ √ √

This paper
√ √ √ √

2.4. Fourth-party platforms

Another stream of literature related to our research is about fourth-party platforms. He et al. [19] proposed
that the existence of fourth-party platform enables service providers to achieve a continual operation goal and can
reduce construction and operating costs greatly. Previous studies have mainly focused on fourth-party logistic
platforms [24, 42, 50]. Jiang and Huang [24] proposed an algorithm to better match the consumers and logistic
providers on the fourth-party platform. Wang et al. [42] proposed a mixed-integer nonlinear programming model
to optimize logistics network design in order to maximize the service satisfaction of logistic service providers and
consumers. Yu [50] analyzed the advantages of a fourth-party logistic platform which integrates the resources,
capabilities and technologies of the logistics service providers, and proposed an information system framework
for the platform.

The above studies explore how to operate a fourth-party platform, but do not consider the coopetition
strategy between a platform and a fourth-party platform. Our study is most closely related to the work of Xu
et al. [47]. They discussed how a platform determines the optimal price and drivers decide the optimal service
levels when the platform joins a fourth-party platform, but the effect of network effects is ignored.

We summarize the differences between this paper and the most relevant literature in Table 1.

3. Model

We consider a setting where an early entrant platform, 𝑒, competes with a fourth-party platform, 𝑓 , consisting
of several later entrant platforms, 𝑙, in which platforms 𝑒 and 𝑙 provide competing services. The later entrants
that have been integrated into platform 𝑓 are assumed to be homogenous in this paper, which allows us to focus
on the coopetition between platforms 𝑒 and 𝑓 and obtain analytical results. The equilibrium prices of the later
entrants integrated into platform 𝑓 are assumed to be the same [2]. The reason for this is that when platforms
are of same quality, any platform that charges a higher price will lose consumers and thus eventually disappear
from the market. The later entrants therefore set their equilibrium prices to maximize their overall profits and
share their profits equally. For ease of exposition, these later entrants are viewed as a whole in the following.
In addition, we assume that the standalone applications of later entrants are rarely accessed by users due to
the entry barrier established by the early entrant. Taking the ride-hailing platform market as an example, most
consumers use only highly popular platforms for convenience and hardly utilize the standalone application of
later entrants, such as JiShi and QuanZai. Therefore, the later entrants can only provide service by integrating
them into platform 𝑓 . Thus, consumers choose either platform 𝑒 or 𝑓 to use the services.

Consumers have different preferences for platforms 𝑒 and 𝑓 . Platform 𝑓 usually also provides complementary
services, for example, Amap provides map service besides the ride-hailing service and JD.com provides ticket-
reservation service besides the hotel-reservation service. Therefore, platform 𝑓 may provide a one-stop shopping
experience to consumers. In addition, platforms 𝑒 and 𝑙 may differ in terms of service quality they provide, such
as the service security and after-sales experience, and the quality difference is denoted by 𝑞. For example, DiDi,
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an early entrant in the ride-hailing platform market, has stricter qualifications and management for drivers than
other platforms to ensure the consumer safety. DiDi is the only ride-hailing platform that cooperates with the
relevant state departments to conduct strict audit and screening of drivers to prevent people who may threaten
passenger safety from entering the platform. The service quality of platform 𝑒 can be lower than that of 𝑙. For
example, China Postal Express & Logistics, the earliest courier service provider in China, has a lower service
quality as compared to those of ZTO, STO and YTO, which enter the market later, considering that it does
not provide home delivery service and its logistics efficiency is low. Thus, we model the competition between
platforms 𝑒 and 𝑓 as horizontally and vertically differentiated platforms based on the stylized Hotelling model.
Consumers form a Hotelling line with a length of 1, along which they are uniformly distributed. Platforms 𝑒
and 𝑓 are located at the terminals of the Hotelling line, and 𝑥 denotes the location of a consumer. The disutility
caused by the mismatch between the platform and the consumer’s most ideal platform is represented by 𝑡𝑥 and
𝑡(1− 𝑥) in our model, where 𝑡 denotes the consumer preference for different platforms. Consumers compare the
utility derived from using the two platforms and choose the one that offers greater value.

Following Bakos and Halaburda [5] and Xie et al. [45], consumer utility from using each platform is the sum
of the intrinsic and network value of the platform, net the platform price as well as the disutility from the
mismatch between the platform and the consumer’s preference. The intrinsic values of platforms 𝑒 and 𝑓 are
𝑣 + 𝑞 and 𝑣, respectively, in which 𝑣 is assumed to be large enough to ensure that platforms 𝑒 and 𝑓 cover
all consumers in the market. Considering that most consumers on service platforms care about not only the
number of providers to make sure they can be served quickly but also the number of consumers, we focus on
the indirect and direct network effects in the following to obtain clear analytical insights. We consider a setting
in which the number of providers is great enough. Taking ride-hailing platforms as an example, platforms can
increase the number of providers by purchasing cars on their own or cooperating with taxi companies. However,
hiring an additional service provider incurs additional expenses such as insurance costs and basic salary, which
could reduce platform profitability. In addition, the numbers of orders served by different providers in practice
are almost the same. Taking the logistic platform as an example, the daily delivery volume of a delivery person
ranges from 80 to 100 packages3. On ride-hailing platforms, more than 80% of drivers work more than 8 h a
day4. Thus, it is more profitable for platforms to keep their service providers serving at full capacity. Then,
the competition of platforms on the provider side can be eliminated, enabling us to focus on the consumer side
by assuming that the more consumers there are, the more providers there will be [27, 55]. Considering that
consumers obtain a higher direct network value as the number of consumers increases, the direct and indirect
network values of consumers are expressed as 𝛽𝑦 and 𝛾𝑦 [12, 32], where 𝑦 denotes the number of consumers on
the platform and 𝛽 and 𝛾 denote the strengths of direct and indirect network effects, respectively. Considering
that platforms 𝑒 and 𝑓 provide the same type of services, the strengths of their direct and indirect network effect
are assumed to be identical, without loss of generality. For those consumers who use fourth-party platform 𝑓 ,
the network value obtained by consumers is the sum of all network values derived from those platforms that
have been integrated into platform 𝑓 .

When platform 𝑒 does not integrate its service into fourth-party platform 𝑓 , consumers can only use the
service of platform 𝑙 if they choose platform 𝑓 . Then, the utility of a consumer located at 𝑥 from each platform
can be formulated as follows:

𝑈 𝑖
𝑒 = 𝑣 + 𝑞 + 𝛽𝑦𝑒 + 𝛾𝑦𝑒 − 𝑡𝑥− 𝑝𝑒, (1)

𝑈 𝑖
𝑓 = 𝑣 + 𝛽(1− 𝑦𝑒) + 𝛾(1− 𝑦𝑒)− 𝑡(1− 𝑥)− 𝑝𝑙, (2)

where 𝑦𝑒 and 1 − 𝑦𝑒 denote the numbers of consumers on platforms 𝑒 and 𝑓 , and 𝑝𝑒 and 𝑝𝑙 denote the prices
of platforms 𝑒 and 𝑙, respectively. (𝛽 + 𝛾)𝑦𝑒 and (𝛽 + 𝛾)(1− 𝑦𝑒) denote the direct and indirect network effects
obtained by consumers on platforms 𝑒 and 𝑓 , respectively. For ease of exposition, we use 𝛼 denote the sum of
the strengths of direct and indirect network effects 𝛽 + 𝛾.

3https://edu.iask.sina.com.cn/jy/gmaSQ0lX8Ulk.html.
4https://baijiahao.baidu.com/s?id=1731045634587772696&wfr=spider&for=pc.

https://edu.iask.sina.com.cn/jy/gmaSQ0lX8Ulk.html
https://baijiahao.baidu.com/s?id=1731045634587772696&wfr=spider&for=pc.
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When platform 𝑒 integrates its service into fourth-party platform 𝑓 , consumers can use the service provided
by platform 𝑒 or 𝑙 if they choose platform 𝑓 . It is worth mentioning that the price of platform 𝑒 in platform 𝑓 is
set to 𝑝𝑙 + 𝑞. If the price is set to one lower than 𝑝𝑙 + 𝑞, then consumers in platform 𝑓 use only the early entrant
for higher utility. As a result, platform 𝑙 lowers price to keep its customers. By the same logic, the early entrant
has no incentive to set a price greater than 𝑝𝑙 +𝑞. In addition, platform 𝑒 also serves consumers in its standalone
application in such cases. Note that the price discrimination strategy that a platform charges different prices in
different versions or channels is widely used [31,44]. For example, CaoCao, a ride-hailing platform, integrates its
service into Amap, and charges consumers different prices in its standalone application and in the application of
Amap. Trip.com Group integrates its service into JD.com, and the same hotel listed by Trip.com Group charges
consumers different prices in its standalone application and the application of JD.com. Note that in such cases,
platform 𝑒 decides on the degree of integration 𝑘 (0 ≤ 𝑘 ≤ 𝑦𝑒 + 𝑦′𝑒), i.e., the number of its providers serving
consumers on platform 𝑓 . For example, only certain types of providers of CaoCao are allowed to get orders on
the Amap. Considering that platforms 𝑒 and 𝑙 share network effects in such cases, thus, the utility functions
for a consumer from the platforms 𝑒 and 𝑙 in the platform 𝑓 remain the same. Then, the utility for a consumer
located at 𝑥 from the platforms 𝑒 and 𝑓 can be formulated as follows:

𝑈𝑜
𝑒 = 𝑣 + 𝑞 + 𝛽(𝑦𝑒 + 𝑦′𝑒) + 𝛾(𝑦𝑒 + 𝑦′𝑒)− 𝑡𝑥− 𝑝𝑒, (3)

𝑈𝑜
𝑓 = 𝑣 + 𝛽(1− 𝑦𝑒) + 𝛾((1− 𝑦𝑒 − 𝑦′𝑒) + 𝑘)− 𝑡(1− 𝑥)− 𝑝𝑙, (4)

where 𝑦′𝑒 denotes the number of consumers using platform 𝑒 in fourth-party platform 𝑓 . According to the
abovementioned assumption that the more consumers there are, the more providers there will be, following
Liang et al. [30], we use 𝛽(𝑦𝑒 + 𝑦′𝑒) + 𝛾(𝑦𝑒 + 𝑦′𝑒) and 𝛽(1 − 𝑦𝑒) + 𝛾((1 − 𝑦𝑒 − 𝑦′𝑒) + 𝑘) to denote the direct and
indirect network effects obtained by consumers on platforms 𝑒 and 𝑓 , where 𝑦𝑒 + 𝑦′𝑒 and 1− 𝑦𝑒 − 𝑦′𝑒 denote the
total numbers of consumers that use the service provided by platforms 𝑒 and 𝑙.

Platform owners pay service providers a fixed fee on each sale transacted through their platforms [6,40]. The
prices paid by platforms 𝑒 and 𝑙 to service providers are assumed to be the same [4], denoted by 𝑐. The reason for
this is that service providers, who have similar costs, pick the platform with the highest per-transaction price to
maximize their earnings. This assumption can be supported by the practice on ride-hailing platforms in which
drivers on different platforms earn approximately CNY 1.2 per kilometer in China5. In addition, those platforms
that integrate into platform 𝑓 pay the latter a per-transaction fee on each sale transacted through platform 𝑓
[48]. Without loss of generality, the marginal cost of the platforms is normalized to zero. We formulate platform
profits in the independent case as follows:

Π𝑖
𝑒 = 𝑦𝑒(𝑝𝑒 − 𝑐), (5)

Π𝑖
𝑙 = (1− 𝑦𝑒)(𝑝𝑙 − 𝑐− 𝜔𝑙), (6)

Π𝑖
𝑓 = (1− 𝑦𝑒)𝜔𝑙, (7)

where 𝑝𝑒 − 𝑐 and 𝑝𝑙 − 𝑐− 𝜔𝑙 denote the unit profitability of platforms 𝑒 and 𝑙 in the independent case, and 𝜔𝑙

represents the commission price that must be paid by platform 𝑙.
Platform profits in the coopetition case are formulated as follows:

Π𝑜
𝑒 = 𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒((𝑝𝑙 + 𝑞)− 𝑐− 𝜔𝑒). (8)

Π𝑜
𝑙 = (1− 𝑦𝑒 − 𝑦′𝑒)(𝑝𝑙 − 𝑐− 𝜔𝑙). (9)

Π𝑜
𝑓 = (1− 𝑦𝑒 − 𝑦′𝑒)𝜔𝑙 + 𝑦′𝑒𝜔𝑒 (10)

where the commission prices that must be paid by platforms 𝑒 and 𝑙 are denoted by 𝜔𝑒 and 𝜔𝑙, respectively. 𝑝𝑒−𝑐
and 𝑝𝑙 +𝑞−𝑐−𝜔𝑒 denote the unit profitability of platform 𝑒 in its standalone application and in the application
of platform 𝑓 , respectively. In practice, platform 𝑓 often charges platforms 𝑒 and 𝑙 the same commission price

5https://baijiahao.baidu.com/s?id=1776439590010440655&wfr=spider&for=pc.

https://baijiahao.baidu.com/s?id=1776439590010440655&wfr=spider&for=pc


2998 W. XIN AND J. LIN

Figure 1. Sequence of events in the basic model.

Table 2. Notations.

Parameter Definition

𝑞 Quality difference of the services provided by platforms 𝑒 and 𝑙

𝑣 Intrinsic value of consumers on platform 𝑓

𝛼 Sum of the strengths of the direct and indirect network effects on the consumer side
of the platforms

𝛽 Strength of the direct network effects on the consumer side of the platforms

𝛾 Strength of the indirect network effects on the consumer side of the platforms

𝑡 Consumer preference for different platforms

𝑐 Unit price paid by platforms 𝑒 and 𝑙 to service providers

𝑦𝑒, 𝑦𝑙 Consumer demand of platform 𝑒 in its standalone application and that of platform 𝑙

𝑦′𝑒 Consumer demand of platform 𝑒 in the application of platform 𝑓

Π𝑗
𝑒, Π𝑗

𝑙 , Π𝑗
𝑓 Profit of platforms 𝑒, 𝑙 and 𝑓 in the independent (𝑖) or coopetition case (𝑜), 𝑗 = 𝑖, 𝑜

Decision variable Definition

𝑘 Degree of integration determined by platform 𝑒

𝑝𝑒, 𝑝𝑙 Prices paid by a consumer to platforms 𝑒 and 𝑙

𝜔𝑒, 𝜔𝑙 Commission prices paid by platforms 𝑒 and 𝑙 to platform 𝑓 to join

to be fair. Thus, we assume that 𝜔𝑒 = 𝜔𝑙 in our baseline model and relax the assumption in Section 5.1. The
fourth-party platform may also charge the integrated platforms commission fees that are proportional to the
platform price if the price information is visible [3, 33, 51], which is discussed in Section 5.2. Furthermore, in
Section 5.3, we compare the different commission fee schemes and determine which one should be adopted by
the fourth-party platform.

Figure 1 illustrates the time sequence of the decision. First, fourth-party platform 𝑓 determines the com-
mission prices that should be paid by the integrated platforms. Then, platform 𝑒 decides on the degree of
integration 𝑘. Meanwhile, platforms 𝑒 and 𝑙 set their prices. Finally, consumers choose to utilize either early
entrant platform 𝑒 or fourth-party platform 𝑓 . We also explore the scenario when platforms 𝑓 and 𝑒 make
decisions on commission prices and degree of integration simultaneously in Section 5.4. There are two potential
market structures, the independent case, where platform 𝑒 does not integrate its service into platform 𝑓 , and
the coopetition case, where platform 𝑒 integrates its service into platform 𝑓 . Table 2 summarizes the notations
used in this paper.
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4. Equilibrium analysis

This section first derives each platform’s decisions in the independent case as the benchmark. Then, we inves-
tigate the conditions under which coopetition is the equilibrium strategy, that is, compared to the independent
case, adopting the coopetition strategy increases the profits of both early entrant and fourth-party platforms.
Then, we explore how the implementation of the equilibrium coopetition strategy affects prices and consumer
demands.

4.1. Independent case

When platform 𝑒 does not integrate its service into platform 𝑓 , the consumer who is indifferent between using
platform 𝑒 and platform 𝑓 , 𝑥*, can be derived by letting 𝑈 𝑖

𝑒 = 𝑈 𝑖
𝑓 as follows:

𝑥* =
(2𝑦𝑒 − 1)𝛼 + 𝑞 + 𝑡− 𝑝𝑒 + 𝑝𝑙

2𝑡
· (11)

Consumers located on the left-hand side of the indifferent point choose platform 𝑒, whereas those on the right-
hand side choose platform 𝑓 . We assume that consumers are able to predict the number of users in equilibrium
when they make a purchase decision [9,43]. Thus, the number of consumers choosing platform 𝑒 can be derived
by solving 𝑦𝑒 = (2𝑦𝑒−1)𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡 . Substituting 𝑦𝑒 into equations (5) and (6), the equilibrium prices can be
obtained by solving the first-order conditions for the two profit-maximizing platform. Anticipating the response
functions of platforms 𝑒 and 𝑙, platform 𝑓 determines commission price 𝜔𝑙 (𝜔𝑙 > 0) to maximize its profit. We
summarize the analytical results in the independent case in Lemma 1. All proofs are provided in the appendix.

Lemma 1. In the independent case, the prices and consumer demands of platforms 𝑒 and 𝑙 are 𝑝𝑖
𝑒 = 𝑞

6 + 3𝑡−3𝛼
2 +

𝑐, 𝑦𝑖
𝑒 = 𝑞+9𝑡−9𝛼

12𝑡−12𝛼 , 𝑝𝑖
𝑙 = − 2𝑞

3 + 2𝑡 − 2𝛼 + 𝑐, and 𝑦𝑖
𝑙 = 3𝑡−3𝛼−𝑞

12𝑡−12𝛼 , respectively. The commission price charged by

platform 𝑓 is 𝜔𝑖*

𝑙 = − (𝑞−3𝑡+3𝛼)
2 .

It is worth mentioning that we set 𝛼 < 𝑡 and 9𝛼 − 9𝑡 < 𝑞 < 3𝑡 − 3𝛼 to guarantee that neither platform is
squeezed out of the market and prices are nonnegative. Several observations related to the lemma are worth
highlighting. First, even though platform 𝑒 has a quality advantage, its price may be lower than that of platform
𝑠. Specifically, we have that 𝑝𝑖

𝑒 < 𝑝𝑖
𝑙 when 𝑞 < 3(𝑡−𝛼)

5 because platform 𝑙 must raise its price to compensate for
extra cost 𝜔𝑖*

𝑙 charged by platform 𝑓 . Second, except for the scenario in which its quality disadvantage is great,
platform 𝑒 always occupies a larger market share, which is at least 3

4 if 𝑞 ≥ 0. This result is expected because
platform 𝑙 bears extra costs, the commission fees charged by platform 𝑓 ; thus, platform 𝑒 can set prices that are
more enticing to consumers and capture a larger market share. Third, the commission price that should be paid
by platform 𝑙 increases as consumer preference rises and decreases with the increase in quality difference and
the strength of network effects. The reason for this is that platform 𝑙 can raise its price as consumer preference
increases and thus earns more profit. Then, platform 𝑓 can raise the commission price to take a share of the
increased profit made by platform 𝑙. As the quality difference or the strength of network effects increases, the
relative competitiveness of platform 𝑒 over 𝑙 increases, which reduces the number of consumers that choose
platform 𝑓 . The commission price is then lowered by platform 𝑓 to help platform 𝑙 close the gap with platform
𝑒 in terms of competitiveness and, thus, attract more consumers.

4.2. Coopetition case

When platform 𝑒 integrates its service into platform 𝑓 , those consumers choosing platform 𝑓 either use the
service provided by platform 𝑒 or 𝑙. The number of consumers served by platform 𝑒 in platform 𝑓 is determined
by the proportion of the former’s available providers in platform 𝑓 . In other words, as the number of service
providers of platform 𝑒 in platform 𝑓 grows, so does its consumer demand. Therefore, 𝑦′𝑒 = 𝑘

(1−𝑦𝑒−𝑦′𝑒)+𝑘 (1− 𝑦𝑒),
where 𝑘 denotes the available number of service providers of platform 𝑒 in platform 𝑓 , reflecting the degree of
integration determined by platform 𝑒.
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The consumer who is indifferent between using platform 𝑒 and platform 𝑓 , 𝑥*, can be derived by letting
𝑈𝑜

𝑒 = 𝑈𝑜
𝑓 as follows:

𝑥* =
(𝑘 + 2𝑦𝑒 − 1)𝛼 + 𝑞 + 𝑡− 𝑝𝑒 + 𝑝𝑙

2𝑡
· (12)

Thus, the number of consumers choosing platform 𝑒 can be derived by solving 𝑦𝑒 = (𝑘+2𝑦𝑒−1)𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡 .
We derive the equilibrium using backward induction. First, substituting 𝑦𝑒 into equations (8) and (9), the

equilibrium prices can be obtained by solving the first-order conditions for the two profit-maximizing platforms:
𝑝𝑒 = (3𝑘−3)𝛼−2𝑘𝑡+𝑞+3𝑡+3𝑐+𝜔𝑙

3 and 𝑝𝑙 = (3𝑘−3)𝛼−4𝑘𝑡−𝑞+3𝑡+3𝑐+2𝜔𝑙

3 . At the same time, the early entrant determines
the degree of integration for maximizing its own profit. Platform 𝑒’s problem is to solve the following:

max
𝑘

𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒(𝑝𝑙 + 𝑞 − 𝑐− 𝜔𝑒)

s.t. 𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒(𝑝𝑙 + 𝑞 − 𝑐− 𝜔𝑒) ≥ Π𝑖
𝑒, (13)

where Π𝑖
𝑒 denotes the profit obtained by the early entrant in the independent case.

Then, anticipating the response functions of platforms 𝑒 and 𝑙, platform 𝑓 determines commission prices 𝜔𝑙

and 𝜔𝑒 (𝜔𝑙 > 0, 𝜔𝑒 > 0) to maximize its profit. Note that platforms 𝑓 and 𝑒 adopt the coopetition strategy only
when their profits are no less than those in the independent case. Therefore, platform 𝑓 determines commission
prices by solving the following:

max
𝜔𝑒,𝜔𝑙

(1− 𝑦𝑒 − 𝑦′𝑒)𝜔𝑙 + 𝑦′𝑒𝜔𝑒

s.t. (1− 𝑦𝑒 − 𝑦′𝑒)𝜔𝑙 + 𝑦′𝑒𝜔𝑒 ≥ Π𝑖
𝑓 ,

𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒(𝑝𝑙 + 𝑞 − 𝑐− 𝜔𝑒) ≥ Π𝑖
𝑒, (14)

where Π𝑖
𝑓 denotes the profit obtained by platform 𝑓 in the independent case. By solving the above problem, we

derive the conditions for adopting the coopetition strategy.

Proposition 1. Only when 𝛼 < 2𝑡
3 and 𝑞 ≥ − 9𝛼(𝛼−𝑡)

27𝛼−28𝑡 , platforms 𝑒 and 𝑓 cooperate. Then, 𝑘* =
−9𝛼2+(9𝑡−27𝑞)𝛼+28𝑡𝑞

99𝛼2−216𝑡𝛼+116𝑡2 , 𝜔𝑜*

𝑒 = 𝜔𝑜*

𝑙 = (2𝑡−3𝛼)𝑘*

2 − (𝑞−3𝑡+3𝛼)
2 , 𝑝𝑜

𝑒 = (3𝑘*−9)𝛼
6 + 𝑞

6 + 3𝑡
2 − 𝑘*𝑡

3 + 𝑐 and 𝑝𝑜
𝑙 =

− 2𝑡𝑘*

3 − 2𝑞
3 + 2𝑡− 2𝛼 + 𝑐.

Figure 2 and Proposition 1 demonstrate that the coopetition strategy is adopted only when the sum of the
strengths of direct and indirect network effects 𝛼 is low and the quality difference between early and later
entrants 𝑞 is high. Note that − 9𝛼(𝛼−𝑡)

27𝛼−28𝑡 < 0, which implies that the coopetition strategy should always be
adopted when the sum of the strengths of direct and indirect network effects is low and the early entrant has
a quality advantage. For platform 𝑒, when its quality is higher or slightly lower than that of later entrants,
its profit always increases as a result of the adoption of the coopetition strategy. In such cases, platform 𝑒
consistently acquires more network effects than platform 𝑓 does by adopting the coopetition strategy. Then,
the profit increment of platform 𝑒 derived from direct and indirect network effects can fully cover its profit
loss incurred by the commission fees charged by platform 𝑓 . By contrast, for platform 𝑓 , even if it can receive
commission fees from platform 𝑒 and attracts more consumers away from the standalone application of platform
𝑒, adopting the coopetition strategy may damage the interests of platform 𝑓 . If platform 𝑒 is partially integrated
into platform 𝑓 , then the competitiveness of the former is enlarged, as previously discussed, and increases with
the sum of the strengths of direct and indirect network effects. When the strength of network effects is great, the
competitiveness of platform 𝑒 is greatly enlarged after adopting the coopetition strategy, which causes a sharp
decline in the price and market share of platform 𝑙. Moreover, the commission price determined by platform 𝑓
decreases compared with that in the independent case. Thus, platform 𝑓 would not integrate the early entrant
when the strength of network effects is great.
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Figure 2. Conditions for adopting the coopetition strategy.

Proposition 1 also provides the fourth-party platform’s optimal commission price and the degree of integration
of the early entrant when coopetition is the equilibrium strategy. The fourth-party platform sets a commission
price that maximizes its profit while ensuring that the early entrant adopts the coopetition strategy. According to
the commission price charged by the fourth-party platform, platform 𝑒 always partially integrates its service into
platform 𝑓 , that is, 𝑘* < 𝑦𝑜

𝑒 +𝑦′𝑒. When the degree of integration 𝑘 is low, the additional network effects enjoyed
by platform 𝑒 compared to platform 𝑓 are low since the number of consumers using platform 𝑒 in platform 𝑓 is
low. However, a high 𝑘 indicates that more consumers use platform 𝑒 in platform 𝑓 , which increases the network
effects of platform 𝑒 more but cannibalizes the consumer demand of platform 𝑒’s standalone application greatly,
thus yielding higher commission costs. Therefore, platform 𝑒 would never fully integrate itself into platform 𝑓 .

Proposition 1 provides the owners of early entrant and fourth-party platforms important managerial impli-
cations. First, the early entrant and fourth-party platforms in industry exhibiting significant network effects
will never cooperate. This also indicates that the strength of network effects plays an important role in the
optimality of coopetition strategy between early entrant and fourth-party platforms. Second, when the indus-
try exhibits limited network effects, the early entrant of quality advantage and fourth-party platform always
cooperate. This also implies that the owner of platforms should take quality difference into consideration while
deciding whether to cooperate or not. Third, when the early entrant and fourth-party platforms cooperate,
only a portion of service providers owned by early entrant are allowed to serve consumers on the fourth-party
platform.

We next investigate how the commission price and optimal degree of integration vary with the parameters
when coopetition is the equilibrium strategy.

Proposition 2. When coopetition is the equilibrium strategy, (a) 𝜕𝜔𝑜*
𝑒

𝜕𝑞 < 0,
𝜕𝜔𝑜*

𝑒

𝜕𝛼 < 0, and 𝜕𝜔𝑜*
𝑒

𝜕𝑡 > 0; (𝑏)𝜕𝑘*

𝜕𝑞 >

0, 𝜕𝑘*

𝜕𝛼 > 0, and 𝜕𝑘*

𝜕𝑡 < 0.

Proposition 2(a) reveals that the commission price charged by the fourth-party platform decreases with the
quality difference and the sum of the strengths of direct and indirect network effects but increases with the
consumer preference. Prior to the adoption of the coopetition strategy, as the quality difference increases, the
early entrant becomes more competitive, thus, the profit of the fourth-party platform decreases, while that of the
early entrant increases. Therefore, the fourth-party platform would offer a lower commission price to motivate
the early entrant to adopt the coopetition strategy. The reason for this is that the profit loss incurred by a
reduced commission price, 𝜔𝑒, is overwhelmed by the demand expansion effect on the fourth-party platform.
As the strength of network effects increases, both the early and later entrants cut their prices to attract more
consumers and maximize the benefits of network effects. Since neither the early entrant nor later entrants
can afford a high commission cost when price competition intensifies, the fourth-party platform reduces the
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commission price accordingly to encourage the adoption of the coopetition strategy. As consumer preference
increases, more consumers choose to utilize the standalone application of the early entrant rather than switching
to the fourth-party platform if the coopetition strategy is adopted. Thus, given the 𝜔𝑒 value being fixed, the early
entrant bears a lower commission cost and maintains a higher profit under the coopetition strategy. Therefore,
the fourth-party platform raises 𝜔𝑜*

𝑒 as consumer preference rises to increase its profit.
Proposition 2(b) shows that the optimal degree of integration 𝑘* always increases with 𝑞 and 𝛼 but decreases

with 𝑡. Platform 𝑒 partially integrates its service into platform 𝑓 , sharing part of its network effects, which
causes platform 𝑒’s standalone application to lose consumers. When 𝑞 is high, platform 𝑒 sets a high 𝑘* to
increase its consumer demand in the fourth-party platform, which does not incur excessive customer churn
from its standalone application. When the strength of network effects is high, platform 𝑒 also sets a high 𝑘* to
greatly increase its network value and erode the market share of platform 𝑙. However, platform 𝑒 lowers 𝑘* when
consumer preference 𝑡 rises because, as consumer preference rises, the influence of network effects on consumers’
platform choice decreases. Then, the coopetition strategy becomes less appealing for platform 𝑒 because of the
lower increase in its total consumer demand.

Proposition 2 provides guidance on how early entrant and fourth-party platforms should adjust their degree
of integration and commission price as the parameters vary when coopetition exists as the equilibrium strategy.
First, if the quality of early entrant increases faster than that of later entrants, early entrant should allow
more of its service providers to serve consumers on the fourth-party platform, correspondingly, the fourth-party
platform should lower its commission price. Second, if the number of service providers on the platform plays a
greater effect on consumer purchase decisions, then early entrant should integrate more service providers on the
fourth-party platform and the fourth-party platform should lower commission price. Third, as consumers care
more about the horizontal difference between platforms, the early entrant should lower its number of service
providers serving on the fourth-party platform, and the fourth-party platform should raise the commission price
in response.

We next investigate, when coopetition is the equilibrium strategy, the relative size of prices of platforms 𝑒
and 𝑙 and how the prices of them vary compared with those before adopting the coopetition strategy.

Proposition 3. Suppose that coopetition is the equilibrium strategy. (a) Compared with the independent case,
the prices of platforms 𝑒 and 𝑙 always decrease, and the decreasing rate of platform 𝑙 is higher than that of
platform 𝑒. Specifically, we have 𝑝𝑜

𝑒 − 𝑝𝑖
𝑒 = 𝑘*(3𝛼−2𝑡)

6 , 𝑝𝑜
𝑙 − 𝑝𝑖

𝑙 = − 2𝑡𝑘*

3 , and 𝑝𝑜
𝑒 − 𝑝𝑖

𝑒 −
(︀
𝑝𝑜

𝑙 − 𝑝𝑖
𝑙

)︀
= 𝑘*(2𝑡+3𝛼)

6 . (b)
If 𝑞 < 45𝛼2−111𝛼𝑡+58𝑡2

106𝑡−69𝛼 , then 𝑝𝑜
𝑒 < 𝑝𝑜

𝑙 ; otherwise, 𝑝𝑜
𝑒 ≥ 𝑝𝑜

𝑙 . 𝑝𝑜
𝑒 < 𝑝𝑜

𝑙 + 𝑞 always holds.

According to Proposition 1, we have that 𝛼 < 2𝑡
3 when coopetition is the equilibrium strategy. Therefore, the

implementation of the coopetition strategy always lowers the prices of platforms 𝑒 and 𝑙. This finding is intuitive
because platform 𝑒 acquires additional network effects under the coopetition strategy, which impels platform 𝑙
to cut its price to attract customers. Platform 𝑒 also lowers its price in response to the increased competition.
Moreover, platform 𝑒 lowers its price less than platform 𝑙 does, considering that the former enjoys more extra
network effects after adopting the coopetition strategy.

Proposition 3(b) indicates that even if platform 𝑒 has a quality advantage, its price may be lower than that
of platform 𝑙 when coopetition is the equilibrium strategy. The reason for this is that when the coopetition
strategy is adopted, some consumers of platform 𝑒 in the standalone application switch to platform 𝑓 . Thus,
platform 𝑒 is willing to offer a lower price than that of platform 𝑙 to prevent too much customer loss from its
standalone application. Customer loss decreases as the difference in quality increases. Thus, platform 𝑒 offers
a higher price than that of platform 𝑙 when 𝑞 is high. In addition, Proposition 3(b) indicates that the price
of platform 𝑒 in its standalone application is always lower than that in the application of platform 𝑓 , i.e.,
𝑝𝑜

𝑒 < 𝑝𝑜
𝑙 + 𝑞 when coopetition is the equilibrium strategy. This is intuitive because platform 𝑒 is willing to offer

a low price for its standalone application to attract as many consumers to use its standalone application and
reduce the commission fees it must pay.

Proposition 3 provides the owners of platforms three important managerial implications regarding pricing
strategy. First, when coopetition exists as the equilibrium strategy, early entrant of limited quality advantage
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may charge consumers a lower price, compared with later entrants existing in the fourth-platform. Second,
when coopetition strategy is adopted, the price of the early entrant in the fourth-party platform should be set
higher than that in its standalone application. Third, after coopetition strategy is adopted, both early and later
entrants should lower their prices. Moreover, the later entrants lower their prices more, compared with the early
entrant.

We then investigate how the total consumer demand of platform 𝑒 and the consumer demand in its standalone
application vary when the two platforms cooperate.

Proposition 4. When coopetition is the equilibrium strategy, the total consumer demand of platform 𝑒 always
increases, while its consumer demand in the standalone application always decreases. Specifically, we have 𝑦𝑜

𝑒 +
𝑦′𝑒 − 𝑦𝑖

𝑒 = 𝑘*(10𝑡−9𝛼)
12𝑡−12𝛼 and 𝑦𝑜

𝑒 − 𝑦𝑖
𝑒 = −𝑘*(2𝑡−3𝛼)

12𝑡−12𝛼 .

Proposition 4 demonstrates that the integration of platform 𝑒 in platform 𝑓 increases the total consumer
demand of platform 𝑒 but cannibalizes the consumer demand of platform 𝑒 in its standalone application. The
reason behind is that platform 𝑒 bears commission costs after the adoption of the coopetition strategy. Therefore,
platform 𝑒 cannot set an attractive price as before, and some consumers switch to platform 𝑓 to use platform 𝑒
or 𝑙. However, the total number of consumers using platform 𝑒 increases because of the higher network effects
it offers. This finding indicates that the coopetition strategy is adopted by the early entrant platform at the
expense of the market share of its standalone application.

The findings in Proposition 4 can be used to predict how the consumer demands of involved platforms vary
after adopting the coopetition strategy. The consumer demand of early entrant in its standalone application
always decreases, by contrast, the total consumer demand of early entrant always increases.

5. Extension

5.1. Fixed commission fee scheme with price discrimination

In the baseline model, we assume that the fourth-party platform charges the early and later entrants the
same commission prices. Here, we extend our model to examine the coopetition strategy when the fourth-party
platform can charge the early and later entrants different commission prices. The time sequence of the decision
is the same as that described in the basic model.

Proposition 5. If platform 𝑓 charges platforms 𝑒 and 𝑙 different commission prices (i.e., 𝜔𝑒 ̸= 𝜔𝑙), then only
when 𝛼 < 𝛼1 and 𝑞 > 𝑞1 can platforms 𝑒 and 𝑓 cooperate, and 𝑘* = −36𝛼2+(72𝑡−12𝑞)𝛼+16𝑞𝑡−36𝑡2

99𝛼2−312𝛼𝑡+208𝑡2 ; otherwise,

𝑘* = 0, where 𝛼1 is the only feasible solution to 99𝛼2 − 312𝛼𝑡 + 208𝑡2 = 0, 𝛼1 > 2𝑡
3 , and 𝑞1 = − 9(𝛼2−2𝛼𝑡+𝑡2)

3𝛼−4𝑡 .

Proposition 5 shows that the equilibrium strategy remains qualitatively the same as that in the basic model
if 𝜔𝑒 ̸= 𝜔𝑙. The other qualitative results, except for how the different commission prices vary with parameters,
can also be analytically proven and remain the same as those displayed in the basic model.

We conduct numerical experiments to explore the robustness of the results that cannot be analytically proven
and how the fourth-party platform determines the commission prices. The consumer preference varies from low
(𝑡 = 1) to high (𝑡 = 10). The sum of the strengths of direct and indirect network effects 𝛼 is set to a value
no more than the consumer preference. The difference in quality 𝑞 varies within an interval in which neither
platform is driven out of the market, regardless of whether the coopetition strategy is adopted. The price paid
by the owners of platforms 𝑒 and 𝑙 to the providers 𝑐 is set to a value no more than the prices determined by
platforms 𝑒 and 𝑙, 𝑝𝑒 and 𝑝𝑙, respectively. The above settings ensure that the numerical experiments cover all
the cases. Figure 3 indicates that the results on how the commission prices vary with the parameters displayed
in the baseline model still hold when the coopetition strategy is adopted as the equilibrium and 𝜔𝑒 ̸= 𝜔𝑙.

The numerical analysis provides guidelines on how the fourth-party platform should set commission prices
under a fixed commission fee scheme with price discrimination. Figure 4 demonstrates that the fourth-party
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Figure 3. How commission prices vary with parameters when 𝜔𝑒 ̸= 𝜔𝑙. (a) Commission prices
with respect to 𝑞. Notes. 𝛼 = 0.6, 𝑡 = 1 and 𝑐 = 0.1. (b) Commission prices with respect to
𝛼. Notes. 𝑡 = 1, 𝑞 = 0.2 and 𝑐 = 0.1. (c) Commission prices with respect to 𝑡. Notes. 𝛼 = 0.9,
𝑞 = 0.2 and 𝑐 = 0.1.

platform sets different commission prices for the early and later entrants only when the quality difference 𝑞 is
great; otherwise, it charges them the same commission prices, i.e., 𝜔𝑒 = 𝜔𝑙. The reason for this is that when 𝑞 is
great, charging early and later entrants the same commission prices drives the latter out of business; charging
low-quality platform a lower commission price can lessen competition. However, this commission price structure
may reduce the profitability of the early entrant and weaken its incentive to adopt the coopetition strategy. The
early entrant accepts the contract and adopts the coopetition strategy only when its quality advantage is great.

5.2. Proportional commission fee scheme

In the basic model, we assume that the fourth-party platform charges the integrated platforms a fixed
commission fee per transaction. However, in practice, if price information can be observed, then the fourth-
party platform may charge third-party platforms a proportional commission fee per transaction. Thus, in this
section, we extend our model to examine the coopetition strategy when the fourth-party platform charges early
and later entrants proportional commission fees, denoted by 𝛿(0 < 𝛿 < 1). The game sequence is the same as
that in the basic model. We first formulate the profits of early entrant, later entrant and fourth-party platforms
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Figure 4. Design of the fixed commission fee scheme with price discrimination with 𝑡 = 1 and
𝑐 = 0.1.

before platform 𝑒 integrates its service into platform 𝑓 as follows:

Π𝑖
𝑒 = 𝑦𝑒(𝑝𝑒 − 𝑐). (15)

Π𝑖
𝑙 = (1− 𝑦𝑒)(𝑝𝑙(1− 𝛿)− 𝑐). (16)

Π𝑖
𝑓 = (1− 𝑦𝑒)𝑝𝑙𝛿. (17)

When platform 𝑒 integrates its service into platform 𝑓 , the early entrant determines the degree of integration
to maximize its profit.

max
𝑘

(𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒((𝑝𝑙 + 𝑞)(1− 𝛿)− 𝑐))

s.t. 𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒((𝑝𝑙 + 𝑞)(1− 𝛿)− 𝑐) ≥ Π𝑖
𝑒. (18)

Anticipating the response functions of platforms 𝑒 and 𝑙, platform 𝑓 determines commission rate 𝛿 to maximize
its profit. We assume that the fourth-party platform charges early and later entrants the same commission rate
once the coopetition strategy is adopted. Note that platforms 𝑓 and 𝑒 adopt the coopetition strategy only when
their profits are no less than those in the independent case. Therefore, we have that

max
𝛿

(𝑦′𝑒(𝑝𝑙 + 𝑞)𝛿 + (1− 𝑦𝑒 − 𝑦′𝑒)𝑝𝑙𝛿)

s.t. 𝑦′𝑒(𝑝𝑙 + 𝑞)𝛿 + (1− 𝑦𝑒 − 𝑦′𝑒)𝑝𝑙𝛿 ≥ Π𝑖
𝑓 ,

𝑦𝑒(𝑝𝑒 − 𝑐) + 𝑦′𝑒((𝑝𝑙 + 𝑞)(1− 𝛿)− 𝑐) ≥ Π𝑖
𝑒. (19)

The parameter settings are consistent with those in Section 5.1. The numerical analysis indicates that most
of the results on the equilibrium strategy under a proportional commission fee scheme are qualitatively identical
to those displayed in the basic model. Differently, coopetition is the equilibrium strategy under a proportional
commission fee scheme only when the early entrant has a quality advantage, as shown in Figure 5. The reason
for this is that the fourth-party platform sets a high commission rate and can fully extract the extra profit of
later entrants before the coopetition strategy is adopted under the proportional commission fee scheme. The
fourth-party platform must lower the commission rate to motivate the early entrant to adopt the coopetition
strategy. However, doing so leads to a decline in the commission fees received by the fourth-party platform from
later entrants. When the early entrant has a quality advantage, it occupies a larger market share, and then, the
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Figure 5. Equilibrium strategy under the proportional commission fee scheme with 𝑡 = 1 and
𝑐 = 0.1.

commission fees charged by the fourth-party platform from the early entrant compensate for the profit loss from
later entrants. Thus, in such cases, it is more profitable for the fourth-party platform to promote the adoption
of the coopetition strategy and charge both early and later entrants commission fees.

The numerical results also show how the commission rate 𝛿 varies with the parameters. Different from the
results in the baseline model, Figures 6a and 6b show that the commission rate increases with 𝛼 and decreases
with 𝑡, whereas Figure 6c displays that it first decreases and then increases as 𝑞 increases. As the strength of
network effects increases, the adoption of the coopetition strategy generates more profit for the early entrant,
encouraging the fourth-party platform to charge a higher commission rate. Moreover, when the network effect
strength is large compared to when it is low, the commission rate per unit change in the strength of network
effects grows more, as shown in Figure 6a. When the consumer preference is great, it becomes difficult for
platforms to attract consumers by offering a low price. Then, both the early and later entrants raise their prices
to achieve more profit. If the commission rate remains unchanged, the commission cost that must be paid by the
early entrant is so great that the early entrant cannot earn extra profit by adopting coopetition strategy. Thus,
a lower commission rate is offered by the fourth-party platform to promote the adoption of coopetition strategy.
It is worth of mentioning that the commission rate per unit change in the consumer preference decreases more
when the consumer preference is low compared to when it is great, as shown in Figure 6b. It is interesting that
the commission rate increases as 𝑞 rises when 𝑞 is great. In such cases, the customer churn of the standalone
application of the early entrant is rather low, and the market expansion effect always compensates for the
additional commission costs. Therefore, the fourth-party platform raises the commission rate to extract more
surplus from the early entrant.

The numerical results further show how the degree of integration varies with the parameters. Different from
the results in the baseline model, Figures 7a–7c show that 𝑘* first increases and then decreases with increasing
𝛼, 𝑡 and 𝑞. When the strength of network effects is great, the commission rate increases greatly as the strength
of network effects increases, and the commission cost increases if the degree of integration remains. Thus, the
early entrant lowers the degree of integration to maximize its own profit as the strength of network effects
increases. As the consumer preference increases, the early entrant raises the degree of integration as consumer
preference increases when the consumer preference is low. Because in such cases, the unit profitability of early
entrant in the fourth-party platform increases greatly, and can fully cover the profit loss incurred by the extra
customer churn. In contrast to how the commission rate changes with 𝑞, the degree of integration changes with
𝑞 in the opposite manner by the comparison of Figures 6c and 7c. The reason for this is that the price of early
entrant increases with 𝑞. When the commission rate increases with 𝑞, the price increase of early entrant cannot
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Figure 6. How the commission rate varies with the parameters when the coopetition strategy
is adopted. (a) Commission rate with respect to 𝛼. Notes. 𝑡 = 1, 𝑞 = 1 and 𝑐 = 0.1. (b)
Commission prices with respect to 𝑡. Notes. 𝛼 = 0.6, 𝑞 = 1 and 𝑐 = 0.1. (c) Commission rate
with respect to 𝑞. Notes. 𝛼 = 0.6, 𝑡 = 1 and 𝑐 = 0.1.

offset the extra commission fees it must pay, the unit profitability of early entrant in the fourth-party platform
decreases. Thus, the early entrant lowers the degree of integration to avoid excessive commission fees.

The numerical results also show that qualitatively the same as that in the baseline model, the prices of
the early and later entrants always decrease after the coopetition strategy is adopted. In contrast, after the
coopetition strategy is implemented, the price of the later entrants is always lower than that of the early
entrant if the early entrant has a quality advantage. This is because the price competition between early and
later entrants is unaffected by the adoption of the proportional commission fee scheme.

5.3. Comparing the different commission fee schemes

In this section, based on the analytical results in Sections 5.1 and 5.2, we compare the fixed and proportional
commission fee schemes from the perspective of profit and explore which scheme is adopted by the fourth-party
platform if both schemes are feasible.

We first compare the profit of the fourth-party platform under different commission fee schemes before the
coopetition strategy is adopted. It can be analytically proven that prior to the adoption of the coopetition
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Figure 7. How the degree of integration varies with the parameters when the coopetition
strategy is adopted. (a) Optimal degree of integration with respect to 𝛼. Notes. 𝑡 = 1, 𝑞 = 1
and 𝑐 = 0.1. (b) optimal degree of integration with respect to 𝑡. Notes. 𝛼 = 0.6, 𝑞 = 1 and
𝑐 = 0.1. (c) Optimal degree of integration with respect to 𝑞. Notes. 𝛼 = 0.6, 𝑡 = 1 and 𝑐 = 0.1.

strategy, the fourth-party platform generates a higher profit under the proportional commission fee scheme as
opposed to the fixed commission fee scheme. Because the fourth-party platform does not need to worry about
the later entrants exiting, then it can extract as much profit as it can from later entrants by adjusting the
commission rate under the proportional commission fee scheme.

We then compare the profits of platforms under different commission fee schemes after the coopetition strategy
is adopted. Figure 8a shows that the fourth-party platform achieves a higher profit under the fixed commission
fee scheme than under the proportional scheme only when 𝑞 is of a medium size, i.e., 𝑞 < 𝑞 < 𝑞′. The reason for
this is that when 𝑞 is high, i.e., 𝑞 ≥ 𝑞′′, the proportional commission fee scheme always promotes the adoption
of the coopetition strategy, and the fourth-party platform retains more profit than it would under the fixed
commission fee scheme. When 𝑞 is low, i.e., 𝑞 ≤ 𝑞, the profit of the fourth-party platform remains the same
since coopetition cannot be the equilibrium strategy, regardless of which commission fee scheme is implemented.
The fourth-party platform then charges only later entrants to earn a profit. When 𝑞 is of a medium size, i.e.,
𝑞 < 𝑞 < 𝑞′, under the proportional commission fee scheme, the commission rate decreases if the coopetition
strategy is adopted and the commission fees derived from the early entrant are low due to its limited market
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Figure 8. Comparing the profit of the platforms under different commission fee schemes.
(a) Profit of the fourth-party platform. (b) Profit of the early entrant. (c) Profit of the later
entrants.

share; thus, it cannot cover the profit loss derived from later entrants. Then, the early entrant does not integrate
its service into the fourth-party platform. In contrast, in such cases, early and later entrants achieve more profit
under the fixed commission fee scheme because platform competition is lessened. Then, the fourth-party platform
can extract more commission fees while the early entrant is willing to integrate its service into the fourth-party
platform. In addition, considering that coopetition strategy is adopted only when 𝑞 < 𝑞′, 𝑞 > 𝑞′′ and 𝑞 > 𝑞, the
profits of fourth-party platform jump when 𝑞 = 𝑞′, 𝑞 = 𝑞′′ and 𝑞 = 𝑞.

We then compare the profits of early and later entrants under different commission fee schemes. Figure 8b
indicates that the early entrant may benefit more from the adoption of the fixed commission fee scheme, as
it can lead to the implementation of the coopetition strategy and increase its profit. Figure 8c shows that
later entrants may also achieve a higher profit under the fixed commission fee scheme, as compared to the
proportional one. The reason for this is that platforms retain excessive profits under the fixed commission fee
scheme, whereas their extra profits are fully extracted by the fourth-party platform under the proportional
commission fee scheme. In addition, as the same reason explained before, the profits of early and later entrants
jump when 𝑞 = 𝑞′, 𝑞 = 𝑞 and 𝑞 = 𝑞′′.
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5.4. Sequences of decision-making

In the baseline model, we consider the setting in which platform 𝑓 first proposes the commission price, then
platform 𝑒 decides the degree of integration. However, in practice, considering that platform 𝑓 has control over
the access opened to platform 𝑒, the former may adjust the commission price once the degree of integration is
observed. Therefore, in this section, we explore the scenario in which platforms 𝑓 and 𝑒 simultaneously determine
the commission price and the degree of integration.

Proposition 6. Suppose that platforms 𝑓 and 𝑒 simultaneously determine the commission price and the degree
of integration. (a) Platforms 𝑒 and 𝑓 cooperate only when 𝛼 < 2𝑡

3 . Then, 𝑘* = −18𝛼2+(−12𝑞+27𝑡)𝛼+13𝑡𝑞−9𝑡2

36𝛼2−87𝛼𝑡+50𝑡2 , 𝜔𝑜*

𝑒 =

𝜔𝑜*

𝑙 = − (12(𝑡−𝛼))(− 11𝑡2
2 +(𝑞+ 33𝛼

4 )𝑡− 9𝛼2
4 )

36𝛼2−87𝛼𝑡+50𝑡2 , 𝑝𝑜
𝑒 = (3𝛼−2𝑡)𝑘*

3 +𝑐+ 𝑞
3 +𝑡+ 𝜔𝑜*

𝑒

3 −𝛼 and 𝑝𝑜
𝑙 = (3𝛼−4𝑡)𝑘*

3 +𝑐− 𝑞
3 +𝑡+ 2𝜔𝑜*

𝑒

3 −𝛼.
(b) The qualitative results displayed in Propositions 2–4 still hold.

Proposition 6(a) indicates that platforms 𝑒 and 𝑓 always cooperate if the strength of network effects is low
when they make decisions simultaneously. This is because even if the quality of early entrant is low and its
degree of integration is small, such setting enables the fourth-party platform to earn extra profit by charging a
higher commission price while ensuring that the early entrant is willing to implement the integration. Compared
with the results displayed in Proposition 1, Proposition 6(a) also implies that the fourth-party platform can
promote the adoption of coopetition strategy by reserving the right to flexibly adjust the commission price.
Proposition 6(b) demonstrates that the results on how commission price and degree of integration vary with
parameters, and how platform prices and consumer demands change after the coopetition strategy is adopted
remain qualitatively the same as those in the baseline model, and are irrespective of the sequence of decision-
making.

Proposition 7. When coopetition strategy exists as the equilibrium under the two decision-making sequences
(i.e., 𝛼 < 2𝑡

3 and 𝑞 ≥ − 9𝛼(𝛼−𝑡)
27𝛼−28𝑡), the fourth-party platform always achieves a higher profit when it proposes the

commission price before the early entrant determines the degree of integration, compared with that when they
make decisions simultaneously.

Proposition 7 shows that the sequence in which the fourth-party platform proposes commission price depends
on the quality difference between early and later entrants. It is interesting that it is more profitable for the
fourth-party platform to propose the commission price before the degree of integration is set when the quality
difference is great. The reason behind is that the predetermined commission price alleviates the concern of early
entrant regarding high commission fees, which motivates it to set a larger degree of integration and yields higher
commission fees for the fourth-party platform.

6. Conclusions

Cooperation between platforms has been widely used in practice and well-studied in previous studies. How-
ever, few studies have investigated the coopetition strategy between a platform and a fourth-party platform
comprised of several later entrants that provide competing services with network effects. We discuss when and
how the coopetition strategy is adopted and further investigate its impact on prices and consumer demands.
Moreover, we provide guidance on how the fourth-party platform should adjust the commission price as param-
eters vary. The results show that when early and later entrants are charged the same commission prices, the
coopetition strategy is adopted only if the sum of the strengths of direct and indirect network effects is low and
the quality of the early entrant is higher or slightly lower than that of the later entrants. In addition, when the
coopetition strategy is adopted, the early entrant always partially integrates its service into the fourth-party
platform. The adoption of the coopetition strategy always reduces the prices of early and later entrants. In
addition, implementing the coopetition strategy increases the total consumer demand of the early entrant while
lowering its consumer demand in the standalone application. For the commission price when coopetition is
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adopted as the equilibrium strategy, the fourth-party platform charges a lower price as the quality difference
and strength of network effects increase; however, it charges a higher price as the consumer preference rises.

We also discuss the coopetition strategy and its influence on platform prices and consumer demands under
different commission fee schemes. Under the fixed commission fee scheme with discrimination, the equilibrium
strategy qualitatively remains the same. When coopetition is adopted as the equilibrium strategy, the fourth-
party platform charges the early and later entrants the same commission prices if the quality difference between
them is low; otherwise, it charges them different ones. Under the proportional commission fee scheme, the
coopetition strategy is adopted only when the strength of network effects is low and the early entrant has a
significant quality advantage. The commission rate increases with strength of network effects and decreases with
consumer preference, whereas it first decreases and then increases as quality difference of platforms increases.
Different from the results under fixed commission fee scheme, the optimal degree of integration determined
by the early entrant first increases and then decreases with increasing strength of network effects, consumer
preference and quality difference of platforms. Regarding the results on the influence of adopting the coopetition
strategy, most of them still hold. In contrast, when the coopetition strategy is adopted and the early entrant
has a quality advantage, the price of the later entrant is always lower than that of the early entrant under the
proportional commission fee scheme.

We further compare the two commission fee schemes and find that before the coopetition strategy is adopted,
it is more profitable for the fourth-party platform to adopt the proportional commission fee scheme. After the
coopetition strategy is adopted, the fourth-party platform earns a higher profit under the fixed commission fee
scheme only when the quality difference is of medium size. Moreover, in such cases, early and later entrants also
retain a higher profit than that under the proportional commission fee scheme.

We also investigate the coopetition strategy when fourth-party platform and early entrant make decisions on
commission price and degree of integration simultaneously. In such cases, platforms always should adopt the
coopetition strategy when the strength of network effects is low. Interestingly, the fourth-party platform may
be more inclined to propose a fixed commission price first, which does not vary with the degree of integration
determined by the early entrant.

Our study has managerial implications for platform owners faced with decisions on whether to adopt the
coopetition strategy when a fourth-party platform is present. First, in the platform markets where the sum
of strengths of direct and indirect network effects is strong, the fourth-party platform will not integrate the
early entrant in. In addition, only the early entrant of high quality is willing to integrate its service into the
fourth-party platform. Second, the adoption of coopetition strategy lessens the price competition and benefits
the consumers by offering them lower platform prices, regardless of the type of commission fee scheme. Moreover,
the adoption of coopetition strategy can lead to a win–win outcome to early entrant and fourth-party platform
in which the popularity of fourth-party platform further increases and the early entrant occupies a larger market.
Third, the later entrants already integrated into the fourth-party platform may benefit from the integration of
early entrant when the fourth-party platform charges the integrated platforms proportional commission fees.

Our study contributes to the extant literature on platform coopetition by investigating the conditions under
which the early entrant and its competing fourth-party platform cooperate to achieve a win–win outcome, as
well as exploring the effect of adopting the coopetition strategy on prices, consumer demands and so on. The
model and analysis in the study can potentially serve as a foundation for further studies on platform coopetition
and fourth-party platforms. Our work demonstrates that the coopetition between early entrant and fourth-party
platforms can generate higher profits for both parties and explores the corresponding mechanism design.

There exist many possible extensions of our research in the future. First, we restrict our study to the case
of homogenous later entrants in the fourth-party platform to develop analytical insights. We expect that our
key insights will continue to hold for heterogeneous later entrants but leave rigorous analysis to future research.
Second, the per-transaction fees paid by different platform owners to service providers are assumed to be
the same in this study. Future research can further investigate how different per-transaction fees affect the
effectiveness of coopetition strategy. Finally, we consider the scenario in which there is only one early entrant
in the market; however, considering the scenario of two or more early entrants may provide new insights.
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Appendix A.

Proof of Lemma 1. By substituting 𝑦𝑒 = −𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡−2𝛼 into the equations (5) and (6), we can verify that the
second-order derivatives of the profit functions are negative with respect to price. Using the first-order conditions,
we can derive the equilibrium prices as follows: 𝑝𝑒 = 𝑞+3𝑡−3𝛼+3𝑐+𝜔𝑙

3 and 𝑝𝑙 = −𝑞+3𝑡−3𝛼+3𝑐+2𝜔𝑙

3 .
Then, substituting the equilibrium prices and demands into equation (7), the second-order derivatives of the

profit functions can be proven to be negative with respect to 𝜔𝑙. The commission price 𝜔𝑙 can be obtained,
there is 𝜔𝑖*

𝑙 = − (𝑞−3𝑡+3𝛼)
2 . Then, the equilibrium prices, demand, and profits can be derived. To guarantee

that neither platform is squeezed out of the market and the prices are non-negative, there is 𝑡 > 𝛼 and
9𝛼− 9𝑡 < 𝑞 < 3𝑡− 3𝛼. �

Proof of Proposition 1. By substituting 𝑦𝑒 = (𝑘−1)𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡−2𝛼 into the equations (8) and (9), we can verify
that the second-order derivatives of the profit functions are negative. Using the first-order conditions, we can
derive the equilibrium prices as follows: 𝑝𝑒 = (3𝑘−3)𝛼−2𝑘𝑡+𝑞+3𝑡+3𝑐+𝜔𝑙

3 and 𝑝𝑙 = (3𝑘−3)𝛼−4𝑘𝑡−𝑞+3𝑡+3𝑐+2𝜔𝑙

3 .
Then, we substitute the equilibrium prices and demand into the equation (10). Assuming that 𝜔𝑒 = 𝜔𝑙,

the second-order derivatives of the profit functions can be proven to be negative with respect to 𝜔𝑙. Thus, the
optimal commission price 𝜔𝑙 can be obtained, there is 𝜔𝑜*

𝑒 = 𝜔𝑜*

𝑙 = (2𝑡−3𝛼)𝛾𝑘
2 − (𝑞−3𝑡+3𝛼)

2 . Then, the equilibrium
prices, demand and profits can be derived.

Knowing the commission price and equilibrium prices, the early entrant and fourth-party platform decides
on whether to adopt the coopetition strategy, further, the early entrant decides on the degree of integration.

We first obtain the constraints on 𝑘 and 𝑞 to ensure the integration is plausible and will not squeeze either
platform out of the market. There is 𝑞 < min(3𝑡−3𝛼+(9𝛼−10𝑡)𝑘, 3𝑡−3𝛼). When 𝛼 < 2𝑡

3 , there is 𝑘 ≤ 𝑞+9𝑡−9𝛼
2𝑡−3𝛼 ;

otherwise, no constraints exist on 𝑘.
We next explore whether and how adopting coopetition strategy can increase the profit of the early entrant.

The profit difference of early entrant is: Π𝑜
𝑒 − Π𝑖

𝑒 = − (99𝛼2−216𝑡𝛼+116𝑡2)𝑘2

72𝑡−72𝛼 − 2(9𝛼2+(27𝑞−9𝑡)𝛼−28𝑡𝑞)𝑘
72𝑡−72𝛼 , a quadratic

function about 𝑘. The coefficient of 𝑘2 is negative when 𝛼 < 𝛼̂, and non-negative when 𝛼 > 𝛼̂. Where 𝛼̂ is the
solution to 99𝛼2 − 216𝑡𝛼 + 116𝑡2 = 0. Analyzing the coefficient of 𝑘, it is always positive.

Thus, when 𝛼 < 𝛼̂, there exists optimal 𝑘* = −9𝛼2+(9𝑡−27𝑞)𝛼+28𝑡𝑞
99𝛼2−216𝑡𝛼+116𝑡2 , which can be proven to satisfy the

constraint on 𝑘. When 𝛼 > 𝛼̂, the optimal 𝑘 is either 0 or the upper bound of 𝑘.
We further explore whether the profit of fourth-party platform increases after adopting the coopetition

strategy: Π𝑜
𝑓 − Π𝑖

𝑓 = (−3𝛼𝑘+2𝑡𝑘−3𝛼−𝑞+3𝑡)2

24𝑡−24𝛼 − (𝑞−3𝑡+3𝛼)2

24𝑡−24𝛼 = 𝛾𝑘(2𝑡−3𝛼)((2𝑡−3𝛼)𝑘+6𝑡−6𝛼−2𝑞)
24𝑡−24𝛼 . Substituting the upper

bound of 𝑞, 3𝑡− 3𝛼 + (9𝛼− 10𝑡)𝑘 into (2𝑡− 3𝛼)𝑘 + 6𝑡− 6𝛼− 2𝑞, the value is always positive. Thus, the profit
of fourth-party platform increases only when 𝛼 < 2𝑡

3 , and there is 2𝑡
3 < 𝛼̂. �

Proof of Proposition 2. We further explore how the 𝜔𝑜*

𝑒 varies with parameters when 𝛼 < 2𝑡
3 and

𝑞 ≥ − 9𝛼(𝛼−𝑡)
27𝛼−28𝑡 . With respect to the 𝑞, 𝑡 and 𝛼, respectively, there are 𝜕𝜔𝑜*

𝑒

𝜕𝑞 = −9𝛼2+39𝑡𝛼−30𝑡2

99𝛼2−216𝑡𝛼+116𝑡2 <

0, 𝜕𝜔𝑜*
𝑒

𝜕𝑡 = 15390𝛼4+(1917𝑞−65502𝑡)𝛼3+(−3852𝑞𝑡+105102𝑡2)𝛼2+(1956𝑞𝑡2−75168𝑡3)𝛼+20184𝑡4

(99𝛼2−216𝑡𝛼+116𝑡2)2 > 0 and 𝜕𝜔𝑜*
𝑒

𝜕𝛼 =
−19140𝑡4+(−1956𝑞+69948𝛼)𝑡3+(−95769𝛼2+3852𝛼𝑞)𝑡2+(58320𝛼3−1917𝛼2𝑞)𝑡−13365𝛼4

(99𝛼2−216𝑡𝛼+116𝑡2)2 < 0. Then, we explore how the 𝑘*

varies with parameters when 𝛼 < 2𝑡
3 and 𝑞 > − 9𝛼(𝛼−𝑡)

27𝛼−28𝑡 . With respect to the 𝑞, 𝑡 and 𝛼, respectively,

there are 𝜕𝑘*

𝜕𝑞 = 28𝑡−27𝛼
99𝛼2−216𝑡𝛼+116𝑡2 > 0, 𝜕𝑘*

𝜕𝑡 = (−3060𝛼2+6264𝑡𝛼−3248𝑡2)𝑞+𝛼(−1053𝛼2+2088𝑡𝛼−1044𝑡2)

(99𝛼2−216𝑡𝛼+116𝑡2)2
< 0 and

𝜕𝑘*

𝜕𝛼 = (2673𝛼2−5544𝑡𝛼+2916𝑡2)𝑞+𝑡(1053𝛼2−2088𝑡𝛼+1044𝑡2)

(99𝛼2−216𝑡𝛼+116𝑡2)2
> 0. �

Proof of Proposition 3. We first compare the price of early entrant after and before adopting the coopetition
strategy. The price difference of early entrant is: 𝑝𝑜

𝑒 − 𝑝𝑖
𝑒 = (3𝑘*−9)𝛼

6 + 𝑞
6 + 3𝑡

2 −
𝑘*𝑡
3 − ( 𝑞

6 + 3𝑡−3𝛼
2 ) = 𝑘*(3𝛼−2𝑡)

6 .
When 𝛼 < 2𝑡

3 , 𝑝𝑜
𝑒−𝑝𝑖

𝑒 < 0. We then compare the price of later entrants after and before adopting the coopetition
strategy. The price difference of later entrants is: 𝑝𝑜

𝑙 − 𝑝𝑖
𝑙 = − 2𝑡𝑘*

3 − 2𝑞
3 + 2𝑡− 2𝛼− (− 2𝑞

3 + 2𝑡− 2𝛼) = − 2𝑡𝑘*

3 < 0.
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We compare the prices of early entrant and later entrant platforms after adopting the coopetition strategy.
The price difference between them is: 𝑝𝑜

𝑒 − 𝑝𝑜
𝑙 = (3𝑘*−9)𝛼

6 + 𝑞
6 + 3𝑡

2 −
𝑘*𝑡
3 − (− 2𝑡𝑘*

3 − 2𝑞
3 + 2𝑡− 2𝛼) = (3𝑘*+3)𝛼

6 +
𝑡𝑘*

3 + 5𝑞
6 −

𝑡
2 . Substituting 𝑘* = −9𝛼2+(9𝑡−27𝑞)𝛼+28𝑡𝑞

99𝛼2−216𝑡𝛼+116𝑡2 into 𝑝𝑜
𝑒 − 𝑝𝑜

𝑙 , the value is ((69𝛼−106𝑡)𝑞+45𝛼2−111𝛼𝑡+58𝑡2)(𝛼−𝑡)
99𝛼2−216𝑡𝛼+116𝑡2 .

There is 45𝛼2 − 111𝛼𝑡 + 58𝑡2 > 0 when 𝛼 < 2𝑡
3 . Then, substituting the upper bound of 𝑞, −63𝛼2+123𝛼𝑡−58𝑡2

57𝛼−66𝑡 in

(69𝛼− 106𝑡)𝑞 + 45𝛼2 − 111𝛼𝑡 + 58𝑡2, the value is negative. There is 𝑝𝑐
𝑒 < 𝑝𝑐

𝑙 when 𝑞 < 45𝛼2−111𝛼𝑡+58𝑡2

106𝑡−69𝛼 , 𝑝𝑐
𝑒 > 𝑝𝑐

𝑙

when 𝑞 > 45𝛼2−111𝛼𝑡+58𝑡2

106𝑡−69𝛼 .

There is (𝑝𝑜
𝑙 + 𝑞)− 𝑝𝑜

𝑒 = (−𝛼
2 −

𝑡
3 )𝑘*− 𝛼

2 + 𝑞
6 + 𝑡

2 , then substitute 𝑘* = −9𝛼2+(9𝑡−27𝑞)𝛼+28𝑡𝑞
99𝛼2−216𝑡𝛼+116𝑡2 into (𝑝𝑜

𝑙 + 𝑞)− 𝑝𝑜
𝑒,

the value is (30𝛼2−41𝛼𝑡+10𝑡2)𝑞−45𝛼3+156𝛼2𝑡−169𝛼𝑡2+58𝑡3

99𝛼2−216𝑡𝛼+116𝑡2 , the value is positive when 𝑞 = − 9𝛼(𝛼−𝑡)
27𝛼−28𝑡 , and is positive

when 𝑞 = −63𝛼2+123𝛼𝑡−58𝑡2

57𝛼−66𝑡 . Thus, 𝑝𝑜
𝑙 + 𝑞 > 𝑝𝑜

𝑒 always holds. �

Proof of Proposition 4. We first explore how the total demand of the early entrant varies after the coopetition
strategy is adopted. The total demand of the early entrant is (−9−9𝑘*)𝛼+10𝑘*𝑡+𝑞+9𝑡

12𝑡−12𝛼 and 𝑞+9𝑡−9𝛼
12𝑡−12𝛼 in the coopetition

and independent cases, respectively. There is (3𝑘*−9)𝛼+(9−2𝑘*)𝑡+𝑞
12𝑡−12𝛼 + 𝑘* − 𝑞+9𝑡−9𝛼

12𝑡−12𝛼 = 𝑘*(10𝑡−9𝛼)
12𝑡−12𝛼 > 0. We then

explore how the demand of early entrant in its standalone application varies. There is (3𝑘*−9)𝛼+(9−2𝑘*)𝑡+𝑞
12𝑡−12𝛼 −

𝑞+9𝑡−9𝛼
12𝑡−12𝛼 = 𝑘*(3𝛼−2𝑡)

12𝑡−12𝛼 < 0. �

Appendix B. Fixed commission fee scheme with discrimination

The equilibrium prices under fixed commission fee scheme are as follows: 𝑝𝑒 = (3𝑘−3)𝛼−2𝑘𝑡+𝑞+3𝑡+3𝑐+𝜔𝑙

3 and
𝑝𝑙 = (3𝑘−3)𝛼−4𝑘𝑡−𝑞+3𝑡+3𝑐+2𝜔𝑙

3 , which are the same as that in the basic model. Then, substituting the equilibrium

prices and demand into the profit function of fourth-party platform 𝑦′𝑒𝜔𝑒 +(1−𝑦𝑒−𝑦′𝑒)𝜔𝑙, we obtain − 𝜔2
𝑙

6𝛾(𝑡−𝛼) +
((3𝑘−3)𝛼−4𝑘𝑡−𝑞+3𝑡)𝜔𝑙

6(𝑡−𝛼) + 𝑘𝜔𝑒 which is a quadratic function about 𝜔𝑙. The second-order derivatives of the profit
functions can be proven to be negative with respect to 𝜔𝑙. Thus, the optimal commission price 𝜔𝑙 can be
obtained, there is 𝜔𝑙 = − (4𝑡−3𝛼)𝑘

2 − (𝑞−3𝑡+3𝛼)
2 .

We then explore the decision of early entrant on the degree of integration. Substituting 𝜔𝑙 =
− (4𝑡−3𝛼)𝑘

2 − (𝑞−3𝑡+3𝛼)
2 into the profit function of the early entrant, there is (−63𝛼2+192𝑡𝛼−128𝑡2)𝑘2

72(𝑡−𝛼) +
((−18𝛼2+(−6𝑞+18𝑡)𝛼+8𝑡𝑞)𝛾−72𝜔𝑒(𝑡−𝛼))𝑘

72(𝑡−𝛼) + (81𝛼2+(−18𝑞−162𝑡)𝛼+(𝑞+9𝑡)2)
72(𝑡−𝛼) , which is a quadratic function about 𝑘. The

optimal 𝑘 is either the corner or the interior solution. The corner solution is 0, or the 𝑞+9𝑡−9𝛼
8𝑡−9𝛼 which is calculated

by 𝑘 = 𝑦𝑒 + 𝑦′𝑒. The interior solution is − ((−18𝛼2+(−6𝑞+18𝑡)𝛼+8𝑡𝑞)−72𝜔𝑒(𝑡−𝛼))
2(−63𝛼2+192𝑡𝛼−128𝑡2) .

Anticipating the degree of integration determined by the early entrant, we then investigate how the
fourth-party platform determines the commission price that the early entrant must pay, 𝜔𝑒, to maxi-
mize its own profits. Suppose that 𝑘 = 𝑞+9𝑡−9𝛼

8𝑡−9𝛼 , there is 𝜔𝑒 > − (3𝛼−4𝑡)(27𝛼2+21𝛼𝑞−39𝛼𝑡−20𝑞𝑡+12𝑡2)
24(9𝛼−8𝑡)(𝛼−𝑡) . Sup-

pose that 𝑘 = − ((−18𝛼2+(−6𝑞+18𝑡)𝛼+8𝑡𝑞)−72𝜔𝑒(𝑡−𝛼))
2(−63𝛼2+192𝑡𝛼−128𝑡2) , substituting the 𝑘 into the profit function of the

fourth-party platform. We obtain a quadratic function with respect to 𝜔𝑒. There is 𝐻𝜔2
𝑒 + 𝐽𝜔𝑒 +

𝐿. The second-order derivatives of the profit functions can be proven to be negative, thus there
exists optimal 𝜔𝑒 = − 𝐽

2𝐻 which maximizes the profit of the fourth-party platform. Where 𝐻 =
18(𝛼−𝑡)(99𝛼2−312𝛼𝑡+208𝑡2)

(63𝛼2−192𝛼𝑡+128𝑡2)2
, 𝐽 = (459𝛼3−1980𝛼2𝑡+2736𝛼𝑡2−1216𝑡3)𝑞+1377𝛼4−7749𝛼3𝑡+16020𝑡2𝛼2−14256𝑡3𝛼+4608𝑡4

(63𝛼2−192𝛼𝑡+128𝑡2)2
and 𝐿 =

864(𝑡−𝛼)(− 8𝑡2
3 +(𝑞+ 17𝛼

4 )𝑡−𝛼(𝑞+3𝛼)
2 )

2

(63𝛼2−192𝛼𝑡+128𝑡2)2
− (𝑞−3𝑡+3𝛼)2

24(𝑡−𝛼) .

Substituting 𝜔𝑒 = − 𝐽
2𝐻 into Π𝑜

𝑓−Π𝑖
𝑓 , there is 32(− 9𝑡2

4 +(𝑞+ 9𝛼
2 )𝑡− 3𝛼(𝑞+3𝛼)

4 )
2

9(99𝛼2−312𝛼𝑡+208𝑡2)(𝑡−𝛼) . When 𝛼 < 𝛼1, there is Π𝑜
𝑓−Π𝑖

𝑓 > 0.
Where 𝛼1 is the solution to 99𝛼2 − 312𝛼𝑡 + 208𝑡2 = 0. When 𝛼 < 𝛼1, the coefficient of 𝑘2 < 0, to make sure
Π𝑜

𝑒 −Π𝑖
𝑒 > 0, there is 𝑞 > 𝑞1. Where 𝑞1 = − 9(𝛼2−2𝛼𝑡+𝑡2)

3𝛼−4𝑡 .
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Then, there is 𝑘* = −36𝛼2+(72𝑡−12𝑞)𝛼+16𝑞𝑡−36𝑡2

99𝛼2−312𝛼𝑡+208𝑡2 , 𝜕𝑘*

𝜕𝑞 = 16𝑡−12𝛼
99𝛼2−312𝑡𝛼+208𝑡2 >

0, 𝜕𝑘*

𝜕𝑡 = (−2160𝛼2+4992𝑡𝛼−3328𝑡2)𝑞+𝛼(−4104𝛼2+7848𝑡𝛼−3744𝑡2)

(99𝛼2−312𝑡𝛼+208𝑡2)2
< 0 and 𝜕𝑘*

𝜕𝛼 =
(1188𝛼2−3168𝑡𝛼+2496𝑡2)𝑞+𝑡(4104𝛼2−7848𝑡𝛼+3744𝑡2)

(99𝛼2−312𝑡𝛼+208𝑡2)2
> 0.

We then compare the prices of early entrant and later entrant platforms after and before adopting the
coopetition strategy. There is 𝑝𝑜

𝑒 − 𝑝𝑖
𝑒 = (9𝑘*−9)𝛼

6 − 4𝑘*𝑡
3 + 𝑞

6 + 3𝑡
2 − ( 𝑞

6 + 3𝑡−3𝛼
2 ) = 𝑘*(9𝛼−8𝑡)

6 < 0 and 𝑝𝑜
𝑙 − 𝑝𝑖

𝑙 =
(6𝛼−8𝑡)𝑘*

3 − 2𝑞
3 + 2𝑡 − 2𝛼 − (− 2𝑞

3 + 2𝑡 − 2𝛼) = 2𝑘*(𝛼 − 𝑡) < 0. The price difference of early entrant and later
entrants after adopting coopetition strategy is 𝑝𝑜

𝑒 − 𝑝𝑜
𝑙 = (9𝑘*−9)𝛼

6 − 4𝑘*𝑡
3 + 𝑞

6 + 3𝑡
2 − ( (6𝛼−8𝑡)𝑘*

3 − 2𝑞
3 + 2𝑡− 2𝛼).

Substituting the upper bound of 𝑞 into above expression, there is 2(𝑘* − 1)(𝛼− 𝑡).
Comparing the demand of early entrant after and before adopting the coopetition strategy, the total demand of

the early entrant is (9𝑘*−9)𝛼+(9−8𝑘*)𝑡+𝑞
12𝑡−12𝛼 +𝑘* and 𝑞+9𝑡−9𝛼

12𝑡−12𝛼 in the coopetition and independent cases, respectively.

There is (9𝑘*−9)𝛼+(9−8𝑘*)𝑡+𝑞
12𝑡−12𝛼 + 𝑘*− 𝑞+9𝑡−9𝛼

12𝑡−12𝛼 = 𝑘*(4𝑡−3𝛼)
12𝑡−12𝛼 > 0. We then explore how the demand of early entrant

in its standalone application varies. There is (9𝑘*−9)𝛼+(9−8𝑘*)𝑡+𝑞
12𝑡−12𝛼 − 𝑞+9𝑡−9𝛼

12𝑡−12𝛼 = 𝑘*(9𝛼−8𝑡)
12𝑡−12𝛼 < 0.

Appendix C. Proportional commission fee scheme

In the independent case, by substituting 𝑦𝑒 = −𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡−2𝛼 into equations (15) and (16), we can verify that
the second-order derivatives of the profit functions are negative. Using the first-order conditions, we can derive
the equilibrium prices as follows: 𝑝𝑖

𝑒 = 𝑡 − 𝛼 + 𝑞
3 + 𝑐 and 𝑝𝑖

𝑙 = 𝑡 − 𝛼 − 𝑞
3 + 𝑐. Then, the equilibrium prices,

demand, and profits can be derived. The profits of early entrant, later entrants, and fourth-party platforms are
Π𝑖

𝑒 = (𝑞+3𝑡−3𝛼)2

18(𝑡−𝛼) , Π𝑖
𝑙 = (𝑞−3𝑡+3𝛼)2(1−𝛿)

18(𝑡−𝛼) and Π𝑖
𝑓 = (𝑞−3𝑡+3𝛼)2𝛿

18(𝑡−𝛼) .

In the coopetition case, by substituting 𝑦𝑒 = (𝑘−1)𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡−2𝛼 into the equations (18) and (19), we can verify
that the second-order derivatives of the profit functions are negative. Using the first-order conditions, we can
derive the equilibrium prices as follows: 𝑝𝑜

𝑒 = (3𝛼−2𝑡)𝑘
3 + 𝑞

3 + 𝑡 − 𝛼 and 𝑝𝑜
𝑙 = (3𝛼−4𝑡)𝑘

3 − 𝑞
3 + 𝑡 − 𝛼. Then, the

equilibrium prices, demand and profits can be derived. The profits of early entrant, later entrants, and fourth-
party platforms are Π𝑜

𝑒 = ((3𝛼−2𝑡)𝑘+𝑞+3𝑡−3𝛼)2

18(𝑡−𝛼) − 𝑘(𝛿 − 1)((𝛼− 4𝑡
3 )𝑘 + 2𝑞

3 + 𝑡− 𝛼), Π𝑜
𝑙 = (1−𝛿)((3−3𝑘)𝛼+4𝑘𝑡+𝑞−3𝑡)2

18(𝑡−𝛼)

and Π𝑜
𝑓 = 𝑘𝛿((𝛼− 4𝑡

3 )𝑘 + 2𝑞
3 + 𝑡− 𝛼) + 𝛿((3−3𝑘)𝛼+4𝑘𝑡+𝑞−3𝑡)2

18(𝑡−𝛼) .
We then explore the degree of integration determined by the early entrant for maximizing own profits. The

profit of early entrant is a quadratic function with respect to the 𝑘. Thus, the optimal 𝑘 is either corner or
the interior solution. The corner solution is 0, or the 𝑞+3𝑡−3𝛼

2𝑡−3𝛼 which is calculated by 𝑘 = 𝑦𝑒 + 𝑦′𝑒. The interior

solution is 9𝛼2𝛿+((3−18𝛿)𝑡−6𝑞(𝛿− 1
2 ))𝛼+(9𝛿−3)𝑡2+6𝑞(𝛿− 2

3 )𝑡

(18𝛿−9)𝛼2−42𝑡(𝛿− 5
7 )𝛼+(24𝛿−20)𝑡2

.

Appendix D. Different sequence of decision-making

Proof of Proposition 6. We discuss the scenario in which the early entrant and fourth-party platform simulta-
neously make their decisions on degree of integration and commission price. Note that the independent case
remains the same as that when fourth-party platform proposes commission price before the early entrant makes
its decision. In the coopetition case, substituting 𝑦𝑒 = (𝑘−1)𝛼+𝑞+𝑡−𝑝𝑒+𝑝𝑙

2𝑡−2𝛼 into the equations (8) and (9), we can
verify that the second-order derivatives of the profit functions are negative. Using the first-order conditions, we
can derive the equilibrium prices as follows: 𝑝𝑒 = (3𝑘−3)𝛼−2𝑘𝑡+𝑞+3𝑡+3𝑐+𝜔𝑙

3 and 𝑝𝑙 = (3𝑘−3)𝛼−4𝑘𝑡−𝑞+3𝑡+3𝑐+2𝜔𝑙

3 .
Then, substitute the equilibrium prices and demand into the equations (8) and (10). Assuming that

𝜔𝑒 = 𝜔𝑙, the second-order derivatives of the profit functions can be proven to be negative with respect
to 𝑘 and 𝜔𝑙. Thus, the optimal degree of integration and commission price 𝜔𝑙 can be obtained, there is

𝑘* = −18𝛼2+(−12𝑞+27𝑡)𝛼+13𝑡𝑞−9𝑡2

36𝛼2−87𝛼𝑡+50𝑡2 and 𝜔𝑜*

𝑒 = 𝜔𝑜*

𝑙 = − (12(𝑡−𝛼))(− 11𝑡2
2 +(𝑞+ 33𝛼

4 )𝑡− 9𝛼2
4 )

36𝛼2−87𝛼𝑡+50𝑡2 . Then, the equilibrium prices,
demand and profits can be derived. To guarantee that the integration will not squeeze either platform out of
the market, there is max(− 3(21𝛼2−47𝛼𝑡+26𝑡2)

4𝑡 ,− 9(2𝛼2−3𝛼𝑡+𝑡2)
12𝛼−13𝑡 , 9𝛼− 9𝑡) < 𝑞 < min(− 45𝛼2−87𝛼𝑡+40𝑡2

6(4𝛼−5𝑡) , 3𝑡− 3𝛼).



EARLY ENTRANT’S STRATEGY FOR COOPERATING WITH A COMPETING FOURTH-PARTY PLATFORM 3015

We next explore whether and how adopting coopetition strategy can increase the
profit of the early entrant. The profit difference of early entrant is: Π𝑜

𝑒 − Π𝑖
𝑒 =

−2349𝛼5 + (648𝑞 + 14553𝑡)𝛼4 + (−288𝑞2 − 3006𝑞𝑡− 34965𝑡2)𝛼3 + (1104𝑞2𝑡 + 5394𝑞𝑡2 + 41031𝑡3)𝛼2

+(−1354𝑞2𝑡2 − 4340𝑞𝑡3 − 23634𝑡4)𝛼 + 536𝑞2𝑡3 + 1304𝑞𝑡4 + 5364𝑡5

2(36𝛼2−87𝛼𝑡+50𝑡2)2 − (−9𝛼+𝑞+9𝑡)2

−72𝛼+72𝑡 =
(1134𝛼4 − 756𝛼3𝑞 − 4347𝛼3𝑡 + 2835𝛼2𝑞𝑡 + 6345𝛼2𝑡2 − 3372𝛼𝑞𝑡2 − 4176𝛼𝑡3 + 1292𝑞𝑡3 +
1044𝑡4) 18𝛼2+12𝛼𝑞−27𝛼𝑡−13𝑞𝑡+9𝑡2

72(36𝛼2−87𝛼𝑡+50𝑡2)2(𝛼−𝑡) . When 𝛼 < 2𝑡
3 , Π𝑜

𝑒 − Π𝑖
𝑒 > 0 always holds; otherwise, Π𝑜

𝑒 − Π𝑖
𝑒 > 0 only

if 𝑞 > 𝑞, where 𝑞 is the solution to 1134𝛼4 − 756𝛼3𝑞 − 4347𝛼3𝑡 + 2835𝛼2𝑞𝑡 + 6345𝛼2𝑡2 − 3372𝛼𝑞𝑡2 −
4176𝛼𝑡3 + 1292𝑞𝑡3 + 1044𝑡4 = 0. We further explore whether the profit of fourth-party platform increases

after adopting the coopetition strategy: Π𝑜
𝑓 − Π𝑖

𝑓 = (24(𝑡 − 𝛼)) (− 11𝑡2
2 +(𝑞+ 33𝛼

4 )𝑡− 9𝛼2
4 )2

(36𝛼2−87𝛼𝑡+50𝑡2)2 − (𝑞−3𝑡+3𝛼)2

24𝑡−24𝛼 =

(3𝛼− 2𝑡)(18𝛼2 + 12𝛼𝑞− 27𝛼𝑡− 13𝑞𝑡 + 9𝑡2) 162𝛼3+36𝛼2𝑞−621𝛼2𝑡−111𝛼𝑞𝑡+741𝛼𝑡2+74𝑞𝑡2−282𝑡3

24(36𝛼2−87𝛼𝑡+50𝑡2)2(𝛼−𝑡) , Π𝑜
𝑓 −Π𝑖

𝑓 > 0 only when
𝛼 < 2𝑡

3 .

With respect to the 𝑞, 𝑡 and 𝛼, respectively, there are 𝜕𝜔𝑜*
𝑒

𝜕𝑞 = 12(𝛼−𝑡)𝑡
36𝛼2−87𝛼𝑡+50𝑡2 <

0, 𝜕𝜔𝑜*
𝑒

𝜕𝑡 = 2187𝛼4+(432𝑞−9180𝑡)𝛼3+(−864𝑞𝑡+15183𝑡2)𝛼2+444𝑡2(𝑞− 957𝑡
37 )𝛼+3300𝑡4

(36𝛼2−87𝛼𝑡+50𝑡2)2 > 0 and 𝜕𝜔𝑜*
𝑒

𝜕𝛼 =
−2508𝑡4+(−444𝑞+7848𝛼)𝑡3+(864(𝑞− 21𝛼

2 ))𝛼𝑡2−(432(𝑞− 87𝛼
8 ))𝛼2𝑡−972𝛼4

(36𝛼2−87𝛼𝑡+50𝑡2)2 < 0. Then, we explore how the 𝑘* varies

with parameters when 𝛼 < 2𝑡
3 . With respect to the 𝑞, 𝑡 and 𝛼, respectively, there are 𝜕𝑘*

𝜕𝑞 = −12𝛼+13𝑡
36𝛼2−87𝛼𝑡+50𝑡2 > 0,

𝜕𝑘*

𝜕𝑡 = −594𝛼3+(−576𝑞+1152𝑡)𝛼2+(1200𝑞𝑡−567𝑡2)𝛼−650𝑞𝑡2

(36𝛼2−87𝛼𝑡+50𝑡2)2 < 0 and 𝜕𝑘*

𝜕𝛼 = 567𝑡3+(531𝑞−1152𝛼)𝑡2+(594𝛼2−936𝛼𝑞)𝑡+432𝛼2𝑞
(36𝛼2−87𝛼𝑡+50𝑡2)2 >

0.
We then compare the platform prices and demand after and before adopting the coopetition strategy. We have

𝑝𝑜
𝑒−𝑝𝑖

𝑒 = − (−2𝑡+3𝛼)(18𝛼2+12𝛼𝑞−27𝛼𝑡−13𝑞𝑡+9𝑡2)
216𝛼2−522𝛼𝑡+300𝑡2 < 0 , 𝑝𝑜

𝑙−𝑝𝑖
𝑙 = 18𝑡3+(−26𝑞−54𝛼)𝑡2+(36𝛼2+24𝛼𝑞)𝑡

108𝛼2−261𝛼𝑡+150𝑡2 < 0 and 𝑝𝑜
𝑒−𝑝𝑖

𝑒−(𝑝𝑜
𝑙−

𝑝𝑖
𝑙) = (2𝑡 + 3𝛼)−18𝛼2−12𝛼𝑞+27𝛼𝑡+13𝑞𝑡−9𝑡2

216𝛼2−522𝛼𝑡+300𝑡2 > 0. In addition, we have 𝑦𝑜
𝑒 + 𝑦′𝑒 − 𝑦𝑖

𝑒 = 27𝛼2+(−24𝑞−87𝑡)𝛼+30𝑡(𝑞+2𝑡)
72𝛼2−174𝛼𝑡+100𝑡2 −

9𝛼−𝑞−9𝑡
12(𝛼−𝑡) = −(9𝛼 − 10𝑡) 18𝛼2+12𝛼𝑞−27𝛼𝑡−13𝑞𝑡+9𝑡2

(12(𝛼−𝑡))(36𝛼2−87𝛼𝑡+50𝑡2) > 0 and 𝑦𝑜
𝑒 − 𝑦𝑖

𝑒 = 78𝑡2+(4𝑞−141𝛼)𝑡+63𝛼2

72𝛼2−174𝛼𝑡+100𝑡2 − 9𝛼−𝑞−9𝑡
12(𝛼−𝑡) = (−2𝑡 +

3𝛼) 18𝛼2+12𝛼𝑞−27𝛼𝑡−13𝑞𝑡+9𝑡2

(12(𝛼−𝑡))(36𝛼2−87𝛼𝑡+50𝑡2) < 0. �

Proof of Proposition 7. We compare the profit of fourth-party platform when coopetition exists as the equilib-

rium strategy under the two different sequences of decision-making. We have (24(𝑡−𝛼)) (− 11𝑡2
2 +(𝑞+ 33𝛼

4 )𝑡− 9𝛼2
4 )2

(36𝛼2−87𝛼𝑡+50𝑡2)2 −
150(− 29𝑡2

5 +(𝑞+ 21𝛼
2 )𝑡− 3𝛼(𝑞+15𝛼)

10 )2(𝑡−𝛼)

(99𝛼2−216𝛼𝑡+116𝑡2)2 = (9(𝛼−𝑡))(2511𝛼4+108𝛼3𝑞−12906𝛼3𝑡−1017𝛼2𝑞𝑡+23823𝛼2𝑡2+1884𝛼𝑞𝑡2−
18876𝛼𝑡3 − 964𝑞𝑡3 + 5452𝑡4)(−2𝑡 + 3𝛼)2 27𝛼2+4𝛼𝑞−56𝛼𝑡−3𝑞𝑡+29𝑡2

2(36𝛼2−87𝛼𝑡+50𝑡2)2(99𝛼2−216𝛼𝑡+116𝑡2)2 < 0. �

Acknowledgements

The authors sincerely thank the editor and the two anonymous reviewers for their constructive comments and helpful
suggestions, which have substantially improved the quality of this work.

Funding

This work was supported by the National Natural Science Foundation of China [grant number 72071154].

Data availability statement

We conducted this research through a stylized model. No data were generated or used during the study.

References

[1] R. Adner, J. Chen and F. Zhu, Frenemies in platform markets: heterogeneous profit foci as drivers of compatibility
decisions. Manage. Sci. 66 (2020) 2432–2451.

[2] M. Armstrong, Competition in two-sided markets. RAND J. Econ. 37 (2006) 668–691.



3016 W. XIN AND J. LIN

[3] T. Avinadav, T. Chernonog, I. Meilijson and Y. Perlman, A consignment contract with revenue sharing between an
app developer and a distribution platform. Int. J. Prod. Econ. 243 (2022) 108322.

[4] J. Bai and C.S. Tang, Can two competing on-demand service platforms be profitable? Int. J. Prod. Econ. 250 (2022)
108672.

[5] Y. Bakos and H. Halaburda, Platform competition with multihoming on both sides: subsidize or not? Manage. Sci.
66 (2020) 5599–5607.

[6] G.P. Cachon, K.M. Daniels and R. Lobel, The role of surge pricing on a service platform with self-scheduling
capacity. M&SOM-Manuf. Serv. Oper. Manag. 19 (2017) 368–384.

[7] K. Cao, Y. Su, Y. Xu and J. Wang, Optimal channel selection of remanufacturing firms with considering asymmetric
information in platform economy. RAIRO-Oper. Res. 56 (2022) 1259–1281.

[8] Z. Chen, Platform coopetition and strategies of third-party complementors: evidence from an e-commerce market,
in Academy of Management Proceedings. Vol. 2021. Academy of Management, Briarcliff Manor, NY (2021) 14577.

[9] H.K. Cheng and Q.C. Tang, Free trial or no free trial: optimal software product design with network effects. Eur.
J. Oper. Res. 205 (2010) 437–447.

[10] R. Cheng, W. Ma and H. Ke, Store-brand introduction and production arrangement in the presence of multiple
retailers. RAIRO-Oper. Res. 54 (2020) 827–843.

[11] M.C. Cohen and R. Zhang, Competition and coopetition for twosided platforms. Prod. Oper. Manage. 31 (2022)
1997–2014.

[12] A. Dhebar and S.S. Oren, Optimal dynamic pricing for expanding networks. Mark. Sci. 4 (1985) 336–351.

[13] Y. Dou and D.J. Wu, Platform competition under network effects: piggybacking and optimal subsidization. Inf.
Syst. Res. 32 (2021) 820–835.

[14] G. Dou, P. He and X. Xu, One-side value-added service investment and pricing strategies for a two-sided platform.
Int. J. Prod. Res. 54 (2016) 3808–3821.

[15] T. Eisenmann, G. Parker and M. Van Alstyne, Platform envelopment. Strategic Manage. J. 32 (2011) 1270–1285.

[16] X. Fan, Z. Yin and Y. Liu, The value of horizontal cooperation in online retail channels. Electron. Commer. Res.
App. 39 (2020) 100897.

[17] J. Farrell and G. Saloner, Standardization, compatibility, and innovation. RAND J. Econ. 16 (1985) 70–83.

[18] T. Hashemi, E. Teimoury and F. Barzinpour, Short lifetime product supply chain coordination and social benefit
considering cannibalization effect and market segmentation. RAIRO-Oper. Res. 56 (2022) 1781–1805.

[19] X. He, X. Zheng, D. Chen and J. Wang, The fourth party service platform and service charging, in 2009 IEEE
International Conference on Web Services. IEEE (2009, July) 1039–1040.

[20] Z. Huang, W. Zhang and B. Liu, Strategic introduction of private brand in the online retail platform. RAIRO-Oper.
Res. 57 (2023) 1377–1396.

[21] J. Hyun, Competition in two-sided platform markets with direct network effect. Seoul J. Econ. 29 (2016) 331–377.

[22] K.M. Iacocca and S. Mahar, Cooperative partnerships and pricing in the pharmaceutical supply chain. Int. J. Prod.
Res. 57 (2019) 1724–1740.

[23] H. Jalali, A. Ansaripoor, V. Ramani and P. De Giovanni, Closed-loop supply chain models with coopetition options.
Int. J. Prod. Res. 60 (2022) 3078–3106.

[24] P. Jiang and M. Huang, A multilateral fair negotiation embedded matching method under the fourth party logistics,
in 2019 Chinese Control and Decision Conference (CCDC). IEEE (2019, June) 4298–4302.

[25] M. Katz and C. Shapiro, Network externalities, competition, and compatibility. Am. Econ. Rev. 75 (1985) 424–440.

[26] A. Kostis, Intra-platform coopetition: an approach to understanding platform dynamics. Acad. Manage. Global Proc.
2018 (2018) 80.

[27] Z. Li and A. Agarwal, Platform integration and demand spillovers in complementary markets: evidence from Face-
book’s integration of Instagram. Manage. Sci. 63 (2017) 3438–3458.

[28] Y. Li, J. Ma and Y. Liu, Study on the complexity of channel pricing game in showrooming O2O supply chain.
RAIRO-Oper. Res. 56 (2022) 3373–3392.

[29] J. Li, F. Hu, T. Yan, X. Cai and X. Song, How to charge doctors and price medicines in a two-sided online healthcare
platform with network externalities? Int. J. Prod. Res. 61 (2023) 3052–3070.

[30] Y. Liang, W. Liu, K.W. Li, C. Dong and M.K. Lim, A co-opetitive game analysis of platform compatibility strategies
under add-on services. Prod. Oper. Manage. 32 (2023) 3541–3558.

[31] S. Lin, Two-sided price discrimination by media platforms. Mark. Sci. 39 (2020) 317–338.

[32] X. Lin, Y.W. Zhou, W. Xie, Y. Zhong and B. Cao, Pricing and product-bundling strategies for e-commerce platforms
with competition. Eur. J. Oper. Res. 283 (2020) 1026–1039.



EARLY ENTRANT’S STRATEGY FOR COOPERATING WITH A COMPETING FOURTH-PARTY PLATFORM 3017

[33] B. Liu, X. Guo, Y. Yu and L. Tian, Manufacturer’s contract choice facing competing downstream online retail
platforms. Int. J. Prod. Res. 59 (2021) 3017–3041.

[34] A. Parakhonyak and N. Vikander, Optimal sales schemes for network goods. Manage. Sci. 65 (2019) 819–841.

[35] G. Parker and M. Van Alstyne, Innovation, openness, and platform control. Manage. Sci. 64 (2018) 3015–3032.

[36] Z. Pi, W. Fang and B. Zhang, Service and pricing strategies with competition and cooperation in a dual-channel
supply chain with demand disruption. Comput. Ind. Eng. 138 (2019) 106130.

[37] M. Reisinger, J. Schmidt and N. Stieglitz, How complementors benefit from taking competition to the system level.
Manage. Sci. 67 (2021) 5106–5123.

[38] Y. Shen, X. Yang and Y. Dai, Manufacturer-retail platform interactions in the presence of a weak retailer. Int. J.
Prod. Res. 57 (2019) 2732–2754.

[39] Y. Sun, Z. Wang and X. Han, Supply chain channel strategies for online retailers: Whether to introduce web
showrooms? Transp. Res. Part E: Logist. Transp. Rev. 144 (2020) 102122.

[40] T.A. Taylor, On-demand service platforms. M&SOM-Manuf. Serv. Oper. Manage. 20 (2018) 704–720.

[41] W. Wang and G. Lyu, Sequential product positioning on a platform in the presence of network effects. Int. J. Prod.
Econ. 229 (2020) 107779.

[42] H. Wang, M. Huang, W.H. Ip and X. Wang, Network design for maximizing service satisfaction of suppliers and
customers under limited budget for industry innovator fourth-party logistics. Comput. Ind. Eng. 158 (2021) 107404.

[43] C.H. Wu, Licensing to a competitor and strategic royalty choice in a dynamic duopoly. Eur. J. Oper. Res. 279
(2019) 840–853.

[44] J. Wu, G. Bi, Y. Xu and X. Dang, Channel structure of e-platform encroachment. RAIRO-Oper. Res. 57 (2023)
157–181.

[45] J. Xie, W. Zhu, L. Wei and L. Liang, Platform competition with partial multi-homing: when both same-side and
cross-side network effects exist. Int. J. Prod. Econ. 233 (2021) 108016.

[46] B. Xu, Z. Yao and P. Tang, Pricing strategies for information products with network effects and complementary
services in a duopolistic market. Int. J. Prod. Res. 56 (2018) 4243–4263.

[47] W. Xu, G. Lin and X. Zhu, Nash-stackelberg game perspective on pricing strategies for ride-hailing and aggregation
platforms under bundle mode. Int. J. Ind. Eng. Comput. 13 (2022) 309–318.

[48] X. Xu, M. Zhang, G. Dou and Y. Yu, Coordination of a supply chain with an online platform considering green
technology in the blockchain era. Int. J. Prod. Res. 61 (2023) 3793–3810.

[49] Q. Yan and F. Ye, Manufacturer’s channel selection in a capital-constrained supply chain under bargaining game.
RAIRO-Oper. Res. 55 (2021) S2161–S2179.

[50] J. Yu, Research on framework of fourth party logistics information platform based on web services. Appl. Mech.
Mater. 20 (2010) 167–171.

[51] J. Zhang, Q. Cao and X. He, Contract and product quality in platform selling. Eur. J. Oper. Res. 272 (2019)
928–944.

[52] T. Zhang, P. Li and N. Wang, Multi-period price competition of blockchain-technology-supported and traditional
platforms under network effect. Int. J. Prod. Res. 61 (2023) 3829–3843.

[53] Y. Zhao and R. Hou, Should a supplier engage in the marketplace? An equilibrium analysis in a hybrid-format
supply chain. RAIRO-Oper. Res. 55 (2021) 2639–2655.

[54] X. Zhou, K. Chen, H. Wen, J. Lin, K. Zhang, X. Tian, S. Wang and B. Lev, Integration of third-party platforms:
Does it really hurt them? Int. J. Prod. Econ. 234 (2021) 108003.

[55] F. Zhu and M. Iansiti, Why Some Platforms Thrives... and Others Don’t What Alibaba, Tencent, and Uber teach us
about networks that flourish. The five characteristcs that make the difference. Harvard Bus. Rev. 97 (2019) 118–125.

[56] F. Zhu and Q. Liu, Competing with complementors: an empirical look at Amazon.Com. Strategic Manage. J. 39
(2018) 2618–2642.



3018 W. XIN AND J. LIN

Please help to maintain this journal in open access!

This journal is currently published in open access under the Subscribe to Open model
(S2O). We are thankful to our subscribers and supporters for making it possible to
publish this journal in open access in the current year, free of charge for authors and
readers.

Check with your library that it subscribes to the journal, or consider making a personal donation to
the S2O programme by contacting subscribers@edpsciences.org.

More information, including a list of supporters and financial transparency reports,
is available at https://edpsciences.org/en/subscribe-to-open-s2o.

mailto:subscribers@edpsciences.org
https://edpsciences.org/en/subscribe-to-open-s2o

	Introduction
	Literature review
	Coopetition strategy
	Network effects of platforms
	Multiple purchase channels
	Fourth-party platforms

	Model
	Equilibrium analysis
	Independent case
	Coopetition case

	Extension
	Fixed commission fee scheme with price discrimination
	Proportional commission fee scheme
	Comparing the different commission fee schemes
	Sequences of decision-making

	Conclusions
	
	Fixed commission fee scheme with discrimination
	Proportional commission fee scheme
	Different sequence of decision-making
	Funding
	Data availability statement
	References

