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Abstract. Aiming at the vertical complementary service supply chain composed of
duopoly traditional enterprises and monopoly platform enterprises, this paper adopts the
platform experience level and the complementary levels of compatible parties as decision
variables and Cournot game and Stackelberg game as modeling methods to study the problem for two parties to make the optimal decision, in case that upstream and downstream
markets are compatible with each other in order to improve competitiveness, while upstream markets may enter downstream markets through compatibility. This paper shows
that the complementary compatibility between upstream and downstream supply chains is
an eﬀective strategy to improve competitiveness, achieve market share and proﬁt growth.
The higher the experience level of the incumbent platform is, the greater the complementarity between upstream and downstream will be, and the greater the proﬁt improvement that compatible parties may obtain. For the entry threat of upstream compatible
enterprises, the incumbent platform can choose three strategies: blocking compatibility,
entering compatibility and rejecting compatibility. Blocking compatibility requires a high
level of experience and a small complementarity. Entering compatibility requires higher
experience level and smaller complementarity. When the level of experience is low or
complementarity is large, the platform will choose to the rejecting compatibility strategy.
Keywords: Service supply chain, Vertical complementarity, Compatibility, Platform
experience, Market entry

1. Introduction. In many real markets, both monopoly and excess proﬁts exist. So the
new enterprises will always be introduced. For the incumbent enterprises that have gained
monopoly power, these entry actions are bound to pose a threat. Therefore, how to deal
with these entry threats is a key issue that every incumbent enterprise pays close attention
to. In the past, a large number of studies on market entry have focused on those entrants
who have direct substitution relationship with the products of incumbents. Therefore, the
relationship between friend and foe is clear at the beginning of the decision-making [1].
However, in the era of platform economy, it is found that many entrants did not appear as
direct substitutes at primary; on the contrary, they appeared as complementary through
cooperation [2]. The complementarity between the two products means that the increase
of consumption quantity of one product will lead to the increase of consumption quantity
of another product, too. There are two types of complementarity. One is horizontal
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complementarity, that is, two similar products, the eﬀect of bundling sell is better than
single sell, such as the diﬀerent color ink cartridges of color printer. The other is vertical
complementarity, that is, two diﬀerent products, the eﬀect of bundling sell is better than
single sell, such as the printer and the cartridge.
E-commerce platforms mostly play the role of production service providers. For example, B2C platform is mainly for enterprises of selling to customers, and the production
and sales among enterprises are mainly serviced by B2B platform. These enterprises of
production and operation constitute a production supply chain, and constitute a supporting service supply chain around their service providers. Take the takeaway market as an
example. The so-called producers and operators are catering enterprises, customers are a
large number of takeaway diners, catering enterprises and takeaway customers constitute
a takeaway production supply chain. Around the production supply chain, there is also
a service supply chain, that is, the service provider for food production and the service
provider for food trade. The former has MRP, ERP of various catering enterprises and
other management system providers, and the latter has takeaway e-commerce platform.
Among these service providers, because of the matured technology and process, there are
large homogeneous products in the market with ﬁerce competition, and both market share
and product price for single provider are low. For takeaway market, because the advantages of e-commerce services are increasingly obvious, more and more catering enterprises
begin to adopt e-commerce platform to complete trade. However, only trading services
are provided, the e-commerce market is huge, but the process is simple and the added
value is low, so the customer stickiness is small and the stability is not high. Therefore, the
two types of service providers have suﬃcient motivation to propose the following strategic
objectives: system providers urgently need to achieve service diﬀerentiation in order to
improve service eﬀectiveness and expand production scale; e-commerce platform hopes to
improve service value, increase customer stickiness, stabilize and then expand production
scale. Because of the high entry threshold of e-commerce platform, the competition is relatively weaker. Comparatively speaking, the demand of system providers is more urgent.
System providers and e-commerce platforms constitute the upstream and downstream of
catering production service supply chain, and complement each other vertically. Therefore, a reasonable way of thinking is to integrate the upstream and downstream to have
complementary eﬀects, so that their data can be exchanged to improve service eﬃciency and user experience. Service providers can achieve their goals through the following
strategies. Firstly, they can directly develop their own complementary operational systems. Secondly, they can indirectly achieve the goal of integration, through compatibility
with complementary systems. Thirdly, on the basis of compatibility, they should develop
and operate their own complementary system. For the ﬁrst strategy, it is very diﬃcult
to develop and operate a new service system, because the e-commerce platform requires
huge investment (money burning), especially to enter the relatively mature platform service market directly. Therefore, if service providers only want to achieve complementary
eﬀect, they should adopt the second strategy. If they want to enter the complementary
service market at a low cost besides the complementary eﬀect, the third strategy will
be appropriate. However, this strategy will face resistance from complementary market
incumbents. Compatibility may be beneﬁcial to each other, but market entry is likely
to undermine the beneﬁt of incumbents and thus to be blocked. In the Chinese takeout
service market, two-dimensional ﬁre company (short for ‘2dﬁre’) as a system provider and
Mei Tuan company as an e-commerce platform are just in such kind of relationship. They
are complementary and compatible with each other in order to enhance their competitiveness. They also enter each other’s market because they covet temptation, after being
blocked, and they slander each other and even go to court [3].
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These problems bothered a lot to the incumbents in market to make decision. They
need not only to identify the real purpose of partners, but also to make trade-oﬀs between
beneﬁts of cooperation and the threat of entry. The innovation is summarized as follows.
This paper is to adopt the theory of industrial organization and game, while considering
the strategic interaction of market stakeholders and the balance between gains and losses
of market incumbents, to solve two core issues for the selection of key decision variables
and the modeling of vertical complementary relationship and to ﬁnd the threshold of
strategic conﬂict between cooperation beneﬁt and entry threat.
The main theoretical contributions of this paper are shown as follows.
In terms of research perspective, this study mainly focuses on the trade-oﬀ between
compatible cooperation and entry threat of complementary products, while previous studies mainly focused on the entry threat of substitutes.
In terms of research methods, this study mainly focuses on vertical complementarity
and proposes their modeling methods, while previous studies mainly focused on horizontal
complementarity for complementary products.
Based on the above theories, we found that this study can help Internet enterprises
and the traditional enterprises who want to transfer to the Internet enterprises to make
better proﬁt improvement, market share expansion and pricing strategy, when they face
challenges and opportunities of entry.
The structure of the article is as follows. Chapter 2 is literature review. Chapter 3 shows
the study hypothesis and model. Chapter 4 is about model solving and comparative static
analysis. Chapter 5 presents the management inspiration and conclusion.
2. Literature Review. This paper is mainly based on the platform compatible market
entry, complementary products, multi-homing of platform users, envelope competition
and entry deterrence. Therefore, the literature on these aspects is reviewed.
(1) Research on compatible entry of platform market. Researchers have been paying
attention to the issues related to platform market entry through compatibility. In their
seminal papers, Katz and Shapiro [4] studied system compatibility under one-way platforms and direct network eﬀects. When competitive platforms are two-sided and have
indirect network eﬀects, Casadesus-Masanell and Zhu [5] found that the incumbents who
pursue market position in two-sided platform markets would block compatibility requests
of potential entrants. Adner et al. [1] found that when entrants and incumbents are complementary, but the main sources of proﬁts are diﬀerent, incumbents have incentives to
be compatible with entrants through analyzing the competition behavior model between
Apple and Amazon on the e-book platform. However, these studies pay less attention to
the complementary and competitive relationship among vertical partners in supply chain
due to compatibility.
(2) Research on multi-homing of platform users. Multi-homing of the platform users in
the incumbents and entrants is often used to enter the platform market through compatibility and complementarity. Byung-Cheol et al. [6] studied the competition problem of
asymmetric platforms under pure multi-homing. It was found that the level of diﬀerentiation among competitive platforms signiﬁcantly aﬀected user’s multi-homing behavior.
In two-sided markets, the side with signiﬁcant platform diﬀerentiation would form singlehoming, while the side with no diﬀerence would form multi-homing. Poolsombat and
Vernasca [7] proposed the concept of ‘Partial Multihoming’ at the earliest, and found
that there are two conditions for the existence of partial multi-homing equilibrium: one
is that the network eﬀect of users exceeds the cost of multi-homing and the other is that
the proportion of multi-homing is small enough. From the perspective of user pricing,
partial multi-homing makes the platform stronger to bargain with users compared with
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single-homing, and this ability is more eﬀective for those users with higher network preferences. Ji and Wang [8] analyzed the competitive equilibrium of asymmetric platforms
under the condition of single-homing and partial multi-homing, and found that network
eﬀect and pricing timing have signiﬁcant inﬂuence on competitive advantage. Most of the
objects of existing research for multi-homing are single service platform, and there are
few references to study multi-homing user behavior of multi-service platform.
(3) Research on the envelope competition of platform market. Envelope competition
based on common user installed is an important way for platform market entry. Chen et
al. [9] studied the decision-making choices of dominant ﬁrms for product compatibility
with other ﬁrms in a network eﬀective market. It is found that the dominant ﬁrm tends
to be compatible when the counterpart user installation base is small and prefers not to
be when the installation base is large. The key point of strategic pricing is to prevent the
diﬀerence of installation base between both compatible parties to expand beyond incompatibility. Its essence is to prevent the possibility to form envelope entry by counterpart.
At present, there are few studies specializing in envelope competition. The representative work is the research of Eisenmann et al. [10]. They classiﬁed the envelope entry
modes preliminarily and proposed an envelope entry analysis framework based on vertical
bundling. The analysis found that the envelope entry is caused by the scale economy
formed by huge network eﬀects and low conversion costs. It is a unique market entry
mode of platform economy. Three types’ of results are: complete envelope, the dominant
ﬁrms exit completely; partial envelope, the entrants share the market with the dominant
ﬁrms; envelope failure, the entrants exit competition. Gawer and Cusumano [11] found
that the dominant ﬁrms of platform market often have disadvantages when they are faced
with envelope entry through case analysis. The main reason given by the study is that
the dominants lack foresight of envelope competition and are slow to respond. Lauri [12]
summarized two main envelope strategies of platform market: weak substitution envelope and irrelevant envelope by comparing and analyzing the envelope cases of Apple and
Samsung from 2006 to 2011. Among them, the envelope of the iPad to the e-book market
belongs to the irrelevant strategy, while the envelope of Galaxy Tab to the iPad belongs
to the weak substitution.
(4) Research on market entry deterrence. One of the direct results of envelope entry
is that blocking strategies may be adopted on the incumbent platforms, among which
indirect exclusive and direct deterrence strategies are the most common. Armstrong [13]
studied the platform’s exclusive problem based on bottleneck resources. It was found
that under certain conditions, users would accept exclusive contracts, user surplus would
increase, but the total market surplus would decrease, and exclusive behavior would lead
to ineﬃciency. Mantena et al. [14] analyzed problem of the exclusive constraints for competitive video game platforms to complementary suppliers. It is believed that exclusive
strategy will bring more users, and exclusive behavior mainly occurs in the product entry
and maturity stages but not in the intermediate stage. Direct deterrence strategies are
very classical, such as transitional investment strategy, increasing conversion cost strategy, brand diﬀusion strategy and restrictive pricing strategy [15]. Under the condition
of considering vertical complementary entry, how to choose the entry deterrence strategy
has been less considered in previous studies.
In summary, we ﬁnd that the existing studies have focused mainly on the compatibility
of horizontal complementary products, and have not considered the relationship between
entry and cooperation. The researches on user’s multi-homing and envelope competition
are mainly oriented to single service platform. There are few studies on vertical multiservice complementary cooperation and entry conﬂict in supply chain.
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3. Hypothesis and Modeling.
3.1. Hypothesis.
(1) Market. In this paper, the total market size is standardized to 1. Suppose there is
a single product B2C market with a total production of 1, that is, all enterprises operate
only one homogeneous product, such as homogeneous takeaway. In the initial state, there
are traditional duopoly service providers in the upstream market of service supply chain,
and there is only one monopoly e-commerce platform in the downstream market.
(2) Market strategy. The service providers in the whole market adopt Cournot output
decisions, and have made strategic objectives to integrate complementary services and
enhance competitiveness. Strategic implementation chooses the third strategy mentioned
above, that is, compatibility ﬁrst and then low-cost entry to complementary services
market. Therefore, there will be three stages in the implementation of the strategy.
Stage 1, there is no compatible market at present. Stage 2, the downstream platform
is compatible with one service provider in the upstream market. Stage 3, the upstream
compatible service providers enter the downstream market, develop and operate their own
platform, and achieve compatibility of their own upstream and downstream systems, and
then turn oﬀ compatibility with incumbent platforms of downstream.
(3) Decision variables. The technological process of existing upstream and downstream
service systems is stable, and neither incumbents nor entrants are willing to change the
status. The experience eﬀect of platform market is exogenous given s, s ∈ [0, 1], and the
traditional market does not consider it. The strength of complementary eﬀect is γ, γ ∈
[0, 1], and it remains unchanged throughout the strategy implementation process between
upstream and downstream systems. The complementary eﬀect is positively correlated
with the complementary strength γ and the size qc of the complementary party, set it
γqc . The upstream service providers gain the experience eﬀect of the downstream market
indirectly, and enter the downstream market through compatibly, which saves the huge
cost of market development and cultivation, but the cost is that they only have the market
experience eﬀect γs. Considering that both upstream and downstream are information
services, the marginal cost of services is set 0. Based on the above assumptions, under the
condition of the existence of vertical complementary products in the market, when the
market is monopolistic, there are the inverse demand function p = 1 − q + γqc + s and the
proﬁt function π = pq. When the market is duopoly competition, there are the inverse
demand function pi = 1 − qi − qj + γqc + s and the proﬁt function πi = pi qi . Speciﬁc
models for diﬀerent strategic stages are presented in Section 3.2.
(4) Superscript and subscript symbols. Upstream is abbreviated as u, downstream is
abbreviated as d. Order j = 1, 2, 3 to represent the three stages of the implementation
of the strategy. Let i = 1, 2 represent two oligarchy service providers in the upstream
market. Incumbent platform is short for I and entrant platform is short for E. In the
d
downstream market, the output, price and proﬁt of the incumbent platform are qIj
, pdIj ,
d
d
d
πIj
, and the output, price and proﬁt of the entrant platform are qEj
, pdEj , πEj
, respectively.
d
d
u
Production changes qIj , qEj and qij of three stages in service supply chain as shown in
Figure 1.
In Figure 1, there are two types of service providers, production-oriented and transaction-oriented, which constitute a two-stage service supply chain forming by upstream and
downstream. The upstream and downstream face the same production enterprise market
whose scale is 1. Stage 1 is the initial state of the market. The upstream and downstream
are incompatible, and have no direct relationship with each other. Stage 2, the incumbent platform of downstream is compatible and complementary with upstream system
provider 1. The experience eﬀect of the platform has a potential impact on the upstream
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Figure 1. Three stages of upstream and downstream complementary compatibility and entry in service supply chain
compatible enterprise. Stage 3, upstream system provider 1 enters downstream market,
establishes downstream entry platform, establishes compatibility relationship with each
other, and turns oﬀ compatibility relationship with downstream incumbent platform. The
entrant platform indirectly beneﬁts from the experience eﬀect of incumbent platform, and
incumbent platform indirectly beneﬁts from the complementary eﬀect of upstream system
providers.
3.2. Vertical complementary compatibility and market entry model.
3.2.1. Stage 1: Basic model – upstream and downstream are incompatible. At this stage,
the downstream is a monopoly platform market, and the platform dI1 adopts output
decision-making. The upstream is a traditional duopoly market, and production service
provider ui1 adopts duopoly Cournot game to make decisions. There is no correlation
between upstream and downstream. The decision model is as follows.
(1) Downstream monopoly
Inverse demand function of platform dI1 is
d
pdI1 = 1 − qI1
+s

(1)

d
d
πI1
= pdI1 qI1

(2)

Proﬁt function is
(2) Upstream duopoly
Inverse demand function of service provider ui1 is
{ u
u
u
− q21
p11 = 1 − q11
u
u
− q11
pu21 = 1 − q21

(3)

Proﬁt functions are
u
u
π11
= pu11 q11
u
u
= pu21 q21
π21

(4)
(5)

3.2.2. Stage 2: Platform dI2 and production service provider u12 are compatible with each
other. At this stage, the downstream is a monopoly platform market, and the platform
dI2 adopts output decision-making. The upstream market is a traditional duopoly market,
and service provider ui2 adopts a duopoly Cournot game to make decisions. Upstream
service provider u12 is compatible with downstream platform dI2 and gets complementary
eﬀect each other. The decision model is as follows.
(1) Downstream monopoly
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Inverse demand function of platform dI2 is
d
u
pdI2 = 1 − qI2
+ s + γq12

(6)

d
d
πI2
= pdI2 qI2

(7)

Proﬁt function is
(2) Upstream duopoly
Inverse demand function of service provider ui2 is
{ u
u
u
d
p12 = 1 − q12
− q22
+ γqI2
u
u
pu22 = 1 − q22
− q12

(8)

Proﬁt functions are
u
u
π12
= pu12 q12
u
u
π22
= pu22 q22

(9)
(10)

3.2.3. Stage 3: Service provider u13 enters the downstream platform through the platform
dE3 . Service provider u13 is compatible with the platform dE3 and is no longer compatible with the platform dI3 . At this stage, downstream is a duopoly platform market, the
leader platform dI3 and the follower platform dE3 adopt the Stackelberg game to make
decisions. The upstream market is a traditional duopoly market, and service provider ui3
adopts a duopoly Cournot game to make decisions. u13 is compatible with dE3 , and has
mutual complementary eﬀect each other, but no longer compatible with dI3 . The market
experience eﬀect of dE3 is γs. The decision model is as follows.
(1) Downstream monopoly
Inverse demand functions of platform dI3 and dE3 are
d
d
u
pdE3 = 1 − qE3
− qI3
+ γs + γq13

pdI3

=1−

d
qI3

−

d
d
qE3
(qI3
)

+s

(11)
(12)

Proﬁt functions are
d
πE3
= pdE3 pdE3

(13)

d
πI3

(14)

=

d
pdI3 qI3

(2) Upstream duopoly
Inverse demand function of service provider ui3 is
{ u
u
u
d
p13 = 1 − q13
− q23
+ γqI3
u
u
u
p23 = 1 − q23 − q13

(15)

Proﬁt functions are
d
d
= pd13 q13
π13

(16)

pd23 pd23

(17)

d
π23

=

4. Model Solution and Comparative Analysis.
4.1. The model solution.
4.1.1. Stage 1. At this stage, according to Formulas (1) and (2), the optimal output
dπ d
d
d ∗
decision of downstream monopoly platform is dqdI1 = 1 − 2qI1
+ s = 0 ⇒ qI1
= 1+s
.
2
I1
According to Formulas (3)-(5), the response function of Cournot output game of upstream
∂π u
u
u
u
u
,
= q−i1
= 0, i = 1, 2, because of qi1
− q−i1
duopoly service providers is ∂qui1 = 1 − 2qi1
i1

∗

u∗
u
d
u∗
= 31 . Take qI1
= 0, and we get qi1
there is 1 − 3qi1
into Formulas (1)-(5), it is easy
, qi1
to get the following conclusion.
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Lemma 4.1. For a two-stage complementary service supply chain with a monopolistic
e-commerce platform in the downstream and a duopoly service provider in the upstream,
when the upstream and the downstream are incompatible, the optimal decision in the
2
∗
d ∗
d ∗
downstream is qI1
= 1+s
, pdI1 = 1+s
, and the optimal profit is πI1
= (1+s)
. The
2
2
4
1
1
1
u∗
u∗
u∗
upstream optimal decision is qi1 = 3 , pi1 = 3 , and the optimal profit is πi1 = 9 .
Comparing the decision and proﬁt structure of the market for platform and traditional
one, we can ﬁnd that the output and price of platform market not only depend on the scale
of the whole market, but also positively correlate with the experience level of platform.
Therefore, it may obtain higher output price and proﬁt, also that is more attractive.
From the perspective of market structure, platform market is a market that depends
more on scale, so it has higher concentration and weaker competition. On the contrary,
the traditional market has lower concentration, many participants and ﬁerce competition.
From the operator’s perspective, although the cultivation investment for experience level
of platform market is huge, and the entry threshold of platform market is higher and
higher, but once entered, the income brought by platform market will be incomparable
with the traditional market.
4.1.2. Stage 2. At this stage, according to Formulas (6) and (7), the optimal output
dπ d
d
u
d
u
decision of downstream monopoly platform is dqdI2 = 1 − 2qI2
+ s + γq12
= 0 ⇒ qI2
(q12
)=
I2

u
1+s+γq12
.
2

According to Formulas (8)-(10), the response functions of Cournot output game
∂π u
∂π u
u
u
d
of upstream duopoly service provider are ∂qu12 = 1 − 2q12
− q22
+ γqI2
= 0 and ∂qu22 =
12

22

u
u u
1 − 2q22
− q12
q22 = 0, they are solved simultaneously and
1−γq d
u
d
and q22
(qI2
) = 3 I2 . The optimal output is obtained
u
d
q22
(qI2
) simultaneously. By substituting the results into

the results

d
1+2γqI2
u
d
are q12
(qI2
)=
3
d
u
u
d
qI2
(q12
), q12
(qI2
) and

by solving
Formulas (6)-(10), the following

conclusions can be obtained.
Lemma 4.2. For a two-stage complementary service supply chain with a monopolistic
e-commerce platform of B2C in the downstream and a duopoly service provider in the
upstream, when the downstream platform is compatible with an upstream service provider,
∗
d ∗
the optimal decisions of downstream platform are qI2
= 3(1+s)+γ
, pdI2 = 3(1+s)+γ
, and
2(3−γ 2 )
2(3−γ 2 )
∗

[3(1+s)+γ]2
.
4(3−γ 2 )2
1+(1+s)γ
and
3−γ 2

d
the optimal profit is πI2
=
u ∗
service providers are q12
=
[1+(1+s)γ]2
.
(3−γ 2 )2
2−(1+s)γ−γ 2
2(3−γ 2 )

The optimal decisions of upstream compatible
pu12 ∗ =

1+(1+s)γ
,
3−γ 2

u ∗
and the optimal profit is π12
=

u ∗
=
The optimal decisions of upstream incompatible service providers are q22

and pu22 ∗ =

2−(1+s)γ−γ 2
,
2(3−γ 2 )

u ∗
=
and the optimal profit is π22
∗

∗

∗

[2−(1+s)γ−γ 2 ]2
.
4(3−γ 2 )2

u ∗
d
d
u ∗
increase
, pu12 ∗ and π12
By simple calculation, we can see that qI2
, pdI2 , πI2
, q12
u ∗
u ∗
u ∗
monotonously with the increase of γ and s, while q22 , p22 and π22 decrease monotonously with the increase of γ and s. It can be seen that the stronger complementarity, the
higher experience level will be more beneﬁcial to compatible platform, and more disadvantageous to incompatible platform. The conclusion is intuitive and easy to understand
through compatibility and complementarity to enhance the service value of compatible
platform. At the same time, the output of compatible platforms is enlarged and the experience eﬀect is contributed to output, price and proﬁt indirectly through complementarity.
However, the upstream market structure has also changed from homogeneous competition
to diﬀerentiated competition and the market is diﬀerentiated, while compatible service
providers occupy the high-end market. Although the competitiveness of the market is
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weakened, incompatible service providers can only stay in the low-end market, the demand and price are reduced, and the proﬁts are also damaged. This is called ‘the enemy’s
friend is also the enemy’.
In addition, it shows that the contribution of complementarity eﬀect to upstream compatibles is greater than downstream compatibles and reﬂects that complementarity eﬀect
improves the service level of both, and the improvement plays a signiﬁcant role in more
competitive market. However, the experience level is only an indirect improvement of
upstream compatible service providers, which is limited by other factors, and its eﬀect is
less obvious than the direct eﬀect of downstream platforms.
4.1.3. Stage 3. At this stage, the downstream duopoly platform carries out Stackelberg
d
, and then the entrant makes output
game. The incumbent ﬁrst determines the output qI3
decision according to the output selected by the incumbent. According to backward
dπ d
d
induction to solve, by Formulas (11) and (13), the ﬁrst step, we get dqdE3 = 1 − 2qE3
−
E3

u −q d
1+γs+γq13
u
d
d
u
d
d
I3
+ γs + γq13
= 0 ⇒ qE3
(qI3
, q13
)=
qI3
. The second step, pdI3 = 1 + s − qI3
−
2
u
d
d
u
u
1+γs+γq13 −qI3
dπI3
1+(2−γ)s−γq13
1+(2−γ)s−γq13
d
d
u
d
u
⇒ dqd =
− qI3 = 0 ⇒ qI3 (q13 ) =
⇒ qE3 (q13 ) =
2
2
2
I3
u
1−(2−3γ)s+3γq13
is obtained by Formulas (12) and (14). The upstream duopoly service
4

providers carry out Cournot output game, according to Formulas (15) and (17), there are
u
∂π13
∂π u
u
u
u
u
d
= 1 − 2q13
− q23
− q13
+ γqE3
= 0 simultaneously to solve,
= 0 and ∂qu23 = 1 − 2q23
∂q u
13

1+2γq d

23

1−γq d

u
d
u
d
E3
E3
and q23
. The optimal output is obtained
(qE3
) =
we can get q13
(qE3
) =
3
3
d
u
d
u
u
d
u
d
by solving qI3 (q13 ), qE3 (q13 ), q13 (qE3 ), and q23 (qE3 ) simultaneously. By substituting the
results into Formulas (11)-(17), the following conclusions can be obtained.

Lemma 4.3. For two-stage complementary service supply chain with B2C monopoly ecommerce platform in downstream and the duopoly operation service in upstream, when
downstream platform is compatible with one upstream service provider, upstream service
provider enters downstream market through compatibility. The optimal decisions of down2 +(6−3γ−2γ 2 )s
2 +(6−3γ−2γ 2 )s
∗
d ∗
stream incumbent platform are qI3
= 3−γ−2γ3(2−γ
and pdI3 = 3−γ−2γ6(2−γ
,
2)
2)
∗

[3−γ−2γ 2 +(6−3γ−2γ 2 )s]2
. The optimal decisions of down18(2−γ 2 )2
∗
1+γ−(2−3γ)s
d ∗
stream entry platform are qE3 =
and pdE3 = 1+γ−(2−3γ)s
, and the opti2(2−γ 2 )
2(2−γ 2 )
2
d ∗
mal profit is πE3
= [1+γ−(2−3γ)s]
. The optimal decisions of upstream compatible ser4(2−γ 2 )2
u ∗
vice providers are q13
and pu13 ∗ = 2+γ−(2−3γ)γs
, and the optimal profit is
= 2+γ−(2−3γ)γs
3(2−γ 2 )
3(2−γ 2 )
2
[2+γ−(2−3γ)γs]
u ∗
=
π13
. The optimal decisions of upstream incompatible service providers
9(2−γ 2 )2
2 +(2−3γ)γs
2 +(2−3γ)γs
4−γ−γ
u ∗
u ∗
=
=
and pu23 ∗ = 4−γ−γ6(2−γ
, and the optimal profit is π23
are q23
2)
6(2−γ 2 )
2
2
[4−γ−γ +(2−3γ)γs]
.
36(2−γ 2 )2
d
and the optimal profit is πI3
=

∗

∗

∗

d
d
Through simple calculation, we can see that qI3
, pdI3 and πI3
decrease with the
increase of γ and increase with the increase of s. This shows that the greater the complementarity between upstream and downstream, the greater the damage to incumbents is at
this stage, and the experience level is still an important factor for incumbents to improve
∗
u ∗
d ∗
d ∗
u ∗
increase with the increase of
, pu13 ∗ and π13
their competitiveness. qE3
, pdE3 , πE3
, q13
γ, but are uncertain about the relationship with s. They increase marginally, otherwise
decrease marginally, when γ is large enough. It shows that complementarity has a positive impact on compatible parties because of compatibility, but experience utility needs
indirect transmission of complementarity, therefore, it is a positive eﬀect on compatible
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parties, when complementarity is large enough, only. The relationship is uncertain beu ∗
u ∗
u ∗
tween q23
, pu23 ∗ , π23
and γ, s. When γ is large enough and s is small enough, q23
, pu23 ∗ ,
u ∗
π23 have a marginal decreasing relationship with gamma, and when γ is large enough,
u ∗
u ∗
q23
, pu23 ∗ , π23
have a marginal decreasing relationship with s, conversely, on the contrary. It shows that because the upstream compatibles enter the complementary market,
the competition in the complementary market makes the output scale of the entrants lower than the monopoly state, which results in relative decrease of the complementary and
experience beneﬁts of the upstream compatibles, and relative decrease of the diﬀerence
with the incompatibles, too. When γ is small enough and s is large enough, incompatibles of upstream even may beneﬁt from this compatibility relationship, and then improve
proﬁts. It is a relationship of counter-balance.
∗
d ∗
∂πE3
∂π d
, it is same as stage 2, which shows that the
In addition, according to ∂sI3 > ∂s
direct eﬀect of experience eﬀect is stronger than the indirect eﬀect. The relationship is
u ∗
u ∗
uncertain between π13
and π23
, when γ is small enough and s is large enough, there will
u ∗
u ∗
be π23 ≥ π13 , which indicates that the competition of the entrants in the downstream
market leads to the weakening of its competitive advantage in the upstream market, and
sometimes even reverse. This is also a portrayal of ‘enemies of the enemy sometimes
become friends’.
4.2. Comparative analysis. In this section, comparisons and calculations mostly involve multivariate high-order non-linear operations, and it is diﬃcult to ﬁnd analytical
solutions. Therefore, numerical methods are adopted and solved by MATLAB. The application of the theoretical contribution takes a case of the compatible entry for ‘2dﬁre
and Mei Tuan’.
4.2.1. Profitability comparison.
(1) Comparing the proﬁt of upstream and downstream service providers, before and
after the implementation of compatibility strategy.
In the feasible region s ∈ [0, 1], γ ∈ [0, 1], for the downstream incumbent platform, by
2
d ∗
, the proﬁt after compatibility
Lemma 4.1, the proﬁt before compatibility is πI1
= (1+s)
4
[3(1+s)+γ]2
d ∗
d ∗
d ∗
is πI2 = 4(3−γ 2 )2 , and the simple calculation shows πI2 − πI1
≥ 0. Similarly, for
2

u ∗
u ∗
− 19 ≥ 0. This
upstream compatible service providers, there is π12
− π11
= [1+(1+s)γ]
(3−γ 2 )2
means that in the whole decision-making space, both compatible parties have incentives
compatible with each other, and the larger s and γ, the greater compatible incentives are.
2
u ∗
u ∗
u ∗
u ∗
− 2−(1+s)γ−γ
≥ 0 and π11
In addition, there are q12
− q22
= 3(1+s)+γ
− π12
= 19 − 19 = 0.
2(3−γ 2 )
2(3−γ 2 )
It shows that upstream compatible service providers break the competitive balance with
their rivals and form an advantage on market share due to compatibility.
(2) Comparing the proﬁt of upstream and downstream service providers, before and
after the implementation of entry strategy.
In the feasible region s ∈ [0, 1] and γ ∈ [0, 1], before and after the implementation of the
2
d ∗
entry strategy, the proﬁts of the downstream incumbent platform are πI2
= [3(1+s)+γ]
and
4(3−γ 2 )2
∗

[3−γ−2γ 2 +(6−3γ−2γ 2 )s]2
, respectively. The total proﬁts of platform
18(2−γ 2 )2
2
2
2
[1+(1+s)γ]
u ∗
d ∗
u ∗
= (3−γ 2 )2 and πE3
are π12
= [1+γ−(2−3γ)s]
+ π13
+ [2+γ−(2−3γ)γs]
.
4(2−γ 2 )2
9(2−γ 2 )2
d ∗
d ∗
Assuming that the solution of πI2 = πI3 is γI (s), the equation is

d
πI3
=

market entrants

solved by using
MATLAB. As shown in Figure 2(a), the crossover point of γI (s) and axis s is (sI , 0), and
the crossover point of γI (s) and s = 1 is (1, γI ). In the feasible area s ∈ [0, sI ], γ ∈ [0, 1]
d ∗
d ∗
and s ∈ [sI , 1], γ ∈ (γI (s), 1], there are πI3
< πI2
, which means that the proﬁt of the
incumbent platform will be reduced by implementing the entry strategy in this area. In
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(b)

(c)

Figure 2. Comparisons of proﬁt and market share before and after implementation of compatibility and entry strategy
∗

∗

d
d
the feasible area s ∈ [sI , 1], γ ∈ [0, γI (s)), there are πI3
> πI2
, which means that the
proﬁt of the incumbent platform will increase if the entry strategy is implemented in this
area.
u ∗
d ∗
u ∗
Let the solution of π12
= πE3
+ π13
is γE (s), and the equation is solved by using
MATLAB. As shown in Figure 2(b), the crossover point of γE (s) and axis s is (sE , 0), and
the crossover point of γE (s) and line s = 1 is (1, γE ). Within the feasible area s ∈ [0, sE ],
d ∗
d ∗
γ ∈ [0, 1] and s ∈ [sE , 1], γ ∈ (γE (s), 1], there are πI3
> πI2
, which means that the
proﬁts of market entrants will increase if the entry strategy is implemented in this area.
d ∗
d ∗
Within the feasible area s ∈ [sE , 1], γ ∈ [0, γE (s)), there is πI3
< πI2
, which means that
the proﬁts of market entrants will be reduced if the entry strategy is implemented in this
area.
2 +(6−3γ−2γ 2 )s
d ∗
d ∗
− 1+γ−(2−3γ)s
, let the solution of
In addition, there is qI3
− qE3
= 3−γ−2γ3(2−γ
2)
2(2−γ 2 )
∗
∗
d
d
qI3
= qE3
be γIE (s), and the equation is solved by using MATLAB. As shown in Figure
2(c), the crossover point of γIE (s) and axis γ is (0, γIE ), and the crossover point of γIE (s)
and line γ = 1 is (sIE , 1). Within the feasible area s ∈ [0, sIE ], γ ∈ (γIE (s), 1], there is
d ∗
d ∗
qI3
− qE3
< 0, which shows that when the experience level is lower and the complementarity is larger, the incumbent platform lacks market share advantage compared with the
entry platform.
After the implementation of compatibility strategy, both 2dﬁre and Mei Tuan gained
proﬁts and increased in market share. When the 2dﬁre tried to recommend its own
takeaway platform, it aﬀected the market share and proﬁts of Mei Tuan. This is related
to the lower experience level and the compatibility between them.
In summary, conclusions are as follows.
∗

∗

u ∗
d
d
u ∗
≥
Proposition 4.1. (1) When s ∈ [0, 1] and γ ∈ [0, 1], there is πI2
−π11
−πI1
≥ 0, π12
u ∗
u ∗
0 and q12 − q22 ≥ 0. (2) When s ∈ [0, sI ], γ ∈ [0, 1] and s ∈ [sI , 1], γ ∈ (γI (s), 1], there
d ∗
d ∗
d ∗
d ∗
is πI3
< πI2
. When s ∈ [sI , 1] and γ ∈ [0, γI (s)), there is πI3
> πI2
. (3) When
d ∗
d ∗
s ∈ [0, sE ], γ ∈ [0, 1] and s ∈ [sE , 1], γ ∈ (γE (s), 1], there is πI3 > πI2 . When s ∈ [sE , 1]
d ∗
d ∗
and γ ∈ [0, γE (s)), there is πI3
< πI2
. (4) When s ∈ [0, sIE ] and γ ∈ (γIE (s), 1], there
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∗

∗

d
d
is qI3
− qE3
< 0. When s ∈ [0, sIE ], γ ∈ (0, γIE (s)) and s ∈ [sIE , 1], γ ∈ [0, 1], there is
∗
∗
d
d
qI3 − qE3 > 0.

4.2.2. Pricing strategy analysis. Pricing strategy is one of the key issues in platform operation. When the operating environment of the platform has change, the eﬀective adjustment of pricing strategy is important particularly. In the context of this study, the
incumbent platform faces two pricing adjustment problems, and the entry platform faces
one reference pricing problem.
Simple calculation from Lemmas 4.1-4.3, it can be get that the price adjustment
strategy
[
]
γ+γ 2
γ2s
d ∗
d
d ∗
d ∗
of the incumbent platform in stage 2 is pI2 = pI1 + ∆pI2 = pI1 + 2(3−γ 2 ) + 2(3−γ
2) ,
2

2

γ s
γ+γ
obviously, there is ∆pdI2 = 2(3−γ
2 ) + 2(3−γ 2 ) ≥ 0. At this time, the incumbent platform will
adopt
a)price-raising strategy. Price growth consists of two parts: the price increase
(
γ+γ 2
caused by vertical complementarity eﬀect from compatibility and the price
2(3−γ 2 )
( 2 )
γ s
increase 2(3−γ
caused by experience promotion. Within the feasible region γ ∈ [0, 1]
2)
and s ∈ [0, 1], the former is larger than the latter, it shows that the service value-added
brought by complementarity is the main reason for the price increase.
∗
In the third stage, the
strategy of]the incumbent platform is pdI3 =
[ price adjustment
∗
∗
(9+3γ−3γ 2 −2γ 3 )γs
9−3γ−9γ 2 +γ 3
. Set γ̂(s) ∈ [0, 1] becomes the
pdI2 + ∆pdI3 = pdI2 + 6(2−γ
2 )(3−γ 2 ) −
6(2−γ 2 )(3−γ 2 )
(9+3γ−3γ −2γ )γs
9−3γ−9γ +γ
solution of the implicit function ∆pdI3 = 6(2−γ
= 0, and using
2 )(3−γ 2 ) −
6(2−γ 2 )(3−γ 2 )
MATLAB to solve this function, the solutions are shown in Figure 3(a). The crossover
point of γ̂(s) and axis γ is (0, γ̂2 ), and the crossover point with the line s = 1 is (0, γ̂1 ),
so there is γ̂1 < γ̂2 . In feasible region s ∈ [0, 1], γ ∈ [0, γ̂(s)), there is ∆pdI3 > 0,
which means that when the complementarity is lower, the competitive ability of entrant
platform is weaker because of the complementarity, and the advantage of the incumbent
platform is still obvious. At this time, we can consider the implementation of price-raising
strategy, and the range of price increase is ∆pdI3 . Within the feasible area s ∈ [0, 1],
γ ∈ (γ̂(s), 1], there is ∆pdI3 < 0, which means that when the complementarity is higher,
the entry platform has gained stronger competitiveness by relying on complementarity,
and the weakness of the incumbent platform has become obvious. It is necessary to win
customers through price reduction strategies, such as adopting subsidies policy, the range
of subsidies price is ∆pdI3 .
2

(a)

2

3

3

(b)

Figure 3. Pricing strategies after the implementation of the entry strategy
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In the third stage, the entry platform will be priced according
price strategy
[ to the
] of
(6−6γ+γ 2 )s
2γ+γ 2
d ∗
d ∗
d
d ∗
the incumbent platform, which is pE3 = pI3 + ∆pE3 = pI3 + 3(2−γ 2 ) − 3(2−γ 2 ) . Set
2

2

(6−6γ+γ )s
2γ+γ
γ̄(s) ∈ [0, 1] becomes the solution of the implicit function ∆pdE3 = 3(2−γ
= 0,
2) −
3(2−γ 2 )
and using MATLAB to solve this function, the solutions are shown in Figure 3(b). The
crossover point of γ̄(s) and axis s is (0, 0), and the crossover point with the line s = 1
is (1, γ̄). In feasible region s ∈ [0, 1], γ ∈ [0, γ̄(s)), there is ∆pdE3 < 0, which means
that when complementarity is weaker, the value-added of compatible-driven market entry
services is smaller, and the price reduction strategy should be adopted. Such as adopting
subsidies policy, the range of subsidies price is ∆pdE3 . Within feasible region s ∈ [0, 1],
γ ∈ (γ̄(s), 1], there is ∆pdE3 > 0, which means that the value-added service is larger, and
the price can be increased appropriately, the range of price increase is ∆pdE3 .
In summary, conclusions are as follows.

Proposition 4.2. (1) When γ ∈ [0, 1] and s ∈ [0, 1], there is ∆pdI2 ≥ 0. (2) When
s ∈ [0, 1], γ ∈ [0, γ̂(s)), there is ∆pdI3 > 0. When s ∈ [0, 1], γ ∈ (γ̂(s), 1], there is
∆pdI3 < 0. (3) When s ∈ [0, 1], γ ∈ [0, γ̄(s)), there is ∆pdE3 < 0. When s ∈ [0, 1],
γ ∈ (γ̄(s), 1], there is ∆pdE3 > 0.
4.2.3. Entry threat and countermeasure analysis. According to Proposition 4.1, as shown
in Figure 4(a), within feasible region s ∈ [0, sI ], γ ∈ [0, 1] and s ∈ [sI , 1], γ ∈ (γI (s), 1],
d ∗
d ∗
there is πI3
< πI2
, which means that entry platform brings a great threat to the incumbent platform. It is necessary for the incumbent platform to adopt strategies to deal with
this threat.
As shown in Figure 4(b), when s ∈ [sE , 1], γ ∈ [0, γE (s)), it means that the entry
strategy does not necessarily increase the proﬁts for the entrants. When the experience
level is higher and the complementarity is lower, the market entry will lead to the decrease
of proﬁts.
The possibility of combining these two aspects, as shown in Figure 4(c), this paper
ﬁnds that with the change of strategy space 1, the incumbent platform will adopt diﬀerent
strategies to deal with market entry threats. Let point (s∗ , γ ∗ ) be the crossover point of
γI (s) and γE (s). Among them, region 1 consists of two parts: s ∈ [sI , s∗ ], γ ∈ [0, γI (s))

(a)

(b)

(c)

Figure 4. Entry threats and countermeasures of incumbents
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∗

∗

∗

d
d
d
u ∗
u ∗
and s ∈ [s∗ , 1], γ ∈ [0, γE (s)), there are πI3
− πI2
> 0 and (πE3
+ π13
) − π12
< 0,
in this region, the strategy of the incumbent platform is to block compatibility, and the
upstream compatible service providers will not enter the platform market. Region 2 is
d ∗
d ∗
d ∗
u ∗
u ∗
s ∈ [s∗ , 1] and γ ∈ (γE (s), γI (s)), there are πI3
− πI2
> 0 and (πE3
+ π13
) − π12
> 0, in
this region, the incumbent platform will adopt a compatibility strategy, and the upstream
compatible service providers will enter the platform market. When s ∈ [0, sI ], γ ∈ [0, 1]
d ∗
d ∗
and s ∈ [sI , 1], γ ∈ (γI (s), 1], there is πI3
− πI2
< 0, the incumbent platform will not
adopt the compatible strategy, this is, it will adopt the rejection compatibility strategy,
and compatible service providers are also not possible to enter the platform market.
Here, the most noteworthy is region 3: s ∈ [sE , sI ], γ ∈ [0, γE (s)] and s ∈ [sI , s∗ ],
γ ∈ (γI (s), γE (s)]. In this region, s is larger, which belongs to the strategy factor of larger
income for incumbent platform in stage 2, although the proﬁt growth of entrant platform is
negative. The incumbent platform can easily regard it as a blocking compatibility strategy
area. Therefore, this region can be regarded as a dangerous area, and the incumbent
platform must remember not to make mistakes.
In the case of 2dﬁre and Mei Tuan, the strategy of ‘compatibility-reject compatibility’
was adopted by Mei Tuan, which showed that Mei Tuan as the incumbent platform lacked
a comprehensive strategic perspective. In the second stage, it only considered the beneﬁts
of compatibility and ignored the threat of complementary entry. Therefore, it adopted
a higher degree of compatibility and complementarity, that led its loss own proﬁts and
market share when 2dﬁre adopted the entry strategy. According to the analysis in this
paper, a better long-term consistent strategy can be set by Mei Tuan by setting the
experience level and compatibility complementarity, such as blocking compatibility or
compatible entry. In fact, a simply reject compatibility strategy may be better than the
current strategy.
In summary, conclusions are as follows.

Proposition 4.3. The choices of the incumbent platform. (1) Compatible blocking strate∗
∗
d ∗
d ∗
gy: When
I ,)s ], γ ∈ [0, γI (s)) and s ∈ [s , 1], γ ∈ [0, γE (s)), there are πI3 −πI2 > 0
( d ∗ s ∈ [s
u ∗
u ∗
and πE3 + π13
− π12
< 0. (2) Entry compatibility
strategy:
When s ∈ [s∗ , 1] and
(
)
d ∗
d ∗
d ∗
u ∗
u ∗
γ ∈ (γE (s), γI (s)), there are πI3
− πI2
> 0 and πE3
+ π13
− π12
> 0. (3) Rejecting
compatibility strategy: When s ∈ [0, sI ], γ ∈ [0, 1] and s ∈ [sI , 1], γ ∈ (γI (s), 1], there is
d ∗
d ∗
πI3
− πI2
< 0.
5. Inspirations and Conclusions.
5.1. Inspirations. After the previous analysis, we can get the following inspirations.
(1) Supply chain service complementarity is an eﬀective way to achieve value added.
Relative to the development of complementary business by oneself, compatibility with
upstream and downstream partner enterprises is a better way to achieve complementary
operation between diﬀerent links of supply chain, which is fast in process, low in cost and
easy to achieve results.
(2) Vertical complementary compatibility is a better choice for upstream traditional
enterprises to enter downstream platform market.
There are two necessary conditions for platform enterprises and traditional enterprises
to achieve compatibility and complementarity: the experience level and the complementary level. Experience level plays a more signiﬁcant role in platform enterprises, and
complementary level contributes more to traditional enterprises. Compared with the traditional service market, the e-commerce platform market is a blue ocean, which is more
attractive for the traditional enterprises that need to break the management dilemma and
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realize the industrial transformation. It is a good choice for them to enter the platform
market through complementary compatibility.
(3) Complementary compatibility is a double-edged sword of platform market.
Because complementary compatibility reduces the threshold of market entry, its possibility and threat of entry are greater than incompatible entry. If only considering the
beneﬁts of compatibility, the strategy choice of incumbent enterprises should be that the
higher experience level and complementarity, the better will be. However, if we consider
the possibility of entry threat brought by compatibility, this strategy will bring a disaster
to incumbent enterprises.
(4) Incumbent platform strategy selection with the possibility of compatibility entry.
Considering the possibility of beneﬁts and bad results of compatibility, the incumbent
platform should choose the following strategies: when experience level is lower, it does not
implement compatibility strategy. When experience level is higher, it can choose upstream
enterprises with lower complementarity to be compatible, and the other side will not enter
the platform market in the future. When the experience level is the highest, they can
choose the upstream enterprises with relatively high complementarity to be compatible
and the other side will enter the platform market in the future, but they will also have
proﬁt improvement.
(5) Entry compatible strategy is only a short-term strategy for incumbent platforms.
When the platform adopts the entry compatible strategy for tolerating the other side
enters the market, its share may be at a disadvantage, although its proﬁt has improved.
At this time, the incumbent platform should choose and weigh carefully. If short-term
beneﬁts are emphasized, the incumbent platform can adopt an entry compatible strategy.
However, traﬃc is king in platform economy. If we focus on long-term development, the
incumbent platform should adopt the strategy of rejecting compatibility.
(6) Price strategy after adopting the decision-making of compatible entry.
In stage 2, after compatibility and before the platform market enters, the incumbent
platform can implement the strategy of price increase. In stage 3, after compatibility
entry, if the complementarity is lower, the price of the incumbent platform should be
increased, and the price of the entry platform should be reduced; if the complementarity
is higher, the incumbent platform should be reduced, and the price of the entry platform
should be increased.
5.2. Conclusions. This paper shows that the complementary compatibility between upstream and downstream of supply chain is an eﬀective strategy to enhance their competitiveness and achieve market share and proﬁt growth. For complementary partners such
as traditional enterprises and platform enterprises, the premise of implementing strategy
is that platform enterprises have a higher experience level. The higher the experience
level, the more compatible partner platform enterprises can choose; otherwise, they can
only choose compatible partners with low complementarity. This paper shows that, different from the existing research conclusion ‘either blocking or incompatible’, there is also
a win-win strategy of ‘entry compatibility’. Whether blocking compatibility or entering
compatibility, the higher the experience level of the incumbent platform, the larger the
choice of strategy space for complementary compatibility will be, and the greater the
proﬁt improvement that compatible parties may obtain.
This study shows that on the one hand, most of the existing studies on alternative-based
entry only considered the relevant strategic factors for ‘entry’ or not. On the other hand,
the study of entry problems based on complementarity needs to consider the relevant
strategic factors for ‘compatibility-entry’ or not at the same time. Therefore, compared
with similar studies, this paper has expanded its research methods and conclusions.
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