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A good partnership is conducive to promoting the empowerment of manufacturing small- and medium-sized enterprises (SMEs)
via industrial Internet platforms. By analyzing the factors influencing the cooperation motives of both parties and individual
behavior, this paper puts forward the design of a cost-sharing and scale revenue-sharing mechanism and establishes an evo-
lutionary game model. *en, the evolutionary stability strategies (ESSs) of individuals and the evolutionary equilibrium state of
the system are analyzed. *e results show that the key factors affecting the strategic choices of industrial Internet platforms and
manufacturing SMEs are different and will change with the number of platform customers and the level of digitalization of
enterprises. By sharing the access cost of SMEs and the scale revenue of the platform, mutual trust between the two parties can be
enhanced, and SMEs will be more motivated to access the platform. Moreover, the platform network externality, customer churn
risk, and cost-sharing ratio have different influences on the process of reaching evolutionary equilibrium in the system. Col-
laborative revenue expectations are critical to the behavioral strategies of both parties. In comprehensive consideration of the
results of this study, it is recommended that industrial Internet platforms be subsidized in the initial stage of cooperation.

1. Introduction

*e deep integration of new-generation information tech-
nology and the manufacturing industry has reshaped the
production organization mode of the traditional
manufacturing industry and promoted the formation of new
modes with intelligence as the core feature [1]. Industrial
Internet platforms, which represent comprehensive infor-
mation infrastructure for developing industrial intelligence,
are regarded as the key support of the fourth industrial
revolution and the future direction of industrial develop-
ment [2, 3]. Since General Electric first proposed the concept
of the industrial Internet in 2012 [4], the major
manufacturing countries have successively established in-
dustrial Internet industry alliances and have formulated
strategic plans for the development of advanced
manufacturing industries including the industrial Internet
[5, 6]. Later, with the improvement of the industrial Internet

architecture, industrial Internet platforms with different
core businesses, such as Predix, MindSphere, INDICS, and
Root Cloud, have emerged [7, 8]. An industrial Internet
platform improves the entire value chain from research and
development (R&D) to the market by connecting massive
industrial equipment and collecting modeling data for in-
dustrial institutions. Based on the value mining of massive
industrial data, intelligent production decision-making be-
comes possible, which has had a profound impact on the
traditional manufacturing industry. Due to the substantial
application and enabling value of industrial Internet plat-
forms, they have become a new focus of industrial com-
petition in various countries [9].

Two core features of industrial Internet platforms are
their intelligent application and data-driven characteristics
[10], which place higher requirements on the level of dig-
italization equipment and the production organization of
manufacturing enterprises. *e enabling function of

Hindawi
Discrete Dynamics in Nature and Society
Volume 2021, Article ID 4706719, 14 pages
https://doi.org/10.1155/2021/4706719

mailto:lcf@tjut.edu.cn
https://orcid.org/0000-0002-4545-0975
https://orcid.org/0000-0001-6069-2019
https://orcid.org/0000-0001-7845-9813
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/4706719


industrial Internet platforms is closely related to the level of
digitalization of manufacturing enterprises [11]. However, it
is difficult and costly to improve the digitalization of
manufacturing enterprises, especially for small- and me-
dium-sized enterprises (SMEs) with weak comprehensive
strength. Due to the high heterogeneity of equipment in
different industries and the difficulties in real-time data
collection and modeling, it is difficult to give full play to the
traffic advantages of industrial Internet platforms in a short
period of time [12]. *erefore, it is necessary to establish a
closer cooperation and trust relationship between industrial
Internet platforms and manufacturing enterprises [13, 14].

In addition to the difficulties caused by a lack of pro-
fessional knowledge and comprehensive strength, the mo-
tivation to protect trade secrets and concerns about security
risks also weaken the willingness of manufacturing SMEs to
access industrial Internet platforms [15]. However, at
present, the mainstream industrial Internet platforms are
more aimed at technical services and ignore the willingness
of SMEs to access the platform and their difficulties in doing
so [16]. Via the construction of an effective cooperation
mode, not only can platforms be promoted to give full play
to their enabling role, but platforms and enterprises can also
be assisted to achieve value cocreation [17]. *erefore, de-
termining how to innovate the cooperation mechanism
between industrial Internet platforms and manufacturing
SMEs and achieve win-win cooperation is particularly
critical.

Due to the inherent interdependence between industrial
Internet platforms and manufacturing SMEs, individuals are
no longer simply pursuing the maximization of their in-
terests. Because of the contradiction between individual
behavioral strategies and overall interests, it is necessary to
design a reasonable mechanism to guarantee the ultimate
goal of the system. On the premise of individual bounded
rationality, an evolutionary game can effectively reflect the
interaction between individuals in the micro-state and
changes in the population structure at the meso-level [18].
*erefore, an evolutionary game can provide in-depth
practical insights into the empowerment of SMEs by in-
dustrial Internet platforms. *is paper focuses on the fol-
lowing research questions: (1) How can the cooperation
between an industrial Internet platform and manufacturing
SMEs be promoted via effective mechanical design? (2)
What is the interactive mechanism of the behavior strategies
of both parties under the influence of bounded rationality?
(3) How do the main related factors affect individual be-
havioral strategies and the equilibrium state of system
evolution?

Motivated by these research questions, this work ana-
lyzes the motivation of cooperation between industrial In-
ternet platforms and manufacturing SMEs and designs a
cost-sharing and scale revenue-sharing mechanism to
promote cooperation. Considering the factors influencing
individual behavior, an evolutionary game model is con-
structed to analyze the interaction mechanism of the
strategies of both parties. *en, the evolutionary stability
strategies (ESSs) of individuals and the equilibrium state of
the system are explored based on the evolutionary game

analysis. Finally, the effects of key factors on the evolution of
the equilibrium state of the system under different constraint
scenarios are discussed based on simulations.

*e remainder of this paper is organized as follows.
Section 2 presents a review of related literature, and Section 3
describes the fundamental assumption and model settings.
Section 4 analyzes the evolution path and stability of the
strategies of industrial Internet platforms and
manufacturing SMEs. Section 5 discusses the strategy of
evolution stability under the interaction of the two parties.
Section 6 simulates the influences of different main factors
on the evolution of the system to the equilibrium state.
Finally, this work is concluded in Section 7.

2. Literature Review

*is section reviews related literature spanning two research
streams, namely, industrial Internet platforms and the
transformation and upgrading of manufacturing enterprises.

2.1. Industrial Internet Platforms. As key supporting facili-
ties for the development of industrial intelligence, the core
value of industrial Internet platforms lies in providing ap-
plication services to enterprises [19]. Industrial Internet
platforms can provide applications (APPs) and customized
services for enterprises via the calculation of massive data,
application development, and knowledge encapsulation,
which can effectively reduce the access threshold of
manufacturing SMEs [20]. With the continuous improve-
ment of the architecture and functions of industrial Internet
platforms, their application in different industries has
attracted widespread attention [21].

Li et al. [22] systematically classified the changes brought
by industrial Internet platforms to the fields of energy,
healthcare, manufacturing, smart factories, etc. Arnold et al.
[23] studied the impact of the industrial Internet on business
models of different industrial sectors via exploratory mul-
ticase research methods. Kiel et al. [24] found that the
emergence of the industrial Internet has had a huge impact
on the established business models of manufacturing
companies. Shan et al. [8] reviewed the development of
Industry 4.0 and analyzed Sany’s application of the industrial
Internet and the process of achieving smart manufacturing
transformation. In addition, due to the critical role of pri-
vacy and security in industrial production, the security
protection and risk prevention issues of industrial Internet
platforms have also become the focus of research [25].

In general, the current research on industrial Internet
platforms has focused on three areas, namely, their archi-
tecture [26], key technologies [19], and industrial applica-
tions [27]. However, few studies have focused on the
dilemma of access to industrial Internet platforms from the
perspective of enterprises. In essence, as an enabling service
tool, the ultimate goal of industrial Internet platforms is to
provide support services for industrial production. At
present, research on industrial Internet platforms is mainly
focused on the technical level, whereas fewer investigations
have been conducted from the management level [28]. *us,
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the ability of the services of industrial Internet platforms to
better meet the needs of enterprises must be strengthened,
which would be beneficial to the development of both
platforms and enterprises [29].

2.2. Transformation and Upgrading of Manufacturing
Enterprises. *e emergence of industrial Internet platforms
has had a profound impact on the production organization
and business operation mode of traditional manufacturing
enterprises [30]. Manufacturing enterprises are facing in-
creasingly serious challenges in production organization,
resource scheduling, and business models. With the rapid
development of information technology and changes in
market demand, the digital and intelligent transformation of
the traditional manufacturing industry has become inevi-
table [31].

*e digital transformation of manufacturing enterprises
is a complicated process that requires significant resources
and capital investment [32]. SMEs often face more diffi-
culties than large enterprises in the process of transfor-
mation and upgrading due to technological disadvantages
and insufficient funds [33]. Mittal et al. [34] discussed the
needs of SMEs in terms of capital, R&D capabilities, and
expertise in the Industry 4.0 era. Digital transformation is a
disruptive change in industry, and industrial Internet
platforms offer great potential for SMEs to transform and
upgrade [35]. Hansen and Bøgh [36] found that the ap-
plication rates of artificial intelligence and the Internet of
*ings in SMEs remain low. However, against the back-
ground of intelligent manufacturing, it is particularly im-
portant for the overall upgrading of the industry for
manufacturing SMEs with different professional strengths to
access the intelligent manufacturing network [37]. However,
compared to large enterprises, SMEs have many difficulties
in terms of technology uptake, expertise, and financial
support, which also leads to a lack of capacity and moti-
vation to access industrial Internet platforms [16, 38]. *us,
determining how to overcome these constraints and realize
intelligent development with the help of industrial Internet
platforms has become an urgent problem for manufacturing
SMEs and would also be beneficial to the continuous
upgrading of the industrial Internet platform.

Most of the previous studies on industrial Internet
platforms have focused on the technical perspective. While a
few studies have focused on their application in different
industries and their impact on enterprises, they have been
limited to the superficial analysis of the current application
state or the discussion of individual cases. Overall, there has
been a lack of research on the willingness of enterprises to
access industrial Internet platforms and the related diffi-
culties. However, to some extent, consumer demand and
market adoption are the keys to the success of emerging
technologies [39]. Regarding SMEs as the main
manufacturing industry, their access to industrial Internet
platforms is particularly important to realize comprehensive
intelligent manufacturing.*ere currently exists a mismatch
between the service supply of industrial Internet platforms
and the real needs of manufacturing enterprises, and little

research has focused on this contradiction. *e solution to
this issue will help enhance the enabling effect of industrial
Internet platforms on manufacturing enterprises, which will
ultimately promote the realization of intelligent
manufacturing.

3. Problem Description and Modeling

In view of the complexity of industrial Internet application
scenarios and the diversity of the needs of manufacturing
enterprises, a stable value cocreation relationship and an
orderly self-growth mechanism must be established between
the two parties. Similar to the e-commerce platforms, in-
dustrial Internet platforms accumulate competitive advan-
tages by expanding their customer scale in the early stage of
development. However, the cost of accessing industrial
Internet platforms is huge, and the industry knowledge
barriers and business data risk also hinder the enthusiasm of
manufacturing SMEs.

In view of this dilemma, industrial Internet platforms
can consider sharing the platform access costs and scale
benefits with enterprises. *e sharing of access costs in-
cludes providing technical guidance, professional con-
sultation, or price concessions for enterprises to access the
platform; this can reduce the burden of manufacturing
SMEs while also enhancing the attractiveness of the
platform. Scale revenue mainly refers to the advantages of
data volume and market competition brought by the en-
terprise accessing the platform. An incremental gain in
scale can reflect the marginal contributions of different
companies with access to the platform to the competi-
tiveness of the platform. Access cost-sharing and scale
benefit-sharing can reduce the entry barrier of the platform
and enhance the trust of enterprises, which essentially
reflects a value cocreation behavior with customer enter-
prises led by the platform. *is will also help the platform
rapidly expand its customer scale and gain competitive
advantage in the market.

*e present study focuses on the choices of cooperation
strategies by an industrial Internet platform and
manufacturing SMEs. *e industrial Internet platform
adopts a value cocreation strategy, i.e., sharing access costs
and scale revenue with manufacturing enterprises, which is
convenient for the platform to quickly gain scale advantages.
However, this will result in increased expenses for the
platform and a loss of scale revenue.*e resulting changes in
revenue are uncertain, which adds complexity to the plat-
form’s choice of strategy. *e access of manufacturing SMEs
to the industrial Internet platform can help improve their
production and operation efficiency, expand their business
scope, and enhance their ability to cope with risks. However,
due to the large initial investment, the high demand for
industry knowledge, and the high risk of trade secret dis-
closure, SMEs are faced with a dilemma when choosing
access strategies. *e strategic choices of industrial Internet
platforms and SMEs interact with each other, and, under the
influence of bounded rationality, the strategic choices of
both parties are an evolutionary game process, which is
subsequently modeled.
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3.1. Model Hypothesis and Payment Matrix. Let the strategic
space of the industrial Internet platform (P) be SP � S1P, S2P ,
and let the strategic space of manufacturing SMEs (M) be
SM � S1M, S2M . Among them, S1P and S2P, respectively, rep-
resent the strategies of adopting and not adopting value
cocreation, and S1M and S2M, respectively, represent the
strategies of accessing and not accessing the platform.
According to the strategic choices of P and M, their revenue
changes are analyzed, and the model parameters are described.

(1) When P adopts strategy S1P, it will share the access
cost and scale revenue with M. At this time, re-
gardless of the strategy M adopts, P can obtain the
revenue of network externalities determined by the
platform service price and the number of corporate
customers. If M adopts strategy S1M, it will receive
transfer payments from P and the price spillover
revenue from the network externalities. When P
adopts strategy S2P, it will not share the access cost
withM but will monopolize the scale revenue. At this
time, due to the decline of trust between the two
parties, the basic customers of the platform will be
lost, resulting in the decline of the revenue of net-
work externalities. When M adopts strategy S1M,
regardless of which strategy is adopted, Pmust pay a
certain service cost.

(2) WhenM adopts strategy S1M, it will obtain the value-
added business revenue and price spillover revenue
of network externalities. At this time, if P adopts
strategy S1P, the access cost ofMwill be shared with P,
and M will receive the shared scale revenue; other-
wise, M will bear the access cost alone, and the scale
revenue will be monopolized by P. When M adopts
strategy S2M, if P adopts strategy S2P, both will gain
basic revenue, whereas if P adopts strategy S1P,M will
face the risk of loss due to the improvement in the
level of digitalization of other enterprises in the
industry.

(3) Let RP and TP be the basic revenue and service
revenue of the platform, respectively, and let RM and
TM be the basic revenue and value-added revenue of
the enterprise, respectively. Moreover, α is the dis-
tribution coefficient of the scale revenue, β is the
coefficient of sharing the access cost, U is the scale
revenue, V is the access cost of the platform, CS is the
service cost of the platform, CM is the service cost
paid byM, and ξ and η are network externalities, the
former of which is the quantity effect, and the latter
of which is the price effect. Furthermore, let N be the
number of basic customers, let Q be the loss of basic
customers, and let W be the risk of loss of M. *e
payoff matrix of P and M is presented in Table 1.

3.2. Construction of an Evolutionary Game Model. Let the
probability of P adopting strategy S1P be x(0≤x≤ 1), let the
probability of M adopting strategy S1M be y(0≤y≤ 1), and
the corresponding expected revenues are U1

P and U1
M, re-

spectively. *en, the probability of P adopting strategy S2P is

1 − x, the probability of M adopting strategy S2M is 1 − y,
and the corresponding expected revenues are U2

P and
U2

M, respectively. Assume that the expected revenues of the
mixed strategy are U

P and U
M, respectively. *e following

can then be determined according to Table 1.
*e expected revenue of P adopting strategy S1P is as

follows:

U
1
P � y RP + TP + αU − (1 − β)V − CS +(ξ − η)N( 

+(1 − y) RP +(ξ − η)N( 

� RP +(ξ − η)N + y TP + αU − CS − (1 − β)V( .

(1)

*e expected revenue of P adopting strategy S2P is as
follows:

U
2
P � y RP + TP + U − CS +(ξ − η)(N − Q)( 

+(1 − y) RP +(ξ − η)(N − Q)( 

� RP +(ξ − η)(N − Q) + y TP + U − CS( .

(2)

*e expected revenue of the two strategies of P can be
calculated as follows:

U
P

� ((α − 1)U +(β − 1)V)x + TP + U − CS( y

+(ξ − η)(Q(x − 1) + N) + RP.
(3)

According to the Malthusian dynamic equation [40], the
growth rate of P adopting strategy S1P can be expressed
by the difference between U1

P and U
P. Let t be the

evolutionary time, and the replication dynamic equation of P
is then as follows:

F
P
(x) �

dx

dt
� x U

1
P − U

P
  � x(1 − x)(((α − 1)U

+(β − 1)V)y +(ξ − η)Q).

(4)

Similarly, the expected revenue of M adopting strategy
S1M is as follows:

U
1
M � x RM + TM +(1 − α)U − βV − CM + ηN( 

+(1 − x) RM + TM − V − CM + η(N − Q)( 

� TM + RM − CM − V + η(N − Q) + x(ηQ

+(1 − β)V +(1 − α)U).

(5)

*e expected revenue of M adopting strategy S2M is as
follows:

U
2
M � x RM − W(  +(1 − x)RM � RM − xW. (6)

*e expected revenue of the two strategies ofM can then
be calculated as follows:

U
M

� (ηQ +(1 − β)V +(1 − α)U + W)x + η(N − Q)(

+ TM − V − CMy − xW + RM.
(7)

*e replication dynamic equation ofM is then as follows:

F
M

(y) � y(1 − y) (ηQ +(1 − β)V +(1 − α)U + W)x(

+ η(N − Q) + TM − V − CM.
(8)
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Let (1 − α)U + (1 − β)V � δ1 and TM − V − CM � δ2.
*e evolution game model of P andM can then be obtained
as follows:

F
P
(x) �

dx

dt
� x(1 − x) − δ1y +(ξ − η)Q( .

F
M

(y) �
dy

dt
� y(1 − y) ηQ + δ1 + W( x + η(N − Q) + δ2( .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(9)

In equation (9), FP(x) and FM(y) represent the evo-
lution rates of the industrial Internet platform adopting the
value cocreation strategy and the manufacturing SMEs
adopting the access strategy, respectively. According to
equation (9), the improvement of network externality rev-
enue will prompt the industrial Internet platform to adopt
the strategy of value cocreation, while changes in the scale
revenue and access costs will have the opposite effect. *is is
because adopting the value cocreation strategy will reduce the
direct revenue of the platform, but it will also attract more
enterprises to access the platform or will at least not lead to the
loss of basic customers. *erefore, the speed of the evolution
of the trend toward the adoption of a value cocreation strategy
by the platform depends on the magnitude of the impacts of
the two factors mentioned previously on the platform reve-
nue. For manufacturing SMEs, the shared revenues of scale,
value-added services, and network externality that can be
obtained will increase the evolution speed of adopting access
strategies, while the investment in digital transformation and
the service costs of the platform will inhibit their motivation
to access the platform. In addition, the risk of loss will also
encourage SMEs to adopt the access strategy. Equation (9)
reflects the evolutionary game mechanism of the strategies of
an industrial Internet platform and manufacturing SMEs.
Based on this, the evolutionary path and stability of the
strategies of both parties can be analyzed.

4. Evolution Path and Stability Analysis

According to the stability theorem of differential equations,
the stable point of the replicated dynamic equation should be
located at the zero point, where the first-order derivative is
less than zero; that is, it should satisfy the following equation:

dF(x)

dx
< 0|F(x) � 0, x ∈ [0, 1] . (10)

According to equation (10), the ESSs for the industrial
Internet platform and manufacturing SMEs can be
discussed.

4.1. Industrial Internet Platform. Considering the ESS of the
industrial Internet platform, equation (11) can be calculated
according to equation (9):

dF
P
(x)

dx
� (1 − 2x) − δ1y +(ξ − η)Q( . (11)

Let y � (ξ − η)Q/δ1. When y � y, FP(x) ≡ 0, i.e., x is in
the equilibrium state. When y≠y, let FP(x) � 0; thus, it can
be concluded that x � 0 and x � 1 are two equilibrium
points. At this time, if δ1 < (ξ − η)Q, then y> 1, i.e., y<y.
Because when x � 1, dFP(x)/dx< 0, according to equation
(10), x∗ � 1 is an evolutionary stability point. In this case, the
evolution and stability strategy of the industrial Internet
platform is not affected by the strategic choice of the SMEs
but depends on the transfer payment to the enterprise and
the possible loss of the network externality revenue of the
industrial Internet platform. *e adoption of strategy S2P by
the platform will result in the loss of basic customers. When
the loss of network externality revenue caused by strategy S2P
is greater than its transfer payment to enterprises, the ESS of
the platform is S1P, which is not related to the strategies of the
enterprises.

If δ1 > (ξ − η)Q, then 0<y< 1, and there are two situa-
tions in the strategic evolution of the platform: when y>y,
when x � 1, dFP(x)/dx< 0, then x∗ � 0 is the evolutionary
stability point; when y<y, when x � 1, dFP(x)/dx< 0, then
x∗ � 1 is the evolutionary stability point. In this case, when
the transfer payment of the platform is greater than its loss of
network externality revenue, the probability of the SME
choosing different strategies becomes the decisive factor of the
ESS of the platform. When the probability of the enterprise
adopting strategy S1M is greater than the critical value y, the
expected revenue of the platform from adopting strategy S2P
will be greater than that from adopting strategy S1P, so S2P will
become the ESS, and, conversely, the ESS will be S1P.

In general, in the initial stage of development, the in-
dustrial Internet platform has a small number of customers,
and the scale effect is not significant. *e platform needs to
improve services such as price subsidies, revenue-sharing,
and cost-sharing to attract enterprises to access it. In this
case, the values of U and V are larger, and it is easier to meet
the condition of δ1 > (ξ − η)Q. *e lower the willingness of
SMEs to access the platform, the greater the probability that
the platform adopts the strategy of value cocreation. When
the willingness of SMEs to access the platform increases to
(ξ − η)Q/δ1, the platform will change its strategy. With the
increasing number of enterprises connected to the platform,
the transfer payment of the platform will decrease; that is,
the values of U and V will decrease. In addition, with the

Table 1: *e payoff matrix.

Parties M
S1M S2M

P
S1P

RP + TP + αU − (1 − β)V − CS + (ξ − η)N RP + (ξ − η)N

RM + TM + (1 − α)U − βV − CM + ηN RM − W

S2P
RP + TP + U − CS + (ξ − η)(N − Q) RP + (ξ − η)(N − Q)

RM + TM − V − CM + η(N − Q) RM
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improvement of the level of digitalization of SMEs, the
transfer costs between different platforms will be reduced,
and the SMEs will be more sensitive to the service of the
platform; this will also increase the risk of the churning of
platform customers; that is, the value of Q will increase.
*erefore, the constraints will be changed to δ1 < (ξ − η)Q,
and the platform will certainly adopt the strategy of value
cocreation.

4.2. Manufacturing SMEs. Considering the ESS of
manufacturing SMEs, equation (12) can be calculated
according to equation (8).

dF
M

(y)

dy
� (1 − 2y) ηQ + δ1 + W( x + η(N − Q) + δ2( .

(12)

Let x � (− δ2 − η(N − Q))/(ηQ + δ1 + W). When x � x,
FM(y) ≡ 0, i.e., y is in the equilibrium state. When x≠x, let
FM(y) � 0; thus, it can be concluded that y � 0 and y � 1
are two equilibrium points. At this time, if
δ2 + η(N − Q)> 0, then x<x. Because when x � 1,
dFP(x)/dx< 0, according to equation (10), x∗ � 1 is an
evolutionary stability point. In this case, choosing strategy
S1M can always increase the revenue of enterprises, so their
ESS will be S1M, which is unrelated to the platform strategy.

If δ2 + η(N − Q)< 0, when the platform adopts strategy
S1P, the revenue of the enterprise from adopting strategy S1M
is greater than that from adopting strategy S2M; then,
δ1 + δ2 + ηN + W> 0, i.e., 0<x< 1. *ere are two situations
in the strategic evolution of SMEs: when x>x, when y � 1,
dFM(y)/dy< 0, then y∗ � 1 is the evolutionary stability
point; when x< x, when y � 1, dFM(y)/dy< 0, then y∗ � 0 is
the evolutionary stability point. In these two cases, the
probability that the platform adopts strategy S1P is the key to
determining the ESS of the enterprises. If the probability that
the platform will adopt strategy S1P is greater than the critical
value x, the expected revenue of enterprises from adopting
strategy S1M will be greater than that from adopting strategy
S2M, so S1M will become an evolutionarily stable strategy;
otherwise, the evolutionarily stable strategy will be S2M.

Generally speaking, the cost of enterprises to access the
platform is huge in the initial stage, i.e., δ2 + η(N − Q)< 0.
*e strategic choice of enterprises depends heavily on
whether the platform adopts the strategy of value cocreation
to share their high access cost. With the improvement of the
level of digitalization of enterprises, their operating revenue
increases, and their investment decreases, which satisfies the
constraint of δ2 + η(N − Q)> 0. At this time, regardless of
which strategy the platform adopts, the enterprises will
adopt the access strategy.

5. Analysis of the Interaction between the
Two Parties

In the previous section, the evolution paths and stability
strategies of the industrial Internet platform and
manufacturing SMEs under different constraints were

analyzed. Subsequently, the ESS and the equilibrium state of
the system under the interaction of both parties are dis-
cussed. According to Friedman’s findings [41], the ESS can
be obtained by analyzing the local stability of the Jacobian
matrix of the system.

Let FP(x) � 0 and FM(y) � 0, and it can be concluded
that there are five local equilibrium points: E1(0, 0), E2(0, 1),
E3(1, 0), E4(1, 1), and E5(x∗, y∗), where x∗ � (− δ2 − (N −

Q)η)/(ηQ + W + δ1) and y∗ � (ξ − η)Q/δ1. *e stability of
the equilibrium points can be judged by the rank and trace of
the Jacobian matrix. According to equation (9), the Jacobian
matrix of the system is as follows.

J �

zF
R
(x)

zx

zF
R
(x)

zy

zF
M

(y)

zx

zF
M

(y)

zy

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

. (13)

In equation (13), zFR(x)/zx � (1 − 2x)(− δ1y +

(ξ − η)Q), zFM(y)/zy � (1 − 2y)((ηQ + δ1 + W)x + η(N −

Q) + δ2), zFR(x)/zy � − δ1x(1 − x), and zFM(y)/zx �

y(1 − y)(δ1 + ηQ + W).*e rank and trace are, respectively,
defined as follows:

det(J) � (1 − 2x) − δ1y +(ξ − η)Q( (1 − 2y)

ηQ + δ1 + W( x +(N − Q)η + δ2( 

+ δ1x(1 − x)y(1 − y) δ1 + ηQ + W( ,

tr(J) � (1 − 2x) − δ1y +(ξ − η)Q(  +(1 − 2y)

ηQ + δ1 + W( x +(N − Q)η + δ2( .

(14)

*e definitions of det(J) and tr(J) corresponding to the
five equilibrium points are reported in Table 2.

*e ESS requires det(J)> 0 and tr(J)< 0 at the corre-
sponding equilibrium points. According to the local stability
analysis of each equilibrium point, the stability results under
four different conditions were obtained and are reported in
Table 3.

According to the stability analysis results of the equi-
librium points, the strategic evolution process of the plat-
form and enterprises can be determined.*e stability results
of the system evolution strategy under the four different
conditions are subsequently analyzed and discussed.

(1) According to Table 3, the evolutionary stability
points of cases 1 and 3 are both (1, 1), the cor-
responding ESSs are (S1P, S1M), and the unstable
points are (0, 0) and (0, 1). In case 1, S1P and S1M are
the dominant strategies corresponding to P andM,
respectively. *e system cannot reach evolutionary
stability at point (0, 0) and will evolve to point (1,
1). In case 3, when the platform adopts strategy S2P,
the revenue of enterprises with strategy S2M is
greater than that of enterprises with strategy S1M, so
the system will not reach evolutionary stability at
point (0, 1) but will evolve toward point (0, 0).
Because (ξ − η)Q> δ1, S1P is still the ultimate
strategy of the platform. *erefore, according to
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Section 2.2, as the probability of the platform
choosing strategy S1P gradually exceeds the value of
(− δ2 − η(N − Q))/(ηQ + δ1 + W), the enterprises
will eventually choose strategy S1M; that is, the system
will achieve evolutionary stability at point (1, 1). In
both cases, the choice of the platform’s strategy plays
a decisive role in the evolution of the system.

(2) In case 2, the evolutionary stability point is (0, 1), the
corresponding ESS is (S2P, S1M), and the unstable point
is (0, 0). In this case, when δ1 > (ξ − η)Q, the strategic
evolution of the platform will be affected by the en-
terprises.When η(Q − N)< δ2, the dominant strategy
of the enterprises is S1M, so the system will not reach
evolutionary stability at point (0, 0) but will evolve to
point (0, 1). Furthermore, according to Section 2.1,
when the probability of the enterprises choosing
strategy S1M is greater than the value of (ξ − η)Q/δ1,
the ESS of the platform is S2P; that is, the system will
reach evolutionary stability at point (0, 1). In this case,
the strategic choice of the enterprises plays a decisive
role in the evolution of the system.

(3) In case (4), there is no evolutionary stability point,
and the system evolves as a result of rotation around
a central fixed point (x∗, y∗) along a closed orbit but
is not focused. In this case, if the initial strategy of the
platform is S1P, the strategy of the enterprises will

evolve toward S1M. With the increase of the evolution
time, the number of enterprises adopting strategy S1M
will increase. When its group ratio exceeds the
critical value (ξ − η)Q/δ1, the strategy of the plat-
form will evolve to S2P. Similarly, when the group
ratio of the platform adopting strategy S2P exceeds the
critical value (− δ2 − η(N − Q))/(ηQ + δ1 + W), the
enterprise strategy will evolve to S2M. In this case, the
strategic evolution of the system is a cyclic process
that cannot reach stability.

Case 4 reflects the uncertainty of the game result between
the industrial Internet platform and manufacturing SMEs.
*e initial state of the system determines the difference
between the game result at a given moment and the position
of the central fixed point, which in turn depends on the
judgment of the parties about their own gains.*erefore, it is
critical to improve the expected revenue based on the co-
operation between the platform and enterprises.

Considering the current reality of industrial Internet
development, subsidies for platforms that adopt the coc-
reation strategy or enterprises that adopt the access strategy
are considered to improve the evolutionary outcome of the
system. Assume that F(F> 0) is the subsidy for the platform,
and K(K> 0) is the subsidy for the enterprises. An evolu-
tionary game model under the subsidy incentive can then be
established, as given by the following equation:

Table 2: *e definitions of det(J) and tr(J) of each equilibrium point.

Equilibrium
point det(J) tr(J)

E1(0, 0) (ξ − η)Q(δ2 + η(N − Q)) (ξ − η)Q + δ2 + η(N − Q)

E2(0, 1) (δ1 − (ξ − η)Q)(δ2 + η(N − Q)) ((ξ − η)Q − δ1) − (δ2 + η(N − Q))

E3(1, 0) − (ξ − η)Q(δ1 + W + ηN + δ2) − (ξ − η)Q + δ1 + W + ηN + δ2
E4(1, 1) (− δ1 + (ξ − η)Q)(δ1 + W + ηN + δ2) (δ1 − (ξ − η)Q) − (δ1 + W + ηN + δ2)
E5(x∗, y∗) − (δ2 + η(N − Q))(ξ − η)Q(1 + (δ2 + η(N − Q)/ηQ + W + δ1))(1 − ((ξ − η)Q/δ1)) 0

Table 3: *e local stability of each equilibrium point under four conditions.

Case Equilibrium point det(J) tr(J) Stability state

(1) (ξ − η)Q> δ1, η(Q − N)< δ2

E1(0, 0) + + Unstable point
E2(0, 1) − Saddle point
E3(1, 0) − Saddle point
E4(1, 1) + − ESS

(2) (ξ − η)Q< δ1, η(Q − N)< δ2

E1(0, 0) + + Unstable point
E2(0, 1) + − ESS
E3(1, 0) − Saddle point
E4(1, 1) − Saddle point

(3) (ξ − η)Q> δ1, η(Q − N)> δ2

E1(0, 0) − Saddle point
E2(0, 1) + + Unstable point
E3(1, 0) − Saddle point
E4(1, 1) + − ESS

(4) (ξ − η)Q< δ1, η(Q − N)> δ2

E1(0, 0) − Saddle point
E2(0, 1) − Saddle point
E3(1, 0) − Saddle point
E4(1, 1) − Saddle point

E5(x∗, y∗) + 0 Central point
Note. 0<x∗ < 1 and 0<y∗ < 1 are satisfied only in Case 4.
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dx

dt
� x(1 − x) − δ1y +(ξ − η)Q + F( ,

dy

dt
� y(1 − y) ηQ + δ1 + W( x +(N − Q)η + δ2 + K( .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(15)

*e purpose of improving the system is to promote
cooperation between the platform and enterprises, i.e., to
make the system achieve evolutionary stability at point
(1, 1). Let the Jacobian matrix corresponding to equation
(12) be J∗; then, the rank and trace of J∗ are det(J∗) �

(− δ1 + (ξ − η)Q + F)(δ1 + W + Nη + δ2 + K) and tr(J∗)

� (δ1 − (ξ − η)Q − F) − (δ1 + W + Nη + δ2 + K), respec-
tively. Because (ξ − η)Q< δ1, η(Q − N)> δ2, and
δ1 + δ2 + ηN + W> 0, to make det(J∗)> 0, tr(J∗)< 0, the
subsidy given to the platform must be greater than the
difference between the changes in revenue of the two
strategies; that is, F> δ1 − (ξ − η)Q should be satisfied.
*erefore, the improvement of case 4 only requires the
consideration of the subsidy for the platform, and the
strategy of the platform plays a decisive role in the result of
system evolution.

6. Simulation Analysis

It is difficult for mathematical models of evolutionary games
to dynamically and intuitively describe the process by which
evolutionary strategies achieve equilibrium. Multiagent
modeling and simulation technology can be used to simulate
the evolutionary process and emergent phenomena of the
system by defining individual behavioral rules and inter-
action mechanisms and can present the change process of
the system at the macro-level [42]. To more intuitively
demonstrate the evolution path and steady state of the
system under different constraints and influencing factors,
simulations of the evolution process of the system strategy
were performed using the NetLogo simulation platform.

An agent-based model (ABM) of the strategic evolution
between industrial Internet platforms and manufacturing
SMEs was established on the NetLogo 6.0.4 platform. *e
number of platforms was set as 500, of which the numbers of
those adopting strategies S1P and S2P were both 250. *e
number of SMEs was set as 1000, of which 500 adopted
strategy S1M and 500 adopted strategy S2M. P-S1 (red) and
P-S2 (green) were set to represent the proportions of
platforms adopting strategies S1P and S2P, respectively.
Moreover, M-S1 (blue) and M-S2 (yellow) were set to
represent the proportions of enterprises adopting strategies
S1M and S2M, respectively.*e basic parameters were set in the
background, and the variable parameters were adjusted by
rectangular sliders. *e model simulation interface is shown
in Figure 1.

Figure 1 presents the simulation interface on the Net-
Logo platform. By changing the values of the corresponding
parameters, the evolutionary strategy analysis was verified by
a simulation. According to the basic assumptions of the
model and the constraint relationships among the

parameters in the four cases, the assignment of the model
parameters was as follows. In case 1, RP � 10, TP � 1,
α � 0.6, β � 0.4, U � 1, V � 5, CS � 0.5, ξ � 0.4, η � 0.2,
N � 300, Q � 50, RM � 1, TM � 0.3, CM � 0.1, and
W � 0.1. With the other parameters remaining unchanged,
V � 40 in case 2, V � 30 and Q � 100 in case 3, and Q � 100
and V � 50 in case 4. *e simulation duration was set to 50
units, and the simulation results are presented in Figure 2.

Figure 2 exhibits the evolutionary game process of the
strategic choices of the industrial Internet platforms and
manufacturing SMEs in the four cases. In cases 1, 2, and 3,
the strategic evolution trends of the platforms and SMEs
were relatively stable, and the strategic adjustment rate of the
platforms was higher than that of the SMEs. In case 4, the
numbers of individuals adopting the value cocreation
strategy and the access strategy increased at the initial stage.
When the proportion of individuals adopting the access
strategy was greater than 0.658 ((ξ − η)Q/δ1), the number of
individuals adopting the value cocreation strategy began to
decline, and when the proportion decreased to 0.806
(1 − ((− δ2 − η(N − Q))/(ηQ + δ1 + W))), the number of
individuals adopting the access strategy also began to de-
cline. When the proportion of individuals adopting the
access strategy was less than 0.658, the number of individuals
adopting the access strategy increased. *e strategies of the
platforms and enterprises interacted with each other cy-
clically with time, and there was no stable strategy in the
system.

A simulation of the system evolution after introducing
subsidy incentives to case 4 was then conducted. With the
other parameters remaining unchanged, F� 30, K� 3, and
the constraint of F> δ1 − (ξ − η)Q was satisfied. According
to equation (12), the interaction rules of individuals were set,
and the simulation results are exhibited in Figure 3.

Figure 3 presents the improved simulation results of
case 4, from which it is evident that, after the introduction of
subsidy incentives, the platforms adopted the value coc-
reation strategy, and the enterprises adopted the access
strategy. *e simulation results verify the correctness of the
four case analyses and the effectiveness of the improvement
due to the introduction of subsidy incentives to case 4. In
consideration of cases 1 and 2, the impacts of changes in
various parameter values on the system evolution results
were analyzed from three aspects, namely, the platform
network externality, the churning of basic customers, and
the cost-sharing ratio. According to Section 3, under specific
constraints, the initial proportion of subjects with different
strategies only affects the rate at which the system reaches
equilibrium, and there is no difference in the system evo-
lution results. Without losing generality, the initial proba-
bilities of different strategies were, respectively, x� 0.5 and
y� 0.5 in the simulation process.

6.1. Network Externality. *e network externality parame-
ters directly affect the revenue of network externality,
thereby affecting the path of the strategic evolution of the
system. Considering the constraint of the value of ξ, the
evolution of the system strategy was simulated by keeping
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Figure 2: *e simulation results. (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4.

Figure 1: *e simulation interface.
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the other parameters constant and changing the value of ξ.
*e results are presented in Figure 4.

Figure 4 shows the influence of the network externalities
of the platforms on the strategic evolution of the system.
According to Figure 4(a), with the increase of ξ, the time
required for the platforms to achieve evolutionary stability
was greatly shortened, but the strategic adjustment rate was
gradually reduced. *is demonstrates that, in case 1, the
greater the network externality, the stronger the willingness
of platforms to adopt the value cocreation strategy, but the
incremental effect was gradually weakened. Affected by the
changes in the platform strategy, the speed of enterprises
moving toward the access strategy was found to be slightly
improved.

According to Figure 4(b), with the increase of network
externality, the time required for the platform to reach the
ESS increased, but the value cocreation strategy was ulti-
mately not adopted, and the change of ξ had little impact on
the enterprise strategy. *is is because, in case 2, the SMEs
always gained additional revenue by adopting the access
strategy, and the quantitative effect of the network exter-
nality of the platforms did not affect the outcome of their
strategic choice. For the platforms, their ultimate choice was
to not adopt the value cocreation strategy. However, the
strategy adjustment rate of the platforms decreased signif-
icantly due to the loss of basic customers, and the larger the
value of ξ, the greater the customer loss.

6.2. Churning of Basic Customers. When platforms adopt the
value cocreation strategy, the motivation of enterprises to
access the platforms increases, and, conversely, the platforms
will lose their basic customers. Considering the constraint of
the value of Q, the evolution of the system strategy was

simulated by keeping the other parameters constant and
changing the value of Q. *e results are shown in Figure 5.

Figure 5 demonstrates the influence of the churning of
basic customers of the platforms on the strategic evolution of
the system. According to Figure 5(a), with the gradual in-
crease of Q, the evolution speed of the platforms adopting
the value cocreation strategy tended to notably increase.*is
is because the loss of basic customers will directly affect the
revenue of platforms. To prevent the increase of customer
loss from bringing more losses, the platforms will actively
adopt the value cocreation strategy. *is also shows that if
enterprises are sensitive to the distribution of cooperation
revenue, or if the cost of transferring between different
platforms is low, it will be beneficial to promote platforms to
adopt the value cocreation strategy.

According to Figure 5(b), the increase of Q was found to
prolong the time required for the platform strategy to reach
evolutionary stability and also had a slight negative impact
on the adjustment speed of the strategy of enterprises.*is is
because the loss of basic customers will reduce the network
externality revenue of both the platforms and enterprises.
*erefore, with the increase of customer churn, the ad-
justment rate of the strategies of both parties will decrease
relatively, thereby prolonging the time required for the
system to achieve equilibrium.

6.3. Cost-Sharing Ratio. Cost-sharing can effectively reduce
the access threshold of a platform, thereby increasing the
motivation and feasibility of enterprises to access the plat-
form. Considering the constraint of the value of β, the
evolution of the system strategy was simulated by keeping
the other parameters constant and changing the value of β.
*e results are presented in Figure 6.
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Figure 3: *e improved simulation results of Case 4. (a) *e process of strategy evolution. (b) Results of the group strategy evolution.
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Figure 6 reveals the influence of the cost-sharing ratio
of platforms on the strategic evolution of the system.
According to Figure 6(a), with the increase of the value of β,
i.e., with the decrease of the cost-sharing ratio of the
platform, the proportion of platforms adopting the value
cocreation strategy increased significantly, while the
strategies of the enterprises remained almost unchanged.
*is is because, in case 1, the increase in revenue from the
enterprises’ access to the platforms was greater than the
cost borne by the enterprises, and the change in β had a
limited impact on the cost paid by the platforms when the
value of V was low. *e strategy of the platforms mainly

depends on the comparison between the network exter-
nality revenue and their transfer payments to enterprises.
When the values of (ξ − η)Q and δ1 are similar, the change
in β has a great influence.

According to Figure 6(b), the strategy adjustment rate of
the platforms decreased with the increase of the value of β.
*is is because, in case 2, the platforms did not adopt the value
cocreation strategy, and the higher the cost-sharing ratio, the
lower their willingness. For enterprises, with the increase in β,
i.e., with the increase in cost, their willingness to access the
platforms was found to decrease, so the time required to reach
the evolutionary stability equilibrium was prolonged.
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Figure 5: *e impacts of the churning of basic customers in different cases. (a) Case 1. (b) Case 2.
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Figure 4: *e impacts of network externality in different cases. (a) Case 1. (b) Case 2.
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7. Conclusions

To promote the empowerment of manufacturing SMEs by
industrial Internet platforms, this work proposed a value
cocreation cooperation mechanism based on the analysis of
the real needs and dilemmas of both parties. An evolutionary
game model was established, and the evolutionary stability
strategies (ESSs) of individuals and the evolutionary equi-
librium states of the system under different situations were
determined. In combination with numerical examples, the
impacts of the platform network externality, the churning of
basic customers, and the cost-sharing ratio on the process of
reaching the evolutionary equilibrium in the system were
explored. *e main conclusions and insights of this research
are as follows:

(1) *e key factors influencing the choice of platform
strategy are different from those of manufacturing
SMEs. *e strategic choice of platforms is mainly
influenced by transfer payments, network external-
ity, and the willingness of enterprises to access the
platform. *e strategic choice of enterprises is
mainly influenced by the change in revenue from
accessing the platform, the risk of loss from not
accessing the platform, and the willingness of the
platform to adopt a value cocreation strategy. In the
early stage of cooperation, the strategic choice of
enterprises depends largely on the willingness of the
platform to adopt a value cocreation strategy, which
it will do in the later stage, as the market competition
intensifies, enterprises become more digital, and the
risk of losing customers increases. In addition, as the
scale of customers increases, the platform network
externality is enhanced, and enterprises will actively
access the platform even if the platform no longer
adopts a value cocreation strategy.

(2) *ere are four scenarios of system evolution
depending on the strength of the platform transfer
payments, the loss of network externality revenue,
and the revenue that enterprises can obtain if the
platform does not adopt a cocreation strategy. When
the loss of network externality revenue is high, the
dominant strategy of the platform is to adopt a value
cocreation strategy. Under the influence of the
platform strategy, enterprises will choose to access
the platform, and the system will reach a desirable
evolutionary steady state. When the loss of the
network externality revenue of the platform is less
than its transfer payments, if the enterprises can still
obtain the revenue even if the platform does not
adopt a value cocreation strategy, they will choose to
access the platform, and the platform will not adopt a
value cocreation strategy; conversely, the system will
not achieve evolutionary stability, and the platform
will need to be subsidized.

(3) It is crucial to enhance the expected cooperation
between industrial Internet platforms and
manufacturing SMEs. Due to the high cost and data
security risks, SMEs have insufficient incentive or
ability to access platforms. If a platform can adopt a
value cocreation strategy, the motivation of enter-
prises to access the platform will be greatly increased,
and the platform can rapidly expand its scale.
However, transfer payments to enterprises affect the
incentive for platforms to adopt a value cocreation
strategy, and, therefore, platforms should be subsi-
dized in the early stage of cooperation. For SMEs, the
strength of transfer payments from the platform and
risk of industry loss have greater impacts on their
strategic choice in the early stage of cooperation,
while network externalities will become their focus as
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Figure 6: *e impacts of the cost-sharing ratio in different cases. (a) Case 1. (b) Case 2.
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their level of digitalization increases. As the scale of
customers expands, and the level of digitalization of
enterprises increases, both parties will cooperate
spontaneously, and the empowering effect of the
platform on enterprises will be promoted.
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[10] F. Núñez, S. Langarica, P. Dı́az, M. Torres, and J. C. Salas,
“Neural network-based model predictive control of a paste
thickener over an industrial internet platform,” IEEE
Transactions on Industrial Informatics, vol. 16, no. 4,
pp. 2859–2867, 2019.
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