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ABSTRACT In the context of the Belt and Road Initiative (BRI), demand in informatization and coordinated
logistics services is playing increasing attention to the frequent international trade transactions. Several
authors have proposed models about supply chain information sharing focused on product supply chain
to analyze the factors affecting the level of corporate information sharing and the relationship between the
level of information sharing and corporate performance, etc. However, little is available to study on the
decision-making issues of corporate information sharing in the service supply chain. This paper aims to
reveal the possible impact of the government’s infrastructure construction investment and government incen-
tives on the logistics service supply chain in the logistics service supply chain under this theme. This paper
constructs an evolutionary game model to explore the dynamic selection process of corporate information
co-strategy, the logistics service supply chain composed of functional logistics service provider (FLSP) and
logistics service integrator (LSI) taked as the research object. Numerical experiments show that the additional
revenue of information sharing, revenue distributing coefficient, information sharing risk coefficient and
the speculative income coefficient are closely to the probability of gamers’ choosing information sharing;
moreover, investment in government infrastructure construction is conducive to improving the initial
willingness of logistics companies to implement information sharing in which the government’s incentives
for corporate information sharing behavior are directly proportional to the probability of logistics companies
choosing information sharing. We discuss the practical implications of the proposed model, and the wider
implications for improving the level of international logistics cooperation and the high-quality development
of logistics enterprise informatization under the BRI.

INDEX TERMS Logistics service supply chain, information sharing mechanism, belt and road initiative,
evolutionary game.

I. INTRODUCTION
In 2013, President Xi of China proposed the cooperative
initiative of building the ‘‘New Silk Road Economic Belt’’
and ‘‘21st Century Maritime Silk Road’’ respectively [1].
These proposals are officially termed as the One Belt and
One Road initiative (OBOR) or the Belt and Road initiative
(BRI). It aims to use the ancient Chinese ‘‘Silk Road’’ civ-
ilization symbols to actively develop economic partnerships
with countries along the route to establish trade and infras-
tructure networks connecting Asia, Europe and Africa [2],
and build several economies cooperation corridors, upgrading
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ports, railway networks and other infrastructure in more than
60 countries [3] to accelerate global economic growth [4], [5].
The proposal and implementation of BRI is conducive to
exploring the market potential of various countries, creating
demand and employment, and promoting investment and
consumption in various countries [6] in which broader and
deeper regional cooperation emerges [7]. As the largest inter-
national cooperation platform, the BRI has triggered lots of
great achievements in interconnection, tamping the long-term
stable development of the world economy, achieving global
rebalancing, and creating new regional cooperation [8].

As a consequence of increasing demand in services from
international economic cooperation and national economy
development, the logistics industry plays an important role in
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the Belt and Road Initiative. It’s not surprising that the BRI
has created opportunities and challenges for the development
of the logistics industry in China and the countries along the
route, accelerating the construction of transportation infras-
tructure in countries along the route [9]. With interconnection
and win-win cooperation as the core, accelerating the estab-
lishment of logistics information networks, innovating logis-
tics business models, and promoting information sharing and
coordinated development between upstream and downstream
enterprises in the logistics industry is essential to meet the
growing demand for trade under this theme [10]. Thus Infor-
mation sharing issues that arise in exchanges and cooperation
arise. To solve information sharing problems, we explore
the impact of government subsidies, income distribution, and
other factors on the choice of logistics enterprise information
sharing strategies in the logistics service supply chain in the
context of BRI.

As we all know, Logistics service supply chain (LSSC) is
an important form of international freight, centered on the
cooperation of logistics service capabilities [11], [12]. The
chain is provided by the functional logistics service provider
(FLSP), logistics service integrators (LSI), andmanufacturers
or retailers [13], having the advantage of integrating logistics
resources and promoting cooperation between supply and
demand in the international freight business. Information
sharing refers to the exchange and transmission of informa-
tion between different organizations in the course of trans-
actions or cooperation. Scholars believe information sharing
in LSSC can reduce the risks caused by information asym-
metry, such as mitigating the bullwhip effect and reducing
logistics costs (e.g. [14]–[16]). From information sharing,
it can promote the reconstruction of information to greatly
enhance its knowledge value, form a knowledge reserve, and
enhance the actual operating performance of the supply chain
effectively. However, logistics companies also need to invest
certain costs and face the business risks that information shar-
ing may bring. Then, when companies in the logistics service
supply chain share information, do government infrastructure
construction, cost compensation, and other supplements have
any impact on the behavior of each company? By the way,
how factors such as revenue distribution and trust risk affect
the behavior of providers and integrators? How to formu-
late government incentive strategies and revenue distribution
strategies to improve the efficiency of information sharing
between providers and integrators?

To the best of our knowledge, this is the first analytical
study that focuses on the dynamic selection problem of infor-
mation sharing decision-making when enterprises cooperate
in the international logistics service supply chain system
under the BRI. It should be noted here that all kinds of
logistics companies come from different regions and serve
different fields. Some of them are multinational logistics
companies themselves, and some are service providers of
international companies. In the process of information shar-
ing decision-making, factors such as the partner’s strategic

choice and the profit distribution decision of the leading
enterprise in LSSC may change the node enterprise’s strate-
gic choice. For instance, information-sharing decisions may
change when a freight company cooperates with a logistics
service integrator, aware of the integrator’s information shar-
ing degree and profit distribution coefficient. Our numeri-
cal study reveals that in the logistics service supply chain,
the improvement of one party’s initial willingness to share
information will improve the probability of the other party
choosing information sharing strategy.

By the same token, ‘‘The Belt and Road Initiative’’ is
China’s most ambitious international economic initiative.
The initiative aims to stimulate the economic development
and international cooperation of the regions along the route,
bringing not only opportunities but also challenges to many
sectors of the regional economy, especially the logistics
industry. Due to various measures taken by the governments
of countries along the Belt and Road, the choice of informa-
tion sharing strategies for companies in LSSC has become
diversified. Existing research on the cooperation between
logistics companies and supply chains usually focuses on
manufacturers’ outsourcing strategies and principal-agent
theory, little attention is paid to the BRI and its impact on
logistics service mode. Under the BRI, the logistics service
supply chain requires to break down information barriers,
integrate resources, and achieve economies of scale.

In this paper, we take into consideration the impact of
different factors such as investment in infrastructure con-
struction by governments of countries along the route and
government cost subsidies on the dynamic evolution process
of the strategy choices of both gamers in the game innova-
tively. We adopt the evolutionary game theory to analyze the
dynamic evolution of information sharing strategy choices
between providers and integrators in the logistics service
supply chain. Moreover, numerical experiments are used to
emphasize analytical changes in government infrastructure
investment, cost subsidies, information sharing risks and
other factors under the BRI, changes in the behavioral strate-
gies of suppliers and integrators, and the impact on enterprise
information sharing and cooperation in LSSC. Furthermore,
combined with the actual situation, we put forward counter-
measures and suggestions for enterprises in LSSC to develop
information sharing strategies to improve the overall benefits
between suppliers and integrators

The rest of the paper is organized as follows: A section
with the relevant theories of logistics service supply chain
and information sharing is provided next. Our evolutionary
game model of information sharing between integrators and
providers in the logistics service supply chain is presented
in Section 3. Section 4 is devoted to an analysis for the evo-
lutionary stability of evolutionary game models. We discuss
the influence of different parameter changes on the dynamic
evolution process by means of numerical simulation study in
Section 5. Section 6 concludes our work with directions for
future research and some management insights.
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II. LITERATURE REVIEW
A. LOGISTICS SERVICE SUPPLY CHAIN
Due to the development of the Internet and communication
technologies, innovating logistics industry service models
and integrating freight resources have become easier.
In the course of the ‘‘One Belt One Road’’ initiative,
the fast-growing global economy and frequent international
trade have put forward higher requirements for logistics
service levels [17]. In order to adapt to the increasingly fierce
competitive environment and meet the diversified demands
of customers, the logistics industry attaches much more
importance to informatization and coordinated development.
Logistics service integrators (LSI) and functional logistics
service providers (FLSP) have adopted alliances and inte-
gration to form a logistics service supply chain [11], [18].
The basic structure of LSSC is a functional logistics ser-
vice provider → logistics service integrator → manu-
facturing and retail enterprise model (e.g. [13]& [19]).
Regarding the definition of the logistics service supply
chain, Schmidt and Wilhelm [20] and others designed a
logistics service supply chain structure model from three
aspects of strategy, tactics and operation, including pro-
curement, transportation, distribution, and other functions;
Persson and Virum [21] and others distinguished the logis-
tics supply chain model based on the supplier’s assets;
Hertz and Alfredsson [22] divided logistics companies into
logistics service providers, logistics service developers,
customer adaptors and customer developers based on the
types of services provided and customer satisfaction, and
they constitute the entire logistics service business system,
their interactive communication makes the chain function
normally; Choy et al. [11] deemed that integrators as the cen-
ter of integrating logistics service supply chain integrate the
resources of both supply and demand by providing diversified
services, and improved the efficiency of freight matching.
The effectiveness, authenticity, and quantity of information
matter much for the full role-playing of the integrators.
Obviously, the integrator not only requires taking technology
to establish a good information management system, but
also needs the participation of logistics service providers
and customers those who need logistics services. Through
timely and accurate information sharing, it helps integrators
understand customer needs and effectively allocate orders
according to the provider’s business characteristics.

Overall, from the extant literature, there is no doubt that the
research on the logistics service supply chain mainly focuses
on supplier performance evaluation and influencing factors
(e.g. [23]–[26]), supplier selection [27], coordination mech-
anism [28], [29]) and order allocation (e.g. [18], [30], [31])
and so on. Besides, Liu et al. [32] considered the uncertainty
of the supplier’s operating time in a mass customization ser-
vice environment, and established a multi-objective planning
and scheduling model for the logistics service supply chain;
Zhong et al. [33], based on the Stackelberg game theory,
studied the profit distribution scheme of the revenue sharing
contract, the research results show that a reasonable income

distribution scheme is conducive to the cooperation between
logistics service supply chain partners so as to achieve prof-
itable growth and a win-win situation. Liu et al. [34] studied
the LSSC scheduling problem and believed that the abil-
ity to provide customized services at the expense of public
services through reasonable scheduling has become a key
factor in determining LSSC competition. In existing studies,
the importance of cooperation and coordination, resource
allocation, and revenue sharing factors among various enter-
prises in LSSC to improving the essence of LSSC service
level has arose the scholars’ attention. However, there is a
lack of relevant research on the impact of information sharing
mechanism on the efficiency of LSSC services.

B. ENTERPRISE INFORMATION SHARING
Each link in the business activities of an enterprise will
generate corresponding information, which in turn can pro-
mote the development of the enterprise. It is a unique and
very important resource owned by the enterprise, which can
bring additional benefits beyond the business activities for the
enterprise. Information sublimates value in sharing, At the
same time, the rapid development of modern information
technology, which is characterized by communication tech-
nology and computer technology, builds a bridge for infor-
mation sharing. Scholars have basically the same definition
of information sharing: Lee et al. [16] believed that infor-
mation sharing is a collaborative plan, in this plan, upstream
and downstream enterprises achieve a win-win situation by
sharing market demand forecasts and inventory levels related
to supply chain operations; Avalos [35] believed that informa-
tion sharing is a process of communication and interaction
between two or more parties in information provision and
information acquisition; Khan et al. [36] proposed that infor-
mation sharing is an information-based cooperation method
adopted by enterprises in the supply chain to reduce supply
chain operating costs and achieve efficient supply chain oper-
ations; Dubey et al. [37] pointed out that information sharing
is a development supply chain agility, adaptability, and coor-
dination of information exchange methods. It can be seen that
information sharing is particularly important in strengthening
enterprise cooperation and achieving multi-party win-win
results. Thus, it can be seen that information sharing is par-
ticularly important in strengthening enterprise cooperation to
achieve a multi-party win-win situation. It can enhance the
communication and interaction among enterprises in the sup-
ply chain, help enterprises timely understand market changes
and customer needs, and realize the complementary advan-
tages among enterprises, so as to reduce the overall operating
cost and form economies of scale.

Information plays an increasingly important role in enter-
prise competition. Many scholars have conducted quantita-
tive research on the problem of information sharing between
enterprises. Chatfield et al. [38] through a numerical simula-
tion comparison study found that information sharing reduces
50% of the bullwhip effect of manufacturers; Fiala [39] found
that information sharing can smooth the flow of information,
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strengthen strategic partnerships in the supply chain, and
improve the overall performance of the supply chain;
Chandra et al. [40] further pointed out that information shar-
ing plays a key role in facilitating and guaranteeing the imple-
mentation of supply chain management strategic decisions;
in general, information sharing can effectively reduce the
influence of uncertain factors in the supply chain operation
process, avoid information distortion, and improve the overall
market competitiveness of the supply chain. Albert et al. [41]
conducted research on the contract and information sharing
involved in two competitive supply chains, and the results
showed that information sharing can play an advantageous
role in supply chain competition, and information sharing
can significantly increase supply chain value. Ha et al. [41]
studied the problem of vertical information sharing in a
competitive supply chain, and Arya et al. [42] studied the out-
sourcing of information to competitors to reformulate ‘‘make
or buy’’ decision making. Zhang [43] studied the measures
to promote the vertical sharing of demand information under
the condition of horizontal competition. Most of the existing
researches on supply chain information sharing focus on
product supply chain, however, few researches concern about
enterprise information sharing in service supply chain. Due to
the characteristics of logistics service, such as non-storability
and timeliness, which are different from products, the exist-
ing research cannot be fully applied to the research on the
information sharing mechanism of logistics service supply
chain, and specific research needs to be carried out according
to the characteristics of LSSC and its composition structure.

C. EVOLUTIONARY GAME
Evolutionary game theory originated from the game analysis
of the conflict and cooperative behavior of animals and plants
by genetic biologists such as Fisher. It is assumed that the
game players are not completely rational individuals, and the
strategy is constantly changed until the evolutionary equilib-
rium in the continuous trial process, which is more in line
with the actual environment compared with the traditional
theory [44]. The concepts of evolutionary stability strategy
(ESS) [45] and replicate dynamic equation (RD) [46] con-
stitute the core basic concept of evolutionary game theory,
respectively characterizing the final stable state of system
evolution and the dynamic process of converging to this stable
state [47].

Evolutionary game theory has been widely used in the
fields of economics, finance, and society. Among these fields,
there are many researches on information sharing mechanism
among groups. Lin and Gaozhi [48] used the evolutionary
game model to analyze the dynamic evolution process of
network organization information sharing; Jian et al. [49]
used evolutionary game theory to analyze the evolution of
information sharing behavior among supply chain network
companies with different penalties and information sharing
risk costs. Research shows that increasing fines and con-
trolling cost sharing risks can increase supply chain infor-
mation sharing networks possibility and shorten the time

of information sharing; based on the theory of evolutionary
game theory, Shen et al. [50] established a game model
for online health community members’ information sharing.
Research shows that online health community managers need
to increase the income coefficient of information sharing,
reduce the cost of information sharing risks, and promote
online community patients’ sustainable information sharing;
Yi et al. [51] constructed an evolutionary game model to
study the impact of factors such as the degree of information
system, information absorption capacity, information system
cost, incentive coefficient, penalty coefficient, risk coefficient
and synergy coefficient on the decision-making of enterprise
information sharing in forest product supply chain.

Currently, research on information sharing mechanisms
is mostly focused on information sharing between product
supply chains and community members. Many scholars have
studied the impact of subsidies, incentives, supervision, con-
tracts and other factors on supply chain coordination. But lit-
tle attention is paid to information sharing between upstream
and downstream enterprises in the service supply chain.
Different from the existing research, from the perspective of
improving the overall benefits of the logistics service supply
chain, we have studied the evolution process of enterprise
information sharing behavior in LSSC; and based on existing
research, the influence of factors such as government partici-
pation, revenue distribution, and information sharing risks on
the stability of system evolution is analyzed.

III. INFORMATION SHARING AND MODEL INTEGRATION
OF LOGISTICS SERVICE SUPPLY CHAIN
A. INFORMATION SHARING IN LOGISTICS SERVICE
SUPPLY CHAIN
The logistics service supply chain takes customer needs as
the starting point and logistics service integrators as the
center [52]. Through resource integration and communica-
tion interaction, the logistics service demand side and the
supply side are formed into a system to form a compre-
hensive logistics that can respond to changes in business
scale. Logistics service integrators rely on their advanced
logistics information systems and rich logistics management
experience to integrate functional logistics companies and
customer needs [53], design logistics services for customers,
and distribute orders to multiple logistics service providers,
according to the demand. Enterprises in the supply and
demand chain have realized information sharing, coopera-
tive decision-making, risk sharing, and common development
in the process of cooperation and competition [54]. In the
LSSC system, the integrator has functions such as logistics
resource development, logistics resource procurement, logis-
tics system integration, logistics service activity supervision
and control, and integrated value-added service provision.
The functional logistics service providers refer to logistics
companies that carry out traditional businesses such as trans-
portation, distribution, andwarehousing. Their business types
are relatively single, and they are suppliers of integrators.

VOLUME 8, 2020 189687



G. Li et al.: Research on LSSC Information Sharing Mechanism in the BRI

The customer group refers to the customer with logistics
service needs, such as product supply chain of the manu-
facturing enterprise accompanying suppliers and distributors,
or it can be a separate customer enterprise. It can be seen
that integrators, suppliers, and customer groups in LSSC
are closely connected, forming a whole of coordination and
cooperation and value creation. Integrators are the key nodes
connecting the entire supply chain. They must accurately
grasp the upstream and downstream information resources of
LSSC, understand market demand and service capabilities,
in order to realize the scale benefits of LSSC.

The strategic partnership between the integrator and the
client company is a long-term logistics service procure-
ment/supplier relationship [33]. The integrator’s information
integration and planning capabilities are combined with the
provider’s professional service capabilities, complementing
each other’s strengths and forming a stable two-echelon struc-
ture. The two-echelon structure is shown in Figure 1.

FIGURE 1. The model of two-echelon logistics service supply chain.

LSSC is inseparable from information exchange and
interaction, and information sharing in LSSC is conducive
to realizing value-added and creating economies of scale.
Research by scholars has shown that the factors that affect
enterprise information sharing include information sharing
cost, sharing risks, changes in the external environment,
information technology level, revenue distribution and so on
(e.g. [36]–[39]). Formulating a reasonable revenue distri-
bution plan and information sharing strategy to achieve
cooperation between logistics service supply chain partners
is conducive to achieving a win-win situation for all part-
ners’ profit growth [33]. Therefore, adequate and effective
information communication and exchange between logistics
service supply chain subsystem enterprises is an important
means to ensure the stable and efficient operation of the
logistics service supply chain. In the context of the Belt and
Road Initiative, information sharing among LSSC companies
is particularly important for achieving efficient and excellent
interconnection and trade growth and is conducive to promot-
ing the development of the international logistics system.

B. PROBLEM DESCRIPTION AND ASSUMPTIONS
Through the above analysis of the factors that affect infor-
mation sharing, it can be seen that whether the enterprise in

LSSC chooses information sharing will consider many fac-
tors. In the process of transaction and cooperation, both par-
ties have been in a state of repeated games, and neither party
is completely rational [44]. Affected by internal factors such
as ability and knowledge level, the optimal strategy cannot be
found at the beginning of the game. It’s necessary to learn and
adjust in the repeated game process, and constantly change
the strategy to achieve a stable equilibrium [55]. Based on
the above analysis, the logistics service level of information
sharing in the supply chain system depends on the system
of each node enterprises in the information technology into
the hardware infrastructure investment and human resources.
In the context of digital economy, the logistics information
sharing platform based on Internet technology is an important
carrier and technical support to improve the level of LSSC
information sharing. Under the BRI, we establish a logistics
game supply chain evolution game model, with government
infrastructure construction, enterprise information technol-
ogy level, information sharing risks, and information sharing
costs taken into consideration, and some hypothesis are as
follows:
Hypothesis 1: The main players of the game are the logis-

tics service integration commercial 1 and the functional logis-
tics service provider commercial 2. Both parties have two
strategies to choose from: (1) reluctant to share information
with enterprise partners Ee; (2) willing to share information
with enterprise partnersEc. The probability of gamer 1 choos-
ing information sharing strategy is x, and the probability
of choosing information non-sharing strategy is 1 − x; the
probability of gamer 2 choosing information sharing strategy
is y, and the probability of choosing information non-sharing
strategy is 1− y, where (0 ≤ x ≤ 1, 0 ≤ y ≤ 1). Subscript 1
indicates logistics service integrators, subscript 2 indicates
logistics service providers; superscript e indicates infor-
mation sharing, and subscript c indicates that information
non-sharing.
Hypothesis 2: The two sides of the game have a long-term

cooperative relationship. Even if they choose information
non-sharing, the cooperative relationship will continue. In the
process of cooperation, when the gamers choose information
non-sharing, the normal conventional obtained by completing
the logistics business is Ri (i = 1, 2).
Hypothesis 3: When the gamers choose the information

sharing strategy, the additional revenue obtained by the two
parties in cooperation to complete the customer order is M .
The integrator and the provider will be allocated a proportion
of the additional revenue obtained, in which the integrator’s
revenue distribution coefficient is λ, the provider’s revenue
distribution coefficient is 1− λ.
Hypothesis 4: The governments of the countries along the

Belt and Road actively responded to the BRI. They increased
infrastructure construction, developed logistics information
sharing platforms, and accelerated the construction of 5G
base stations, which was conducive to improving the addi-
tional revenue during information sharing, and the coefficient
of influence of government investment on additional revenue
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TABLE 1. Payoff matrix.

is δ, where (δ > 1). In order to promote international
economic and trade exchanges, strengthen the integration of
logistics resource information, and encourage logistics com-
panies to implement information sharing, the government
will encourage information sharing behaviors, the incentive
is α.
Hypothesis 5: While information sharing brings extra

benefits to enterprises, it also needs to spend a certain cost,
such as the cost of information technology efforts, informa-
tion technology transfer, upgrade, replacement of network
platform construction and maintenance, and other informa-
tion technology input costs, the information technology input
costs is Si (i = 1, 2); When carrying out information com-
munication and exchange, logistics enterprises must invest
information communication costs, such as human resources
and material resources, the information exchange input costs
is Qi (i = 1, 2), the degree of information sharing and infor-
mation quality depends on the cost of information exchange.
Hypothesis 6: When enterprises share their private infor-

mation, there are various potential risks, such as business
information leakage and moral hazard, which leads to an
increase in the company’s operating costs. Use θ to denote
the risk cost of information sharing, in general 0 < θ < 0.5.
Because when the risk of information sharing is too high,
companies tend to choose to avoid information sharing.
When one party chooses information sharing and the other
party chooses information non-sharing, the party that chooses
information non-sharing will receive speculative income, the
speculative income coefficient is K , at the same time, the size
of speculative income is also related to Qi.

C. THE MODEL BUILDING
As mentioned above, the two types of enterprises, game main
body 1 and gamemain body 2, choose from the same strategic
space {Ee,Ec}, and the revenue of both parties depend on the
strategic choices of both parties, as shown in Table 1.

Each payoff expression in Table 1 is as follows:∏ee

1
= R1 + λMδ + α − S1 − Q1∏ee

2
= R2 + (1− λ)Mδ + α − S2 − Q2∏ec

1
= R1 + α − S1 − (1+ θ )Q1∏ec

2
= R2 + KQ1∏ce

1
= R1 + KQ2∏ce

2
= R2 + α − S2 − (1+ θ )Q2

∏cc

1
= R1∏cc

2
= R2

IV. THE MODEL ANALYZING
Based on Table 1, the expected revenue of the integrator’s
choice of information sharing strategy, the expected revenue
of the information non-sharing strategy and the average
expected revenue are:

U e
1 = yλMδ + R1 + α − S1 − (1+ θ )Q1 + yθQ1

U c
1 = yKQ2 + R1

U1 = xU e
1 + (1− x)U c

1

Similarly, the expected revenue of the provider’s choice
of information sharing strategy, the expected revenue of the
information non-sharing strategy and the average expected
revenue are:

U e
2 = y(1− λ)Mδ + R2 + α − S2 − (1+ θ )Q2 + yθQ2

U c
2 = yKQ1 + R2

U2 = yU e
2 + (1− y)U c

2

According to theMalthusian dynamic equation, the growth
rate of the strategy is equal to its relative fitness. As long
as the individual fitness of the strategy is higher than the
average fitness of the group, then this strategy will grow
(Liu et al., 2011). The replicate dynamic equation for inte-
grators information sharing can be obtained as follows:

G(x) =
dx
dt
= x(U e

1 − U1) = x(1− x)[y(λMδ − KQ2

+ θQ1)+ α − S1 − (1+ θ )Q1]

The replicate dynamic equation for providers information
sharing is as follows:

F(y) =
dy
dt
= y(U e

2 − U2) = y(1− y)[x((1− λ)Mδ

− KQ1 + θQ2)+ α − S1 − (1+ θ )Q1]

According to the replicate dynamic equations of integra-
tors and providers, the two-dimensional power system L
composed of integrators and providers is obtained as follows:

L =


G(x) = x(1− x)[y(λMδ − KQ2 + θQ1)

+α − S1 − (1+ θ )Q1]
F(y) = y(1− y)[x((1− λ)Mδ − KQ1 + θQ2)

+α − S2 − (1+ θ )Q2]
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For convenience, letA = −KQ2+θQ1,B = S1+(1+θ )Q1,
C = −KQ1 + θQ2,D = S2 + (1 + θ)Q2, T = λMδ, let
x0 =

S2+(1+θ )Q2−α
(1−λ)Mδ−KQ1+θQ2

, y0 =
S1+(1+θ )Q1−α
λMδ−KQ2+θQ1

.

A. STABILITY ANALYSIS OF INTEGRATOR’S EVOLUTION
STRATEGY
According to the stability theorem of differential equations
in evolutionary games, to make a strategy in a stable state,
the probability x of choosing this strategy must be satisfied
separately:

G(x) = 0, G′(x) < 0

At this time, it can be divided into three situations:
(1) When y = y0 (0 < y0 < 1), then get G(x) = 0,

at this time, the integrators adopt any probability of
‘‘information sharing’’ strategy is stable.

(2) When y > y0, when λMδ − KQ2 + θQ1 > 0, then
G′(0) > 0,G′(1) < 0, at this time x = 1 is stable
state; when λMδ − KQ2 + θQ1 < 0, then G′(0) < 0,
G′(1) > 0, at this time x = 0 is stable state.

(3) When y < y0, when λMδ − KQ2 + θQ1 > 0, then
G′(0) < 0,G′(1) > 0, at this time x = 0 is a stable
state; when λMδ − KQ2 + θQ1 < 0, then G′(0) > 0,
G′(1) < 0, at this time x = 1 is a stable state.

B. STABILITY ANALYSIS OF PROVIDER’S EVOLUTION
STRATEGY
According to the replicate dynamic equation of the provider’s
information sharing strategy, it can also be divided into three
situations:
(1) When x = x0 (0 < x0 < 1), then get F(y) = 0,

the providers adopt any probability of ‘‘information
sharing’’ strategy is stable.

(2) When x > x0, when (1 − λ)Mδ − KQ1 + θQ2 > 0,
then F ′(0) > 0,F ′(1) < 0, at this time y = 1 is a
stable state; when (1− λ)Mδ − KQ1 + θQ2 < 0, then
F ′(0) < 0, F ′(1) > 0, at this time y = 0 is a stable
state.

(3) When x < x0, when (1 − λ)Mδ − KQ1 + θQ2 > 0,
then F ′(0) < 0,F ′(1) > 0, at this time y = 0 is a
stable state; when (1− λ)Mδ − KQ1 + θQ2 < 0, then
F ′(0) > 0,F ′(1) < 0, at this time y = 1 is a stable
state.

C. STABILITY ANALYSIS OF SYSTEM EVOLUTION
STRATEGY
The local equilibrium point of the replicate dynamic equation
solved by the replicate dynamic equation is not necessarily

the evolutionary stability strategy of the system. The sta-
bility of the evolutionary equilibrium point of the system
can be analyzed according to the method proposed by
Friedman [56], it is obtained by analyzing the local stability
of the Jacobi matrix of the system. The Jacobi matrix of
integrators and providers is J , as shown at the bottom of the
page.

When the matrix is satisfied Det(J ) > 0, Tr(J ) < 0,
the local equilibrium point will become the evolutionary
stability strategy (ESS). Through calculation, the values of
Det(J ) and Tr(J ) at multiple equilibrium points can be
obtained as shown in the following table.

By analyzing the determinant of the Jacobi matrix and the
stability of the evolution system of the trace, six situations are
got as follows.

(1) Situation 1, when α − B < 0, α − D < 0, the evo-
lutionary stability strategy (ESS) of the system is E1 (0, 0).
It can be seen that when the government has the little force
of incentive to the information sharing behavior of logistics
enterprises and cannot compensate for the information tech-
nology input costs, information exchange inputs costs and the
costs of the sharing risk faced by enterprises in implementing
information sharing strategies, both integrators and providers
choose information non-sharing. The evolution path diagram
in this situation is shown in Figure 2(a).

(2) Situation 2, when T+A+α−B < 0, α−D > 0, the evo-
lutionary stability strategy (ESS) of the system is E2 (0, 1). In
this case, the integrators choose information non-sharing, and
the providers choose information sharing. T +A+α−B < 0
is λMδ−KQ2+α−S1−Q1 < 0, and the λMδ+α−S1−Q1
means that when both the integrator and the provider choose
information sharing, the difference between the additional
revenue distributed by the integrator and the government
incentive subsidy and the cost of their information sharing
is the total revenue from information sharing; KQ2 means
that when the provider chooses information sharing and the
integrator chooses information non-sharing, the speculative
income the integrator gains from the provider information
sharing. T + A + α − B < 0 means that when the provider
chooses information sharing, the revenue of the integrator
for information sharing is less than the speculative income
obtained when the information non-sharing, so when the
provider chooses information sharing, the integrator tend to
choose information non-sharing; α − D > 0 shows that
the government’s incentive amount for information sharing
behavior is greater than the provider’s information shar-
ing technical input costs, information exchange input cost,
and sharing risk. Therefore, regardless of the integrator’s
choice strategy, the provider chooses information sharing.

J =


∂G(x)
∂x

∂G(x)
∂y

∂F(y)
∂x

∂F(y)
∂y

 = ( (1− 2x)[y(λMδ + A)+ α − B] x(1− x)(λMδ + A)
y(1− y)((1− λ)Mδ + C) (1− 2y)[x((1− λ)Mδ + C)+ α − D]

)
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TABLE 2. Det(J) and Tr(J) of each equilibrium point in the dynamic evolution system.

FIGURE 2. System evolution path diagram.

The evolution path diagram in this situation is shown in
Figure 2(b).

(3) Situation 3, when Mδ − T + C + α − D < 0,
α−B > 0, the evolutionary stability strategy (ESS) of the sys-
tem is E3 (1, 0). Under this situation, the integrators choose
information sharing, and the providers choose information
non-sharing.α−B > 0means that the government’s incentive
for information sharing is greater than the sum of the cost
of integrators’ information sharing and the risk of sharing.
At this time, no matter what strategy the providers choose,
the integrators will choose information sharing;Mδ−T+C+
α−D < 0 is (1−λ)Mδ+α−KQ1−S2−Q2 < 0, whichmeans
that when both the integrator and the provider choose infor-
mation sharing, the difference between the additional revenue
obtained by the provider and the cost of government incen-
tives to supplement and share the information, that is, the total
benefit of information sharing; −KQ1 means that when the
integrator is sharing information and the provider is informa-
tion non-sharing, the provider’s speculative income from the
provider information sharing. −KQ1 indicates that the profit
of the provider when sharing information is less than the spec-
ulative income obtained when the information non-sharing,

so when the integrator chooses information sharing,
the provider will choose information non-sharing. The evo-
lution path diagram in this situation is shown in Figure 2(c).

(4) Situation 4, when T + A + α − B > 0, Mδ − T +
C + α − D > 0, the evolutionary stability strategy (ESS) of
system is E4 (1, 1). Under this situation, both integrators and
providers choose information sharing. T + A+ α − B > 0 is
λMδ−KQ2+α−S1−Q1 > 0, which shows that the revenue
of integrators when sharing information is greater than the
speculative income obtained when information non-sharing,
so when providers choose information sharing, integrators
tend to choose information sharing. Similarly,Mδ−T +C+
α − D > 0 shows that the revenue of the provider when
sharing information is greater than the speculative income
obtained when chooses information non-sharing, so when
the integrator chooses information sharing, the provider also
tends to choose information sharing. The evolution path dia-
gram in this situation is shown in Figure 2(d).

(5) Situation 5, when 0 < α − B < −T − A and
0 < α − D < T − Mδ − C , the evolutionary stability
strategy (ESS) of the system is E2 (0, 1) or E3 (1, 0). This
situation shows, when the force of government’s incentives
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for information sharing are strong and higher than the infor-
mation technology input cost, information exchange input
cost and information sharing risk cost paid by integrators and
providers for information sharing, the enterprise’s strategy
choice depends on the additional revenue obtained when the
two parties are sharing information. For integrators, when
the additional revenue from distribution and the total revenue
from government incentive compensation is less than the total
cost of information sharing, the integrator will choose the
information non-sharing strategy; similarly, for the provider,
when the total revenue of the provider’s distribution of addi-
tional revenue and government incentive subsidies is less than
the total cost of its information sharing, the provider will
choose information non-sharing strategy. The evolution path
diagram in this situation is shown in Figure 2(e).

(6) Situation 6, when −T − A < α − B < 0 and
T − Mδ − C < α − D < 0, the evolutionary stability
strategy (ESS) of the system is E1 (0, 0) or E4 (1, 1). This
situation shows, when the force of government’s incentives
for information sharing are little and lower than the infor-
mation technology input cost, information exchange input
cost and information sharing risk cost paid by integrators and
providers for information sharing, the enterprise’s strategy
choice depends on the additional revenue obtained when the
two parties information sharing. For integrators, when the
additional revenue from distribution and the total revenue
from government incentive compensation is more than the
total cost of information sharing, the integrator will choose
the information sharing strategy, otherwise, choose informa-
tion non-sharing strategy; similarly, for the provider, when
the total revenue of the provider’s distribution of additional
revenue and government incentive subsidies is more than the
total cost of its information sharing, the provider will choose
information sharing strategy, otherwise, choose information
non-sharing strategy. The evolution path diagram in this situ-
ation is shown in Figure 2(f).

D. INFLUENCE OF PARAMETER CHANGES ON THE
EVOLUTION RESULTS IN SITUATION SIX
For situation 6, when−T−A < α−B < 0 and T−Mδ−C <
α − D < 0, the evolutionary stability strategy (ESS) of the
system isE1 (0, 0) orE4 (1, 1), the evolutionary results are not
unique. It can be seen from Figure 6 that the final evolution
state of the system is related to the area of the regional AECB
and the regional AECO. Suppose the area of AECB isH1 and
the area of AECO is H2, then it can be seen, the greater the
areaH1 and the smaller the areaH2, the greater the probability
that the system will converge to the stable point E4 (1, 1),
that is, the higher the probability that the system will tend to
(information sharing, information sharing).

Therefore, in this case, the analysis of the influencing
factors of the system evolution and stability results can be
transformed into the analysis of the area H1 of AECB or the
areaH2 ofAECO. For the convenience of calculation, the area
H2 of AECO in the analysis area is selected to be affected by

the change of parameters.

H2 =
1
2
(

S2 + (1+ θ )Q2 − α

(1− λ)Mδ − KQ1 + θQ2
+
S1 + (1+ θ )Q1 − α

λMδ − KQ2 + θQ1
)

It can be seen from the above formula that the parameters
that affect the size of H1 are S1, S2, Q1, Q2, θ , λ,, α, M ,
δ, K . Find the partial derivative of each parameter for H1,
and further analyze the influence of each parameter on the
size of H1. For convenience, the partial derivative formulas
are as follows:
∂H2

∂S1
=

1
2
(

1
A+ T

) > 0

∂H2

∂S2
=

1
2
(

1
Mδ − T + C

) > 0

∂H2

∂Q1
=

1
2
[
θ + 1
A+ T

−
θ (B− α)
(A+ T )2

+
K (D− α)

(Mδ − T + C)2
] > 0

∂H2

∂Q2
=

1
2
[

θ + 1
Mδ − T + C

−
θ (D− α)

(Mδ − T + C)2

+
K (B− α)
(A+ T )2

] > 0

∂H2

∂θ
=

1
2
[
Q1

A+ T
+

Q2

Mδ − T + C
−
Q1 (B− α)
(A+ T )2

−
Q2 (D− α)

(Mδ − T + C)2
] > 0

∂H2

∂λ
=

Mδ(D− α)
(Mδ − T + C)2

−
Mδ(B− α)
(A+ T )2

∂H2

∂α
= −

1
Mδ − T + C

−
1

A+ T
< 0

∂H2

∂δ
=

1
2
[
M (λ− 1)(D− α)
(Mδ − T + C)2

−
Mλ(B− α)
(A+ T )2

] < 0

∂H2

∂M
=

1
2
[
δ(λ− 1)(D− α)
(Mδ − T + C)2

−
δλ(B− α)
(A+ T )2

] < 0

∂H2

∂K
=

1
2
[

Q1 (D− α)
(Mδ − T + C)2

+
Q2 (B− α)
(A+ T )2

] > 0

(1) According to the above formula, ∂H2/∂S1 > 0,
∂H2/∂S2 > 0, ∂H2/∂Q1 > 0, ∂H2/∂Q2 > 0. It can be seen
that the higher the information technology input costs and
information exchange input costs between integrators and
providers for information sharing, the less possibility the
system tends to (information sharing, information sharing).

(2) According to the above formula, ∂H2/∂θ > 0, the risk
coefficient of information sharing between integrators and
providers will have an impact on the evolution of the system.
The higher the risk coefficient of information sharing, the less
possibility the systemwill tend to (information sharing, infor-
mation sharing).

(3) According to the above formula, the size of ∂H2/∂λ

cannot be judged. Therefore, the additional revenue distri-
bution coefficient does not affect the system evolution of
situation 6.

(4) According to the above formula, ∂H2/∂α < 0,
∂H2/∂δ < 0, ∂H2/∂M < 0. It can be seen that the higher the
government’s incentives for information sharing, the impact
coefficient of the investment in government infrastructure
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construction on additional revenue, and the higher the addi-
tional revenue when both parties choose information sharing,
the greater the probability that the system will tend to (infor-
mation sharing, information sharing). The government’s
incentives increase the revenue of integrators and providers
when sharing information, the strong force of incentive will
attract both parties to choose information sharing behaviors.
At the same time, the government’s investment in infrastruc-
ture construction provides good conditions for both parties to
share information, which is conducive to improving the scale
benefit of information sharing. Therefore, the government’s
investment in infrastructure construction has a positive incen-
tive effect on information sharing behaviors. When the force
of government’s incentives are greater and the government’s
infrastructure construction investment is more complete,
themotivation of information sharing between integrators and
providers increases, and the total revenue of information shar-
ing increases, thereby further increasing the probability of the
system tending to (information sharing, information sharing).

(5) According to the above formula, ∂H2/∂K > 0. It can
be seen that when one of the integrator and provider chooses
information sharing, and the other party does not choose
information sharing, the greater the speculative income of
the party information non-sharing, the less probability the
system will tend to (information sharing, information shar-
ing). When the speculative income is large, the party that
chooses information non-sharing is more willing to continue
the information non-sharing behavior and maintain its prof-
its through speculative income; and this speculative income
damages the income of the party that chooses information
sharing. This situation will reduce the probability of the other
party sharing information, and eventually, the system will
tend to (information non-sharing, information non-sharing).

V. NUMERICAL SIMULATION ANALYSIS
Logistics service integrators and logistics service providers
are affected by various factors such as additional revenue,
information sharing risks, government incentives, and input
costs when choosing information sharing strategies. At the
same time, due to the functional differences between inte-
grators and providers in the logistics service supply chain
system. The initial willingness of both parties to choose infor-
mation sharing strategies is also different. This section further
analyzes and discusses the evolution process of information
sharing strategy selection between integrators and providers
through numerical simulation, and analyzes the impact of dif-
ferent parameter changes on the dynamic evolution process.

In order to simulate the actual situation, combined with
the field investigation, the parameter values in the game
payment matrix are defined as follows: the additional revenue
of information sharing of integrators and providers isM = 4
ten thousand. Since integrators mainly perform information
matching and resource integration in the logistics service
supply chain, revenue distributing coefficient of information
sharing for integrators is λ = 0.375, and that for providers
is λ = 0.625. Coefficient of impact of investment in

government infrastructure construction on information shar-
ing is δ = 2. The government’s incentive to corporate
information sharing is α = 8 ten thousand. Information
technology input costs by integrators for information sharing
is S1 = 3 ten thousand, and the information exchange
input costs is Q1 = 4 ten thousand. Information technology
input costs by providers for information sharing is S2 = 6
ten thousand, and the information exchange input costs is
Q2 = 2 ten thousand. Information sharing risk coefficient
of both parties is θ = 0.5. One party chooses information
sharing and the other party chooses information non-sharing,
the speculative income coefficient of the party which chooses
information non-sharing is K = 1.

1. The impact of the initial willingness of both parties
to choose information sharing and the additional revenue of
information sharingM on the evolution of the behavior strate-
gies of each gamer.M takes 2, 4, 8 ten thousand respectively,
then the corresponding game evolution results are shown
in Figure 3-4.

According to Figure 3, the evolution of the integrator’s
behavior strategy is significantly affected by the additional
revenue of information sharing. The increase in the integra-
tor’s initial willingness to choose information sharing acceler-
ates the integrators’ evolution in the direction of information
sharing and reduces the evolution in the direction of infor-
mation non-sharing speed. The specific impact process is as
follows:

(1) When the additional revenue of information sharing is
little (M = 2), the behavior of the integrator has nothing
to do with the initial willingness size of information sharing
between the two parties, and it has always evolved toward the
direction of information non-sharing.

(2) When the additional revenue of information sharing is
medium (M = 4). Firstly, when the initial willingness of
providers to choose information sharing is low (y = 0.2),
only integrators with the high initial willingness (x = 0.8)
will evolve in the direction of the information sharing. Sec-
ondly, when the initial willingness of providers to choose
information sharing is medium (y = 0.5), only integrators
with the low initial willingness (x = 0.2) will evolve in the
direction of information non-sharing. Thirdly, when the initial
willingness of providers to choose information sharing is high
(y = 0.8), all of the integrators will evolution in the direction
of information sharing.

(3) When the additional revenue of information sharing is
high (M = 8).The behavior of the integrator has nothing
to do with the initial willingness of both parties to share
information, and it has always evolved in the direction of
information sharing.

According to Figure 4, it can be seen that the evolution
process of providers is the same as the integrator’s behavior
strategy evolution process. The evolution of the provider’s
behavior strategy is significantly affected by additional rev-
enue during information sharing. The increase in the initial
willingness of the provider to share information accelerates
the evolution of the provider towards information sharing
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FIGURE 3. Effect of M and initial willingness on integrator’s evolutionary results.

FIGURE 4. Effect of M and initial willingness on provider’s evolutionary results.

FIGURE 5. Effect of λ and initial willingness on integrator’s evolutionary results.

and reduces the speed of evolution towards information non-
sharing.

2. The impact of the initial willingness of both parties
to choose information sharing and the revenue distributing
coefficient of information sharing λ on the evolution of
the behavior strategies of each gamer. λ takes 0.375, 0.5,
0.8 respectively, and then the corresponding game evolution
results are shown in Figure 5-6.

It can be seen from Figure 5 that the increase in the revenue
distributing coefficient of information sharing in the logistics

service supply chain system has increased the probability and
speed of the integrators’ evolution towards information non-
sharing, and reduced the speed of the integrators’ evolution
towards information sharing. The specific impact process is
as follows:

(1) When the revenue distributing coefficient of informa-
tion sharing is high (λ = 0.8), the behavior of the integrator
has nothing to do with the initial willingness size of infor-
mation sharing between the two parties, and it has always
evolved toward the direction of information non-sharing.
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FIGURE 6. Effect of λ and initial willingness on the provider’s evolutionary results.

(2) When the revenue distributing coefficient of informa-
tion sharing is medium (λ = 0.5). Firstly, when the initial
willingness of providers to choose information sharing is low
(y = 0.2), all of the integrators will evolution in the direction
of the information non-sharing. Secondly, when the initial
willingness of providers to choose information sharing is
medium (y = 0.5), only integrators with high initial willing-
ness (x = 0.8) will evolution in the direction of information
sharing. Thirdly, when the initial willingness of providers
to choose information sharing is high (y = 0.8), all of
the integrators will evolution in the direction of information
sharing.

(3) When the revenue distributing coefficient of informa-
tion sharing is low (λ = 0.375). Firstly, when the initial
willingness of providers to choose information sharing is
low (y = 0.2), only integrators with high initial willingness
(x = 0.8) will evolution in the direction of the information
sharing. Secondly, when the initial willingness of providers
to choose information sharing is medium (y = 0.5), the inte-
grators with medium or high initial willingness (x = 0.5, 0.8)
will evolution in the direction of information sharing. Thirdly,
when the initial willingness of providers to choose informa-
tion sharing is high (y = 0.8), all of the integrators will
evolution in the direction of information sharing.

It can be seen from Figure 6 that the increase in the profit
distribution coefficient of information sharing in the logistics
service supply chain increases the probability and speed of
providers’ evolution toward information non-sharing, and
reduces the speed of integrators’ evolution toward informa-
tion sharing. The specific impact process is as follows:

(1) When the revenue distributing coefficient of informa-
tion sharing is medium or high (λ = 0.5, 0.8), the behavior
of the integrator has nothing to do with the initial willingness
size of information sharing between the two parties, and
it has always evolved toward the direction of information
non-sharing.

(2) When the revenue distributing coefficient of informa-
tion sharing is low (λ = 0.375). Firstly, when the initial
willingness of integrators to choose information sharing is

low (x = 0.2), only providers with high initial willing-
ness (y = 0.8) will evolution in the direction of the
information sharing. Secondly, when the initial willingness
of integrators to choose information sharing is medium
(x = 0.5), the providers with medium or high initial will-
ingness (y = 0.5, 0.8) will evolution in the direction of
information sharing. Thirdly, when the initial willingness of
integrators to choose information sharing is high (x = 0.8),
all of the providers will evolution in the direction of
information sharing.

3. The impact of the initial willingness of both parties to
choose information sharing and impact coefficient of invest-
ment in government infrastructure construction on additional
revenue δ on the evolution of the behavior strategies of each
gamer. δ takes 1.5, 2, 3 respectively, then the corresponding
game evolution results are shown in Figure 7-8.

According to Figure 7, the integrator’s behavior strategy is
significantly affected by the initial willingness of both par-
ties and the impact coefficient of investment in government
infrastructure construction on additional revenue.

When the impact coefficient of investment in government
infrastructure construction is low (δ = 1.5), the integrators
will evolution in the direction of the information non-sharing,
and the lower the integrator’s initial willingness to share
information, the faster the evolution. When the impact coeffi-
cient of investment in government infrastructure construction
is medium (δ = 2), if the providers with medium or low
initial willingness (y = 0.2, 0.5), only integrators with a high
initial willingness (x = 0.8) will evolution in the direction of
information sharing, and if the providers with a high initial
willingness (y = 0.8), all of the integrators will evolution in
the direction of information sharing. When the impact coeffi-
cient of investment in government infrastructure construction
is high (δ = 3), unless both parties’ initial willingness is low,
integrators choose information sharing strategies.

According to Figure 8, it can be seen that the evolution
process of providers is the same as the integrator’s behavior
strategy evolution process. The evolution of the provider’s
behavior strategy is significantly affected by the initial
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FIGURE 7. Effect of δ and initial willingness on integrator’s evolutionary results.

FIGURE 8. Effect of δ and initial willingness on the provider’s evolutionary results.

willingness of both parties and the impact coefficient of
investment in government infrastructure construction on
the additional revenue. The evolution of provider behavior
towards information sharing accelerates with the increase of
their initial willingness. Compared with integrators, the evo-
lution of provider behavior strategies is more affected by the
initial willingness of both parties.

4. The impact of the initial willingness of both parties to
choose information sharing and the force of government’s
incentives for enterprise information sharing α on the evo-
lution of the behavior strategies of each gamer. α takes 4, 8,
16 respectively, and then the corresponding game evolution
results are shown in Figure 9-10.

According to Figure 9, the integrator’s behavior strategy
is significantly affected by the initial willingness of both
parties and the force of government’s incentives for enterprise
information sharing.

When the force of government’s incentives for enterprise
information sharing is low (α = 4), the integrators will
evolution in the direction of the information non-sharing.
When the force of government’s incentives for enterprise
information sharing is medium (α = 8), if the sum of the
initial willingness of both parties is greater than or equal to 1,

the integrators will evolution in the direction of information
sharing, and if the sum of the initial willingness of both parties
is less than 1, the integrators will evolution in the direc-
tion of information non-sharing. When the force of govern-
ment’s incentives for enterprise information sharing is high
(α = 16), all of the integrators will evolution in the direction
of information sharing.

It can be seen from Figure 10 that the provider’s behavior
strategy is significantly affected by the force of government’s
incentives for enterprise information sharing behavior, and
the evolution of its behavior strategy is the same as the
situation of the integrator in Figure 9.

5. The impact of the initial willingness of both parties
to choose information sharing and the information shar-
ing risk coefficient θ on the evolution of the behavior
strategies of each gamer. θ takes 0.2, 0.5, 0.8 respectively,
then the corresponding game evolution results are shown in
Figure 11-12.

It can be seen from Figure 11 and Figure 12 that the logistic
company’s behavior strategies are significantly affected by
the information sharing risk coefficient, the speed of evolu-
tion of the behavioral strategy of the gamers is affected by
the initial willingness of both parties to choose information
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FIGURE 9. Effect of α and initial willingness on integrator’s evolutionary results.

FIGURE 10. Effect of α and initial willingness on the provider’s evolutionary results.

FIGURE 11. Effect of θ and initial willingness on integrator’s evolutionary results.

sharing. When the information sharing risk coefficient is low
(θ = 0.2), the integrators and providers will evolution in
the direction of information sharing. When the information
sharing risk coefficient is medium (θ = 0.5), if the sum
of the initial willingness of both parties is greater than or
equal to 1, both parties will evolution in the direction of
information sharing, and if the sum of the initial willingness
of both parties is less than 1, both parties will evolution in the
direction of information non-sharing. When the information
sharing risk coefficient is high (θ = 0.8), if the sum of the

initial willingness of both parties is greater than 1, both parties
will evolution in the direction of information sharing, and if
the sum of the initial willingness of both parties is less than
or equal to 1, both parties will evolution in the direction of
information non-sharing.

6. The impact of the initial willingness of both parties to
choose information sharing and the speculative income coef-
ficient K on the evolution of the behavior strategies of each
gamer. K takes 0.5, 1, 2 respectively, then the corresponding
game evolution results are shown in Figure 13-14.
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FIGURE 12. Effect of θ and initial willingness on the provider’s evolutionary results.

FIGURE 13. Effect of K and initial willingness on integrator’s evolutionary results.

FIGURE 14. Effect of K and initial willingness on the provider’s evolutionary results.

It can be seen from Figure 13 and Figure 14 that the logis-
tic company’s behavior strategies are significantly affected
by the speculative income coefficient. When the speculative
income coefficient is low (K = 0.5), both parties will evolu-
tion in the direction of information sharing, but if one of the
two parties’ initial willingness is low (x = 0.2 or y = 0.2),
the other party will evolution in the direction of informa-
tion non-sharing. When the speculative income coefficient is
medium (K = 1), if the sum of the initial willingness of both
parties is greater than or equal to 1, both parties will evolution
in the direction of information sharing, and if the sum of the
initial willingness of both parties is less than 1, both parties

will evolution in the direction of information non-sharing.
When the speculative income coefficient is high (K = 2),
both parties will evolution in the direction of information
non-sharing.

VI. CONCLUSION AND MANAGEMENT INSIGHTS
A. MAIN CONCLUSION
Taking into account the impact of the BRI, this paper ana-
lyzes the strategies of government incentives, government
infrastructure construction, enterprise revenue distribution,
information sharing costs, information sharing risks, and
speculative income coefficients on logistics service supply
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chain information sharing strategies based on an evolution-
ary game model. The impact of the following five main
conclusions:

1. Gamers’ initial willingness to share information is pro-
portional to additional benefits of information sharing. When
the revenue distribution coefficient of information sharing is
at a medium and high level, the probability of information
sharing between gamers is inversely proportional. When the
revenue distribution coefficient of information sharing is low,
the strategy selection of information sharing between gamers
depends on the initial willingness of both parties.

2. The choice of logistics enterprise information sharing
strategy is significantly affected by the impact coefficient
of investment in government infrastructure construction on
additional revenue. When the impact coefficient of invest-
ment in government infrastructure construction on additional
revenue is low, both parties choose the strategy of information
non-sharing; when the impact coefficient of investment in
government infrastructure construction on additional revenue
is at a medium level, if one of the parties has a high initial
willingness, then both parties will choose information sharing
strategy, otherwise, both parties will choose information non-
sharing; when the impact coefficient of investment in gov-
ernment infrastructure construction on additional revenue is
high, both parties will choose information sharing strategy
except for the initial willingness of both parties are all low.

3. The government’s incentives for corporate information
sharing behavior are directly proportional to the probability
of logistics companies choosing information sharing. When
the force of government’s incentives for enterprise informa-
tion sharing is medium or high, the integrator and the provider
with the medium or high initial willingness will choose the
information sharing strategy.

4. The information sharing risk coefficient is directly
proportional to the probability of the logistics enterprise
choosing information sharing. When the information sharing
risk coefficient is low, both the integrator and the provider
will choose the information sharing strategy. When the infor-
mation sharing risk coefficient is medium or high, the choice
of strategy depends on the initial willingness of both parties.
If the initial willingness of one of the parties is high, the other
party will have more possibility to choose information
sharing.

5. When the speculative income coefficient is low, both
the integrator and the provider will choose the information
sharing strategy except the companies with low initial will-
ingness. When the speculative income coefficient is medium,
companies with higher initial willingness have a higher prob-
ability of choosing information sharing. When the specu-
lative income coefficient is high, both the integrator and
the provider will evolution in the direction of information
non-sharing.

B. MANAGEMENT INSIGHTS
1. Integrators should play the core leading role of logistics
service supply chain, guide the upstream and downstream

enterprises of LSSC to strengthen information sharing, form
economies of scale so as to obtain long-term benefits. For
logistics enterprises, the main purpose of choosing business
strategies is to obtain higher income, and the choice of infor-
mation sharing strategies between integrators and providers
largely depends on the additional income gained from infor-
mation sharing and the risk of information sharing. But for
LSSC, information sharing requires the joint participation
and cooperation of many companies, and the overall benefit
of LSSC needs to be achieved through long-term information
sharing. Therefore, for integrators, they are at the core of
LSSC, can connect upstream and downstream enterprises,
and play an important role in the process of information
sharing. First, integrators should take the initiative to share
information and increase their initial willingness to share
information, thereby increasing the probability of provider
information sharing; Second, the integrator should agree on
a reasonable revenue distribution method with the provider
through contracts, agreements and so on, while ensuring the
integrator’s benefits while maximizing the provider’s profit,
thereby increasing the provider’s willingness to share infor-
mation. Third, the integrator should improve the information
sharing platform functions and permissions, and only allow
companies that share information to enter the platform to
protect the interests of information sharing companies and
reduce the speculative income coefficient.

2. Governments along the route should increase infrastruc-
ture construction and give appropriate subsidies to informa-
tion sharing companies. First, the national conditions of the
countries along the BRI vary; the economic level and techni-
cal capabilities of the countries vary greatly. The government
should strengthen the construction of infrastructures such
as 5G base stations and railway routes, and build an effec-
tive platform for efficient information sharing to improve
the level of international logistics. Second, give enterprises
appropriate subsidies, provide certain subsidies and rewards
to integrators who actively build logistics information sharing
platforms; improve platform information sharing mecha-
nisms and management mechanisms, and provide certain
subsidies and rewards to providers who actively undertake
information sharing, and then increasing the probability of
enterprise information sharing. Third, strengthen the infor-
mation sharing enterprise’s publicity and promotion, and
provide technical support and fund subsidies to logistics
companies that have invested a lot of manpower and material
resources in actively building logistics information platforms
and promoting LSSC information sharing. Set models and
standards in the industry and promote the long-term develop-
ment of LSSC information sharing.
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