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ABSTRACT Supply chain logistics information collaboration (SCLIC) is the basis and premise of supply
chain logistics collaboration. An effective logistics information collaboration strategy can improve enter-
prises’ chances of success in a new partnership in the supply chain. However, SCLIC is usually difficult
to be achieved because of the complexity of the impact factor, strategy evolution process, and stability
strategies. We propose an evolutionary game theory-based SCLIC strategy to solve this problem. Firstly,
we build an evolutionary game model of SCLIC based on a two-echelon supply chain composed of suppliers
and manufacturers. The strategy evolution game of suppliers, manufacturers, and the combination of
manufacturers and suppliers are analyzed based on benefit maximization. The evolutionary stability strategy
(ESS) is determined. Secondly, we analyze the impact of the relevant parameters on the strategy evolution
process. And we use a comprehensive simulation to examine the efficiency of the proposed model. Finally,
some managerial insights are presented for the supply chain enterprises to promote the realization of SCLIC.

INDEX TERMS Supply chain logistic information collaboration, evolutionary game theory, evolutionary

stability strategy.

ABBREVIATIONS
EGT Evolutionary game theory
ESS Evolutionarily stable strategy
NIS Neighborhood invader strategy

SCIS Supply chain information sharing
SCLIC  Supply chain logistics information collaboration
SCM Supply chain management

I. INTRODUCTION

With the rapid changes in global market demand and
the uncertainty of economic priorities among trading part-
ners, manufacturing enterprises have encountered major
challenges [1]. Enterprises realize that gaining competi-
tive advantage in the new market environment alone is
almost impossible. Enterprises must expand cooperation and
coordination to co-produce, share risks, and increase prof-
its [2]. Therefore, competition venues are transforming from
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enterprises to supply chains [3]. The supply chain mainly
focuses on how to coordinate the individual players to work
together as a unit to pursue the same goals [4], while the
supply chain system includes interrelated structures such
as logistics, capital flow, and information flow among sup-
ply chain individuals [5], [6]. Thus, effective information
sharing, collaboration, and coordination among supply chain
partners are key to successful supply chain management
(SCM) [4], [51, [7].

Supply chain information collaboration is the integra-
tion, coordination, and development of resources, business
processes and organizational relationships by sharing and
exchanging operational data, market data and other informa-
tion among partners to respond faster to end customers’ needs
with the help of advanced information technology [3]. As a
critical part of the supply chain, logistics is a significant part
of the cost and performance of the supply chain. The logistics
collaboration happens mainly in transportation and spreads
to other distribution fields including delivery and storage [8].
So, it’s good for supply chain partners to work on logistics
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collaboration for mutual benefits [9]. The effectiveness of the
logistics collaboration is proved in many forms and adopted
in many parts positively [8]. Modern logistics emphasizes
information collaboration, which provides detailed support-
ing data to explain why and how supply chain individu-
als benefit from integrating separated logistics as a whole
through collaboration [10]. Therefore, supply chain logistics
information collaboration (SCLIC) is not only an important
part of supply chain information collaboration but also the
basis and premise of supply chain logistics collaboration.

Manufacturing enterprises often suffer from shutting down
due to waiting for materials and failure to deliver goods
on time because of the incoordination of separate logistics
information: both suppliers and manufacturers cannot get
information between each other. Suppliers are not able to col-
lect demand information from downstream manufacturers on
time so that adequate supply preparation is almost impossible.
Meanwhile, manufacturers fail to obtain the supply infor-
mation of suppliers, resulting in the mismatch between the
logistics capacity provided by manufacturers and the quantity
supplied by suppliers. Incoordination makes the whole supply
chain inefficient. For example, agricultural machinery man-
ufacturing enterprises, according to our investigation, are in
urgent need of effective SCLIC in order to improve the ability
of logistics coordination and competition level of the supply
chain.

In reality, it is difficult for supply chain enterprises to adopt
SCLIC. Firstly, many factors, such as collaborative cost, ben-
efits, risks, would influence the establishment of information
collaborative behavior. Secondly, information collaboration
is a dynamic process, during which enterprises carry out
exploratory collaborative behavior. Finally, it usually takes a
long time to get benefits from SCLIC.

Information sharing and collaboration between supply
chain individuals are effective strategies for improving per-
formance. Most researchers only emphasize the level, effect,
and performance of information sharing and collaboration [7]
instead of a collaboration strategy. This paper focuses on the
SCLIC strategy based on evolutionary game theory (EGT)
to address this gap. The paper’s contributions are three-
fold. First, we provide a conceptual framework illustrating
how supply chain enterprises achieve benefit maximization
with SCLIC based on EGT in the context of a two-echelon
supply chain composed of supplier and manufacturer. Sec-
ond, we present the evolution of the SCLIC strategy and
analyze the evolutionary strategies in different scenarios.
Third, we analyze the impacts on the evolution process of
SCLIC strategies by using a mathematic method and verify
by simulation.

The remainder of this paper is structured as follows.
In Section 2, we briefly reviewed the literature on information
collaboration, information sharing, and EGT in the supply
chain. Section 3 defines the research question, assumptions,
and relevant notations, and builds an evolutionary game
model of SCLIC, analyzes detailed evolutionary game sce-
narios and processes, and determined evolutionary stability
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strategy (ESS) in different scenarios. The impacts on ESS
are analyzed by mathematical analysis and simulation in
Section 4. Section 5 provides managerial insights. The last
section presents the conclusion, limitations, and directions for
further research.

II. LITERATURE REVIEW

A. SUPPLY CHAIN INFORMATION COLLABORATION

OR INFORMATION SHARING

Nowadays, SCM has become one of the focal points in the
competition. Information sharing and coordination between
supply chain individuals are considered an effective strategy
for improving performance [5], [7]. Researchers believe that
information sharing has positive effects on operational per-
formance [11] in terms of improving efficiency and limiting
unbalanced behaviors in the context of supply chain [12],
which mainly depends on retailers’ operational factors [13].
With the development of information technology, supply
chain members are able to use an all-channel communica-
tion network through cloud computing and smart devices to
increase the information sharing performance [14]. In addi-
tion, reference [15] suggests the relationship between infor-
mation sharing and organizational performance is mediated
by collaboration practice with supply chain partners. Though
essential, information sharing alone is insufficient to make
significant performance improvements. In the supply chain
with multiple suppliers, information sharing might also inten-
sify the competition among them [16].

The positive relationship between information sharing and
supply chain performance is also supported by many empiri-
cal works [5]. Data from 617 Chinese manufacturing firms
are used to investigate the relationships among competi-
tive environments, supply chain information sharing (SCIS),
and supply chain performance and the results show that
internal information sharing and information sharing with
customers are positively related to superior supply chain
performance [17]. Reference [18] experimentally shows that
the levels of trust and trustworthiness in the supply chain
and supplier’s capability to determine the optimal produc-
tion quantity affect the efficacy of forecast sharing and the
resulting profits. Reference [19] indicates that supplier inno-
vativeness positively affects information sharing and supply
chain agility by using a survey to 272 supply and purchasing
executives and managers in the manufacturing industry.

Information sharing is regarded as valuable except when
demand follows a random walk and the retailer is slow to
react [20]. It is believed that the values gained by upstream
and downstream enterprises in the supply chain are differ-
ent [21] because the value of inventory information sharing
in supply chain and supply chain information sharing with
the seasonal demand process is analyzed respectively [22].
Generally, the upstream players are more powerful than the
downstream players because upstream supply chain player
determines the value of information sharing from the param-
eters of the neighboring downstream players’ orders [23].
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Whereas the value of downstream sales information to the
upstream firm stems from improving upstream order fulfill-
ment forecast accuracy in the two-echelon supply chain [24].
In addition, information sharing becomes more important for
upstream firms when demand correlation over a period is
high, or when lead times are high, or both [25].

Information sharing is key to supply chain cost reduc-
tion [26] by saving buyers’ inventory costs [16], [27] and
total costs of the suppliers [16], especially in successive
periods. To be more specific, reference [20] proves that
demand information sharing can significantly reduce bull-
whip effect/inventory cost. Moreover, the ratios of order costs
and transport costs between suppliers and buyers have a
greater impact on the cost savings of buyers, suppliers and
the whole system.

The mismatch between supply and demand often exists
within the supply chain and among retail stores [14]. For
example, poor demand and inventory visibility in the health-
care sector would result in demand and supply mismatch of
healthcare products, which may cause disastrous economic
and patient care consequences [28]. Information sharing
allows a manufacturer’s wholesale price to respond properly
to the demand signal, which benefits the supply chain if
the manufacturer is efficient in cost reduction, or hurts it
otherwise [29]. When demand information is shared between
two competing supply chains, the shared information might
enable the manufacturer’s wholesale prices to respond to
demand signals, which can benefit the supply chain if the
manufacturer is efficient in reducing costs and otherwise inef-
ficient [30]. Information sharing results in better annual profit
with a drop-in buyer’s price in sustainable supply chains [31].
Public information sharing can benefit all firms in the market
as well as consumers [32]. Sharing forecast information helps
supply chain parties to better match demand and supply [33].
In order to better forecast the seasonal demand, the supplier
would initiate the information sharing process by offering
incentives to the retailer which are proportional to the degree
of information sharing [34]. Sharing demand forecast volun-
tarily in a supply chain benefits the manufacturer but hurts
the retailer. However, whether supply chains benefit from
information sharing depends on competition intensity and
forecast error [35].

However, information sharing is not beneficial to all sup-
ply chain enterprises. If partial information sharing occurs
only between distributors and retailers, rather than between
distributors and manufacturers, it does not always benefit
manufacturers, and in some cases, information sharing may
harm manufacturers [36]. Moreover, the research results of
reference [27] show that information sharing will lead to the
loss of suppliers. Although information sharing among the
supply chain network partners is a key strategy to address
the availability of inventory [37], the main beneficiary of the
information sharing is usually the warehouse, which receives
approximately two-thirds of the benefit. Thus, incentives and
revenue sharing contracts should be implemented to motivate
and balance the benefits between supply chain partners [38].
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In a supply chain composed of one group purchasing
organizations and two manufacturers competing in quantity,
the manufacturers’ horizontal competition and information
incompletion are identified as two determinants of supply
chain inefficiency under individual purchasing. In this case,
both manufacturers have no incentive to share information so
that group purchasing damages the supply chain. Under group
purchasing, information sharing partially from the lower-
precision manufacturer rather than both can benefit the supply
chain [39]. In a supply chain where the contract manufacturer
is both the upstream partner and downstream competitor of
the original equipment manufacturer. When the wholesale
price is exogenously given, information sharing is beneficial
for the original equipment manufacturer but hurts the con-
tract manufacturer. When the wholesale price is a decision
variable, the contract manufacturer benefits from information
sharing whereas the original equipment manufacturer does
not [40].

Information sharing in the supply chain can also pose
risks. The firms, especially those upstream parties in the
supply chain, may face a significant risk of over-estimating
the value of information sharing if they ignore substitu-
tion, demand correlation, and partial information sharing
effects [41]. Qualitative research is conducted to investi-
gate how managers perceive risks associated with sharing
information with trading partners, and how they attempt to
mitigate them [42]. Comparative analysis also shows that
the retailer is reluctant to share his private information on
the disrupted demand with his partner because of the fear
of information leakage [30]. The retailer has an incentive
to voluntarily share the information with the make-to-stock
manufacturer if the magnitude of demand uncertainty is inter-
mediate [43]. Moreover, the possibility of information shar-
ing in the make-to-stock scenario is higher than that of in the
make-to-order scenario [44]. Therefore, members in a supply
chain must sign a coordinative contract in order to ensure that
they share their information [45].

Though there’re lots of successful, mutually beneficial
collaborations in supply chains, the failure rate is sur-
prisingly high [4]. In reference [46], the value of limited
collaboration or information visibility is identified by inves-
tigating the interaction of collaboration and coordination in a
four-echelon supply chain under different scenarios of infor-
mation sharing level. In reference [47], the influencing factors
and system model of supply chain information collaboration
are identified in the cloud- computing environment. In refer-
ence [28], cloud computing is regarded as an enabler of the
electronic SCM system by improving information sharing.

In summary, abundant research has been done on infor-
mation sharing and information collaboration. They have
already reached a consensus that both information sharing
and information collaboration strategies are good for improv-
ing supply chain or business performance. However, infor-
mation collaboration is different from information sharing.
Information collaboration is a typical application of the col-
laboration theory in information science. It refers to the
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orderly transmission and sharing of related information by
multiple information sources in the specified time and space
according to unified rules. Information collaboration empha-
sizes collaboration, which is the sharing of relevant informa-
tion in a specific time and space. So, information sharing
is the basis of information collaboration. Good information
sharing can effectively improve information collaboration.
Effective information collaboration strategies can also help
promote the level of information collaboration. SCLIC is
not only an important part of supply chain information col-
laboration but also the basis and premise of supply chain
logistics collaboration. However, currently relevant research
on SCLIC, especially in collaboration strategy, is relatively
less, and the core problem of exploring SCLIC in the supply
chain has not been addressed. The practical importance of
this focuses on helping enterprises improve their chances of
success in a new partnership in the supply chain.

B. EGT AND SUPPLY CHAIN

The game theory originally addresses problems confronted
by decision-makers with diverging interests (for instance,
firms competing for a market) [48]. It is an effective quan-
titative method exploring strategic behavior between/among
two or more players when their interests are in conflict, but
actions are interactive [49], [50]. The classic game theory
assumes that players would show perfect rational behaviors.
In reality, it’s impossible because of the lack of acquaintance
with others’ information [49]. Game theory is widely used
in the modeling of social interaction in the supply chain
field, providing effective decision-making guidance for play-
ers on SCM, distribution channels, pricing and manufacturer-
retailer games [49].

EGT is developed from the strong requirements of irra-
tionality, knowledge of the game and information shar-
ing [50]. EGT extends the ideas of the classic game theory
by introducing population ecology [48] and is an essential
component of a mathematical and computational approach
to biology [51]. It assumes both players to be bounded and
rational when seeking to achieve game equilibrium based on
a trial-and-error method, which is in line with the principles
of biological evolution [51].

EGT provides a reasonably efficient tool for understand-
ing adaptation without getting bogged down by compli-
cations [48] and has significant potential for modelling
substantive economic problems [52]. Nowadays, EGT is used
to analyze different social and economic systems in var-
ious fields such as economy, sociology, mathematics and
anthropology [53].

EGT has three main concepts related to stability: evo-
lutionarily stable strategy (ESS), convergence stability, and
neighborhood invader strategy (NIS) [54]. ESS refers to a
strategy of the population that cannot be invaded by any
alternative strategy which is initially rare. It presents a frame-
work for predicting the results of competing strategies of a
population [53]. Thus, the strategies of both players eventu-
ally would eventually converge to an ESS [55]. Researchers
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often use the replicator equation to mathematically describe
the idea that individuals with better performance would have
more offspring, and thus their frequency in the population
would increase [56].

Recently, EGT is widely used in supply chain coordi-
nation [57]. Reference [58] proposes a mixed performance
measurement system using a combination of EGT and the
balanced score card in environmental SCM. The measure-
ment system evaluates business operations using four dif-
ferent perspectives of finance, customer, internal business
process, and learning and growth. In reference [59], an EGT
model is used to observe the cooperation tendency of multi-
stakeholders (suppliers and manufacturers) when establish-
ing long-term green purchasing relationships. Reference [60]
uses EGT to explain and predict social and economic sustain-
ability (in tandem) for a public health insurance supply chain.
In reference [61], the two populations EGT approach is used
to model the performance of supply chain members under
different government scenarios. Reference [62] develops an
evolutionary game model with a two-echelon closed-loop
supply chain to study ESS of manufacturers and retailers
and finds out two possible evolutionary results affected by
the profits of manufacturers. Reference [63] develops an
evolutionary game model to capture emission reduction and
low-carbon promotion actions, which are typically conducted
by one manufacturer and one retailer in every two-echelon
supply chain, respectively. In reference [64], an EGT model is
developed between a population of suppliers and a population
of manufacturers under a government subsidy mechanism.
Then, the strategies of both players eventually for suppliers
and manufacturers are discussed. Reference [65] uses an
evolutionary game framework to investigate how to optimize
the strategy of low carbon investment for suppliers and man-
ufacturers in supply chains, and discusses the impacts on
ESS. Using two-population EGT, reference [66] models the
performance of supply chain members under the financial
risk environment, and uses the proposed model to simulate
the case of the global supply chain. Reference [67] probes
into the coordination of service quality of the port service
supply chain by establishing an evolutionary game model.
In reference [68], EGT is used to analyze the relationships of
stakeholders such as government, enterprises, and consumers
in the green supply chain.

Though EGT is effective in establishing a collaboration
strategy of supply chain enterprises, few studies have been
done in SCLIC. This paper uses EGT to construct a model
of SCLIC and tries to find out the formation process and
influences of ESS, which would emphasize the importance
of effective strategies for nodal enterprises in SCLIC.

Ill. EVOLUTIONARY GAME MODEL OF SCLIC

A. PROBLEM DESCRIPTION AND ASSUMPTIONS

This paper considers a two-echelon supply chain com-
posed of two groups: manufacturer group M and supplier
group S. Enterprises in both groups are bounded rational,
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so they usually choose certain strategies and conduct
exploratory behavior according to their own conditions and
abilities to predict and analyze. Generally, short term strate-
gies are not optimal, while stable and optimal status needs
multiple evolutionary games. We select the factors which
affect the value of the benefit function of SCLIC and discuss
the enterprises’ behavior process of choosing SCLIC strategy
based on benefit maximization.

The information on the game group of both parties is asym-
metric. Suppliers and manufacturers are randomly matched
when cooperative trading behavior occurs. Manufacturer’s
information on parts inventory, product inventory and sales
demand is shared with upstream suppliers. Suppliers can use
this information to predict and adjust their production capac-
ity, supply quantity, order quantity and logistics activities,
which result in inventory optimization. Upstream suppliers’
information of product, raw material, and supply logistics
enables downstream manufacturers to adjust production envi-
ronment and conditions in a timely manner and respond
quickly to equipment replacement when product changes
occur.

In this paper, the following questions are addressed:

(1) Do the population of suppliers and manufacturers tend
to evolve toward SCLIC?

(2) What is the ESS of SCLIC?

(3) How do the relevant factors affect ESS?

(4) How to make supply chain enterprises better coordinate
supply chain logistics information?

The proposed evolutionary game model of SCLIC is estab-
lished upon the following assumptions:

(1) Both manufacturer and supplier groups are bounded
rational. They continuously learn from multiple games and
seek to achieve the optimal equilibrium with ESS.

(2) In SCLIC, the respective behavior strategy sets
of suppliers and manufacturers are only {collaboration,
non-collaboration}.

(3) Incentive and punishment mechanisms are introduced
to encourage participation in SCLIC. When all nodal enter-
prises in the supply chain coordinate logistics information
and adopt an incentive mechanism, the benefits of nodal
enterprises would be improved. On the contrary, when each
nodal enterprise takes speculative behavior, it adopts the
punishment mechanism.

(4) If both groups choose to carry out SCLIC, they would
gain additional benefits. Thus, the benefit of the supply chain
would be maximized. However, in the two paired enterprises,
if only one party carried out SCLIC while the other didn’t,
only the non-SCLIC party gains additional benefits, which
would be less than those when both parties participate. When
neither party carries out SCLIC, nobody would gain addi-
tional benefits.

We explicitly set up parameters for a single enterprise in
both groups in order to establish respective benefit functions.
It would help to extend the knowledge on the evolution
process of SCLIC strategy. If a single enterprise’s selection
changes, the proportion of the individuals choosing a certain
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strategy in the group would change. Parameters used in this
paper are defined in Table 1.

B. EVOLUTIONARY GAME MODEL
According to the above assumptions and conditions, enter-
prises participating in the game only have two pure strategies
{collaboration, non-collaboration}. Therefore, the manufac-
turer has two pure strategies,

M : The strategy in which the manufacturer collaborates
logistics information.

M, : The strategy that the manufacturer does not collaborate
with logistics information.

Similarly, the supplier also has two pure strategies,

S1: The strategy in which the supplier collaborates logistics
information.

S>: The strategy that the supplier does not collaborate with
logistics information.

The benefits pertaining to the combinations of pure
strategies of the manufacturers and suppliers are presented
in Table 2.

C. REPLICATOR DYNAMIC EQUATION

According to the replicator dynamic equation, the expected
benefits of the logistics information collaboration or not in the
two groups are obtained. When manufacturer group M is in a
state of selecting a certain proportion of information collabo-
ration members, the expected benefits obtained by individuals
adopting logistics information collaboration strategy are as
follows.

En=x[A2+(1-b)B—Bfr—(1—a)C]
+-n[a2-p-a-ac] W

The expected benefits obtained by the individuals who do
not adopt the SCLIC strategy are as follows.

Epp =x(A2+ By — Pfi) + (1 —x) Az @

The proportion of collaborative logistics information in
group enterprises is combined with their respective expected
benefits. Then, the average expected benefits of manufacturer
group M are as follows.

E, = yEml + (1 - y) Enn (3)

The replicator dynamic differential equation of the propor-
tion of the manufacturer choosing to adopt SCLIC strategy
changing with time are as follows.

d
Fo) =2
= y(Eml - Em)
=y(1 -y [x(B—bB— B+ Pf)
— (Bfa + C —aC)] 4

Equation (4) indicates that when the proportion of sup-
pliers choosing SCLIC strategy is x, manufacturer group M
will change y. The manufacturer group eventually achieves
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TABLE 1. Parameters and their meanings.

Parameters

Meaning

4;

C

The basic benefits, namely, the benefits obtained by supply chain enterprises when they do not coordinate
logistics information.i = 1,2,4, and A,, are the benefits obtained by supplier and manufacturer respectively.

The total cost of SCLIC, C > 0. The funds occupied by the equipment and human resources invested in
information collaboration. Normally, the total cost of SCLIC shall be shared by all supply chain enterprises.

The coefficient of information collaboration degree, f = 0, represents the information amount of
collaboration. Similar to the degree of information sharing[69], the coefficient of information collaboration
degree indicates the accuracy of the collaboration information which the supply chain enterprise is willing to
provide, and f will depend on the size of the collected sample. When one party in the game collaborates
more information, the other party gains more additional benefits.

Cost allocation coefficient, a € (0,1). In the two paired enterprises, if the cost of supplier is aC, the cost
of the manufacturer is (1 — a)C.

The additional benefit from SCLIC, B > 0. When both groups adopt SCLIC, the supply chain as a whole
will gain extra benefits, which makes coordinated benefits exceeds the uncoordinated benefits of logistics
information.

Additional benefit allocation coefficient, b € (0,1). If the additional benefit of the supplier group S is bB,
then the additional benefit of the manufacturer group M is (1 — b)B. When only individuals in the supplier
group participate in the matching of collaborative logistics information, then the additional benefit of
individual manufacturers who do not collaborate logistics information is B, > 0. Similarly, when only
individuals in the manufacturer group participate in the matching of collaborative logistics information, then
the additional benefit of individual suppliers who do not collaborate logistics information is B, > 0. Set
B, < bB and B, < (1 —b)B.

Risk coefficient, § > 0. Risk means that the enterprise is facing the harm of benefit reduction. Therefore,
it is set that Sis positively correlated with f. Bf; is risk benefit damage quantity when individuals in supplier
group S choose information collaboration. And Bf,is risk benefit damage quantity when individuals in
manufacturer group M choose information collaboration.

Penalty coefficient, P > 0. If the value of penalty benefit received by the party who doesn’t take part in
logistics information collaboration is positively correlated with the logistics information collaboration degree
of the party who takes part in logistics information collaboration. Then the penalty benefit received by the
party who doesn’t take part in logistics information collaboration is —Pf.

The proportion of suppliers that choose SCLIC in the initial state of the supplier group, x € [0,1], then the
proportion of suppliers who do not choose SCLIC is 1 — x.

The proportion of manufacturers that choose SCLIC in the initial state of the manufacturer group,
y € [0,1], then the proportion of manufacturers who do not choose SCLIC is 1 — y.

TABLE 2. Game model encompassing the strategies of manufacturers and suppliers.

Manufacturers
M, (y) My(1-y)
S (x) {A1+bB_Bf1_aC: {Al—ﬂfl—aC;
Suppliers ! Ay +(1—b)B—Bf,— (1 —a)C} Ay + By — Pf,)
Sz(l—x) {A1+Bz—Pf2’ AZ—BfZ—(l—a)C} {Al; Az}

stability by learning to change the strategies of individuals
of the group. In this process, both the proportion of the
supplier group choosing SCLIC strategy (corresponding to
different x and y, F (y) = 0) and the benefit of individuals
within the manufacturer group M under different strategies
(corresponding to different x and y, F’ (y) < 0) should be
considered.

Similarly, when supplier group S is in the state of reach-
ing a certain proportion of individuals selecting SCLIC,
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the expected benefits obtained by individuals using SCLIC
strategy are as follows.

Eg1 =y (A1 + bB — Bfi — aC)
+d =y A1 = Bfi —aC) (5)
When supplier group S is in the state of reaching a certain

proportion of individuals selecting SCLIC, the expected ben-
efits obtained by the individuals who do not adopt the SCLIC
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strategy are as follows.
Eo=y(A1+B—Pf)+ (1 -»A (6

According to the proportion of suppliers selecting SCLIC
and their respective expected benefits, the average expected
benefits of supplier group S can be obtained with follows.

E, =xE; + (1 —x)Eg (7

The replicator dynamic equation of the proportion of sup-
pliers choosing SCLIC strategy changing with time is as
follows.

F ) dx
X) = —
dt

=x (Esl — EY)
=x (1 —x)[y(bB — By + Pf)
— (Bfi +aC)] ®)

Equation (8) indicates that when an individual manufac-
turer chooses SCLIC ratio as y, the proportion of supplier
group S individuals choosing SCLIC strategy would change
tox.

D. EVOLUTIONARY GAME MODEL ANALYSIS

When F (y) is analyzed, it needs to meet F(y*) = 0, then all
y* values can be solved when the replicator dynamic equation
is stable, that is, the trend direction of population strategy
change adjustment.

This stable result has such a property in the group: when
small variation occurs, breaking the stable equilibrium state,
the evolution of the population would continue to eliminate
this variation, and finally reach a stable state. So, when the
variation occurs, the replicator dynamics will weaken it and
the variation will cause the dynamic change to converge to
the steady state y. Therefore, for group enterprises to make all
adjusted strategies stable, they need to meet F(y*) = 0, and
at y*, F' (y*) < 0, y* is the stable result of group tendency.
F(x) and F(y) form a dynamic evolution system of game
adjustment for supplier group S and manufacturer group M.

When the proportion x of individual suppliers choosing
SCLIC strategy changes, the proportion y of individual man-
ufacturers choosing SCLIC strategy would change accord-
ingly. Both sides influence each other until both groups stop
changing. Then, the game reaches a stable equilibrium state.
At this time, F(x) = 0 and F(y) = 0, and the most important
condition is to meet F’ (x) < 0, F' (y) < 0.

1) EVOLUTIONARY GAME ANALYSIS OF SUPPLIER

The process of strategy evolution adjustment analysis is based
on the comparison between the value of the game benefit
function of SCLIC and non-SCLIC under stable evolution
state. According to (8), F’ (x) is shown in the following.

F' (x)=(1=2x) [y (0B — B> + PH) — (Bfi +aC)]  (9)

Then F(x) = 0, the solution of (8) is as follows:
xj =0,x5 =1,y = (Bfi +aC)/(bB — By + Pf2).
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(1) When y* € (0, 1), thatis, (bB — By + Pf) > (Bf1 +
aC) > 0, the evolutionary stability results of supplier group
S can be analyzed as follows.

® Wheny = y* = (B8f1 +aC)/(bB—By+Pf), F (x) = 0.
It means that the proportion of individuals in the manufacturer
group M choosing collaborative logistics information is y*,
and all x values reach a stable state for the supplier group S.
That is, x € [0, 1]. At this point, Vx, 3F’ (x) = 0, however,
it is not in conformity with F’ (x) < 0, so at this time, it is
not a stable strategy.

When y # y*, let F(x) = 0, then,x; = Oorx; = 1.
Now, we need to make F’ (x) < 0, therefore, F’ (x) should
be analyzed as y changes.

@ When y > y*, then F/ (x; =0) > O and F’ (x,=1) <0.
Therefore, x, = 1 is the individual proportion when sup-
plier group S evolves into a logistics information collabo-
ration strategy. In this case, it is necessary to ensure that
the proportion of manufacturer group individuals choosing
SCLIC is greater than y*, and the final evolutionary result
of supplier group S is that all enterprises tend to choose
SCLIC. According to the formula of y*, if the cost of SCLIC
borne by supplier group S is smaller, the potential risks it
faces are smaller, the additional benefits it gains are larger,
the external penalties are larger, and the additional benefits
without collaborative logistics information are smaller, y*
can become smaller. The evolution result of supplier group
S is that the higher the proportion of collaborative logistics
information.

® When y < y* then F/(xy=0) < 0 and
F'(xp=1) > 0. Therefore, x; = 0 is the individual
proportion when the supplier group S evolves to obtain
the logistics information coordination strategy. In this case,
the proportion of manufacturer group individuals choosing
SCLIC strategy is smaller than y*, and the evolution result
of the supplier group is that enterprises tend to non-SCLIC.
From the formula of y*, when y* gets bigger, the cost borne
by the supplier group and the potential risks would increase,
while the additional benefits of SCLIC and the punishment
would decrease, the additional benefits of non-SCLIC would
grow bigger, and the evolution of the supplier group would
result in a higher proportion of non-SCLIC.

(2) Let’s think about y* ¢ (0, 1). When y* = 0, that is,
,Bf 1+ aC =0.

® When (bBB—B,+PH) > 0, for y e (0,1],
F'(x1 =0) > 0,F' (xp =1) < 0. Therefore, the evolution
stable result of supplier group S is all logistics information
synergy. At this point, for manufacturer group M, the pro-
portion of logistics information coordination strategy in the
group is (0,1], which makes supplier group S reach the stable
strategy of coordination logistics information.

If y = 0, the proportion of the collaborative logistics
information strategy of the evolution of manufacturer group
Mis 0. If x € [0, 1], then F’ (x) = 0 has been established.

@ When (bB— B+ Pf») < 0,fory € (0,11, F/ (x; = 0) <
0,F (xp =1) > 0. Therefore, x; = 0 is the proportion
of individuals when supplier group S evolves into logistics
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information collaborative strategy, and the evolution results
show that supplier group S all tends to be a non-collaborative
logistics information strategy. At this point, for manufacturer
group M, the proportion of logistics information coordina-
tion strategy in the group is (0,1], which makes supplier
group S reach the stable strategy of non-coordination logistics
information.

If y = 0, the proportion of the collaborative logistics
information strategy of the evolution of manufacturer group
M is 0. Meet x € [0, 1], F’ (x) = 0, so at this time no stable
results.

® When (bB — By + Pf>) = 0,forx,y € [0, 1],F' (x) =0
is always valid. This case does not meet the conditions for the
evolution into a stable case, and in fact (8f1 + aC) >0, this
case does not exist.

(3) When y* = 1, namely (bB — By + Pf2) = (Bf1 + aC).
Fory e [0,1]and y< y*, F/ (x{ =0) < 0,F' (x=1) > 0
are always true. Therefore, x; = 0 is the individual proportion
when supplier group S evolves into logistics information
collaborative strategy, and the evolution results show that
supplier group S all tends to be a non-collaborative logistics
information strategy. For manufacturer group M, the pro-
portion of logistics information coordination strategy in the
groupisy € [0, 1). It is guaranteed here that (8f; + aC) > 0
and (bB — By + Pf>) > 0.

If y = y* = 1, the proportion of collaborative logistics
information strategy of the evolution of manufacturer group
M is all, and for x € [0, 1], F’ (x) = 0 is always true. So,
there’s no stable result.

(4) When y* < 0, that is, (8fi +aC) > 0 and
(bB— By + Pf;) < 0. Fory € [0, 1], y> y* is true, then,
F'(x1 =0) < 0and F' (x, = 1) > 0. Therefore, x; = 0 is
the individual proportion when supplier group S evolves into
logistics information collaborative strategy, and the evolution
results show that supplier group S all tends to be a non-
collaborative logistics information strategy. The collabora-
tive logistics information strategy proportion of manufacturer
group Misy € [0, 1]. However, the environment of this paper
is on (bB — By + Pf>) > 0, which will not be considered
later.

Or (Bfi +aC) < 0,(bB—By+ Pf,) > 0, such that
y* < 0.But (8f1 + aC) > 0. So, it doesn’t really exist.

(5) When y* > 1, thatis (8f] +aC) > (bB— B+ Pf2) >0,
at this time, y<y*. For y € [0,1], F/(x; =0) < 0,
F’ (xp = 1) > 0. Therefore, x; = 0 is the individual propor-
tion when supplier group S evolves into logistics information
collaborative strategy, and the evolution results show that
supplier group S all tends to be a non-collaborative logistics
information strategy. The collaborative logistics information
strategy proportion of manufacturer group M is y € [0, 1].

The above analysis can be shown in Table 3. Based on the
above analysis, on the basis of y* € [0, 1], it’s only when
the proportion of manufacturer group individuals choosing
SCLIC strategy is greater than y* that the stable evolution
result of the supplier group is SCLIC. And the smaller y*
is (up to 0), the proportion of supplier group individuals
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TABLE 3. Evolutionary stability result of supplier group S.

) , , Stability

y y FO) F@) e
0<y"<1 y"<y<1l >0 <0 x=1
0<y<y" <0 >0 x=0

0<y<1l <0 >0 x=0
0<y<1 <0 >0 =

choosing SCLIC strategy would be more significant. This
means that when the proportion of manufacturer group mem-
bers choosing SCLIC is larger than a certain y*, supplier
group individuals tend to choose SCLIC.

2) EVOLUTIONARY GAME ANALYSIS OF MANUFACTURER

According to (4), the first partial derivative of F (y) with
respect to y is obtained as follows:

F'(y) = (1 —2y) [x (B — bB — By + PBf)
— (B +C—aC)] (10)

When F (y) = 0, the solution of (4) is as follows:
yi =0,y =1,x"=(Bf2+C—aC)/(B—bB—B2+Pf1).

(1) When x* € [0, 1], that is, (B — bB — B2 + Pf1) >
Bf24+C—-aC)=0

® When x = x* = (8f2+ C —aC)/(B— bB — B2 +
Pf1), F (y) = 0. At this time, the proportion of choosing
collaborative logistics information strategy in supplier group
S is x*, and all y values reach a stable state for manufacturer
group M, that is, y € [0, 1]. But this is not in conformity with
F' (y)=0.

@ Whenx > x*, F/(y1=0) > 0,F (m=1) < 0.
Therefore, yo = 1 is the stable results of the manufacturer
group M. In this case, when the proportion of collaborative
logistics information selected by supplier group S is greater
than x*, the final evolution result of manufacturer group M is
collaborative logistics information. According to the formula
of x*, the smaller x* is, the more significant is the proportion
of manufacturers choosing SCLIC.

®Whenx < x*,F' (yy =0) <0, F (y =1) > 0. There-
fore, y; = 0is the stable results of the manufacturer group M.
In this case, when the proportion of supplier group individuals
choosing SCLIC is less than x*, the evolution result of the
manufacturer group would be no SCLIC. If x* becomes larger
until 1, the proportion of manufacturer group evolving into
completely non-SCLIC would be more significant.

(2) When x* < 0, at this time, x € [0, 1], x > x*

@ When (B—bB— B2+ Pf1) > 0and (8f24+C —aC) <
0, F"(y3 =0) > 0,F' (y=1) < 0. The final evolution
result of the manufacturer group M is all cooperative logistics
information. At this time, the proportion of supplier group
S choosing logistics information cooperation strategy is
x € [0, 1], namely, there is no stable evolution result.
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TABLE 4. Evolution stable result of the manufacturer group M.

* , , Stable
x x F'(0) F(1) point
x =x* =0 =0 -
0<x*<1 x*<x<1 >0 <0 x=1
0<x<x* <O >0 x=0

x*<0
x*>1

0<x<1 <0 >0 x=0
0<x<1 <0 >0 x=0

@ When (B—bB—B2+Pf1) < Oand (8f2+C —aC) >0,
F'(yy =0) < 0,F'(y, =1) > 0. The evolution result of
manufacturer group M is that there is no cooperative logistics
information. At this time, the proportion of supplier group
S choosing logistics information cooperation strategy is
x € [0, 1], namely, there is no stable evolution result. On the
actual situation (B—bB—B2+Pf1) > 0,(Bf2+C —aC) >0.
So, there’s no way that x* is less than 0.

(3) When x* > 1, thatis, (8f2+C—aC) > (B—bB—B2+
Pf1) >0.Forx € [0,1], F/ (y1 =0) < 0,F' (y, =1) > 0.
Therefore, y; = 01is the individual proportion when manufac-
turer group M evolves into logistics information collaborative
strategy, and the evolution results show that manufacturer
group M tends to be a non-collaborative logistics information
strategy. The strategy proportion of supplier group S evolving
into collaborative logistics information is x € [0, 1].

The above analysis can be shown in Table 4. On the basis of
the condition of x* € [0, 1], it’s only when the proportion of
suppliers choosing SCLIC strategy is greater than x* that the
stable evolution result of the manufacturer group is SCLIC.
Thus, when the proportion of suppliers choosing SCLIC is
larger than a certain value of x*, manufacturers tend to choose
SCLIC strategy.

3) EVOLUTIONARY GAME ANALYSIS OF SUPPLIER

AND MANUFACTURER

In the last two sections, ESS of manufacturer group M and
supplier group S are discussed respectively. The combination
of x* and y* with different values will have different evolu-
tionary results. The equilibrium solution is obtained by the
replicator dynamics equations of both groups, and the stable
solution of the model can be known by using the equilibrium
solution and the Jacobian matrix of the model system.

4) EVOLUTIONARY GAME ANALYSIS OF SUPPLIER

AND MANUFACTURER

In the last two sections, ESS of manufacturer group M and
supplier group S are discussed respectively. The combination
of x* and y* with different values will have different evolu-
tionary results. The equilibrium solution is obtained by the
replicator dynamics equations of both groups, and the stable
solution of the model can be known by using the equilibrium
solution and the Jacobian matrix of the model system.
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LetM = bB — By + Pf>, N = Bfi +aC,O0 =B — bB —
B2 + Pf1,S = Bf2 4+ C — aC. The Jacobian matrix of the
above model is as (11). The determinant and trace of (11) are
calculated as (12) and (13), respectively.

IF(x) OF (x)
J = [alg)& aFa‘fw]
ax dy
_ |:(1—2x)(yM—N) x(1—x)M ] (11
B yd-=»o (1—=2y) (xO - S)
Det (J) = (1 —2x) 9M — N) (1 — 2y) (xO — S)
—y(1—=y)O0x(1—x)M (12)

Tr(J) = (1—2x) M —N)+ (1 —2y) 0 —S)  (13)

According to (4) and (8), the equilibrium solution of
equation group which is constituted by F (x) and F (y)
is (0,0),(1,0), (0,1) and (1, 1). When 0 <x* < 1 and
0<y* <1, (*y)*=S/0,y* = N/M)is also an equi-
librium solution. The special cases include: When S = O,
namely, x* = 1, the equilibrium solution is (1, ~)y € (0, 1).
Or when M = N, namely, y* = 1, the equilibrium solution
is (~, x € (0, 1). Substitute these equilibrium solutions
into (12) and (13). When Det (J) > 0 and Tr (J) < O,
the equilibrium solution is a stable solution, which is also a
stable evolution result. The results are shown in Table 5.

In different conditions of x* and y*, the process of conver-
gence and change of strategy of both groups to reach stability
is shown in Fig. 1, and the evolutionary equilibrium stability
of the solution is analyzed as follows.

Scenario 1 (Fig. 1a): When 0 < x* < 1 and y* > 1,
namely, (B — bB — B2 + Pf1) > (Bf2+ C — aC) > 0(0 >
S > 0)and (Bf; +aC) > (bB— By +Pfy) > 0N > M > 0).
The stability of the equilibrium solution of F (x) and F (y)
are shown in Table 6. At this time, the stable solution of the
game system of both groups is (0, 0). So, both groups tend to
choose non-SCLIC. The initial game is an equilibrium state
at unstable points or saddle points and will converge to the
stable solution (0, 0) when is disturbed.

Scenario 2 (Fig. 1b): Whenx*> 1and 0 < y* < 1, namely,
0<B—-bB—B2+Pfl)<(Bf2+C—-aC)0 <0 <3S)
and 0 < (Bf1 +aC) < (bB— By + Pf>)(0 < N < M). The
stability of the equilibrium solution of F (x) and F (y) are
shown in Table 6. So, Scenario 2 is the same as Scenario 1,
namely, the stable solution is (0, 0).

Scenario 3 (Fig. 1c): When x* > 1 and y* > 1, namely,
0<B—-—bB—B2+Pf1)<(Bf2+C —aC)0 <0 <3S),
(Bfit + aC) > (bB — By + Pf) > OON > M > 0). The
stability of the equilibrium solution of F (x) and F (y) are
shown in Table 6.

Scenario 4 (Fig. 1d): When x* = 1 and 0 < y* < 1,
namely, O = S and 0 < N < M, the stability of equilibrium
solution of F (x) and F (y) are shown in Table 6. The stable
solution is still (0, 0). When x = 1, the equilibrium solution
(1, ~) is a saddle point or unstable solution. In this case,
the two-party group strategy may converge to (1, ~) under
special initial conditions. It means that all individuals in
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TABLE 5. Determinant and trace of each equilibrium solution.

Equilibrium solution Det(]) Tr(])
(0,0) NS -N-3S§
(0,1) S(M - N) M—-N+S
(1,0) N -5) N+0-S
(1,1) (N —M)(S - 0) (N—M)+(S-0)
(1,~) 2y -1)(M -N)(0 -3S) N—yM+ (1-2y)(0-S5)
(~1) (2x —1)(M — N)(x0 — S) S—0x+ (1—-2x)(M—N)
(x*,v%) N(N/M —1)S(1—5/0) 0
Y Y Y
A A A
0,1) (L1 .0 (L1) .1 (LD
(0,0 (1,0) : 0,0) (1,0 s X (0,0) (1,0) o X

(a) Scenario 1

(b) Scenario 2

(c) Scenario 3

Y Y
A A
(0,1) b 0,1)
> X
(0,0) (1,0) (0,0)

(d) Scenario 4

(e) Scenario 5

Y Y
A A
o1 (b (%))
> X
(0,0) (1,0) (0,0

(g) Scenario 7

FIGURE 1. Evolutionary stable phase diagram.

the supplier group would choose SCLIC, and the proportion
of manufacturers choosing SCLIC is from 0 to 1 in the
group.

Scenario 5 (Fig. le): When x* = 1 and y* = 1, namely,
O = Sand N = M, the stability of the equilibrium solution of
F (x) and F (y) are shown in Table 6, where (~, 1)x € (0, 1)
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(h) Scenario 8

Y
A
(L1 o (L
> X > X
(10) (0.0 (L0
(f) Scenario 6
Y
A
(L1 T0.1) L(.,1)
(X*, K
> X Q0.0) > X

(1,0) R(1,0)

(i) Scenario 9

and (1, ~)y € (0, 1). In this case, the stable solution is still
(0, 0). In a special initial state, the direction of the game may
be (1, ~), (~, 1).

Scenario 6 (Fig. 1f): When x* = 1 and y* > 1, namely,
O = Sand N > M > 0, the stability of equilibrium
solution of F (x) and F (y) are shown in Table 6, where
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TABLE 6. Equilibrium solution judgement.

Egl:lﬁzr(:ﬁm Det()) Tr(J) Ju(igselrl?f nt E(;gllﬁzr(:ﬁm Det()) Tr(J) Judgement result
Scenario 1
(0,0) + - Stable point (1,0) + + Unstable point
(0,1 - Uncertain Saddle point (11D - Uncertain Saddle point
Scenario 2
(0,0) + - Stable point (1,0) - Uncertain Saddle point
(0,1 + + Unstable point 11D - Uncertain Saddle point
Scenario 3
(0,0 + - Stable point (1,0) - Uncertain Saddle point
(0,1) - Uncertain Saddle point (1,1) + + Unstable point
Scenario 4
(0,0) + - Stable point (1,1 0 - Saddle point
. . Saddle point or
(0,1 + + Unstable point 1~ 0 Uncertain Uns tab{)e point
(1,0) 0 + Unstable point
Scenario 5
(0,0) + - Stable point 11D 0 0 Saddle point
(0,1) 0 + Unstable point 1,~) 0 + Unstable point
(1,0) 0 + Unstable point (~1) 0 + Unstable point
Scenario 6
(0,0) + - Stable point (11D 0 + Unstable point
(0,1) - Uncertain ~ Saddle point 1,~) 0 + Unstable point
(1,0) 0 + Unstable point
Scenario 7
(0,0) + - Stable point 11D 0 — Saddle point
(0,1) 0 + Unstable point (~1) 0 Uncertain %gifb{):;)tigi
(1,0) + + Unstable point
Scenario 8
(0,0 + - Stable point (1D 0 + Unstable point
(0,1 0 + Unstable point (~1) 0 + Unstable point
(1,0) Uncertain Saddle point
Scenario 9
(0,0) + — Stable point (1,1) + - Stable point
(0,1) + + Unstable point (x*y) — 0 Saddle point
(1,0) + + Unstable point
(1,~)y € (0, 1). This case is similar to Scenario 4, with a initial state, which converges at y = 1, unstable. In other

special initial state, which converges at x = 1, unstable.

Scenario 7 (Fig. 1g): When y* = 1l and 0 < x* < 1,
namely, N = M and O > § > 0, the stability of equilibrium
solution of F (x) and F (y) are shown in Table 6, where
(~, Dx € (0, 1). This scenario is similar to Scenario 4, with
a special initial state, which converges at x = 1, unstable.
When the initial game is in a special state, the two groups
converge at (~, 1), unstable.

Scenario 8 (Fig. 1h): When y* = 1 and x* > 1, namely,
N =M and 0 < O < S, the stability of equilibrium solution
of F (x) and F (y) are shown in Table 6, where (~, 1)x €
(0, 1). This scenario is similar to Scenario 7, with a special
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cases, it will still converge to the stable solution (0, 0) where
both groups do not choose SCLIC.

Scenario 9 (Fig. 1i): When 0 < x* < 1 and 0 < y* < 1,
namely, (B — bB — B2+ Pf1) > (Bf2+ C —aC) > 0(0 >
S >0)and 0 < (Bfi +aC) < (bB—Br+PH)0 <N < M).
The stability of the equilibrium solution of F (x) and F (y)
are shown in Table 6, where x* = §/0 and y* = N/M. The
stable solution is (0, 0) or (1, 1). Suppose Q(0, 0), T(0, 1),
R(1,0), L(1, 1), H(x*, y*). The initial state of the game is at
the upper right of the broken line THR, so the proportion of
SCLIC selected by both sides tends to (1, 1) in the process of
constant change. When the initial state of the game is at the
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FIGURE 2. Evolutionary simulation results of scenario 9.

lower left of the broken line THR, the proportion of SCLIC
selected by the two group members tends to be (0, 0) in the
process of constant change. The evolution simulation result
of Scenario 9 is shown in Fig. 2 using MATLAB R2017a.
In Fig. 2, let x* = 0.5 and y* = 0.5. The simulation result
tends to (0, 0) or (1, 1).

By analyzing the equilibrium solution and describing the
strategy convergence phase diagram, we can obtain two
influencing conditions that enable both groups to coordinate
logistics information (namely (1, 1)). One is the proportion
of individuals in the initial selection of cooperative logistics
information strategy by the two groups in the game, which
is random and uncertain. Secondly, the location of the sad-
dle point (x*, y*) impacts the initial point of the game in
the quadrilateral THRL, and further impacts the probability
of collaborative logistics information of both groups. When
x* € (0, 1)and y* € (0, 1), the saddle point H (x*, y*) appears
in the evolutionary phase diagram. Obviously, when x* and
y* have different values, the position of the saddle point will
change.

In this case, there is a certain probability that the proportion
of individuals choosing SCLIC in both groups tend to be
(1, 1). At the beginning of the game, the proportion of each
group of individuals choosing SCLIC is an uncertain random
value. If Stygr increases, the probability that the game sit-
uation belongs to this quadrilateral range at the beginning
will increase, and two groups will reach a stable state finally.
Thus, the probability of individuals choosing SCLIC in the
two groups will be (1, 1). At this time, Styry is closely related
to the position of the saddle point H (x*, y*).

In the following section, we will analyze the different
results owing to the parameter changes in detail.

IV. EVOLUTIONARY EQUILIBRIUM STABILITY ANALYSIS
A. MATHEMATIC ANALYSIS

From the above analysis and Fig. 2, it can be seen that in the
initial game, the proportion of individuals choosing SCLIC
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in the group is uncertain and unstable random, which is
represented as a random point in the phase diagram. When the
requirement of Scenario 9 is met, there is a certain probability
that all individuals in both groups tend to choose SCLIC.
Moreover, the larger Stggr is, the greater the probability
that the game evolution of individuals in both groups even-
tually tends to choose SCLIC. Stygr is closely related to the
location of saddle point H(x*, y*). Next, we use the partial
derivative of the area function with respect to each parameter
to discuss the impact of each parameter on the area of the
region, and find the countermeasures to increase Stggy. The
formula for calculating Styrr and the partial derivatives of
the area function with respect to the relevant parameters are
as follows.

STHRL
1=y  d—=x%)
= StuL + SrRHL = 3 5
Q2= x" =y 1 (™ +y%)
2 2
Bfr+C—aC + Bfi+aC
- B—bB—Bz+Pf12 bB—B,+Pf, (14)
OSTHRL
ab
_1 { B@C+ph) Bl —-a)C+pfi] }
2 | B —By+Pfi)>  [(1—b)B—By+PhH]*
(15)
OSTHRL
ab2
_ { (bB — B> + Pfi) (aC + Bf>) B
(bB — B> + Pfi)*
L A=DB-B+PhU-aC +ﬂf1132}
[(1 —b)B — B + PhH]*
(16)
OSTHRL
9B
1 {(1 —b)[BH+C—aCl  b(Bfi +aC) }
2| [B=btB—By+Pi*  (bB— B+ Ph)>
o))
OSTHRL
da )
1 c C
= - } (18)
2 |B—bB— By + Pf bB — By + Pf>
OSTHRL
afi
_ 1] _P@h+C—aC) B ] (19)
2| (B—bB—By+Pfi)> bB—By+Pfh
OSTHRL
af
___PX(BfHr+C—aC) )

(B —bB — By + Pfi)?
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OSTHRL
af2
zl[ P(Bfi +aC) B ] 21
2L(B—By+Ph)* B-—bB—By+Pfi
OSTHRL
afs

__P*(Bfi +a0)
(bB — By + Pf)?

According to (14), Sturr is closely related to b, B, B, f, a,
C, By, and P.

(22)

1) THE IMPACT OF b

According to (15), the impact of b on Stygrz cannot be deter-
mined. Then, take the second partial derivative of the area
function with respect to b, and get (16), where the second
partial derivative is less than 0. That is when the first partial
derivative is 0, the benefit distribution coefficient b* at this
time makes Styrr have a maximum value. That is, the pro-
portion of the two groups members choosing SCLIC strategy
tends to (1, 1) have a greater probability. When b < b*, Strpr
is positively correlated with b. When b > b*, Syygr is neg-
atively correlated with b. When b = b*, Spyg is maximum,
at which time b is optimal.

2) THE IMPACT OF B

From (14), when the parameter B is getting larger, the denom-
inator of x* and y* would be larger, x* and y* will be smaller,
and the saddle point (x*, y*) would be closer to (0, 0), StyrL
will be larger. Therefore, increasing B is more conducive to
the selection of SCLIC strategies by both groups.

3) THE IMPACT OF g

According to (14), the larger B is, the larger the molecules of
x* and y* will be, and the larger x* and y* will be, and the
closer the saddle point (x*, y*) is to (1, 1), the smaller Styrr
will be. In other words, the higher the risk is, the lower the
proportion of SCLIC will be.

4) THE IMPACT OF f

The first partial derivative of (14) with respect to f] is obtained
by (19), and the first partial derivative of (14) with respect to
/> is obtained by (21). It is difficult to determine the impact of
f1 and f> on Stygry from (19) and (21). Therefore, the second
partial derivative of (14) with respect to f is calculated, and
equation (20) with respect to f; and (22) with respect to f>
are obtained. Both are less than 0. Therefore, when the first
partial derivatives (19) and (21) are O, there is a special value
of SCLIC level f* that maximizes Stygy -

5) THE IMPACT OF a

Similarly, the formula of Stygry is used to obtain the first
partial derivative of a, as shown in (18). When (B — bB —
B> + Pfi) > (bB — By + Pf>), equation (18) is less than 0.
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TABLE 7. Impact of the relevant parameter on Syp; -

Restrict Parameters

condition change StirL Tmpact

b b<b* Increase Increase  Positive
b>b" Increase Decrease  Negative

B Increase Increase  Positive
B Increase Decrease  Negative
L<fi Increase Increase  Positive

h fi>f Increase Decrease  Negative
2<fs Increase Increase  Positive

f2 f2>1f Increase Decrease  Negative
o>M Increase Decrease  Negative
o<M Increase Increase  Positive
Increase Decrease  Negative

B, Increase Decrease  Negative
P Increase Increase  Positive

That is, the larger a is, the smaller Syygy, is, and the stable
evolution result of the final population is (1,1). When (B —
bB — By + Pf1) < (bB — By + Pf»), equation (18) is greater
than 0. At this time, the larger a is, the larger Syyrr will be.
In this case, a should be as large as possible.

6) THE IMPACT OF C

According to (14), the larger C is, the larger the numerator
of x* and y* will be, and the larger x* and y* will be. As a
result, the saddle point (x*, y*) is closer to (1, 1), and Stgrr
will be smaller. Therefore, for a lower value of C, it can
be considered that the promotion effect of members in both
groups choosing SCLIC strategy is better, and the proportion
of members in both groups choosing SCLIC strategy is higher
in the process of continuous evolution.

7) THE IMPACT OF B,

From (14), it is easy to see that the larger B is, the smaller the
denominator of x* and y* is, and the larger x* and y* will be,
and the closer the saddle point (x*, y*) is to (1,1), the smaller
Starr will be, which is not conducive to the formation of
SCLIC behavior between the two groups.

8) THE IMPACT OF P
From (14), it is easy to see that the larger P is, the larger
the denominator of x* and y* is, the smaller x* and y*
will be, and the closer the saddle point (x*, y*) is to (0,0),
the larger Stygr will be. Therefore, when P is larger,
the amount of punishment is higher, which might pro-
mote individuals in both groups to actively choose SCLIC
strategy.

The impact of the relevant parameter on Stygy, is shown

in Table 7. When 2282 = 0, b = b*. When 2520 —
fi = When 782 — 0, f, = f*. 0 = B— bB— By + Pfi,
M = bB — By + Pf>.
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TABLE 8. The specific parameter value of enterprise.

B. SIMULATION ANALYSIS

In the last section, the impact of each parameter on Styrr
is analyzed using a mathematic method, and the process of
the proportion of information collaboration strategy adopted
by both groups changing with the parameter is discussed.
In this section, different value ranges of each parameter are
assumed according to the actual situation, and all numerical
simulations are run using MATLAB R2017a.

The agricultural machinery manufacturing industry in
Luoyang, China mainly consists of upstream parts suppli-
ers and downstream agricultural machinery manufacturers,
in which we have conducted many interviews with top-level
managers and industrial experts about SCLIC. Combined
with literatures [49], [50], [64] and the interviews, it is
assumed that » € (0,1), B € [80,150], B € [1,10],
C € [10,50], a € (0,1), B, € [30,70], f < [O,10],
P € [1, 10]. Now given the specific values of each parameter,
then x* € (0,1) and y* € (0, 1) are valid. As a result,
the proportions of supplier group and manufacturer group
members adopting SCLIC strategy can converge to (1, 1).
Sturr is analyzed by changing the value of one parameter
when others remain constant. The specific values are shown
in Table 8, then:

0STHRQ _0
ob
b* =0.5
OSTHRQ
of1 (23)
fr =128
05
THRQ _
af2
£ =048

LetO = B—bB—By+Pfi =40, M = bB—B+Pf, = 65,
at this time, O < M.

The simulation results of MATLAB are shown in Fig. 3 to
10. The simulation results are consistent with the above math-
ematics theoretical analysis results, respectively. In Fig. 3,
when b* = 0.5, there is a peak value, and b is optimal.
In Fig. 6, when f{* = 7.28, Syyg,, gets the peak value, at this
time, f1 is optimal. And when fz* = 0.48, Stgrr gets the peak
value, at this time, f> is also optimal. In Fig. 8, let b = 0.4,
then O = 70, M = 35, O > M. The larger a is, the smaller
STHRL will be.

Combined with the theoretical analysis in the previous
section and Fig. 3 to 10, the following results are determined.

(1) Reasonable distribution of benefits obtained because
SCLIC makes the proportions of the two group members
adopting SCLIC strategy become higher. Therefore, the
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supply chain should determine the appropriate allocation
coefficient according to the actual situation and the method
proposed in this paper.

(2) The additional benefits can help to promote sup-
ply chain enterprises to choose SCLIC strategy. Moreover,
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the greater the benefit is, the more possibilities the supply
chain enterprises would choose SCLIC strategy. If the benefit
is small, they should find out the reasons and take certain
actions to increase the benefit.
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(3) The higher the risk, the lower the proportion of SCLIC
strategy would be adopted.

(4) The degree of SCLIC is related to the proportion of
the two group members adopting SCLIC strategy, but SCLIC
would not be achieved if any member lacks the ability and
support to SCLIC. Therefore, the supply chain enterprises
should collaborate reasonably their information, so as to max-
imize their benefits.

(5) The greater the cost of SCLIC is, the less willing for
supply chain enterprises to adopt SCLIC strategy. On the
one hand, the total cost of SCLIC should be as small
as possible. On the other hand, in specific circumstances,
the increase in the cost allocation coefficient will also pro-
mote SCLIC. Therefore, the impact of other parameters such
as the additional total benefits from SCLIC, the benefit of the
non-SCLIC alone, and the loss under the penalty mechanism
on it should be considered.

(6) If the non-SCLIC supply chain enterprises can obtain
enough benefits, other supply chain enterprises will not coor-
dinate logistics information.
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(7) When the punishment coefficient is getting larger,
the amount of punishment capital would be higher, which
can promote individuals in both groups to actively choose the
SCLIC strategy.

V. MANAGERIAL INSIGHTS

SCLIC is the basis and premise of supply chain logistics col-
laboration. According to the above research results, in order
to promote the SCLIC, the following managerial insights for
supply chain enterprises are given.

A. BUILDING COLLABORATION MECHANISMS OF SCLIC
The supply chain is a dynamic alliance made up of both
independent and interrelated individuals. They always try to
avoid risks and costs and maximize benefits in the process of
SCLIC. Therefore, mechanisms are necessary to ensure the
SCLIC strategy of supply chain members [70]. On one hand,
the additional benefits should be clearly defined rather than
simply attributed to the total profits increase of manufacturing
enterprises. In addition, benefits should be known by their
partners and be distributed at a reasonable distribution coef-
ficient [71]. On the other hand, risk should be identified and
prevented to further ensure SCLIC through efficient control
mechanisms and barriers [72]. However, this is not easy espe-
cially in supply chains without the core or leading companies.
There should be a supply chain manager or leader. The leader
may be the core or leading companies, or whoever wants
to determine the mechanisms for the whole supply chain’s
sake, adjust it in time according to the actual situation, and
encourage suppliers and manufacturers to choose SCLIC.

B. ENHANCING MUTUAL TRUST

When many enterprises combine into a supply chain to meet
the market demand, they should trust each other [73]. Mutual
trust is the basis of SCLIC. Supply chain members should
change the traditional zero-sum competition into a new multi-
win situation through open cooperation and communica-
tion based on mutual trust [74]. Besides, communication
between suppliers and manufacturers could be strengthened
for both parties to achieve efficient logistics coordination and
meet the market demand in time by providing reliable data
truly reflecting the additional benefits generated by SCLIC.
Unprecise data might eventually cause loss by transferring
wrong information of additional benefit and ruin mutual trust.

C. IMPROVING CONSCIOUSNESS AND ABILITY

OF COLLABORATION

Supply chain enterprises should enhance their sense of coor-
dination. With a strong consciousness of collaboration, sup-
ply chain members would be able to respond to the market
demand quickly, reduce the cost, increase the logistics effi-
ciency and enhance the competitiveness of the supply chain
by avoiding the delay and distortion of logistics informa-
tion sharing. Information collaboration is more than informa-
tion sharing. SCLIC emphasizes providing the right amount
of accurate logistics information at the right time [28].
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Although the degree of SCLIC is related to the proportion
of the two group members adopting SCLIC strategy, SCLIC
would not be achieved if any member lacks the ability and
support to SCLIC.

VI. CONCLUSION

In this paper, ESS and replicator dynamic equations of the
EGT method are used to analyze the dynamic change of the
population proportion of members in supplier and manufac-
turer groups participating in SCLIC. Based on the value of
SCLIC between enterprises, this paper studies the propor-
tion change of members in supplier and manufacturer group
choosing SCLIC strategy and the conditions affecting the
change.

It can be concluded that when 0 < x* < 1 and
0 < y* < 1 are established at the same time, the supply chain
enterprises will constantly adjust their strategies in practice
so that the proportion of individuals in both groups adopting
SCLIC will be likely to be (1, 1). On the evolutionary phase
diagram, this probability varies with Stggr . The larger StarL
is, the larger the proportion of both supplier and manufacturer
group individuals adopting SCLIC tends to be (1, 1), and vice
versa. The impact of each parameter on Syygy, is discussed
by mathematical analysis, and the impact process of enter-
prises choosing SCLIC strategy is discussed. According to
the actual situation and numerical simulation requirements,
we assume that the value range of each parameter remains
the same. We change a single variable at a time and use
MATLARB to verify the results of each parameter’s impact on
the evolution of SCLIC behavior. Managerial implications are
given.

Relying upon the research results of this paper, the enter-
prises of supply chain can clearly understand the importance
of SCLIC to supply chain competitiveness, and insight into
the formation mechanism of SCLIC strategy. It is helpful
to improve their supply chain logistics information collab-
orative awareness and collaborative behavior. Besides, with
the growing focus on the supply chain, the research covered
in the paper provides galvanizing and motivating insights
into the practice of SCLIC of manufacturing enterprises.
The supply chain manager can formulate specific measures
to improve the collaborative environment of supply chain
logistics information and motivate the enterprises of supply
chain to implement the collaborative behavior of logistics
information, so as to realize SCLIC and improve the market
competitiveness of supply chain in the long run.

Although some research results have been obtained in this
paper, there are still some restrictions. (1) Assumptions in the
modelling might not be fully met in practice. (2) More impact
factors of SCLIC might be involved in practice except for the
ones we analyzed. (3) Our result needs to be further verified
in reality.

Future directions of research are as follows. First, other
game models could be used to determine equilibrium strate-
gies. Second, assumptions can be further modified and
improved so that the model would be closer to reality. Third,
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we could increase or change the factors that affect the equilib-
rium strategy so as to construct the benefit function of SCLIC.
Fourth, researchers could put some effort into the formation
process of SCLIC strategies, and compare with our results
to verify the practicability of the model. Fifth, we could do
further research on the related influencing factors (such as
incentive mechanism, punishment mechanism, etc.). Finally,
SCLIC between manufacturer and retailer group would also
be an interesting topic.
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