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Abstract 

In the context of supply chain integration, good logistics information exchange is an 
important link to improve the capacity and efficiency of supply chain. Internal logistics 
information sharing of supply chain can effectively improve the service level of 
multimodal transport chain. This paper uses evolutionary game theory to analyze the 
information sharing game relationship between upstream and downstream enterprises 
in the supply chain, selects system dynamics software Vensim to build the information 
sharing model, and analyzes several factors that influence the logistics information 
exchange, such as the informatization level of logistics enterprises, the incentive degree 
of the government, and the cost of information sharing. The simulation results show that 
the level of enterprise informatization and the level of government incentive are 
positively correlated with the evolution results. The cost of information sharing is 
negatively correlated with the evolutionary results. Finally, the countermeasures to 
promote logistics information sharing are put forward. 
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1. Introduction 

With the rapid economic development, the consumption level has been improved; logistics and 

transportation are the important parts of it, therefore, enterprises need to continuously perfect logistics 

to improve the efficiency of logistics management. The trend of supply chain integration is becoming 

more and more obvious in the current logistics management, and enterprises can establish faster 

connections with the market through it. Enterprises need to integrate the network in their operations 

to improve logistics management work, and the update speed of logistics management is gradually 

accelerating. However, under the background of the development of supply chain integration, the 

feedback effect of internal information of enterprises is not only related to the enterprises themselves, 

but also related to the operation of other enterprises, therefore, influenced by the supply chain 

integration; the feedback of logistics information of enterprises has a direct impact on the enterprises 

themselves, the requirements for information feedback are gradually increasing, if enterprises can 

optimize the allocation of resources based on logistics information and solve cost problems, which 

can improve the efficiency of logistics management and strengthen the quality of logistics 

management. 

Therefore, the analysis of the key factors affecting logistics information sharing and the study of the 

decision-making of supply chain enterprises are of great significance to improve the competitiveness 

of enterprises and perfect supply chain management. In this paper, several factors affecting 

information sharing between upstream and downstream enterprises inside the supply chain were first 

selected, logistics information sharing game model between upstream and downstream enterprises in 

the single supply chain was established through Vensim simulation software, then the parameter 
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values were adjusted and the influence of parameters on the game evolution results was explored. 

Finally, relevant suggestions are put forward based on the analysis results. 

2. Overview of Evolutionary Game and System Dynamics 

2.1 Evolutionary game theory 

Evolutionary game theory originated from genetic ecologists' game analysis of the conflict and 

cooperative behaviors of animals and plants, they found that in most cases, the evolution results of 

animal and plant can be explained by game theory methods without relying on any rational 

assumptions. But it was not until Smith and Price first proposed the concept of evolutionary stability 

strategy in their published paper that it marked the official birth of evolutionary game theory.  

Ecologists Taylor and Jonker first proposed the basic dynamic concept of evolutionary game theory-

imitator dynamics when investigating the phenomenon of ecological evolution; this is another 

breakthrough development of evolutionary game theory. The imitator dynamics and the evolutionary 

stability strategy together constitute the core pair of basic concepts in the evolutionary game theory; 

they represent the stable state of the evolutionary game and the dynamic convergence process to this 

stable state, respectively, the expansion and dynamics of the ESS concept constitute the main contents 

of the development of evolutionary game theory. 

2.2 System dynamics 

System dynamics is a comprehensive discipline which mainly studies the interaction mechanism 

within the system and the system behavior characteristics. System dynamics is a novel discipline that 

deeply analyzes complex systems and solves systemic problems, and it is a crossing and integrated 

subject that combines the main research fields of management science and natural science. 

System dynamics is a theory that studies the overall behavior of the whole system by analyzing the 

feedback structure relationship among various variables in the social economic system. System 

dynamics believes that the behaviors of the system is determined by the structure of the system, which 

is consistent with the structural analysis method of industrial economics; system dynamics further 

points out that the structure of the system is the dynamic feedback structure, so it can be studied by 

the method of cybernetics, in industrial economics, the links among industries and the interaction 

among enterprises in the industries are very effective. 

2.3 Vensim simulation software 

Vensim is the modeling software developed by Ventana Systems. Vensim is mainly used to build 

causality and stock flow diagrams of dynamic systems. The creation of this software provides a 

visualization method to simplify complex systems. The Vensim-PLE version is a personal education 

version and the most widely used system dynamics software version. 

3. Construction and Research of Evolutionary Game Model  

3.1 Model assumption 

According to the evolutionary game theory, the two groups participating in the internal logistics 

information sharing of the supply chain are determined to the upstream enterprise 1 and the 

downstream enterprise 2. Since the study of overall information sharing awareness of supply chain 

enterprises and the informatization level are low, the characteristics of the research supply chain are 

mainly reflected by setting the corresponding parameter values when building the game relationship. 

The following description and assumptions are given for the detailed relationship between the two 

game subjects. 

First of all, there are two strategies for enterprises in logistics information, share and not share. 

Suppose that the two groups of enterprise 1 and enterprise 2 choose the strategy probability of 

logistics information sharing as 𝛼 and 𝛽, respectively, and the strategy of selecting no sharing is 

(1 − 𝛼 and 1 −  𝛽). Considering that the information sharing among enterprises is voluntary, no 
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punishment will be imposed on the behaviors of two enterprises not sharing; and when one party 

shares and the other party does not share, the non-sharing party will be punished. 

(1) Due to the different levels of information sharing and information utilization among enterprises, 

different information utilization ratio coefficients and information sharing ratio coefficients are given 

for enterprise 1 and enterprise 2, 𝑎(0 ≤ 𝑎 ≤ 1)  and 𝑏(0 ≤ 𝑏 ≤ 1)  are used to represent, 

respectively. The informatization level of supply chain enterprises is set as 𝑐(0 ≤ 𝑐 ≤ 1) , c 

represents that the higher the informatization level, the higher the possibility of sharing information. 

Considering that the sharing awareness of supply chain enterprises at the beginning is low, the 

informatization level is set to a lower value. 

(2) Since the information of a single enterprise is limited, it is defined as a fixed constant 𝐴. Because 

supply chain enterprises generally generate more logistics information during transportation, the total 

amount of information is relatively high. 

(3) Generally speaking, the governmental incentive behaviors for enterprises can more stimulate the 

information sharing behaviors among enterprises, and the available logistics information obtained by 

enterprises will increase due to the increase of sharing behaviors, the governmental incentive level is 

set as 𝐵. Generally speaking, the government supports the sharing of logistics information among 

supply chain enterprises, so the incentive level is set higher. 

(4) For some enterprises that do not share their own logistics information, but blindly use the 

information shared by other enterprises, market managers will impose certain penalties on such 

enterprises, set the punishment ratio coefficient to 𝐶, 𝐶𝐴 represents penalties are proportional to the 

amount of information; moreover, due to this behavior, the relationship among enterprises will 

decline, resulting in opportunity loss cost 𝐷. 

(5) In the process of information sharing, the enterprise needs a certain amount of time, manpower 

and other additional costs, and represented by 𝐸. 

3.2 Model assumption 

According to the description and hypothesis of the above game relationship, the return matrix of the 

logistics information sharing within the supply chain is shown in Table.1. 

 

Table.1 Return matrix 

Enterprise 1 

enterprise 2 

share information 𝛽 
without sharing 

information 1 − 𝛽 

share information 𝛼 
(𝑎1𝑏2𝐴2 + 𝑐𝑎1𝑏2𝐴2 + 𝐵𝐴1 − 𝐸1, 𝑎2𝑏1𝐴1

+ 𝑐𝑎2𝑏1𝐴1 + 𝐵𝐴1 − 𝐸1) 

(−𝐸1, 𝑎2𝑏1𝐴1 − 𝐶𝐴1

− 𝑐𝐷) 

without sharing information 1 − 𝛼 (𝑎1𝑏2𝐴2 − 𝐶𝐴2 − 𝑐𝐷, −𝐸2) (0,0) 

 

The expected return of enterprise 1 when it selects the "share information" strategy is: 

𝑈𝛼 = 𝛽(𝑎1𝑏2𝐴2 + 𝑐𝑎1𝑏2𝐴2 + 𝐵𝐴1 − 𝐸1) − (1 − 𝛽)𝐸1 = 𝛽(𝑎1𝑏2𝐴2 + 𝑐𝑎1𝑏2𝐴2 + 𝐵𝐴1) − 𝐸1 

The expected return of enterprise 1 when it selects the "without sharing information" strategy is: 

𝑈1−𝛼 = 𝛽(𝑎1𝑏2𝐴2 − 𝐶𝐴2 − 𝑐𝐷) − (1 − 𝛽)0 = 𝛽(𝑎1𝑏2𝐴2 − 𝐶𝐴2 − 𝑐𝐷) 

The average return of enterprise 1 is: 

𝑈1
̅̅ ̅ = 𝛼𝑈𝛼 + (1 −  𝛼)𝑈1−𝛼

= 𝛽(𝛼((𝑎1𝑏2𝐴2 + 𝑐𝑎1𝑏2𝐴2 + 𝐵𝐴1) − 𝐸1) + (1 − 𝛼)𝛽((𝑎1𝑏2𝐴2 − 𝐶𝐴2 − 𝑐𝐷) 

Similarly, the average return of enterprise 2 can be obtained as: 

𝑈2
̅̅ ̅ = 𝛽𝑈𝛽 + (1 −  𝛽)𝑈1−𝛽

=  𝛽(𝛼((𝑎2𝑏1𝐴1 + 𝑐𝑎2𝑏1𝐴1 + 𝐵𝐴2) − 𝐸2) + (1 − 𝛼)𝛽((𝑎2𝑏1𝐴1 − 𝐶𝐴1 − 𝑐𝐷) 
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Replication dynamic equations are built for enterprise 1 and enterprise 2, respectively. 

𝒅𝜶

𝒅𝒕
= 𝜶(𝑼𝜶 − 𝑼𝟏

̅̅ ̅̅ ) =  𝜶(𝟏 −  𝜶)(𝑼𝜶 − 𝑼𝟏−𝜶) 

𝒅𝜷

𝒅𝒕
= 𝜷(𝑼𝜷 − 𝑼𝟐

̅̅ ̅̅ ) =  𝜷(𝟏 −  𝜷)(𝑼𝜷 − 𝑼𝟏−𝜷) 

In the game process of information sharing within the supply chain, the strategic choices of the two 

enterprises are all related to time. It can be obtained that there are 5 local equilibrium points in the 

above replication dynamic equation. But it is impossible to determine whether the local equilibrium 

point is stable, so it is necessary to dynamically simulate this process with the help of Vensim software. 

4. Simulation and Analysis 

In order to facilitate the simulation of the evolution process, consulting relevant literature and 

assigning values to the benefits involved in the game process, as shown in Table.2. 

 

Table.2. 

variable name enterprise 1 enterprise 2 

information utilization ratio coefficient 𝑎 0.7 0.65 

information share ratio coefficient 𝑏 0.45 0.4 

enterprise information level 𝑐 0.6 0.6 

total amount of logistics information 𝐴 10 8 

governmental incentive level 𝐵 4 4 

punishment  index 𝐶 5 5 

enterprise relationship punishment cost 𝐷 0.2 0.2 

information sharing cost 12 10 

 

 

Fig.1 relationship diagram of evolutionary game 
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Fig.2 system simulation results 

 

 

Fig.3 simulation results after changing the parameters 

 

(1) Determine the initial strategy as (0.6, 0.6) and observe the evolution result above the game, as 

shown in Fig.2. According to the evolution result, when the probability of sharing information 

between both parties is high, two enterprises can choose to share information after a period of time. 

In this case, sharing information can bring greater benefits to both enterprises. 

(2) Improving the enterprise informatization level c, the governmental incentive level B, the sharing 

cost E, and observe the impact of changes on the evolution results, as shown in Fig.3. Since 

enterprises 1 and 2 are consistent in influence relationship, only the evolution result of enterprise 1 is 

shown. It can be seen from Fig.3 that after the enterprise informatization level and the governmental 

incentive level are improved, due to the characteristics of supply chain enterprises, the informatization 

level will make information sharing smoother; moreover, the governmental incentives for information 

sharing will also promote information sharing. Conversely, the sharing cost is increased and will 

reduce the occurrence probability of sharing behavior. 
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5. Suggestions and Measures 

(1) Improve the construction of information platform. Under the background of supply chain 

integration, the transportation of goods generally involves the connection of several transportation 

modes; the reasonable information platform is conducive to realize the reasonable allocation of 

transportation resources and real-time tracking of goods. Therefore, it is necessary to vigorously build 

the multimodal transportation public information platform and goods tracking information platform, 

advanced technologies such as "Internet+" and artificial intelligence are used to realize data value 

mining, promote the information sharing among different departments, different transportation 

methods and different enterprises, and reduce information acquisition cost, improve the transparency 

of goods transportation. In 2018, China issued the "Preliminary Ideas of the Construction of the 

National Multimodal Transportation Public Information Platform", it emphasized building the 

multimodal transportation public information platform through platform service positioning, 

construction pace, and technical path selection, thereby solving the low information sharing and 

inconsistent exchange standards, weak information service capabilities and other problems. With the 

advancement of information technology and the development of transportation, China should further 

build and upgrade the cross-subject and cross-system multimodal transport information platform to 

help the stable and healthy development of multimodal transportation. 

(2) Improve the incentive level and establish the feasible reward and punishment mechanism. In the 

process of information sharing, the governmental attention determines the sharing effectiveness to a 

certain extent. Therefore, improve the incentive level is conducive to the formation of the sharing 

atmosphere, promote the establishment of information sharing atmosphere, and form a virtuous circle. 

Moreover, we should also pay attention to the establishment and improvement of the reward and 

punishment mechanism, the good market operation atmosphere cannot be separated from the support 

of the system. 

(3) Under the integrated development of the supply chain, the logistics information of the enterprise 

has played an important role and has a greater impact on the enterprise; the logistics information is 

obtained through the terminal, so that consumers and logistics management have a clear 

understanding of the information of logistics management. In terminal applications, although 

obtaining information is relatively simple, the whole process of logistics management needs to obtain 

more accurate information through information interaction and sharing. Therefore, logistics 

management work needs to be improved through the improvement of the information sharing system, 

logistics information plays an important role in logistics transportation and can reflect the efficiency 

of logistics management of enterprises, the construction level of the terminal should be improved and 

the quality of logistics management should be strengthened. 

6. Conclusion 

On the basis of analysis of the evolutionary game model of information sharing within the supply 

chain, this paper uses system dynamics build the game model of information sharing within the supply 

chain with the help of Vensim software. From the analysis of influencing factors, the enterprise 

informatization level and the governmental incentive extent are positively related to the evolution 

result, which is conducive to promote information sharing; the sharing cost of information is 

negatively related to the evolution result. The evolutionary game theory and system dynamics ideas 

are used to construct the game model of information sharing, study the influence of main factors on 

the evolution results, and propose corresponding countermeasures, provide new ideas and new 

directions for supply chain management. However, factors such as different supply chain types and 

enterprise characteristics are not included in the research scope, and further refinement and 

exploration are still needed. 
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