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Abstract: China's cross-border e-commerce industry presents the development trend as the service industry 

clusters, and interacts closely with the traditional manufacturing clusters. However, the mechanism for the 

coordinated evolution of the two kinds of clusters is not clear yet. This paper defines the cross-border 

e-commerce and the manufacturing cluster under collaboration as a complex socio-economic adaptation 

system that includes manufacturers, service providers, government behaviors and market demands. An 

agent-based collaborative model is designed by three types of agents and four driving interaction 

mechanisms, then the co-evolution mechanisms are observed and discussed in the process of dynamic 

evolution. Based on the rationality and feasibility of the model, the research explored the trend of 

co-evolution through scenario simulations and analysis, improved the mechanisms of co-evolution, and 

pointed out that cross-border e-commerce is one of the ways to transform and upgrade the manufacturing 

cluster. The conclusion of the study provides evolutionary ideas for export-oriented industrial clusters to 

coordinate with the cross-border e-commerce. 

1.INTRODUCTION 

Manufacturing industry develops in the form of clusters is 
a typical feature of China's open economy [1]. After 
experiencing rapid growth, China's export-oriented 
manufacturing clusters often suffer from their own 
development due to "low-end lock-in" [2] [3], and urgently 
need to find ways to transform and upgrade.  

Previous studies have shown that the boundary 
between manufacturing and producer services is gradually 
blurring and there is a convergence trend [4] [5] [6]. In 
particular, the development of China's cross-border 
e-commerce has already shown the development trend as 
the producer service industry1, which provides a possible 
path for the transformation and upgrading of the 
manufacturing cluster, but the mechanism of the 
coordinated evolution of the two is not clear yet. 

Industrial clusters have been generally recognized as a 
complex adaptive system [7]. From the perspective of the 
complex adaptive system (CAS), the previous studies 
focused on the industry (enterprise, organization and 
environment, etc.[8] [9] [10] [11] and the inter-industry 
collaborative evolution mechanism [12] [13]. Taking 
cross-border e-commerce and manufacturing clusters as 
the research objects of inter-industry collaboration, CAS 
can provide a feasible theoretical basis for studying the 
co-evolution mechanism of two clusters. 

 
1 “The 13th Five-Year Development Plan for E-commerce” 

http://www.mofcom.gov.cn/article/b/d/201612/20161202425267.shtml 

Agent based modeling and simulation (ABMS) is a 
toolkit that applied the concept of CAS into the basic 
structure of simulation models [14], used to analyze 
complex adaptive systems and emerging phenomena in 
social sciences [15]. ABMS has been applied in the field of 
industrial cluster research, for example, Vito et al. used 
Agent-based simulation technology to study the 
emergence and evolution of the innovation process in 
industrial clusters [16]; Liu Wenrong proposed the 
technology innovation mechanism system (TISSM) , three 
agent-based models of technology innovation motivation, 
diffusion and symbiosis mechanism were constructed 
respectively [17]; Sun Hao et al. constructed an 
Agent-based e-commerce ecosystem model to visually 
show the evolutionary relationship [18]. In conclusion, 
ABMS has not expanded the research on cross-border 
e-commerce service industry, and the relative research on 
collaboration between cross-border e-commerce and 
manufacturing cluster as a complex adaptive system is 
even rarer. 

This study aims to develop an agent-based 
collaboration model of cross-border e-commerce and 
manufacturing cluster, which can observe the dynamic 
evolution process of enterprises, clusters and 
environments in the model through simulation, and 
identify the mechanism of the co-evolution of two clusters. 
With a view to providing a reference co-evolution model 
for China's manufacturing clusters, especially those 
industrial clusters with export-oriented characteristics, to 
transformation and upgrading. 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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2.CONCEPTUAL MODEL AND SIMULATION DESIGN 

A. Conceptual model design 

The collaboration model of cross-border e-commerce and 
manufacturing cluster is a complex socio-economic 
adaptation system that includes manufacturers, service 
providers, government actions, and market demands [19]. 
The model is composed of three kinds of agents, namely 
supplier, sever and context. Among those agents, supplier, 
traditional export server and the context constitute a 
manufacturing cluster; cross-border e-commerce server 
and the context constitute a cross-border e-commerce 
service industry cluster; the context agent include 
government actions and market demands. 

The basic idea of the Agent-based modeling and 
simulation (ABMS) is object-oriented programming. All 

subjects are composed of attributes and behaviors. The 
composition of attributes and behaviors of those three 
types of agents show as follows.  

1) Supplier Agent 
The supplier agents occupies a large amount of cluster 

resources in the manufacturing cluster, supplemented by 
various types of productive service agents (sever) to 
realize the flow of resources. Distinguishes the supplier 
according to actual economic conditions, this article 
assume that supplier agents in the same size that have 
similar behaviors in the initial stage. However, the 
attributes and behaviors of each supplier agents are 
nonlinearly evolved when the evolution progresses. 
Specific attributes and behaviors are shown in Table I. 

TABLE I.  INTRODUCTION OF SUPPLIER CLASS PARAMETERS AND MAIN METHODS 

Supplier Name Explanation 

Attributes 

Scale The size of the supplier's scale 

Funds Available funds 

Income statement Record income levels of different export models 

Reproduction cycle Time required to produce current production 

Output Current manufacturer's output capacity 

Behaviors 

Yield adjustment Solve the Cournot model based on decreasing cluster cost, adjust output and 
price 

Export mode selection Choose traditional export methods or cross-border e-commerce export 

Reproduction the 

production of goods 
Complete the production of goods 

Expansion and exit Adjust the scale or exit the market according to its own attributes 

2) Sever Agents 
Two types of server agents are considered in the 

collaboration model, which are traditional export server 
agent and cross-border e-commerce server agent. The 
former exists in the manufacturing cluster, and the latter 
emerges from the collaboration model. 

As the carrier of resource flow, both kinds of sever 
agents have the same attributes and behavior, but 
differences in attribute parameters and behavior selections 
(see Table II). 

TABLE II.  SEVER CLASS PARAMETERS AND MAIN METHODS 

Sever Name Explanation 

Attributes 

Observation location Market observation point for server agents to match supply and demand 

Vision The scope of market observation for server agents to match supply and demand 

Service fee Record the various fund levels of server agents 

Service point Match the location of overseas demand 

Service time Total time to complete the service 

Behaviors 

Supply and demand 
matching 

The server agents matches all the demand obtained according to the attributes 

with the output of the cooperative supplier agents to obtain the optimal 

cooperation target 

Fund transfer Reflect the differences in behavior choices of different server agents, see 2.2.2. 

Commodity delivery Complete the transfer of goods from the supplier to the demand 

Context perception 
Perceive the information transmitted by the agents from context, adjust 

their own behavior 

3) Context Agents 
The context agents are composed by two sides, in 

which the government behavior from the supply side 
plays a guiding role, and the overseas market demand on 

the demand side determines the target of the transaction 
behavior. Also, the context agents are modeled as the 
system operating context. Specific attributes and 
behaviors are shown in Table III. 

TABLE III.  CONTEXT CLASS PARAMETERS AND MAIN METHODS 

Context Name Explanation 

Attributes 

Supplier side 

Demand Current customer demand in overseas markets 

Demand side 

Supervision 
The degree of monitoring and management of cross-border e-commerce export 
behavior by customs 
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Infrastructure 
Government-led construction of public services such as cross-border parks, overseas 

warehouses etc. 

Efficiency Measures to accelerate the transaction rate 

Behaviors 

Supplier side 

Add demand Add demand-side customer needs to the environment 

Change demand Inform server agents of demand changes and complete supply and demand matching 

Demand side 

Add supplier and 

sever agents 
Add the agents of supply side to the environment 

Changes context 

agents behavior 
Inform supplier and sever agents of changes in government behavior 

B. Simulation design 

1) Model structure 
The Repast Simphony 1.0 platform and Java language 

are used to implement the model. According to Repast 
design requirements, the elements of the model are 
divided into: Context Object, Space Object and Agent 

Object. There is one instantiated context object, at least 
one instance space object and many different agent 
objects in each Repast model [20]. The structure of nine 
source codes of the three objects of the simulation model 
in this paper is shown in Table IV. 

TABLE IV.  REPAST SIMULATION MODEL STRUCTURE TABLE 

Objects Source Code 

Context object 
Context definition program: WorldScape.java 

Context definition program: WorldSpace.java 

Space object 
Space (requirement) definition program: CustMat.java 

Space display calling program: CustStyle2D.java 

Agent objects 

Supplier definition program: Supplier.java 

Traditional trade sever definition program: TSever.java 

Cross-border e-commerce sever definition program: ESever.java 

Interactive subject class definition program: Ship.java 

Global variable observation statistics class definition program: AllAgent.java 

2) Process and driving interaction mechanism 
The structure and process of the agent-based 

collaboration model of cross-border e-commerce and 
manufacturing cluster (see Fig.1), including: The supplier 
agents determine the export mode, contact the 
corresponding server agents of the traditional export or 

the cross-border e-commerce, then server agents connect 
with the overseas customer, the demand side of context 
agents to complete foreign economic and trade activities. 
The specific interaction mechanisms to achieve the 
process is designed as follows: 

Class Structure Agents & Clusters
Output

Mechanism
Fund

Mechanism
Info

Mechanism
Tech

Mechanism
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Figure 1.  The structure and process of the model 
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a) Commodity circulation mechanism 

The most basic flow of the commodity circulation 
mechanism is to complete the flow of goods from supplier 
to server to customer.  

In addition, supplier agents' production behavior is an 
important factor affecting the circulation of commodities. 
In this research the production model adopts the Cournot 
equilibrium model based on decreasing cluster cost [21].  

Suppose that in simulation year  𝑌𝑡 , three types of 
supplier agents exist in model: large scale 𝑆1  and its 
quantity  𝑛1 , medium scale  𝑆2 , quantity 𝑛2  and small 
scale 𝑆3, quantity 𝑛3. For a perfectly competitive market, 
there are 𝑛 supplier agents that produce homogeneous 
products with no difference. The marginal cost in the 
cluster is 𝑐0, the parameters of the linear inverse demand 
function are 𝑎, 𝑏, then the total output of the cluster in the 

current year 𝑂𝑐,𝑡 will be: 

𝑂𝑐,𝑡 =

(
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3)×(𝑎−
𝑐0

√
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3
3

)

𝑏( 
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3+1)

  (1) 

 Each type of supplier agents’ output in the current 
year 𝑂𝑆𝑖,𝑡 will be: 

𝑂𝑆𝑖,𝑡 =
𝑆𝑖

𝑆3
×

𝑎−
𝑐0

√
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3
3

𝑏( 
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3+1)
  (𝑖 = 1,2,3)   (2) 

In collaboration model, the production behavior will 

be adjusted in each simulation year. 
b) Fund circulation mechanism 

The fund circulation mechanism is a reverse 
commodity circulation mechanism, which is conducted by 
the "customer to server to supplier".  

Under the traditional export, server agent pre-paid 
goods to supplier by market prices, and gain benefits after 
interacting with customers. However, under the 
cross-border e-commerce, server interact with customers 
before conducting capital transmission (see Fig.1).  

In the simulation year 𝑌𝑡 , the market price 𝑃𝑐,𝑡  is 

calculated by: 

𝑃𝑐,𝑡 =

𝑎+(
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3)×
𝑐0

√
𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3
3

𝑆1
𝑆3

𝑛1+
𝑆2
𝑆3

𝑛2+𝑛3+1

    (3) 

The CIF price1  𝑃𝐶𝐼𝐹,𝑡  calculated by server agents 

(𝑇𝑆𝑛、𝐸𝑆𝑚) is: 

𝑃𝐶𝐼𝐹,𝑡 = (
𝐶𝑐𝑜𝑠+𝐶𝑡𝑟𝑎𝑛𝑠

1−𝑅𝑓𝑖𝑥𝑒𝑑−𝑅𝑖𝑛𝑠𝑢−𝐼𝑒𝑥𝑝
)           (4) 

Assume a supplier agent 𝑆𝑛,𝑖, its output is 𝑂𝑆,𝑛,𝑖, and 

its actual transaction volume is 𝑂𝑆,𝑛,𝑖
′ (𝑂𝑆𝑖

′ ≤ 𝑂𝑆𝑖). In 𝑌𝑡 , 

𝑆𝑛,𝑖 get revenue through the traditional export 𝐼𝐶,𝑡,𝑇𝑆 will 

be: 

𝐼𝐶,𝑡,𝑇𝑆 = ∑ (𝑂𝑆,𝑛,𝑖
′ × 𝑃𝑐,𝑡)𝑛    (𝑖 = 1,2,3)   (5) 

 
1 The CIF pricing (cost fee plus insurance fee plus freight), referring to the 

basic calculation method of international trade practice. Among them, 𝐶𝑐𝑜𝑠 

is the variable cost, Ctrans means freight, 𝑅𝑓𝑖𝑥𝑒𝑑 is the fixed rate, 𝑅𝑖𝑛𝑠𝑢 

means insurance rate, 𝐼𝑒𝑥𝑝 is the expected rate of return. 

Revenue through cross-border export 𝐼𝐶,𝑡,𝐸𝑆 will be: 

𝐼𝐶,𝑡,𝐸𝑆 = ∑ (𝑂𝑆,𝑛,𝑖
′ × 𝑃𝐶𝐼𝐹,𝑡 × 𝑅𝑟𝑒)𝑛    (𝑖 = 1,2,3)     (6) 

𝑅𝑟𝑒 means the revenue ratio of supplier and server. 

c) Information-driven mechanism 

Information search capability (field of view) is an 
important influencing factor that affects the server agents' 
abilities like matching the supply and demand, responding 
to environmental changes. 

Assuming that the scope of vision of traditional export 
server agents in the cluster is narrow, and the horizon of 
cross-border e-commerce is relatively broad. In the 

simulation year 𝑌𝑡 , the traditional export server agent 𝑇𝑉𝑛 
has a vision of  𝑉𝑇𝑆,𝑛,𝑡 , the cross-border e-commerce 

server agent 𝐸𝑆𝑚  has a vision of   𝑉𝐸𝑆,𝑚,𝑡 , then the 

average cluster vision level for that year 𝑉𝐶,𝑡 will be: 

𝑉𝐶,𝑡 =
∑ 𝑉𝑇𝑆,𝑛,𝑡+∑ 𝑉𝐸𝑆,𝑚,𝑡𝑚𝑛

𝑛+𝑚
              (7) 

Supervision of government actions among 

environmental entities 𝛼  will affects server agents' 
variable costs 𝐶𝑐𝑜𝑠,𝑡: 

𝐶𝑐𝑜𝑠,𝑡 = {
𝑃𝑐,𝑡                        , 𝛼 = 0 or escape = 1

𝑃𝑐,𝑡 × (1 − 𝑇𝑎𝑥𝑡 + 𝑅𝑒𝑇𝑎𝑥𝑡), 1 > 𝛼 > 0 and escape = 0, or 𝛼 = 1 
     (8) 

In formula 8, “escape” reflects the standardization 
degree of server agents, which will affect the variable cost 
of 𝐶𝑐𝑜𝑠,𝑡, the cross-border export earnings of 𝐼𝐶,𝑡,𝐸𝑆 and 

the customs clearance time of  𝑇𝑐𝑜,𝑡. 

Infrastructure construction 𝛽  will affects fixed 
rates of 𝑅𝑓𝑖𝑥𝑒𝑑,𝑡: 

𝑅𝑓𝑖𝑥𝑒𝑑,𝑡  = (1 − 𝛽)𝑅𝑓𝑖𝑥𝑒𝑑,𝑡−1      𝛽 ∈ [0,0.5)  (9) 

Efficiency construction 𝛾  will affects the customs 
clearance time of  𝑇𝑐𝑜,𝑡: 

𝑇𝑐𝑜,𝑡 = 𝑇𝑐𝑜,𝑡−1 − 𝛾      𝛾 ∈ [0,0.5)      (10) 

d) Technological innovation mechanism 

In the co-evolution model, technological innovation 
will affect the reproduction time of the supplier agent and 
the service time of the server agent, which means the 
improvement of the information efficiency driven by the 
server agent's will affects the production mode of the 
supplier agent, thus the reproduction time changes, 
bringing more economic benefits and finally changes in 
scale. 

In the simulation year of  𝑌𝑡 , the transaction time of 

the server agents 𝑇𝑆𝑛 and 𝐸𝑆𝑚   is divided into 
transportation time and customs declaration time. In this 
year, the server agents’ service times are σ  and φ 
respectively, then the average transaction time of 𝑇𝐶,𝑡 

will be: 

𝑇𝐶,𝑡 =
𝑛 ∑ (𝑇𝑇𝑆,𝑡𝑟𝑎𝑛𝑠,𝑡+𝑇𝑇𝑆,𝑐𝑜,𝑡)σ

σ⁄ +
𝑚 ∑ (𝑇𝐸𝑆,𝑡𝑟𝑎𝑛𝑠,𝑡+𝑇𝐸𝑆,𝑐𝑜,𝑡)φ

φ⁄

𝑛+𝑚
(11) 

For supplier agent   𝑆𝑛,𝑖 , the average cluster 

reproduction time  𝑇𝐶𝑟,𝑡 will be: 

𝑇𝐶𝑟,𝑡 =
∑ ∑ 𝑡𝑟,𝑛,𝑖𝑖𝑛

𝑛
                    (12) 

3) Model validation 
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Considering that the lack of a unified statistical 
standard for cluster data in China, this article selects the 
proportion of China’s cross-border e-commerce exports 
from 2013 to 2018 as a percentage of total exports to 
verify the co-evolution model. 

The simulation performs five dynamic verifications on 
the collaborative model, the simulation obtained the 
co-evolution trend of the first 6 simulation years as shown 
in Fig.2 (a). 

 

 

Figure 2.  Trends in simulation and statistics of scale proportion  

Except the year of 2017, China's cross-border 

e-commerce exports accounted for a gradual increase in 

the proportion of total exports1 since the establishment 

of the comprehensive cross-border e-commerce pilot 

zone in 2013, see Fig.2 (b). The simulation results in 

Fig.2 (a) reflects the trend well, indicating that the model 

design basically conforms to the actual economic 

operation. 

3.SCENARIO SIMULATION RESULTS 

Four scenarios are designed to study and verify the 
interactive driving mechanisms hypothesized in the 
previous section, the basic parameters setting can be 
found in Table V. Considering that the nonlinearity and 
diversity characteristics of CAS [22] will cause the 
simulation results to fluctuate, each scenario simulation 
will run 10 times repeatedly, and the running results are 
averaged for discussion.  

TABLE V.  SCENARIO SIMULATION’S SETTINGS 

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Mechanism 
Commodity 

circulation 

Fund 

circulation 

Information-d

riven 

Technological 

innovation 

Investigation 

parameters 
𝑂𝑐,𝑡 

𝐼𝐶,𝑡,𝑇𝑆 
𝑉𝐶,𝑡 

𝑇𝐶,𝑡 

𝐼𝐶,𝑡,𝐸𝑆 𝑇𝐶𝑟,𝑡 

Influence 

parameters 
- Ctrans - - 

  𝐼𝑒𝑥𝑝   

 
1 Source of data: China’s total exports come from the National Bureau of 

Statistics; cross-border e-commerce exports come from the NetEco. 

A. Scenario 1 

In Scenario 1, the total output 𝑂𝑐,𝑡 of the cluster in 

the simulated year of 𝑌𝑡  was used to evaluate the 
commodity circulation mechanism to see whether the 
collaborative model promotes the cluster development. 
Data preprocessing was performed on  𝑂𝑐,𝑡, and the output 

in the base year  𝑌0 was set as 1, the corresponding values 
were calculated sequentially for the remaining simulation 
years. 

The simulation result shows that the total output of the 
cluster reaches its peak at 𝑌4 and then decreases year by 
year (see Fig.3). The growth rate of the total output of the 
cluster continues to be less than 0 from  𝑌4. The total 
output in 𝑌10  is expected to be 185% from the total 
annual output. 

 

Figure 3.  Evolution map of the total output of the cluster 

The results show that with the co-evolution of the two 
clusters, the total output value of the cluster is greatly 
improved compared to the base year. At the same time, 
the growth process of the cluster in the simulation process 
shows the phase characteristics of growth and 
convergence in the life cycle model [23] of industrial 
cluster evolution.  

B. Scenario 2 

In Scenario 2, the traditional export revenue 𝐼𝐶,𝑡,𝑇𝑆 

and the cross-border e-commerce export revenue  𝐼𝐶,𝑡,𝐸𝑆 

of the supplier agent were used to evaluate the fund 
circulation mechanism and predict whether cross-border 
e-commerce will bring additional profits to supplier 
agents in the manufacturing cluster. 

Assuming that the basic annual returns are the same, 
observe the unit export ratio of the two export models (see 
Fig.4), as the simulation proceeded, the returns obtained 
by the manufacturing cluster through cross-border 
e-commerce exports show a trend of increasing first and 
then decreasing. In particular, from the simulation year  𝑌6, 
the unit revenue obtained through cross-border 
e-commerce export is lower than the traditional export 
revenue, and even dropped to only 86% of the traditional 
export revenue by the simulation year  𝑌10. 
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Figure 4.  Unit export ratio of the two export models 

This finding may not be conducive to the co-evolution 
of the cluster, because the lower income will affect the 
export choices of supplier agents, so more parameters are 
used to analyze the potential problems in the fund 
interaction mechanism. 

This research selected the index parameters of 𝐶𝑡𝑟𝑎𝑛𝑠 

and 𝐼𝑒𝑥𝑝that affect the value of 𝑃𝐶𝐼𝐹,𝑡
1. The theoretical 

analysis of the fund circulation mechanism believes that 
under the traditional export model, the unit profit depends 
on the cost of the cluster, so the value of  𝐼𝐶,𝑡,𝑇𝑆 = 1; 

while under the cross-border e-commerce model, the unit 
profit and the total revenues are related, so the value 
of  𝐼𝐶,𝑡,𝐸𝑆 was specifically observed. Under the standard 

agent-based collaborative model, 𝐶𝑡𝑟𝑎𝑛𝑠 = 4000, 𝐼𝑒𝑥𝑝 =
0.2. 

 

Figure 5.  The average unit commodity income obtained by the 

simulation of two parameters 

Freight 𝐶𝑡𝑟𝑎𝑛𝑠  generated by logistics caused a 
nonlinear effect on the relative average return of unit 
commodities  𝐼𝐶,𝑡,𝐸𝑆 . As shown in Fig.5 (a), the larger 

the  𝐶𝑡𝑟𝑎𝑛𝑠, the higher the simulated value of  𝐼𝐶,𝑡,𝐸𝑆; when 

the value of  𝐶𝑡𝑟𝑎𝑛𝑠 reduced to 3000, the simulated value 

 
1Among the remaining influencing factors, variable cost 𝐶𝑐𝑜𝑠and fixed rate 

𝑅𝑓𝑖𝑥𝑒𝑑 are controlled by the information-driven mechanism, and the 

insurance rate𝑅𝑖𝑛𝑠𝑢is a fixed value. 

of 𝐼𝐶,𝑡,𝐸𝑆  is higher than the standard model Set value 

after the simulation year of  𝑌7. 

As shown in Fig.5 (b), the higher the cross-border 
e-commerce's expectation of its own revenue, the supplier 
agents will get lower revenue under the current fund 
circulation mechanism, which is logical. 

The results show that cross-border e-commerce does 
bring additional unit product profits to the supplier agents 
in the early stage of the simulation, but the development 
of the latter reduce its income. In the agent-based 
collaboration model, the functions of payment, logistics 
and other service companies are integrate into the 
behavior of sever agents. The above findings may help us 
analyze the optimization of cross-border e-commerce 
service system and the improvement of capabilities in the 
next chapter. 

C. Scenario 3 

In Scenario 3, the average horizon level 𝑉𝐶,𝑡 of server 

agents in the cluster in the simulation year 𝑌𝑡 was used to 
evaluate the information-driven mechanism. Data 
preprocessing is performed on 𝑉𝐶,𝑡 , and the average 

visual field level of the base year(𝑡 = 0) is set to 1, and 
the corresponding values are calculated in turn for the 
remaining simulated years. 

The average horizon level 𝑉𝐶,𝑡 of the server agents in 

the cluster shows an increasing trend year by year (see 
fig.6). It is estimated that the average visual field level of 
the cluster is 14 times higher than the average annual 
visual field level by the simulation year of  𝑌10. 

 
Figure 6.  The evolution map of cluster average visual field 

The results show that under the information-driven 
mechanism, cross-border e-commerce and manufacturing 
clusters have collaboratively improved the horizons and 
service capabilities of server agents, and expanded the 
overseas market of the cluster. 

D. Scenario 4 

In Scenario 4, to evaluate the technological progress 
mechanism, the average total transaction time 𝑇𝐶,𝑡 of the 

cluster for server agents to process transactions and the 
average reproduction time 𝑇𝐶𝑟,𝑡 of the supplier agents in 

the cluster are observed in the simulated year of  𝑌𝑡. 

The simulation results shown in Fig.7 (a) illustrate that 
the total processing time of two types of the server agents 
in the cluster shows different trends: the transaction time 
of the traditional export server agent decreases year by 
year; in contrast, the transaction time of cross-border 
e-commerce server agent increasing year by year, but the 
total duration has been lower than traditional exports. 
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As shown in Fig.7 (b), as the cluster evolves, the 
reproduction time decreases steadily year by year, and the 
reproduction time of cluster in the 𝑌10  is expected to 
drop to 91% of the base year of 𝑌0. 

 

Figure 7.  Evaluation Index Chart of Technology Progress 

The results show that under the role of technological 
advancement mechanism, the service capability of 
traditional export server agents has been improved in the 
agent-based collaborative model, and the operation of 
cross-border e-commerce server agents are gradually 
standardized because they are constrained by the actions 
of the government which is one of the context agents, and 
the supplier agents' production mode changes and lead to 
reduce the reproduction time. 

4.SIMULATION ANALYSIS AND DISCUSSION 

This section will discuss the results of the agent-based 
collaborative model of four mechanisms, incorporate the 
role of the collaborative evolution mechanism in real 
economic operation, summarize the simulation results, 
and make feasible suggestions. 

A. Commodity circulation mechanism 

The simulation results of Scenario 1 show that under 
the commodity circulation mechanism, cross-border 
e-commerce collaborative with the manufacturing cluster 
bring about an increase in the total output of the cluster.  

In the actual economic operation, cross-border 
e-commerce can obtain immediate market demand and 
consumption feedback by prompting the production end 
of the manufacturing cluster to directly face consumers. 
On the one hand, cross-border e-commerce has prompted 
manufacturers to innovate production models and change 
the organizational structure to better adapt to the market 
environment, on the other hand, the stable production 
capacity of the cluster guarantees the cross-border 
e-commerce service capabilities. 

Therefore, the commodity circulation mechanism can 
be summarized like: cross-border e-commerce promotes 

its own service capabilities by transforming the attributes 
of commodities and innovating the manufacturing 
organization model of the manufacturing cluster. 

B. Fund circulation mechanism 

The simulation results of Scenario 2 show that 
cross-border e-commerce has the profit advantage of unit 
commodities in the early stage of the simulation. As the 
collaborative evolution proceeds, the profit advantage 
decreases or is even lower than the traditional export of 
the cluster. Meanwhile, we found that the higher the 
logistics transportation cost is, the greater the profit the 
supplier agents obtains. In particular, when the logistics 
cost is lower than a certain value, there are exceptions in 
the long run. The expected benefits of traditional export 
server agents do not affect the supplier agents' profit. On 
the contrary, the higher the expected income of 
cross-border e-commerce, the lower the unit goods profit 
of the supplier agents gains. 

The flow of cross-border e-commerce funds in the real 
economy is different from the traditional international 
trade capital chain. First, the third-party payment platform 
obtains the buyer's payment; secondly, after the 
completion of the commodity transaction, the seller pays 
the goods; finally, the payment platform charges the 
platform operating fee. In theory, the capital chain process 
was simplified, reduced intermediate costs, and converted 
into producer profits, which was verified in the early stage 
of the simulation. 

The logistics system within the cluster needs to be 
reformed to achieve further sustainable development. 
According to the simulation results, increasing the 
construction and the cost of logistics construction can 
enhance the supplier agent's unit commodity income in 
the evolution. At the same time, with the improvement of 
the logistics system, when the logistics cost is reduced to 
a certain extent, the supplier agents’ unit commodity 
income will be higher than the standard model. The 
excessively high expected self-revenue of cross-border 
e-commerce within the cluster is not conducive to supplier 
agents to obtain higher unit commodity returns. To reduce 
the expected self-revenue of cross-border e-commerce, 
appropriate government support policies should be 
considered. 

Therefore, the capital circulation mechanism can be 
summarized as: cross-border e-commerce and 
manufacturing clusters can reduce costs and increase 
profits through the integration and optimization of capital 
chains. 

C. Information-driven mechanism 

The results of Scenario 3 show that the 
information-driven mechanism simulated by the 
agent-based collaborative model can expand the horizon 
of server agents, promote information collection, enhance 
the services ability of matching supply and demand, and 
further promote the development of manufacturing 
clusters. 

In the actual economic operation, when the 
manufacturing cluster develops to the later stage, the 
information interaction between agents within the cluster 
is blocked because the cluster is locked. By cooperating 
with cross-border e-commerce, a big data network is built, 
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the data in the cluster can be analyzed and updated by 
agents to change its behavior, which ultimately gives the 
manufacturing cluster the power to transform and upgrade. 
According to the information-driven mechanism, when 
cross-border e-commerce collaborates with the 
manufacturing cluster, the perfect network layout of the 
upstream and downstream enterprises in the cluster, and 
the interconnection of the nodes in the industrial chain are 
indispensable. 

Therefore, the information-driven mechanism is 
summarized as follows: cross-border e-commerce shares 
information in real time, provides upgrade momentum for 
the manufacturing cluster, and further enhances its own 
development momentum. 

D. Technological innovation mechanism 

Technological innovation is one of the important 
factors that affect the sustainable advancement of the 
coordinated evolution of the two clusters, while 
cross-border e-commerce cluster is an important driving 
force.  

The simulation results of Scenario 4 show that under 
the technological progress mechanism, the server agent's 
transaction time is reduced, and the service capacity is 
improved; the supplier agent's reproduction time is 
shortened and the production capacity is improved. 

During the simulation, it was also found that along 
with the guiding role of government actions of context 
agents, the total duration of the two types of server agents 
to process transactions shows different trends: the 
transaction duration of traditional export server agents 
decreases year by year, while the transaction duration of 
cross-border e-commerce server agents increasing year by 
year, and there is a tendency to converge. From the 
perspective of government guidance, the increase in the 
service time of cross-border e-commerce is due to the 
standardization of its own operations, while the decline in 
the transaction time of traditional exports comes from the 
construction of trade facilitation. Combining the 
characteristics of export-oriented economic development 
and the advantages of the two types of server agents, a 
combination model of "traditional trade export + 
cross-border e-commerce sales" will take advantages of 
the two clusters.  

Therefore, the technological progress mechanism can 
be summarized as follows: cross-border e-commerce 
promotes technological innovation in the manufacturing 
cluster and provides industrial support for its own 
development. 

5.CONCLUSIONS 

Based on the theory of complex adaptive system (CAS), 
this paper establishes an agent-based collaboration model 
of cross-border e-commerce and manufacturing cluster. 
The collaboration model designs four potential driving 
interaction mechanisms. The following conclusions are 
obtained by observing the model dynamic collaborative 
evolution through the Repast Simphony simulation 
platform: 

First, by comparing the proportion of cross-border 
e-commerce export scale based on the collaborative 
model simulation data with the data-based, the interaction 

mechanisms of the collaborative model was verified, 
which means the collaborative model is scientific and 
reasonable to provide a theoretical basis for reference for 
the co-evolution of the similar clusters; 

Secondly, this paper designed four scenario 
simulations of the co-evolutionary mechanisms and 
conducted predictive analysis. Judging from the 
simulation results of agent-based collaborative model, in 
the simulation year of 𝑌10 , the total output of the 
co-evolving cluster is 185% of the total annual output, the 
average horizon level has increased by 14 times, and the 
reproduction time will be reduced to 91% of the base year. 
Based on this, cross-border e-commerce can be seen as 
one of the feasible means for the transformation and 
upgrading of manufacturing clusters. In addition, when 
we conducted a scenario simulation of the fund circulation 
mechanism, we found that additional cross-border 
e-commerce support and the establishment of a cluster 
logistics system will promote the rise of manufacturing 
cluster revenue; 

Finally, the agent-based collaborative model extends 
the CAS theory and ABMS ideas in cross-border 
e-commerce research. The simulation conclusions may 
provide a reference to a certain extent for the development 
of cross-border e-commerce companies in export-oriented 
manufacturing clusters, which may help to achieve the 
transformation and upgrading of such clusters, provide a 
scientific basis for the government to assist cross-border 
e-commerce and manufacturing cluster collaboration. 

In addition, the agent-based collaborative model can 
be expanded to the demand level (e.g., changes in the 
international market environment, personalization of 
customer needs) in the future research. 
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