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Abstract
With the rapid development of information technology, transnational electronic 
commerce will occupy a larger proportion in the field of export. However, domes-
tic e-commerce is in the development stage, and the market is changing rapidly. In 
order to meet the needs of customers, enterprises will further study the design and 
implementation of integrated management information system. This paper studies 
the function of cross-border enterprise e-commerce integrated management informa-
tion system based on collaborative information middleware, and then analyzes the 
design method and implementation. In this paper, according to the research results 
of collaborative information system (CIMS), we propose and implement a model of 
information system (B-CISOM) to support the effective e-business activities among 
enterprises based on the requirements and background of e-commerce activities 
between enterprises. The system operators of cross-border e-commerce enterprises 
should fully grasp the function and performance of each module, improve the work-
ing efficiency of employees in essence, and strengthen the application of the system 
in the operation of enterprises. The experimental results verify the effectiveness of 
the proposed method of integrated management information system for cross-border 
enterprises based on collaborative information middleware.

Keywords E-commerce integrated management information system · Cross-border 
enterprises · Collaborative information middleware

 * Ying Luan 
 3621759053@qq.com

1 Foreign Language Department, Heihe University, Heihe, China
2 Department of Statistics, Heihe University, Heihe, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10257-018-0383-1&domain=pdf


www.manaraa.com

528 Y. Luan, Z. Zhang 

1 3

1 Introduction

The essence of electronic commerce is to reduce the cost of information, which 
includes sales costs, procurement costs and many other aspects. Its impact on the tra-
ditional economy lies in changing and shortening the traditional industrial chain and 
reshaping its trading rules and procedures (Elhoseny and Hassanien 2018a). E-com-
merce can only be established on the basis of timely, accurate and comprehensive 
information access and distribution, otherwise, all the models are only a concept. 
B-CISOM, an intelligent business cooperation information system model based on 
collaborative information middleware CISOM proposed in this paper, can build a 
bridge for efficient and convenient collaborative information sharing among enter-
prises. By joining the B-CISOM alliance, manufacturers can get accurate and com-
prehensive information about raw materials at any time, and suppliers can quickly 
push supply information to manufacturers (Zheng et al. 2018). The performance of 
information sharing mode provided by B-CISOM is better than that of information 
publishing and mining technology on Internet, so it has a broad application prospect. 
An example of E-commerce Integrated Management Information system for Cross-
border Enterprises based on Collaborative Information Middleware is given in the 
Fig. 1.

China is the most mature country in the development of e-commerce, the Chinese 
have long recognized the Internet technology to their lives brought huge changes, 
and they have been able to fully enjoy the fun and convenience of online shopping. 
With the constant exchange of economy, politics and culture at home and abroad, 
and the improvement of people’s consumption level, people are no longer satisfied 
with only buying domestic goods. They are more and more inclined to buy high-
quality goods from abroad. The demand for overseas goods through the Internet 
is growing, and many overseas brands need to open up the vast market in China 
through cross-border business (Yao et al. 2018).

Fig. 1  An example of 
E-commerce integrated manage-
ment information system for 
cross-border enterprises based 
on collaborative information 
middleware
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Cross-border e-commerce refers to the transaction subject in different customs 
territory, through the e-commerce platform to achieve transactions, and the use of 
cross-border logistics and other ways to achieve international business activities. 
Cross-border e-commerce is conducive to the development of economic globaliza-
tion, which has strategic significance for the development of e-commerce. Cross-
border electronic commerce can not only cross the geographical and economic bar-
riers among countries, but also cause revolutionary changes in the world economy 
and trade (Lin et al. 2017). For enterprises, cross-border e-commerce open, three-
dimensional and multidimensional development model, to a certain extent, broaden 
the channels into the international market, and promote the win-win cooperation 
between enterprises. For consumers, cross-border e-commerce allows them easy 
access to details of foreign products and purchases.

2  Collaborative information middleware

2.1  Design of distributed information system

In the design of distributed information system in an open environment, it is a very 
important problem how to share the information of each other. In designing such 
an information system, the integration, security, network bandwidth and informa-
tion organization of different information sources should be taken into account, and 
the system must be adapted to the movement of each information source effectively. 
The change of state makes the design work challenging (Li et al. 2017). In the face 
of such an application requirement, the traditional Client/Server computing mode is 
not competent, but the organic combination of distributed object technology, distrib-
uted artificial intelligence technology and database technology is the way to solve 
this problem. The formulation is expressed as follows

The results of a large number of in-depth analyses of collaborative computing 
show that, although faced with different fields and solving very different problems, 
there are many common design elements, which are the design of any system that 
supports collaborative computing (Shivani et al. 2017). The problems that must be 
addressed are summarized as follows:

• How the parties involved in the collaboration share information and exchange 
information;

• How to ensure the security of information exchange;
• How to integrate computing entities in heterogeneous environment;
• How to ensure the performance of the system when the collaborators work in 

parallel.
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We realize that the essence of these problems is “how to share information safely 
and effectively among all the collaborators”, and urge us to deeply study the coop-
erative information sharing technology. The research shows that the essential design 
elements in the collaborative computing are extracted and implemented by middle-
ware. We call this middleware a middleware for collaborative information systems.

• Advantages of using middleware.
• It can simplify the design difficulty of the upper level collaborative support sys-

tem and make the designer focus on the collaborative work itself.
• It is convenient to realize the expansion of the system and the dynamic change of 

the structure.
• The system has more flexibility, the cooperation between heterogeneous systems 

becomes easier.
• It can provide better security and performance optimization for the system.

2.2  Idea of software Agent

Another important design idea of CISOM is to introduce the idea of software 
Agent and related technology into the system design. A set of collaborative Agent 
is used to construct the middleware to support collaborative information sharing, 
which makes CISOM different from the general concept of middleware technology. 
Each Agent represents the parties participating in the interaction, at the same time, 
through the negotiation between the Agent, the differences among the heterogene-
ous entities in the open system environment are shielded and have semantic consist-
ency (Sun et al. 2018). Through the cooperation among the Agent, the distributed 
information resources can be integrated into an organic whole, thus providing an 
effective solution for the information integration. Each Agent can also form a corre-
sponding alliance, according to the wishes of different entities they represent, so that 
they can share relevant information of common interest, which provides a new pos-
sibility for the effective use of information resources on the Internet. Government 
procurement operation diagram is given in the Fig. 2.

Fig. 2  Government procurement 
operation diagram User
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The Agent in CISOM system can be divided into two categories: one is the 
Agent, which represents the user’s request for information access; the other is the 
information Agent, which represents different information resources, which can 
provide information access services for other Agent. In order to meet the require-
ment of distributed transparency of the system, we design a mediation Agent, 
which manages the information of all the information Agent, so that each Agent 
can dynamically obtain other Agent by interacting with the mediation Agent to 
interact with other Agent to obtain the required information (Elhoseny and Has-
sanien 2018b). Secondly, in order to improve the performance of the system, 
especially to reduce the requirement of the network bandwidth and reduce the 
delay of the network, we adopt the mobile Agent technology, and each Agent can 
move to the node where the information resource is to be accessed. To obtain the 
desired information by interacting with the information Agent representing it, and 
then returning the information to the user or storing it in a local repository for 
future use (Karthikeyan et al. 2018).

The CISOM system structure consists of a set of Agent subsystems distributed 
across different information nodes and an intermediate Agent system that man-
ages the information of each Agent subsystem, as shown in the Fig. 3.

According to the depth of the information query, the whole process can be 
divided into the following five steps:

1. The user sends out the information access request to the intelligent user Agent 
through the Web browser;

2. Intelligent user Agent requests local information query Agent to complete local 
information query service;

Intermediary agent 
system

Agent
information 

base

Local 
information 

base

Agent Subsystem

Mobile Agent context

Intelligent 
user Local query Collaborative 

information query

Local 
information 

base

Local 
information 

base

Fig. 3  Schematic diagram of structure and principle of CISOM system
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3. After completing the local information query, we can further provide collaborative 
information query service according to the user’s request. Firstly, the coopera-
tive information is queried by Agent to request the attribute information of other 
Agent systems from the mediation Agent system;

4. After obtaining the context information of other Agent systems, the cooperative 
information query Agent can send the mobile Agent carrying the related opera-
tion request to other information nodes, and request the local in the context of 
the Agent system representing them. The information query Agent completes the 
operation and returns the result once;

5. When necessary, different cooperative information systems can form an alliance 
through their own intermediary Agent systems to share information more widely. 
Conversion of cost classification is shown in the Table 1.

In the implementation of the system, in order to satisfy the platform independ-
ence, we adopt pure Java technology. Java JDBC database technology to complete 
the transparent operation of different data sources. The mobile Agent technology 
based on Java (Shivani et al. 2017) is adopted to realize the mobility and security 
requirements of Agent. And the Servelet technology of Java is used to generate 
dynamic pages for users and realize the functions of intelligent user Agent (Has-
sanien et al. 2018). The communication between Agent is realized by the message 
mechanism of mobile Agent system, which is compatible with KQML.

3  Design and implementation of B‑CISOM

According to the idea of software engineering for Agent, we design the develop-
ment mode of cooperative information system based on CISOM. According to the 
model, a cooperative information system for specific applications can be developed 
efficiently. The design of B-CISOM is illustrated against this pattern.

1. Install the CISOM Agent subsystem at each information node of the cooperative 
information system

The enterprises that install the CISOM subsystem can be regarded as a virtual 
enterprise, each subsystem is very similar. If the information is stored in the rela-
tional database that supports ODBC, each subsystem can make no changes. Our 
approach is to first develop the full Agent functionality of the CISOM subsystem 
on one node or in the development environment, and then install the system on each 
enterprise server.

(2)Ai ∩ Aj = �, i ≠ j

(3)A1 ∪ A2 ∪⋯ ∪ Am = S

(4)P
(
Ai

)
> 0
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2. Determine the collaborative information system domain server and install the 
CISOM mediation Agent system.

In B-CISOM, the intermediary Agent system is called the business center. It is 
the link that connects each enterprise. As long as each enterprise is registered in 
the business center, it can interact with all the enterprises in the system without the 
need that you should know about other enterprises in advance. The probability is 
expressed as follows,

3. Customize the functions of each Agent in the Agent subsystem of each informa-
tion node.

In B-CISOM, the intelligent user Agent is the interface between the user and the 
system. It provides the user with information navigation through the Web browser and 
collects the user’s input information. After analyzing the user input, the further work is 
completed by the local information Agent or the cooperative information Agent. Finally, 
the result of the information Agent is fed back to the user in the form of dynamic page, 
or stored in the local information base. The correlation probability is expressed as follow,

The whole system of B-CISOM is composed of three functional modules: pur-
chase information system, supply information system and system management.

4. Local information Agent

In B-CISOM, the local information Agent is responsible for the management of 
supply information and system management information. At the same time, it also 
provides PULL and PUSH services for the purchase information query from other 
enterprises. Of course, like other Agent, it must also be able to communicate with 
other Agent, cooperate to complete the system functions, such as accepting the ser-
vice request of cooperative information Agent from other subsystems moving to 
the local, which providing the service and returning the result to other Agent and 
so on. The supply information system is mainly used to manage the information of 
the products produced by the enterprise, including the name, model, price, supply 
capacity, information update time and so on. Supply information, so supply informa-
tion is the key to the B-CISOM system shared information source.
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In the system management, we can manage and set up the business center 
configuration table, the service mode management table, and the request queue 
table. Because some important data are involved in system management such as 
the configuration of B-CISOM subsystem, considering the security of the whole 
system, we verify the account number and password of the users who enter the 
system management.

The business center is configured to mainly manage the domain server address 
information of the B-CISOM. The request queue mainly manages periodic ser-
vice requests from other subsystems. Service mode management mainly manages 
the quality of service (QoS) that provides PUSH services, including the amount 
of time a request is allowed to exist in the queue and the size of the cycle time. It 
is important to note that the timing of the cycle is determined in conjunction with 
the server’s performance and the size of the service queue.

5. Collaborative information Agent

In B-CISOM, the main task of collaborative information Agent is to query the 
supply information needed by the enterprise within the scope of B-CISOM. It 
can request two kinds of services, PULL or PUSH, and the service is provided 
and managed by the local information Agent. Different modes of information 
feedback are used according to the different service patterns requested (PULL or 
PUSH),). In B-CISOM, PUSH mode is the most commonly used mode, in which 
new information can be pushed in real time. In the purchasing subsystem, the 
user can query the relevant commodity information. In PULL mode, B-CISOM 
only makes one global information query, while in PUSH mode, the system peri-
odically returns the new information of each subsystem to the user.

6. Configure the address information of mediation Agent in each CISOMAgent 
subsystem

Administrator users can set up and modify the name, address, port number of 
the business center server by changing the Business Center configuration Page.

7. Registering the information of each subsystem in the domain server’s CISOM 
mediation Agent system

Register the information of each subsystem in the business center through the 
management page, including server name, server address, server port number, 
server type, server description, update time and so on.
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8. Start up the mobile Agent environment of each subsystem

Through the above steps, the design and installation of B-CISOM is com-
pleted. Through the practical implementation of B-CISOM, we can understand 
the superiority of Agent oriented software engineering in the design of coopera-
tive information system, and further demonstrate the rationality and efficiency of 
CISOM system. Schematic diagram of B-CISOM experimental environment is 
given in the Fig. 4.

4  E‑commerce integrated management information system 
for cross‑border enterprises

Cross-border e-commerce refers to the transaction subject in different customs 
territory, through the e-commerce platform to achieve transactions, and the use 
of cross-border logistics and other ways to achieve international business activi-
ties. Cross-border e-commerce is conducive to the development of economic 
globalization, which has strategic significance for the development of e-com-
merce. Cross-border electronic commerce can not only cross the geographical 
and economic barriers among countries, but also cause revolutionary changes in 
the world economy and trade. For enterprises, cross-border e-commerce open, 
three-dimensional and multidimensional development model, to a certain extent, 
broaden the channels into the international market, and promote the win-win 
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Fig. 4  Schematic diagram of B-CISOM experimental environment



www.manaraa.com

537

1 3

Research on e-commerce integrated management information…

cooperation between enterprises. For consumers, cross-border e-commerce 
allows them easy access to details of foreign products and purchases.

4.1  Functionality of an integrated management information system 
for cross‑border electronic commerce

The integrated management information system of cross-border electronic com-
merce needs to draw up the corresponding flow according to the actual operation 
condition of the enterprise, and make the main business process of the enterprise 
electronic and information, and carry on the quantitative evaluation of each business 
content in the informationization. To make guiding contributions to the business 
direction of the enterprise and provide relevant information for the business decision 
makers to adjust the management strategy. In essence, the cross-border e-commerce 
enterprise is still a retailer, its core task is to purchase and sell products, and by risk 
control and logistics to support the formation of a complete business process. Inte-
grated management information system needs to analyze the specific needs of enter-
prises according to this method and make a scientific and reasonable information 
system. The specific functions of the information system are expressed as follows.

4.2  Supplier product management functionality

In the whole operation of cross-border e-commerce enterprises, supplier manage-
ment is the starting point and the product is the basis. First, the salespeople needs 
to investigate the market demand, finds out the products that are easy to operate, 
then finds the suppliers according to the results of the survey, and inputs the relevant 
information about the suppliers and products into the system (Yao et al. 2018). Sec-
ondly, we discuss with suppliers the latest requirements in the development market, 
develop new products, and then input them into the system. From the above analysis, 
it is not difficult to find that information systems need to have vendor management 
functions (add, delete, change and query), product management (add, delete, change 
and query) and product audit. And the system can automatically input information 
into orders, generated trading time, sales volume, product qualified rate and other 
factors, which is conducive to the rating of suppliers. Then, according to the rating 
results, the purchasing plan is arranged to reduce the inventory risk. At the same 
time, suppliers can adjust their supply information in the system to further improve 
their rating. The formulation is expressed as follows,

(8)z = max
(
x1, x2,… , xn

)

(9)z =
∑
i

xi
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4.3  Income‑and‑inventory management function

In the whole process of the cross-border e-commerce enterprise operation, the 
purchase, sale and storage is the core part. The main profits of the enterprise 
mainly come from the dynamic process of the product from purchasing to selling. 
Under the premise of ensuring the normal circulation of the product, the enter-
prise can reduce the purchasing cost, reduce the inventory, and reduce the risk 
of management, and increase the economic profit of the enterprise (Karthikeyan 
et  al. 2018). In addition, they try to avoid unsalable and other situations, and 
improve the reputation of enterprises. There are two modes of procurement, one 
is the immediate sale model, after receiving the platform orders, let the supplier 
send the products directly to overseas according to the product information, make 
sure that after quality inspection, and let the logistics personnel change the pack-
aging, package and deliver goods. The formulation is shown in the following 
equation.

The second is the stocking model, which purchases the corresponding products 
according to the historical sales results, sends the products directly to the cus-
tomers after receiving the platform orders, and the cross-border sales of e-com-
merce are closely linked to the operation work. Because products need to use 
various forms of advertising to increase exposure and increase sales (Elhoseny 

(10)z =

∑
i
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xi − x

�2
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Fig. 5  Bayes method multi-sensor information fusion process



www.manaraa.com

539

1 3

Research on e-commerce integrated management information…

and Hassanien 2018b). The order information on the platform is imported into 
the integrated management information system, and the order processing begin. 
Warehousing refers to the process of entering, sorting, exiting, checking and 
reporting the loss of the products, in which sorting and exiting is the process of 
purchasing and selling. And inventory and reporting damage refers to mainte-
nance products. Bayes Method Multi-sensor Information Fusion Process is given 
in the Fig. 5.

4.4  Logistics channel management function

Cross-border e-commerce companies choose to sell their products mainly by express 
delivery. At present, domestic express companies mainly include China Post, United 
Parcel, FedEx and DHL Express, but each express company each week in different 
weight products in different regions of the price changes. Therefore, it is necessary 
for cross-border e-commerce companies to choose the right express delivery com-
panies to reduce transport costs. Operations and maintenance personnel can process 
weekly express delivery information, especially the transport prices of products of 
different weights, and put quotation lists into the logistics channel management sys-
tem (Sun et al. 2018). After placing an order, let the product automatically select the 
best logistics channel according to the information of weight, destination and type, 
and automatically generate the logistics order as follows,

5  Design and implementation of cross‑border e‑commerce 
information system

5.1  Overall structural design of the system

The whole integrated management information system includes two parts: service 
and supply (Zheng et al. 2018). The whole system can be divided into seven parts: 
supplier management, purchasing management (Lin et al. 2017), sales management, 
warehousing management, operation and maintenance management, logistics man-
agement and financial management. Among them, financial management should 
choose more mature software, which can not only reduce the workload of develop-
ment, but also save resources for the company.

(11)
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5.2  Overall database design

Database design refers to the design of a database schema that meets the require-
ments according to the requirements and objectives, and on the basis of which the 
effective storage of data is established to meet the needs of users. In order to achieve 
the ultimate goal, the design can be divided into five parts: requirement analysis, 
conceptual design, logical design, physical design and implementation. Among 
them, the most consuming time and energy is conceptual design. Conceptual design 
refers to the design of application system data according to the needs of users 
(Abbas et al. in press). The characteristics of conceptual design are that the objects 
of the objective world and the needs of users are represented by the way of informa-
tion data. Conceptual database model can provide users with a data model which is 
easy to understand, so it is the basis of database design as shown in the Table 2.

The main purpose of using saturation testing method is to test whether the sys-
tem can effectively provide services when multiple users access different services 
simultaneously in Internet environment. We access the system at the same time 
on six associative microcomputers, and test the PUSH/PULL mode together. The 
experimental results show that the system is stable and reliable, and the security also 
meets the design requirements of the system.

5.3  Design of vendor product management module

The reasons for designing supplier product management module are internal and 
external respectively. First of all, the internal reason means that with the continu-
ous expansion of the scope of enterprise product development, the intelligent parti-
tion architecture can no longer meet the needs of the enterprise. Companies need to 
be responsible for different types of products, rather than let the general manager 
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m(𝜙) = 0∑
A⊂U m(A) = 1

Table 2  B-CISOM incremental 
test results

Number of 
subsystems

The time required to return 
the first data (s)

The time required to 
return all data (s)

2 12.5 15.6
3 12.7 17.4
4 13.1 20.2
5 13.1 23.7
6 13.4 26.3
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take care of them all. Secondly, external reasons mean that the market demand has 
been changing with the development of technology, enterprises should subdivide 
products and markets in the face of complex external environment, and update their 
product types according to the needs of target customers. The products managed 
by different teams are different, and the responsible personnel should adjust their 
products to meet the needs of customers according to the changes in the market and 
competitors. Supplier management is to enable enterprises to have a cost-effective 
material source, but for cross-border e-commerce enterprises more focus on long-
term cooperation with suppliers. In general, the supplier cooperation should follow 
the “Q.C.D.S” principle, that is, the quality cost to pay the service in advance. Sys-
tem performance indexes are given in the Table 3.

5.4  Design of order management module

Order management refers to the enterprise order management personnel processing 
customer orders, in the entire logistics activities this is the core business (Yao et al. 
2018). The order manager is responsible for the whole process from the time the 
customer has placed the order to the receipt of the order. The order is generated 
when the platform receives the order, then carries on the input, the confirmation, 

Table 3  System performance indexes

System performance Performance

Concurrency Can meet 200 simultaneous access
Stability The stability of the continuous operation of the system
Responsiveness System response time does not exceed 4 s
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Fig. 6  Performance comparison between the proposed method and the comparison method in cost
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the assignment and so on, finally sends out the specified product according to the 
customer demand.

As can be seen from the Fig. 6, the additional cost of the proposed method is 
decreasing over time compared with the comparative method. This shows that 
with the increase in the number of users can continue to reduce the operating 
costs of the system, so the method proposed in this paper can greatly reduce the 
cost of a single user, which is conducive to the promotion of the system. In the 
whole transaction process, we should ensure that every node of order information 
work on time record, no matter what abnormal, should be recorded, adjusted and 
modified according to the actual situation, to maintain the normal operation of 
the system, and to prevent losses to the enterprise. Therefore, after delivery does 
not mean that the order has been completed, shipping time, quantity, whether 
payment and whether there will be an accident will be an important factor in 
improving the level of service. In addition, it is necessary to establish order data 
files to provide decision information for enterprise decision makers. Regression 
of loyalty is given in the Table 4. It can verify the effectiveness of the proposed 
algorithm.

6  Conclusion

In order to meet the needs of customers, enterprises will further study the design and 
implementation of integrated management information system. This paper studies 
the function of cross-border enterprise e-commerce integrated management informa-
tion system based on collaborative information middleware, and then analyzes the 
design method and implementation. In this paper, according to the research results 
of collaborative information system (CIMS), we propose and implement a model of 
information system (B-CISOM) to support the effective e-business activities among 
enterprises based on the requirements and background of e-commerce activities 
between enterprises. The system operators of cross-border e-commerce enterprises 
should fully grasp the function and performance of each module, improve the work-
ing efficiency of employees in essence, and strengthen the application of the system 

Table 4  Regression of loyalty: model summary

Model Non-standardized coefficient Normalization 
coefficient

Sig R squared Tuned R

B Standard error Beta

Constant − 0.119 0.366
ESC 0.245 0.087 0.088 0.000 0.017 0.175
PSC 0.234 0.073 0.076 0.001 0.495 0.246
SA 0.288 0.075 0.074 0.000 0.029 0.289
LSC 0.173 0.064 0.063 0.007 0.319 0.304
F 26.34 0.000e
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in the operation of enterprises. The experimental results verify the effectiveness of 
the proposed method of integrated management information system for cross-border 
enterprises based on collaborative information middleware.
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