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Abstract: Based on an analysis of the development of economic decision support 
systems, agents are applied to construct intelligent economic decision support 
systems. This paper proposes a task-oriented agent design concept and designs 
multiple types of agents to complete the decision-making tasks with the task as the 
core. The structure of multi-agent based systems is provided, and the concrete 
realization structure of different types of agents in the system is also provided. 
Additionally, this study discusses the operational mechanism of the whole system 
and the cooperation between multiple agents in the system. Finally, these functions 
are implemented through a combination of VC++ 6.0, multi-threading technology 
and the expert system tool CLIPS. The economic decision support system 
combines complex system theory, decision theory, information collection, 
knowledge discovery technology, economic decision making and simulation 
technology. It can aid users in making decisions by using communication and 
cooperation between multiple agents. 
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1 Preface 
The socioeconomic system is at its core a person-made system with influences from social, economic, 

educational, scientific, technological, and ecological environments and encompasses many human activities 
and many complex factors from the living environment. The fundamental difference between it and a 
physical system is that there are decision-making links in a social economic system, and people’s subjective 
consciousness has a great impact on the system. Socioeconomics are influenced by many factors such as 
people, social issues, economics and the natural environment. Additionally, the socioeconomic system is a 
high-dimensional system with many variables and parameters, and it is affected by the external environment. 
There are many uncertainties in the system. Finding the solutions to many problems requires the 
participation of scientists from different fields. Therefore, studies of socioeconomic systems must introduce 
new ideas from modern systems science, comprehensively absorb the latest achievements from various 
disciplines, and make full use of computer simulation capabilities. 

The decision-making issues confronted in a socioeconomic system are multifaceted. They can be 
roughly divided into two categories [1]; one category contains structural decision-making problems, and 
the other category contains semistructured and unstructured decision-making. Semistructured and 
unstructured problems are often encountered in socioeconomic decision-making. The resolution of such 
problems often relies on the knowledge and experience of experts and decision makers. The decision-
maker's decision-making style also influences the decision-making results to a certain extent. To obtain a 
more just and objective decision-making plan, the establishment of an intelligent economic decision support 
system is a good way to study and solve semistructured and unstructured decision-making problems. 
General economic decision support systems [2] (DSSs) mainly use a quantitative method to model a 
problem and use the calculation results of numerical models to make decisions. However, these types of 
DSSs generally have slow knowledge acquisition problems and contain difficult expressions. In recent 
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years, increasingly more artificial intelligence (AI) technologies have been applied to research on and the 
development of decision support systems (DSSs) in order to improve the processes and mechanisms of 
problem solving. Alireza et al. [3] ES is a mature field in AI, consisting of a knowledge base, an inference 
engine, and a database. It uses nonquantitative logic statements to express knowledge, and problem solving 
is done in an automated way. Combining ES and DSSs can create an intelligent decision support system 
(IDSS). On this basis, it is possible [4] to combine machine learning with a DSS to construct an IDSS. An 
IDSS uses a case-based learning strategy, artificial neural networks and other learning methods to make the 
system automatically acquire certain knowledge [5]. With the deepening of AI research, agent technology 
has become a key issue in the field of AI research; thus, there are agent-based IDSSs, and agents are 
increasingly used to construct an IDSS. Therefore, based on the original structure of an intelligent economic 
decision support system, a multiagent technology is proposed to develop an economic decision support 
system. Through an agent, theoretical methods, decision theory, information collection and knowledge 
discovery technology, macroeconomic forecasting and simulations of complex systems are closely 
combined. Software agents are used to construct economic decision support systems to help users perform 
economic analyses and make decisions. 

2 Agent and Multi Agent Systems 
The concept of an agent was originally formed in the field of distributed artificial intelligence, and 

although there is no unified definition, most researchers believe that [6] an agent is an active entity with 
knowledge, goals and abilities that can make inference decisions individually or under the guidance of a 
person. Knowledge is the certain understanding of the agent's description of its own environment and the 
required solution. An agent also has knowledge that is useful to the agent when interacting with users or other 
agents, such as knowledge about user characteristics. The goal is the degree to which an agent tries to make 
an achievement when solving a problem. A goal is achieved by completing a series of tasks. The agent may 
cooperate with other agents in order to complete the task. An ability is a problem-solving skill possessed by 
an agent. Agents can change the environment through their own abilities and can continuously learn from the 
environment in order to improve their ability to solve problems. In general, agents need to have certain 
characteristics, including activity, autonomy, interaction, sociality, responsiveness, durability, adaptability 
and even mobility. Some scholars have suggested that an agent should also have real-time capabilities, which 
are especially important to artificial intelligence researchers. In addition to the above characteristics, an agent 
should have anthropomorphic characteristics, such as the capability of exhibiting mental states such as 
knowledge, beliefs, intentions, commitments, and even emotions. 

Usually, researchers study agents within the realm of multiagent systems [7]. An agent combines 
reasoning and knowledge representation and plays an important role in creating intelligent systems and 
simulating intelligent behavior [8]. A single agent is mainly used to simulate intelligent human behavior, 
while a multiagent system has the ultimate goal of simulating human social systems. Multiagent systems 
form through communication and cooperation between multiple agents [9]. Therefore, the real insight 
gained from researching agents is that they can constitute a multiagent system. A multiagent system (MAS) 
consisting of multiagents forms a unified and coordinated whole through mutual cooperation and 
cooperative communication between the agents. Their construction involves the analysis and discussion of 
issues such as mutual cooperation, collaboration, negotiation, and competition among multiple agents and 
the complex interaction patterns associated with them. Compared with a single agent, a MAS has the 
following characteristics [10]: Each member agent has incomplete information and problem solving 
abilities, there are no global controls, data are scattered or distributed, and the calculations are asynchronous, 
concurrent or parallel. Multiagents with different knowledge, goals, and abilities can solve problems 
beyond the single agent through communication and coordination. 

At present, researchers attach great importance to studies of the theory, structure and language of 
agents. In terms of application, the use of an agent-based method to study decision support systems is still 
in its infancy. Poley et al. [11] proposed an agent-based decision support system and a life cycle method 
and established a framework for an agent-based decision support system. Wang [12] combined knowledge 
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discovery, knowledge analysis and group decision support technology to construct an intelligent agent-
assisted decision support system. Tung Bui of the University of Hawaii [13] proposed a framework for an 
agent-based decision support system. Based on the characteristics of the agent, the agent was classified, 
and different agents were designed to complete different decision tasks. The development of the whole 
system was divided into two stages, the micro level and the macro level. At the micro level, each agent 
concentrates on completing its specific tasks. At the macro level, there are considerations on how to 
implement cooperation between agents to support the whole process of decision making. Ching-Shen James 
DONG [14] and Grace SauLan LOO [15] used agents to construct a Web-based DSS. In the system, four 
kinds of agents, namely, a user interface agent, a user agent, a DSS component agent and a DSS component 
mapping agent, were designed. Hu Daiping used an agent to design and implement a macroeconomic 
decision support system. An application produced by Wang [16] of the City University of Hong Kong and 
other application-constrained negotiation agents built a DSS decision-making model. 

3 System Design 
3.1 System Structure 

General intelligent economic decision-making systems apply knowledge engineering and rely on 
artificial intelligence principles and methods to assist in decision-making based on knowledge and 
reasoning. Knowledge engineering applications mainly solve problems related to knowledge representation, 
knowledge acquisition paths, knowledge reasoning and human-machine interactions in the decision system. 
The basic structure of an intelligent economic decision system [15] is shown in Fig. 1. 
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Figure 1: The basic structure of intelligent economic decision-making 

The intelligent interface module is a vehicle for operators, administrators, experts, and decision makers 
to interact with the system. This module is responsible for inputting raw data and outputting analytical data, 
decision model solution results, and other information, as well as providing query services and 
accumulating knowledge in the knowledge base [17]. The reasoning module is the core of the system. It 
includes three submodules with various functions, which are exact problem solving, fuzzy decision support 
and complex problem solving. The exact problem solving module mainly solves structural decision 
problems; the fuzzy decision support module mainly focuses on uncertain, fuzzy and incomplete factors, 
performs inexact reasoning and problem solving, and generates a fuzzy decision model for the purpose of 
assisting in decision making [18]. The complex problem solving module is proposed to solve major 
problems in socioeconomic systems. It adopts methods such as prototype simplification to deal with 
complex problems. The computer simulation module simulates the strategic decisions of the socioeconomic 
system through quantitative calculations and the application of system dynamics and other models. The 
knowledge base is a collection of data that express information based on the characteristics of 
socioeconomic strategy issues, using production rules and fuzzy production rules. The integrated database 
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stores relevant data for the socioeconomic system. Its management is the responsibility of the database 
management system. The model library stores a repository of strategic models, tactical models, and 
transactional operational models. The process of implementing decision-making assistance commences 
roughly as follows: First, a qualitative analysis is carried out using national policies, guidelines, and expert 
knowledge and experience extracted from the knowledge base. Then, the knowledge base, database, and 
model library are used to generate the inference model and to carry out quantitative analyses of intelligent 
reasoning and scheme simulations to complete the decision task. 

In accordance with the basic structure of general intelligent economic decision-making, the structure 
of a multiagent economic decision support system using agent technology is shown in Fig. 2. 
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Figure 2: The multiagent decision support system structure 

As shown in Fig. 2, the user interacts with the interface agent, which records and stores the user’s 
identity in its own knowledge base. Then, the interface agent processes the user’s questions and interfaces 
with the central control agent. The central control agent decomposes the problem into several subproblems, 
chooses the model agent needed to solve the subproblems, and receives a decision from the model agent 
based on its own knowledge. The decision results are then sent to the evaluation agent. The evaluation agent 
makes an evaluation according to specific principles, and then the decision-making scheme is simulated, 
and the simulation results are sent to the combination agent. A composite agent will receive a new decision-
making scheme from several schemes obtained from the evaluation agent based on a specific combination 
method and send the scheme to the evaluation agent. After several evaluation cycles, a satisfactory solution 
is finally obtained and returned to the user. 

To assist users in complex operations such as decision support, the multiagent economic decision 
support system designs a variety of agents with different functions to complete different subtasks. The 
agents are: 

1) Interface Agent. The interface agent undertakes human-machine interface management, including 
customization of the human-machine interface under the different operating states of the system. On the 
one hand, the user makes a decision request to the system through the interface agent and inputs the relevant 
information according to the specific interface; on the other hand, the system also provides the user with 
visual decision conclusions and various types of auxiliary decision information through the interface agent 
or requests additional information from the user to complete the task. 
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2) Management Agent. The functions of the management agent mainly include ① management of 
other agents within the entire system, including the identification, type and function of various agents. ②
The planning and coordination of tasks. User application problems are further decomposed according to 
requests from the interface agent, and a task is assigned to the relevant model agent. ③ The transfer model 
agent provides information, models and other support for problem-solving decisions. ④ Submission of the 
conclusions of the problem-solving agent to the interface agent. 

3) Model Agent. After accepting a decision task, the model agent obtains the required information 
from the self-contained knowledge base and carries out the model’s organizational reasoning through its 
own inference engine to generate the specific solution that the model requires. The solution is obtained by 
solving the model, and the result of the decision is sent to the evaluation agent. 

4) Evaluation Agent. The evaluation agent performs evaluations according to certain principles and 
then simulates the decision plan and sends the simulation results to the combination agent. 

5) Combination Agent. After the combination agent removes some decision-making schemes from the 
evaluation agent, it obtains a new decision-making scheme through a specific combination method and 
sends the scheme back to the evaluation agent. 

In a multiagent system, each agent will communicate and cooperate with other agents. The cooperative 
agents in a multiagent system are divided into two categories. The first category includes agents that can 
cooperate with all other agents. The evaluation agent and management agent in this system belong to this 
type. The model agent, the combination agent, and the interface agent in this system belong to the second 
category only if they are associated with a certain class or a certain class of agents. The system also has a 
database and a public information base, and various types of agents have their own knowledge base. 

3.2 The System Decision Process 
The process of making decisions by the multiagent economic decision support system commences as 

follows: 
1) The decision-making user first interacts with the interface agent. The interface agent records the 

user’s identity and stores it in its own knowledge base. As the interaction agent interacts with the user step 
by step, the user attempts to solve the problem in the human-machine cooperation environment. In the 
process of interacting with the user, the interface agent can ascertain the specific understanding mode 
employed by the user and the problem-solving mode that the user likes and store and form simple user 
personalization; 

2) The interface agent interacts with the management agent in an attempt to understand the problem, 
decomposes the original problem into multiple subproblems with the help of the management agent, and 
simultaneously activates the corresponding model agent; 

3) After accepting a decision task, the model agent obtains the required information from its own 
model knowledge base and model method library and performs the model’s organizational reasoning 
through its own inference engine to generate the specific solution model required. It solves the problem by 
executing the model and finally makes the decision. If it is necessary to cooperate with other model agents, 
the basic information from the model agent is obtained from the management agent. The cooperation 
request is sent through the communication component, and the cooperation result is obtained through the 
communication component. After obtaining the decision result, the result is sent to the evaluation agent; 

4) The evaluation agent makes an evaluation according to certain principles and then simulates the 
decision plan and sends the simulation result to the combination agent; 

5) After the combination agent removes some decision-making schemes from the evaluation agent, it 
obtains a new decision-making scheme through a specific combination method and sends the scheme to the 
evaluation agent; 
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6) The final decision plan is sent by the evaluation agent to the management agent, and the 
management agent submits the final decision plan to the interface agent and provides the user with a final 
visual decision through the interface agent. 

The decision maker chooses the final decision scheme according to the decision format and the 
evaluation simulation results provided by the system and combines it with their own experience. If the user 
does not receive a satisfactory decision plan, a new round of decision-making will be performed with the 
new information until a satisfactory plan is obtained. 

4. System Implementation 
4.1 Agent Structure Design 

In the process of designing the agent, there are some methods for designing the structure of the agent. 
The agent-centered basic model consists of an event processing system, a method set, and an internal state 
set. The event perceptron senses the external environment and reacts to it and to its internal state. The event 
processing system is the core part of the agent. The method set is the means by which the event can be 
completed. The internal state set represents the current state of the agent. The target-based agent design 
method, the target, the mental state, knowledge and other attributes, along with communication, reasoning 
decision, transaction processing, self-learning and interaction abilities, are means for the target to pursue 
the agent, and event processing is a means for the agent to achieve its goals. The various attributes and 
behaviors of the agent serve to provide the target service. 

In the target-based approach to target design, the goal of the agent is to complete one or more tasks. 
The method used to complete the task is transaction processing. Therefore, the object-oriented agent design 
method and the event-based agent design method operate at different levels of problem analysis. The goal 
is a more abstract concept, and the realization of the goal requires a variety of tasks to be achieved. Event 
processing operates within a concrete implementation layer; the task is within the application layer, and the 
target is within the abstraction layer. In this sense, the object-oriented agent design is more suitable for the 
theoretical framework of agents, which can be used to guide the theoretical development of agents. The 
agent design method based on event processing is more suitable for the specific program implementation 
of agents, which involves completing some specific event processing step of the task. The application of 
the agents in various fields connects the two methods. 

The object-oriented agent design method can be used to design the theoretical framework for agents, 
just as artificial intelligence research is a method of finding general problems from the beginning and is 
used to construct general programs. To date, the use of specific knowledge from narrower fields is the same 
as building very specialized programs. Since the agent is applied to different fields and the tasks vary among 
fields, the methods for dealing with the problems are different. Even the knowledge- and transaction-
processing methods used in the different phases of the same task in the same field are different. Agents with 
the same structure may be easier to design and easier to operate but may not be suitable for specific 
applications. Because the unified structure should consider all situations, it will inevitably appear large and 
complete, but this is not the case for every situation, which will affect the performance of the agent and 
thus the performance of the entire agent-based system. The event-based design method uses event 
processing as the core of the agent, which limits the ability of the agent to a certain extent, because an agent 
needs to handle multiple events in order to complete a certain task. 

In view of the above reasoning, this paper adopts the task-oriented agent design method and the agent's 
task as the core to design the agent structure. The managing agent manages the agent, the model agent 
mainly executes modeling and prediction operations, and the interactive agent remotely calls the model 
agent. The running modes of multiple agents are shown in Fig. 3. 
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Figure 3: The operation mode of the agent 

Agents in multiagent systems constantly receive messages from users or agents in other systems, 
process messages, make promises according to their own capabilities and statuses, notify the message 
senders of the promises made, and then use transaction-processing methods to execute expired promises to 
process transactions. 

4.2 Agent Implementation 
1) The interface agent continuously interacts with users during the whole system’s running process to 

help the system understand user decision problems and ascertains how the users understand the problems. The 
interface agent has its own knowledge database (user feature information base and problem domain 
knowledge base). The user feature information repository stores the different hobbies of different users in 
order to understand and solve problems. To understand the problems provided by users and learn user 
characteristics, the interface agent ascertains the users’ characteristics and preferences through a learning 
algorithm via the user feature information base. The knowledge base in the problem domain stores expertise 
on issues in a particular field. The functional components use different treatments for different problems faced 
by the same user by means of problem domain knowledge, which is responsible for correctly understanding 
the problem. The communication component is responsible for the information transfer of the agent. The 
specific structural design of the interface agent is shown in Fig. 4. 
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Figure 4: The structure diagram of the interface agent 
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The administrator is responsible for the management of all representatives of the system. Its tasks are 
to manage the agents in the system, to facilitate cooperation between the agents and to distribute the work. 
It has its own knowledge base, which mainly includes the knowledge of assignments and basic information 
on the different types of agents. The functional elements are primarily responsible for completing the 
addition, updating and deletion of the agents functions and the delegation functions. The specific structure 
of the management factor is shown in Fig. 5. 
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Figure 5: The structure diagram of the management agent 

The model agent finds the solution to the problem or subproblem. The tasks are different because of 
the problems to be solved. The basic knowledge of the model is contained in the knowledge storage model. 
The model’s method inventory can be used to solve the model when the model agent cooperates with other 
model agents to successfully solve the problem. The basic information for the model agent is obtained from 
the management agent and is stored in its partner information database, and the partner information database 
is first searched when cooperation is needed in the future. When the external environment changes, the 
learning algorithm learns and completes the model agent’s revision of the target and knowledge together 
with the functional components. In addition to completing the revision of the target and knowledge, the 
functional component also completes the task of assigning the parameters required by the model agent. The 
specific structure of the model agent is shown in Fig. 6. 
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Figure 6: Structural diagram of the model agent 

The evaluation agent performs preliminary analysis and evaluation of the results obtained by the model 
agent. Its tasks are to conduct a preliminary analysis of the results, obtain the decision-making plan from 
the results and evaluate the plan. Its knowledge base stores relevant decision-making knowledge for use in 
decision-making. The evaluation library stores effective evaluation criteria for the program or direct results, 
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which is the basis for the evaluation of the results. The learning algorithm learns during the decision-making 
process, and the specific work of the functional components to complete the decision-making and 
evaluation. Its specific structure is shown in Fig. 7. 
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Figure 7: Structural diagram of the evaluation agent 

The combination agent is responsible for the integration of the results. Its tasks are to comprehensively 
integrate the results of the evaluations of the evaluation agent and store the final result of the successful 
solution in the system itself. Its knowledge includes the integrated information base and the completed task 
library. The integrated information repository stores information about the result integration. All the 
successful problem solving and result information of the task library storage system is completed. The 
learning algorithm learns the experience of each successful integration. The functional component 
completes the integration of the specific results and the storage of the completed task information. Its 
specific structure is shown in Fig. 8. 
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Figure 8: Structural diagram of the combination agent 

In a multiagent system, there are cooperation modes among multiple agents. At present, the existing 
cooperation methods are put in place by the communication components between the agents. There are two 
main types of communication methods [19], namely, the blackboard mode and the message/dialog mode. 
Using the blackboard mode means that there is a blackboard in the system that all agents know about. Each 
agent writes the information that needs to be exchanged on the blackboard for other agents to read. The 
message/conversation mode causes a direct exchange of messages between two agents that need to 
cooperate. This is the interaction between the two agents. There is also a way of transmitting broadcast 
messages. Broadcasting is a form of communication in which a message is sent to a group of agents, which 
represents an interaction between more than two agents. 
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In the literature [20], it is proposed to use a cooperative agent that is responsible for the cooperation 
between multiple agents. Based on this concept, the cooperation between model agents is carried out. As 
mentioned earlier in this paper, the initial cooperation between the model agents is coordinated through the 
management agent. After successful cooperation, the cooperation records are saved. In the future, 
cooperation for similar situations requires only that the cooperation records be directly located. The 
communication between agents in the whole system occurs through direct message exchange. 

4.3 Using Multithreading to Implement an Agent 
SHOHAM [21] first proposed agent-oriented programming (AOP) and developed the corresponding 

language. However, the AOP language is far less mature and universal than object-oriented programming 
languages (such as C++ and Java). Generally, mature programming languages and techniques are often 
used when implementing agents. To this end, this paper proposes a method combining the VC++ platform 
and the expert system tool CLIPS to design and develop an agent running in a Windows NT environment. 
In multithreaded applications, all threads in a process are parallel. Because the communication between 
threads is easier than that between processes, multithreads are used to institute the parallel operations of all 
functional modules. In multiagent decision support systems, the threads include: 

1) Main threads: Threads that automatically create and start user interfaces. An agent’s human-
machine interface is used to accept users’ operations and display the necessary information. 

2) On the one hand, communication threads are used to establish direct communication with other 
agents, and on the other hand, they are used to send and receive mailbox letters. Both communication 
methods use the KQML format language to transmit communication content. 

3) Reasoning decision threads infer by calling the functions provided by the CLIPS Dynamic Link 
Library (DLL) and then make decisions with the agent. 

4) Transaction threads are composed of transaction processing methods or models, which are created 
when needed. 

5) Learning threads are composed of learning methods, which are created by the main threads when 
agents are learning. 

These threads communicate with each other using the Post-ThreadMessage function. These threads 
can also create more threads while in operation. 

Users can control these threads directly through an agent’s user interface or indirectly control an 
agent’s operation by means of communication through an interactive agent. 

The database system uses the Access desktop database, and the database files store messages, mail, 
internal statuses, promises, the results of implementation and other elements. Then, the system uses BDE 
to run the database, uses TTable and TDBGrid to display the data list, and uses TDBChart to display the 
data curve. Every agent is created based on the objector's idea. The same type of agent is a class in VC ++. 
The inheritance and transformation of the class into an objector are used to carry out the inheritance and 
overload of the factor. Interagency communication takes place directly through the messaging mechanism 
in the Windows system. Behavior functions that can be performed in parallel within the factor are performed 
with the yarn as the basic unit. The Dynamic Link Library (DLL) provided by CLIPS is activated using the 
call mechanism of VC ++ and the Windows Dynamic Link Library. 

5 Conclusion 
Socioeconomic systems are important and typical complex systems. In the decision-making process, 

the system is influenced by many external factors and people’s subjective consciousness. Therefore, to 
obtain correct and accurate decisions, it is necessary to establish an intelligent economic decision support 
system. An agent is an active entity with knowledge, goals and abilities that can make inference decisions 
independently or under human guidance. It combines reasoning with knowledge representation and plays 
an important role in creating intelligent systems and simulating intelligent behavior. Therefore, on the basis 
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of the basic structure of general intelligent systems supporting economic decisions, this document builds 
an economic intelligent decision support system using agent technology, suggests a work-oriented agent 
design concept, and creates many different types of factors with tasks as the core. The specific structure and 
methods of application of different types of agents are documented. A system of support for multistakeholder 
economic decisions is proposed with the guidance of theory and methods that address complexity issues, and 
mature theories and methods are incorporated. Using a computer system, decision-making users are connected 
on the basis of expert knowledge through an agent, thus achieving an interaction between a multidisciplinary 
theoretical approach and the knowledge and experience of experts and computers. 
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