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Abstract — This paper lays emphasis upon the research on Mass Multi-Agent-System, MAS, parallel decision techniques in 
integrated infrastructure for agile enterprises, including the analysis of information exchanging rules for MAS members, MAS 
decision rules for members in the algorithm, the solution to the problems and algorithms and new structure of individual agent 
members and the effects of the controller. As we show by the experiment result, the controller is considered to have good 
robustness and excellent boundary effect, which can skip the local minima to finally achieve very high accuracy. 
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I. INTRODUCTION 

The Integrated Infrastructure for Agile Enterprise (IIAE) 
has been studied in this paper, a new effective platform for 
the application of group decision making is considered to be 
required. Therefore, the existing group of decision-making 
mechanism has been resigned; new decision rules and fuzzy 
neural network algorithms are applied to the design of 
structure of individual agent members. As can be seen from 
the summarization of the computer program result, it shows 
that a more suitable IIAE decision-making mechanism has 
been proposed. 

 

 

Figure 1. The Detail of Structure for IIAE 

Multi Agent System (MAS) is a frontier subject in 
artificial intelligence in the world, and is an important branch 
of distributed artificial intelligence. Its goal is to transfer 
large scale and complex system designed by hardware and 
software system into a small-scale and easy managed system, 
which will become better in communication and 
coordination with agents. Its research involves the 
knowledge of the Agent, goals, skills, planning, and how to 
coordinate the Agent to take action to solve problems. 

In a MAS system, hierarchical representation of agent 
coordination/decision-making mode is still restricted to 
inherent organization structure of the human society. 

As we can see, Individual cooperation is suitable for 
small groups, whose decision is reach thorough gaming of 
group members. When the membership of the group 
expanded to a certain degree, the gaming becomes 
impossible. It’s when the federal type society comes in. In a 
federated cooperation, big group is divided into small 
groups, being called federal). Promote-machine in centralize 
control manner and organize the work together. This way is, 
in fact, the organization of human society, namely the 
hierarchical decision-making. In MAS, such decision and 
coordination (rule) mechanism is well ordered. But the 
disadvantage is that intelligent hierarchical system is always 
bounded to the level of intelligence of promote-machine. So 
when promote-machine ability is limited, it will effect on the 
overall system’s intelligence, enlarging the shortcomings of 
the system. And its advantage is being able to inspire good 
management between members, prevent high intelligent 
agents smart enough to gain from pursuing their self-interest, 
making its group members offers very good service for the 
community. 

We study the lower agent groups such as ants and bees; 
and assume they are a kind of parallel structure such as ant 
colony of ants, males, queens, with division of labor and 
without any hierarchy. All the members of an ant colony 
have almost no self-interest in their group work. They are 
willing to do everything including sacrificing themselves, in 
order to complete the task of the entire group. From this 
point of view, the ant colony members are very similar to the 
agents in the system, namely members with limited 
intelligence with unselfish dedication. 

From the study of the ants and other insects, we realize 
that the human of grading system is not perfect the leading 
method in making the group strategy. We believe that the 
agent system of overall capacity is often constrained by the 
supervisor agent; intelligent level of the group often depends 
on the level of the top agent. Insects such as ants without 
hierarchy and with distributed low intelligent group 
comparing to higher intelligent creatures, the swarm 
intelligence performance as whole is higher than much 
individual intelligence of higher intelligent creatures. It also 
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shows that for the lower intelligent group to form whole 
distributed intelligent decision, and the group intelligence of 
ants is much higher than the single agent's intelligence. Thus, 
we firmly believe in the decision-making mechanism with 
equal relationship and without any hierarchy, may have its 
fantastic advantages. 

MAS of information between members of the security 
mechanism will determine the parallel decision on the 
number of team members. So when it comes to a large 
number of intelligent agent systems, may use the hierarchy 
the similar to the ants, bees (which is from the bottom to the 
top) and parallel decision-making mechanism would be more 
effective. 

To do MAS bottom-up parallel decision research, which 
is suitable for the great number of inferior agent decision-
making mechanism and the overall strategy, is very 
necessary. This project is to discuss and establish a parallel 
decision-making mechanism similar to insect group of big 
team.. The project tries to find the pattern of relationship 
between members intelligence, and establish an measure of 
the overall intelligence in MAS system. We are going to 
construct communication organization members as well as to 
establish coordination mechanism between the members. 

In this paper, the authors research into mass-MAS 
parallel decision in integrated infrastructure for agile 
enterprise and design a new structure of individual agent 
members. The research is supported by the achievements of 
some projects, such as the “Decision-making Research on 
Intelligent Manufacture Equipment Cluster” (2014J132) 
which is a Science and technology project of Quanzhou City. 

This paper, which lays emphasis upon the Mass-MAS 
Parallel Decision in Integrated Infrastructure for Agile 
Enterprise(IIAE). The overall organization of the paper is as 
follows. After the introduction, in Section 2 we present the 
problem in the decision-making operation burden for IIAE, 
are touched upon. Then, the analyzed of Information 
Exchange Rules for MAS Members is presented on Section 
3. In Section 4, the authors elaborate the problem’s solution 
& programming in MAS decision rules for members in the 
algorithm. After that, new structure of individual agent 
members and effects of the controller are introduced in 
Section V. The experiment result shows that the new design 
of the algorithms is effective and reasonable. Finally, Section 
VI concludes the paper. 

II. THE DECISION-MAKING OPERATION 

BURDEN FOR IIAE 

Study on the integrated infrastructure for agile enterprises 
in the manufacturing industry, we have constructed a central 
platform, which can accomplish the communication and 
control of all kinds, but agile enterprise members in the 
platform under the framework of decision still needs further 
research. We tend to make unified decision by the central 
computers of the platform, but with the number of members 
becoming more complex, the central platform experiences 
with increasingly heavy burden, the amount of 
communication between individual members are also 
growing exponentially. Therefore, we have to reinvestigate 
the agile enterprise integrated structure decision method. We 

have made a part of the theory and simulation experiment 
results for Mass-MAS parallel decision algorithm, but 
everything is still just beginning. 

III. INFORMATION EXCHANGE RULES FOR MAS 

MEMBERS 

Parallel decision communication platform itself is not 
involved in decision making; it is simply the agent 
communication platform, which is the same with the air in 
the cave, who help the ant chemical signal transmission. At 
the same time, input and output interface of MAS 
communication platform is the whole system of exchanging 
information with the outside world. Agent does not 
communicate directly, all decisions is made by voting, 
between the individual and the individual competition and 
game also goes through the decision-making platform. For 
example, a damaged agent will quickly be replaced with 
normal agent function. 

We design all agents first being enthusiastic for the tasks. 
And there are no desires and no fears, the agents are not to 
hesitate to anything in order to finish the task. Decision 
platform like a job list to offer the job, and the individual 
members in the first task registered its competitive position, 
get the chance to work. 

The platform can be wired communication or wireless 
communication. Decision and game respectively study 
isomorphism of MAS and heterogeneous MAS. 

The current MAS system, wired or wireless network, 
communication local area network topology structure mainly 
includes two types: no center call for equality (Peer to Peer) 
topology, with a center (Hub-Based) topology. Non-center 
network topology requires direct communication of two 
Agents in the network, the network uses public broadcast 
communication, the Agent uses the CSMA type multiple 
access protocol of competition in public channel. The 
advantage of the structure is the network’s high survivability, 
convenience, and low cost. But when the number of network 
Agents is too much, channel competition has become the 
bottleneck of limiting the performance of the network. And 
for the mobile Agent, to satisfy communication of two 
Agents, network Agent layout will be subject to 
environmental constraints. So, this topology is suitable 
relative small working group of Agents. 

Topology with center requires an Agent acts as a central 
station, whose access to all Agent on the network are by the 
control. So, when the network traffic increases, the 
throughput and delay performance of network would not 
drastic deteriorate. For mobile Agent, each Agent needs only 
to be in the coverage area of the Centre-Agent, and then it 
can communicate with the others. So the network Agent 
layout being less restrictive by the environment, and it has 
stronger ability to adapt to the environment. Center network 
topology has its fatal weakness that is its overall 
communication and data throughput is restricted by center 
Agent’s limit. The other problem is the low survivability of 
the center network topology, because the failure of Centre-
Agent will easily lead to paralysis of the entire network. 

Platform communication mode is different from any 
existing methods, it provides a more powerful 
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communication center station, the central station is the 
professional data transmission and storage centers, with data 
throughput capacity, strong high reliability, high security, 
support for multi Agent and communication. Information 
platform does not participate in the decision task, and does 
not consider the completion of the task, it makes all Agent 
members understand the global information; it provide 
decision-making basis and consultative platform for all the 
members. On the platform of data throughput capacity range, 
the system does not limit the number of Agent. Individual 
members in the MAS access to information is the main way 
of broadcasting mode, but it can also be query mode. 
Although with no communication between individuals, but 
can also be made by the query to other individual 
information platform. Individual members have the ability to 
feel the outside environment, can be their own access to the 
information and its activity status, and constantly or 
periodically in transmission and storage of data to the 
platform. 

IV. MAS DECISION RULES FOR MEMBERS IN 

THE ALGORITHM 

In the robot group, robot acts according to certain 
strategy, such as coordination mechanism, the control laws 
of organic and organized, the robot uses the organizational 
structure of knowledge to obtain a global view on the overall 
system behavior, so as to take effective strategies to guide 
the local control to achieve collaboration. Multi robot 
coordination refers to multiple robots with different target of 
reasonable arrangement of its objectives, resources, to adjust 
their own behavior, and cooperate to achieve common goals. 
We believe that cooperation is a special type of competition. 
Vote on the MAS member is a game. Agents don't know 
each other contents of the voting, each game is independent 
of another, their condition and other information known to 
the whole system, to make a favorable judgment. 

Different voting decision scheme is likely to get the votes 
be well-matched in strength, so the decision result is not 
clear, at this time should be done second times the voting 
decision, and the whole process can be viewed as a complex, 
cooperative game. In considering the parallel decision 
problem of MAS system, we study Nash and his followers in 
the non-cooperation game and the cooperation achievements. 

On the basis of consistency is the discussion of each 
decision maker on the corresponding weight vector criterion 
according to the method of AHP. 
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And the opinions of decision makers are consistent, it is 
necessary to research the problem of comparability of 

weighted vector ),,2,1( mdwd L  . 
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represent the similarity metric vectors of dw and rw . 

Let Gw , dw ),,2,1( md L as triangular fuzzy 

vector, then 
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GI represents the group consistency vector index about 
Gw , as well as II  represents the individual identity of 

vector index about rw . 
We assume that the each component of GI  are 
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And we can see the group is not consistency in level 

 about Gw . 
In the above expression, 10  , according to the 

actual problem level   is given by the group voting or 
group chairman . To maintain the consistency of the whole 
group requires groups on each criterion are the same. 

B. The methods for searching group consistency 

Let 
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Test vector Gw , to see whether it can make the group 

consensus. If it is, then Gw  is the final weight vector of 
group decision making. Otherwise, 
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The method utilizes to the individual weighting vectors 
to determine the group’s consistency, in order to seek a 
group weighting vector, then relative size from the whole 
inspects each individual vectors containing group 
consistency information, through the screening method to 
find the will of individual decision-making plays a key role 
in the decision-making process of this group, to structure of 
population weighted vector. 

Although, Nash often emphasize the alliance member's 
aggressive and selfish problem and obtain the maximum 
interests in its elaboration on the ultimate goal;  the agent 
member we defines fully selfless, co-operational, they 
consider their interests as a whole, to obtain the maximum 
interest is their ultimate goal; but because each member 
agent has different background and experience, the resulting 
decision is thus different, and they are trying to stick to the 
original policy in the game , so the generated for a supply of 
something.. 

Therefore, we believe that in this process, the research 
achievements of Nash and many of subsequent researchers 
are still applicable. However it is due to these differences we 
mentioned, the whole cooperative game process needs some 
corresponding correction. At the same time, we may need to 
expand the cooperation game’s theory and its application. 

V. NEW STRUCTURE OF INDIVIDUAL AGENT 

MEMBERS AND EFFECTS OF THE CONTROLLER 

In fact it introduces the symbol reasoning into individual 
MAS, which formed independent rules, based experience 
and environment correction, and thereby affect the whole 
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system’s decision results, and thus improve the whole MAS 
long-term planning ability. Large groups of parallel decision 
mechanism is a kind of follow the "environmental, behavior, 
reaction" from the bottom to the parallel decision algorithm. 
All the algorithms are design for large groups of parallel 
decision mechanism of decision-making. 

 The main difference between our algorithm and 
"hierarchical" algorithm & "hybrid" algorithm is the bottom-
up decision structure of non-hierarchical management; 
common features are symbolic reasoning uses rules-based 
individual behavior correction system. Our algorithm for 
large groups of parallel decision mechanism of decision-
making and “inclusive” algorithm has common points. That 
is their main characteristics of each subsystem of parallel 
work, and they have the same "based on environmental 
behavior response" mode of intelligent system construction. 
And the difference lies in the large group of parallel decision 
mechanism decision making for a vote on the 
communication platform using the game theory, but not 
making decisions by communications within the group 
members. And secondly, large groups of parallel decision 
mechanism member individual behavior rule is context 
driven, has its own rules of symbolic reasoning based the 
correction ability, follow the organisms return mode. 

 

 

Figure 2. The Structure of Individual Agent Members of the MAS 

The members’ behavior system of our algorithm includes 
definition of members’ behavior rules, changes in response 
to the environment and their independent study ability. The 
algorithm packaging Rules of conduct should include of 
robot perception, exploring, obstacle avoidance, planning 
and task execution ability. The behaviors are composed of a 
sensor to a local drive mapping, and the implementation of 
global target for the system is accomplished through 
interaction behavior, so it has strong real-time performance. 

In this case we use symbolic reasoning in the 
compensatory fuzzy neural network to simulate the way the 
agent obtaining the rule revision pattern from the 
environment and experience. 

The idea of compensatory fuzzy neuron is introduce to 
compensation fuzzy neural network, to train network to 
initialize correct or incorrect definition of fuzzy rule, 
obtaining a more stable and fault tolerant system.  

In Conventional fuzzy neural network,, fuzzy operators 
tend to adopt static and local optimization method of 
operation, such as  the minimum operation, maximum 
operations, product operations or algebra and arithmetic, 
whereas that of  compensated fuzzy neural network, adopted 
a dynamic & global optimization algorithm. In terms of self-
learning ability of neural network, CFNN can dynamically 
optimize fuzzy operators, which modifies the operation of 
network.  

Network can not only adjust the input and output 
membership functions, but also self-adapts logic algorithm to 
dynamically optimize fuzzy inference, revealing the network 
parameters with clear physical meaning. It can also be 
presented by heuristic algorithm, to achieve a higher training 
in neural network. Compensation fuzzy neural network 
combines characteristics of the fuzzy logic system and neural 
network, introducing the various categories of fuzzy neuron. 
The network includes blurred neurons, neurons of fuzzy 
reasoning, the fuzzy neuron and compensation fuzzy neuron. 

 

 

Figure 3. Control effect of the MAS-FNN Controller 

A new MAS controller has been designed according to 
the new structure of individual agent members of the MAS, 
with fuzzy neural network theories, which has been 
elaborated above. As shown by Fig.3-4, the new controller 
can achieved a reasonable precision within an acceptable 
iteration range. Simulation results show the system 
converges within 350 iterations to a 0.0001 precision. The 
controller is considered to have good robustness and 
wonderful boundary effect, which can skip the local minima 
and finally achieved a very high accuracy. 

The algorithm designed by compensatory fuzzy neural 
network has powerful adaptive information processing 
function. In this structure, function of neural network node 
and function of connection weights with fuzzy membership 
and the fuzzy control rules are well combined together. It is a 
good method to determine the membership function of fuzzy 
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reasoning and the inability to learn of similar traditional 
algorithms. The compensatory fuzzy neural network does not 
need to establish accurate mathematics model, on the 
contrary it has powerful self-learning ability. It can be 
combined with the knowledge base, and accurately obtain 
flow characteristic through proper training can, and can 
make the correct trend prediction. It has simple structure, 
adaptability and robustness; meets the demand of agent 
members’ automatically rule modification. 

 

 

Figure 4. Precision of the MAS-FNN Controller 

VI. NEW STRUCTURE OF INDIVIDUAL AGENT 

MEMBERS AND EFFECTS OF THE CONTROLLER 

The paper mainly focuses on and researches into Mass-
MAS parallel decision in integrated infrastructure for agile 
enterprise, including the decision-making operation burden 
for IIAE, the analysis of information exchange rules for 
MAS Members, MAS decision rules for members in the 
algorithm, the solution to the problem with algorithms design 
for new structure of individual agent members and effects of 
the controller. The experiment results and it’s analyze are 

also shown in this part. The new controller which is 
redesigned by fuzzy neural network algorithm is considered 
to have good robustness and wonderful boundary effect, 
which can skip the local minima and finally achieved a very 
high accuracy. 
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