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Abstract: A new approach to model multi-agent systems with hierarchical colored Petri 
nets is introduced. Every agent has its colored Petri net system, when agents 
are composed into a MAS, we get hierarchical colored Petri net system of the 
multi-agent system, properties of the hierarchical colored Petri net system, 
such as reachability, deadlock detection and avoidance, fairness can be used 
to analyze dynamic properties of the multi-agent system. 
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1. INTRODUCTION 

Multi-agent systems (MASs, [1,2]) provide robust and scalable approach 
for the solution of complex problems. In a MAS, different agents are 
organized working together to achieve the project, Each individual agent is 
organized to be a specialist for a particular task of the MAS, but none has the 
capability of performing all the tasks required of the project. Agents will 
cooperate and interact with others to achieve the project. MASs are 
obviously dynamic systems, composing heterogeneous agents running to 
achieve users demands. The technologies of modeling and analyzing of 
MAS are very important for the using of agents technology, which is not a 
new idea. Many works ([2,3,4,5,6])have been done to model and analysis the 
inter-relationships among agents, while their methods are not good at 
modeUng the distributed and concurrent events in a MAS at the system level. 
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Petri nets ([7,8]) are applicable to a variety of fields and systems, 
especially suitable for systems with distributed and concurrent events ,and 
have been used to model and analyze MASs. [9]firstly modeled single agent 
behaviors with Petri nets, [10]uses predicate/transition nets model and 
analysis multi-agent behaviors, a single Pr/T net is used to model the whole 
multi-agent problem, especially multi-agent plans.[3] using system net, 
agent nets and connectors nets model the mobile agents environment, mobile 
agent and connectors. [11] use agents based G-net (a extended G-net([3])) 
model agents, which have explicit asynchronous communication interface 
and support formal reasoning of agents behaviors. Colored Petri 
nets([12]) ,combining the advantages of Petri nets and high level 
programming languages, are suit to model complex systems with concurrent 
and dynamic behaviors. [4,5,6]use colored Petri nets model the sociality, 
conversation and interaction between agents in multi-agent systems. These 
works mostly are about just one aspect property of a MAS. 

How to embed Petri nets technologies into the dynamic running 
processes and get full-sided analysis of a MAS are the problems that we are 
interested in. In this paper, we will set out a new approach to model MAS 
with hierarchical colored Petri nets. Each agent has its colored Petri net 
system, when composed into a MAS we can get its hierarchical colored Petri 
net system of the MAS, through which we are able to get the dynamic 
properties of the MAS, including qualitative and quantitative properties. 

The remainder of this paper is structured as follows: In section 2 we 
briefly present related concepts and theories about this paper, in section 3, 
we model and analyze MAS with hierarchical colored Petri net system; we 
conclude current workings and present further work in section 4. 

2. AGENT AND HIERARCHICAL COLORED 
PETRI NETS 

Agents are mostly used to denote a hardware or (more usually) software-
based computer systems that enjoy the following properties ([1,2]): 
autonomy, social ability, reactivity, and pro-activeness. MAS is an approach 
for the solution of complex problems. In a MAS, different agents are 
organized work together to achieve the project. Each individual agent is 
organized to be a specialist for a particular task of the MAS, but none has the 
capability of performing all the tasks required of the project. Agents will 
cooperate and interact with others to achieve the project. For the smoothly 
running of the MAS, effective formal model and analysis methods and tools 
are essentially. 
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Colored Petri nets (CP-nets,[12]) attaching a color to each token and a 
color set to each place allows us to use fewer places than would be needed in 
a PT-net without losing any properties. The basic idea behind Hierarchical 
Colored Petri nets (HCP-net) is to allow the modeler to construct a large 
model by combining a number of small CP-nets into a larger net which is 
similar to the situation in which a programmer constructs a large program 
from a set of modules and subroutines. It is always possible to translate a 
HCP-net into a non hierarchical CP-net-which in turn can be translate into an 
ordinary Petri net ,which means that the theoretical modeling powers of 
these three classes of Petri nets are same. 

3. MODELING MULTI-AGENT SYSTEMS WITH 
HIERARCHICAL COLORED PETRI NETS 

We set up a new approach to model MASs with HCP-nets technology. 
Firstly, the structure of an agent is based on BDI theories ([1,2]) and its 
behaviors can be modeled with a non-hierarchical CP-net, the structure of an 
agent is: 

Agent Profile 

Agent Process Model 

Agent Information Table 

Description of the agent, name, 

goals, intentions, beliefs. 

Description of the agent how to 

work, modeled with colored Petri 

nets. 

Registers agents that cooperate 

with the agent recently. 

The process model is a non-hierarchical CP-net that used to model 
agent's behavior logic mechanism, with which we can get the agent's states 
transformation and behaviors schedules to achieve a goal. Agent information 
tables will help we effectively organizing a dynamic MAS. 

Secondly, MAS can be modeled with its HCP-net system, each agent 
within it is denoted as Figure 1 in the prime page and process models of 
agents are sub-pages of the HCP-net system. The MAS is described at 
system level and agent level. At system level, the structure of MAS is 
modeled with the prime page (a non-hierarchical CP-net), agents are 
presented with their substitution of transitions, we can get the relationships 
among agents and monitor the MAS from the running of its HCP-net system. 
At agent level, each agent is particular modeled in this level and we can get 
each agent's behaviors and states transitions to achieve its goals, It is just as 
the way that model a large-scale system at macro- and micro- levels with 
hierarchical modeling technologies. 
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Figure 1 Substitution transition of agent 

Note: The HCP-net system of a MAS is bounded Petri nets system. 
Because users would not waiting for a system running absoluteness long 

time without any outcome, when the system running longer than their expect 
time, they will abandon or adjust it. 

The analysis of MAS can be transformed into its Petri net system 
properties analysis, including qualitative and quantitative properties, more 
than just partially about coordination or negotiation between agents([4,5,6]), 
such as: 

l)Reachability: when MAS set out to deal with a goal, the system must 
reaches a state that denotes the goal had been achieved(goal state). From 
initial state to goal state, the system involving several states transformations 
from one to another. Markings of the HCP-net are able to exactly describe 
the system's states. MQ , the initial marking of the HCP-net corresponds with 
initial state of the MAS, and M^ corresponds with the goal state. If M^can 
be reached fromMg, it means the goal can be achieve; else the goal can not 
be achieved and we should do some adjustment for the MAS. 

2) Deadlock detection and avoidance. Through coordination, agents 
within MAS can work together to ensure coherent action. Conflict resolution 
is essential for coordinated agent behaviors. When the HCP-net system of 
MAS running into a deadlock, it means conflicts resolution is needed in the 
MAS. Reasons and resolution methods to deadlock states of the HCP-net 
system can be applied to resolve or avoid conflicts in the MAS. 

3) Fairness. Fairness property describes the dependences among 
transitions in the HCP-net, accordingly, the dependence among agents in the 
MAS. 

4 CONCLUSION AND FURTHER WORK 

We have dealt with the approach to model MAS with its HCP-nets 
system. Each agent has its colored Petri net system and when agents are 
composed into a MAS, we get its HCP-net system. Properties of the HCP-
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net system, such as reachability, deadlock detection and avoidance, fairness, 
can be used to analyze dynamic properties of the MAS. 

Our future work reminded to be done includes: a) dynamic organizing 
procedure of a MAS based on the agent structure in section 3; b) conflicts 
detection and avoiding in the MAS with Petri nets methods. 
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