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ABSTRACT
Multi-agent systems are asynchronous and distributed computer systems. These characteristics
make them also a discrete-event dynamic system. It is, therefore, important to analyze the
behavior of such systems to ensure that they terminate correctly and satisfy other important
properties. This paper presents a formal modeling and analysis of MAS, based on Well-formed
Nets, in order to ensure the absence of any undesired or unexpected behavior. To validate our
contribution, we consider the timetable problem, which is a multi-agent resource allocation
problem.
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1. INTRODUCTION
The paradigm of multi-agent systems (MAS) [1] offers an original way of modeling complex
system. Therefore, multi-agent systems have been used in several areas, such as
telecommunications, finance, Internet, energy, health, embedded systems ... etc. When designing
MAS, it is often hard to guarantee the system specifications that have been designed, actually
fulfil the requirements, i.e., whether it satisfies the design requirements, especially for critical
applications. Tests and simulations have contributed for a long time to validate such systems.
However, these techniques allow to investigate only one part of the global behavior. Thus, they
differ from the formal verification techniques, which ensure that a property is verified by all
possible system executions [2]. Consequently, it becomes crucial to have rigorous methods of
formal specification and verification to ensure the safe development of agent based systems.
These systems can be critical with no risk of error for some properties, such as security, integrity
and robustness. Model checking techniques are widely used in analyzing MASs due to their
completeness and automaton [3].
We have already presented in previous works an e-commerce multi-agent system modeling using
Colored Petri Nets [4] [5], where some general properties verification was performed using CPN
Tools [6] .Unfortunately CPN Tools does not allow verification of specific properties. In addition
it suffers from the so called state explosion problem: the number of states in the model grows
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exponentially. In this paper, we present an efficient formal approach for modeling and verifying
multi-agent systems, based on Well-formed Nets (WN) and model checking verification using
GreatSPN [7] and SPOT [8] tools. The main advantage of Well Formed Nets is the notion of
symbolic reachability graph that is composed of symbolic states. A symbolic state is a state
representing several concrete states in the state space of the system described by the Petri net. So,
much larger state spaces can be represented. Indeed, we present the Agent by class of color and
his actions by transition associated by one or by several conditions.
We study in particular the interaction protocols. Interaction protocols enable agents to reach a
solution in a quicker way. The agents know the messages they can receive in a given state, the
message they can send and the rules that guide their choice in case of non-determinism. The
agents thus go faster towards solution. As case study, we take FIPA contract net protocol applied
to timetable problem. The timetabling problem is a resource allocation problem. It aims at finding
an appropriate timetable for a set of courses to be scheduled within limited resources such as
professors, student groups and class time.
There are generally two types of constraints in timetabling: hard and soft constraints. Hard
constraints are those that must be satisfied and cannot be violated. For example, a professor can't
give two courses at the same time to two different groups. Soft constraints are those that are
preferably satisfied, but may be relaxed if necessary in order to meet hard constraints. For reasons
of simplification we are interested by the verification of the hard properties which are expressed
by the temporal logic used in this work. We begin by defining some atomic propositions that will
help us to translate timetabling properties into LTL formula.
This paper is organized as follows. Related work are presented in Section 2. Section 3 details the
analysed system and the proposed models. Section 4 describes the verification of the desirable
properties and experimental results. Finally, we conclude our paper by giving some perspectives
in Section 5.

2. RELATED WORK
Petri Nets (PN) have been successfully used in several areas for the modeling and analysis of
distributed systems [9]. Several studies have been proposed to model MAS with Petri Nets.
Balague [10], proposed a model for a promotional game of viral marketing on the Internet. She
used Stochastic Petri Nets for modeling a multi-agent wish list. Gazdare [11] used Colored Petri
Nets (CPN) as a formal method to model a transport MAS with containers, then, simulated and
solved the storage problem. Lyu [12] used a Stochastic Petri Net (SPN) model to assess
survivability and fault tolerance of mobile agents systems. They use the model for design and
evaluation of their proposed agent architecture through simulation.
EL Fallah-Seghrouchni [13], Boukredera [14] and Khosravifar [15] proposed to use the CPN
formalism to model interaction protocols. These Petri Net-based approaches provided a MAS's
specification to facilitate applications design and implementation. However, they did not address
the verification problem of the proposed models. The advantages of having a Petri net model
were not exploited. The work presented by Hsieh in [16] proposed a new model called a
collaborative Petri net and addressed the question of deadlock and undesirable state avoidance
under the contract net protocol. Other Petri Net extensions were proposed in more recent works.
[17] defined nested predicate transition nets to analyze multi-agent system and a set of translation
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rules that translate the multi-agent model to an executable PROMELA model [18]. Marzougui in
[19] proposed an Agent Petri Net to model interactions between agents. The transformation of the
obtained model, in an ordinary Petri Net, is also required to analyze the behavioral properties of
the system.
Recently, model checking techniques are widely used in analyzing MASs due to their
completeness and automaton. So several model checker are proposed for modelling and verifying
critical properties of MASs, e.g., MCMAS [20], MCK[21], SPIN [2] and NuSMV [20]. These
approaches, however, still have some limitations. Specifically, MCMAS and MCK mainly focus
on concurrent systems without stochastic behaviors, which limits their application in unreliable
environments or agents with random behaviors. In our work, we use a formal model, based on
Well formed Nets, a class of high level Petri Nets, allowing qualitative analysis together with
performance evaluation. This special class of high level Petri nets, allows to express symmetrical
behaviours, which generates more compact state space.

3. MODELING MULTI-AGENT INTERACTIONS USING WN
An agent is an active and autonomous entity, it perceives its environment and interacts with other
agents to achieve its goal.
The communication between agents can be structured by the use of protocols, structured
descriptions of possible interactions between two or more agents. Protocols are a formalization of
processes, which allow the organization of recurring tasks.
Several protocols have been proposed (see for instance the proposal of FIPA1).

3.1 FIPA contract net protocol
The contract net protocol [22] is an elementary protocol that facilitates task allocation between a
group of agents' roles. In this protocol, there are two different types of roles, an Initiator and a
Participant. The finite automata in Fig.1 and Fig. 2 model the different states and transitions of
these roles. The Interaction Protocol is composed of a sequence of four main steps, illustrated by
the sequence diagrams shown in Fig. 3. The agents must go through the following loop of steps to
negotiate each contract.
1. The Initiator sends a "call for proposal" (CFP).
2. Participants who receive the announcement can answer by either a Proposal or reject.
3. Initiator receives and evaluates proposals, it sends a Contract to participant agents, whose
proposals are accepted, and Refuse to other agents.
4. At the end of interaction, the participant sends to the initiator agent, an Inform message to
confirm the action achieving, or a failure message in a failure case.

_______
1

FIPA: The Foundation for Intelligent Physical Agents
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Fig. 1. Initiator automaton

Fig. 2. Participant automaton

Computer Science & Information Technology (CS & IT)

29

Fig. 3. FIPA Contract-Net Sequence Diagram

3.2 The Well formed Petri Nets (WN)
As mentioned in the introduction, our method is based on the Well-Formed Petri nets. Petri Nets
are state based models which are well known for being able to model complex systems with
concurrency and conflicts, even in the stochastic context. Moreover, WN model can also take
advantage of behaviourial symmetries of systems' entities, if there are such symmetries. Finally,
WNs are a well studied class of high level colored Petri nets and benefit from a large set of
analysis algorithms and tools
A Well-formed Net [23] is a colored Petri net, where places and transitions are provided with a
structured type of tokens. In this model, tokens are grouped into basic classes called color classes.
These classes are brought together to form a color domain, which is associated to places and
transitions. Colors of a place label its tokens, whereas colors of a transition define possible firings
of the transition. Thus, an initial marking of a place is defined as a multiset (bag) of colored
tokens. A color function is attached to each arc: its role is to define for, a given color of the
associated transition, the number of colored tokens to add or to remove from the attached place.
A color domain is a Cartesian product of color classes. A total order, expressed by a successor
function, can be defined on a color class. The Cartesian product defining a color domain can be
empty (for example, in the case of a place containing neutral tokens). It can also contain
repetition of a class (modelling internal synchronization of this class). A color class, grouping
colors of same nature (eg. processes, resources), can be divided into static sub-classes, where a
sub-class contains colors with identical behaviours, even in terms of performance.

30

Computer Science & Information Technology (CS & IT)

3.3 Case study: Timetabling management benchmark
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Fig. 4. The MAS model
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4. EXPERIMENTAL RESULTS

4.1 Properties verification
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Fig. 5. Property verification

4.2 State Space Analysis Results
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5. CONCLUSION AND FUTURE WORKS
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