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ABSTRACT

This paper presents and discusses an industrial produc-
tion system model based on Colored Petri Nets. The
model was developed in order to analyse the agent’s be-
havior of a distributed multi-agent system oriented to
the simulation of the management and control of a spe-
cific hardmetal production system plant. This effort
help us to create the basis to get a more robust sys-
tem with means to resist better against eventual con-
flict, contention or deadlock situations among system’s
agents. Colored Petri Nets was chosen essentially due to
their ability to describe explicitly system’s states and
actions and for having a semantic which builds upon
true concurrency.

1 INTRODUCTION

A quick look to the global software market and a brief
analysis on the Artificial Intelligence (AI) research field
is sufficient to demonstrate that Agent Based Technol-
ogy (ABT) grew significantly in the last years. Many
work has been done in the conceptualization, design
and implementation of agent based applications. We
observe, day after day, the emergence of new theories,
architectures and languages related with ABT arena.
These enormous success is probably due to the fact that
an agent based system provides high levels of modu-
larity, extendability, asynchronism, decentralized con-
trol and opportunistic behavior. Mobile agent applica-
tions on electronic commerce activities [1], simulation
of hardware systems [2], artificial personal assistants
[3], distributed systems to help and support processes

of medical care [4] and to assist monitoring in units of
medical intensive treatments [5] and distributed com-
putational environments oriented to support coopera-
tion among intelligent agents [6] show that ABT has
embraced wide and diversified application domains.

In Multi-Agent Systems (MAS) [7] [8] agents are orga-
nized by competence areas and distributed according
to the needs of the applications and users. Problem
solving activities are normally developed in a cooper-
ative way involving the agents that have the expertise
and knowledge required to do so. The MAS area pro-
vides the basis to study, to specify, to design and to
implement applications that involve agent groups and
the way agents act, interact, avoid conflicts and develop
new forms of cooperation.

2 THE CASE STUDY

Based on the experience and models “imported” from
MAS a distributed multi-agent system oriented to the
simulation of the management and control of a spe-
cific production system of hardmetal products was de-
veloped [9]. The main goal of this simulation system
(Fig. 1) is to emulate the “behavior” of a specific pro-
duction plant controled and managed by a group of au-
tonomous agents. The system considers several groups
of agents with different knowledge and skills, containing
each of them at least one agent. They were developed
and distributed according to the main system’s activi-
ties that were considered to be important for simulation
purposes: production orders preparation (POP), raw
materials preparation (RMP), pressing (PRE), machin-
ing (MAC), sintering (SIN), physical control (PHC),
grinding (GRD), final control (FIC), packing and ship-
ment (PAS), and monitoring (MON). According to the
real production system, agents are located in specific
production points, acting as machine supervisors and
managers of their tasks. Each agent integrates the ex-
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Figure 1: The Production System Simulation Environment.

pertise and knowledge needed to simulate the behavior
of each machine during the realization of their main
tasks. All the agents involved with the production sys-
tem simulation, except those related to the production
order preparation, are characterized by attributes that
define their profiles: a code and an identification, the
application area, a list of tasks, and a list of product
families. The other agents presented in Fig. 1, namelly
the Watcher (Wa), the System Environment Engine
(SEE) and the Global Monitor (GM), are provided by
the BEABLE System [10] and they are in charge to do,
respectivelly, global control and surveillance tasks, sup-
port the operationallity of the system’s environment
and system tasks monitorization. The BEABLE sys-
tem is a special kind of integrative system oriented to
problem solving activities, involving several distributed
and cooperative entities (agents). The system’s agents
can be knowledge based systems, user interaction plat-
forms, or computational entities able to emulate some
kind of physical device.

One of the several analysis tasks performed on the
current system’s implementation pointed to a redefi-
nition of the global coordination model that supports
the present prototype system towards a more efficient
and effective one. This effort may help us to create the
basis to get a more robust system with means to resist
better against eventual conflict, contention or deadlock
situations among system’s agents. In order to achieve
that goal, we need a model with abilities to represent all
system’s agents tasks, which includes the internal and
external ones. Additionally, we also required that such
model had a graphical representation, a well-defined se-
mantics, an explicit description of the system’s states
and actions, and a semantic which builds upon true con-
currency. We founded all these requirements in Colored
Petri Nets (CPN) [11] [12].

3 COLORED PETRI NETS

Petri Nets (PN) were already used by some authors
to model agent based systems [13] [14]. Five different

approaches can be founded in [15] concerning the ap-
plication of PNs to model agent based systems. The
first one views a PN as a single agent. The PN is used
as a state diagram representing the inner states of the
agent. A second approach associates an agent with each
transition occurred in the system and the whole PN rep-
resents an entire MAS. In this case, the behavior of the
whole system is given by the occurrence net (reachabil-
ity graph). In a third perspective, the behavior of each
individual agent is described by a separate PN and a
mechanism is used to represent the MAS, by combin-
ing the several PNs. Usually, the techniques used to
combine PNs are place merging and transition merg-
ing, but we can also use hierarchical PNs to do so. In
this approach, agents are PNs and their interconnec-
tions are described also by a PN which represents the
next level of the hierarchy. A final view concerns the
use of Object PNs to model MAS. In this view, tokens
are considered as agents. Although promising, this last
approach still lacks the definition of a formal semantics.
However, as mentioned earlier, CPNs were selected to
model the behavior of the hardmetal production system
simulation.

CPNs have proved their usefulness in the description of
systems where resource sharing, synchronization, and
concurrency occur. CPNs are simultaneously a state-
and an event-oriented language. The states of a model
are represented by places, while the events are repre-
sented by transitions. Each place has an associated
data type determining the kind of data which the place
may contain. The two main reasons that led us to use
CPNs in the system modeling are:

e a CPN model represents a description of the sys-
tem being modeled and it can be used as a speci-
fication or as a presentation.

e CPNs can be analyzed, either by simulation or by
formal methods of analysis.

These advantages can be reinforced by other positive
characteristics of CPNs [12] such as:

e CPNs have a graphical representation.
e CPNs have a well-defined semantics.
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Figure 2: The CPN for the Production System Simulation.

e CPNs are very general-purpose.

e CPNs have very few, but powerful, primitives.

e CPNs have an explicit description of both states
and actions.

e CPNs have a semantic which builds upon true con-
currency, instead of interleaving.

e CPNs provide hierarchical mechanisms for descrip-
tion.

e CPNs integrate the description of control and syn-
chronization with the description of data manipu-
lation.

e CPNs can be extended to include time concepts.

e CPNs are stable towards changes of the modeled
system.

e CPNs can be interactively simulated, with results
being presented on the CPN diagram.

e CPNs can have their properties proven by several
formal analysis methods.

e CPNs have computer tools supporting their draw-
ing, simulation and formal analysis.

Fig. 2 presents the CPN model used to analyze and sim-
ulate the behavior of the hardmetal production system.
The CPN uses the notation and assumptions described
in [16]. A color, which means a given data type, is asso-
ciated with each token and it represents a given resource
of the production system, namely an agent, a tool, or a
production order. In order to explain the CPN in Fig. 2
we choose one of the most relevant tasks in the system:
the machining one. It can be described as follows: place
A4 is initially marked with e tokens of type A (e agents)

and place T'3 is initially marked with [ tokens of type T'
(I tools); a token < a;,t;,0r,p1 > of type AXT xOx P
in place workingM AC means that an agent a; is using
a tool t; doing on p; an operation listed in production
order op; when the operation finishes (when transition
endM AC fires), the agent becomes idle again (or bet-
ter, it becomes ready again to work), the tool is released
and both the production order and the piece are passed
to the next production phase (sintering). Similar con-
siderations could be applied to the other system’s tasks,
since the CPN developed presents a regular structure.

In Fig. 3, the machining activity (i.e transitions
beginM AC' and endM AC', and place WorkingM AC
of Fig. 2) is refined through a new CPN, which means
that the CPN in Fig. 2 can be viewed as a top-level
CPN. This hierarchical refinement can also be applied
to the rest of the system’s activities, following similar
considerations.

The CPN of the machining activity is composed of five
sub-activities: 1) production order analysis, 2) picking
pieces, 3) tool preparation, 4) cutting pieces, and 5)
quality control. Sub-activities 2 and 3 can run in par-
allel (or in any sequential order). The cut pieces have
their quality level, described in the production order,
controled when activity 5 is performed. If the quality
is considered to be below the desired level, the piece is
rejected and routed to be cut again. If the quality is
above the desired level, the piece is accepted and for-
warded to the next activity, which is, in this case, the
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Figure 3: A CPN of the Refined Machining Activity.

Cutting pieces

sintering. A final possibility is the piece being consid-
ered unrecoverable, in which case it will be stored for
recycling purposes.

4 CONCLUSIONS

The experiments carried out during the analysis and de-
velopment of the model based on CPNs gave the pos-
sibility to test a priori several coordination strategies
and system’s behavior. Such way of (previous) control
allowed us to optimize the implementation process, re-
ducing the development time and, naturally, the main-
tenance costs. Additionally, it provides to the devel-
oper team a better system’s behavior understanding.
The possibility to model with CPNs the dynamic cre-
ation or deletion of agents along their lifes is among our
perspectives for future work.
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