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ABSTRACT

In this chapter a formal agent based approach for the modeling and verification of intelligent information
systems using Coloured Petri Nets is presented. The use of a formal method allows analysis techniques
such as automatic simulation and verification, increasing the confidence on the system behavior. The
agent based modelling allows separating distribution, integration and intelligent features of the system,
improving model reuse, flexibility and maintenance. As a case study an intelligent information control
system for parking meters price is presented.
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An Agent Based Formal Approach

INTRODUCTION

Intelligent information systems (IIS) have been
used in several different domains such as com-
munication, sensor networks, decision-making
processes, traffic control, business, and manu-
facturing systems, among others. Most IIS are
distributed because the data is collected, pro-
cessed, and used at different locations by differ-
ent entities. These entities are autonomous and
communicate among them to perform specific
tasks. This scenario of an integrated IIS (IIIS)
gives rise to several problems and difficulties to
be addressed by the development team. Commu-
nication, scheduling, synchronization, databases,
workflow, and real-time systems are some of the
fields that usually have to be addressed in the
development of an IIIS.

The agent-based development has been suc-
cessfully applied to develop information systems
with the characteristics mentioned (Jennings,
2001). Agents are intelligent entities, which are
distributed and integrated to other agents. There-
fore, developing information systems using the
agent abstraction is quite convenient.

On the other hand, there are some features
related to I1IS which are not explicitly addressed
by the agent approach, such as dependability.
Within this context, formal methods have been
successfully used to promote confidence on the
system behavior. More specifically, the coloured
Petri nets (CPN) formal method (Jensen 1992,
1997) is pointed out as suitable for distributed
and concurrent systems, which are inherent
features of I1IS.

This chapter presents an agent-based approach
for formal specification and verification of IIIS
using coloured Petri nets. A generic agent-based
skeleton CPN model comprising integration and
distribution functionalities has been defined. Us-
ing this model, it is possible to model and verify
agent-based IIIS by only modeling the intelligent
functionalities. Distribution, integration and intel-
ligent features are well encapsulated in CPN sub

models. Thus, the proposed approach simplifies
the IIIS modeling activity and improves its flex-
ibility and maintenance. In order to illustrate the
usage of the proposed approach, the modeling
and verification of a control parking system is
presented.

The remainder of the chapter is organized
as follows. In the Background, some related
works are discussed and background concepts
are presented informally. After, the agent-based
formal approach for modeling and verifying I1IS
is presented. Next, the modeling and verification
ofaparking meter control system s presented and
some verification results are discussed. In Future
Trends, there are some insights and suggestions
for future work. In the last section, the chapter is
concluded and summarized.

BACKGROUND
Coloured Petri Nets

Coloured Petri nets (CPN) (Jensen 1992, 1997)
are a formal method with a mathematical base
and a graphical notation for the specification and
analysis of systems with characteristics such as
concurrent, parallel, distributed, asynchronous,
timed, among others. For the mathematical defini-
tion, the reader can refer to Jensen (1992, 1997).
The graphical notation is a bipartite graph with
places, represented as ellipses, and transitions,
represented as rectangles. Transitions represent
actions and the marking of the places represent
the state of the model. A marking of a place ata
given moment are the tokens present at that place.
A token can be a complex data type in CPN/ML
Language (Christensen & Haagh, 1996). Each
placehas an associated color set that represents the
kind of tokens the place can have. The transitions
can have guards and code associated to it. Guards
are Boolean expression that must be true for the
transition to fire. Code can be a function that is
executed every time the transition fires. Arcs go

255



13 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/agent-based-formal-approach-modeling/23793

Related Content

A Model-Driven Development Framework for Non-Functional Aspects in Service Oriented
Architecture

Hiroshi Wada, Junichi Suzukiand Katsuya Oba (2009). Software Applications: Concepts, Methodologies,
Tools, and Applications (pp. 942-974).
www.irma-international.org/chapter/model-driven-development-framework-non/29429

Association Rule Mining and Audio Signal Processing for Music Discovery and Recommendation
Md. Mahfuzur Rahman Siddiquee, Md. Saifur Rahman, Shahnewaz Ul Islam Chowdhuryand Rashedur M.
Rahman (2016). International Journal of Software Innovation (pp. 71-87).
www.irma-international.org/article/association-rule-mining-and-audio-signal-processing-for-music-discovery-and-

recommendation/149140

Functional Method Engineering

S. B. Goyaland Naveen Prakash (2013). International Journal of Information System Modeling and Design
(pp. 79-103).

www.irma-international.org/article/functional-method-engineering/75465

Formal Methods for Verifications of Reactive Systems

Olfa Mosbahiand Mohamed Khalgui (2011). Reconfigurable Embedded Control Systems: Applications for
Flexibility and Agility (pp. 376-415).
www.irma-international.org/chapter/formal-methods-verifications-reactive-systems/50436

A System for Predictive Data Analytics Using Sequential Rule Mining

Sandipkumar Chandrakant Sagare, Suresh Kallu Shirgaveand Dattatraya Vishnu Kodavade (2020).
International Journal of Software Innovation (pp. 78-94).
www.irma-international.org/article/a-system-for-predictive-data-analytics-using-sequential-rule-mining/262101



http://www.igi-global.com/chapter/agent-based-formal-approach-modeling/23793
http://www.irma-international.org/chapter/model-driven-development-framework-non/29429
http://www.irma-international.org/article/association-rule-mining-and-audio-signal-processing-for-music-discovery-and-recommendation/149140
http://www.irma-international.org/article/association-rule-mining-and-audio-signal-processing-for-music-discovery-and-recommendation/149140
http://www.irma-international.org/article/functional-method-engineering/75465
http://www.irma-international.org/chapter/formal-methods-verifications-reactive-systems/50436
http://www.irma-international.org/article/a-system-for-predictive-data-analytics-using-sequential-rule-mining/262101

