
  491

Chapter 2.8
From Requirements to Code 
with the PASSI Methodology

Massimo Cossentino
ICAR-CNR, Italy

Copyright © 2008, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.

ABSTRACT

A Process for Agent Societies Specification and 
Implementation (PASSI) is a step-by-step require-
ment-to-code methodology for designing and de-
veloping multi-agent societies, integrating design 
models and concepts from both object-oriented 
(OO) software engineering and artificial intelli-
gence approaches using the UML notation. The 
models and phases of PASSI encompass represen-
tation of system requirements, social viewpoint, 
solution architecture, code production and reuse, 
and deployment configuration supporting mobil-
ity of agents. The methodology is illustrated by 
the well-known Bookstore case study. 

INTRODUCTION

At present, several methods and representations 
for agent-based systems have been proposed 
(Aridor & Lange, 1998; Bernon, Camps, Gleizes, 
& Picard, 2004; Bresciani, Giorgini, Giunchi-

glia, Mylopoulos, & Perini, 2004; DeLoach & 
Wood, 2001; Jennings, 2000; Kendall, Krishna, 
Pathak, & Suresh, 1998; Zambonelli, Jennings, & 
Wooldridge, 2001, 2003). In order to explore them, 
we shall consider a relevant aspect in modelling 
software, that is, fidelity. Robbins, Medvidovic, 
Redmiles, and Rosenblum (1998) have defined 
fidelity as the distance between a model and its 
implementation. This means that low fidelity 
models are problem-oriented, while high fidelity 
models are more solution-oriented.

Since agents are still a forefront issue, some 
researchers have proposed methods involving 
abstractions of social phenomena and knowledge 
(Bernon et al., 2004; Bresciani et al., 2004; Jen-
nings, 2000; Zambonelli, Jennings, & Wooldridge, 
2001, 2003) (low-fidelity models); others have 
proposed representations involving implementa-
tion matters (Aridor & Lange, 1998; DeLoach & 
Wood, & Sparkman, 2001; Kendall et al., 1998) 
(higher fidelity models).

There exists one response to these proposals, 
which is to treat agent-based systems the same 
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as non-agent based ones. However, we reject 
this idea because we think it is more natural to 
describe agents using a psychological and social 
language. Therefore, we believe that there is a need 
for specific methods or representations tailored 
for agent-based software. This belief originates 
from the related literature. To give an example, 
Yu and Liu (2000) say that “an agent is an actor 
with concrete, physical manifestations, such as a 
human individual. An agent has dependencies that 
apply regardless of what role he/she/it happens to 
be playing.” On the other hand, Jennings (2000) 
defines an agent as “an encapsulated computer 
system that is situated in some environment and 
that is capable of flexible, autonomous action in 
that environment in order to meet its design objec-
tives.” Also, Wooldridge and Ciancarini (2001) 
see the agent as a system that enjoys autonomy, 
reactivity, pro-activeness, and social ability.

Therefore, multi-agent systems (MAS) differ 
from non-agent based ones because agents are 
meant to be autonomous elements of intelligent 
functionality. Consequently, this requires that 
agent-based software engineering methods en-
compass standard design activities and representa-
tions as well as models of the agent society.

Two more responses exist. They both argue 
that agents differ from other software but dis-
agree about the differences. The first, proposed 
by supporters of low-fidelity representations, 
is that agents are distinguished by their social 
and epistemological properties, only these need 
different abstractions. The second, proposed 
by supporters of high-fidelity representations, 
is that the difference is in the deployment and 
interaction mechanisms. With regard to the agent 
notion, DeLoach, Wood, and Sparkman (2001) 
argue that “an agent class is a template for a 
type of agent in the system and is analogous to 
an object class in object-orientation. An agent 
is an actual instance of an agent class,” and “… 
agent classes are defined in terms of the roles 
they will play and the conversations in which 
they must participate.” This definition in some 

way conjugates the social- (conversational) and 
deployment- (implementation) oriented theories 
and positions DeLoach, Wood, and Sparkman 
in the middle.

We also reject these two views in their extreme 
forms. A designer may want to work at different 
levels of detail when modeling a system. This 
requires appropriate representations at all levels 
of detail or fidelity and, crucially, systematic 
mappings between them. Because such issues are, 
at present, not addressed by any of the existing 
MAS analysis and design methodologies, we have 
decided to create a brand new one.

The methodology we are going to illustrate is 
named a Process for Agent Societies Specifica-
tion and Implementation (PASSI) or “steps” in 
the Italian language. It is our attempt at solving 
the scientific problem arising from the above 
considerations. In fact, it is a step-by-step re-
quirement-to-code methodology for designing 
and developing multi-agent societies integrating 
design models and concepts from both object-
oriented (OO) software engineering and MAS, 
using the Unified Modeling Language (UML) 
notation. It is closer to the argument made above 
for high-fidelity representations, but addresses the 
systematic mapping between levels of detail and 
fidelity. The target environment we have chosen 
is the standard, widely implemented Foundation 
for Intelligent Physical Agents (FIPA) architec-
ture (O’Brien & Nicol, 1998; Poslad, Buckle, & 
Hadingham, 2000). PASSI is the result of a long 
period of theoretical studies and experiments in the 
development of embedded robotics applications 
(Chella, Cossentino, & LoFaso, 2000; Cossentino, 
Sabatucci, & Chella, 2003). 

The remainder of this chapter is structured as 
follows. The next section gives a quick presenta-
tion of the methodology’s models and provides 
a justification for PASSI. The third section pres-
ents the application of PASSI to the “Juul Møller 
Bokhandel A/S” case study (Andersen, 1997), 
giving a detailed description of the steps and 
the use of UML notations within each of them. 
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