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Abstract— Great emphasis has been recently given to agent- « the agent-oriented philosophy for modelling and manag-
oriented methodologies for the construction of complex software ing organizational relationships is appropriate for dealing

systems. In this paper two approaches for the construction of with the existing dependencies and interactions.
agent-oriented methodologies and based on methods integration

are presented:meta-model-driverand development process-driven .
The former is based on the MAS meta-model adopted by The development of complex software systems by using the

designers for the development of a MAS for a specific problem agent-oriented approach requires suitable agent-oriented mod-

in a specific application domain. The latter is based on the elling techniques and methodologies which provide explicit

instantiation of a software development process in which each support for the key abstractions of the agent paradigm

phase is carried out using appropriate method fragments and by S | thodoloai " Ivsis. desi d.' |

the mutual adaptation of the work products coming out from evera. metho 099'es Supporting analysis, design and imple-

each phase. mentation of Multi-Agent Systems (MAS) have been to date
proposed in the context of Agent Oriented Software Engineer-

. INTRODUCTION ing (AOSE) [14]. Some of the emerging methodologies are
In analysing and building complex software systems, G&i@ [16], MaSE [7], Prometheus [15], Tropos [4], Message

number of fundamental techniques for helping to manaé?]’ Passi [6], and Adelfe [2]. Although such methodologies
complexity have been devised [3]: ave different advantages when applied to specific problems

D ition the basic_techni for tackling | it seems to be widely accepted that an unique methodology
* e(;)(l)mpoi '3[_1 'd'e t?flc _etc nlqu”e or tackling argsgannot be general enough to be useful to everyone without
problems Dy dividing them Into Smaler, More Manageai, . |aye| of customization. In fact, agent designers, for solv-
chunks, each of which can then be approached in relati

isolati It helps tackli lexity b it limit iY\eg specific problems in a specific application context, often
ISolaton. ,e ps tackling complexity because it fimi S'prefer to define their own methodology specifically tailored
the designer’s scope.

: - L or their needs instead of reusing an existing one. Thus, an
« Abstraction the process of defining a simplified moder proach that combines the designers need of defining his

: . a
tht.?e system that etrEphasILz_es SOT?Seta'IS ort?_rogerttlg\%n method-ology with the advantages and the experiences
while suE)pressmg others. IL1s uselul because itimits l]:%ming from the existing and documented methodologies is
designer’s scope of interest at a given time. highly required

* _O:gamlz?tmn;'he pbrotcess oihdeﬂmr'\g and n}:anggmg thi possible solution to this problem is to adopt the method
interreationships between Ine various systems COmp@ﬁgineering paradigm so enabling designers of MAS to use

nents. The ability to specify organizational relationship hases or models or elements coming from different method-

helps tackling complexity by enabling a number of baSiSlogies in order to build up a customized approach for their

components to be grouped together and treated as, A problems [12]

hlgher-leygl unit of a_maly3|s, and .by prpwdlng a meang, particular, the development methodology is constructed

of 'descr|b|.ng the high-level relationships between t assembling pieces of methodologiesethod fragments

various units. _ ~ from a repository of methodsnethod basg. The method base
Recently the agent-oriented approach [13] has been widdyhyilt up by taking method fragments coming from existing
recognized as very suitable for the development of complgyent-oriented methodologies (such as Adelfe, Gaia, Message,
software systems since it fully exploits the techniques listgshssi Tropos, etc.) or ad hoc defined methods. Currently
above. In particular in the context of complex software syshis approach is adopted by the FIPA Methodology Technical

tems: Committee (TC) [20].
« the agent-oriented decompositions are an effective wéyis therefore crucial to define guidelines for methods inte-
of partitioning the problem space; gration in order to both construct the methodology (retrieving

« the key abstractions of the agent-oriented mindset (agerit&e method fragments from the method base and integrating
interactions, and organizations) are a natural meanstbém) and apply it in the actual development life cycle.
modelling; In this direction, the paper proposes two approaches for
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the construction of agent-oriented methodologies by using existing among the meta-model elements produced by
methods integration: (imeta-model-drivenwhich is based each fragment.

on the MAS meta-model adopted by the designer for thgance, the obtained methodology is able to completelyer
development of a MAS for a specific problem in a specifihe MAS meta-model for a given problem in a specific
application domain; (iidevelopment process-drivamhich is application domain.

based on the instantiation of a software development process

in which each phase is carried out using appropriate method g cepion

fragments. Protocol>—5 4
The remainder of this paper is organized as follows. In section
Il and Ill the meta-model-driven and the development process- rmommosonter | 10\ =
driven approaches are respectively described. In section 1V, 1 Profocol
conclusions are drawn and on-going research activities delin- Input
Processing
eated. Protocol
. . . Output
Il. THE MAS META-MODEL-DRIVEN APPROACH ervice Input
_ _ . Apfitude  Skill ) roedy
A method fragment [18] is a portion of methodology which Servie Output
is composed of the following parts: 5= =
1) A process specification, defined with a SPEM diagram VIS0 | Pre-condition Predicate
[21], which defines the procedural aspect of the frag- _
ment; Post-condition Concept Action
2) One or more deliverables such as AUML/UML diagrams
and text documents [1]; Fig. 1. An example MAS meta-model

3) Some preconditions which represent a kind of constraint
since it is not possible to start the process specified inAn example MAS meta model is reported in Figure 1.
the fragment without the required input data or withouReferring to the MAS meta-model of Adelfe, Gaia and Passi
verifying the required guard conditions; a set of methods fragments that are able to produce a piece of
4) A list of elements (which is a part of the MAS metathe MAS meta-model can be chosen. To completely cover the
model subsumed by the methodology from which it waglAS meta-model selected fragments can be combined and,
extracted) to be defined or refined through the specifigdnecessary, new fragments can be defined (see Figure 2).

process; Using this approach, the integration among the fragments is
5) Application guidelines that illustrate how to apply théhased on the relationships existing among the elements of the
fragment and related best practices; MAS meta-model. Thus, in order to obtain a completely and

6) A glossary of terms used in the fragment in order t@ell-defined ad-hoc methodology, a propeethod fragments
avoid misunderstandings if the fragment is reused ingxecution ordeiis to be defined.
context that is different from the original one;

7) Composition guidelines which describe the con- Produced by the "Identify
text/problem that is behind the methodology from which ~ 7/9guce? bv an and cocument

L . ad hoc defined the interaction protocols"
the specific fragment is extracted; _fragment of Gaia
8) Aspects of fragment which are textual descriptions of e " [Brotocol .
specific issues such as platform to be used, application Purpose
area, etc; : ) - \‘
H H niti ‘ﬁor/Responder 1\1 . |
9) Dependency relationships useful to assemble fragments. \ il |

It should be noted that not all of these elements are mandatory;
some of them (for instance notation or guidelines) could be
not applicable or not necessary for some specific fragment.

To build his own methodology by exploiting theneta-
model-drivenapproach, the designer must:
o choose or define a MAS meta-model suitable for the

Produced by the |

"Individuate agent's ‘ervice "~ Pre-condition “
aptitudes and skills" | ! |

specific problem and/or the specific application domain;  fragment of ADELFE | . /
« identify the elements that compose the meta-model of the \. Post_condmy/
MAS under development; N\ o
Produced by-the"Bevelop a
« choose the method fragments that are able to produce the Services Model" OF:];?)‘I’:;; qovine
identified meta-model elements; fragment of Gaia fragment of PASSI

« defining a development process characterized fogthod
fragments execution ordemn the basis of the relationship Fig. 2. An example of meta-model-driven methods integration
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On the basis of the relationships shown in figure 2) the
. . . A simulation
method fragments execution order is the following: Wék Erodcts

L . - —a | )
1) the Agents Identification fragment of Passi [19]; - T;w s | noiyus | 08 #Besign| Taiomertagon Simulaton
)

lon
~ Statement,” ))yWork products: Mork Rroduets _ Work Products 2 “Work Prodijcts

2) the concurrent execution of the ad-hoc defined fragment, ... (amtiysis  Dosgn ) | Detated  Implementation
and the Individuate agent’s aptitudes and skills fragmerﬁp?"‘”""/ \ ’

/ \Design
Performe}ﬂ;y using

\\ //

- Performed by using Performed by using Deployment
Of Adelfe [17], ) ) m;erthr(;d_rfé%;énggts method fragmems method fragments
3) the concurrent execution of the Develop a Service from Gaia from PASSI Performed by using method fragments
Model fragment of Gaia and the Identify and document from a Statecharts-based methodology

the interaction protocols fragment of Gaia [11];

o : Fig. 4. Development process-driven methods integration
4) the Ontology definition fragment of Passi [19].

Acquaintance

Il. THE DEVELOPMENT PROCESEDRIVEN APPROACH Roeatiosel oy | P pgor
. . N - ~o_Mgdel | 2771 \\\\ Interactions
The development process-driven approach focuses on the in- [E<z2]__3 ey < gModel
.. i N \ A T > Tee—i
stantiation of a software development process that completelfiuema™=~-_ /"< L--1"des -\ g
vers the development of MAS Figure 3 e N T vl | s
covers e eve Op e o see gu S . Interactions N = AgentBehaviors
Model Agent Model
Requi t: Model Detailed ;
e(él;l:::::n s Analisys o eDesign dee:ilge;\ Implementation
4%”’"[1‘3“07’\
W""*E)r\;;“c‘s ® Fig. 5. Dependencies among work products of the instantiated process

T Reatinoents _ Andlysis 0836 ctpnedesian | fubiementation’ Simulation
)/’Slatemenl ))fww product;)))”ofk Products Y¥ork Products ¥ “Work Prodycts

Requirements Analysis Design Detailed  Implementation
Capture Design

wpoas 1 e meta-model-driverapproach provides the following ad-
Depﬁ)ym vantage: flexibility for the definition of methodologies and
meta-models of the MAS to be developed. Conversely, it has
Fig. 3. An example of software development process some drawbackg() difficulty of integration of different frag-
ments due to different semantics of the meta-model concepts;

To build his own methodology by exploiting thievelop- (;;) selection and/or definition of the meta-model to adopt for

ment process-driveapproach, the designer must: the specific problem and/or application domain.

« choose or define a software development process suitablee development process-driveypproach is characterized by
for the specific problem and for the specific applicatiothe following advantages: flexibility for the construction of
domain; methodologies by means of the instantiation of each stage of

« instantiate the development process by selecting, for eable development process. On the other hand, the disadvantages
phase, suitable method fragments, chosen from ageate the following:(7) process rigidity;(iz) low flexibility of
oriented methodologies proposed in the literature or athe system meta-model since the meta-model of the adopted
hoc defined. methodology must be usegiii) adaptation among the work

An example software development process [8] is report@foducts which is sometimes difficult to achievéy) choice

in Figure 3. Referring to the development phases specified &)d definition of the process to instantiate for the specific
Tropos, Gaia, Passi and by a Statecharts-based methodol@gplem and/or application context. On going research activity
[10], a set of methods fragments that are able to carry d&tbeing focused on:

each phase of the development process are to be chosed) definition of adaptation techniques among work products
To completely cover the development process the selected produced by different methods and/or method fragments;
fragments can be combined and, if necessary, new fragmentg) extraction from and definition of method fragments of
can be defined (see Figure 4). Using this approach, the already existing methodologies and the mutual adapta-
integration between the fragments is achieved by individuating  tion among the defined method fragments. This activity
and/or defining dependencies among work products produced is being carried out in the context of the FIPA Method-
by the fragments of the instantiated process. Notice that the ology TC;

work products produced in a given fragment might constitute 3) the experimentation of the two presented approaches for
the input for the next fragment provided that they contain all ~ the e-Commerce application domain [9].

the in-formation required to its initialization (see Figure 5).
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