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A considerable effort in defining Agent-Oriented (AO) apgches to engineering
distributed systems is going on based on the recognitidnthigsagent paradigm, be-
side providing a useful technology to build software systevith an open architecture,
offers appropriate abstractions for specifying and deésuyaritical properties of these
system, such as the dynamic evolution of their archite@ncdethe interaction protocols
of system components [5, 8,9, 13].

Most of the proposed software engineering methodologieptadsual modeling as
a core process which drives the whole software developrfrent, requirement analy-
sis to implementation. The conceptual languages they wsédaran effective graphical
notation, but often lack a formal definition of their semantiThis can result to subjec-
tive models which can hardly be refined in a straightforwaay mto a system design.
Formal specification languages can solve some of the wesises visual modeling
languages, specifically, they permit to define models witreaipe semantics, and facil-
itate their transformation into system designs. Howeveitjivg a formal specification
usually require strong skills, and it is often ineffectiee fliscussing with the stakehold-
ers. Moreover, the formalization “a posteriori” of visuabdels expressed according to
a conceptual modeling framework is not an easy task at a#l,tduhe ambiguities in
the meaning of the graphical notations.

In a previous work [12] we proposed a framework which resta bght integration
of informal and formal languages, adoptifigpos[3, 11], an Agent Oriented software
development methodology which provides a conceptual nirgidnguage that can be
used to build both an informal specification or a formal orle f8om a practical point
of view, the methodology guides the software engineer ifdmg a conceptual model
that is incrementally refined and extended from an earlyireqents model, namely a
representation of the organizational setting where theeryso-be will be introduced,
to system design artifacts, according to a requiremeneniapproach.

TheTroposmodeling language allows to represent intentional andascoincepts,
such as actor and goal, and a set of relationships betwesn tueh as actor depen-
dency, goal decomposition, means-end and contributiatioelships. A diagrammatic

! Some methodologies rest on UML, extending it as AUML [1], efiding appropriate profiles
(e.g. PASSI, Process for Agent Societies Specification enpdementation [2]), and therefore
suffer from the limit of UML of being a semiformal specific lgumage.



notation, derived from th& framework [14] allows to build views on the actor depen-
dencies or on goal analysis conducted from the point of view specific actor. The
language ontology has been given in terms of common serfeerfial) definitions and

a subset of it (calle®T, FormalTropog is defined in terms of a typed first-order Lin-
ear Temporal Logic (LTL)FT specifications can be automatically verified by model-
checking techniques.

Using FT, means extending &roposspecification with annotations that character-
ize the valid behaviors of the model and are representedgsot@l constraints on the
evolutions of model instances. That is,h specification consists of a sequence of en-
tity declarations such as actors, goals, and dependefeh.declaration associates a
set of attributes to the entity on which temporal consteaéme given, they are expressed
in LTL.

The possibility to transform an inform@toposspecification into afr T specifica-
tion allows to exploit automatic verification techniquesstgpport the analyst during
model refinement. For instance, focusing on early stagedts in software devel-
opment, an analyst performs tasks such as: annotatingrtpesvisual model with
properties that can be representedin (i); performing the assessment of the model
against possible inadequacies, incompleteness and istemses if); validating the
resulting specification with the domain experts or the dtalders in order to end up
with an agreed set of requiremeniis){ managing the model refinement and evolution
steps iv). In particular, during activitiesi(iii ), the analyst can query a model-checker
relatively to specific aspects of the model.

We are developing an AO development environment at supporbdeling by inter-
leaving formal and informal specification, as describedvabtaking into account sug-
gestions and standards which are proposed by the ModegiAvchitecture (MDA)
initiative by OMG [4, 7]. In particular, the MDA approach @i a standard to which
the meta-models of the specification languages used in thieling process must be
compliant with, it is called Meta Object Facility (MOF), aadset of requirements for
the transformation techniques that will be applied whendfarming a source model
into a target model, this is referred as the Query/View/$farmation (QVT) approach.

Our development environment includes a tool that suppasisal modeling lan-
guages whose meta-model is MOF compliant. We adaptedirtpmoslanguage meta-
model given in [3]. Figure 1, gives an overview of the modgkmvironment structure.
The modeling tool, namedabwM, is currently able to represent the basic entities defined
in this meta-model like actor, goal, plan, resource and d¢tegionships between them
like the dependency, the and-or decomposition, the measissad the contribution.
TAOM allows to represent new entities that could be includedéTtbposmeta-model
or in language variants, as well as to restrict the set olrsgirtable entities to a subset
in an easy way. Moreover, a modular design has been adopteatstis possible to add
new components, a key requirement being to support thdatéorss of the basidropos
specification into other target specifications languagesder to exploit services like
automatic verification. The prototype integrates the 3oL, a model-checker for the
verification of formal properties via a software componehtial uses a visitor pattern
to implement the transformation from the informfabposmodel to theFT one, it is
labeled as I2F in Figure 1. A model developed witkoM is saved as an XMl file con-
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Fig. 1. The modeling environment structure: the Agent-Oriente@)/odeling tool (RoM) is
connected to other tools, such as a model-checker for thiicedion of formal properties of
the model (T-DoL) through the 12F module. Th&raph Transformation interfaceomponent
integrates a graph transformation techniques library.

taining the specification of the properties of the entitiee model and including the
entity annotations which can be represented in LTL. The ol file is given in
input to the transformation module which produces the gpwadenET specification
and gives it in input to the T-@OL.

A third tool which has been integrated with the modeler sGAa library which
implements graph transformation techniques that can be tasgsupport model refine-
ment.

The current version of the prototype implements a core sudfgbe requirements
that have been identified. Work is in progress to implemerihér requirements such
as the management of other software development artifackotmultiple views of
the model, the support of the process phases proposed ifirdpes methodology.
Moreover, expected updates of the MDA standards relevaetdoressing model trans-
formations (e. g. MOF 2.0 Query/Views/Transformations) e considered. Graph
transformation techniques have been already pointed cupasmising technology to
provide mechanisms for the automatic synchronizationféédint views in a model or
for translating a model given in a specification language ddfarent one. Along this
line we are pursuing a parallel research [10] and strengthehe integration of the
AGG system in the environment.
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