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Abstract— This paper is an overview of the work that we have of automated reasoning mechanisms for retrieving, compgosi
carried on in the last two years in the context of the MASSIVE  jnyoking services. One of these approaches is the MultinAge
project. The main research lines have concerned personalization paradigm, in which the different components dynamically

of the interaction with web services, personalization of course- icat d dinat ith h oth b i
ware, web services interoperability, and integrated environments communicate and coordinate with each other, by means o

for agent oriented software engineering. All of them can be seen declarative languages, to reach some common (or their own)
as applications of different reasoning techniques to a declarative goal. Among the social aspects, specifically relevant is the

specification of interaction. A declarative specification makes apility of expressing behavioral rules, aiming at contngjl
the study of properties easy and allows a fast prototyping of ha grganization of the system; communication protocots ar

applications. In particular, we applied reasoning about actions L
and change to the personalized selection and composition ofthe most significant example of such rules. Protocols ard use

web services and to the construction of courseware that satisie t0 rule the agents’ interaction, therefore, they can be tsed
the user's needs and goals. This kind of reasoning has alsocheck if a given agent can, or cannot, take part into the syste

been integrated in the DCaseLP MAS prototyping environment. or to check whether the system is behaving as expected.
Declarative specifications have also been helpful to face the|n general, based on this abstraction, open systems can be

problem of proving policy conformance in a way that guarantees lized. i hich t d ically ioin th
web service interoperability. Finally, the adoption of process '€&!1Z€d, IN wWhich néw components can dynamically join the

languages for web services for expressing the procedural betiav ~ System. The insertion of a new component in an execution
of adaptive BDI-style agents have been explored. context is determined according to some form of reasoning

about its behaviour: it will be added provided that it sadisfi
the body of the rules within the system, intended as a society
Computational logics and declarative languages are beindgThe researches that we have carried on the last two years
rediscovered as a tool for some of the most innovative agplidackle different aspects related to the Semantic Web and Web
tion areas: the Semantic Web and Web Services. By definiti@®grvices, in the setting of Multi-Agent Systems. In paicu
the Semantic Web comprises a machine-shareable representa have extended thByLOG language [1], which is the
tion of knowledge, and it both requires the development ebmmon tool used in all the branches of the research that
languages for expressing information in a machine-prad#ss we have carried on. The extension [2] mainly concerns the
form, and the use of inferencing mechanisms that allow iatroduction of a communication kit aimed at tackling commu
content-aware navigation. The desired result is an overaltation in a way that is fully integrated with the represdiain
behavior that is closer to the user’s intuition and desictthe and reasoning mechanisms of the language. Each of the next
possible applications are really various, depending orkith@ sections describes one of the lines of research that we have
of resource that is described and on the tasks to be performieeen pursued and the work carried on in that context. Section
On the other hand, it is getting more and more commadh reports about work in the context of personalization of
describing and realizing applications as sets of cooperaticourseware; Section Il discusses personalization in¢hédce
services. This is the case, for example, for manifacturirgglection and composition processes; Section IV repoststse
processes, on-line markets, distributed network managemeoncerning the proof of interoperability and conformanée o
The traditional approach is based on a functional view, Bervices to a global description of their interaction; ecl/
which the different components require some specific inputescribes the adoption of process languages for expreiggng
and produce some specific output. The system’s architectprecedural behavior of adaptive BDI-style agents; Sectibn
is based on the principle of static-functional decompositi describes an integrated environment for AOSE.
where the interactions among the different components are
given by their dependencies. Other approaches are, hawever
being studied which involve describing at a high-level the Personalized information systems aim at giving the in-
behavior of the services. The aim is to enable the adoptidividual user optimal support in accessing, retrievingd an

I. INTRODUCTION

Il. PERSONALIZATION OF COURSEWARE



storing information. The individual requirements of thesus strategy and a set of annotated learning objects, it is Iplessi
are to be taken into account in such different dimensioms apply procedural planningfor assembling a reading path
like the current task, the goal of the user, the context that is a sequence of learning resources that are annotated a
which the user is requesting the information, the previousquired by the strategy. Opposite to general-purposenplan
information requests or interactions, the working procgbe procedural planning searches for a solution in the set of the
is involved in, the level of expertise, the device s/he is\gsi possible executions of a learning strategy.
to display the information, the bandwidth and availability Since the strategy is based on competences, rather than on
of the communication channel, the abilities (disabilites specific resources, the system might need to select between
handicaps) of the user, his/her time constraints, and madifferent courses, annotated with the same desired comgeste
many more. Different research disciplines have contriutevhich could equally be selected in building the actual lesyn
to explore personalization techniques and to evaluate thpath. This choice can be done based on external information,
usefulness within various application areas: adaptiveeltggt such as a user model, or it may be derive from a further
systems, collaborative filtering, recommender systentsfj-ar interaction with the user. Decoupling the strategies frw t
cial intelligence, uncertainty management, and so forthihis learning objects results in a greater flexibility of the aler
section we will focus on an e-learning scenario and see hawstem, and simplifies the reuse of the learning objects. As
reasoning can help personalization in this context, beginn well as learning objects, also learning strategies coulchhde
with the annotation of the learning resources. exploit a nguublic and shared across different systems. Results o€ thes
level of knowledge thus allowing a better personalization. researches in the context of Massive are reported in [4], [5]
A learning objectcan profitably be used if the learner
has a given set of prerequisite competences; by using it, tHe-
learner will acquire a new set of competences. It is, theegfo
appropriate to interpret learning objects agions The idea  In the last years distributed applications over the World-
that we have proposed is to introduce at the level of thwide Web have obtained wide popularity and uniform mech-
learning objects, some additional annotation for desegibi anisms have been developed for handling computing problems
both their pre-requisitesand theireffectsand to do this by which involve a large number of heterogeneous components,
exploiting standard representation languages, like LOM| athat are physically distributed and that interoperate. s€he
ontologies for using terms with a clear and sharable meaningevelopments have begun to coalesce aroundvite service
The proposed annotation expresses a sétarhing depen- paradigm, where a service can be seen as a component
denciesbetweenontological terms dependencies which canavailable over the web. Each service has an interface that is
be expressed in a declarative formalism, and can be usetessible through standard protocols and that describes i
by a reasoning system. So, given a set of learning objedt#eraction capabilitiesand it can beombinedandintegrated
each annotated in this way, it is possible to use the standavith others to develop new applications over the web.
planners, developed by the Atrtificial Intelligence comntyni  In this scenario, one of the needs that have inspired recent
(for instance, the well-known Graphplan [3]), for buildittte research [6] is the study of declarative descriptions of web
reading sequences. services, aimed at allowing forms of automated interoj@mat
General-purpose planners search a sequence of intereghat include, on the one hand, the automation of tasks like
the whole space of possible solutions and allow the construnatchmaking and execution, on the other, the automation of
tion of learning objects on the basis of any learning goaerviceselection and compositipim a way that is customized
This is not always adequate in an educational applicationr.t. the user’s goalsand needs a task that can be consid-
framework, where the set of learning goals of interest idyfai ered as a form opersonalization[5]. Indeed, selection and
limited and the experience of the teachers in structurirg ttomposition not always are to be performed on the sole basis
courses and the learning materials is important. This kihd of general properties of the services themselves and of thei
constraint cannot be exploited by a general-purpose ptanniateractive behavior, such as their category or their fionet
being related to the strategy adopted by the teacher. Tla¢ ideompositionality, but they should also take into accoumt th
solution is to express them asles that specify an overall user’s intentions (and purposes) which both motivate and
structure in terms of ontological terms (competences). \lle wconstrain the search or the composition. As a quick example,
call such ruledearning strategies consider a service that allows buying products, alterabtiv
Given a set of learning strategies, it is possible to build @aying cash or by credit card: a user might have preferences
learning object by refining a general rule according to djecion the form of payment to enact. In order to decide whether
requirements and, in particular, by choosing those comptsneor not buying at this shop, it is necessary to single out the
that best fit the user. An emblematic example is preparisgecific course of interaction that allows buying cash. This
the material for a basic computer science course: the coufsem of personalization can be obtained by applyiegsoning
may, in fact, have different contents depending on the kindchniqueson a description of the service process. Such a
of student to whom it will be offered (e.g. a Biology studentjescription must have a well-defined meaning for all the
rather than a Communication Sciences student, rather thapaaties involved. In this issue it is possible to distinguilsree
Computer Science student). In particular, having a legrnimecessary components:

PERSONALIZATION OF THE INTERACTION WITH WEB
SERVICES



« web services capabilities must be represented accordihg users’s request. Communication can, in fact, be coreside

to some declarative formalism with a well-defined semams the behavior resulting from the application of a special
tics, as also recently observed by van der Aalst [7]; kind of actions:speech actsThe reasoning problem that this

« automated tools for reasoning about such a descriptiproposal faces can intuitively be described as looking for a

and performing tasks of interest must be developed; an answer to the question “Is it possible to make a deal with

« in order to gain flexibility in fulfilling the user’s request, this service respecting the user’s goals?”. Given a log&eh

reasoning tools should represent such requestbstsact representation of the service policies and a representafio
goals the customer’s needs as abstract goals, expressed by a logic

The approach that we propose in [8] inherits from thtormula, logic programming reasoning techniques are used f
experience of the research community that studies MAS andderstanding if the constraints of the customer fit in wii t
in particular, logic-based formalizations of interactiaspects. policy of the service.

Indeed, communication has intensively been studied in theOur proposal can be considered as an approach based on
context of formal theories of agency [9], [10] and a greatl dethe process ontology, @hite boxapproach in which part

of attention has been devoted to the definition of standa®fl the behavior of the services is available for a rational
agent communication languages (ACL), e.g. FIPA [11] andspection. A description of the communicative behavior by
KQML [12]. Recently, most of the efforts have been devotegolicies is definitely richer than the list of input and outpu

to the definition of formal models of interaction among agentprecondition and effect properties usually taken into aoto
that useconversation protocolsThe interest for protocols is for the matchmaking. Actually, the approach can be consitler
due to the fact that they improve the interoperability of thas asecond stejn the matchmaking process, which narrows a
various components (often separately developed) and allsat of already selected services and perfornesisiomization

the verification of compliance to the desired standards.  of the interaction with them.

The basic idea is to consider a service as a softwareMoreover the idea of focussing on abstract descriptions
agent and the problem of composing a set of web servicelsthe communicative behavior is, actually, a novelty also
as the problem of making a set of software agents interagith respect to other proposals that are set in the Semantic
and cooperate within a multiagent system (or MAS). Thié/eb research field. The deductive process on communication
interpretation is, actually, quite natural, and shared-appsals policies can exploit more semantic information: in factdes
that are closer to the agent research community and maat only take into account the pre- and post-conditions, as
properly set in theSemantic Welbresearch field [13], [14]. in OWL-S proposal, it also takes into account the complex
Among the other proposals, let us recall the OWL-S [15jommunicative behavior of the service.

(formerly DAML-S) experience. In [13] the goal of providing
greater expressiveness to service description in a way that
can bereasoned abouhas been pursued by exploiting agent According to Agent-Oriented Software EngineerifgQ],
technologies based on thetion metapharin particular, at the a distinction is made between the global and the individual
level of abstraction of the process model, a service is desitr points of view of interaction. Thglobal viewpoint is captured

as atomic, simple or composite in a way inspired by the agdnt anabstract protocal expressed by formalisms like AUML,
language GOLOG and its extensions [16], [17], [18]; therefo automata or Petri Nets. THecal viewpoint, instead, regards
reasoning techniques supported by the language are use@ne of the agents and is captured by its policy; being pattef t
produce composite and customized services. agent’s implementation, the policy is usually written inrso

On this line, we have studied the possible benefits providedecutable language. Having these two levels of descnijitio
by adeclarative descriptiorf their communicative behavior, is possible to decide whether an agent can take a role in an
in terms of personalization of the service selection and-cormteraction. In fact, this problem can be read as the proldém
position. Indeed we claim that a better personalization c@noving if the agent’s policxonformsto the abstract protocol
be achieved by focussing on the abstraction of web servicgzecification.
as entities, that communicate by following predefined, joubl A similar need of distinguishing a global and a local view of
and sharable interaction protocols and by allowing ageritge interaction is recently emerging also in the are&@ivice
to reason about high level descriptions of theeraction Oriented Architecturesin this case a distinction is made
protocolsfollowed by web services. We model the interactiobetween thechoreographyof a set of services, i.e. a global
protocols provided by web services by a set of logic clausespecification of the way in which they should interact, and
thus at high (not at network) level. The language we have usti concept obehavioral interfaceseen as the specification
for describing conversation protocols, is based on an sigan of the interaction from the point of view of the individ-
of the agent programming languaByLOG [1], [19]. ual service. The recent W3C proposal of the choreography

Having a logic specification of the protocol, it is possibléanguage WS-CDL [21], well-characterized and distinguishe
to reason about the effects of engaging specific conversatiofrom languages for business process representation, REB
In particular, we propose to use techniques feasoning is emblematic.
about actionsfor performing the automatic selection and Taking this perspective, choreographies and agent commu-
composition of web services, in a way that is customized.w.mication protocols undoubtedly share a common purpose. In

IV. WEB SERVICE INTEROPERABILITY



fact, they both aim at expressimgpbal interaction protocols state automaton. Briefly, at every point of a conversatioa, w
i.e. rules that define the global behavior of a system ekpect that a conformant policy never utters speech acts tha
cooperating parties. The respect of these rules guaratiteesare not expected, according to the protocol, and we alsacéxpe
interoperability of the parties (i.e. the capability a€tually it to be able to handle any message that can possibly be
producing an interaction), and that the interactions vatisfy received, once again according to the protocol. However, th
given requirements. policy is not obliged to foresee (at every point of convesgt

In this context, one problem that becomes crucial is tten outgoing message for every alternative included in the
development of formal methods for verifying if the behavioprotocol (but it must foresee at least one of them).
of a service respects a choreography. The applicationsdvoul The interesting characteristic of this test is that it gnteas
be various. A choreography could be usetd design time the interoperability of services that are proved conforiman
(a priori) for verifying if the internal processes of a sewi individually and independentlyfrom one another. By inter-
enable it to participate appropriately in the interactidhrun- operability we mean the capability of an agent of actually
time choreographies could be used to verify if everythingroducing a conversation when interacting with anothee Th
is proceeding according to the agreements. A choreograpgtonformance test has been provedcidablewhen the lan-
could also be used unilaterally to detect exceptions (e.g.gaages used to represent all the possible conversations w.r
message was expected but not received) or help a participéna policy and w.r.t. the protocol aregular.
in sending messages in the right order and at the right time. The application of our approach is particularly easy in

In the last years the agent community already started ¢ase a logic-based declarative language is used to imptemen
face the two above mentioned kinds of conformance w.rthe policies. In logic languages indeed policies are uguall
MASs [22] (e.g. see [23], [24], [25], [26] fom priori con- expressed by Prolog-like rules, which can be easily coedert
formance, and [27] forun-time conformance). In the web in a formal language representation. In [26] we show this by
service community the problem of conformance is arisingeans of a concrete example where the languageOG
only recently [28] because so far the focus has been pogé&tl based on computational logic, is used for implementing
on the specification of single services and on standards fbe agents’ policies. On the side of the protocol specificati
their remote invocation. The new interest is emerging due knguages, currently there is a great interest in usingrnméd
the growing need of making services, that are heterogeneguaphical languages (e.g. UML-based) for specifying pol®
(in kind of platform or in language implementation), to in-and in the translation of such languages in formal languages
teroperate. Therefore, there is a need of giving more atistr{80], [31]. By this translation it is, in fact, possible toqwe
representations of the interactions that allow to perfoe-r properties that the original representation does not allaw
soning in order to select and compose services disregardth context, in [25] we have shown an easy algorithm for
the specific implementation details. Given our experiemce iranslating AUML sequence diagrams to finite state automata
the area of MASs, where the heterogeneity of the componettiss enabling the verification of conformance. Of course,
is a fundamental characteristic, we agree with the observathaving a declarative representation of the choreograpdses
by van der Aalst [7] that there is a need for a more declarativeell, would help the proof of these properties in the context
representation of the behaviour of services. of the web services.

In this line, the work in [25], [26] about conformance of
agent implementations w.r.t. protocol specifications hesnb V- WEB SERVICE PROCESS LANGUAGES FOBDI-STYLE
adapted to the case of web services in [29]. In particular, in AGENTS
[29] we focus on testing priori conformanceand develop  The adoption of process languages for (semantic) WSs as
a framework based on the use of formal languages. In tlismeans for specifying the behaviour of agents and MASs is
framework a global interaction protocol (a choreograply), envisaged by a growing number of researchers working in the
represented as a finite state automaton, whose alphabeM&S community. For example, in [32] P. Buhler and J. M.
the set of messages exchanged among services. It specMidal discuss a technique for providing agent software with
permitted conversations. Atomic services, that have to bignamically configured capabilities described with DAML.-S
composed according to the choreography, are describedtlest can represent atomic or orchestrated WSs. In [33], the
finite state automata as well. Given such a representation s&ne authors advance the idea that BPEL can be used as a
capture a concept of conformance that answers positively dpecification language for expressing the initial socideorof
all these questionsis it possible to verify that a service,a MAS, which can then intelligently adapt to changing envi-
playing a role in a given global protocol, produces at leastonmental conditions. K. Sycara, M. Paolucci, J. Soudrg an
those conversations which guarantee interoperability hwitN. Srinivasan suggest to extend the OWL-S Model Processing
other conformant service? Will such a service always follohanguage by adding to it a new statement cakeckc that
one of these conversations when interacting with the othixkes a process model as input and executes it in order to
parties in the context of the protocol? Will it always be atide support a broker agent in both discovery and mediation [34].
conclude the legal conversations it is involved féthnically, More recently, C. Walton [35] proposes to decompose agents
the conformance test is based on the acceptance of bothitite a stub that executes Agent Interaction Protocols and is
service behavior and the global protocol by a special finitesponsible for communication between agents, and a body



which encapsulates the reasoning processes, and is encodedaging a given desire, is associated with the corresponding
as a set of decision procedures. Both the stub and the body desire on the stack. The set of these “relevant” plans

are implemented as WSs. is generated by exploiting the cooperation mechanism

Our approach to the specification of the agents’ behavioural (transparent to the user), thus retrieving both local and

knowledge by means of process languages for WSs is driven external plans useful for achieving the desire.

by our previuos research on cooperative BDI agents, and thus Events. There are three kinds of events: cooperation, or-

differs from all the existing proposals discussed so far. In dinary, and achieve events. A cooperation event is either a
[36], we discuss the idea that BDI-style agents [37] can be request, characterised by the desire for which the request

extended with a built-in mechanism for retrieving plansiro has been issued, or a provide event, characterised by the
cooperative agents (thus becominG@doBDI' agents), for set of plans that are relevant for the desire appearing in

example when no local plans suitable for achieving a certain the corresponding request. Ordinary events consist of the
desire are available. This feature turns out to be usefulanym reception of messages from other agents, while achieve
application fields such as: Personal Digital AssistantsA§)D events implement the plan nesting mechanism.

whose limited physical resources make dynamic loading affle implementation of the CooWS platform, downloadable
linking of code necessary; Self-repairing agents, namg#nt from the web sitehttp://coows. al tervi sta. org,
situated in a dynamically changing software environment afgjies entirely on opensource tools that include ActiveBPE
able to identify the portions of their code that should bRpache Tomcat and Axis, jUDDI, UDDI4J, and MySQL.
updated to ensure their correct functioning in the evolving, order to validate the feasibility of our approach, we are
environment; Digital butlers, i.e. agents that assist a &mcyrrently working on the implementation of digital butlenst

user in some task such as managing her/his agenda, fllterq'ngEry Goog|e (Wthh can be accessed as a web Service) to
incoming e-mail, retrieving interesting information frothe arrange travels and to organise meetings for their priteipa
web; digital butlers adapt their behaviour to the user'sdseeThe plans available to the digital butlers do not cover all
by cooperating both with more experienced digital butlars] the requests that may arrive from their principals, and the

with the assisted user. _ _ lack of plans for coping with an incoming request fires the
We have implemented the ideas behind the CooBDI theog¥|japorative exchange of plans.

by means of WS technologies, obtaining what we named|y the future, we are willing to explore: 1) the ability

“CooWsS agents [38]. A CooWS agent adopts the followingg integrate an ontology into the system, so that matching
metaphor inspired by CooBDI. between desires and triggers of plans can become more
« Beliefs. The variables local to the BPEL processes thapphisticated than a simple comparison of strings; 2) thiyab

constitute the body of the agent’s plans can be considergddynamically update the set of trusted partners following

as a metaphor for the agent's beliefs local to that plapeputation mechanisms such those described in [39].
that are not explicitly represented.

« Desires. Desires may be either messages structured ad/!- |NTEGRATED ENVIRONMENTS FOR AGENTORIENTED
cording to the FIPA ACL standardh{t p://ww. SOFTWARE ENGINEERING
fi pa. org/), or unstructured Java strings. The correct and efficient engineering of heterogeneous,

« Actions. There are two kinds of actions: those that maglistributed, open, and dynamic applications is one of the
appear inside the BPEL specification of the agent’s plaachnological challenges faced by Agent-Oriented Softwar
body (that, in turn, may be delivery of ordinary eventsEngineering (AOSE). The lack of mature methodologies,gool
achievement of new desires; and invocation of existirmnd environments for agent-based system developmens limit
WSs by means of the BPELnvoke statement), and the effectiveness and impact of AOSE [40].
those that must be executed in case of success or failurdMAS development requires engineering support for a di-
of the achievement of a desire. Cooperative requests f@rse range of non-functional properties, such as undefsta
plans are managed transparently to the agent, and do ability of the MAS at various conceptual levels, integrébil
belong to the set of actions that can be programmed bf heterogeneous agent architectures, usability, reHitgab
the user. and testability. Creating one monolithic AOSE approach to

« Plans. Plans are defined by a unique plan identifier, support all these properties is not feasible. Rather, weaxp
trigger (the desire for which the plan has been definedjifferent approaches to be suitable for modelling, venifyi
a body (a BPEL process); and an access specifier (whigch implementing various properties. By providing the MAS
may assume one of the three valu@slyTrusted(Set} developer with an integrated set of languages and tools, and
the plan may be shared only with the agents in the trustatlowing for the choice of the most suitable language/taol t
agents set -Private — the plan is private to the agent —model, verify, or implement each property, we could make a
and Public — the plan may be shared with any agent). step towards a modular approach to AOSE [41].

« Intentions. An intention contains a stack of desires, DCaselLP [42], [43] provides a prototyping environment
a boolean attribute defining the intention’s state (eitherhere agents specified and implemented in a given set of
active or suspended), and the success and failure actidaaguages can be seamlessly integrated. It also provides an
The set of plans currently available to the agent for ma&OSE methodology to guide the developer during the analysis



of the MAS requirements, its design, and the development ofWe have already tested — on a toy application — the ability
a working MAS prototype. of Jade, Jess and tuProlog agents to be integrated into the

DCaseLP supports UML and AUMLh¢tp://ww. same MAS and to communicate with each other. Currently,
aum . org/) for the specification of the general structurave are developing a much more sophisticated application in
of the MAS, and Jessh( t p: // her zber g. ca. sandi a. the electronic auctions field, whose basic building blook ar
gov/jess/), Java and tuPrologh¢tp://lia.deis. described in [45].
uni bo. i t/research/tuprol og/) for the implementa-
tion of the agents.

As discussed in [42], DCaseLP adopts an existing multi- Mainstream research in Web Services (WS) is looking
view, use-case driven and UML-based method in the phase@ftwo main aspects: first, formally describing interacsion
requirements analysis. Once the requirements of the appli@Mmong services (possibly over long periods of time and tyavin
tion have been clearly identified, the developer can use UMRultiple real-world effects, including legally binding tamns);
and/or AUML to describe the interaction protocols followe@econd, finding and combining services (e.g., by extending
by the agents, the general MAS architecture and the agéit Simple catalogue contained in UDDI repositories with
types and instances. Moreover, the developer can autatiticsemantically rich descriptions and using the latter foroaut
translate the UML/AUML diagrams, describing the agents ifpated composition via planning and for formal verification)
the MAS, into Jess rule-based code. The Jess code obtaifiédobserved in AgentLink Ill, 2004, and by M. N. Huhns,
from the translation of AUML diagrams must be manually¢002, much work made in the intelligent agents area can be
completed by the developer with the behavioural knowledg®plied to these issues.
which was not explicitly provided at the specification level One of the problems that we have studied is the verification
The developer does not need to have a deep insight into rué-the a priori conformance of the communication policy of
based languages in order to complete the Jess code, si@éedgent (or web service) w.r.t. a general interaction pito
he/she is guided by comments included in the automaticafipecification, that rules a system of cooperating partiége. T
generated code. interesting characteristic of the test that we have prapose

The agents obtained by means of the manual completihthat it guarantees the interoperability of services
of the Jess code are integrated into the JADE (Java Agéfipved conformantndividually and independentlyrom one
Development Frameworkh{t p: //j ade. ti| ab. coni)) @nother. It emerged that the application of our approach is
middleware. By integrating Jess into JADE, we were abRArticularly easy in case a logic-based declarative laggis
to easily monitor and debug the execution of Jess ageHEEd t0 implement the policies.
thanks to the monitoring facilities that JADE provides. A For what concems the specification languages, the mod-

recent extension of DCaseLP, discussed in [43], has been &9 !'angua}‘ges commonly u“sed in the “requirements specifi
integration of a Prolog implementation: tuProlog. The ckoi C&tion” and “software design” phases proposed in the AOSE
of tuProlog was due to two of its features: community, like AUML, are not declarative and, as such,

L ) ) . . they do not provide any automatic proof mechanism. In this
1) itis implemented in Java, which makes its integratiogyiext it is interesting to study translations between eflody
into JADE easier, and _ . languages and languages with a formalized semantics tdeenab
2) itis very light, which ensures a certain level of effiCignc e ise of the automatic proof mechanisms associated ta them
to the prototype. For instance in [26] we have proposed the use of finite state
By extending DCaseLP with tuProlog we have obtained tfeitomata as formal representation of protocols which sagpo
possibility to execute agents, whose behavior is completehe proof of conformance and an algorithm for translating a
described by a Prolog-like theory, in the JADE platformsubset of AUML into finite state automata has been proposed
For this purpose, we have developed a library of predicaties[25]. However this is just a first step and more research
that allow agents specified in tuProlog to access the coshould be devoted to the issue of the transformation from
munication primitives provided by JADE: asynchronous sendemi-formal to formal specification languages.
asynchronous receive, and blocking receive (with and witho We have studied how the above approach applies to some
timeout). Finally, a methodological integration of DyLO@®6 concrete domain such as web services and e-learning. In
DCaselLP has been proposed in [44]. So far, the integrationparticular web services are an example of a highly dynamic
DyLOG into DCaseLP is only “methodological” in the sensapplication domain where a challenging problem that we have
that it extends the set of languages supported by DCasedtBdied is the development of formal methods for verifyifig i
during the MAS engineering process and augments the vire behavior of a single service respects a choreographse Mo
ification capabilities of DCaseLP, without requiring anyalre specifically the problem consists in deciding if the intérna
integration of the DyLOG working interpreter into DCaselLPprocesses of a service enable it to participate approjyriate
Nevertheless, DyLOG can also be used to directly speciftye interaction encoded by a choreography. Another related
agents and execute them inside the DCaseLP environmentpioblem that it would be interesting to address is the use
order to exploit the distribution, concurrency, monitgriand of choreographies atun-time to verify that everything is
debugging facilities that DCaselLP offers. proceeding according to the agreements. In this context a

VII. CONCLUSIONS



choreography could also be used unilaterally to detect €22] F. Guerin and J. Pitt, “Verification and Compliance Tiegfi in Com-

ceptions (e.g. a message was expected but not received) or

help a participant in sending messages in the right order a@gﬁ
at the right time. Also in this case there are logic technsque
developed in the agent community that can be adapted taetackl

the problem in the web service domain [27].
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