10 Figure 9. SoftComponent editing and compiling environmentFinally the generated components� code in Java is encapsulated into a mobile agent structure so as t o be integrated into a mobile agent platform as an executable agent. The agents� collaborative aspectscan be visualized by messages sent and received. The figure 10 shows the example of JNA screenwhich visualizes the different messages of the agent in conversation through the �Contract Net�protocol.Figure 10. JNA screen example of a site information

115.2 Integration with a mobile agent platformOne of the best benefits of our approach is that the agent modeling and code generation system isweakly dependent upon a given (Java-based) mobile agent platform. This is possible by thecompilation of SCD into Java source code. There are some other agent platforms which compiletheir specification language in order to generate agents, namely SodaBot [Coen 94], LALO [Gauvinet al. 97]. In these cases, the compiled or interpreted information has been directly transformed intoa specific agent platform. Thus it is difficult to adapt such systems to another type of environment.But in our case, the compiler generates Java source code which can be integrated into some Java-based agent platform. This has made easy the integration of our componential modeling and codegenerating system with two different mobile agent platforms.The first version has been implemented into the JNA (JavaNet Agent) platform [Merlat et al. 97].JavaNetAgents (JNA) is a mobile agent platform, developed in Java through the collaboration ofONERA (Office National d�Etudes et de Recherches A�rospatiales) and the laboratory LIP6. Likemost of such platforms, its architecture is based on places (sites) and agents [Telescript 95]. Localand distant agents (i.e. agents hosted on the same or distant places) can communicate through agentmessages. Security features prevents malicious agents from making unauthorized access to localresources (files, sockets, threads, etc.). The physical agent structure of JNA is close to that of Aglet.The second version has been integrated with the Voyager mobile agent platform (Object Space,[Voyager 97]). Being based upon our experience with previous mobile agent platform, we have easilyachieved the integration with Voyager. Compared to JNA or other mobile agent platforms, Voyagerhas some interesting features especially for our modeling method.1. In JNA, it is difficult to trace the mobile agent�s current address. Thus the message sending isalways invoked from a mobile agent to a stable agent. But the Voyager platform contains adistributed naming service that allows to connect to a mobile agent based on some alias. Sosending a message to a mobile agent is transparently achieved as if between residing agents.2. In JNA there are graphical user interfaces provided by the platform, for observing and managingthe current states of the agents on that site. This may give some facilities to whom wants t o develop mobile agents directly into the platform. In case of Voyager, such an user-friendlyinterfaces are weakly provided. The developing environment is rather simple but provides moreelaborated technical bases, as �distributed naming facility� or �communication using agent methodcall with agent name�, etc., which are more preferable for us. That is why we have chosenVoyager as the second platform of experimentation.Although the JNA and the Voyager have distinctive features in terms of agent types (agent as athread, and an object, respectively) and communication way (by a class of Message and by agent�smethod call, respectively), we have succeeded in integrating agent modeling and implementationsystem into these two different platforms.6. CONCLUSIONOur aim is to provide a software agent developing environment for the designer who wants t o implement collaborative intelligent mobile agents. We attempted at integrating classicalcollaborative intelligent agent paradigms into mobile agent technology. We also addressed themodeling facility by choosing reusable components and composition techniques.The componential agent design is achieved by describing each component using our componentdescription language (SCD). For the purpose of specifying agent mobility the designer can indicatewhen mobility is triggered within the component description. Afterwards, the model description istranslated into Java source code. The generated code is automatically integrated into a mobile agentplatform to execute the modeled behavior of the mobile agent. The componential approach forcollaborative agent is especially appropriate to design generic conversation protocols and their reuse.We have already modeled, validated and executed the simple scenario of �Travel Agency� as describedin section 4. We are currently exploring variations and extensions of this initial scenario (for

12example, using variants of �Contract net� protocol, adding agents, etc.) in order to further test thereusability of our componential architecture.AcknowledgmentThis work is supported by France Telecom/CNET under grant # 95 1B 176.References[Aglet 96] available on http://www.trl.ibm.co.jp/aglets/[ATAL 96] J.P.M�ller, M.J.Wooldridge (eds.), Intelligent Agents III, ATAL �96, LNAI 1193,Springer-Verlag, 1997.[BarbuceanuFox95] Mihai BARBUCEANU and Mark FOX, COOL: A Language for DescribingCoordination in Multi Agent Systems, ICMAS 95[Bradshow 97] Jeffrey Bradshaw, ed. Software Agents, AAAI Press/MIT Press, 1997[Burmeister et al.93] Birgit Burmeister, Afsaneh Haddadi, Kurt Sundermeyer, Generic,Configurable, Cooperation Protocols for Multi-Agent Systems, LNAI 957, 5th European Workshopon Modelling Autonomous Agents in a Multi-Agent Sorld, MAAMAW �93.[Coen 94] Michael H. COEN, SodaBot˚: A Software Agent Environment and Construction System,A.I.Technical Report 1993, Messachusettes Institute of Technology, 1994.[Concordia 97] Mitsubishi Electric ITA, Concordia: An Infrastructure for Collaborating MobileAgents, available on http://www.meitca.com:HSL/Projetcs/Concordia/[Demazeau 95] Yves Demazeau, From interactions to collective behavior in agent-based systems.In Proceedings of the 1st European Conference on Cognitive Science, St.Malo, France, March 1995.[Demazeau M�ller 91] Yves Demazeau and Jean-Pierre M�ller, editors, Decentralized A.I. II,Elsevier Science Publishers B.V., Amsterdam, NL, 1991.[Finin et al. 97] T. Finin, Y.Labrou, J.Mayfield, KQML as an Agent Communication Language, in[Bradshow 97][FIPA 97] Foundation for Intelligent Physical Agents, Specification Version 2, Part1 - Part5, 1997,http://drogo.cselt.stet.it/fipa/spec.[Gauvin et al. 97] Daniel Gauvin, Gerv� Marchal, Carlos Saldanha, LALO: un environnement deprogrammation ouvert pour des syst�mes multi-agents, acte des 5�me joun�es francophonesJFIADSMA �97, Hermes 1997.[Genesereth 97] Michael R. Genesereth, An Agent-Based Framework for Interoperability, in[Bradshow 97][Haddadi Sundermeyer 96] Afsaneh Haddadi and Kurt Sundermeyer, Belief-Desire-Intention AgentArchitectures, in Foundations of Distributed Artificial Intelligence, G.M.P O�Hare and N.R.Jenning,eds, Wiley-Interscience 1996.[Merlat et al. 97] Walter Merlat, Claude Seyrat, Jacques Ferber, Mobile-Agents for DynamicOrganizations: The Conversational-Agent Paradigm, 8th European Workshop on ModelingAutonomous Agents in a Multi-Agent World (MAAMAW), Ronnevy Sweden, LNAI 1237, Springer-Verlag 1997.[Ohsuga et al. 97] Akihiko OHSUGA, Yasuo NAGAI, Yutaka IRIE, Masanori HATTORI, ShinichiHONIDEN, Plangent˚: An Approach to Making Mobile Agents Intelligent, IEEE Internet Computing,July-August, 1997.[Rao Georgeff 95] Anand S.RAO, Michel P.GEORGEFF, BDI Agents˚: From Theory to Practice,ICMAS �95 First International Conference on Multi-Agent system 1995.[Smith 80] Reid G. Smith, The Contract Net Protocol: A High Level Negociation Protocol forDistributed Problem Solving, IEEE Transactions on Computer (29) 1980.[Telescript 95] General Magic. Telescript: An Overview. Available on http://www.genmagic.com.[Voyager 97] ObjectSpace Voyager, available on[VonMartial 92] F. von Martial , Coordinating plans of autonomous agents, LNCS 610, Springer-Verlag, 1992

13[Yoo et al. 98] Min-Jung YOO, Walter MERLAT, Jean-Pierre BRIOT, Modeling and Validation ofMobile Agents on the Web, in the Proceedings of the International Conference on the Web-basedModeling & Simulation, San Diego, SCS Simulation Series, Vol. 30, N¡ 1, January 1998, pages 23-28.