
Agent Toolkits for Ad Ho GridsTariq Abdullah, Koen BertelsComputer Engineering Laboratory, EEMCS, Delft University of Tehnology,Mekelweg 4, 2624 CD, Delft, The Netherlands{m.t.abdullah, k.l.m.bertels}�tudelft.nlAbstrat. Autonomi omputing systems an manage themselves byself-on�guration, self-healing, self-optimization, and self-protetion. Soft-ware agents are the promising andidates for making the autonomi sys-tems a reality due to their harateristis. Di�erent researh projets usesoftware agents for developing autonomi omputing appliations. Agentdevelopment toolkits address di�erent aspets of the software agents. Inthis paper, �rstly, we present a ategorization of the agent developmenttoolkits from di�erent aspets of autonomi omputing paradigm. Se-ondly, reommendations for seleting an appropriate toolkit while devel-oping an autonomi ad ho grid will be given. Finally, results of miroeonomi based resoure disovery in a loal ad ho grid are presented.1 IntrodutionThere has been an explosive growth in omputation, ommuniation, data stor-age and integration tehnologies. At present, there are millions of ommerialand/or researh organizations, and trillions of omputing devies. All these or-ganizations establish some form of LAN/WAN for their omputational require-ments. Skilled sta� are required to maintain these omputational infrastruturesand this requirement inreases with an inrease in the omplexity of these sys-tems.Ad ho grids are dynami, heterogeneous and have omplex infrastruture.The omplexity for running and managing the ad ho grids is more higher.Agents with autonomy, mobility, learning, intelligene, reativity, soial-ability,and pro-ativeness are promising andidates for making the autonomi systems areality. Di�erent projets [1,2,3℄ used agents for developing autonomi omputingbased appliations. Agent development toolkits are needed to develop softwareagents and agent based appliations. Some studies attempted to ompare agentdevelopment toolkits, as disussed in Setion 3, with fous on di�erent aspetsof the agent development toolkits.In this paper, �rstly, we disuss how software agents an be used for developingautonomi omputing appliations. Seondly, we ategorize the agent develop-ment toolkits from di�erent aspets of autonomi omputing paradigm. Thirdly,reommendations for seleting an agent development toolkit while developingan autonomi omputing appliation are given. Finally we present results fromour ad ho grid middleware, whih is developed by using the seleted agentdevelopment toolkit.



The rest of the paper is organized as follows. Setion 2 gives an overview of au-tonomi omputing and desribes how di�erent properties of the software agentsan be used for di�erent aspets of autonomi omputing. Setion 3 desribesagent development toolkits and also desribes the agent properties supportedby eah toolkit. This setion also gives some reommendations for developingautonomi ad ho grids by using the surveyed agent development toolkits. Theexperimental setup and results are presented in Setions 4 & 5 respetively.While, Setion 6 onludes the paper and desribes future researh diretions.2 Autonomi Computing & Software AgentsAutonomi Computing (AC) was oined by Paul Horn in 2001, from IBM, whenhe suggested to, �build omputer systems that regulate themselves muh in thesame way as our autonomi nervous system� [4℄. Sine then the researh om-munity has attempted to de�ne AC, its properties, evaluation riteria and itsintegration with other branhes of knowledge. There is no unique de�nition ofAC. It an be de�ned with the help of its basi properties listed below:� Self Con�guration: This is the ability of a system to automatially ande�etively on�gure and reon�gure itself under varying and even unpre-ditable onditions.� Self Healing: This is the ability of the system to reover from routineand extra ordinary events. The system must be apable of �nding potentialproblems by itself and �nding alternate ways of using available resoures toreon�gure and thus keep itself funtioning smoothly.� Self Optimization: This is the ability of an AC system to searh for waysof optimizing its operations by monitoring its onstituent parts and by �netuning them to ahieve system goals.� Self Protetion: This is the ability of a system to identify attaks.Software agents possess ertain properties that an be related to AC systemproperties. First, we desribe the agent properties, and then the properties willbe assoiated with di�erent aspets of AC systems.Every agent has a unique identity within a well-de�ned boundary and interfaes.Every agent has partiular design objetives that are represented impliitly orexpliitly. An agent is autonomous when it has ontrol over its internal state andits behavior. Every agent needs to be reative by timely responding to hangesthat our in its environment in order to satisfy its design objetives. An agentalso needs to adopt new goals and take initiative in order to satisfy its designobjetives by being proative. An agent an be mobile. An agent exhibits weakmobility when it an only migrate its data from one environment to some otherenvironment and exhibit strong mobility when it an migrate proesses as wellas data. An agent an exhibit soial-ability by ommuniating with other agents.An agent an learn knowledge from its environment as well as from its past ex-perienes. When an agent applies its knowledge aording to its irumstanesin order to ful�ll its design objetives, it is alled an intelligent agent. An agent



AC Charateristis Agent CharateristisSelf Con�guration autonomous, mobile, learningSelf Optimization autonomous, intelligent, learning, reativeSelf Healing intelligent, reative, mobile, autonomousSelf Protetion proative, reative, intelligent, seure, mobileTable 1: Agent Charateristis for Autonomi Computingneeds to be interoperable so that it an ommuniate and exist in di�erent op-erating environments.Agents with autonomy, mobility, learning, reativity, soial-ability, intelli-gene and pro-ativeness are promising andidates for making the autonomisystems a reality. A number of researh projets attempted using software agentsfor developing autonomi omputing based appliations.Components of AC an be expressed in terms of agent properties. Autonomous,learning and mobile agents are needed for self-on�guration. Intelligent, reative,learning and autonomous agents are needed for self-optimization. Intelligent, au-tonomous, reative, and mobile agents are needed for self-healing, whereas au-tonomous, proative, reative, intelligent, seure and mobile agents are neededfor self-protetion. Table 1 provides an overview of agent harateristis suitablefor di�erent aspets of AC.3 Agent Development ToolkitsThere are several agent development toolkits projets. Some projets are om-pleted and obsolete while some are ontinuously evolving. There has been e�ortsin the researh ommunity for omparing di�erent agent development toolkitswith eah other and for their suitability in di�erent appliations. For example,performane evaluation on message transport system in JADE [5℄, Zeus [6℄ andin JACK [7℄ is foused in [8℄. Shakshuki et al. [9℄ ompared Aglets, Voyager,Odyssey, and Conordia for agent mobility. Vbra et al. [10℄ ompared JADE,FIPA-OS, ZEUS, and JACK. This omparison foused on interoperability, ost,seurity and memory footprints of these Java based platforms. Chmiel et al. [11℄analyzed agent reation, message exhange, database exess, inter/intra on-tainer ommuniation for JADE.All the above mentioned studies only ompared some aspets of the softwareagents in the agent toolkits. However, these only ompared one or two toolk-its with eah other. In this setion those researh (open soure) / ommerialagent development toolkits are desribed in detail, whih are in ontinuous de-velopment proess and support some of the features of autonomi omputing. Asummary of these toolkits is given in Table-2.1. Agent Fatory (AF) [12℄ is a java based, FIPA (Federation of Intelligentand Physial Agents) [13℄ omplaint, open-soure ohesive framework that



supports a strutured approah to the development and deployment of agent-based systems. It has a layered arhiteture. It inludes an agent orientedprogramming language for development known as AF-APL (Agent Fatory-Agent-oriented Programming Language). Eah AF agent has its own threadof ontrol and ommuniates through Agent Communiation Language (ACL).The AF toolkit is used in developing ubiquitous omputing, robotis, enter-prise searh and distributed sensor network appliations.2. Ajanta [14℄ is a Java based, non-FIPA ompliant, mobile agent programmingsystem. It supports seure mobile agents and agent based appliations overthe Internet. Ajanta supports strong agent mobility. Ajanta mobile agentstravel autonomously from mahine to mahine on a network to ahieve theirdesign objetives, and ommuniate via RMI. The Ajanta toolkit is the onlytoolkit available for Unix-like platforms and has been used to develop global�le aess system and appliations for distributed ollaboration.3. Agent Development Kit (ADK) [15℄ is a Java based, FIPA ompliant, agentplatform with emphasize on seure mobile agents. An ADK agent is an au-tonomous piee of ode that an arry data and travel the network to per-form a task for its owner and uses HTTP, HTTP(s) and JMS for agentommuniation. It supports strong agent mobility, follows task oriented pro-gramming model, where tasks are arranged like work-�ows. It an run on avariety of platforms, ranging from IBM zSeries to mobile phones. ADK anbe integrated with J2EE server and is distributed under the LGPL and aproprietary liense. It has been mainly used in several ommerial projetsespeially for the appliation integration of legay systems. DataExplorerand FROG are some examples that use ADK.4. AgentBuilder (AB) [16℄ is a ommerial, Java based, non-FIPA ompliantagent platform to develop intelligent agents and agent based appliations. Itis an integrated toolkit that supports all phases of agent software develop-ment. It supports KQML, CORBA and TCP/IP for agent ommuniationand is available in two di�erent versions, namely, AgentBuilder LITE andAgentBuilder PRO. AgentBuilder LITE is ideal for developing single-agent,stand-alone appliations and small agenies, while AgentBuilder PRO has allfeatures of AgentBuilder LITE and an advaned suite of tools for testing anddeveloping intelligent agents and multi-agent systems. It an run on Solaris,Windows, and Unix/Linux. Appliations like mail, autions and shoppingagents have been developed using AgentBuilder.5. Deentralized Information Eosystem Tehnologies (DIET) [17℄ was devel-oped as part of EU projet. It aims at developing salable, lightweight, androbust agent platforms for P2P and/or adaptive distributed appliations.Agents developed in DIET are autonomous and lightweight. Communia-tion between loal agents is via message passing. Projets like DIANE andSWAN used DIET in their development. The projet was ompleted in 2003and sine then it has been delared an open soure projet.6. JACK [7℄ is a Java based, non-FIPA ompliant, ommerial agent develop-ment toolkit for developing intelligent agents based on BDI model. JACKinorporates a set of tools like �design tool�, �plan editor�, and �graphial plan



traing�. Agents ommuniate through TCP. It an run on Solaris, Windows,Unix/Linux and Ma OS. JACK supports CORBA, RMI, J2EE, EJB, .NET,or DCOM for external pakage integration. It is used in developing systemsfor unmanned aerial vehiles and human-like deision making.7. ZEUS [6℄ is a Java based, open soure, FIPA Compliant, omponent ori-ented agent development toolkit. It provides failities to implement BDIstyle agents with reative rule bases and with intelligent message handling.The ZEUS agents use FIPA ACL for ommuniation.8. Java Agent DEvelopment Framework (JADE) [5,18,19℄ is a Java based,FIPA-ompliant, open soure agent development framework. It simpli�es theimplementation of a Multi Agent System (MAS) through a middleware anda set of graphial tools. The basi agent funtions and behaviors are pro-vided through its API. The JADE agents ommuniate through TCP/IP,and ACL. The JADE agents an be exeuted on Unix, Windows or on bothplatforms. JADE supports weak agent mobility. JADE also support webservies integration and an integrate, JAVA implementation of, JESS rea-soning engine to make JADE agents intelligent and reative. JADE has beenused to develop a number of ommerial and non-ommerial projets. Theprojets like MAST at Rokwell automation, BT Exat, Whitestein Teh-nologies, Singular software, Aklin B.V., Knowledge on Demand, CoMMa,TeSCHeT and a number of di�erent universities are using JADE for researhprojets. We are using JADE in GRAPPA projet[20℄.Some ommonly used extensions of JADE are as follows: JADE-LEAP(Java Agent DEvelopment Framework-Lightweight Extensible Agent Plat-form) [21℄ whih enables developers to develop and exeute FIPA-ompliantmulti-agent systems in mobile devies like ell phones and palm omputers.BlueJADE is JADE extension for J2EE appliations under JBoss. JADEX(JADE extension) [22℄ is an agent layer on top of JADE that allows easy de-velopment of rational, intelligent agents with mental attitudes by followingthe BDI model.Name Organization /University Language FIPA Communiation Liense Mob-ilityADK Tryllian Java yes HTTP(s), JMS Dual yesAgent Builder Aronymis Java no KQML, TCP/IP Commerial noAgent Fatory UC Dublin AF-APL2 yes FIPA ACL Open soure noAjanta Uni. of Minnesota Java no RMI Open soure yesDIET Consortium Java no Message Passing Open Soure noJak AO Software Java yes TCP Commerial noJADE Tilab Java yes TCP/IP Open Soure yesZEUS BT Java yes TCP/IP Open Soure noTable 2: Agent Development Toolkits



This setion desribes the support for di�erent agent properties provided by dif-ferent agent development toolkits. We now give some reommendations aboutthe suitability of di�erent agent development toolkits for autonomi omput-ing. It an be onluded that the toolkits supporting autonomy, interoperability,mobility, intelligene, reativity, pro-ativeness and soial ability of agents aresuitable for most aspets of AC based systems. AgentBuilder, JACK, ZEUSand JADE fall in this ategory. Toolkits supporting autonomy and soial abil-ity of agents are not suitable for autonomi omputing based systems. DIETand AgentFatory fall in this ategory. Toolkits supporting autonomy, inter-operability, mobility and soial ability of agents are partially suitable for Self-on�guration and Self-healing of AC based systems. ADK and Ajanta fall inthis ategory. Self-on�guration is partially/fully supported by all the surveyedtoolkits. Whereas, self-healing is supported by all the surveyed toolkits, exeptAgentFatory and DIET. Self-optimization and self-protetion are partially/fullysupported by AgentBuilder, JACK, JADE and ZEUS. JACK and ZEUS supportmost aspets partially. However JADE fully supports all aspets of AC.Auton-omous Mobile Interop-erable Learning Intelligent Seure Reative Proative Lightw-eight SoialabilityADK y y y n n y n n y yAjanta y y n n n n n n n yAB y n y y y n y y n yJACK y n y y y n y y n yJADE y y y y y y y y y yAF y n y n n n n n n yZEUS y n y n n n y y n yDIET y n n n n n n n y yTable 3: Agent Development Toolkits Supporting Di�erent Agent CharateristisADK AB AF Ajanta DIET JACK JADE ZEUSSelf Con�guration Partially Partially Partially Partially Partially Partially Yes PartiallySelf Healing Partially Partially No Partially No Partially Yes PartiallySelf Optimization No Yes No No No Yes Yes YesSelf Protetion No Partially No No No Partially Yes PartiallyTable 4: Supported Aspets of AC by Agent ToolkitsThese onlusions are summarized in Tables 3 & 4. Table 3 summarizes thedisussed toolkits and their support for di�erent agent properties and Table 4summarizes agent toolkits supporting di�erent aspets of autonomi omputing.In the end, we mention that these reommendations are based on the presentfeature set of the surveyed toolkits. As majority of these toolkits are in on-tinuous development, it is reommended to hek the latest feature set of anytoolkits before hoosing any spei� toolkit.In the next setions, we present the experimental setup and disuss the results of



miroeonomi based resoure alloation approah, developed on top of JADE,for a loal ad ho grid.4 Experimental SetupAn overview of the system omponents and experimental setup of the proof ofonept appliation in JADE is desribed in this setion. The proof of oneptappliation is an agent based middleware for resoure alloation in a loal adho grid. The overall arhiteture of the middleware is represented in Figure 1.The Index agent (un)registers all node agents. The SQL agent is responsible fordatabase operations. The Node agent onsists of onsumer and produer agent.Eah node agent will behave as a onsumer or as a produer of resoures at anygiven time. The onsumer agent is responsible for generating a resoure requestand submitting the request to the produer agent. The produer agent generatesa resoure o�er, reeives resoure requests from onsumer agent, initiates au-tioneer agent and exeutes the onsumer job. The Autioneer Agent performsmathmaking by using Continuous Double Aution (CDA). The details of CDAand ask/bid pries an be found in [23℄. The ommuniation agent handles allommuniation between di�erent agents by using TCP/IP and FIPA ACL.The system works as follows. Eah node agent registers with the index agentwhile joining the ad ho grid. The onsumer agent retrieves the available pro-duer agents from the index agent. The onsumer agent prepares and sends aresoure request to all available produer agents. The produer agent reeivesresoure request(s) from onsumer agents during the bidding period. The pro-duer agent performs mathmaking for its available resoures from the reeivedresoure requests. The autioneer agent of the produer agent performs math-making using Continuous Double Aution (CDA). The produer agent informsthe mathed onsumer agent of the o�er. A onsumer agent may reeive re-soure o�ers from more than one produer agents. The onsumer agent seletsthe best o�er from all the reeived resoure o�ers and sends a seletion noti-�ation to the seleted produer agent. The onsumer agent sends its jobs tothe seleted produer agent for exeution. If no resoure request/o�er is reeivedby a produer/onsumer agent during the Time To Live (TTL) period of a re-soure request/o�er, then that request/o�er is delared as unmathed and isstored in the database by SQL agent. The node agent generates a new resourerequest/o�er after a suessful job exeution or after the expiry of TTL of itsprevious resoure request/o�er.The experiments are exeuted in balaned and in task intensive network (TIN)onditions. The task-resoure ratio is 50%-50% and 80%-20% in the balaned andTIN respetively. These experiment are exeuted with 60 nodes for 25 minutes.5 Experimental Results & DisussionIn this setion we disuss the results of our JADE based middleware in terms oftransation prie and mathmaking e�ieny. The transation prie is alulated
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Fig. 1: Overall System Arhitetureas the average of ask prie and bid prie for a mathed request and o�er pair.The mathmaking e�ieny is the ratio of the mathed messages to the totalmessage during the simulation. The mathmaking e�ieny is 85% and 20% inthe balaned and TIN onditions respetively. Sine the task-resoure ratio is80-20% in TIN ondition, therefore mathmaking e�ieny is only 20%. Thevariation in transation prie is dependent on the network ondition. Figure2a shows the priing behavior in a balaned network ondition. Sine ratio ofrequest and o�er message is approximately the same, then there is no upward ordownward prie variation. Whereas in TIN, resoures are sare and tasks arein abundane, still there is a ompetition among tasks for aquiring resoures.The onsumer agent(s) keeps on inreasing the ask prie in order to aquire therequested resoures. Therefore, an inreasing trend is observed in transationprie in TIN ondition (Figure 2b).
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