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JADE is a Java framework that allows implementatbagent applications in compliance with the FIPA
specifications forinteroperable intelligent multii@nt systems. It represents an agent middlewareiging an
Agent Platform and framework that simplifies depetent. This article presents the JADE software rildisg
its intended uses and internal architecture. Thénnaachitectural issues and design decisions aseassed.

Introduction. The growth in networked information resources reggiinformation systems that can be
distributed on a network and interoperate with ogystems. Such systems cannot be easily realitbdnadi-
tional software technologies because of the limftthese technologies in coping with distributiardanterop-
erability. The agent-based technology seems to pmumising answer to facilitate the realizationsoth sys-
tems because they were invented to cope with ldigian and interoperability [5].

Agent-based technologies are still in their inisEdges and only few truly agent-based systems lhese
realized. Agent-based technologies cannot rediiei full potential, and will not become global tilistandards
to support agent interoperability are available asdd by agent developers and environments fodelelop-
ment of agent systems are available.

Several researchers are working towards the stdizd#ion of agent technologies (for example OMG [7]
and FIPA [6]) and in the realization of developmentironments to build agent systems. Such devedopm
environments provide some predefined agentmodelgauis to make easy the development process. Mergo
some of them try to allow interoperability with ethagent systems through the use of a well-knovemtagom-
munication language. However, the use of a comnmnneunication language is not enough to easily suppo
interoperability between different agent systemse Standardization work of FIPA is in the directionallow
an easy interoperability between agent systemsausec FIPA, beyond the agent communication language,
specifies also the key agents necessary for theagesnment of an agent system, the ontology necesatke
interaction between systems, and it defines alsdrinsport level of the protocols.

In this article, JADE (Java Agent Development Fraumik) is presented as a software framework to de-
velop agent applications in compliance with the A-l§pecifications for interoperable intelligent nidgent
systems. The goal is to describe JADE main featamesin particular, the architecture of the agdatform.

FIPA specification. The Foundation for Intelligent Physical Agents (KJH6] is an international non-
profit association of companies and organizatidreriag the effort to produce specifications of genagent
technologies. FIPA is planned not just as a teamofor one application but as generic technolofpediffer-
ent application areas, and not just as indepertdehhologies but as a set of basic technologidsctrabe inte-
grated by developers to make complex systems whilgladegree of interoperability.

FIPA is based on two main assumptions. The firhas the time to reach consensus and to comgiete t
standard should not be long, and, mainly, it shawitact as a brake on progress rather than areznbbfore
industries make commitments. The second is that tid external behavior of system components shbald
specified, leaving implementation details and imétrarchitectures to agent developers. In fact,rternal ar-
chitecture of JADE is proprietary even if it congdiwith the interfaces specified by FIPA.

The first output documents of FIPA, called FIPA@egifications, specify the normative rules thapall
a society of agents to inter-operate, that is &ffely exist, operate and be managed. First athaly describe the
reference model of an agent platform, as showndnrE 1. Basically, itidentifies the roles of solk®y agents
necessary for the management of the platform, pedifies the agent management content languagerant
ogy. Three key mandatory roles were identified mtoagent platform. The Agent Management System3$AM
is the agent that exerts supervisorycontrol oveesgto and use of the platform; it is respondieuthentica-
tion of resident agents and control of registratiohhe Agent Communication Channel (ACC) is thenageat
provides the path for basic contact between agaside and outside the platform; it is the defaglhmunica-
tion method which offers a reliable, orderly andwate message routine service; it must also stpiaP for
interoperability between different agent platformitie Directory Facilitator (DF) is the agent thabyides a
yellow page service to the agent platform. Nothta ho restriction is given to the actual technglaged for the
platform implementation: e-mail basedplatform, CORBased, Java multi-thread applications and otbeidc
all be FIPA compliant implementations.
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Fig. 1. FIPA reference model of an Agent Platform

JADE

JADE (Java Agent Development Framework) is a saoftwieamework to make easier the development of
agent applications in compliance with the FIPA dfieations for interoperable intelligent multi-agesystems.
The goal of JADE is to simplify development whilesering standard compliance through a compreherssite
of system services and agents. To achieve suchaJgd2E offers the following list of features toetlagent pro-

grammer:

FIPA-compliant Agent Platform, which includes th&8 (Agent Management System), the DF (Di-
rectory Facilitator), and the ACC (Agent CommunigatChannel). All these threeagents are auto-
matically activated at the agent platform start-up;

distributed agent platform. The agent platform barsplit on several hosts (provided that thereois n
firewall between them). Only one Java applicatiang therefore only one Java Virtual Machine, is
executed on each host. Agents are implementedeagava thread and Java events are used for effec-
tive and light-weight communication between agemtghe same host. Parallel tasks can be still exe-
cuted by one agent, and JADE schedules these itasksnore efficient (and even simpler for the
skilled programmer) way than the Java Virtual Maehiloes for threads;

a number of FIPA-compliant DFs (Directory Facildgtcan be started at run time in order to imple-
ment multi-domain applications, where the notiomlomain is a logical one as described in FIPA97;
programming interface to simplify registration gfeat services with one, or more, domains (i.e. DF);
transport mechanism and interface to send/receessages to/from other agents;

FIPA97-compliant IIOP protocol to connect differagent platforms;

light-weight transport of ACL messages inside tame agent platform, as messages are transferred
encoded as Java objects, rather than strings,dier @0 avoid marshalling and unmarshalling proce-
dures. When sender or receiver do not belong tedhee platform, the message is automatically con-
verted to /from the FIPA compliant string format.this way, this conversion is hidden to the agent
implementers that only need to deal with the salaesmf Java object;

library of FIPA interaction protocols ready to beed,

automatic registration of agents with the AMS;

FIPA-compliant naming service: at start-up ageritio their GUID (Globally Unique Identifier)
from the platform;

graphical user interface to manage several agendtsgent platforms from the same agent.The activ-
ity of each platform can be monitored and logged.

Architecture of the Agent Platform

The JADE Agent Platform complies with FIPA97 spieeifions and includes all those mandatory agents
that manage the platform that is the ACC, the AMIg] the DF. All agent communicationis performeatigh
message passing, where FIPA ACL is the languagept@sent messages.

The software architecture is based on the coexisten several Java Virtual Machines (VM) and com-
munication relies on Java RMI (Remote Method Intiocg between different VMs and event signalinghivita
single VM. Each VM is a basic container of agehtd provides a complete run time environment famagxe-
cution and allows several agents to concurrentBcate on thesame host. In principle, the architectliows
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also several VMs to be executed on the same hosteVer, this is discouraged because of the incrieaseer-
head and the lack of whatever benefit.

Each agent container is a multithreaded executisfrenment composed of one thread for every agent
plus system threads spawned by RMI runtime sysmmiessage dispatching. A special container plags t
front-end role, running management agents and septimg the whole platform to the outside worldcém-
plete Agent Platform (AP) is then composed of salvagent containers. Distribution of containersoasra
computer network is allowed, provided that RMI coumication between their hosts is preserved. A gpeci
light-weightcontainer is being implemented for thecution of agents within a Web browser.

There are different packages present inJADE fomgta

- jade.core.event: implements the distributed evetification service;

- jade.core.management: implements the distributedtdie-cycle management service;

- jade.core.messaging: implements the message disbribservice;

- jade.core.mobility : implements the mobility andrdihg service;

- jade.content and its sub-packages contain thectiolieof classes that support creating and manipula

ing expressions according to a given content amolayy;

- jade.domain contains the implementation of the Adh8 DF agents.

Conclusions.JADE is written and represented in Javalanguageismdade by various Javapackages,
giving application programmers both ready-made gseaf functionality and abstract interfaces fortoos ap-
plication dependent tasks. Java was the programlaiguage of preference because of its many atteafda-
tures, particularly geared towards object-orieqtezjramming in distributed heterogeneous environmeaome
of these features are Object Serialization, ReflacAPl and Remote Method Invocation (RMI).

JADE provides its users with standard agent tedwiet while keeping runtime overheads low. The de-
velopment of JADE is still continuing and furthengrovements and implementations have already been
planned, included support for agent mobility asc#fjezl by FIPA9S.
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