JADE Tutorial for beginners

Part 2 - USING JADE
Fabio Bellifemine, TILAB
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JADE
« JADE is an agent platform that implements the basic services and infrastructure of a
distributed multi-agent application:
— agent life-cycle and agent mobility
— white & yellow-page services
— peer-to-peer message transport & parsing
— agent security
— scheduling of multiple agent tasks
— set of graphical tools to support monitoring, logging, and debugging

 JADE allows faster time-to-market for new services by making key functionality
available across multiple applications

— terminal2terminal and multi-party communication (N:M)

— where needed, communication based on MSISDN-identity & mobile terminals
providing (as well as accessing) services

— pro-active applications

« Some relevant features:
— is extremely light-weight, ported to J2ME-CLDC-MIDP 1.0
— enables interoperability through FIPA compliance

— is an Open Source project originated by TILAB and currently governed by an
International Board

— is used by several R&D projects
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Faster time to market: example of source code JADE and JXTA.

public class AgentThatSearchesAndUseAService public class PeerThat SearchesAndUsesASer vice {
extends jade.core.Agent { private void startJxta() {
net Peer G oup =

bli id t
public void setup() { Peer Gr oupFact ory. newNet Peer Gr oup() ;

DFAgentDescription dfd = new DFAgentDescription();

di scoSvc =
dfd.setType (“SearchedService") ; net Peer Gr oup. get Di scoveryServi ce();
DFAgentDescription[] agents = pi peSvc = net Peer G oup. get Pi peService();
DFService.search(this,d£fd) ; }
ACLMessage msg = new private void startdient() {
ACLMessage (ACLMessage . REQUEST) ; Enuneration enunl =

di scoSvc. get Local Adverti senent s(

msg.addReceiver (agents[0] .getAID() ; . . .
g iver(ag [01.9 0 Di scoveryServi ce. ADV, “SearchedService",

msg.setContent (“execute service"); SERVI CE) ;

send (msg) ; Enuneration enun =
System.out.println(blockingReceive()) ; di scoSvc. get Renot eAdverti senment s(
} nul |, Di scoveryService. ADV,

“SearchedService", SERVICE, 1, null);

Enuner ati on enum = <enuml + enun>;
Modul eSpecAdverti senent ndsadv =

(Modul eSpecAdverti senment) enum next El ement () ;
St ruct ur edText Docunent doc =

(StructuredText Docunent)

ndsadv. get Docunent (new
M meMedi aType("text/plain"));

Pi peAdverti sement pi peadv =

ndsadv. get Pi peAdverti senment ();
Pi pe sendPi pe = pi peSvc. creat eQut put Pi pe(

pi peadv, 10000);
nmsg = pi peSvc. creat eMessage();
nsg. set String(TAG “Request Service”);
sendPi pe. send( nsQ) ;
Pi pe nyPipe =

pi peScv. creat el nput Pi pe( pi peadv) ;
System out. printl n(nyPi pe. wai t For Message()) ;

}
public void main() {

startJxta();
startdient();
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JADE Hides FIPA From Programmers!

* No need to implement the Agent Platform
— AMS, DF, and ACC executed at start-up

 No need to implement agent-management ontology and
functionalities

— An agent is registered with the AP within its constructor
« It is given a name and an address

— The DFService class provides a simplified interface to access
the services of the DF (registration, searching, lease-renewal,

)

 No need to implement Message Transport and Parsing

— Automatically (and possibly efficiently) done by the framework
when sending/receiving messages

* Interaction Protocols must only be extended via handle methods
« AND itis standard FIPA

ks
<
[
0
e
2
<
2
<
<
|
~l
S
S
w
Q
w
2
o
(€]

"=
- The Hague, 12/10/04
daclE




AN NN

¥ S

The architectural model

A JADE-based application is composed of a collection of active components called Agents
Each agent has a unique name

Each agent is a peer since he can communicate in a bidirectional way with all other agents
Each agent lives in a container (that provides its run time) and can migrate within the platform
One container plays the role of main (where AMS, DF live)

The main-container can be replicated via replication service

Multi-agent
application

Homogeneous layer

Platform ﬂ{—‘lﬂrﬂ

Java
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Java 2 Platform and JADE

JADE-LEAP

ey =

———

Java Technology

Enabled Devices  Java Technology
Enabled Desktop Workgroup .
Server High-End

Server

Micro Standard

_Edition Edition

Enterprise
Edition

 footprint of the JADE-LEAP run-time on mobile phones:
—10-30 Kbyte if compiled with the JVM (ROMizing)
—40-100 Kbyte otherwise

- tested over almost all Java mobile phones

* integrated with Operator APN Radius Server to allow SIM-based
addressing and authorization
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The latest official
version is

an Open Source platform for peer-to-peer agent based applications

description B value  community & developers  JADE board application & business  papers B resources s

fag rmailing lists add-aons rd parkty sw bugs & suggestions to do list the running agent platform

= fag

= mailing lists

* bugs & suggestions
=to do list

= the running agent

platform

* logout

= edit your profile

« Jade 3.2 latest version
(26/07/2004)

= snapshot

* gdd-ons & 3rd party sw

= archive of previous sw

NEFSIONS

 site map |
Googler

Google Search

.Y
download ~—

From this page you can now download JADE.
We recommend to unzip the files by using the jar v command rather than the winzip
application because some incompatibilities have been reported in the past,

Current wersion of JADE is 3.2 (26th July 2004). Mo patches are available for this
¥ErSion,

Mote! A the binaries (LS Jar) have been generated by using the JOKI 4 complier,

: ~ Fila —
File i Description of the content
This file contains all JA0E, i.e. it is just composed
’ " of the 4 files below, If it is too large for
jadeall.zip 7.9 MB downloading, the 4 files below might be
downloaded instead,
This file contains JADE already compiled and
jadeBin.zip 1.4 MB |ready to be used, i.e. a set of 184 archive JAR

files,

This file contains all the JADE documentation
included the Administrator's Guide and and the
Programmer's Guide, MOTICE THAT all the
docurmentation is also available on-line.

jadeDoc.zip 4.9 MB

jadeSrc.zip 1.6 MB |This file contains all the JADE source code,

This file contains the source code of the
jadeEzamples.zip | 237 KB |examples and a simple demo. &ll the examples
and demo must be compiled.

da
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JADE command line arguments

Usage: java jade.Boot [options] [agent specifiers]
« most used options:
— -help
— =container creates a container and joins it to an existing platform
— -host <hostname> specifies the host of the platform to be joined
— =port <port number> specifies the port number © © © “ > ¢
— =gui launches the remote monitoring agent
— -nomtp / -mtp lists of MTPs (by default HTTP is launced)
— =-conf <file name> creates/loads a configuration file
— -<key> <value>
» agent specifiers:
— list of agents to launch, separated by a space
— <agentName>:<agentClass>(<agentParams>)
e.g. java jade.Boot —gui —-nomtp —port 1200 W1:x.y.W(20) W2:x.y.W(10)
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Note: refers to the JADE Administrator’s Guide for the full list of options
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The main graphical tools of JADE

« supports the management, control, monitoring, and debugging of a

multi-agent platform

— RMA (Remote Monitoring Agent)
— Dummy Agent

— Sniffer Agent

— Introspector Agent

— Log Manager Agent

— DF (Directory Facilitator) GUI
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Remote Management Agent (RMA)

Start Dummy Start Introspect
Start Sniffer Agent Start Log Manage‘rﬁlg ent
Provided functionalities: Agent Agent

— monitor and control
the platform and all its [ e -1of x|
remote containers File Actions Tools Remote Platforms Help

— remote management e & e R 5 & DS (B L8 E | e
Of the Ilfe'CYCIe Of Lo | AgentPlatforms narme | addresses[ state | g t=] |
agents (creating, ¢ 3 "hpi11170:1099/JADE" {sniferd@.. | active NONE

suspending, resuming,
killing, migrating,
cloning)

— compose and send a
custom message to an
agent

— launch the other
graphical tools

— monitor (just read
operations) other
FIPA-compliant

latforms
il

¢ @ Main-Container
REiAgehpi11170:1099/A0E
= dfighpi1 11701095/ 1A0E
ams@hpi11170;1099/JADE

javajade.Boot -gui

| e
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rDummy Agent

& da0@IBM10312:1099/JADE - DummyAgent M=

General Current message Queued message

2 D @ [ﬂ..l_'rI>l| G %ﬂ Ch % e X [ -
" ACLMessage | Envelope | 24709704 10:59: PROPOSE '

. . agm 24709704 10:58: OQUERY-TIF
Provided functionalities: = 24709704 10:58: FATLURE

Sender:
_ compose and Send a eneet 24709704 10:58: RCCEPT-PROPOSAL

W

S dal2IBM10312: 1099 fTADE 24709704 10:58: CANCEL
custom messages 2440904 10:58: ACCEPT-PROPOSAL
_ load/save the queue . 24709704 10:52: COHFIRM
phy-to:
of messages from/to a
fll e Communicative act; | propose -
Content;

Language:

Encoding:

Ontolomy:

Conversation-id:

| |
| |
| |
Protocol: | Null 4 |
| |
| |

CONFIDENTIAL - All rights reserved

In-rephy-to:
Reph-with: |Elru11I:I312:1D99IJADE1DQED153D85DD|
Reply-hy: | set |

m Wi User Properties:
E
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ﬂ Sniffer

Functionalities:

- display the flow
of interactions
between selected
agents

- display the
content of each
exchanged
message

- save/load the
flow on/from a
file

Agent

_»snifferD@hpi11170:1099/JADE - Sniffer Agent

Actions Ahout

¥ = H

oc@

]

¢ 1 AgentPlatfarms

@ B2 Main-Container

9 £3 "hpi11170:1099/JADE] -

B RMaAGhpi1117
@ sniffer0@hpi11|:
df@hpi11170:1)
@ ams@hpi11170;
snifferd-on-hai -

[

Wk = O

o W

INFOR h:0 3

nal 075

REQUEST:

0581 3

INFOR h:0 3

pal 813 )

=10 %]
ACL Message E|
i ACLMessage |
Sender: ‘\ﬂew||daD@IEIM1DS12:1DQQIJADE ‘
Receivers: AfATBM10312: 1099 fJADE
Reply-to:
Communicative act: | confinm -

Contert:

Language: PlainText |
Encoding: | |
Ontology: | |
Protocol: |ping-prutucnl | hd |
Conversation-id: |cnn\tersatian1 |
In-rephy-ta: | |
Rephy-with: reply1 |
Rephy-nz |\J"|ew ||2EIEI41I:|24TI38521QDDDZ ‘
User Properties:
0K
o
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@ Introspector Agent

Functionalities: (E PRI =3

File Ahout

monitoring
. ¢ 03 AgentPlatforms N ] df@IBM10312:1090/JADE
agent internal ¢ £ "IBM10312:1099/JADE"
] ) View State Debug
% @ Main-Container

State Introspectorl@ et e Incoming Messages Outgoing Messages
: B b@BM10312:10 [ Pending | Received | (‘Pending | Sent |
L4 akivre
rece“_,edlsentl B a@BEM10312:10 o o u Incoming Messages -- Pending Outdoing Messages -- Sent
pendlng msg B dan@Bm10312 Q socpenaca 5] CONFIRM 5] INFORM
B da1@IBM10312 Q:a- INFORM
* scheduled & sniffer0-on-kain o .. =
behaviours snifferO@IBM 10 R
. B rMa@iemM1031] | il @ wias
(active, = oi@ien10312 1 S (I .
blocked) and "
- i ; 7 Change State @ [ Behaviours §§ : DFJadefgentManagementBehaviaur
SUb . AgentPlatforms " IBEM10312:1099/JADE". O caspens S — : ety e e
behaviours @ wess DFFipaAgenthanagemer -t DFJadeAgentanagementBehaviour
: O are T IDFJadeAgentManageme :
: £ DFAppletanagementBe &
- agent state 1 G« ;

. : . Send-notificati
debu g g | ng 1 Reezei:eo—;hchaslcnr?piiun

’ Send-response

execution 4 Prepare-response
: ¢ Handle-cancel
» step-by-step
» slowly

* break points

;. The Hague, 12/10/04
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Is the GUI to modify at
run-time the logging of
the platform.

It is based upon
java.util.logging and it
allows to:

- browse all Logger
objects on its
container (both
JADE-specific and
application-specific)
- modify the logging
level

- add new logging
handlers (e.g. files)

: ’:’& Log Manager Agent

1 dab@hpill170:1099,/JADE - LogManagerAgent

=101 x|

-ﬂ?—_'lq:lrf

Logoer Mame | Set Level | Handlers | Set log file |
jade.contentlang.sLSL0ONL.. [INFO java.utillogging. ConsoleHandler ' &
jade.content.lang.sL.SL1Ont.. |INFO java. utll logging.ConsoleHandler
jade.content.lang.5.5L20nt.. INFO java.l ut|| logging.ConsoleHandler :
jade content.lang sl SLQntUI INFO java.l utll logging. ConsoleHandler
jade.content.onto.BasicOntol.. |SEVERE java.l ut|| logging.ConsoleHandler, java.utillogaing FileHandler | myLog.td
jade.content.onto.Ontology  [INFO java.l ut|| logging.ConsoleHandler
jade.content. anta. serializabl... INFO java.l ut|| logging.ConsoleHandler
jade.content.schema.Agenta.. 'II_%J_F_D java.l ut|| logging.ConsoleHandler
jade.content. schema Aggreg... INFO java.utillogging. ConsoleHandler
jade.content.schema. Conce. ..1.I_r_%J_F_D jarea. ut|| logging.ConsoleHandler
jade.content.schemna.Conte... |INFO java.l ut|| logging. ConsoleHandler
jade.content.schema.Conte... [FINER java.l ut|| logging.ConsoleHandler
jade.content.schema lRESe... INFO java. util. logging. ConsoleHandler
jade.content.schema. Ohject... [INFO ¥ | java.utillogging. ConsoleHandler
jade.content.scherma.Predic... [SEWERE | = |java.util. I|:|gg_@_g_t_}_tlr]Sulelj]ggglg_r______ )
jade.content.scherma Primiti... haonRMIN java. utll logging.CongoleHandler, java. utillogging. FileHandler | log bt b
jade.content.scherma. TermsS java.l ut|| logging.ConsoleHandler )
jade.content.schermaariabl... java.l ut|| logging.ConsoleHandler d
= |COMFIG G- AN GBI X
jade.core AgentContainerirmgl java.l ut|| logging. ConsoleHandler H
jade. damain. DFGLUIManane. .. FINE java.l ut|| Inéﬁ-ﬁé_é];ﬁSnleﬁéﬁalér b
Eﬂgﬁ@ﬁéin.DFMemKB FINER java. utll |D§-JEJ:IE:§:1:CE:EIriSD|EHE&EE@I’ :
jade.domain FIPAAgentMan... [FINEST java. ut|| logaing.ConsoleHandler
jade. _c_i_g_mgm FIPAADentidan... |ALL w|liava. ut|| logging. ConsoleHandler !
jade.domain.JADEAGenthan. . Ir_%JFD java.l ut|| logging.ConsoleHandler :
jade.domain.ams INF java.l ut|| logging.ConsoleHandler i
jade domain.df [INF java. util. logaing. ConsoleHandler =
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DF DFGUI

GUI of the yellow-
page service,

it allows to:

—browse, register,
deregister,
modify, search
agent
descriptions

—federate with
other DFs

—execute federated
searchs

df@IBM10312:1099/JADE- DF Gui

General Catalogue Super DF Help

A &N aElal 2 Boor
| Reustrtions with s DF | Search Result | DF Fdration |

Agent name | Addresses | Fesolvers m
dal@BmM10312:10990JADE
dal@BmM10312:10990JADE hitp:fjade tilab.com 9090530

~Status

Registration of agent: dal@&@IBM10312:1098,A0E done.

CONFIDENTIAL - All rights reserved
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FYI - Some topics not fully covered by this
tutorial

* Integration with JESS (Java Expert System Shell)
— It allows reasoning about messages in JESS

— It allows a JESS program to control sending/receiving
messages and/or creating/destroying JADE behaviours

« JADE and some Internet tools
— integration with servlets, applets, JSP
« Advanced features

— distributed security, fault tolerance, support for replicated
agents and services, persistence

— application-specific persistent delivery filters & JADE kernel-
level services

— JADE and .NET

— JADE, Protégé, XML, RDF and OWL
Note: the documentation includes a tutorial for almost each of these aspects
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