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OHTONOrMATA U e3uLunTe 3a
CbAbpXKaHue

o [lenctButenHaTa MHGOPMaLMS, KOATO €
npeAaBaHa OT areHTa 3a M3npalwaHe 40 areHTa 3a
noaydyaBaHe Ha ACL cvobueHmneTo,e BkItOUEHA B
C/1I0T 33 CbAbPXXaHMe Ha CbobLeHneTO.

e Cnopeg cneundukaummte Ha FIPA ctonHocTUTE
Ha Te3u C/I0TOBEe MOXe Ja 6bAaT NN HU30BU
TUNOBe AaHHW, M HeobpaboTeHa
nocsieg0BaTe/IHOCT OT bauToBe.

 Moxe ga ce Ha/IoXW areHTuUTe Aa cu npeaasart
C/I0XUM CbOOLWEHNA, CbABPXKALM MHOXECTBO
C/IOTOBE CbC CbAbPXKAHUA.



OHTONOrMATA U e3uLunTe 3a
CbAbpXKaHue

e KoraTo ce npesaBa C/10XXHa MHPOpPMaLUA e
HeobxoanMo aa ce npneme gobpe aedbUHMPaH
CUHTAKCUC.

* Moxe aa ce aHan3mpa CbAbPXKAHNETO Ha
CbObLLEHMETO OT CTPAHA Ha NPMEMALLUS areHT U 43
ce U3BJieye BCAKO CneundPpuyHo napye ot
MHPOpPMaLMA 40 BMA, KOUTO € N3MPATEH OT
M3NpaLLaLms areHT.

e Cnopeg FIPA To3m cnHTakcmnc e no3HaT KaTo e3mK 3a
cbabpxaHue. FIPA He Hanara TouHO onpegeneH e3nk
33 M3M0A3BaHeE, HO AedPUHMpa M NpenopbYBa Aa
M3nona3Ba e3nksT SL, koraTto KoMyHuKaumaTa e ¢ AMS
n DF.



Mpumep 3a HGOpMaLUA,
KoaupaHa c SL

(Book :title "Programming Multi Agent Systems with
JADE" :authors(sequence "F. Bellifemine" "G. Caire"
"D. Greenwood") :editor Wiley)

Korato nosy4yaBawmaT areHT NoJly4m TakbB HU3,
ToM TpsibBa Aa MoXe Aa aHaam3umpa To3m SL
CMHTaKCUC, 3a Aa pasbepe nHPopmaymaTa, KOATO
CMHTAKCMCa HOCU CbC cebe cw.



OHTONOrMATA U e3uLunTe 3a
CbAbpXKaHue

e Habop OT KOHUENUMUM 1 CMMBOIM U3MNO/I3BAHM Ca
OMNMCaHMe Cca NO3HATU KAaTO OHMO02UA.

e 3a pas/iMKa OT e3uuuTe 3a CbAbpXaHUe, KOUTO
0bMKHOBEHO Ca He3aBMCUMMK OT gaaeHa obnacr,
TO OHTOJIOrMMTE OOBMKHOBEHO Ca cneumMdUryHM 3a
JaaeHa obnacr.

e /lokaTo e yA06HO eaMnH HU3 OT CJIOXKHA
MHopmauma ga ce Bkatoum B egHo ACL
cbobleHmne, TO B OTBETHATA CTPaHa e 40CTa
HeyA,06HO Ta3m MHPopMaLma Aa ce aHaAu3mpa oT
npMeMaLLua areHT.



OHTONOTUA

o [lednHmpa ce COBCTBEH PEYHUMK N CEMAHTMKA
33 CbAbPXKAHMETO Ha CbObLLEHMETO, KOETO Ce
obmMeHs mexay areHTuTe.

* JADE ocurypsBsa Tpu HauuMHa 3a
MMMIEMEHTUPAHE Ha KOMYHUKAUMATA MeXAy
areHTuw.



MeTtoAau 3a KOMYHUKaLUSA

e /I3non3BaHe HA HN3 OT CMMBOJIM 33
npeACTBAHE HA CbAbPXaHUETO.

* /I3non3BaHe Ha Java TexHO/10rMATa 3a
npegaBaHe Ha cepuannsmnpanm java obekTu
ANPEKTHO KAaTO CbAbpXXaHME Ha
cbobLleHmeTO.

» [ledpnHmnpaHe Ha 0beKkTn, KOUTO ce
npegaBaT, KOUTO Ca Pa3LWMPEHMA HA
npegmneuHMpaHn K1acoBe.



[lpernep Ha meToauTe 3a
KOMYHUKaLuUA

o |t Method:
> Content type: Strings
> Getting method: getContent()
o Setting method: setContent()

» 2"d Method:
> Content type: Java Objects
> Getting method: getContentObiject()
> Setting method: setContentObiject()

37 Method:
> Content type: Ontology Obijects
> Getting method: extractContent()
o Setting method: fillContent()



[pumepwu

* The bank example consists of 2 versions

° The first version, Bank-|-jObjects, shows how to
implement communication between agents using
Java objects.

> The second version, Bank-2-Onto, shows how to
implement the communication between agents
using an ontology.



Mpumep Bank - Java obekTu

* Two agents implement the client and server roles
for the bank with savings accounts

* The BankServerAgent class, acts as a server
and the BankClientAgent class acts as client.

e The two classes use (implement) a common
interface, BankVocabulary, that defines the
constants which represent the terms that
constitute the specific language of the agents.



Mpumep Bank - Java obekTu

* [IpoTOKOIM 38 KOMYHUKALLMNSA

- REQUEST: The client agent sends this message
to create an account or to make an operation.

o INFORM: The server agent responds with this
message after processing a REQUEST.

- NOT UNDERSTOOD: The client and the server
agents respond with this message if it cannot
decode the content of the message.

> QUERY REF: The client agent sends this
message to the server agent to query
information about a specific account.



Mpumep Bank - Java obekTu

e Classes of Bank Example

(0]

(¢]

(0]

Account: concept of a bank savings account
Operation: concept of a bank operation

MakeOperation: action of making an operation such as
deposit or withdrawal

OperationList: concept of the list of last operations
CreateAccount: action of creating an account

Information: concept of querying information about

an account such as the balance and the list
of last operations

Problem: result of an action that fails



Mpumep 3a npesaBaHe Ha Java
06ekTK

e AKo obekTuUTe MoraT Aa ce npegaAaTt KaTo vacT
oT cbobueHneTo, To TpsAbBa Aa ce Aekaapupa
KaTO MMMJIEMEHTUPA
java.io.Serializable uHTepdenca.



Mpumep 3a npesaBaHe Ha Java
06ekTK

class MakeOperation implements
java.io.Serializable

{ public float getAmount () {

private String accountlId; return amount;

private int type;

private float amount;
public void setAccountId(String

accountId) {
public String getAccountId() ({

return accountId; }

this.accountId = accountId;

public void setType (int type) {
public int getType() {

return type; }

this.type = type;

public void setAmount (float amount) ({
this.amount = amount;




Mpumep 3a npesaBaHe Ha Java
06ekTK

MakeOperation mo = new MakeOperation();
mo.setAccountId(acc.getId()) ;
mo.setType (command) ;

mo .setAmount (amount) ;

ACLMessage msg = new ACLMessage (
ACLMessage .REQUEST ) ;

msg.addReceiver (server) ;
try |
msg.setContentObject ( mo );
}
catch (Exception ex) { ex.printStackTrace(); }
send (msqg) ;



Mpumep 3a npesaBaHe Ha Java
06ekTK

class ReceiveMessages extends CyclicBehaviour

{

public ReceiveMessages (Agent a) {
super (a) ;

}
public void action ()

{

ACLMessage msg = receive (),

if (msg == null) { block(); return; }

try {
Object content = msg.getContentObject ()
switch (msg.getPerformative ()) {

case (ACLMessage.REQUEST) :

if (content instanceof CreateAccount)
addBehaviour (new HandleCreateAccount (myAgent, msqg));

else if (content instanceof MakeOperation)
addBehaviour (new HandleOperation (myAgent, msg)) ;



Mpumep 3a npesaBaHe Ha Java
06ekTK

class HandleOperation extends OneShotBehaviour

{
ACLMessage request;

public HandleOperation (Agent a, ACLMessage
request) {

super (a) ;
this.request = request

}
public void action() {

try {
Operation op =
(Operation) request.getContentObject() ;
ACLMessage reply = request.createReply() ;
Object result = processOperation (op) ;

} catch (Exception ex) { ex.printStackTrace (), }

}



Heaoctatovuu 1/2

* M3npawawmsa areHT Tpsbea ga npeobpasyBa npegaBaHaTa
MHPOpMaLLMATA B CbOTBETHO gednHupaHo ACL cbobueHne
M NONYYaBaALLUAT areHT Tpsbea ga Hanpaswu
MPOTUBOMNOMIOXHO NpeobpasyBaHe.

e [MonyyaBawmaT areHT TpsbBa Aa HanpaBu nopeanLa ot
CEMAHTUYHN NPOBEPKM, 33 Aa YAOCTOBEPHU, Ye NoslydYeHaTa
MHPOpMaLMA cna3sBa NpaBMIaTa Ha OHTONOTUATA],
CNOAENIEHA MeXAY KOMYHUKMPALLUTE areHTH.

* JAVA cepnanusauyus e npuaoxmma camo 3a JAVA cpegun. Ako
eaviH JADE areHT TpsibBa ga npegase nHbopmauua 40 apyr
areHT, ot otganedeHa FIPA ceBmecTMma naatdpopma
pa3anyHa ot JADE, Hama abcontoTHO HMKakBa rapaHums, ve
nony4vaTensT we pasbepe nHPopmaymaTa oT ca0Ta 33
cbobLeHns, kogmpaHa upes JAVA cepmanmsayus.



Heaoctatovuu 2/2

e JAVA cepunanmsauymsareHepmpa ¢opmaT, KOUTO e
HeYeT/IMB OT xopaTa. B MHOro c/iy4am Bb3MOXHOCTTA
A,a ce npoyeTe MHPOPMALMATA OT C10TA 33
CbAbpXXaHWe B AaAEHO CbobLLeHME e U3KIIUYUTENHO
nosie3Ha B NpoLec Ha n3csieBaHe Ha AaseH npobaem.

e AreHTa, KOUTO MNOJy4YaBa CbobLLEHME HAMA HUKAKBU
CpeACTBa 3a onpejensiHe Ha BUAa Ha 0bekTa, KOUTO
TOM e NOSYYM, KOraTo AeKkoampa nHpopmaumaTa oT
C/I0T 33 CbAbPXKAHME.



Bank Example 2 - Ontology

* An ontology describes the elements that can be used as content of
agent messages.

* An ontology is composed of two parts:

> The vocabulary that describe the terminology of concepts used by
agents in their space of communication.

> The nomenclature of the relationships between these concepts,and
that describe their semantics and structure.

e An ontology is implemented by extending the class Ontology
predefined in JADE and adding a set of element schemas describing
the structure of concepts, actions, and predicates that are allowed
to compose the content of your messages.

e You may also extend directly the basic ontology classes
BasicOntology or ACLOntology according to your need.



Bank Example 2 - Ontology

* In this example, we defined the BankOntology
class that our two agents use to communicate in
place of the java objects.

* We re-use our java objects from before, but
instead of using them directly in the content of
messages, we just wrap them into specific terms
and concepts defined within the BankOntology
class.



Bank Example 2 - Ontology

* The AgentActionSchema class inherits from
the ConceptSchema class which in turnis a
subclass of the TermSchema class. While the
PredicateSchema class inherits from the
ContentElementSchema class.

e But at the base, these interfaces have a common
superclass which is the ObjectSchema class.



Bank Example 2 - Ontology

* Java.lang.Object

> Jade.content. schema.ObjectSchema

jade.content.schema.ObjectSchemalImpl

* Jade.content.schema.TermSchema
jade.content.schema.ConceptSchema
jade.content.schema.AgentActionSchema

e Java.lang.Object

> Jade.content. schema.ObjectSchema

jade.content.schema.ObjectSchemalImpl
* Jade.content.schema.ContentElementSchema
jade.content.schema.PredicateSchema



Bank Example 2 - Ontology

e An important point to know is when to use one or another of these
ontology objects

* AgentA requests agent B to perform a specific task.
> FIPA requires the content of the message that A sends to B must be an action.

> In JADE, the task will be defined by a java object implementing the AgentAction
interface and the action will be an instance of the class Action to which you
pass in arguments the AID of agent B and the object describing the task to be
performed.

* AgentA asks agent B if a given proposition is true.

> According to FIPA, the content of the message must be the object
representing the proposition to check.

> In JADE a proposition can be defined by a java object implementing the
interface Predicate.

* Some objects are not agent actions neither propositions, so we define
these as concepts

> They implement the interface Concept.



Bank Example 2 - Ontology

* JADE also provides support for defining
atomic elements that constitute generally
the slots of the abstract concepts

o String, Integer, Float, etc.

> The support for these atomic types of objects is
provided through the class PrimitiveSchema
and handled by the BasicOntology class.



Bank Example 2 - Ontology

e Account class implements the Concept
interface

* Operation class implements the Concept
interface

e MakeOperation class implements the
AgentAction interface

» CreateAccount class implements the
AgentAction interface

* Information class implements the
AgentAction interface

» Problem class implements the Concept
interface



Bank Example 2 - Ontology

* Define the vocabulary of your agents communication space.

public interface BankVocabulary

{

public static final String MAKE OPERATION =
"MakeOperation";

public static final String MAKE OPERATION TYPE = "type";

public static final String MAKE OPERATION AMOUNT =
"amount";

public static final String MAKE OPERATION ACCOUNTID =
"accountId";



Bank Example 2 - Ontology

* Define the java class that specifies the
structure and semantic of the object
MakeOperation.
> Same definition as Java Objects example

except that it implements AgentAction and not
java.io.Serializable



Bank Example

class MakeOperation implements AgentAction

{

private String accountId;
private int type;
private float amount;

public String getAccountId() ({

return accountId;

public int getType() {
return type;

public float getAmount () {
return amount;

public void setAccountId(String accountId) ({
this.accountId = accountId;

public void setType(int type) {
this.type = type;

public void setAmount (float amount) ({
this.amount = amount;

2 - Ontology



Bank Example 2 - Ontology

e Define the schema of the object

public class BankOntology extends Ontology implements
BankVocabulary ({

public static final String ONTOLOGY NAME = "Bank-Ontology";
private static Ontology instance = new BankOntology() ;

public static Ontology getInstance () { return instance; }

private BankOntology () ({
super (ONTOLOGY NAME, BasicOntology.getInstance()) ;
try {
// MakeOperation
add(as = new AgentActionSchema (MAKE OPERATION) , MakeOperation.class);

as.add (MAKE OPERATION TYPE, (PrimitiveSchema)
getSchema (BasicOntology.INTEGER) , ObjectSchema.MANDATORY) ;

as.add (MAKE OPERATION AMOUNT, (PrimitiveSchema)
getSchema (BasicOntology.FLOAT), ObjectSchema.MANDATORY) ;

as.add (MAKE OPERATION ACCOUNTID, (PrimitiveSchema)
getSchema (BasicOntology.STRING) , ObjectSchema.MANDATORY) ;

catch (OntologyException oe) {
oe.printStackTrace() ;

L e e

// BankOntology



Bank Example 2 - Ontology

public class BankClientAgent extends Agent implements BankVocabulary {

private Codec codec = new SLCodec();
private Ontology ontology = BankOntology.getInstance() ;

protected void setup() {

// Register language and ontology
getContentManager () .registerLanguage (codec) ;
getContentManager () .registerOntology (ontology) ;

}

void requestOperation() {

MakeOperation mo = new MakeOperation() ;
mo .setType (command) ;

mo .setAmount (amount) ;

mo .setAccountId(acc.getId()) ;
sendMessage (ACLMessage . REQUEST, mo) ;

}
}//class BankClientAgent



Bank Example 2 - Ontology

public class BankServerAgent extends Agent implements
BankVocabulary

{

private Codec codec = new SLCodec() ;
private Ontology ontology = BankOntology.getInstance() ;

protected void setup() {
// Register language and ontology

getContentManager () . registerLanguage (codec) ;
getContentManager () .registerOntology (ontology) ;

}// End BankServerAgent



Bank Example 2 - Ontology

class ReceiveMessages extends CyclicBehaviour
{
public ReceiveMessages (Agent a) {

super(a);

public void action() {
AClMessage msg = receive();
if (msg == null) { block(); return; }

try {
ContentElement content = getContentManager () .extractContent (msqg) ;

Concept action = ((Action)content) .getAction() ;

switch (msg.getPerformative()) {
case (ACLMessage.REQUEST) :

if (action instanceof CreateAccount)
addBehaviour (new HandleCreateAccount (myAgent, msg)) ;
else if (action instanceof MakeOperation)

addBehaviour (new HandleOperation (myAgent, msg));
break;
catch (Exception ex) { ex.printStackTrace(); }

}
}// End ReceiveMessages



Bank Example 2 - Ontology

class HandleOperation extends OneShotBehaviour

{
private ACLMessage request;

HandleOperation (Agent a, ACLMessage request)
{

super (a) ;

this.request = request;

public void action|()
{
try {

ContentElement content = getContentManager () .extractContent (request) ;

MakeOperation mo = (MakeOperation) ((Action)content).getAction ()
//Process the operation

Object obj = processOperation (mo) ;
//Send the reply
}

catch(Exception ex) { ex.printStackTrace(); }

}// End HandleOperation



