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Initrocuction

MAS Eelf] 1v1r~ s mostly” specified Using diagrammatic or
SEINIE rormrr 1ethodologies.

AQULYzElEs -supportlng a partial formalization of multi-

.-

rlg~r1r5 :\ stems.
- v@ﬁzconsstency In their behavior, the MAS need to

_ ,;._;__ ~ clearly specified, validated and correctly
= #_‘frmplemented.
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= Se lected language : Maude.
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== 1MA proposes to decompose an agent in different components.

- = Goal : integrating some existing paradigms.

® An agent can have one or several components that can be reactive or
cognitive.
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Environment

DIMA'agents’ architecture
iCrick = a proactive component

ProactiveComponent
——= : ' ~ IsAlive()
:__- — r_ _—._,___ - Step()
e :
::.;——‘ S ——a General structure of a proactive component
It describes :
- - Goal: method /sAlive ().

- Basic behaviors: as methods.
- Meta-behavior: method Step ().
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WARCOmUnNicating agent Is a proactive agent that
Jrrire)c)l lL:‘j;f-‘ W functlonalltles off communication.

J.—

CommunicationComponent

ReceiveMesage()
SendMesage()

--_____,__'_' e General Structure of a communication component

‘f_/Leta-behawor is described by an ATN.
= IsAllve() tests If the final state is not reached.

- - Step() allows to activate from the current state of an
agent a transition whose condition Is verified.



Hewrltne Leell

@ concurrent system (States and transitions).
tem is depicted by a rewriting theory T = (3,

ﬂe*structure of system Is described by the
ature (Y, E) that presents states of a system.

,"_ Dynamigue structure of system is desribed by rewriting
rules rl [I] : t -> t’' . These rules represent transitions.




ng logic : expresses the concurrency
ge off states ofi the system.

l!

) 4’6 speC|f|cat|on prototypage, etc.

l\/IlJ]rJ~_ dlgmes It combines the functional and
Jle Ed*object programming.
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== _.»f..\? 'aia'ﬁle 'Syntax regroupes three types of modules :

—_—
—

dﬂ,_:‘:_iFunctlonaI modules.

~ - System modules.
- Oriented-object modules.



ATN-LINK ATN-BASED-
COMMUNICATING-

MESSAGE MAILBOX AGENT

COMMUNICATINGCOMP
-ONENT

5-""’"-:__,_ e DIMA-Maude frameworks’ architecture.



s State KindState NameState . **%[1]

ding KindState .

\gentState : NameState KindSt -

Islnitial : State -> Bool . — o s a%u“ =
1O in" - State -> Bool . = xx[ 5] =

***[R]

***[7]
- =('AgentState(ns, k)) =i = ordinary then true ***[8]
- else false fi .

SFinal(AgentState(ns, k)) = if k == final then true wi[Q]
- elsefalse fi.

The functional module STATE.

(fmod ACTIONS is

e sort Action .

I op NoAction : -> Action .

— e op IsInternalAction : Action -> Bool .

— (fmod CONDITIONS is op IsSendingAction : Action -> Bool .
sorts Condition . op IsReceivingAction : Action -> Bool .
op NoCondition : -> Condition . op IsSendingActionToAll : Action -> Bool .
endfm) endfm)

The functional module CONDITIONS.
The functional module ACTIONS.



The functional module USER-ATN.

~ (fmod ATN-LINK is

protecting USER-ATN .

op CorrspondingAgentState : State -> State .

op CorrspondingCondition : Action ->Condition .
***User part***

endfm)

The functional module ATN-LINK.
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(fmod MESSAGE is
= prot
~ protecting AC -

s Message Content . -

The functional module MESSAGE.

tecting MES __S_:‘.AGE - (fmod PROACTIVE-COMPONENT is
subsort acquaintance < Agentldentifier . sort Parameters Void .
‘SendMessage : Message -> Msg . op IsAlive : Parameters -> Bool .
ReceiveMessage : Message -> Msg . op Step : Parameters -> Void .

- endfm)

e The fujrctio.nal module COMMUNICATION-COMPONENT. The functional module PROACTIVE-COMPONENT.
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ICATING-AGENT is _

g PROACTIVE-COMPONENT . - T‘.
N-LINK. protecting COMMUNICATION-COMPONENT . protecting MAILBOX .
= aters .

- -~
entState : State, MB cList : acquaintancelList .
Agentldentifier State Condition - — T =
— ***[3]

Kk /]

" .-_. CtIO “ — =

O)) = IS al(Agentotate(N el ¢ . . ***[5]

- C
-
i"**?****************F".St Case********************************************************

1] : Event(A S, Cond) < A : Agent | CurrentState : S, MBox : MB, AcclList : ACL >
 Execute(AccomplishedAction(S, Cond)) GetEvent(A, S, Cond)
H_A Agent | CurrentState : S, MBox : MB, AcclList : ACL >
- if(IsAlive(S) == false) and
L 1___;',:,'1 -.l.I,T'(IslnternaIAction(AccomplishedAction(S, Cond)) == true) .

S l'm_-l - GetEvent(S, Cond) Execute(Act)
-~ <A:Agent|CurrentState : S, MBox : MB, AcclList : ACL >
~ => <A:Agent| CurrentState : TargetState(S, Cond), MBox : MB, AccList : ACL > .

—
o
'-W************************************Second Case********************************************************

— — < A1 Agent | CurrentState S1 MBox MB1 Achlst ACL1 >
—— = => SendMessage(A : AccomplishedAction(S, Cond) : A1) GetEvent(A, S, Cond)
v < A : Agent | CurrentState : S, MBox : MB, AcclList : ACL >
2 < A1 : Agent | CurrentState : S1, MBox : MB1, AcclList: ACL1 >
- ' if (IsAlive(S) == false) and
(IsSendingAction(AccomplishedAction(S, Cond)) == true) .

rl [StepCase21] : GetEvent(A, S, Cond) SendMessage(A : Act : A1)
< A : Agent | CurrentState : S, MBox : MB, AcclList : ACL >
=> Event(A1, CorrespondingAgentState(S), CorrspondingCondition(Act))
< A : Agent | CurrentState : TargetState(S, Cond), MBox : MB, AccList: ACL > .
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sage(A1 edAction ’
CurrentState : S MBo ' _ ( (A1 : AccomplishedActio

false) and (IsReceivingAction(Accomplished/ n(S_: Cond)) ==true) .

=

- = —— —

—— -
S —

, MBox : MB, AcclList : ACL > .
* khkkkkkkhkkhkhkkkkhkkhkhkkhkkhkhkkhkhkhhkhkkhkhhhkhkhhkhkhhhkhkkhkhhhhkkhhkhkhhkkhhkkkkkkkkkkkx
Fourth case

1E'Cond)<A Agent | CurrentAgentState : S, MBox : MB, AccList : ACL >

e e(A : AccomplishedAction(S, Cond) : HeadA(ACL)) GetEvent(A, S, Cond)
mlCurrentAgentState S, MBox : MB, AcclList : TailA(ACL) >
S) == false) and (IsSend|ngActlonToAII(AccompllshedActlon(S Cond)) == true)

Act] ;G'étEvent(A S, Cond) SendMessage(A : Act : A1)

< A : Agent | CurrentAgentState : S, MBox : MB, AccList : ACL >
[

- Event(A, S, Cond)

- <A Agent | CurrentAgentState : S, MBox : MB, AccList : ACL >

= el = Event(A1, CorrespondingAgentState(S), CorrespondingCondition(Act))
_—_="f_'__... S if Head(ACL) =/= Erroracquaintance .
= -endom) .

The object-oriented module ATN-BASED-COMMUNICATING-AGENT.
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e T T gl : NoAction
'.',‘E"-' ‘ s i
- E‘ " Failure - Wait Success
Tas ¥
oy SREE = IsAccepted: ReceiveRejProp/

I P o/ NoAction ReceiveCFP/  SendProp NoAction

: DecProcess
OfEval Failure
Success IsRefused/
SendReject
TrueCond/
SendAccProp
SendRejProp
(b)
-__-_:.-.-:__—'- _'-.- o ATNs that describe respectively the meta-behavior of the Auctioneer and the Bidder.



B —
iccess| Failurel : -> NameState .~ ***[1]
ary) AgentState(OfferEvaluationl, ordinary) I

—

:"' # ' S and aCtlonS Of the ATN*********************************************
t oExpiredTimeOutl HasMail HasProposal NoProposal : -> Condition.  ***[3]
Waitl ReadAllMsg DecisionProcess| SendAccpetProposal

Proposal :-> Action . T

e:(Ag_e'ntState(Startl initial), TrueCondition) = AgentState(Waitl, ordinary) . 2551

= ""‘-?-‘ (s matlon of the action to execute according to a state and a condition ******

<To ccom‘pl|shedActlon(AgentState(StartI initial), TrueCondition) = SendCFP . *xx[6)

_-.'.ull-'

- _***De’;ermination of the type of an actign********xxxrwriiix

—;-:—_;_:‘ —— ‘eq IsInternalAction(DecisionProcessl) = true . i rd
.~ eqlsSendingActionToAll(SendCFP) = true . *xx[g]
endfm)

The module USE-ATN corresponding to the agent Auctioneer
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N p :aCtlon-SO_f ItlFle ATN‘********;*******1:****************************

=
nination of the action to execute according to a state and a condition ******

_ (Age pi._-Stéfé(StartP, initial), ReceiveCFP) = AgentState(OfferEvaluationP, ordinary) .

= -

my : A-'c-tion(AgentState(StartP, initial), ReceiveCFP) = DecisionProcessP .

~ | **Determination of the type of an action*********xisxsirrss:
el

o i

-~ éqlsinternalAction(DecisionProcessP) = true .

= eq'lsSe'ndingAction(SendPropose) = true .

endfm)

The module USE-ATN corresponding to the agent Bidder.



ate(star |n1t|al))— entStafe(staFfP initial) . 1]
tState commitmentdecisionl, ordinary)) = AgentState(waitP, ordinary) .
e
JCFP) = ReceiveCFP . **4[2]
dAcceptProposal) = ReceiveAcceptProposal .
***[3]
1 .,-- rrespon f iti = - ***[4]
*_"=:=.'_".._i-- =
s — en-dfm:-

The module ATN-LINK .



dders accept to submit the proposal..

- . = e

("Bidder1" : ("Bidder2" :
"Bldder3")) >

- entState(offerEvaluatlonP ordinary), IsAccepted)
AgentState(offerEvaluationP, ordinary), IsAccepted)
_A’gentState(offerEvaIuationP, ordinary), IsAccepted) .

"Auct|oneer : Agent | CurrentAgentState : AgentState(OfferEvaluationl, ordinary), MBox :EmptyMailBox, AccList

- . A : ("Bidder1" : ("Bidder2" : "Bidder3")) >
< "Bidder1" : Agent | CurrentAgentState : AgentState(waitP, ordinay), MBox : MB1, AccList : "Auctioneer" >
< "Bidder2" : Agent | CurrentAgentState : AgentState(waitP, ordinay), MBox : MB1, AccList : "Auctioneer" >
< "Bidder3" : Agent | CurrentAgentState : AgentState(waitP, ordinay), MBox : MB1, AccList : "Auctioneer" >



——
’.u CurrentAge tState AgentState(startI |n|t|al) MBox EmptyMallBox Acclist: ("Bidder1" :
= . ~ ("Bidder2" : "Bidder3")) > et

1tState : AgentState(startP al), MBox : , AccList : "Auctioneer" >
gentState AgentState(startP initial), MBox : MB1 AcclList : "Auctioneer" >
-_;' ta‘te(startl initial), TrueCondition)
State(offerEvaluationP, ordinary), IsAccepted)
‘;- offerEvaluationP, ordinary), IsAccepted)
: I_(offerEvaIuationP, ordinary), IsRefused) .

o n“é§r launches its evaluation process and two Bidders wait the
nd'the other finish in failure.

< "Auctioneer" : Agent | CurrentAgentState : AgentState(offerEvaluationl, ordinary), MBox : EmptyMailBox, AcclList:
——— - ("Bidder1" : ("Bidder2" : "Bidder3")) >
- < "Bidder1" : Agent | CurrentAgentState : AgentState(waitP, ordinary), MBox : MB1, AcclList : "Auctioneer" >
< "Bidder2" : Agent | CurrentAgentState : AgentState(waitP, ordinary), MBox : MB1, AccList : "Auctioneer" >
< "Bidder3" : Agent | CurrentAgentState : AgentState(FailureP, final), MBox : MB1, AccList : "Auctioneer" >



VERpresented a ormal framework called DIMA-Maude
jeIEstipperting| formal description and validation of DIMA
morJeJ Siagents.

I--_

IIAET T *, Work IS described using the formal and object-
ofigniieel ianguage Maude.

= {_'Eﬁf‘ developed framework, in its present version, is
— ¢ ten3|b1e

e

g
e

- ;:‘11’15 composed of several modules representing the basic
pricks for formal description and validation of DIMA
_communicating agents whose meta-behavior is
described by an ATN.




JEniving ur@-—ar@ Operties of the specification of the
DINVIAN escrlbed in Maude using Model Checker.

EUSE somrﬁ'e of this framework to support Rule-
| éwork and Case-based framework.
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