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Introduction

The real time MAS reflect intrinsic real-time systems
characteristics, more precisely, the time constraints.

MAS designers have development methodologies and
modeling language.

None of the proposed methodologies takes into
account the functional requirements formalization.

A use case oriented specification of real time MAS
functional requirements.




Introduction (2)

AUML models suffer as UML of a lack of formal
semantics.

Formal methods represent an interesting solution.

The main interest in this work is to describe :

the functional requirements of real time MAS using Agent UML

Translate these semi-formal descriptions in RT-Maude.




Related Works

Among the methodologies that directly addressing the
design of real-time multi-agent systems:

RT-Message,
the extended BDI-ASDP methodology for real time,

the development method of Lichen Zhang.

For a description of real-time agents : domain model,
role model, and timed model.




Related Works (2)

These methodologies don’t focus on the real time MAS
functional requirements formalization.

they will supplemented by methods that strongly

encourage the formalization of the functional
requirements.




Real Time Maude

RT-Maude contains the specification of :

sort Time to describe the time domain,,

sort GlobalSystem with a constructor '{_}": {_} : System ->
GlobalSystem

a set of tick rules : {t} = {t’} in time u if cond .

Real-time rewrite theories are specified in RT-Maude as :
(tmod NAME is .. endtm)

(tomod NAME is ... endtom)




Extended Agent UML

Adapting AUML to the description of RT-MAS functional
requirements.

Use case diagrams will be enriched by the following 'five
stereotypes':

« Agent Use Case » « Temporal Agent Use Case »
Use case hame Use case nhame

Stereotyped use cases

w Externial Agent « o Flieal Tirme Agent o

.



Extended Agent UML (2)

To all compartments proposed in Huget class diagrams, a new
compartment called "temporal constraints" is added:

« Fiogl Time Agant »

The used AUML class diagram

To describe agents’ individual and collective behaviors we use
respectively the AUML state-chart and protocol diagrams.




The Proposed Approach
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The Proposed Approach(2)
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The Proposed Approach (3)

(omod EXTERNAL-AGENT-CLASS 1s

protecting STATE . protecting MESSAGE-MANAGEMENT
class ExtAgent | CurrentState : State, Acglist

Acquailntancellist

endom)

The O.0 Module EXTERNAL-AGENT-CLASS

(omod AGENT-CLASS 1s

protecting STATE . protecting ROLE

protecting MAILBOX . protecting MESSAGE-MANAGEMENT

class Agent | CurrentState : State, PlayRole : AgentRole,
fogliisiorrkaoiarntance g o MRO e el B o %

endom)

The O.O Module AGENT-CLASS




The Proposed Approach (4)

(tomod REAL-TIME-AGENT-CLASS 1is
extending AGENT-CLASS
class RealTimeAgent | Clock : Time

subclass RealTimeAgent < Agent . endtom)

The Timed O.O Module REAL-TIME-AGENT-CLASS

flomod BB iG hs

* ok ok k Kk ok k k% User Part

including NAT-TIME-DOMAIN . including EXTERNAL-AGENTS.
Ancidang ACENTS 0 canciuding BEA LTIV RGNS

tneladitigl s DINERDBRARVTORS (i subsaort oS tntne = ildanl b Eiar
b aneoonisgurationli=s Configurationg .

Configuration 2m-1 => <ConfigurationZm . endtom)

The Timed O.O Module USE-CASEi




The Proposed Approach (5)

(tomod RTMAS-FUNCTIONAL-REQUIREMENTS 1s
including USE-CASE1l
including USE-CASEZ2

* k kX

including USE-CASEmM: .. endton)

The Timed O.O Module RTMAS-FUNCTIONAL-REQUIREMENTS

crl Eyckl {Timer (TimeOut)
< A : RealTimeAgent | Clock : T, CurrentState
RESTConfiguration

=> {Timer (TimeOut monus 1)

iR ecs it oA b abid il et D i Toig s sl S Fik ST o SR RS e e
REST:Confrguracion) 1o Lime |

i (TimeOut > zero) and (S == AgentState (WaitL))

The Tick Rule




Case Study: Supply Chain Management (SCM)

Supply Chain Management Modeling.

Translation Process Application.

Generated Description Validation.




Supply Chain Management Modeling

AUML Use Case Diagram of SCM




Supply Chain Management Modeling (2)
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Supply Chain Management Modeling (3)

ExpiredTimeOutOfNego/

ReceiveTreat{order)/ -
RequestPlan t_j EvaluateProposals

NoExpiredTimeOutOfNego/
AddProposal

ReceiveAccept/

SendAccept{order)

D

ReceiveFail/

SendRefuse(order)

AUML State-chart diagram of the Real Time Agent Logistics




Supply Chain Management Modeling (4)
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Translation Process Application

(omod EXTERNAL-AGENTS 1is

extending EXTERNAL-AGENT-CLASS. including STRING.

thelading NAT.

subclass Client < ExtAgent . subclass Provider < ExtAgent
class Client | Order : String, Deadline : Nat, Cost : Nat
class Provider | PriceConstraint : Nat, Cost : Nat

endom)

The O.O Module EXTERNAL-AGENTS

(omod AGENTS 1s extending AGENT-CLASS
including STRING . including NAT

subclass Transporter < Agent . subclass Dispatcher < Agent

class Transporter | DelayConstraint : Nat, Deadline : Nat.

class Dispatcher |DelayConstraint : Nat,Deadline : Nat.

endom)

The O.O Module AGENTS




Translation Process Application (2)

(tomod PLACE-ORDER 13

S ldiang A NE TSR NI BOMIT N U including EXTERNAL-AGENTS

ops Event GetEvent : Identifier State Condition -> Msg
Varsihraiartddenia anen ugrs on s s atad i uar s M e Mai B
crl [Internal-Log2] : GetEvent (A, S, Cond) Execute (Act)
< A : RealTimeAgent |PlayRole : Logistics, CurrentState : S >

< A : RealTimeAgent | PlayRole : Logistics, CurrentState
TargetState (S, Cond) > 1f (Cond == ExpiredTimeOutOfNeq)
and (IsInternalAction (ActionToAccomplish (S, Cond))== true)

crl [Internal-Sch2] : GetEvent (A, S, Cond) Execute (Act)
< A : RealTimeAgent |PlayRole : Scheduler, CurrentState : S >

=> < A : RealTimeAgent | PlayRole : Scheduler, CurrentState
Targetstate (s, Cond) > if (Cond == ExpiredTimegutOfSched)and
(IsInternalAction (ActionToAccomplish (S, Cond)) == true)

* k k%

The Timed O.O Module PLACE-ORDER




Translation Process Application (3)

(tomod RTMAS-FUNCTIONAL-REQUIREMENTS 1s
dhc ld g BLECES ORI
dnclud g oDy ORDER
including DELETE-ORDER .

endtom)

The Timed O.O Module RTMAS-FUNCTIONAL-REQUIREMENTS




Generated Description Validation

B 'RTMAS-FUNC-REQ.maude 52

({tomod SUPPLY-CHATNE-MANAGEMENT is
extending RTMAZ-FUNCTICNAL-FEQUIREMENTS
op Initstate @ -> Glohal3ystem .

W'X'X?X#WTW'X'X'X'X#WWW?'X'X?TW#W*'XCONFIGURATION OF IFPLACE_Order USE CASE"W'X'X'X'XWHWT'X'X'X'XWTWWﬂ"ﬂ"ﬂ"ﬂ"ﬁWWWT'K'K'K'XWHWW'X'X'X'XWTW#W'X'X'X'XWHWT'X'X'X'X?TW

ey Initstate = { Ewvent ("client™, Agent3tate3tartc), IsInitialized)
< "zlient™ @ Client | Currenti3tate : Agent3tate (StarcC), heglist @ "Order-Acquisition™, Order : "Machine™,
Deadline : 15, Cost @ 20 >
"order—-Aoquisition®™ @ Agent | PlayRole : Order-boguisition, CurrentState @ AgentState (3tartd),
WEox : EmptyMailBox, Acglist : "logistics"™ >
"logistics"™ @ RealTimehgent | PlayRole : Logistics, Currentitate : Agentitate (Startcl), MBox : EmptyMailBox,
AegList @ "scheduler™, Clock @ 0 >
"zoheduler™ @ RealTimeldgent | PlayRole @ Scheduler, Current3tate @ LAgent3tate (Startd), MBox @ EwmptyMailBox,
beglist @ ("transporter™ @ ("dispatcher" : "resource™)), Clock : 0O >
"transporter™ : Transporter | PlavRole @ Transporter, Current3tate @ Agentitate (3tartT), MEox : EmptyMailBox,
AegList @ "scheduler™, DelayConstraint @0 10, Deadline : 15 >
"dispatcher™ : Dispatcher | PlayBRole : Dispatcher, Currenti3tate @ AgentState (StartDd), MBox : EmptyMailBox,
beglist @ "scheduler", DelayConstraint : 10, Deadline : 15 >
"resource™ @ Agent | PlayRole : Resource, Currentitate @ Agentitate(3tartR), MBox : EwmptvyMailBox, AcgList @ "provider™
"provider™ @ Prowvider | Current3tate : Agent3tate(3tartP)l, Acglist @ "resource™, PriceConstraint @ 10, Cost @ 20 >
TimerOfNegi50) TimwerOfSched(30) Compter (01 }
endtom)

[trew Initstate with no time limit
< |

Initial Configuration




Generated Description Validation (2)

rE_n.': Problems [,@ Javadoc (@; Declaration (ﬂ hMaucde Console 3

Elapsed time: 00:00:03.375

Fesult " [Clocked3ystem”™] =
i< "Oorder—Ldcooguisition®™ @ Agent | LAogList @ [(flogistics™ @ "olientt)
Currentitate @ AgentState (Success0)  MEBox @ | [(Mlogistics™ @ Sendliccept @
Torder—-Loquisition®™) folient™ @ Purchase @ "order—-Logquisitiont™) PlavRole -
Order—-Acquisition = < M"oclient™ @ Client | LogList @ Emptvihcocquaintancelist,
Cost @@ Z20,Current3tate : Agentitate (SuccessC)  Deadline : 15, Order :
Machine™ > « "dispatcher™ : Dispatcher | LogList @ Emwptvloguaintancelist,
Current3tate @ Lgent3tate [(SuccessDh)  Deadline @ 15, DelayConstraint @ 10, MEox
EmptvMailEBox,FPlavFRFole :© Dispatcher > < "logistics™ @ RealTimelbgent |
AogLi=st @ (M"scheduler®™ @ "Order—-Acguisition®™) Clock : 50, Current3tate @
hAgent3Itate [SuccessL) MEox @[ ["scheduler™ :@: Sendlocept
Flogistics") "Order—-Acquisition®™ @ IsPossible @ "logistics™) ,PlavRole @
Logistics > « "prowvider™ : Prowvider | AcgList @ Ewmptyvloguaintancelist,Cost
20, Current3tate @ Agent3tate[SuccessP)  PriceConstraint @ 10 > <«
fresource™ ©: Lgent | LAogList [ [(fprowvider™ @ "scheduler™)] Current3tate
AogentState (SuccessE) MEBox ([ [(fprovider™ @ DecisionProcess
Fresource™) "scheduler™ : Regquestibhility : "resource™) ,PlayBole : REesource >
< "scheduler™ : FEealTimelgent | Loglist @ Emptyilodqualintancelist,Clock @ 50,
Current3tate @ Lgent3tate (Success3)  MEox @ "logistics™ @ RequestPlan -
Fzoheduler™ ,PlayBRole @ Scheduler > < "transporter™ @ Transporter | AcgList
Emptyvicquaintancelist, CurrentState @ LAgentState (Succe==T)  Deadline @ 15,
DelavConstraint @ 10,MEox :: EmptvMailbox,PlavRole :©: Transporter >-F in time
g0

Result of the unlimited r




Conclusion and Future Work

The proposed approach considers jointly functional,
static and dynamic aspects of real-time MAS.

Using formal notations to specify RT-MAS' requirements

makes it possible to produce precise descriptions.

The approach is generic supporting the formal
description and validation of RT-MAS functional
requirements.




Conclusion and Future Work (2)

Extending our approach by integrating possibilities
offered by RT-Maude to verify some properties of the
specification of RT-MAS’ functional requirements.

Development of a tool supporting our approach.




ThANK YOU






