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Abstract. Asynchronouscommunicationsareprominentin distributedandmobilesystems.Oftencon-

currentsystemsconsideranabstractpointof view with synchronouscommunications.Howeverit seems

more realistic andfiner to considerasynchronouscommunicatingsystems,sinceit provides a more

primitive communicationprotocolandmaximizetheconcurrency. Several languagesandmodelshave

beendefinedusingthis communicationmode:agent,actor, mobile computation,andso on. Herewe

reconsidera previouscomponentmodelwith full datatypesandsynchronouscommunicationswith an

asynchronousflavour. Thedynamicbehaviour of a componentis representedasa structuredsymbolic

transitionsystemwith mailboxes.We alsopresentanalgorithmdevotedto ananalysisof thedynamic

behaviour of thesystem.This algorithmdecidesif thesystemhasboundmailboxesandcomputesthe

reachablemailboxcontentsof thesystem.Thecomponentmodelandthealgorithmareillustratedon a

flight systemreservation.

KEYWORDS: AsynchronousCommunication,Component,Architecture,DynamicBehaviour, Unbound

or BoundMailbox

This is a preliminaryversionof our DOA’2003 paper, it containsa comprehensive descriptionof the

flight reservationexample.

1 Intr oduction

Architecturesandcomponents[24,17,16,21,34,6,2,26] arenowadaytechnologiesin softwaredevelop-

ment.They promotesoftwarearchitecturesbasedon communicatingsoftwareentities.In this domainpre-

vious experiencesarethe actormodel [4, 3,19], concurrentobject-orientedprogramming[10,9], mobile

computation[32] andthe multi-agentsystems[33]. Actors andagentsareratherbasedon asynchronous

messagesendingwhile often componentsandobjectspromotesynchronouscommunicationsor Remote

ProcedureCalls.Neverthelesstherearefew examplesof object-orientedlanguageswith asynchronouscall,

for instanceProActive [1] andPiccola[2].

In thecontext of distributedcomputing,asynchronismof communicationsshouldbethedefault policy,

especiallyin wideareanetworks.[22] presentsacomprehensivediscussionaboutdistributedcomputingand

its maincharacteristics.We maynotethatsomeapplicationslike newsor mail arenaturallyasynchronous.

Asynchronouscommunicationsaresimplerandmoreprimitivethansynchronousone,evenif eachonecan

simulatetheother. Asynchronismis thechoicedoneby severaltheoreticalapproachesbut lessoftenby real

platforms,for exampleclient-server hasgenerallysynchronouscommunications.Many infrastructuresor

componentlanguageshave basicallysynchronouscommunications:EJB,CORBA, RMI [17], this is also



truewith severalclassicmodelsandlanguageslike ADA, CCS,CSPor LOTOS.Asynchronouscommuni-

cationsarelessconstrainingfrom a concurrency point of view but theemitterdoesnot know if a message

will be received by the receiver. Other importantfactswith asynchronismarethe impossibility to differ-

entiatea slow componentfrom a stoppedoneandthe impactof failures.Thus it implies morecomplex

descriptions,we needto copewith moreerrorsandit producescomplex dynamicbehaviours.On theother

handthis communicationmodeis simplerto implement.To thecontrarysynchronouscommunicationsare

moretime consuming,moreabstractandproducesimplerdynamicbehaviours.

Therearealreadyseveral languagecategorieswhich useasynchronouscommunications:someconcur-

rentobject-orientedlanguages,somecomponentlanguages,actorlanguagesandmulti-agentsystems.We

think that this usewill grow conjointly with theemergenceof distributedapplicationsanddistributedlan-

guages.Thusthereis a needto provide analytic tools to studyor understandbehavioural problemswith

asynchronouscommunications.Theability to computethe globaldynamicbehaviour of suchsystemand

to reasonaboutit areimportantbothat thespecificationlevel andat thecoding/testinglevel.Herewefocus

on asynchronouscommunicationswith safecommunications,without realtime aspectandprocessfailure.

Oneclassicway to simulateasynchronismin asynchronouscontext is to usebufferswhichmemorizemes-

sagesbetweenemittersandreceivers.It introducestwo kinds of entity: the componentsandthe buffers.

Furthermorethe resultingdynamicbehaviour is complex andit requiresa similar analysistechniquethan

for pureasynchronism.Sowepreferto usenativeasynchronismwith buffersinsidecomponents.It is much

moreuniform andsimplerto implementin adistributedcontext.

In thispaperwe introduceacomponentmodelwith asynchronouscommunications.It is basedonsome

previous experienceswith synchronouscommunications.This modeldefinesinterfacesandprotocolsfor

components,it alsointroducesarchitectureandcommunicationschemes.We illustratesomegraphicalno-

tationswith a simpleexampleof flight reservation.Our purposeis to studytheglobalbehaviour of sucha

system.We assumethatsentmessagesalwaysarrive to thereceiver, in otherwordswehavereliableor safe

communications.Messagelost areout of the scopeof our study, see[29] for a relatedstudy. We provide

meansto have a look at the dynamicbehaviour andto help designersto detectproblems.We briefly de-

scribeadatastructurefor structuredstateandtransitionsystemswith mailboxesto codetheglobaldynamic

behaviour of suchsystems.Thereis a needto know the sizeof the mailboxesandif thereareboundor

not. Suchinformationsareimportantfor semanticsreasonsbut alsofor optimisationsones.We proposea

generalalgorithmto decideif the systemis boundor not andwhich builds a completesimulationof the

behaviour.

The paperis organisedasfollows. Section2 presentsthe principlesof the model,somenotationsfor

behaviouralaspectsandanexample.Section3 showshow to computetheglobalbehaviourof suchasystem.

It alsodescribesour algorithmwhich calculatesa view of the dynamicbehaviour taking into accountthe

contentsof themailboxes.Finally, somechoicesandrelatedworksarediscussedanda conclusionfinishes

this presentation.

2 The AsynchronousModel

Ourcurrentwork is basedonsomepreviousexperiencesaboutarchitecturesandcomponents.Theseworks

areratherat thespecificationlevel, sincewearefirstly interestedin designinggoodarchitectures.TheKO-

RRIGAN model[13,12] is devotedto thestructuredformal specificationof mixedsystemsthrougha model
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basedona hierarchyof views.It allowsoneto specifyin a uniformandstructuredwaybothdatatypesand

behavioursusingSymbolicTransitionsSystems(or STS)andalgebraicspecifications.SymbolicTransition

Systemsarefinite statemachineswith guardsandvariablesin additionto traditionallabels.Themain in-

terestwith thesesystemsis that (i) they avoid stateexplosionproblems,and(ii) they defineequivalence

classes(oneperstate)andhencestronglyrelatethebehaviouralandthealgebraicrepresentationsof a data

type.STSmayberelatedto Statecharts[18] but they aresimplerandstricteron thesemanticside.KORRI-

GAN is relevantto describereusablecomponents,architecturesandcommunicationschemes.TheGraphic

AbstractdataType model[31] improvesthe KORRIGAN modelon specificationmethodandverification.

It proposesa generalway to prove propertiesfor the systemwhich is alsosuccessfulto prove temporal

logic properties.The technique[30,5] usesthe synchronousproductof STSandfirst-orderlogic to write

temporalproperties.

In this paperwe reusedsomeprinciplescoming from our previous work: component,architecture,

symbolicstatemachineandthesynchronousproduct.Notethat in our previouswork we take into account

full descriptionof componentandsystemwith abstractdatatypes.But herewe aremainly interestedin

behavioural descriptionsandwe avoid full datatypedescriptions.However sometimeswe needguardsin

the statemachinedescriptions.Someof our currentwork may be analysedwith otherconceptslike Petri

Netsor automata.Howeverto takeinto account,hierarchy, guardandfull datatypein auniformwaywould

bemoredifficult.

2.1 An Example

We modela simpleexamplewith four concurrentcomponents,a previousversionwith synchronouscom-

municationsis [27]. This is a partof a flight seatreservationsystemwith a componentfor theseatreserva-

tion, onefor simulatingthebank,onefor theflight company anda lastonefor theclient.Theclient gives

its accountnumberwhenherequestsaseatto thecounter. Thecounterasksthecompany to know if thereis

a seat.This mayfail or succeed,in this lastcasetheseatreservationordersthepriceto thebank.Theorder

mayfail or if it succeedsthenthecounterprintsa ticketandthecompany booksthereservation.

2.2 ComponentPrinciples

Strictly speakingwe model typesof componentratherthancomponentsbut this hasno consequenceon

our currentdiscussion.Anothercommonchoiceis to consideratomiccomponentsandto definecomplex

componentsasanarchitectureof asynchronouslycommunicatingsubcomponents.

Asynchronouscommunicationdistinguishesmessagesendingandits execution.If op is an operation

call we note>op the messagesendingandop> its execution.The emitterdoesnot memorizemessages;

this is doneby thereceiver in a specificbuffer. This buffer actsasanasynchronouschannelbut it is partof

thecomponentasfor anactor. Sometimesoperationmaybeexecutedbut no messagereceiptis needed:we

call themautonomousoperationsandsimply notethemop.

Thuswe definethefollowing vocabulary:

– Autonomousoperation: op is an actionwhich doesnot needa receiptto be executed.It takes into

accountthefactthata componentmayknow sufficient informationto triggerthis action.
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– Receipt:>opmeansthereceiptof amessagein themailbox.A specificguard[not fullMailBox]

is usedto ensurethatthemailboxis not full.

– Action : op> denotesan operationwhich will be triggeredwhen the componentreceivesthe corre-

spondingmessagereceipt( >op). Thefact that thecomponentreceivedthemessageis denotedby the

guard[&op].

Messagesendingis doneduring the executionof an operation.The notationop> standsfor the usual

providedserviceand>op for therequiredserviceof many othercomponentlanguages.Autonomousoper-

ationsarenot strictly fundamental,wemayseethemasakind of syntacticsugar. Mailboxesarebuffersfor

messagesreceivedby acomponent.

Graphicallya componentis a box with input pins correspondingto messagereceiptsandoutputpins

correspondingto messagesending.Inputpins(resp.outputpins)areputon theleft of thecomponent(resp.

on the right). An autonomousoperationhasonly a right outputpin, otheroperationshave a left input pin

(receipt)anda right outputpin (sending).For examplethe bankis representedin the left part of Fig. 1.

Thereis anoperationfor messagereceipt>order with two arguments:theaccountnumberof theclient

(?i:Ident) andthepriceof theticket(?p:Real). Theoperationsfail andsuccess areautonomous.

The differentpins may be (or may not be) connectedin a given architecture,it expressesthe receiptof

messages(on theleft) or messagesending(on theright).

2

1

>order(?i:Ident, ?p:Real)

order>

>order(?i:Ident, ?p:Real)

success [ok]

fail [not ok]

Bank
success

fail 

>order(?i:Ident, ?p:Real)

Fig.1. TheBankComponentandIts DynamicBehaviour

The previous figure describesthe interfacepart of the bank,we alsotake interestin the dynamicbe-

haviours or protocols.Sucha protocol is representedin the right part of Fig. 1. Note that eachstatehas

transitionloopsfor messagereceipts,>order in thebankexample.A senderdoesnot block exceptif the

buffer is full andnothingelseis possible,this is alsotrue for the receiver exceptif the messagebuffer is

emptyandwithout autonomousoperation.Indeedthis behaviour maybecomputedasthe freeconcurrent

productof a buffer which receivesmessagesanda businessdynamicbehaviour for thebankasillustrated

in Figure2.

In the sequelwe only presentthe simplified dynamicbehaviour of the atomiccomponents.Hencea

componentwill bedescribedby a boxwith pinsoutsideanda businessdynamicbehaviour inside.
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1

order

success [ok]

fail [not ok]

>order(?i:Ident, ?p:Real)

Fig.2. Decompositionof theDynamicBehaviour of theBank

2.3 The counter , the client and the company Components

Fig. 3 representsthecomponentfor thecounterandthemeaningsof its ports.Thetwo othercomponents:

company andclientarerespectively depictedin Fig. 4 and5.

– request : it handlesa userrequest,

– price : it receivesthepricefrom thecompany,

– noPlace : thereis no place,

– fail : thebankorderingfails,

– success : thebankorderingsucceeds

– printTicket : a ticket is deliveredto theuser. price(?p:Real)

price(?p:Real)

1

3

2

request (?v:Vol, ?c:Client) 

noPlace

4

success

printTicket

fail

request (?v:Vol, ?c:Client) 

printTicket

fail

noPlace

success

Fig.3. TheCounterComponent

2.4 The Ar chitecture

Onekey issuein designinggoodarchitecturesis to separatethecommunicationsfrom thecomponentto get

morereusability. Thishasseveralconsequences:to havea localnamingof operationpercomponentandto

defineagluelanguageto denotecommunicationsin thearchitecture.Figure6 representsthearchitectureof

our flight reservationsystem.A messagetransmissionis graphicallydenotedby a thin line from anoutput

pin to an input pin. Somepins like request> andbook> for the company, fail for the counteror

order> for thebankarenot connectedsincethey donot sendmessagesin this configuration.

To simplify thefigureswe avoid theeffective argumentsandguardsof messagesandtransitions.Such

anarchitecturemaybetransformedinto a component,howevernestedcomponentsarenot requiredin this

example.

5



– request : therequesthasbeenreceived,

– checkPlace : it checksif thereis someplace,

– noPlace : thereis no place,

– fail : the reservation fails (coming from the

counter),

– book : thereservationsucceeds.

noPlace [not place]

noPlace

2

1request(?f:Flight)

checkPlace [place]
3

checkPlace

fail

book(?f:Flight, ?i:Ident)

fail

request(?f:Flight, ?i:Ident)

book(?f:Flight, ?i:Ident)

Fig.4. TheCompany Component

– request : theclientasksfor aflight reservation,

– ticket : it getits flight ticket,

– fail : thereservationfails.

1

request(!flight, !ident)

ticket

fail
2

request

fail

ticket

Fig.5. TheClient Component

2.5 SomeAdvancedCommunication Schemes

We providesomeothercommunicatingschemeswhich arerepresentedin Fig. 7.

– Broadcasting: to broadcasta messagea link is drawn from theemitterpin to thedestinationpins.

– Multiple inputs: oneinput pin is linkedwith severaloutputpins, it obviously denotesexclusive com-

munications.

– Conditional Communication:in somecaseswe needto sendmessages,undersomeconditions,to

severalpins.For exampleanadvanceddesignof ourarchitecturemayconnecttheoutputpinrequest

of thecompany to the input pinsfail andsuccess of thecountercomponent.In this casewe add

theguards[noPlace] and[place] to controltheexclusivity of thecommunications.

An architecturemaymixedthesedifferentschemes,providedthatsomerulesarechecked.Theuseof guards

on links providesdynamicityin communicationswhich is an importantfeatureof distributedcomputing.

For instancein our example,guardsin communicationsallows us to geta stablearchitecturerelatively to

thenumberof clients.Thecurrentbehaviour of thecounterserializestheclient requestsbut it is possibleto

changeit andto allow requestinterleaving.

2.6 To Build the Ar chitecture

To elaboratesuchanarchitecturewe briefly recallthemainsteps:

1. To decomposethesystemandto identify atomiccomponents.

2. To specifyeachatomiccomponents:
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fail

fail

fail

success

noPlace

price

book

request

order

fail

sucess

printTicket

request

checkPlace

noPlace

ticket

request

BankCounter

Company

Client

Fig.6. TheSystemArchitecture

– to defineits input andoutputpinsandits nameandparameters,
– andto draw thebusinessdynamicbehaviour with aSTS.

3. To architecturethesystemwith thesubcomponentsandtheir communications.

Of coursethis is a simpleview andtherearemany difficulties; a full discussionis out of thescopeof this

paper, see[28,11] for moredetails.

We implementedthe flight reservation systemin ProActive [1] which is an asynchronouslanguage

basedonJava.Everyatomiccomponentis mappedto aProActivecomponentcomposedof anactiveobject

andsomeinternalpassive objects.An input pin of a componentis easilytransformedinto a public method

of the active objectswith the correctname,type andparameters.For the outputpin of a componentwe

haveto implementits actionandthemessageemissions.For theactionpart,theoutputpin is mappedto the

public methodof thecorrespondingactive object.Themessagesendingfrom anoutputpin to aninput pin

is translatedinto a methodcall insidethe processof the ProActive componentassociatedto the receiver.

Theseexperimentationsconfirmthefeasibility andthesimplicity of suchanimplementationandgive usa

first view of translationrulesfrom our componentmodelto theProActive language.

3 To Analysethe Global Behaviour

As explainedin theintroductionasynchronismgivesmorecomplex descriptionsandbehaviours.Generally

a synchronousmodeldoesnot work if it is embeddedin an asynchronouscommunicationframework, it
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A

B

C

Multiple inputs

[Guard]

A

B

C

Broadcasting

Fig.7. OtherCommunicatingSchemes

mustberedesignedcarefully. It is oftenmandatoryto provide a failureassociatedto eachbusinessaction,

for examplein someprevious designswe avoid fail for the company and for the client. Our analysis

shows somewrong results(deadlocks,unboundbuffers, ...) but it wasdefinitively not prominentin the

architecturaldesign.Anotherexampleof problemwastheoccurrenceof a deadlockin a buscontrollerdue

to awrongchoicein thebuffer strategy. Thusoncethecomponentsandthearchitecturehavebeendesigned,

theproblemis to getsomeconfidencein theglobalbehaviour. We first computetheglobalprotocolfrom

thecomponentprotocolsandthearchitecture.

3.1 The Concurrent and Communicating Product

Thereare several ways to expressconcurrency, synchronisationand communication.Mainly thereare:

processalgebraexpression,temporallogic formulaor statemachine.Oursemanticsof concurrency is based

on the synchronousproductof STSassociatedto the components.The synchronousproductoriginating

from [8] hasbeenadaptedto our STS[31]. Eachstateof the productof STSis a compoundstatewhich

hastwo or more inner statescorrespondingto the componentstates.The transitionsof the productare

also compoundin the way depictedin Fig. 8. To take into accountthe fact that a componentmay act

asynchronously, we usea specialnil transitionnoted-. A messagesending,from thefoo outputpin to

the bar input pin, is representedas a synchronisationbetweenthe emitter when it triggersfoo> and

the (buffer) receiver whenit triggers>bar. The messageis received in the mailbox of the receiver and

asynchronouslyexecutedby thereceiver. Thusthemessagesendingsof thearchitecturearetranslatedinto

synchronisationsandexpressedby theso-calledsynchronousvector.

Oneexampleof synchronisationconcernstheemissionof the>pricemessageto thecounter by the

checkPlace> operationof thecompany. Duringthiscommunicationthefirst andthefourthcomponent

(theclientandthebank)donothing.Thisis astructuredtransition(- checkPlace> >price -) which

startsfrom a structuredstateCL2, C2, C2 B1, which meansclient in state1, company in state2,

counter in state2 andbank in state1. In thisexample(- checkPlace> >price -) is anelement

of thesynchronousvector. Thedrawing of theglobalbehaviour, in a realcasestudy, becomestoocomplex,

but it canbeautomaticallycomputedfrom thecomponentprotocolsandthearchitecture.

Thesynchronousvectorcollectsthetuplesof operationwhich areallowedto synchronize.Thegeneral

conformancerule is oneoutputpin andoneor moreinput pins,andif aninput pin receivesmorethanone

messagea guardmustguarantytheexclusivity of themessages.Thereareseveralpossiblesynchronisation
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B1CL2 C2 C2CL2 C3 B1

− checkPlace> >price −

C2

CounterCompanyClient Bank

Fig.8. CommunicationRepresentation

rules to handleoperationsnot in the synchronousvector (as in LOTOS or CCSfor example).Herewe

choosethesameasin LOTOS [20] sincewedo not haveothersynchronisationor communication.

Fromthearchitecturewe built thesynchronousvectorin thefollowing way:

– Basicallya communicationlink from the outputpin foo> to input pin >bar leadsto a tuple with

foo> and>bar at theright placeand- elsewhere.
– Broadcastingsimply extendsthis principleto morethanoneinputpin.

– Multiple inputsexpressaquantificationoveroutputpins,it is translatedinto severalbroadcastingcom-

munications,one for eachoutput pin. It must result in a legal synchronousvector, we assumethat

guardson multiple inputsareexclusive.
– A conditionalcommunicationis consideredasmultiplecommunicationlinks with guards.

3.2 SomeRemarks

Theglobalproductis a symbolicmachinehowever it maybe complex. This is partly dueto the complex

natureof asynchronousmodel.We obtainasystemwith 48statesand296transitionsfrom ourarchitecture

which hasa rathersmall size.Thesimilar examplewith synchronouscommunicationmode,see[27], has

nearly 10 statesand 15 transitions.However we must preciselycompareit with a synchronoussystem

simulatingasynchronouscommunication.A quick analysisshows thatthenumberof statesandtransitions

wouldbenearlythesame.This increasestheneedfor analysistools,preferablyautomatictools.

Of coursesomeanalysismay be conductedusingPetri Net tools,model-checkers,or otherautomata

relatedtools.Generallyoursystemsarenotadequatefor thisandapreliminarytranslationis needed.How-

ever themainreasonto try anotherwayis thatwehavestructuredsystemswith datatypesandguards.Thus

we needa powerful approachtaking into accountthe full descriptionof the system.From this powerful

approachit seemsrelevantto proposemorespecificbut automatictools.

Oncewe get the global behaviour it is a structuredSTS and it is not really adequatefor tools like

classicmodel-checkers.However several transformationsmaybedoneto geta labelledtransitionsystem,

see[30] for example.The generalideais to simulatethe STSchoosingsomelimits for datatypes.Here

we needa similar transformation,we only considerthe[&op] and[not fullMailBox] guardsand

the contentsof mailboxes.The[&op] meansthat thereis at leastone>op messagein the mailbox and

[not fullMailBox] checksif themailboxif full or not.In ourexampleit is obviousthatsomeactions

cannotbetriggeredsincethecorrespondingmessagehasnotbeenreceived.Anotherinterestingfactis about

thesizeof themailboxes,it mustbeboundor not.

We think that it is betterto defineseveraldedicatedalgorithmsto increasethereusabilityby allowing

the compositionof analyses.A first algorithm,calledthewidth algorithm,producesa simulationof the
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systemtaking into accountfixedcapacitymailboxes.To handleunboundmailboxesis moresubtle,this is

the goal of thebound algorithm.To have both, fixed capacitymailboxesandunboundmailboxes,may

be donein two ways.The first is to processthesplit algorithmafter a bound analysis.Thesplit

algorithmduplicatesthestateswith fixedcapacitymailboxesandtheedgesstartingfrom thesestates.The

secondway is to definea specificalgorithmmixing thebound andthesplit algorithms.Sincethemost

originalalgorithmis thebound oneweavoid acomprehensivediscussionaboutthewidth andthesplit

algorithms.

3.3 The Bound Analysis

We have designedabound algorithmwhich is ableto simulatethebehaviour copingwith unboundmail-

boxes.Thealgorithmsearchesin thedynamicsystemandcomputesthestateswith theirmailboxcontents.

Whena mailboxhasa possibleinfinite contentsa staris put to avoid theconstructionof an infinite setof

states.Wehaveexperimentedseveralexamplesandthedifferentexperimentationsarebasedondictionaries

which memorizesthenumberof receivedmessages.

The Data Structur es. Webriefly givealook at thedatastructuresusedto representthedynamicbehaviour

of oursystems.

State 2..*

SimpleState StructuredState

Transition

SimpleTransition StructuredTransition

System

SimpleSystem

2

2..*

* *

AGATSystem

**

identifier : String

label() : String

buffer : MailBoxATransition

kind : {A, R, E}

argument : Term

label : String
guard : Term

StructuredSystem

MailBoxState

*

*

2

Fig.9. TheUML ClassDiagramfor StructuredSTS

Thesedatastructuresaredescribedwith a UML classdiagramin Fig. 9, but we avoid somespecialisa-

tionsandconstraintsto donotoverloadtoomuchthediagram.Simplestatesaresimply identifiers,wehave
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alsostructuredstates,bothareorganisedalonga compositepattern.A simpletransitionis a sourcestate,a

targetstate,a labelplusvariousparameters,wealsostructuredthemalongacompositepatternmanner. The

ATransition classdescribesthreekinds of transitionlabels:autonomous (A), receipt (R) and

action/emission (E). Thesetransitionshave mailboxesin their sourceandtarget states.A labelled

transitionsystemis a setof simplestates,anda list of simpletransitions.A structuredsystemis compound

from structuredstatesandstructuredtransitions.TheAGATSystem classis usedto representthedynamic

behaviour of our architectureandit is theinput andtheoutputdatastructureof thebound algorithm.The

AGATSystem classdefinesstructuredlabelledsystemswheretransitionsarecompoundfrom ATransi-

tion instances.It seemspossibleto haveageneralMailbox classwhichmaybespecialisedto codeany

specificbuffer strategy. Howeverouractualalgorithmonly dealswith dictionariesof thenumberof received

messages.

The Algorithm. Thegoalof thebound algorithmis to computethecompletesimulationof a structured

systemandto put* whenthemailboxcapacitybecomesunbound.In thealgorithmpage12:[,] arelists,

(,) tuples,and<- assignments.The algorithmtakesasinput a self:AGATSystem andproducesan-

otherAGATSytem instancewith, aslabels,thelabelsof theinputsystemandthecontentsof themailboxes.

Mailboxesaredictionariescountingthenumberof receivedmessages,it maycontainstarwhich represents

an infinite numberof messages.A mailboxoverlapsanotheroneif the formerhasthesamevaluesexcept

somestars.Thealgorithmensuresthefollowing invariant:for all labelof self, andfor all reachablemail-

box contents,it exists a singleoutputstatewith the samestatelabel anda mailbox which is the sameor

anoverlappingone.In otherwordsit computesa finite accessibilitygraphassociatedto the input system.

Basicallythis algorithmvisits the state,thelistState containsthe new statesto visit. Thehistory

andlistHistory arevariablesusedto detectcyclesin theinputsystem.Thehistory variabledenotes

thelist of visitedstatesfrom theinitial onetocurrentState.newState denotesareachablelabelwith

a new mailboxcontents.Therearefour exclusivecases:

1. newState alreadyexistsin thecurrentresultor it existsanoverlappingstate(overlap function);in

this casewe simply addanew transition.

2. newState existsin history but with a lessermailboxcontents(superior function),in this case

wehaveacycleandwemustpropagatestarsin thegraph.propagateStar propagatesstarsandalso

rebuilds thegraphsinceto addstarsmaycollapseseveralexisting states.

3. If thereis no cycle theremay be existing statesin the currentresultwhich areoverlappedby new-

State. In this casewe considerone of them and we propagatestarsand collapsestatesas in the

previouscase.
4. Thelastcaseis thesimplestsinceit addsthenew stateandanew transitionin theresultinggraph.

Careful attentionmust be paid in alreadyexisting statesand loops which complicatesa little the man-

agementof histories.This algorithmneedsto defineseveraloperationsto comparemailboxes,mainly the

overlap andthesuperior functions.

– overlap(d1, d2): d1 != d2 andfor all msg, d1[msg] = * or d1[msg] = d2[msg]

– superior(d1, d2): d1 != d2 andfor all msg, d1[msg] => d2[msg]

whered[msg] is thenumberof receivedmessagesof namemsg in thed dictionary.
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Thealgorithmlookslike this:

bound : self:AGATSystem ----> AGATSystem

BEGIN

listState <- [initial of self] # list of states to visit

historyList <- [[ ]]

history <- [ ]

newAGAT <- init the resulting Atag

WHILE listState != empty DO # main loop on states to visit

currentState <- first listState # current state of newAGAT

stateLabel <- identifier(currentState)

mailbox <- buffer(currentState)

history <- add currentState in historyList.pop()

listNeighbours <- neighbours of stateLabel in self

WHILE listNeighbours != empty DO # visit the neighbours of the currentState

transition <- listNeighbours.pop()

IF transition is possible from mailbox THEN

newMailBox <- apply transition to mailbox

target <- target(transition)

label <- label(transition)

newState <- createState(target, newMailBox)

IF newState already exists in newAGAT # the state already exists

THEN

newAGAT.addTransition(label, currentState, newState)

ELSE

config <- find the mailbox <= newMailBox in history

IF config exists

THEN

indices <- newMailBox.dicoIndices(config)

newAGAT.addTransition(label, currentState, config)

removeStates <- newAGAT.propagateStar(newState, indices)

removeStates from history, listHistory, listState

ELSE

config <- newAGAT.findInf(newState) # finds an overlapped state

IF config exists

THEN

newAGAT.addTransition(label, currentState, config)

config.copyNotOmega(newTable)

removeStates <- newAGAT.propagateStar(newState, newTable.findOmega())

removeStates from history, listHistory, listState

IF not config in listState

THEN

add newState in listState

add newState in historyList

ENDIF

ELSE

newAGAT.addState(newState) # simple addition

newAGAT.addTransition(label, currentState, newState)

add newState in listState

add newState in historyList

ENDIF # overlapped config exists

ENDIF # config exists in history

ENDIF # newState exist

ENDIF # transition

remove currentState from listState

ENDWHILE # listNeighbours

ENDWHILE

END
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Application Examples. We have processedseveral examplesof protocols,communicationpatterns,and

somesimpleapplications.Thebound algorithmgivessomerelevant informationsaboutthedynamicbe-

haviour andhelpsto improvethearchitecturedesign.

A fictitious exampleis describedin Fig. 10 andtheresultshows themailboxcontentswhicharedictio-

nariesof thenumberof receivedmessages.It demonstratesadeadlockin state(2,1,1) afterthereceiptof

ac messageon thethird component.States(3,1,1), (3,1,2) and(3,2,2) have starsin their mail-

boxessincethey arepartsof cyclesin thegraph(a loopanda2-statescycle)which accumulatereceipts.

1 11

1 12
− − c

1 12

1 21

1 13

2 231 23

>a − −

a> − −

c − −

− − >c

− >b −
− d −

− b> >a 

− − >c

− − >c

a> − −

c − −

− >b −
− d −

− b> >a 

1 12
a − −

>a − −

− − >c1 11
− − −

1
− − c

21

2 23
− ca*b*

1 23
− b* ca*

1 13
− −b*

c − −

− − >c

− − >c

c − −

Fig.10.A FictitiousAGATSystemExampleandits ResultingAnalysis

Figure11 shows thesimulationof theflight reservationsystemwith dictionariesof messages.Now the

systemis reducedto 22 statesand31 transitionsandrepresentsthe global behaviour of the systemin a

moreconciseform. We have a boundsystemandwe may usemodel-checkingto analyseits properties.

It alsoshows that we canoptimisethe datastructurefor buffers sincewe have at most two messagesin

eachbuffer. In this exampletheresultis simplerin termsof stateandtransition,thatis not alwaysthecase.

Howeverthebound algorithmsimplifiestheglobalbehaviour in thesensethatit removessomeimpossible

transitionsand it providesa compactdescriptionfor infinite mailboxes.Note that in this simulationwe

have only oneclient, thenit is importantto extendit to any numberof clients.Of courseit is possibleto

computethissimulationwhenthemaximumnumberof client is known.For examplewith 3 clientswegeta

globalsystemwith 192states2048transitions,theboundanalysisgivesa resultwith 1174statesand3809

transitions.But if themaximumnumberof clientsis notknown ourcurrentapproachis notableto compute

theglobalbehaviour of thesystem.In thiscaseonesolutionis to extendoursymbolicmachinesto takeinto

accountn-arystateandtransition.Anotherwaywouldbeto useanalgebraicor atemporallogic description

of thedynamicbehaviour. This is apoint whichneedsfutureresearches.

The datasand the algorithm have beenimplementedin Python[23] andalso in Java. Two different

versionsof the algorithm(a breadth-firstanda depth-firsttraversal)have beenchecked.We arecurrently

proving thealgorithmandanalysingits complexity. At first glancethecomplexity seemslesserthan ���� "!
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#%$ ! #'&)(+*-,/.�021 where  and # arethe numberof edgesandthe numberof statesof the input system,
#%&3( is the maximumcapacityof the boundmailboxesand 4 #"576 the numberof operationreceipts.We

expectto improveefficiency, onerelatedandfeasibleoptimisationis to computedirectly thisanalysisfrom

thearchitecturewithoutcalculatingexplicitly theglobalproduct.

4 RelatedWork

We first briefly commentsomeotherpossiblechoicesaboutour model.Onefirst choicewas to explicit

receiptandaction/emission.A finer approachwould beto distinguishreceipt,actionandemission.In fact

we think thatemissionor receiptneedto beassociatedwith actionelsewe cannotgeta right modelwhere

eventsresult from someactivities relatedto the components.Another point is about the associationof

receiptsand actionsin the dynamicbehaviour. We have at least threemain possibilities.The first is to

sequentializethemessagereceipt>op andits executionop>, but thisblocksthesenderaswith synchronous

communication.A lessblockingpolicy is to haveareceiptlooponeachsourcestatefor op>. A moreliberal

thanthelatterone,which is usedhere,is to receivea messagein eachstate.Notesthat thesethreechoices

changeneitherour overall modelnor our algorithms,it only impactsthedynamicbehaviour of theatomic

components.

We assumeheresafecommunicationbut unsafeonesmaybesimply simulatedby emissiontransition

without synchronisationandreception.We have alsoanapproachwhich providessynchronouscommuni-

cationswithout difficulty in a uniform context. Lastly, it is possibleto take into accountnon-determinism

in communicationby theuseof guards.

Our componentandarchitecturedescriptionis relatedto architecturaldescriptionlanguages(ADL),

see[24] for a good survey. We have atomic and complex componentswith interfacesand dynamicbe-

haviours.Our approachgivesa way to specifymixed systemsi.e. with both full datatypesanddynamic

behaviours.Herewe only presenta graphicalrepresentationof thearchitecturaldescriptionlanguage,this

is notgenerallysufficient for automaticprocessingandfull codegeneration.A maindifferenceis theuseof

asynchronouscommunicationswhile mostof thetime ADLs promotessynchronouscommunications.

At this stageit is interestingto compareour approachwith WRIGHT [7, 6]. WRIGHT is a formal ar-

chitecturaldescriptionlanguagewith first classcomponentsandconnectors.It may be seenasrelook of

CSP, sincethenotationsandthesemanticsareinspiredby this processalgebra.A componenthasa setof

portsanda behaviour part.A connectordefinesa setof rolesanda gluespecification.Rolesareexpected

to describethe local behaviour of the interactingparts.The glue describeshow the local activities of the

differentpartsarecoordinated.The semanticsof theseconstructionsis definedby a translationinto CSP.

Thishastheadvantagesto geteffectivemodelcheckingfor CSPandrelatedwork aboutbehavioural refine-

ment.However, mostof theseverificationsarelimited by thestateexplosionproblemandconsidersimple

datatypes.WRIGHT proposesa deepanalysisaboutautomaticcheckingfor architecturallanguages.It al-

lowsconnectorconsistency, configurorconsistency, andattachmentconsistency usingmainly techniquesto

prove deadlockfreedomandbehavioural refinement.We improve readabilityby graphicnotations,this is

importantfor large scaleapplications.WRIGHT is not really adequatefor this dueto several reasons:no

graphicpresentationsandno-arycomposition.In our approachwe considerbothdynamicandfunctional

propertiesnot only dynamicpropertieswith restricteddatatypes.This is a first importantdifferencebut

othersaretheuseof symbolictransitionssystemsandasynchronouscommunications.
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Onerelatedwork to ourcommunicatingcomponentis [15]. This paperpresentsa modelfor concurrent

distributedobjectwith asynchronouscommunications.The semanticsof the model is basedon labelled

eventstructuresanda new communicationrelationthatexpressesasynchronousobjectinteraction.

Exceptquotedwork aboutPetriNets,we have not yet founda relatedmailboxesanalysis.Theuseof

Petri Net and the reachability/coverability algorithms[25] may solve our mailbox contentsanalysis,but

it needs,at least,a translationinto the Petri Net world. However we have a structuredsystemswith data

andguardsandwe wantto definenot only this boundanalysisbut otherin thefuture.Thenwe think more

appropriateto definea specificapproach.Our algorithmis alsodifferenton severalpoint: we haveabstract

buffers(not only marks),we have a completesimulation(all thestatesof theresultarereachable),andwe

donotcomputea treebut directly thereachabilitygraph.Wehaveanalgorithm,limited to ourspecialcase,

which representsthe reachabilitygraph,even if thesystemis not bound,usingstarsasin thecoverability

algorithm.

Model checkingis a techniqueto verify automaticallytemporalpropertiesof finite statesystems.Tool

examplesareCADP, MEC, VIS, see[8, 14] for moredetails.Model checkingis useful to quickly prove

deadlockor other relatedproperties.The stateexplosionproblemof model checkingcan be limited by

using BDD coding.This techniqueis called symbolicmodelchecking, althoughit doesnot addressthe

worst-casecomplexity of theproblem.In practiceit is usefulandallowstheverificationof verybig systems

with morethanonemillion of states.It is possibleto computethesetof thereachablestateswhich verify

somepropertieslike:one>opmustalwaysoccurbeforeanop>. But it is moredifficult to copewith guards

like[not fullMailBox]. Howevermodel-checkingmaybehelpful to quickly prove someproperties

of thefinite systemforgettingguardsandvariables.For example,to known if thefinite statemachinehasa

deadlockor if therearetransitionsstartingfrom a givenstate,andsoon.Therearetwo mainpointswhich

aregenerallynot coveredby classicalmodelcheckingandtemporallogic. The first is the useof guards,

variablesandfull datatypes.Thesecondis thatwe do not deal,generally, with a boundlabelledtransition

system.Thereareseveral differentapproacheswhich introducevariablesandguardsin modelchecking.

Amongstthemthe 8 CRL languageis relevantto ourproblem.Thetemporallogic proposedseemscomplex

to readandto understand.We have not yet investigatedthecomparisonin depth,but clearlyour approach

is more suitedto engineeringpractice(first-order logic framework). We also have more readablestate-

transitionssystemsanda morepowerful framework.

In [29] the authorsproposea notion of stuckness,that is to eliminateprogramswaiting to receive or

trying to sendmessagesin vain. That is a moreformal but complementarywork in the context of unsafe

communications.

5 Conclusion

Weprovideanapproachto designcomponentandarchitecturewith asynchronouscommunicationsanddy-

namicbehaviours.To handleasynchronouscommunicationswedistinguishemissionandreceiptoperations

ratherthantheuseof specificbuffersto memorizemessages.Weshow how to computetheglobalbehaviour

of anarchitectureandto representit without lostof information.We proposeanalgorithmwhich simulates

sucha dynamicsystemandcomputesthereachableconfigurationsof themailboxes.Thealgorithmis able

to decideif a mailbox hasa boundsizeor not. The resultmay be usedto verify the dynamicbehaviour
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but alsoto optimisethearchitecturedeployment.This alsomaybeusedasa generalframework for other

classof systemslike actors,multi-agent,synchronouscommunication,or channelbasedcommunications.

We have donesensiblechoiceswhich arenot too constrainingandour currentmodelis ableto copeeasily

with extensionsto unsafeandnon-determinismof communications.This approachmaybegeneralisedon

themailboxpolicy.

Onetrendof futureresearchesis to extendour approachto copewith otheranalysis,for examplewith

guardsin communications.Anotheroneis to considera variablenumberof components.Theseareimpor-

tantfeaturesto fit with morerealisticsystems.
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