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Abstract. In our previouswork, we definedanapproactfor specifyingcompo-
nentsandarchitecturesisinga combinationof symbolictransitionsystemsgdata
types,and synchronoussommunicationsWe extend this approachwith asyn-
chronouscommunicationstn this setting,specificationsand proofsare compli-
catedby the presencef buffers andthe factthatthe receipttime of a message
is distinct from its executiontime. This complicateghe specificationaandalso
the proofs. One approachis to specialisethe behaiour of componentsthis is
possibleassoonaswe have someinformationfor exampleaboutthe contentof
mailboyes. This note explainshow to generateaxiomsrelatedto asynchronous
messagefom this specialisedehaiour.
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1 Intr oduction

Thisshortnoteis relatedto thesimplificationproces®f acomponenspecificatiorwith
asynchronousommunicationsThe contet is definedin [4]. The problemis givena S
statehow to retrieve the (ar g) argumentof a messageThe processdoesnot depend
from a givenargument,it only depend®f the messagewhich is notednsg. Without
specialisinghe STSwe haveto searcithemessagé thehistory(trace)of thedynamic
behaviour. Thisrequirego definetwo auxiliary andrecursve functionsonthe STS.An
alternatve way is to explicit a mailboxdatastructurewhichis potentiallyinfinite. The
specialisatiorof the STS offers the opportunityto defineargumentretrieval with nei-
ther auxiliary function nor additionaldatastructure.The function hasto be defineas
recursve only if therearecycleswithout nsg or in caseof composedoops.In most
of the caseit expresses kind of directaccesgo theinformation,directheremeaning
staticallyknown from the STS analysis.However in the generalcasewe have to dy-
namicallycheckthe exactpathto choosehe right messageWithoutthe specialisation
we have to traversethe pathfor finding the messageThe specialisatiorallows us to
generatea setof casedor which the positionof the right messagés staticallyknown.
To choosethe casefor a pathneedsonly to know a subpart of the path. This axiom
generationis possiblesincethe specialisedSTS expressedonly loopswith an equal
numberof receiptandexecutionfor a givenmessag@ame.



We generatea setof axiomswhich is expectedwithout critical pairs,sincewe con-
siderconditionswe have to studyfeasiblecritical pairs[2]. Two distinctaxiomshave
no feasiblecritical pairs sincethey have either a different starting stateor the paths
representeth themarenotequal.

2 Examples

We have for examplethe componentehaioural descriptionof Figure 1. A mailbox
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Fig. 1. TheBankComponentith AsynchronousCommunications

analysisof the global systemhas shown that: the i dl e statefor Bank is reached
with anemptybuffer (L) or with anor der messagel-romtheseconstraintsaspe-
ci al i se algorithm computesa new STSfor the subcomponenaccordingto these
constraintsThe resultfor the bank componentis describedn Fig. 2. It expresses
simulation,in thedynamicsensdl], of the original bankdynamicbehaiour.

Fig. 2. A SpecialiseankDynamicBehaviour

For the sameflight resenation systemthe compary exampleandits specialisation
aredescribedn Figure3.
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Fig. 3. TheCompany Example

A buscontrollermaybeanalysedasin [3] andthe STSfor theunit andits speciali-
sationaredepictedn Figure4.
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3 Properties

Fig. 4. TheUnit Example

Property 3.1 By constructionthefollowing propertiesholdin sud a specialised5TS:

1. Letatracereadiinga S state:
(a) Atead stepthe numberof op_E occurrencess lesseror equalthan number

of op_R occurrences.

(b) Let &k the numberof op_FE occurrencesprecedingsS, the correspondingop_R
hasrankk.



2. In ead statethe contentof the mailboxbuffer is statically known.
3. For ead loop on the specialisedSTSand for all messges, there is a numberof
receiptsequalto the numberof executions.

Thefirst item is a generalpropertyfor tracesof the STSwith FIFO mailboxes.The
seconditem saysthat operationsacting on the mailbox buffer return constantsFor
instancd not ful | Mai | box] is alwaysequalto true,or the[ &op] guardmaybe
reducedot r ue orf al se, andsoon. For thelastitem, if the numberof receiptsand
the numberof executionsaredistinctin aloop (for a givenmessage)the sourcestate
of the cycle hasa mailbox contentstrictly differentfrom the target state.This is not
possiblewith the specialisedSTS by constructionsince a stateexplicits the mailbox
contentandrelatedguardsarereducedo trueor false.

4 Axiom Generationfor ArgumentRetrieval

The problemis givena S statehow to retrieve the (ar g) argumentof a previously
recevedmessage?heprocessloesnotdependrom agivenargumentjt only depends
of the messagewhich is notednsg. The principle is to startfrom S andto follow
the transitionsin reversedirectionuntil the initial stateor a loop is detectedA path
in an STS may be easily translatedinto conditional axiomsthus we study pathsin
the specialisedSTS. Pathsreducedto operationlabelsmay be describedby rational
expressionsLet us studysomesimpleexamplesto understandhe generatingprocess.

4.1 A Simple Path

Thereis a simple pathwithout loop from I to S. Let k& the numberof nsg_E in the
path,if £ = 0 thenthis messagés not known elsethe correspondingrsg_R is the
kth from theinitial state.This caseis graphicallyrepresenteéh Figure5. We assume
thereis only onear g in this messagelenotedby the X term. A simpleaxiom may be
generated:

P.E(self) A cond => arg(f(...nsg-R(self, X)...)) = X

WhereE is the starting stateof the correspondingrsg_R, P_E the statepredicate,
f(...mg-R(self, *)...)) thecallassociatetbthepathfromEtoSandcond

the conjunctionof guardson this path.

msg_R f

Fig.5. A SimplePath

Thesimplestsituation,andalsothemostfrequentjs ams g_Rimmediatelyfollowed
by its execution.In thethreeexamplesof Section2 this caseoccurs.



4.2 A Path with Loop

A more generalcaseis to considerthat thereis a loop on the reversepath until the
initial state.The caseof aloop with I andsS is not consideredsa loop heresincewe
assumehatthe buffer of theinitial stateis alwaysempty The Figure6 illustratesthis
generalsituation.lt is generalsinceevery casewith a loop may be transformednto
theFigure6 choosinghe prefix, suffix andduplicatingsomestatesin thisfigure prefix
is the sequencdrom theinitial stateto the loop andsimilarly for sufix. In the sequel
prefix, loop, sufiix areviewedassequencesf operationcalls. The pair (rp, ep) arethe
numberof ms g_Randthenumberof ms g _E in the prefix. Thereis asimilar notationfor
the suffix part. Theweightw of aloopis its numberof nsg_E. We have thefollowing
numericalrelations:ep < rp and(es + ep) < (rs + rp). A pathhasthe generafform

PREFIX (rp, ep) SUFFIX (rs, es)
f

LOOP (w)

Fig. 6. TheLoop Path

prefix | oop* suffix. To retrieve theright messagelependon the numberof
loop in the pathandon thees, ep, rs, rp andw information.However we obsene that
thereare several axioms(at leastone) for the basiccaseand one axiom catchingthe
generalooping case.The principleis to unfold theloop a suficientnumberof times.

Case:w = 0. Theloop hasneithernmsg receiptnor msg execution.

— If rp—ep = 0 thenthereceiptmessagavill befoundin thesuffix part.We generate
anaxiomin the samemanneraswith the simplepathin Section4.1.

— If rp—ep > 0 andes > (rp — ep) thenthe correspondingnessagevill alsobe
foundin thesufiix part,the sameprocesspplies.

— Thelastsub-casés rp — ep > 0 andes < (rp — ep), themessagés foundin the
prefix part. The axiomgeneratioris morecomplex sincewe have to copewith the
loop iterations.We generate first axiomasin the simplepathcase.To handlethe
loop we write anaxiomlike:

PL(self) A cond =>
arg(l oop(suffix(self))) = arg(suffix(self))
which “removes”theloop.

Case:w > 0. In this casetheloop mayhave a strict effect on the searchingprocess.

— If rp — ep = 0 andes = 0 thenthe correspondingnessageavill be foundin the
loop part. We generatehe following axiom:



PL(self) A cond => arg(loop(suffix(self))) = X
whereX is therequiredargumentwhich hasto befoundin theloop part.

— If rp — ep = 0 andes > 0 thenthe correspondingnessageavill be foundin the
suffix part.We generatenaxiomin thesamemanneraswith a simplepath.

—Ifrp—ep > 0,letn = (rp — ep) div w, n + 1 is the numberof axiomswe
needto generateFor a tracethis numberrepresentshe minimal numberof loops
to processsuchthat the oldestns g_R messageccursin the loop. The ideais to
unfold {0,1,..,n — 1} timesthe loop andto generateaxiomsaccordingto the
simplepathprinciple. Then + 1t* axiomis likethat:P_L(sel f) A cond =>
arg(l oop™(suffix(self))) = XwhereXis the requiredagument.We
arguethatthereceiptmessagappearsn thel oop™( suf fi x(sel f)) sincethe
n loops consumethe messagesomingfrom the prefix. If we loop one morethe
right messagenovesoneloop right sincethereis an equalnumberof receiptsand
executiondn aloop. Notethatin theloop we have to find the oldestreceiptwhich
is known from the analysisof the prefix (seeFig. 9 for an example).Messages
precedingthe oldestin the loop are not taken into accountto computethe right
receipt.lt needgo analysethe pathcompoundrom then loops,the oldestreceipt
andthesuffix.

Thecasewherethe S stateoccursin theloop maybeviewedasaparticularcaseand
it is possibleto simplify the generationWe avoid the specialcaseshereconcentrating
our proceson ageneraprocess.

4.3 GeneralCase

In the previous sectionwe have studiedthe caseof a pathwith oneloop. In thegeneral
casewe may have severaldistinct pathswhich are processedeparatelyTo proposea
generalprocessve have alsoto describetwo additionalconstructionsthe casewhere
loopsaresequentiabr composed.

Loop Sequence The sequentiakcompositionof loopsis illustratedin Figure 7. The
generationprinciple is to transformthis caseinto two caseswith a simpleloop. Let
N1 = (rp — ep) div wl we generateV1 pathswith n € {0..N1 — 1} unfolding of
thefirst loop. We get N1 new simplepathswith oneloop andwe applytheloop case
of Sectiond.2.We considera pathwith atleastN 1 loopsof thefirstloop. TheL1 state
maybetakenasinitial state.The oldestnsg messagé known from theanalysisof the
prefixandits positionwill be constanif thenumberof thefirstloopis greateror equal
to N1. We applytheanalysisfor a simplepathwith loop, but startingwith L1 asinitial
state with aprefixequalto N1 first loop plus M I D andusingtheoldestreceipt.

Composed.oops. A loop combinationis arny sequencef the two loopsaccordingto

thefinite statemachine Let the setof loop combinationswvhich have a weightgreater
or equalthanrp — ep andconsideremb asthe setof minimal elementgo theweight.

Therearetwo cases:

1. For eachcombinationof the loopssuchthatits weightis lesserthanrp — ep we
considertheassociatedimplepathandwe usethe axiomgeneratiorof 4.1.



PREFIX (rp, ep) MID (rm, em) SUFFIX (rs, es)

Q_é...eo O—%...%O

LOOP1 (w1) LOOP2 (w2)

Fig. 7. Sequencef Loops

2. An elemenin cmb mayberepresentetasafinite sequencalternatingpccurrences

of thefirstandthesecondoops.lt is possibleo enumerat¢hesecombinationsvith
a simple algorithm which unfold the loops, computesthe weight, comparewith
rp — ep andbacktracko searchanothersolution.Eachof thesecombinationsmay
be viewed hasa sequencef [; paths,wherel; representshe first loop with ¢ oc-
currence®f theinnerloop. Fromthesecombinationsve generateaxxiomsstarting
in the L1 state If thecombinationcontainsal; with ¢ > 0 thenwe needto remove
theextrainnerloops.Therecursionis usedasin the Sectiond.2andw = 0.

We do not have completelydetailedthis case.There are particular caseswhen the
weightsareequalto zerobut they maybe handledusingrecursion.

PREFIX (rp, ep) SUFFIX (rs, es)
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LOOP1 (wl) O—= /C\

LOOP2 (w2)

Fig. 8. Compositionof Loops

This provides an algorithm (cal | Sequence) which computesfrom a given S
stateand a msg.arg operation.agumentnamea finite setof axiomsto retrieve the
argumentof themessageisible fro S. Theextractingprocesss comple but it is auto-
matic. Theargumentretieval function hasto be definewith recursionif therearesome

loopswithout occurencesf thenms g messageThis needsalsoappearsvith composed
loops,but sometimest is notmandatory



5 Application Examples

For the Bank examplethe only interestingandsimplecaseis to know the parameters
of theor der messagén statepr ocess with anemptybuffer. This is a simplepath
withoutloop, thegeneratecxiomfor thepri ce is:

price. Axiom idle? self) DO price( orderE( ordecR(self, ¢, p))) = p

A moreinterestingexampleis thecl i ent of ther equest receiptin state2 of
the Conpany. Thisis a simplepathwith oneloop on statel request . The prefix
is request _R, the loop hasweight equalto 1, andthe suffix is r equest _E. The
numbersare:rp = 1,ep = 0,rs = 0,es = 1,w = 1, thusn = 1, we have two axioms.

cl AxioMm 1% selff D client requeste( requestR(self, f, ¢))) = ¢
c2: AXIOoM 1requestPself) D client( requestE( checkPlacé
book R( requestR( book E( requestE(self)), f, ¢), fl, cl1))) = c

An exampleto illustratethe oldestreceiptin aloopis Figure9. In this examplewe
needoneloop to consumethe receiptof the prefix. The oldestreceiptin the loop is
obviously thesecondransition,we have to discardthefirst executionwhencomputing
theright message.

al AxioMm I?(selff => arg(a>(>a(self, X))) = X
% n=1
az AxioMm L1?(self) => arg(a>(>a(a>(self), Y)))) =Y

Fig. 9. An Examplewith aLoop

A concreteexamplefor the sequencef loopsis describedn the Figure10. In this
exampleN1 = 1 andthesecondh = 1 too.

P l(self) => arg(f(a>(g(>a(self, X))))) = X
P Li(self) => arg(f(a>(g(>a(a>(self), Y))))
P L2(self) => arg(f(a>(a>(>a(self, 2)))) =

) =Y
z
An examplewith composedoopis givenin Figurell.In thisexamplerp—ep =1

andthesetemb of minimalcombinatioris simply {lo, [; }. We haveto generatasimple
pathaxiomstartingfrom I and+++
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Fig. 10.A Loop Sequenc&xample

% sinpl e path

P_I(self) => arg(a>(>a(self, X))) =X

% one | oopl

P Li(self) => arg(a>(>a(a>(self), Y))))) =Y

% one | oopl+l oop2

P Li(self) => arg(a>(>a(a>(>a(a>(self), X)), Y))) =Y

% nore than one | oop2 inside |oopl

P_Li(self) => arg(a>(>a(a>(>a(a>(>a(a>(self), 2)), X)), Y)) = arg(a>(>a(a>(>a

>a a=

o=@ ® ®
a> >a

®

>a a>

Fig.11.A Composed.oop Example

In this casethereis a generakimplificationwhich is to defineoneaxiom startingfrom
the L2 state.

References

1. André Arnold. Finite TransitionSystemslnternationalSeriesn ComputerSciencePrentice-
Hall, 1994.

2. NachumbDershavitz andJean-PierrdouannaudRenrite SystemsvolumeB of Handbookof
Theoketical ComputerSciencechapter6, page243—-320.Elsevier, 1990. JanVanLeeuwen,
Editor.



3. Olivier Maréchal,PascalPoizat,and Jean-ClauddRayer. CheckingAsynchronouslyCom-
municatingComponentdJsing Symbolic TransitionSystems.In Z. Tari R. Meersmarand
al., editors,On the Moveto MeaningfullnternetSystem&004: CooplS,DOA, and ODBASE
volume3291of Lecture Notesin ComputeiSciencepagesl502—-1519SpringeiVerlag,2004.

4. JacquedNoyé, SébhastianPavel, and Jean-ClauddRoyer. A PVS Experimentwith Asyn-
chronousCommunicatingComponents.In 17thWbrkshopon Algebraic Developmentlech-
niques BarcelonaSpain,2004.www. emm. fr/ x-i nf o/ j royer/rr WADTO4. pdf . gz.



