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Abstract. In our previouswork, we definedanapproachfor specifyingcompo-
nentsandarchitecturesusinga combinationof symbolictransitionsystems,data
types,and synchronouscommunications.We extend this approachwith asyn-
chronouscommunications.In this setting,specificationsandproofsarecompli-
catedby the presenceof buffers andthe fact that the receipttime of a message
is distinct from its executiontime. This complicatesthe specificationsandalso
the proofs.Oneapproachis to specialisethe behaviour of components,this is
possibleassoonaswe have someinformationfor exampleaboutthecontentof
mailboxes.This noteexplainshow to generateaxiomsrelatedto asynchronous
messagesfrom this specialisedbehaviour.
KEYWORDS: AsynchronousCommunication,Component,Architecture,Dynamic
Behaviour, Unboundedor BoundedMailbox, PVS,SpecificationSimplification.

1 Intr oduction

Thisshortnoteis relatedto thesimplificationprocessof acomponentspecificationwith
asynchronouscommunications.Thecontext is definedin [4]. Theproblemis givena

�
statehow to retrieve the (arg) argumentof a message.The processdoesnot depend
from a givenargument,it only dependsof themessage,which is notedmsg. Without
specialisingtheSTSwehaveto searchthemessagein thehistory(trace)of thedynamic
behaviour. This requiresto definetwo auxiliaryandrecursivefunctionson theSTS.An
alternativeway is to explicit a mailboxdatastructure,which is potentiallyinfinite. The
specialisationof the STSoffers the opportunityto defineargumentretrieval with nei-
ther auxiliary function nor additionaldatastructure.The function hasto be defineas
recursive only if therearecycleswithout msg or in caseof composedloops.In most
of thecaseit expressesa kind of directaccessto the information,directheremeaning
staticallyknown from the STSanalysis.However in the generalcasewe have to dy-
namicallychecktheexactpathto choosetheright message.Without thespecialisation
we have to traversethe pathfor finding the message.The specialisationallows us to
generatea setof casesfor which thepositionof theright messageis 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 givenmessagename.



We generatea setof axiomswhich is expectedwithout critical pairs,sincewe con-
siderconditionswe have to studyfeasiblecritical pairs[2]. Two distinct axiomshave
no feasiblecritical pairs sincethey have either a differentstartingstateor the paths
representedin themarenot equal.

2 Examples

We have for examplethe componentbehavioural descriptionof Figure1. A mailbox
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Fig.1. TheBankComponentwith AsynchronousCommunications

analysisof the global systemhasshown that: the idle statefor Bank is reached
with anemptybuffer ( � ) or with anorder message.Fromtheseconstraints,aspe-
cialise algorithm computesa new STS for the subcomponentaccordingto these
constraints.The result for the bank componentis describedin Fig. 2. It expressesa
simulation,in thedynamicsense[1], of theoriginalbankdynamicbehaviour.
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Fig.2. A SpecialisedBankDynamicBehaviour

For thesameflight reservationsystemthecompany exampleandits specialisation
aredescribedin Figure3.
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Fig.3. TheCompany Example

A buscontrollermaybeanalysedasin [3] andtheSTSfor theunit andits speciali-
sationaredepictedin Figure4.
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Fig.4. TheUnit Example

3 Properties

Property 3.1 Byconstruction,thefollowingpropertieshold in such a specialisedSTS:

1. Let a tracereachinga
�

state:
(a) At each stepthe numberof ��� � occurrencesis lesseror equalthannumber

of ��� � occurrences.
(b) Let � the numberof ��� � occurrencespreceding

�
, the corresponding��� �

hasrank � .



2. In each statethecontentof themailboxbuffer is staticallyknown.
3. For each loop on the specialisedSTSand for all messages,there is a numberof

receiptsequalto thenumberof executions.

The first item is a generalpropertyfor tracesof the STSwith FIFO mailboxes.The
seconditem saysthat operationsacting on the mailbox buffer return constants.For
instance[not fullMailbox] is alwaysequalto true,or the[&op] guardmaybe
reducedto true or false, andsoon.For thelast item, if thenumberof receiptsand
thenumberof executionsaredistinct in a loop (for a givenmessage),thesourcestate
of the cycle hasa mailbox contentstrictly different from the target state.This is not
possiblewith the specialisedSTSby constructionsincea stateexplicits the mailbox
contentandrelatedguardsarereducedto trueor false.

4 Axiom Generation for Ar gumentRetrieval

The problemis given a
�

statehow to retrieve the (arg) argumentof a previously
receivedmessage?Theprocessdoesnotdependfrom agivenargument,it only depends
of the message,which is notedmsg. The principle is to start from

�
and to follow

the transitionsin reversedirectionuntil the initial stateor a loop is detected.A path
in an STS may be easily translatedinto conditionalaxiomsthus we study pathsin
the specialisedSTS.Pathsreducedto operationlabelsmay be describedby rational
expressions.Let usstudysomesimpleexamplesto understandthegeneratingprocess.

4.1 A SimplePath

Thereis a simplepathwithout loop from � to
�

. Let � the numberof msg E in the
path, if �
	�� then this messageis not known elsethe correspondingmsg R is the
��
�� from the initial state.This caseis graphicallyrepresentedin Figure5. We assume
thereis only onearg in this messagedenotedby theX term.A simpleaxiommaybe
generated:
P E(self) � cond => arg(f(...msg R(self, X)...)) = X.
WhereE is the starting stateof the correspondingmsg R, P E the statepredicate,
f(...msg R(self, *)...)) thecallassociatedto thepathfromE toS andcond
theconjunctionof guardson this path.
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Fig.5. A SimplePath

Thesimplestsituation,andalsothemostfrequent,is amsg R immediatelyfollowed
by its execution.In thethreeexamplesof Section2 thiscaseoccurs.



4.2 A Path with Loop

A more generalcaseis to considerthat thereis a loop on the reversepathuntil the
initial state.Thecaseof a loop with � and

�
is not consideredasa loop heresincewe

assumethat thebuffer of the initial stateis alwaysempty. TheFigure6 illustratesthis
generalsituation.It is generalsinceevery casewith a loop may be transformedinto
theFigure6 choosingtheprefix,suffix andduplicatingsomestates.In thisfigureprefix
is the sequencefrom the initial stateto the loop andsimilarly for suffix. In the sequel
prefix, loop,suffix areviewedassequencesof operationcalls.Thepair ������������� arethe
numberof msg R andthenumberof msg E in theprefix.Thereis asimilarnotationfor
thesuffix part.Theweight � of a loop is its numberof msg E. We have thefollowing
numericalrelations:�����
��� and ��� �"!#�����$�%���&�"!#���'� . A pathhasthegeneralform
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Fig.6. TheLoopPath

prefix loop* suffix. To retrieve the right messagedependson the numberof
loop in thepathandon the � �(�������)�&�*�)��� and � information.However we observe that
thereareseveral axioms(at leastone)for the basiccaseandoneaxiom catchingthe
generalloopingcase.Theprincipleis to unfold theloopa sufficientnumberof times.

Case:�+	,� . Theloop hasneithermsg receiptnormsg execution.

– If ���.-/���0	
� thenthereceiptmessagewill befoundin thesuffix part.Wegenerate
anaxiomin thesamemanneraswith thesimplepathin Section4.1.

– If ���1-#���324� and � �025�����6-7���'� thenthecorrespondingmessagewill alsobe
foundin thesuffix part,thesameprocessapplies.

– Thelastsub-caseis ���8-9���:2,� and �;�/�<�����8-9���'� , themessageis foundin the
prefix part.Theaxiomgenerationis morecomplex sincewe have to copewith the
loop iterations.We generatea first axiomasin thesimplepathcase.To handlethe
loop wewrite anaxiomlike:
P L(self) � cond =>
arg(loop(suffix(self))) = arg(suffix(self))
which “removes”theloop.

Case:�=2>� . In thiscasetheloopmayhaveastrict effecton thesearchingprocess.

– If ���?-7���7	@� and �;�A	B� thenthe correspondingmessagewill be found in the
loop part.We generatethefollowing axiom:



P L(self) � cond => arg(loop(suffix(self))) = X,
whereX is therequiredargumentwhich hasto befoundin theloop part.

– If ���?-7���7	@� and �;�12%� thenthe correspondingmessagewill be found in the
suffix part.We generateanaxiomin thesamemanneraswith a simplepath.

– If ���:-
���<2C� , let DE	F������-
���'�HG(IKJ1� , D�!EL is the numberof axiomswe
needto generate.For a tracethis numberrepresentstheminimal numberof loops
to processsuchthat the oldestmsg R messageoccursin the loop. The ideais to
unfold MN�O�PL(�RQSQT�)D7-<L&U times the loop and to generateaxiomsaccordingto the
simplepathprinciple.The D0!
L 
�� axiomis like that:P L(self) � cond =>
arg(loop V (suffix(self))) = X whereX is the requiredargument.We
arguethatthereceiptmessageappearsin theloop V (suffix(self)) sincethe
D loopsconsumethe messagescomingfrom the prefix. If we loop onemorethe
right messagemovesoneloop right sincethereis anequalnumberof receiptsand
executionsin a loop.Notethatin theloop we have to find theoldestreceiptwhich
is known from the analysisof the prefix (seeFig. 9 for an example).Messages
precedingthe oldestin the loop arenot taken into accountto computethe right
receipt.It needsto analysethepathcompoundfrom the D loops,theoldestreceipt
andthesuffix.

Thecasewherethe
�

stateoccursin theloopmaybeviewedasaparticularcaseand
it is possibleto simplify thegeneration.We avoid thespecialcaseshereconcentrating
ourprocesson a generalprocess.

4.3 General Case

In theprevioussectionwe havestudiedthecaseof a pathwith oneloop. In thegeneral
casewe mayhave severaldistinct pathswhich areprocessedseparately. To proposea
generalprocesswe have alsoto describetwo additionalconstructions:thecasewhere
loopsaresequentialor composed.

Loop Sequence. The sequentialcompositionof loops is illustratedin Figure 7. The
generationprinciple is to transformthis caseinto two caseswith a simple loop. LetW L8	C�����?-3���'�XG*IKJY�ZL we generate

W L pathswith D\[,M;�]QTQ W L^-+L&U unfolding of
thefirst loop. We get

W L new simplepathswith oneloop andwe apply the loop case
of Section4.2.We considerapathwith at least

W L loopsof thefirst loop.TheL1 state
maybetakenasinitial state.Theoldestmsg messageis known from theanalysisof the
prefixandits positionwill beconstantif thenumberof thefirst loop is greateror equal
to

W L . Weapplytheanalysisfor asimplepathwith loop,but startingwith L1 asinitial
state,with a prefixequalto

W L first loopplus _`�*a andusingtheoldestreceipt.

ComposedLoops. A loop combinationis any sequenceof the two loopsaccordingto
thefinite statemachine.Let thesetof loop combinationswhich have a weightgreater
or equalthan ���1-7��� andconsiderbdc6e asthesetof minimal elementsto theweight.
Therearetwo cases:

1. For eachcombinationof the loopssuchthat its weight is lesserthan ���?-#��� we
considertheassociatedsimplepathandweusetheaxiomgenerationof 4.1.
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Fig.7. Sequenceof Loops

2. An elementin bdc?e mayberepresentedhasafinite sequencealternatingoccurrences
of thefirst andthesecondloops.It is possibleto enumeratethesecombinationswith
a simple algorithm which unfold the loops,computesthe weight, comparewith
���Y-f��� andbacktrackto searchanothersolution.Eachof thesecombinationsmay
be viewedhasa sequenceof gih paths,where gih representsthefirst loop with I oc-
currencesof theinner loop.Fromthesecombinationswe generateaxiomsstarting
in the jHL state.If thecombinationcontainsa gih with Ik2>� thenwe needto remove
theextra innerloops.Therecursionis usedasin theSection4.2and �,	,� .

We do not have completelydetailedthis case.Thereare particularcaseswhen the
weightsareequalto zerobut they maybehandledusingrecursion.

. . . 

. . . 

L1

PREFIX (rp, ep)

I
. . . 

SUFFIX (rs, es)

S
f

L2
LOOP1 (w1)

. . . 

LOOP2 (w2)

Fig.8. Compositionof Loops

This providesan algorithm (callSequence) which computesfrom a given
�

stateand a c6�Pl�Q mn�Nl operation.argumentnamea finite set of axiomsto retrieve the
argumentof themessagevisible fro

�
. Theextractingprocessis complex but it is auto-

matic.Theargumentretieval functionhasto bedefinewith recursionif therearesome
loopswithoutoccurencesof themsg message.Thisneedsalsoappearswith composed
loops,but sometimesit is notmandatory.



5 Application Examples

For theBank exampletheonly interestingandsimplecaseis to know theparameters
of theorder messagein stateprocess with anemptybuffer. This is a simplepath
without loop, thegeneratedaxiomfor theprice is:

price: AXIOM idle?(self) o price(orderE(orderR(self, c, � ))) 	 p

A moreinterestingexampleis theclient of therequest receiptin state2 of
theCompany. This is a simplepathwith oneloop on state1 request. The prefix
is request R, the loop hasweight equal to 1, and the suffix is request E. The
numbersare: ���1	`L*�����8	
�O�)�&�^	
�]���;�p	`L*�)�,	=L , thus D?	4L , wehave two axioms.

c1: AXIOM 1?(self) o client(requestE(requestR(self, f, b ))) 	 c
c2: AXIOM 1request?(self) o client(requestE(checkPlace(
book R(requestR(book E(requestE(self)), f, b ), f1, c1))) 	 c

An exampleto illustratetheoldestreceiptin a loop is Figure9. In this examplewe
needone loop to consumethe receiptof the prefix. The oldestreceiptin the loop is
obviously thesecondtransition,we have to discardthefirst executionwhencomputing
theright message.

a1: AXIOM I?(self) => arg(a>(>a(self, X))) = X
% n=1
a2: AXIOM L1?(self) => arg(a>(>a(a>(self), Y)))) = Y

LI S
>a a>

a> >a

Fig.9. An Examplewith a Loop

A concreteexamplefor thesequenceof loopsis describedin theFigure10. In this
example

W LH	=L andthesecondD?	4L too.

P_I(self) => arg(f(a>(g(>a(self, X))))) = X
P_L1(self) => arg(f(a>(g(>a(a>(self), Y))))) = Y
P_L2(self) => arg(f(a>(a>(>a(self, Z)))) = Z

An examplewith composedloop is givenin Figure11.In thisexample���q-6���8	=L
andtheset brc6e of minimalcombinationis simply MNgts&��g�uNU . Wehaveto generateasimple
pathaxiomstartingfrom � and+++
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Fig.10.A LoopSequenceExample

% simple path
P_I(self) => arg(a>(>a(self, X))) = X
% one loop1
P_L1(self) => arg(a>(>a(a>(self), Y))))) = Y
% one loop1+loop2
P_L1(self) => arg(a>(>a(a>(>a(a>(self), X)), Y))) = Y
% more than one loop2 inside loop1
P_L1(self) => arg(a>(>a(a>(>a(a>(>a(a>(self), Z)), X)), Y)) = arg(a>(>a(a>(>a(a>(self), X)), Y)))

I

>aa>

L1

L2

S

a>>a

a>>a

Fig.11.A ComposedLoop Example

In this casethereis a generalsimplificationwhich is to defineoneaxiomstartingfrom
the jwv state.
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