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Abstract: The paperconsiderghe problemof an automatictype analysisin the context of the
object-orientedPetrinets(OOPNSs)associateavith the PNtalklanguageWe describeheskeleton
of one of the possibleapproacheso deriving the typesof tokensthat may getinto particular
placesof OOPN-basedhodels We briefly discussadwvantagesnddisadwantagesndalsopossible
alternatvesto thedescribedapproach.
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1 Introduction

This article presentsone of the researchactvities relatedto the object-orientedPetri nets
(OOPNSs)associatedvith thelanguageandtool called PNtalk[3], which have beendeveloped
to supportmodelling, investigating,and prototypingconcurrentobject-orientedsoftware sys-
tems.PNtalk supportsintuitive modelling of all the key featuresof thesesystemsjncluding
object-orientednesmessagsending parallelismandsynchronisationTherehasalreadybeen
implementedatool for simulatingsystemslescribedby OOPNSg[1]. Currently we areworking
bothon animplementatiorof atool which shouldallow usto run OOPN-basegrototypesn a
truly distributedway aswell ason methodgor formally analysingandverifying propertiesof
systemsnodelledby OOPNSs[2].

PNtalk OOPNs—unlile mostof the commondialectsof high-level Petrinets[5]—are not
strongly typed, which meansthat modellersdo not have to explicitly declarethe types(i.e.
coloursets)of OOPNplacesthetypesof the variablesusedin OOPNinscriptions,andsoon.
This featureof PNtalkis relatedto the factthatit hasbeeninspiredby Smalltalkandthatit is
intendedo beusedn theareaof prototyping. However, asmentionedelow, therearesituations
in which it maybe usefulto know atleastsomethingaboutthetypesassociatedvith particular
OOPN places,inscription variables,or otherkinds of OOPN elementsThereforethis paper
considerghe possibility of anautomatidypeanalysisfor the contect of PNtalk OOPNSs.

Thetypeanalysiscanbeunderstoodisa speciaimeanf deluggingOOPN-basednodels:
Modellersusually have someintuition aboutwhat typesof tokensshouldgetinto particular
OOPN placesandif the resultsof the type analysisare different,theremay be a fault in the
appropriatemodel. The informationderived from the type analysiscanthenalsobe usedasa
part of the documentatiorof a model. Moreover, asmostPetrinet dialectsaswell asvarious
otherformalismsseento be stronglytyped,theresultsobtainedrom thetypeanalysiscanfur-
therbeusefulwhentranslating®Ntalk OOPNsinto modelsdescribedy someothermodelling
languagesThepossibilityof suchatranslationmaybeinterestingirom the point of view of re-
usingthetoolsalreadydevelopedfor working with variouskindsof models Finally, theresults
which may be obtainedfrom the type analysismay be usedto optimisethe internalrepresen-
tation of OOPNsandthe efficiengy of runningOOPN-basednodelsandgeneratingheir state
spaces.
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In the following, we firstly presentthe basicprinciplesof OOPNs.Subsequentiywe de-
scribethe skeletonof oneof the possibleapproacheto the automatictype analysisin the con-
text of OOPNs.Next, we discussadvantagesaanddisadwantagesandalsopossiblealternatves
of thedescribedapproach.

2 Object-Oriented Petri Nets

The OOPNformalismis characterisedby a Smalltalk-baseabject-orientatiorenrichedwith
concurreng andpolymorphictransitionexecution,which allows messagasendingwaiting for
andacceptingeesponses;reatingnew objects,andperformingprimitive computationg3]. An
exampleillustratingthe notationof OOPNSsis shovnin Fig. 1.
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Fig. 1. Two simpleclassesiemonstratinghe notionof the OOPNformalism

Themainprinciplesof thestructureandbehaiour of OOPNsareexplainedin thefollowing.
A deepeiintroductionto the OOPNformalismcanbefoundin [1] andtheformal definition of
OOPNsIn [3].

2.1 The Structure of OOPNs

An object-orientedPetri netis definedon a collectionof elementsomprisingconstantsyari-
ables,net elementg(i.e. placesandtransitions),classelementgi.e. object nets,methodnets,
synchronougorts,andmessageelectors)classespbjectidentifiers,andmethodnetinstance
identifiers.An OOPN hasits initial classandinitial objectidentifier, aswell. The so-called
universeof anOOPNcontaingnested}uplesof constantsglassesandobjectidentifiers.

Objectnetsconsistof placesandtransitions.Eachplacehassome(possiblyempty)initial
marking.Eachtransitionhasconditionsandpreconditiongi.e. inscribedtestingandinputarcs),
a guard,an action,and postconditiongi.e. inscribedoutputarcs).Methodnetsare similar to
object netsbut, additionally eachof them hasa setof parametemplacesand a return place.
Methodnetscanaccesplacesof the appropriateobjectnets,which allows runningmethodgo
modify the statesof the objectswhich they arerunningin.



Syn@ronousportsarespeciakransitionsvhich cannoffire alonebut only dynamicallyfused
to someregulartransitions.Theseransitions‘activate” the portsfrom their guardsvia message
sending.Every synchronougort embodiesa setof conditions,preconditionsand postcondi-
tions over placesof the appropriateobjectnet, and further a guard,and a setof parameters.
Parametersf anactivatedport s canbeboundto constant®r unifiedwith variablesdefinedon
thelevel of thetransitionor portthatactivateds.

A classis given by its objectnet, its setsof methodnetsand synchronougports, and a
set of messageselectorscorrespondingo its methodsand ports. Object netsdescribewhat
dataparticularobjectsencapsulateand what actiity they exhibit on their own. Method nets
specifyhow objectsasynchronouslyespondo receved messagesSynchronougortsallow to
remotelytestandchangestatesof objectsin anatomicway.

2.2 TheDynamic Behaviour of OOPNs

A stateof an OOPN canbe encodedasa marking which canbe structuredinto a systemof
objects.Thus the dynamicbehaiour of OOPNscorrespondgo an evolution of a systemof
objects.An objectof a certainclassc is a systemof netinstanceghat containsexactly one
instanceof the objectnetof ¢ anda setof currentlyrunninginstanceof methodnetsfrom c.
Every netinstanceentailsits identifieranda markingof its placesandtransitions A markingof
a placeis amultisetof elementf the universe A transitionmarkingis a setof recordsabout
methodnetinstancesnvokedfrom the appropriatdransition.

For a given OOPN,its initial markingcorrespondso a single,initially marked objectnet
instancdrom theinitial class A changeof amarkingof anOOPNis aresultof anoccurrencef
someevent SuchanOOPNeventis givenby (1) its type, (2) theidentifier of the netinstancat
takesplacein, (3) thetransitionit is staticallyrepresentedly, and(4) thebindingtreecontaining
thebindingsof thevariablesusedonthelevel of theinvolvedtransitionaswell aswithin all the
synchronougorts (possiblyindirectly) activatedfrom that transition. Thereare four kinds of
eventsaccordingo theway of evaluatingthe actionof theappropriatdransition:A —anatomic
actioninvolving trivial computation®nly, N— anew objectinstantiationvia the messagaew,
F —aninstantiationof a Petri-netdescribednethod andJ —terminatinga methodnetinstance.

3 TypeAnalysisin OOPNs

3.1 Different Approachesto Type Analysisin OOPNs

Therecanbeidentifiedtwo extremeapproacheso deriving thetypesof tokenswhich may get
into particularplacesof an OOPN.Firstly, we mayimmediatelyassignevery OOPNplacethe
typecorrespondingo theunionof all thetypeswhichappeain theuniverseof thegivenOOPN.
Onthe otherhand,we may generateandexplorethefull statespaceof the OOPN(if the state
spaceis not infinite), which allows us to preciselyfind out whattypesof tokensmay getinto
particularplaces(with or without mixing the markingof differentnetinstances)lt is obvious
thatthe first approachmay be extremelyinaccuratewhile the secondone quite expensve [6]

(and,without somemadificationsjnapplicablen the caseof infinite stateOOPNS).

In the rest of the paper we introducetwo specialisedapproacheso analysingtypesin
OOPNs,namelythe so-calledstatic and dynamicOOPN type analysis The accurag andthe
computationakostsof thesemethodsare normally betweenthe abose mentionedextremes.
Both of the methodssomehav approximatethe behaiour of OOPNsand can handleinfinite
stateOOPNs,aswell.



Mostof theprinciplesof thestaticanddynamicOOPNtypeanalysisarequitesimilar. In this
paperweinformally presenthekernelof thealgorithmfor thestatictypeanalysiswhichworks
purely on the level of particularnetsand entirely ignoresthat therecan be createdmultiple,
mutually independeninstancef them. The dynamictype analysis(briefly mentionedn the
endof thesection)attemptgo distinguishparticulametinstanceso somedegree. Thereforethe
dynamictype analysisis moreaccurateput it is morecomplex andhashighertime andspace
requirements.

3.2 TheBasicsof the OOPN Static and Dynamic Type Analysis

In orderto decreaséhetime andspaceequirementsf thetypeanalysisandto ensurats termi-
nation,thestaticanddynamicOOPNtypeanalysianethodssuitablyapproximatehebehaiour
of OOPNSs.The price which we payfor this is thatthe setsof the typesof tokensaboutwhich
we areinformedthatthey cangetinto particularplacescanbebiggerthannecessaryHowever,
thisis asafeapproximationandthe obtainedresultscanstill be quite useful.

First of all, the staticand dynamicOOPN type analysismethodswork with symbolically
representeanarkingsand eventswhich do not containconcreteconstantsand unambiguous
identifiersof Petri net-basedbjects,but only the correspondingypes (extendedwith some
auxiliary datain the caseof the dynamictype analysis).Accordingly, we do not performclas-
sicaltrivial computationsn guardsof transitionsandportsor in actionsof transitions.Instead,
we only derive thetypesof theinvolvedvariables For this reasonall primitive functionsappli-
cablein anOOPNmustbein adwancespecifiedfrom the point of view of the correspondence
of the typesof their input and outputvalues.Next, aswe work with setsof (extended)types
symbolicallyrepresentingnultisetsof tokens,the multiplicities of elementsn initial markings
andarcexpressionsreignored.Moreover, we do notremove the (extendedtypessymbolically
representingometokensoncethey getinto aplace.

To ensurghatthetypeanalysigorocessill terminatan afinite numberof stepswe further
have to work aroundthe possibility of unlimited nestingof tuples(at leastwhenwe wantthe
typeof atupleto reflectthetypesof theelement®f thegiventuple). This problemcanbesolved
by imposingalimit onthe maximumdepthof the nesteduplesthatwe will processn anexact
way. If this limit is exceededwe canexpressthe type of the appropriatetuple in aninexact
way by meansof the construct(#t upl e, set_of types) whereset_of types containsall the
typesof thenon-tupleelementsiestedn thetuple. Thejustmentionedoroblemis illustratedin
Figure2.

Finally, a similar problemto the above is associatedvith the length of tuples.However,
we canagainimposea limit on the maximumlengthof tuplesto be preciselytypedandif this
is exceededwe canusethe sameapproximatetyping constructionasin the caseof too deep
nesting.

3.3 The OOPN Static Type Analysis Algorithm

In this subsectionwe informally presena kernelof the OOPNSstatictype analysisalgorithm.A
formal andcompletedescriptionis beyondthe scopeof this article. More detailscanbe found
in[7,4].

We have alreadymentionedhatthestatictypeanalysisalgorithmdealswith symbolicmark-
ingswhich mark particularplacesby setsof typesinsteadof multisetsof concreteokens.The
structuringof statesnto netinstancess ignored.
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Fig. 2. A solutionof the problemof thetypesof nesteduples

Let usfurtherrecallthatthe dynamicbehaiour of OOPNsis basedbn the notionof events.
An eventdescribesiring atransitionin somenetinstanceundersomebinding of thevariables
thatappeamwon thearcsandin the guardexpression®f this transitionandof the adjoinedports.
In the following, we work with the so-calledsymboliceventsandsymbolicbindingswhich dif-
fer from eventsandbindingsin suchaway thatall the involvedconstantsglassesandinstance
identifiersare replacedby the correspondingypes.A symbolic binding yields a symbolic N
eventover atransitionif the keyword new occursin theactionof the transitionandthe appro-
priatesymbolicreceveris themetaclas®f someclassec (whichwe encodeas(#cl ass, ¢)). A
symbolicbinding givesriseto a pair of symbolicF andJ eventsover a transitionif the appro-
priatesymbolicreceveris an OOPN-basedlasswhichimplementsa methodwith the selector
usedin the actionof thetransition.In all othercasesa symbolicbindingyieldsa symbolicA
event.

If we neglecta possiblelack of free identifiers,an A, N, or F eventis enabledf thereare
enoughtokensin the input andtestedplacesof the appropriatdransitionandof the involved
portsandif all the guardexpressiongo be trivially evaluatedresultin true. A symbolic A,
N, or F eventis enabledif thereare sometypes(i.e. symbolictokens)in all the appropriate
placesand thesetypesare compatiblewith the appropriatearc expressiongi nt is e.g. not
compatiblewith #e or ( X, y) ) andwith the typesof theinvolvedtrivial functions.In the case
of a symbolic A event, the variable containingthe result of the appropriatetransitionaction
hasto be bind to the type correspondingo the prototypeof the involved trivial function (for
example,i nt +i nt = i nt). In the caseof a symbolic N event, the result variable should
containthe classbeinginstantiated.

A regularJ eventis enabledif thereis a tokenin the returnplaceof the methodnetin-
stancenvokedfrom theappropriatd@ransition.A symbolicJ eventis enabledf theappropriate
transitionis symbolically F enabledand thereis sometype in the appropriatereturn place.
This type hasto be assignedo the variablewhich shouldcontainthe resultof the appropriate
computation.

To acceleratehe computationwe will further work with setsof the so-calledascendent
transitionsof particularplaces.We will denotethesesetsby AT, andusethemto find out
thetransitionswhosesymbolicfirability shouldbe re-examinedaftera changean the symbolic
markingof p (insteadof re-examiningall transitions).The set AT}, of aplacep will includeall
the transitionsthatarelinked with p by aninput or testingarc andalsoall the transitionsthat
may (possiblytransitively) call somesynchronougortlinkedto p by aninputor testingarc.In
the caseof returnplaces,AT,, hasto alsoincludeall thetransitionsthatcancall theappropriate



method.Theability of calling aportor amethodis to bedecidedstaticallyaccordingo theuse
of its selector

The procedureof the static type analysisover someOOPN cannow be describedasthe
following sequencef steps:

1. (a) Unfold theinheritancehierarchynotto mix typesof placesnheritedto differentclasses.

(b) Remore multiplicities from arcexpressiongndinitial markings.We will work with sets
insteadof multisetsfrom now on.

(c) Replaceall constantsn arc expressionsandinitial markingsby their types.All classes
replaceby the specialtype (#cl ass, ClassName). Below, we will work with types
insteadof concretevalues.Inscriptionvariablesarenot modified.

(d) For eachplacep, let T'S, bethe setof the typesof tokensthatmay appeatin p in ary
of the correspondingetinstancesinitially, eachT'S,, is equalto the setof the types
obtainedfrom its modifiedinitial marking.

(e) Let CTS be a setof “critical” transitions.Initially, CT'S containsall the transitions
symbolicallyenabledn theinitial symbolicmarking.

(f) ComputeAT, for eachplacep.

2. If CTS = 0, terminatethe computation—theset7'S, of eachplacep containsthe typesof
thetokensthatarenot excludedto appeain p. Otherwise go to the step3.
3. Selectatransitiont from CT'S, let CTS := CTS \ {t}, andprocesg asfollows:

(a) Computetheset E'V; of thesymbolicallyenabledsymboliceventsbasednt.

(b) ProceseachF € EV; accordingto its type:

i. A, N: Propagatehe typesfrom theinvolved symbolicbinding alongthe outputarcs
of t andof theadjoinedsynchronougports.

ii. F: Add the typesof the agumentsobtainedfrom the involved symbolic binding b
into 'S, of theinput placesof theinvokedmethod Propagatéhetypesfrom b along
the outputarcsof the synchronougortsactivatedfrom ¢.

iii. J: Propagatehetypesfrom theinvolvedbindingalongthe outputarcsof ¢.

(c) For eachplacep whosel'S, waschangedn thepreviousstep,addall thetransitionfrom

AT, intoCTS.

4. Gobackto the step2.

3.4 From the Static to the Dynamic OOPN Type Analysis

Thestatictypeanalysisalgorithmis relatively fast,but theobtainedesultsnaybequiteinexact.
Apartfrom dealingwith setsof typesinsteadof multisetsof concretd¢okensandapartfrom not
removing typesfrom placesoncethey getthere thereis the problemthatwe entirelyignorethe
structuringof running modelsinto individual net instancesConsequentlyvarioustypesmay
be propagatedo placeswherethey could getonly if it waspossibleto storea tokeninto one
instanceandreadit from anothernstance.

The above problemis illustratedin Fig. 3 that presentsa simple model of a stack.The
problemmanifeststself suchthatbothp5 andp10 aretypedby {i nt ,char } althoughonly
integercolouredtokenscangetto p5 andonly characteicolouredonesto p10.

It is obviousthatthe just mentioneddisadwantageof the OOPN statictype analysisis es-
peciallyrelatedto dealingwith datastructuressuchasstacksqueueslists, tables,arrays.etc.
However, it canalsobe encounteredh OOPNsthatdo not usestructuresof this kind at all. If
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Fig. 3: An illustrationof theinexactnes®f the OOPNSstatictypeanalysis

this featureof the OOPN statictype analysisis not acceptableywe have to apply someother
kind of typeanalysismaybethefurthermentioneddynamicOOPNtype analysis.

The OOPNdynamictype analysig[7] attemptsto distinguishparticularinstanceto some
degreeaccordingto the history of their creation.We usethreepiecesof informationto identify
agivensymbolicnetinstanceandits tokens:oid, pid, andbid. The oid representsheidentifier
of the objectto which the givennetinstancebelongs.The valueof pid specifiesthe identifier
of the netinstanceitself. In the caseof an objectnetinstancepid = pid. However, both oid
andpid areinexact—they arerepresentely setscontaininguniqueintegeridentifiersof all the
transitionsthatparticipatedn the creationof the appropriatenetinstancan a chainof instance
creationsbeginningin theinitial object.For theinitial objectitself, we have oid = pid = {0}.
As for the bid, this is usedfor distinguishingmethodnet instanceghat are startedover the
samesymbolicobjectfrom the samesymbolictransitioninstance put with differentsymbolic
bindings.In the caseof objectnets,bid alwaysequalsto 1. Of course OOPNinscriptionshave
to be suitablemodifiedto work with the describeddentificationof instances—fodetailssee
[7].

So, it is obvious that the OOPN dynamictype analysisdoesreally not identify instances
in an exact way. The methodneglects possiblecyclesin the processe®f instancecreation.
Moreover, it alsodoesnot take into accountthe orderof creatinginstancesNeverthelessthe
chosemapproachseemdo be a promisingcompromisebetweernthe computationatompleity



andthe quality of the obtainedresults.For example,the OOPNdynamictype analysismethod
cansuccessfullydistinguishthe two instance®f theclassSt ack in Fig. 3. Consequentlythe
dynamicmethodcanderive thetypesof placesn the stackexamplein anexactway.

4 Conclusion

In the paper we have discussedhe problemof automaticallyderiving typesin the context of

the weakly typed OOPNsassociatedavith the languagePNtalk. The type analysiscanbe used
to delug models o improve theirdocumentationandto optimisetherepresentationf OOPNs
to beusedfor runningand/oranalysingandverifying modelsbasecon OOPNs We have briefly

presentedwo methodsfor an automaticOOPNtype analysis,namelythe so-calledstaticand
dynamicOOPNtype analysis.In the nearfuture, the describedype analysismethodswill be
implementedover the new Prolog-basedkernelof the PNtalk system,which will allow usto

obtainsomepracticalexperiencefrom their application.
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