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Abstract: The paperconsidersthe problemof an automatictype analysisin the context of the
object-orientedPetrinets(OOPNs)associatedwith thePNtalklanguage.Wedescribetheskeleton
of one of the possibleapproachesto deriving the typesof tokens that may get into particular
placesof OOPN-basedmodels.Webriefly discussadvantagesanddisadvantagesandalsopossible
alternativesto thedescribedapproach.

Keywords: object-orientedPetrinets,typeanalysis,formal techniques.

1 Introduction

This article presentsone of the researchactivities relatedto the object-orientedPetri nets
(OOPNs)associatedwith thelanguageandtool calledPNtalk[3], which have beendeveloped
to supportmodelling,investigating,andprototypingconcurrentobject-orientedsoftwaresys-
tems.PNtalk supportsintuitive modellingof all the key featuresof thesesystems,including
object-orientedness,messagesending,parallelism,andsynchronisation.Therehasalreadybeen
implementeda tool for simulatingsystemsdescribedby OOPNs[1]. Currently, weareworking
bothon animplementationof a tool whichshouldallow usto run OOPN-basedprototypesin a
truly distributedway aswell ason methodsfor formally analysingandverifying propertiesof
systemsmodelledby OOPNs[2].

PNtalkOOPNs—unlike mostof thecommondialectsof high-level Petri nets[5]—arenot
strongly typed,which meansthat modellersdo not have to explicitly declarethe types(i.e.
coloursets)of OOPNplaces,thetypesof thevariablesusedin OOPNinscriptions,andsoon.
This featureof PNtalk is relatedto thefact that it hasbeeninspiredby Smalltalkandthat it is
intendedto beusedin theareaof prototyping.However, asmentionedbelow, therearesituations
in which it maybeusefulto know at leastsomethingaboutthetypesassociatedwith particular
OOPNplaces,inscriptionvariables,or other kinds of OOPNelements.Thereforethis paper
considersthepossibilityof anautomatictypeanalysisfor thecontext of PNtalkOOPNs.

Thetypeanalysiscanbeunderstoodasaspecialmeansof debuggingOOPN-basedmodels:
Modellersusuallyhave someintuition aboutwhat typesof tokensshouldget into particular
OOPNplacesandif the resultsof the type analysisaredifferent,theremay be a fault in the
appropriatemodel.The informationderived from the typeanalysiscanthenalsobeusedasa
part of the documentationof a model.Moreover, asmostPetri net dialectsaswell asvarious
otherformalismsseemto bestronglytyped,theresultsobtainedfrom thetypeanalysiscanfur-
therbeusefulwhentranslatingPNtalkOOPNsinto modelsdescribedby someothermodelling
languages.Thepossibilityof sucha translationmaybeinterestingfrom thepointof view of re-
usingthetoolsalreadydevelopedfor workingwith variouskindsof models.Finally, theresults
which maybeobtainedfrom the typeanalysismaybeusedto optimisethe internalrepresen-
tationof OOPNsandtheefficiency of runningOOPN-basedmodelsandgeneratingtheir state
spaces.�
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In the following, we firstly presentthe basicprinciplesof OOPNs.Subsequently, we de-
scribetheskeletonof oneof thepossibleapproachesto theautomatictypeanalysisin thecon-
text of OOPNs.Next, we discussadvantagesanddisadvantagesandalsopossiblealternatives
of thedescribedapproach.

2 Object-Oriented Petri Nets

The OOPNformalismis characterisedby a Smalltalk-basedobject-orientationenrichedwith
concurrency andpolymorphictransitionexecution,which allowsmessagesending,waiting for
andacceptingresponses,creatingnew objects,andperformingprimitivecomputations[3]. An
exampleillustratingthenotationof OOPNsis shown in Fig. 1.
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Fig. 1: Two simpleclassesdemonstratingthenotionof theOOPNformalism

Themainprinciplesof thestructureandbehaviour of OOPNsareexplainedin thefollowing.
A deeperintroductionto theOOPNformalismcanbefoundin [1] andtheformal definitionof
OOPNsin [3].

2.1 The Structure of OOPNs

An object-orientedPetri net is definedon a collectionof elementscomprisingconstants,vari-
ables,net elements(i.e. placesandtransitions),classelements(i.e. objectnets,methodnets,
synchronousports,andmessageselectors),classes,objectidentifiers,andmethodnet instance
identifiers.An OOPN hasits initial classand initial object identifier, as well. The so-called
universeof anOOPNcontains(nested)tuplesof constants,classes,andobjectidentifiers.

Objectnetsconsistof placesandtransitions.Eachplacehassome(possiblyempty)initial
marking.Eachtransitionhasconditionsandpreconditions(i.e. inscribedtestingandinputarcs),
a guard,an action,andpostconditions(i.e. inscribedoutputarcs).Methodnetsaresimilar to
object netsbut, additionally, eachof them hasa set of parameterplacesand a returnplace.
Methodnetscanaccessplacesof theappropriateobjectnets,which allows runningmethodsto
modify thestatesof theobjectswhich they arerunningin.



Synchronousportsarespecialtransitionswhichcannotfire alonebut only dynamicallyfused
to someregulartransitions.Thesetransitions“activate” theportsfrom theirguardsvia message
sending.Every synchronousport embodiesa setof conditions,preconditions,andpostcondi-
tions over placesof the appropriateobjectnet, and further a guard,anda setof parameters.
Parametersof anactivatedport � canbeboundto constantsor unifiedwith variablesdefinedon
thelevel of thetransitionor port thatactivated� .

A class is given by its object net, its setsof methodnetsand synchronousports,and a
set of messageselectorscorrespondingto its methodsand ports.Object netsdescribewhat
dataparticularobjectsencapsulateandwhat activity they exhibit on their own. Methodnets
specifyhow objectsasynchronouslyrespondto receivedmessages.Synchronousportsallow to
remotelytestandchangestatesof objectsin anatomicway.

2.2 The Dynamic Behaviour of OOPNs

A stateof an OOPNcanbe encodedasa marking, which canbe structuredinto a systemof
objects.Thus the dynamicbehaviour of OOPNscorrespondsto an evolution of a systemof
objects.An object of a certainclass � is a systemof net instancesthat containsexactly one
instanceof theobjectnetof � anda setof currentlyrunninginstancesof methodnetsfrom � .
Everynetinstanceentailsits identifierandamarkingof its placesandtransitions.A markingof
a placeis a multisetof elementsof theuniverse.A transitionmarkingis a setof recordsabout
methodnetinstancesinvokedfrom theappropriatetransition.

For a givenOOPN,its initial markingcorrespondsto a single,initially marked objectnet
instancefrom theinitial class.A changeof amarkingof anOOPNis aresultof anoccurrenceof
someevent. SuchanOOPNeventis givenby (1) its type,(2) theidentifierof thenetinstanceit
takesplacein, (3) thetransitionit is staticallyrepresentedby, and(4) thebindingtreecontaining
thebindingsof thevariablesusedonthelevel of theinvolvedtransitionaswell aswithin all the
synchronousports(possiblyindirectly) activatedfrom that transition.Therearefour kinds of
eventsaccordingto thewayof evaluatingtheactionof theappropriatetransition:A – anatomic
actioninvolving trivial computationsonly, N – anew objectinstantiationvia themessagenew,
F – aninstantiationof aPetri-netdescribedmethod,andJ – terminatingamethodnetinstance.

3 Type Analysis in OOPNs

3.1 Different Approaches to Type Analysis in OOPNs

Therecanbeidentifiedtwo extremeapproachesto deriving thetypesof tokenswhich mayget
into particularplacesof anOOPN.Firstly, we mayimmediatelyassignevery OOPNplacethe
typecorrespondingto theunionof all thetypeswhichappearin theuniverseof thegivenOOPN.
On theotherhand,we maygenerateandexplorethefull statespaceof theOOPN(if thestate
spaceis not infinite), which allows us to preciselyfind out what typesof tokensmayget into
particularplaces(with or without mixing themarkingof differentnet instances).It is obvious
that thefirst approachmaybeextremelyinaccurate,while thesecondonequiteexpensive [6]
(and,withoutsomemodifications,inapplicablein thecaseof infinite stateOOPNs).

In the rest of the paper, we introducetwo specialisedapproachesto analysingtypes in
OOPNs,namelythe so-calledstatic anddynamicOOPNtypeanalysis. The accuracy andthe
computationalcostsof thesemethodsare normally betweenthe above mentionedextremes.
Both of the methodssomehow approximatethe behaviour of OOPNsandcanhandleinfinite
stateOOPNs,aswell.



Mostof theprinciplesof thestaticanddynamicOOPNtypeanalysisarequitesimilar. In this
paper, weinformally presentthekernelof thealgorithmfor thestatictypeanalysis,whichworks
purely on the level of particularnetsandentirely ignoresthat therecanbe createdmultiple,
mutually independentinstancesof them.Thedynamictypeanalysis(briefly mentionedin the
endof thesection)attemptsto distinguishparticularnetinstancesto somedegree.Thereforethe
dynamictypeanalysisis moreaccurate,but it is morecomplex andhashighertime andspace
requirements.

3.2 The Basics of the OOPN Static and Dynamic Type Analysis

In orderto decreasethetimeandspacerequirementsof thetypeanalysisandto ensureits termi-
nation,thestaticanddynamicOOPNtypeanalysismethodssuitablyapproximatethebehaviour
of OOPNs.Thepricewhich we payfor this is that thesetsof thetypesof tokensaboutwhich
weareinformedthatthey cangetinto particularplacescanbebiggerthannecessary. However,
this is asafeapproximation,andtheobtainedresultscanstill bequiteuseful.

First of all, the staticanddynamicOOPNtype analysismethodswork with symbolically
representedmarkingsand eventswhich do not containconcreteconstantsand unambiguous
identifiersof Petri net-basedobjects,but only the correspondingtypes(extendedwith some
auxiliary datain thecaseof thedynamictypeanalysis).Accordingly, we do not performclas-
sicaltrivial computationsin guardsof transitionsandportsor in actionsof transitions.Instead,
weonly derive thetypesof theinvolvedvariables.For this reason,all primitivefunctionsappli-
cablein anOOPNmustbe in advancespecifiedfrom thepoint of view of thecorrespondence
of the typesof their input andoutputvalues.Next, aswe work with setsof (extended)types
symbolicallyrepresentingmultisetsof tokens,themultiplicities of elementsin initial markings
andarcexpressionsareignored.Moreover, wedonotremovethe(extended)typessymbolically
representingsometokensoncethey getinto aplace.

To ensurethatthetypeanalysisprocesswill terminatein afinite numberof steps,wefurther
have to work aroundthepossibility of unlimited nestingof tuples(at leastwhenwe want the
typeof atupleto reflectthetypesof theelementsof thegiventuple).Thisproblemcanbesolved
by imposinga limit on themaximumdepthof thenestedtuplesthatwewill processin anexact
way. If this limit is exceeded,we canexpressthe type of the appropriatetuple in an inexact
way by meansof the construct � #tuple ���
	�� 
�� ������	���� where �
	�� 
�� ������	�� containsall the
typesof thenon-tupleelementsnestedin thetuple.Thejustmentionedproblemis illustratedin
Figure2.

Finally, a similar problemto the above is associatedwith the lengthof tuples.However,
we canagainimposea limit on themaximumlengthof tuplesto bepreciselytypedandif this
is exceeded,we canusethe sameapproximatetyping constructionasin the caseof too deep
nesting.

3.3 The OOPN Static Type Analysis Algorithm

In thissubsection,weinformally presentakernelof theOOPNstatictypeanalysisalgorithm.A
formal andcompletedescriptionis beyondthescopeof this article.More detailscanbefound
in [7, 4].

Wehavealreadymentionedthatthestatictypeanalysisalgorithmdealswith symbolicmark-
ingswhich markparticularplacesby setsof typesinsteadof multisetsof concretetokens.The
structuringof statesinto netinstancesis ignored.
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Fig. 2: A solutionof theproblemof thetypesof nestedtuples

Let usfurtherrecallthatthedynamicbehaviour of OOPNsis basedon thenotionof events.
An eventdescribesfiring a transitionin somenetinstanceundersomebindingof thevariables
thatappearon thearcsandin theguardexpressionsof this transitionandof theadjoinedports.
In thefollowing, we work with theso-calledsymboliceventsandsymbolicbindingswhich dif-
fer from eventsandbindingsin suchaway thatall theinvolvedconstants,classes,andinstance
identifiersarereplacedby the correspondingtypes.A symbolicbinding yields a symbolicN
eventover a transitionif thekeywordnew occursin theactionof thetransitionandtheappro-
priatesymbolicreceiver is themetaclassof someclass� (whichweencodeas � #class ����� ). A
symbolicbindinggivesriseto a pair of symbolicF andJ eventsover a transitionif theappro-
priatesymbolicreceiver is anOOPN-basedclasswhich implementsamethodwith theselector
usedin theactionof the transition.In all othercases,a symbolicbindingyieldsa symbolicA
event.

If we neglecta possiblelack of free identifiers,anA, N, or F event is enabledif thereare
enoughtokensin the input andtestedplacesof the appropriatetransitionandof the involved
ports and if all the guardexpressionsto be trivially evaluatedresult in true. A symbolicA,
N, or F event is enabledif therearesometypes(i.e. symbolic tokens)in all the appropriate
placesand thesetypesare compatiblewith the appropriatearc expressions(int is e.g. not
compatiblewith #e or (x,y)) andwith thetypesof theinvolvedtrivial functions.In thecase
of a symbolicA event, the variablecontainingthe result of the appropriatetransitionaction
hasto be bind to the type correspondingto the prototypeof the involved trivial function (for
example,int+int � int). In the caseof a symbolicN event, the result variableshould
containtheclassbeinginstantiated.

A regularJ event is enabledif thereis a token in the returnplaceof the methodnet in-
stanceinvokedfrom theappropriatetransition.A symbolicJ eventis enabledif theappropriate
transition is symbolicallyF enabledand there is sometype in the appropriatereturn place.
This typehasto beassignedto thevariablewhich shouldcontaintheresultof theappropriate
computation.

To acceleratethe computation,we will further work with setsof the so-calledascendent
transitionsof particularplaces.We will denotethesesetsby ����� and usethem to find out
thetransitionswhosesymbolicfirability shouldbere-examinedaftera changein thesymbolic
markingof � (insteadof re-examiningall transitions).Theset ����� of a place� will includeall
the transitionsthatarelinkedwith � by an input or testingarcandalsoall the transitionsthat
may(possiblytransitively) call somesynchronousport linkedto � by aninputor testingarc.In
thecaseof returnplaces,����� hasto alsoincludeall thetransitionsthatcancall theappropriate



method.Theability of callingaportor amethodis to bedecidedstaticallyaccordingto theuse
of its selector.

The procedureof the static type analysisover someOOPNcannow be describedas the
following sequenceof steps:

1. (a) Unfold theinheritancehierarchynot to mix typesof placesinheritedto differentclasses.
(b) Removemultiplicities from arcexpressionsandinitial markings.Wewill work with sets

insteadof multisetsfrom now on.
(c) Replaceall constantsin arcexpressionsandinitial markingsby their types.All classes

replaceby the specialtype � #class ���! #"$���
%&"(')	�� . Below, we will work with types
insteadof concretevalues.Inscriptionvariablesarenotmodified.

(d) For eachplace� , let �+*,� be thesetof the typesof tokensthatmayappearin � in any
of the correspondingnet instances.Initially, each �-*,� is equalto the setof the types
obtainedfrom its modifiedinitial marking.

(e) Let �.�-* be a set of “critical” transitions.Initially, �.�-* containsall the transitions
symbolicallyenabledin theinitial symbolicmarking.

(f) Compute�/�,� for eachplace� .
2. If �.�-*1032 , terminatethecomputation—theset �-*,� of eachplace� containsthetypesof

thetokensthatarenotexcludedto appearin � . Otherwise,go to thestep3.
3. Selecta transition� from �.�-* , let �4�-*15607�.�-*&8+9
��: , andprocess� asfollows:

(a) Computetheset ;=<?> of thesymbolicallyenabledsymboliceventsbasedon � .
(b) Processeach;A@B;C<D> accordingto its type:

i. A, N: Propagatethetypesfrom the involvedsymbolicbindingalongtheoutputarcs
of � andof theadjoinedsynchronousports.

ii. F: Add the typesof the argumentsobtainedfrom the involved symbolicbinding E
into �-*,� of theinputplacesof theinvokedmethod.Propagatethetypesfrom E along
theoutputarcsof thesynchronousportsactivatedfrom � .

iii. J: Propagatethetypesfrom theinvolvedbindingalongtheoutputarcsof � .
(c) For eachplace� whose�-*,� waschangedin thepreviousstep,addall thetransitionfrom����� into �4�-* .

4. Go backto thestep2.

3.4 From the Static to the Dynamic OOPN Type Analysis

Thestatictypeanalysisalgorithmis relatively fast,but theobtainedresultsmaybequiteinexact.
Apart from dealingwith setsof typesinsteadof multisetsof concretetokensandapartfrom not
removing typesfrom placesoncethey getthere,thereis theproblemthatweentirelyignorethe
structuringof runningmodelsinto individual net instances.Consequently, varioustypesmay
be propagatedto placeswherethey couldgetonly if it waspossibleto storea token into one
instanceandreadit from anotherinstance.

The above problemis illustratedin Fig. 3 that presentsa simple model of a stack.The
problemmanifestsitself suchthatbothp5 andp10 aretypedby 9 int � char : althoughonly
integer-colouredtokenscangetto p5 andonly character-colouredonesto p10.

It is obvious that the just mentioneddisadvantageof the OOPNstatictype analysisis es-
peciallyrelatedto dealingwith datastructures,suchasstacks,queues,lists, tables,arrays,etc.
However, it canalsobeencounteredin OOPNsthatdo not usestructuresof this kind at all. If
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Fig. 3: An illustrationof theinexactnessof theOOPNstatictypeanalysis

this featureof the OOPNstatic type analysisis not acceptable,we have to apply someother
kind of typeanalysis,maybethefurthermentioneddynamicOOPNtypeanalysis.

The OOPNdynamictypeanalysis[7] attemptsto distinguishparticularinstancesto some
degreeaccordingto thehistoryof their creation.Weusethreepiecesof informationto identify
agivensymbolicnetinstanceandits tokens: 
�FHG , �DFHG , and E�FIG . The 
�FHG representstheidentifier
of theobjectto which thegivennet instancebelongs.Thevalueof �DFHG specifiesthe identifier
of the net instanceitself. In the caseof an objectnet instance,
�FHGJ0K�DFIG . However, both 
�FHG
and�DFHG areinexact—they arerepresentedby setscontaininguniqueintegeridentifiersof all the
transitionsthatparticipatedin thecreationof theappropriatenetinstancein achainof instance
creationsbeginningin theinitial object.For theinitial objectitself, we have 
�FIGL0M�DFIGL0N9�O�: .
As for the E�FHG , this is usedfor distinguishingmethodnet instancesthat are startedover the
samesymbolicobjectfrom thesamesymbolictransitioninstance,but with differentsymbolic
bindings.In thecaseof objectnets,E�FHG alwaysequalsto P . Of course,OOPNinscriptionshave
to be suitablemodifiedto work with the describedidentificationof instances—fordetailssee
[7].

So, it is obvious that the OOPNdynamictype analysisdoesreally not identify instances
in an exact way. The methodneglectspossiblecycles in the processesof instancecreation.
Moreover, it alsodoesnot take into accountthe orderof creatinginstances.Nevertheless,the
chosenapproachseemsto bea promisingcompromisebetweenthecomputationalcomplexity



andthequality of theobtainedresults.For example,theOOPNdynamictypeanalysismethod
cansuccessfullydistinguishthetwo instancesof theclassStack in Fig. 3. Consequently, the
dynamicmethodcanderive thetypesof placesin thestackexamplein anexactway.

4 Conclusion

In the paper, we have discussedthe problemof automaticallyderiving typesin thecontext of
theweakly typedOOPNsassociatedwith the languagePNtalk.The typeanalysiscanbeused
to debugmodels,to improvetheirdocumentation,andto optimisetherepresentationof OOPNs
to beusedfor runningand/oranalysingandverifying modelsbasedonOOPNs.Wehavebriefly
presentedtwo methodsfor anautomaticOOPNtypeanalysis,namelytheso-calledstaticand
dynamicOOPNtypeanalysis.In thenearfuture, thedescribedtypeanalysismethodswill be
implementedover the new Prolog-basedkernelof the PNtalk system,which will allow us to
obtainsomepracticalexperiencefrom theirapplication.
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andControl Systems”andit wasalsosupportedbytheGrantAgencyof theCzech Republicun-
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1. M. Čěska,V. Janoǔsek,andT. Vojnar. PNtalk– A ComputerizedTool for Object-OrientedPetriNets
Modelling. In F. PichlerandR. Moreno-D́ıaz, editors,ComputerAidedSystemsTheoryand Tech-
nology – EUROCAST’97, volume1333of Lecture Notesin ComputerScience, pages591–610,Las
PalmasdeGranCanaria,Spain,February1997.Springer-Verlag.
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