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Abstract

Ensuringthe correctnes®f concurrentprogramsis difficult, sincecommon
approachesor programdesigndo not provide appropriatemethods. This paper
gives a brief introductionto Object Colored Petri Nets, which can be usedfor
modelingthe control flow of concurrentprograms for their simulation,and for
deriving andproving specificproperties.

Emphasiswill not rely uponthe preciseformal definitions,but ratheron the
conceptaandapplications.The paperis intendedto give computerscientistavho
are not familiar with Petri netsa shortoverview of them, especiallyof object-
orientednets.

1 Intr oduction

Object-orientednodelingrequiresformal techniquego handlethe structureof com-
plex systemsTherearemary differentapproachesuchasthe ObjectModeling Tech-
nique, OMT, or the Unified Modeling Language UML. Theseare extensively used
nowadays,and they provide very good meansfor modeling the static structureof
object-orientedsystemsthat meanshe classesandtheir relationship. They alsopro-
posemethodsfor describingdynamicaspectdike dynamicallygeneratedbjectsin
ObjectInteractionDiagramsor objectstatesin StateDiagrams.But thesetechniques
for object-orientednodelinglack formal methodsfor describingconcurreng. Some
techniqueshave beenproposed but they do not provide as muchflexibility as Petri
nets.

This paperintroducesPetrinetsfor object-orientednodeling. Petrinetsarea for-
mal approachor modelingactions,which arecarriedout by concurrenfprocessesn
a computer ElementaryPetri Netsaredefinedin section2. They areintroducedfor-
mally in orderto give animpressiorof thenecessarynathematicshatis usedto prove
specificpropertiesof Petrinets. The principlesof extendingthemto HigherPetriNets
aredescribedn thethird part. In themainsection sectior4, ObjectColoredPetriNets
arebriefly introduced,which area formal techniquefor modelingconcurrentobject-
orientedsystemskFinally, a summaryis givenin section5.

2 Elementary Petri Nets

A Petrinetdescribeghe staticrelationshipbetweerconcurrentctionsof processeas
well astheir dynamicbehavior during their execution. The static structureof a Petri
net consistsof transitions which depictthe actions,places which are preconditions
andpostcondition®f the actions,anda flow relationthatmodelsthe interdependence
of thetransitionsandplaces.Formally, thesecanbe definedasfollows:

Definition. A netisatuple N = (P, T, F). P is thesetof placesT is the setof
transitionsandF C (P x T) U (T x P) is theflow relation. Furthermore7" # () and
PN T = ( mustbefulfilled.



Petri netscan be visualizedin graphs. Placesare depictedas circles, transitions
as squaresand elementsof the flow relation are dravn as arrovs. An exampleis
shavn in figure 1, which presentshe graphof a net N with P = {p;,p2,p3,pa},
T = {tla tZ}! andF' = {(platl)y (tlapZ); (tlap3); (p27t2)7 (p3;t2); (t2;p4)}' The
actions,which are modeledby transitionst; andts, canbe carriedout concurrently
becausghe preconditionof onetransitionis not a postconditiorof the otherone.
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conditionplacesandputtingnew to- Figure 1. A Petri net
kensin the postconditiorplaces.A completeandformal definitionwill be givennow,
suppliedfrom [4] and[5].

Definition. A place/tansitionnetis atuple N = (P, T, F, K, W, my). Its ordered
elementsaredefinedasfollows:

1. P, T, andF areafinite net,i.e. anetwith afinite numberof placesandtransi-
tions.

2. K is acapacityfunctionfor eachplace,definedasK : P - NU {w}, wherew
is aninfinite capacity

3. W : (PxT)U(T x P) —» N\ {0} isaweightfunctionthatattaches weight
to eacharcof theflow relation.If andonlyif (z,y) ¢ F, thenW (z,y) = 0.

4. mg : P - N U {w} is aninitial marking,which indicatesthe numberof tokens
in eachplace.|t respectshe capacitiesi.e. Vp € P : mo(p) < K(p).

Thefollowing definitiongivesthe switchingrule, alsocalledfiring rule, for place/tran-
sition net(seealso[4]):
Definition. Let N = (P, T, F, K, W, mq) beanet.

1. Thepreconditionsetof atransitiont € T is definedas®t := {p | (p,t) € F}.
Similarly, the postconditiorsetof ¢ is definedast® := {p | (t,p) € F}.

2. AfunctionM : P — NU {w} is calledamarkingof NV, if Vp € P : M(p) <
K(p)-

3. Atransitiont € T is enabledn M, if Vp € *t: M(p) > W(p,t) andVp € t* :
M(p) + W(t,p) < K(p). Thisis denotedas M 4.

4. A transitiont € T switchesor firesto afollower markingM' of M, if M % and
Vp e P: M'(p) = M(p) — W(p,t) + W(t,p). Thisis denotecas M 5 11"



An exampleis givenin figure2, whichshowvsthePetrinetN = (P, T, F, K, W, my)
with

P = {p1,p2,p3},

T ={t1},

F = {(p1,t1), (t1,p2), (t1,p3) },

K :p—w,p—w,ps = w,

Wi (p1,t1) = 2, (t1,p2) = 3, (t1,p3) = 1,and

mo :p1 > 3,p2 > 1,p3 > 2.

The left side of figure 2 shows the initial markingmy, the right side shows the
markingm; afterswitchingof transitionl. Accordingto thearcweightsgivenby W,
thetransitiontakes 2 tokensout of p;, places3 tokensinto p2, andoneinto p3. The
new markingis thusm; : p1 — 1,p2 — 4,ps — 3. Note thatthe numberof input
tokensmay differ from the numberof outputtokens,i.e. atransitioncanabsorband
generatdokens.
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Figure 2: Switding a transitionof an ElementaryPetri Net. On the left the marking
before the switching is shown,andon theright the markingafterwaids.

3 Extensionsof Elementary Petri Nets

Sincethefirst introductionof PetriNetsby C.A. Petriin 1962, differentextensionsof

ElementaryPetri Netshave beendefined,so-calledHigher Petri Nets The basicidea
of theseextensionsgs theusageof individualtokensinsteadof elementarpnes.Iin Col-

oredPetri Netseachtokenis of a certaintype,andeacharcof the netis inscribedwith

atype. A transitioncanbe enabledn a markingonly if thetokensin the precondition
setareof thetypesthearcsrequire.

A stepfurtheris theideaof usingnetsastokensinsteadof elementaryokens.This
resultsin a two-level hierarchyof nets,consistingof one systemnetandmary token
nets. Thesenetsare called higher order Petri nets However, they are not further
regardedn this paper

For object-orientednodelingdifferent Petri netshave beendefined. Elementary
ObjectNets asdescribedn [5], useElementaryPetriNetsastokens,anda switching
rule, which regardsboth the stateof the SystenNetandthe ObjectNet (the tokens).
Thereis only one object net, and thus the flexibility of ElementaryObject Netsis
restrictedand not suitablefor object-orientednodeling. Therefore,they are mainly
usedin workflow processnodeling.



NewerapproachemtroduceHigherPetriNetsfor object-orientednodeling,which
areusedfor formal modelingof concurrenprocessem practicallyusedobject-oriented
languages.Therearetwo differentapproachesHierarchichal Object-OrientedPetri
Nets [1], andObjectColored Petri Nets [2]. Thelatterwill be describedn morede-
tail in thefollowing sectionandexampleswill begiven. HierarchicalObject-Oriented
PetriNetsarenot followedin this paper sincetheir basicideasare similar to Object
ColoredPetriNets, for instancethey alsousecommunicatiortransitions(called“ab-
stracttransitions”)for invoking methodsf othernets.

4 Object Colored Petri Nets

ObjectColored Petri Netsarea compoundof staticclassnets,which describethe be-
havior of an objectclass,anddynamicallygeneratedbjectnets,which areinstances
of classnets. They have beendefinedin [2] especiallyfor object-orienteddesignof
concurrenprogramsystemsThereforethey reflecttheaspect®f object-orientegbro-
gramming,suchas dynamicgenerationof objects,communicationbetweenobjects,
andinheritance.

A classnet, which is formally definedin [2], is a Petrinetwith the following ex-
tensionscomparedo ElementaryPetriNets:

1. It isaColoredPetriNet,i.e. thetokensareof differenttypes,andthetransitions
areenabledin a markingif the preconditionsetscontainmarkingsof the type
specifiedby thearcsfrom the preconditionplacesto thetransition.

PredefinedypesareUNIT for anorymoustokensandOID for objectidentifiers.
Objectidentifiersareusedto referencdo a specificobjectnet.

2. Therearedifferenttransitiontypes:Normaltransitionsandcommunicatiortran-
sitions (I N, QUT, | NV, and REC), which are usedfor methodinvocations(see
below). A transitioncannotbe of morethanonetype.

3. Eachplaceis inscribedwith atype,andonly tokensof thatspecifictype canbe
putinto theplace.
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Figure 3: Functionappendnodeledasa serviceof a classnet

An exampleof a classnetis given in figure 3, similar to an examplefrom [2].
It shavs the modelof anappendmethodin alist classthat canstoreinteger values.
Themethodparameter: is aninteger, which is to be appendedo thelist. Themodel



consistsof aninput transitionappend(x) an outputtransitionappend() anda normal
transitionappend The input transitionis switchesevery time the methodis invoked
with the parameterz (seebelown) and placesone token of type INT into the place
elem Notethatthe placeelemcanonly containtokensof INT. The appendtransition
performsthe appendoperationby putting the integer valuez andthe old list zs into
thelist placeandtakingthe new list zs from it. It alsoputsananorym token,i.e. an
untypedtoken, into the placeappendOK Finally, the outputtransitionappend(fires,
whenthe appendperationis done.

A call of the appendmethod elem _
is shawn in figure 4. This class INT id.appendCALL()
netinvokestheappendnethodby
firing the id.appendCALL (tran-
sition, which is markedasanin-
vocation. It requiresan INT to-  appendO tok
ken, i.e. anintegervalue,from  UNIT
place elemand an objectidenti-
fier of thetype OID thatidentifies
the objectinstanceof the called
method.The controlflow is givento the calledmethod,andwhenthe call returns the
id.appendRET (Xransition,which is of thereceve type, switchesandputsan anory-
moustokeninto theappendOKplace.Thisis indicatedby thedottedarrow in figure 4.

The dynamicaspectof ObjectColoredPetri Netsis the creationand deletionof
objectnets. They arecreatedby the function new, whichis areseredfunctionthatis
globally defined.It assignsa uniqueidentifierto the calling classnetandaddsthe new
objectnetto the global setof nets. An exampleis shavn in figure 5: The classnet
A createsa new instanceof classnet B wheneer transitionat, switches. An object
identifierfor thenew objectnetis putinto placeaps. Thecreatedbjectnetof classB
lookslike the classnetB, andis addressetyy a uniqueidentifier.

id.appendRET(x
REC

Figure 4: Classnet,calling theservice‘append”
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Figure5: Creationof ObjectNets.Theleft sideshowsheclassnetA, which geneates
a new instanceof classnetB, shownon theright side

Apart from dynamicgeneratiorof objectsand methodinvocation,anotherobject-
orientedconceptcanbe modeledusing ObjectColoredPetri Nets,the inheritancere-
lation betweenclasses. This is doneby defining a subtyperelation for the method
signature®f a class.For detailson this, referto [2].



5 Summary

In this paperanapproacHor object-orientednodelingwith Petrinetshasbeenintro-
duced,ObjectColoredPetriNets. They provide a formal methodfor describingboth
staticanddynamicaspect®f a system. The staticstructureconsistsof the classdef-
initions alongwith their methods,andthe classhierarchy The dynamicaspectsare
dynamicallygenerateabjectnets,andmethodinvocation.

ObjectColoredPetriNetscanbe usedfor simulatingthe control flow of program
systemsandfor proving its correctnessThey areespeciallygoodfor object-oriented
programghat useconcurreng, becausehey aremathematicallywell understoodand
thus programpropertiescan be derived from them. An exampleis examinationif
deadlocksanoccurin a particularconcurrenprogram see[4].

Usinga Petrinetsimulatorlike “Renew”, [3], themodelingcanbe donecomputer
aided,andfurthermore propertiesof modelednetscanbe derivedautomatically
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