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Abstract

Ensuringthe correctnessof concurrentprogramsis difficult, sincecommon
approachesfor programdesigndo not provide appropriatemethods.This paper
gives a brief introductionto Object ColoredPetri 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
conceptsandapplications.Thepaperis intendedto give computerscientistswho
are not familiar with Petri netsa short overview of them, especiallyof object-
orientednets.

1 Intr oduction

Object-orientedmodelingrequiresformal techniquesto handlethe structureof com-
plex systems.Therearemany differentapproachessuchastheObjectModelingTech-
nique, OMT, or the Unified Modeling Language,UML. Theseare extensively used
nowadays,and they provide very good meansfor modeling the static structureof
object-orientedsystems,thatmeanstheclassesandtheir relationship.They alsopro-
posemethodsfor describingdynamicaspectslike dynamicallygeneratedobjectsin
ObjectInteractionDiagramsor objectstatesin StateDiagrams.But thesetechniques
for object-orientedmodelinglack formal methodsfor describingconcurrency. Some
techniqueshave beenproposed,but they do not provide asmuchflexibility asPetri
nets.

This paperintroducesPetrinetsfor object-orientedmodeling.Petrinetsarea for-
mal approachfor modelingactions,which arecarriedout by concurrentprocesseson
a computer. ElementaryPetriNetsaredefinedin section2. They areintroducedfor-
mally in orderto giveanimpressionof thenecessarymathematicsthatis usedto prove
specificpropertiesof Petrinets.Theprinciplesof extendingthemto HigherPetriNets
aredescribedin thethird part. In themainsection,section4, ObjectColoredPetriNets
arebriefly introduced,which area formal techniquefor modelingconcurrentobject-
orientedsystems.Finally, a summaryis givenin section5.

2 Elementary Petri Nets

A Petrinetdescribesthestaticrelationshipbetweenconcurrentactionsof processesas
well astheir dynamicbehavior during their execution. The staticstructureof a Petri
net consistsof transitions, which depict the actions,places, which arepreconditions
andpostconditionsof theactions,anda flow relation thatmodelstheinterdependence
of thetransitionsandplaces.Formally, thesecanbedefinedasfollows:

Definition. A net is a tuple
���������
	��
���

.
�

is thesetof places,
	

is thesetof
transitions,and

����������	�������	������
is theflow relation.Furthermore,

	�����
and�! "	#���

mustbefulfilled.
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Petri netscanbe visualizedin graphs. Placesaredepictedascircles, transitions
as squares,and elementsof the flow relation are drawn as arrows. An example is
shown in figure 1, which presentsthe graphof a net
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becausethepreconditionof onetransitionis not apostconditionof theotherone.
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Figure1: A Petri net

tic structureof actions,they areex-
tendedto place/transitionnetsthat
model the dynamicbehavior. This
is doneusing tokens,which lie in
placesif the correspondingcondi-
tion is fulfilled. A transitionswit-
chesby takingtokensfrom thepre-
conditionplacesandputtingnew to-
kensin thepostconditionplaces.A completeandformal definitionwill begivennow,
suppliedfrom [4] and[5].

Definition. A place/transitionnet is a tuple
�@�������'	��'���
AB�
CD�
E�FG�

. Its ordered
elementsaredefinedasfollows:

1.
�

,
	

, and
�

area finite net,i.e. a netwith a finite numberof placesandtransi-
tions.

2.
A

is a capacityfunctionfor eachplace,definedas
AIHJ��K�LD�M%>NO0

, where
N

is aninfinite capacity.

3.
CPH+���Q�R	��S�T�U	V�R���WK�LDXY%<Z[0

is a weightfunctionthatattachesa weight
to eacharcof theflow relation.If andonly if

�U\]�'^_��`a � , then
Cb��\]�'^[�W�cZ

.

4.
E F H8�dK$Le��%>NO0

is aninitial marking,which indicatesthenumberof tokens
in eachplace.It respectsthecapacities,i.e. f & a �dH6E F �g&��ihjAk�g&+� .

Thefollowing definitiongivestheswitchingrule,alsocalledfiring rule, for place/tran-
sitionnet(seealso[4]):

Definition. Let
�l�������'	��'���
AB�
CD�
E F �

bea net.

1. Thepreconditionsetof a transition
2 a 	 is definedas m 2nHo�p%'&eqr�9&]�'2
� a �s0 .

Similarly, thepostconditionsetof
2

is definedas
2 m Ho��%'&�q[��2=��&�� a �s0 .

2. A function t H4��KuLe�T%>NO0
is calleda markingof

�
, if f & a �vH t �g&��YhAk�g&��

.

3. A transition
2 a 	 is enabledin t , if f & a m 2iH t �g&��iw!Cb�9&]�
2
� and f & a 2 m H

t �9&+�]xkCb�U2=��&+�ih!Ay�9&+� . This is denotedas t z{K .

4. A transition
2 a 	 switchesor firesto a followermarking t�| of t , if t z{K and

f & a ��H t�| �g&��}� t �9&+� { Cb�g&]�'2
�]xkCb�U2=��&�� . This is denotedas t z{K t�| .
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An exampleisgivenin figure2,whichshowsthePetrinet
�~�d�����
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.
The left side of figure 2 shows the initial marking

E F
, the right side shows the

marking
E (

afterswitchingof transition1. Accordingto thearcweightsgivenby
C

,
the transitiontakes2 tokensout of

& (
, places3 tokensinto

& *
, andoneinto

& -
. The

new markingis thus
E ( H[& ( �KP�?��& * �K��/��& - �K��

. Note that the numberof input
tokensmay differ from the numberof outputtokens,i.e. a transitioncanabsorband
generatetokens.
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Figure 2: Switching a transitionof an ElementaryPetri Net. On the left themarking
before theswitching is shown,andon theright themarkingafterwards.

3 Extensionsof Elementary Petri Nets

Sincethefirst introductionof PetriNetsby C.A. Petri in 1962,differentextensionsof
ElementaryPetriNetshave beendefined,so-calledHigher Petri Nets. Thebasicidea
of theseextensionsis theusageof individualtokensinsteadof elementaryones.In Col-
oredPetri Netseachtokenis of a certaintype,andeacharcof thenetis inscribedwith
a type. A transitioncanbeenabledin a markingonly if thetokensin theprecondition
setareof thetypesthearcsrequire.

A stepfurtheris theideaof usingnetsastokensinsteadof elementarytokens.This
resultsin a two-level hierarchyof nets,consistingof onesystemnet andmany token
nets. Thesenetsare called higher order Petri nets. However, they are not further
regardedin thispaper.

For object-orientedmodelingdifferentPetri netshave beendefined. Elementary
ObjectNets, asdescribedin [5], useElementaryPetriNetsastokens,anda switching
rule, which regardsboth the stateof the SystemNet andthe ObjectNet (the tokens).
There is only one object net, and thus the flexibility of ElementaryObject Nets is
restrictedandnot suitablefor object-orientedmodeling. Therefore,they aremainly
usedin workflow processmodeling.
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NewerapproachesintroduceHigherPetriNetsfor object-orientedmodeling,which
areusedfor formalmodelingof concurrentprocessesin practicallyusedobject-oriented
languages.Therearetwo differentapproaches:Hierarchichal Object-OrientedPetri
Nets, [1], andObjectColoredPetri Nets, [2]. Thelatterwill bedescribedin morede-
tail in thefollowing section,andexampleswill begiven.HierarchicalObject-Oriented
PetriNetsarenot followed in this paper, sincetheir basicideasaresimilar to Object
ColoredPetriNets,for instancethey alsousecommunicationtransitions(called“ab-
stracttransitions”)for invokingmethodsof othernets.

4 Object Colored Petri Nets

ObjectColoredPetri Netsarea compoundof staticclassnets,which describethebe-
havior of an objectclass,anddynamicallygeneratedobjectnets,which areinstances
of classnets. They have beendefinedin [2] especiallyfor object-orienteddesignof
concurrentprogramsystems.Therefore,they reflecttheaspectsof object-orientedpro-
gramming,suchasdynamicgenerationof objects,communicationbetweenobjects,
andinheritance.

A classnet,which is formally definedin [2], is a Petrinet with the following ex-
tensionscomparedto ElementaryPetriNets:

1. It is a ColoredPetriNet, i.e. thetokensareof differenttypes,andthetransitions
areenabledin a markingif the preconditionsetscontainmarkingsof the type
specifiedby thearcsfrom thepreconditionplacesto thetransition.

PredefinedtypesareUNIT for anonymoustokensandOID for objectidentifiers.
Objectidentifiersareusedto referenceto a specificobjectnet.

2. Therearedifferenttransitiontypes:Normaltransitionsandcommunicationtran-
sitions(IN, OUT, INV, andREC), which areusedfor methodinvocations(see
below). A transitioncannotbeof morethanonetype.

3. Eachplaceis inscribedwith a type,andonly tokensof thatspecifictypecanbe
put into theplace.

append(x) append append()x

x::xs

x

xs

tok tok

IN OUTelem
INT

appendOK
UNIT

list
INT  LIST

Figure3: Functionappendmodeledasa serviceof a classnet

An exampleof a classnet is given in figure 3, similar to an examplefrom [2].
It shows the modelof an appendmethodin a list classthat canstoreinteger values.
Themethodparameter

\
is aninteger, which is to beappendedto the list. Themodel
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consistsof an input transitionappend(x), anoutputtransitionappend(), anda normal
transitionappend. The input transitionis switchesevery time the methodis invoked
with the parameter

\
(seebelow) and placesone token of type INT into the place

elem. Note that theplaceelemcanonly containtokensof INT. Theappendtransition
performsthe appendoperationby putting the integer value

\
andthe old list

\��
into

the list placeandtaking thenew list
\��

from it. It alsoputsananonym token,i.e. an
untypedtoken,into theplaceappendOK. Finally, theoutputtransitionappend()fires,
whentheappendoperationis done.

A call of the appendmethod
INT
elem

myList
OID

appendOK
UNIT

INV

REC

id

id

tok

y id.appendCALL(x)

id.appendRET(x)

Figure4: Classnet,calling theservice“append”

is shown in figure 4. This class
netinvokestheappendmethodby
firing the id.appendCALL()tran-
sition, which is markedasan in-
vocation. It requiresan INT to-
ken, i.e. an integer value, from
placeelemand an object identi-
fier of thetypeOID thatidentifies
the object instanceof the called
method.Thecontrolflow is givento thecalledmethod,andwhenthecall returns,the
id.appendRET(x)transition,which is of thereceive type,switchesandputsananony-
moustokeninto theappendOKplace.This is indicatedby thedottedarrow in figure4.

The dynamicaspectof ObjectColoredPetri Nets is the creationanddeletionof
objectnets.They arecreatedby thefunctionnew, which is a reservedfunctionthat is
globallydefined.It assignsauniqueidentifierto thecallingclassnetandaddsthenew
objectnet to the global setof nets. An exampleis shown in figure 5: The classnet
A createsa new instanceof classnet B whenever transition � 2 * switches.An object
identifierfor thenew objectnetis put into place� & - . Thecreatedobjectnetof classB
lookslike theclassnetB, andis addressedby a uniqueidentifier.

Class Net A Class Net B

new B

tok

tok

tok

tok toktok

tok tokat

at bt

bt

1 1

2 2
ap

ap

ap

bp

bp1 1

2 2

3
UNIT OID

UNIT UNIT

UNIT

Figure5: Creationof ObjectNets.Theleft sideshowstheclassnetA,which generates
a new instanceof classnetB, shownon theright side.

Apart from dynamicgenerationof objectsandmethodinvocation,anotherobject-
orientedconceptcanbemodeledusingObjectColoredPetriNets,the inheritancere-
lation betweenclasses.This is doneby defining a subtyperelation for the method
signaturesof a class.For detailson this, referto [2].
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5 Summary

In this paperanapproachfor object-orientedmodelingwith Petrinetshasbeenintro-
duced,ObjectColoredPetriNets. They provide a formal methodfor describingboth
staticanddynamicaspectsof a system.Thestaticstructureconsistsof theclassdef-
initions alongwith their methods,andthe classhierarchy. The dynamicaspectsare
dynamicallygeneratedobjectnets,andmethodinvocation.

ObjectColoredPetriNetscanbeusedfor simulatingthecontrolflow of program
systems,andfor proving its correctness.They areespeciallygoodfor object-oriented
programsthatuseconcurrency, becausethey aremathematicallywell understoodand
thus programpropertiescan be derived from them. An example is examinationif
deadlockscanoccurin a particularconcurrentprogram,see[4].

Usinga Petrinetsimulatorlike “Renew”, [3], themodelingcanbedonecomputer
aided,andfurthermore,propertiesof modelednetscanbederivedautomatically.
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