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Intr oduction

This InternationalStandardprovidesa well-definedsemi-graphicaltechniquefor thespecifica-
tion, designandanalysisof systems.The technique,High-level PetriNets,is mathematically
defined,andmaythusbeusedto provideunambiguousspecificationsanddescriptionsof appli-
cations.It is alsoanexecutabletechnique,allowing specificationprototypesto bedevelopedto
testideasat theearliestandcheapestopportunity. Specificationswritten in thetechniquemay
besubjectedto analysismethodsto provepropertiesaboutthespecifications,beforeimplemen-
tationcommences,thussaving on testingandmaintenancetime.

Petrinetshave beenusedto describea wide rangeof systemssincetheir inventionin 1962.A
problemwith Petrinetsis theexplosionof thenumberof elementsof theirgraphicalform when
they areusedto describecomplex systems.High-level PetriNetsweredevelopedto overcome
this problemby introducinghigher-level concepts,suchastheuseof complex structureddata
as tokens,andusingalgebraicexpressionsto annotatenet elements.The useof ‘high-level’
to describethesePetri netsis analogousto the useof ‘high-level’ in high-level programming
languages(asopposedto assemblylanguages),andis theusualtermusedin thePetrinetcom-
munity. Two of the early forms of high-level netsthat this standardbuilds on arePredicate-
TransitionNets and ColouredPetri Nets, first introducedin 1979 and developedduring the
1980s.It alsousessomeof thenotionsdevelopedfor AlgebraicPetri nets,first introducedin
themid 1980s.It is believedthatthis standardcapturesthespirit of theseearlierdevelopments
(seebibliography).

Thetechniquepromisesto have multiple uses.For example,it maybeuseddirectly to specify
systemsor to definethe semanticsof other lessformal languages.It may alsoserve to inte-
gratetechniquescurrentlyusedindependentlysuchasstatetransitiondiagramsanddataflow
diagrams.Thetechniqueis particularlysuitedto parallelanddistributedsystemsdevelopment
asit supportsconcurrency.

This InternationalStandardmaybecitedin contractsfor thedevelopmentof software(particu-
larly critical software),or usedby applicationdevelopersor Petrinettool vendorsor users.

This InternationalStandardprovidesan abstractmathematicalsyntaxanda formal semantics
for the technique. Conformanceto the standardis possibleat several levels. The level of
conformancedependson theclassof high-level netsupported,andalsothedegreeto which the
syntaxis supported.Thebasiclevel of conformanceis to thesemanticmodel.

Clause1 describesthescope,areasof applicationandtheintendedaudienceof thisInternational
Standard.Clause2 providesnormative references(noneat present),while clause3 providesa
glossaryof termsand definesabbreviations. The main mathematicalapparatusrequiredfor
definingthestandardis developedin normativeAnnex A, andreferredto in clause4. Thebasic
semanticmodelfor High-level PetriNetsis givenin clause5, while themainconceptsbehind
thegraphicalform areinformally introducedin clause6. Clause7 definestheHigh-level Petri
Net Graph,theform of thestandardintendedfor industrialuse.Theinscriptionsaredefinedat
a metalevel allowing many differentconcretesyntaxesto beused.Clause8 furtherdescribes
syntacticalconventions.Clause9 relatesthegraphicalform to thebasicsemanticmodel. The
conformanceclauseis given in clause10. Normative Annex B definesPlaceTransitionnets
(withoutcapacities)asarestrictionof thedefinitionof Clause7. PlaceTransitionnetsarewhat
many readerswouldconsiderto bePetrinets,with ‘black dots’ astokens,andpositive integers
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for arc weights. Threeinformative annexesareincluded: Annex C definesa High-level Petri
Net Schema,which allowsclassesof systemsto bedescribedat asyntacticlevel; Annex D is a
tutorialontheHigh-levelPetriNetGraph;andAnnex E providespointersto analysistechniques
for High-level PetriNets.A bibliographyconcludesthis InternationalStandard.

1 Scope

1.1 Purpose

This InternationalStandarddefinesa Petrinet technique,calledHigh-level PetriNets,includ-
ing its syntaxandsemantics.It providesa referencedefinition that canbe usedboth within
and betweenorganisations,to ensurea commonunderstandingof the techniqueand of the
specificationswritten usingthe technique.This InternationalStandardwill alsofacilitatethe
developmentandinteroperabilityof Petrinetcomputersupporttools.

This InternationalStandard,definesa mathematicalsemanticmodel,anabstractmathematical
syntaxfor inscriptionsandagraphicalnotationfor High-level PetriNets.

This InternationalStandarddoesnotprovideaconcretesyntaxnora transfersyntaxandit does
not addresstechniquesfor modularity(suchashierarchies),augmentationof High-level Petri
Netswith time,andmethodsfor analysiswhich maybecomethesubjectof futurestandardisa-
tion efforts.

1.2 Field of Application

This InternationalStandardis applicableto awide varietyof concurrentdiscreteeventsystems
andin particulardistributedsystems.Genericfieldsof applicationinclude:

� requirementsanalysis;� developmentof specifications,designsandtestsuites;� descriptionsof existingsystemsprior to re-engineering;� modellingbusinessandsoftwareprocesses;� providing thesemanticsfor concurrentlanguages;� simulationof systemsto increaseconfidence;� formalanalysisof thebehaviour of critical systems;and� developmentof Petrinetsupporttools.

This InternationalStandardmaybeappliedto thedesignof a broadrangeof systemsandpro-
cesses,includingair traffic control,avionics,banking,biologicalandchemicalprocesses,busi-
nessprocesses,communicationprotocols,computerhardwarearchitectures,control systems,
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databases,defencecommandandcontrol, distributedcomputing,electroniccommerce,fault-
tolerantsystems,hospitalprocedures,informationsystems,Internetprotocolsandapplications,
legal processes,logistics,manufacturingsystems,metabolicprocesses,music,nuclearpower
systems,operatingsystems,transportsystems(including railway control), securitysystems,
space,telecommunicationsandworkflow.

1.3 Audience

ThisInternationalStandardis writtenasareferencefor systemsanalysts,designers,developers,
maintainersandprocurers,andfor Petrinettool designersandstandardsdevelopers.

2 NormativeReferences

None.

3 Terms,Definitions, Abbreviations and Symbols

For thepurposeof this InternationalStandard,thefollowing definitions,abbreviationsandsym-
bolsapply. Any ambiguityin thedefinitionsis resolvedby themathematicallyprecisedefini-
tionsin thebodyof this InternationalStandard.

3.1 Glossary

3.1.1Ar c: A directededgeof a netwhich mayconnecta placeto a transitionor a transitionto
aplace.Normally representedby anarrow.

3.1.1.1Input Ar c (of a transition) : An arcdirectedfrom aplaceto thetransition.

3.1.1.2Output Ar c (of a transition) : An arcdirectedfrom thetransitionto aplace.

3.1.1.3Ar c annotation: An expressionthatmayinvolveconstants,variablesandoperatorsused
to annotateanarcof anet.Theexpressionmustevaluateto amultisetover thetypeof thearc’s
associatedplace.

3.1.2Arity : Theinput sortsandoutputsortfor anoperator.

3.1.3Assignment: For a setof variables,the associationof a value(of correcttype) to each
variable.

3.1.4Basisset: Thesetof objectsusedto createa multiset.

3.1.5Binding: SeeAssignment.

3.1.6Carrier : A setof a many-sortedalgebra.

3.1.7Concurrency: Thepropertyof asystemin whicheventsmayoccurindependentlyof each
other, andhencearenotordered(seealsoStepandConcurrentEnabling).
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3.1.8Declaration: A setof statementswhichdefinethesets,constants,parametervalues,typed
variablesandfunctionsrequiredfor definingtheinscriptionson aHigh-level PetriNet Graph.

3.1.9Enabling (a transition) : A transitionis enabledin a particularmodeandnet marking,
whenthefollowing conditionsaremet:

Themarkingof eachinput placeof thetransitionsatisfiesthedemandimposedon it by its arc
annotationevaluatedfor theparticulartransitionmode.Thedemandissatisfiedwhentheplace’s
markingcontains(at least)themultisetof tokensindicatedby theevaluatedarcannotation.

NOTE: Thedeterminationof transitionmodesguaranteesthattheTransitionConditionis satis-
fied (seeTransitionMode).

3.1.10Concurrent Enabling (of transition modes): A multisetof transitionmodesis concur-
rentlyenabledif all theinvolvedinput placescontainenoughtokensto satisfythesumof all of
thedemandsimposedon themby eachinput arcannotationevaluatedfor eachtransitionmode
in themultiset.

3.1.11High-level Net (High-level Petri Net): An algebraicstructurecomprising: a set of
places;a setof transitions;a setof types;a function associatinga type to eachplace,anda
setof modes(a type) to eachtransition;Pre function imposingtoken demands(multisetsof
tokens)on placesfor eachtransitionmode;Post functiondeterminingoutputtokens(multisets
of tokens)for placesfor eachtransitionmode;andaninitial marking.

3.1.12High-level Petri Net Graph: A net graphand its associatedannotationscomprising
PlaceTypes,Arc Annotations,TransitionConditions,andtheir correspondingdefinitionsin a
setof Declarations,andanInitial Markingof thenet.

3.1.13Many-sorted Algebra: A mathematicalstructurecomprisinga setof setsanda setof
functionstakingthesesetsasdomainsandco-domains.

3.1.14Marking (of a net): Thesetof theplacemarkingsfor all placesof thenet.

3.1.14.1Initial Marking (of the net): The setof initial placemarkingsgivenwith the high-
level netdefinition.

3.1.14.2Initial Marking of a place: A specialmarkingof a place,definedwith thehigh-level
net.

3.1.14.3Marking of a place: A multisetof tokensassociatedwith (‘residingin’) theplace.

3.1.14.4ReachableMarking : Any marking of the net that can be reachedfrom the initial
markingby theoccurrenceof transitions.

3.1.14.5Reachability Set: Thesetof reachablemarkingsof thenet,includingtheinitial mark-
ing.

3.1.15Multiset : A collectionof itemswhererepetitionof itemsis allowed.

3.1.15.1Multiplicity : A naturalnumber(i.e.,non-negativeinteger)whichdescribesthenumber
of repetitionsof anitem in amultiset.

3.1.15.2Multiset cardinality (cardinality of a multiset): Thesumof themultiplicitiesof each
of themembersof themultiset.

3.1.16Net: A generaltermusedto describeall classesof Petrinets.
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3.1.16.1Net Graph: A directedgraphcomprisinga setof nodesof two differentkinds,called
placesandtransitions,andtheir interconnectionby directededges,calledarcs,suchthatonly
placescanbeconnectedto transitions,andtransitionsto places,but never transitionsto transi-
tions,norplacesto places.

3.1.16.2Node(of a net): A vertex of anetgraph(i.e.,aplaceor a transition).

3.1.16.3Petri Net: An algebraicstructurewith two sets,onecalledplacesandtheothercalled
transitions,togetherwith theirassociatedrelationsandfunctions,andnamedaftertheirinventor,
CarlAdamPetri.

3.1.16.4Place/Transition Net: A Petrinetcomprisinga netgraphwith positive integersasso-
ciatedwith arcsandan initial markingfunction which associatesa naturalnumberof simple
tokens(‘black dots’)with places.

3.1.17Operator: A symbolrepresentingthenameof a function.

3.1.18Parameter: A symbolthatcantake a rangeof valuesdefinedby a set. It is instantiated
asaconstant.

3.1.19ParameterizedHigh-level Net Graph: A high-level netgraphthatcontainsparameters
in its definition.

3.1.20Place: A nodeof a net,takenfrom theplacekind, normallyrepresentedby anellipsein
thenetgraph.A placeis typed.

3.1.20.1Input Place(of a transition) : A placeconnectedto thetransitionby aninputarc.

3.1.20.2Output Place(of a transition) : A placeconnectedto thetransitionby anoutputarc.

3.1.20.3PlaceType: A non-emptysetof dataitems associatedwith a place. (This set can
describeanarbitrarily complex datastructure.)

3.1.21Reachability Graph: A directedgraphof nodesandedges,wherethenodescorrespond
to reachablemarkings,andtheedgescorrespondto transitionoccurrences.

3.1.22Signature/Many-sortedsignature: A mathematicalstructurecomprisinga setof sorts
andasetof operators.

3.1.22.1Booleansignature: A signaturewhereoneof thesortsis
�������

, correspondingto the
carrierBooleanin any associatedalgebra,andoneof theconstantsis �	��
��������� correspondingto
thevaluetruein thealgebra.

3.1.23Sort: A symbolrepresentingthenameof aset.

3.1.23.1Ar gumentSort: Thesortof anargumentof anoperator.

3.1.23.2Input Sort: Thesameasanargumentsort.

3.1.23.3Output Sort: Thesortof anoutputof anoperator.

3.1.23.4RangeSort: Thesameasanoutputsort.

3.1.24Term: An expressioncomprisingconstants,variablesandoperatorsbuilt from a signa-
tureandasetof sortedvariables.

3.1.24.1Closed Term: A term comprisingconstantsand operatorsbut no variables. Also
known asa Ground Term.
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3.1.24.2Term Evaluation: The resultobtainedafter the bindingof variablesin the term, the
computationof theresultsof theassociatedfunctions,andany simplificationsperformed(such
asgatheringlike termsto obtainthesymbolicsumrepresentationof amultiset).

3.1.25Token: A dataitemassociatedwith aplaceandchosenfrom theplace’s type.

3.1.25.1Enabling Tokens: The multisetof valuesobtainedwhenan input arc annotationis
evaluatedfor aparticularbindingto variables.

3.1.25.2Simple Token: A valuelesstoken,normally representedby a black dot, andusedin
Place/Transitionnets(asopposedto high-level nets).

3.1.26Transition: A nodeof anet,takenfrom thetransitionkind, andrepresentedby arectan-
gle in thenetgraph.

3.1.26.1Transition Condition: A booleanexpression(onethatevaluatesto trueor false)asso-
ciatedwith a transition.

3.1.26.2Transition Mode: A pair comprisingthetransitionandamode.

3.1.26.2.1Mode: A valuetakenfrom thetransition’stype.WhenconsideringaHigh-levelPetri
Net Graph,a modemaybe derived from an assignmentof valuesto the transition’s variables
thatsatisfiesthetransitioncondition.

3.1.26.3Transition Occurrence(Transition Rule): If a transitionis enabledin amode,it may
occurin thatmode.Ontheoccurrenceof thetransition,thefollowing actionsoccurindivisibly:

1. For eachinputplaceof thetransition:theenablingtokensof theinputarcwith respectto that
modearesubtractedfrom theinput place’s marking,and

2. For eachoutputplaceof the transition: the multisetof tokensof the evaluatedoutputarc
expressionis addedto themarkingof theoutputplace.

NOTE: A placemaybebothaninputplaceandanoutputplaceof thesametransition.

3.1.26.4Step: Thesimultaneousoccurrenceof a multisetof transitionmodesthatareconcur-
rentlyenabledin a marking.

3.1.26.5Transition Variables: All thevariablesthatoccurin theexpressionsassociatedwith
the transition. Thesearethe transitioncondition,andthe annotationsof arcssurroundingthe
transition.

3.1.27Type: A set.

3.2 Abbreviations

3.2.1HLPN : High-level PetriNet.

3.2.2HLPNG : High-level PetriNet Graph.

3.2.3HLPNS: High-level PetriNet Schema.

3.2.4PN: PetriNet.

3.2.5PTNG: Place/TransitionNet Graph.
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4 Conventionsand Notation

This InternationalStandardusesthenotationfor sets,multisetsanduniversalalgebradefinedin
Annex A. Annex A alsodefinestheconceptof multisetaddition,(usingthe‘ � ’ symbol),which
shouldnotbeconfusedwith arithmeticaddition.Thenotionof multisetsis requiredfor clauses
5, 6, 7, 8 and9. An understandingof many-sortedsignatures,sortedvariablesandmany-sorted
algebrasprovidedin Annex A is requiredfor clauses7 and9 andAnnexesB andC.

Whereverpossiblestandardmathematicalnotationhasbeenused.An instanceof notationspe-
cific to Petrinetsis whena markingof thenetis transformedto anew marking.��� ���������

is usedto denotethata new marking,
���

, is createdon theoccurrenceof a multiset
of transitionmodes,

���
, whenin themarking

�
.

Thisnotationis definedin clause5, andsimilarnotationis usedin clause7.

In high-level nets,an arc may be annotatedby a variableor constant(or combination)of the
sametype as the arc’s place. The evaluationof the arc expressionis thusan elementof the
place’stype.By convention,if anarcexpressionevaluatesto anelementof theplace’stype,this
is interpretedasthe correspondingsingletonmultisetover the place’s type. This is necessary
asan arc annotationwhenevaluatedmust be a multisetover the associatedplace’s type. A
similar conventionapplieswhenan arc expressionevaluatesto a set,which may be a subset
of the associatedplace’s type. This is interpretedas a multiset over the place’s type, with
correspondingmultiplicities of zeroandone.

Thegraphicalnotationusedin clause6 is thatdefinedin clause8.

5 SemanticModel for High-level Petri Nets

Thisclauseprovidesthebasicsemanticmodelfor High-level PetriNets(HLPN).

5.1 Definition

A HLPN is astructure�! #"%$'&�()"+* � *-,/. �1032 �4*-"5�6��*-" �67 �-* �98;: where

� " is afinite setof elementscalledPlaces.� � is afinite setof elementscalledTransitionsdisjoint from " ( "=< � &?> ).� , is a non-emptyfinite setof non-emptydomainswhereeachelementof , is calleda
type.� �1032 �A@B"�C � D�E , is a function usedto assigntypesto placesand to determine
transitionmodes.� "5�6��*-" ��7 �F@ �HGJI $!K D�EML "% ION%P arethepreandpostmappingswith�HGJI $!KQ&SRT(U�V*�W :OX �ZY � *�W[Y �1032 �\(U� :-]

"^ IJN^P &_RT( 2 *a` :+X-2 Yb"c*d`eY �1032 �\( 2�:-]
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� �98 Y L "^ IJN^P is amultisetcalledtheinitial markingof thenet.

NOTE:
L "^ IJN^P is thesetof multisetsover theset, "% ION%P (seeAnnex A, sectionA.2).

5.2 Marking of HLPN

A Markingof theHLPN is amultiset,
� Y L "% ION%P .

5.3 Enabling of Transition Modes

5.3.1 Enabling of a SingleTransition Mode

A transitionmode,�	�fY �HGJI $!K , is enabledat amarking
�

iff

"5����(U�	� :Zg��
5.3.2 Concurrent Enabling of Transition Modes

A finite multisetof transitionmodes,
��� Y Lh�HGJI $!K , is enabledat amarking

�
iff

"^����( ���4:cg��
wherethelinearextensionof "5�6� is givenby

"5����( ����: & ijlkdmonqpsrutwv ��� (U�	� : "5�6�4(U�	� :;x
All transitionmodesin

���
aresaidto be concurrently enabledif

���
is enabled,i.e. thereare

enoughtokensontheinputplacesto satisfythelinearcombinationof thepremappingsfor each
transitionmodein

���
.

Thisdefinitionallowsatransitionmodeto beconcurrentlyenabledwith itself. Also if
X ����X &zy ,

thenthis reducesto thedefinitionin theprevioussubclause.

5.4 Transition Rule

Giventhatafinite multisetof transitionmodes,
���

, is enabledatamarking
�

, thenastepmay
occurresultingin anew marking

� �
givenby

� � & � D "^����( ���4: �{" �67 �;( ���4:
wherethelinearextensionof " �67 � is used.

A stepis denotedby
�|�}���\��� �

or
� n�~D�EA� �

.
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NOTE: A stepmay comprisethe occurrenceof: a single transitionmode;or any numberof
concurrentlyenabledtransitionmodes.

6 ConceptsRequired for High-level Petri Net Graphs

6.1 Intr oduction

High-level Petri Netscanbe definedin a numberof ways. Clause5 providesthe definition
of the basicmathematicalsemanticmodel. The basicsemanticmodel is not what is usedby
practitioners. High-level Petri Nets are normally representedusing a graphicalform which
allows visualisationof systemdynamics(flows of dataandcontrol). This approachis taken,
asit is thegraphicalform of HLPNsthat is mostappropriatefor industrialuse.Thegraphical
form is referredto asaHigh-levelPetriNetGraph(HLPNG).It providesagraphicalnotationfor
placesandtransitionsandtheir relationships,anddeterminesthe inscriptionsof thegraphical
elements.

Thisclauseintroducestheconceptsthatareneededin thedefinitionof theHigh-level PetriNet
Graph.Theconceptsof enablingandtransitionrule arealsointroducedfor thegraphicalform
to demonstratehow thenetmaybeexecutedto show systemdynamics.Readersinterestedin a
tutorial expositionon High-level PetriNet Graphsarereferredto Annex D.

6.2 High-level Petri Net Graph Components

A High-level PetriNet Graph(HLPNG)comprises:

� A NetGraph, consistingof setsof nodesof two differentkinds,calledplacesandtransi-
tions, andarcsconnectingplacesto transitions,andtransitionsto places.� PlaceTypes. Thesearenon-emptysets.Onetypeis associatedwith eachplace.� PlaceMarking. A collectionof elements(dataitems)chosenfrom theplace’s typeand
associatedwith the place. Repetitionof items is allowed. The items associatedwith
placesarecalledtokens.� Arc Annotations: Arcs are inscribedwith expressionswhich may compriseconstants,
variables(e.g., ��* 0 ) and function images(e.g., ��(�� : ). The variablesare typed. The
expressionsareevaluatedby assigningvaluesto eachof the variables. Whenan arc’s
expressionis evaluated,it mustresultin a collectionof itemstakenfrom thetypeof the
arc’s place.Thecollectionmayhave repetitions.� TransitionCondition: A booleanexpression(e.g., �/� 0 ) inscribinga transition.� Declarations: comprisingdefinitionsof placetypes,typing of variables,and function
definitions.

NOTE: A collectionof itemswhichallowsrepetitionsis known in mathematicsasamultiset.
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6.3 Net Execution

HLPNGsareexecutable,allowing theflow of tokensaroundthenet to bevisualised.This can
illustrateflow of controlandflow of datawithin thesamemodel.Key conceptsgoverningthis
executionareenablingof transitionsandtheoccurrenceof transitionsdefinedby theTransition
Rule.

6.3.1 Enabling

A transitionis enabledwith respectto a net marking. A net markingcomprisesthe setof all
placemarkingsof thenet.

A transitionis alsoenabledin a particulartransitionmode. A transitionmodeis anassignment
of valuesto the transition’s variables, thatsatisfiesthe transitioncondition(i.e., the transition
conditionis true).Thetransition’svariablesareall thosevariablesthatoccurin theexpressions
associatedwith the transition. Thesearethe transitioncondition,andthe annotationsof arcs
involving thetransition.

Enablinga transitioninvolvesthemarkingof its input places. An input placeof a transitionis
a placewhich is connectedto thetransitionby anarc leadingfrom thatplaceto thetransition.
An arcthatleadsfrom aninputplaceto a transitionis calledan inputarc of thetransition.

A transitionis enabledin a specificmode,for a particularnetmarking.Eachinput arcexpres-
sion is evaluatedfor the transitionmode,resultingin a multisetof tokensof thesametypeas
thatof theinput place.If eachinput place’s markingcontainsat leastits input arc’s multisetof
tokens(resultingfrom the evaluationof the input arc’s expressionin the specificmode),then
thetransitionis enabledin thatmode.An exampleis givenin subclause6.4.

Theinput arc’s multisetof tokensresultingfrom theevaluationof theinput arc’s expressionin
aspecificmodeis calledtheinput arc’s enablingtokens, with respectto thatmode.

Two transitionmodesareconcurrently enabledfor a particularmarking,if for the associated
transitions,eachinput place’s markingcontainsat leastthe sumof the enablingtokens(with
respectto bothmodes)of eachinput arcassociatedwith thatinput place.

6.3.2 Transition Rule for a SingleTransition Mode

Enabledtransitionscanoccur. Whena transitionoccurs,tokensare removed from its input
places,and tokensareaddedto its outputplaces. An outputplaceof a transitionis a place
which is connectedto thetransitionby anarcdirectedfrom thetransitionto theplace.An arc
that leadsfrom a transitionto a place(anoutputplaceof thetransition)is calledanoutputarc
of thetransition.

If a transition is enabledin a mode, it may occur in that mode. On the occurrenceof the
transitionin aspecificmode,thefollowing actionsoccuratomically:

1. For eachinputplaceof thetransition:theenablingtokensof theinputarcwith respectto that
modearesubtractedfrom theinput place’s marking,and
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B = R 3,4,5,7
]

�5@\�S��� E ������� ����� arithmetic‘lessthan’
x: A, y: B

Figure1: HLPNG with a Transition Condition.

2. For eachoutputplaceof thetransition:themultisetof tokens,resultingfrom theevaluation
of theoutputarcexpressionfor themode,is addedto themarkingof theoutputplace.

NOTE: A placemaybebothaninputplaceandanoutputplaceof thesametransition.

6.3.3 Stepof Concurrently EnabledTransition Modes

Several concurrentlyenabledtransitionmodesmay occur in one step, that is in one atomic
action. The changeto the markingof the net whena stepoccursis given by the sumof all
the changesthat occurfor eachtransitionmode,asdescribedabove. An exampleis given in
subclause6.4.

6.4 Graphical Conceptsand Notation

Thegraphicalrepresentationof thenetgraphis introducedby thesimpleexampleof aHLPNG
givenin figure1.

This examplecomprisestwo places,namedp1 andp2, onetransition,t1, andarcsfrom p1 to
t1, andt1 to p2. Theplacesarerepresentedby ellipses(in this case,circles),thetransitionby a
rectangle(in thisexample,asquare),andthearcsby arrows.

Thedeclarationsdefinetwo types,
I

and
�

, thataredifferentsubsetsof thepositive integers.
Variablex is of type

I
, andvariabley is of type

�
. Thetransitionis inscribedwith theboolean

expressionx � y, wherethe less than operatoris definedin the declarations. Arc (p1,t1) is
annotatedwith thevariablex, while arc(t1,p2)is annotatedwith y.

Placep1 is typedby
I

andhasaninitial marking
��8

(p1)&�yo��yZ�=����� , usingthesumrepresen-
tationof multisetsof clauseA.2.1. This statesthatassociatedwith theplacep1 arethevalue y
andtwo instancesof thevalue � . Placep2 is typedby

�
, andis emptyrepresentingtheempty

multiset,
�98

(p2)&�> .
A conventionadoptedin high-level nets,is thatarcsmaybeannotatedby variablesor constants
of thesametypeasthearc’s place.Theevaluationof thearcexpressionis thusanelementof
theplace’s type.By convention,this is interpretedasthecorrespondingsingletonmultisetover
the place’s type. For example,for x boundto y , andy boundto � , the valueassociatedwith
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arc(p1,t1)is y , which is interpretedto meanthemultiset yo��y , andsimilarly thevalueassociated
with arc(t1,p2)is � , whichis interpretedto meanthemultiset y;��� . Wherethereis any possibility
of ambiguity, themultisetconversionoperator‘ � ’ shouldbeused.For example,moreformally,
theannotationon thearc(p1,t1)wouldbe yo� x, ratherthanx.

In theinitial marking,t1 canbeenabledin thefollowing modes

RT(�y6*-� : *�(�y4*�� : *3(	y4*V� : *3(�y4*-� : *3()�q*�� : *3(��T*-� : *3(��s*V� :V]
wherethefirst elementof eachpair representsa bindingfor x, andthesecond,a bindingfor y
whichsatisfiesx � y.

It canbeseenthat themultisetof modes,y � (�y4*-� : ��� � (��q*V� : , is concurrentlyenabled.Another
exampleof theconcurrentenablingof modesis themultiset yo��(�y6*V� : �?yo�U(��q*�� : andyet another
is yo�)(	y4*V� : ��yo�)()�q*V� : ��yo�U(��q*V� : .
If transitiont1 occurredin mode yo�)()�q*V� : , thentheresultantmarkingwouldbe:�

(p1)&zy � y���y � ��
(p2)&zyo��� .

Alternatively, if the multisetof modes yo�U(�y4*�� : �S�3�)()�q*V� : occurredconcurrently, the resultant
markingwouldbe�

(p1)&?>�
(p2)&zy � �1��� � � .

6.5 Conditionals in Ar c Expressions,and Parameters

TheHLPNG of figure2 usesa variantof thereaders/writersproblemto illustratemany of the
featuresof aHLPNGincludingtheuseof parametersandconditionalsin arcexpressions.

A number(N) of agents(processes)wish to accessa sharedresource(suchasa file). Access
canbein oneof two modes:shared(s),whereup to L agentsmayhaveaccessat thesametime
(e.g., reading);andexclusive (e), whereonly oneagentmay have access(e.g.,writing). No
assumptionsaremaderegardingscheduling.A HLPNG modelof figure2 illustratestheuseof
two parameters,L andN, bothof whicharepositive integers.This is thereforeaparameterized
HLPNG,which representsinfinitely many readers/writerssystems.Eachinstantiationof N and
L wouldproduceaHLPNG,whichcouldthenbeexecuted.

It hasbeenassumedthattheinitial stateis whenall theagentsarewaiting to gainaccessto the
sharedresource(with no queueingdisciplineassumed).In this example,the initial markings
aregivenin thedeclaration.PlaceWait is markedwith all agents;theControlplacecontainsL
simpletokens(representedby ablackdot � ) andAccessis empty. Themarkingof placeWait is
givenby theset

I
, which is interpretedto beamultisetover

I
, whereeachof themultiplicities

of theagentsis one. In a similar convention,themarkingof Control is givenby L � , which is
interpretedasthemultisetL � � . (Thatis theseparator‘ � ’ is droppedwherethereis noambiguity.)

An agentcanobtainaccessin oneof two modes:if shared(m=s),thenasingletokenis removed
from Control (as m=e is false,and

�
m& e�f& � , and thus the arc expressionevaluatesto � ,

interpretedas yo� � ) whenEnteroccursin a singlemode;if exclusive (m=e), thenall L tokens
areremovedpreventingfurtheraccessuntil theresourceis released(transitionLeave). Shared
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Figure2: HLPNG of ResourceManagement.
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accessis limited to a maximumof L agentsas transitionEnter is disabledwhen Control is
empty.

Outfix notationhasbeenusedfor the function
� �f@ �¥������E R��q*¡y ] . This is the notationfor

conditionalsin arc expressions.It is assumedthat multisetaddition, integer subtraction,the
equality predicateand a tupling operatorare primitive anddo not needto be definedin the
declaration.

7 Definition of High-level Petri Net Graphs

7.1 Intr oduction

Thisclauseprovidesaformaldefinitionfor thegraphicalform of high-level nets.It providesan
abstractmathematicalsyntaxfor inscribingthegraphicalelements.Theconceptsof marking,
enablingandtransitionrule arealsoformally definedfor thegraphicalform.

7.2 Definition

A HLPNG is a structure

¦O§�¨#©Jª &|()$/«¬*VK��`�*V®�*-�¯* �H032 �4* I $¯* ��8-:
where

� $¯«°&�(�"c* � .-± : is calledanetgraph,with

– " afinite setof nodes,calledPlaces;

–
�

afinite setof nodes,calledTransitions,disjoint from " ( "=< � &�> ); and

– ± ²³(�"´� �J: CA( � �µ" : a setof directededgescalledarcs,known asthe flow
relation.� K��`f&|(�Kw*-¶ : is aBooleansignaturedefinedin Annex A.� ® is an K -indexedsetof variables,disjoint from ¶ .� �'&�(�K£·1*-¶^· : is amany-sortedalgebrafor thesignatureK�)` , definedin Annex A.� �1032 �^@4" E K£· is a functionwhich assignstypesto places.� I $¸&|( I * �ON%: is a pairof netannotations.

–
I @5± E �HP¥G5� ()¶�C/® : suchthat for all ( 2 *d� : *3(�� � * 2¤: Y¹± , for all bindingsº *V®%� �¼» ( I ( 2 *d� :d: *V®%� �¼» ( I (�� � * 2�:a: Y L��H032 �\( 2�: . �HP¥G5� ()¶�C/® : * º and ®¥� �¼» are
definedin Annex A.

I
is a function thatannotateseacharcwith a term thatwhen

evaluated(for any binding)resultsin amultisetover theassociatedplace’s type.
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–
�HN @ �AEM�HP¥G5� (�¶�C!® : ������ isafunctionthatannotatestransitionswith Boolean
expressions.� �98 @T" E ½^¾ m�¿ Lh�10�2 �\( 2�: suchthat À 2 YÁ" ,

�98 ( 2¤: Y Lh�10�2 �\( 2�: , is theinitial marking
functionwhichassociatesamultisetof tokens(of thecorrecttype)which eachplace.

A HLPNG comprisesanannotatednetgraph.Theannotationsarederivedfrom a many sorted
signature,a setof sortedvariables,andanassociatedmany sortedalgebra.A typing function
associatesa setof themany-sortedalgebrawith eachplace,known asits type. Termsarebuilt
from thesignatureandvariables.Arcsareannotatedby terms,whichmustevaluateto amultiset
over theassociatedplace’s type.Transitionsareannotatedby Booleanterms.A placecanonly
hold tokensof the sametypeasthe placeandhencethe initial markingis a multisetover the
place’s type.

NOTE 1: Arbitrarily complex termscanbegeneratedfor thearc inscriptions,by definingthe
appropriatesignature(operatorsandsorts)andsortedvariables.Many applicationswill require
thedefinitionof anoperatorwhichwill convert(in thealgebra)anelementof asetto asingleton
multiset,andotherswill needa multisetadditionoperator(andits counterpartin thealgebra).
For example,this allows thereto be multitermsandconditionalsin arc expressions.The ap-
proachprovidesagreatdealof flexibility in definingthesyntaxrequiredfor arcinscriptions.

NOTE 2: Theevaluationof anarctermmayresultin anemptymultiset.

NOTE 3: Thecarriers(sets)of thealgebramaybearbitrarily complex, andmayberelated,for
example, �¬Â�ÃH& L �¬Â	  . Also, a variable,��Â , maybetypedby a setof multisets,or a powerset,
definedin thealgebra(e.g., �ÄÂ#& L£I , where

I
is thebasisset,sothat �b@ L£I ).

NOTE 4: Therestrictionon thearcannotations(evaluatingto a multisetover theplace’s type),
allows termswhich evaluateto multisetsover subtypesof the place’s type to be usedin the
annotations.

NOTE 5: In definingHLPNGs,a typehasbeenintentionallyassociatedwith eachplace.This
typeis acarrier(set)of themany-sortedalgebra,� . Thisallowsusto specifyconcretesystems
wherethe setsandfunctionshave alreadybeendetermined.Thereis alsoa needfor a more
abstractor syntacticform thatallowsclassesof systemsto bespecified.In this case,theplaces
becomeK -sorted,i.e.,asort(ratherthanatype)is associatedwith eachplace,markingsbecome
(appropriatelysorted)groundtermsof the signature,the termsfor arc annotationsareof the
samesortasthatassociatedwith thearc’s place,andthemany-sortedalgebra,� , is removed.
This leadsus to thenotionof a HLPN schemawhich is includedin informative Annex C and
may be consideredfor future standardisation.The schemasarealsouseful for analysis(see
bibliography).

7.3 Marking

A marking,
�

, of theHLPNGis definedin thesamewayastheinitial marking.� @\" E ½ ¾ m�¿ Lh�1032 �\( 2�: suchthatfor all
2 Y!" ,

� ( 2�: Y Lh�1032 �\( 2�: .
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7.4 Enabling

7.4.1 Enabling of a SingleTransition Mode

A transition�1Y � is enabledin a marking,
�

, for a particularassignment,º j , to its variables,
thatsatisfiesthetransitioncondition, ®^� �ÆÅ �����lÇ »�È ( �HN (U� :a: &��	��
�� , known asamodeof � , iff

À 2 Yb" ®^� �Æ» È ( 2 *d� :Fg�� ( 2�:
wherefor (U
É*dÊ : YË(�"|� �O: C9( � �b" : ,

� 
�*�Ê�& I (U
�*�Ê : , for ()
�*�Ê : Y!± ,� 
�*�Ê�&?Ì , for ()
�*�Ê :5ÍYb±
where Ì is a symbol that representsthe emptymultisetat the level of the signature,so that®¥� �¼» (�Ì : &?> .
7.4.2 Concurrent Enabling of Transition Modes

Let º j beanassignmentfor thevariablesof transition�ZY � thatsatisfiesits transitioncondition
anddenotethesetof all suchassignments(thatsatisfyits transitioncondition)for transition � ,
by
IB737 �`s� j .

Definethesetof all transitionmodesto be

�O� &_RT(U�V* º j :OX �ZY � * º j Y IJ7�7 )`T� j ]
andastepto beafinite non-emptymultisetover

�O�
.

A step,Î , of transitionmodesis enabledin a marking,
�

, iff

À 2 Y!" iÏ j Ç »�È�Ð monqÑ Îµ(U�V* º j
: ®¥� �¼» È ( 2 *d� :Zg�� ( 2�:

Thusall of thetransitionmodesin Î areconcurrentlyenabled,if Î is enabled.If Î comprises
asingletransitionmode,thenthesumis reducedto asingletermsothattheenablingcondition
is thesameasthatof theprevioussubclause.

7.5 Transition Rule

If �FY � is enabledin modeº j , for marking
�

, � mayoccurin modeº j . When � occursin modeº j , themarkingof thenetis transformedto anew marking
� �

, denoted
�|� �V* º j ��� � , according

to thefollowing rule:

À 2 Yb" � � ( 2¤: & � ( 2¤:�D ®^� �¼» È ( 2 *d� : ��®^� �¼» È ( �V* 2�:
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If a step Î is enabledin marking
�

, thenthestepcanoccurresultingin a new marking,
� �

,
denoted

��� Î ��� � , where
� �

is givenby

À 2 Yb" � � ( 2�: & � ( 2�:wD iÏ j Ç »�È�Ð m;nqÑ ÎÒ(U�V* º j
: ®^� �¼»�È ( 2 *d� : � iÏ j Ç »�È�Ð monqÑ Îµ(��V* º j

: ®%� �¼»�È ( �V* 2�:

8 Notation for High-level Petri Net Graphs

8.1 General

Thegraphicalform comprisestwo parts:aGraphwhichrepresentsthenetelementsgraphically
andcarriestextual inscriptions;anda Declaration, definingall the types,variables,constants
andfunctionsthat areusedto annotatethe Graphpart. The declarationmay alsoincludethe
initial markingandthetypingfunctionif thesecannotbeinscribedonthegraphpartdueto lack
of space.Thereneedsto bea visualassociationbetweenan inscriptionandthenetelementto
which it belongs.

The width, colour andpatternsof the lines usedto draw the grapharenot mandatedby this
standard.

8.2 Places

Placesarerepresentedby ellipses(oftencircles). Ó
Threeannotationsareassociatedwith a place

2
:

� theplacename;� thenameof thetype(
�10�2 �\( 2�: ) associatedwith theplace;and� theinitial marking,

�98 ( 2�: .
A mechanismmustbe provided to remove any ambiguity regardingthe associationof these
annotationswith thecorrectplace.Thepositionof theannotationswith respectto placesis not
mandated.For example,theinitial markingcouldbeshown insidetheellipse,andits nameand
type outside,or the nameof the placecould be includedinsidethe ellipse,andthe type and
initial markingoutside.

If theinitial markingis empty, thenit maybeomitted.

8.3 Transitions

A transitionis representedby a rectangleandis annotatedby anameandabooleanexpression,
theTransitionCondition. If theTransitionConditionis true(

�HN (U� : &��	��
�� ), it maybeomitted.

For example,
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x � y t1

representsa transitionwith a namet1, anda transitioncondition,x � y, whereboththetypesof
thevariables,x andy, andtheoperatorlessthan, � , aredefinedin thedeclarations.

A mechanismmustbeprovidedto removeany ambiguityregardingtheassociationof thesean-
notationswith thecorrecttransition.Thepositionof theannotationswith respectto transitions
is not mandated.For example,thetransitionconditioncouldbeshown insidetherectangle(as
in theexample),andits nameoutside,or thenameof thetransitioncouldbeincludedinsidethe
rectangle,andthetransitionconditionoutside.

8.4 Ar cs

An arcis representedby anarrow:
D�E

For ( 2 *d� : Y?± , an arrow is drawn from place
2

to transition � andvice versafor (U�V* 2�: YÔ± .
If ( 2 *d� : and (��V* 2�: have the sameannotations(

2
is a sideplaceof � ), I ( 2 *d� : & I (��V* 2�: , then

this may be shown by a singlearc with an arrowheadat both endsandannotatedby a single
inscription.

Arcs areannotatedwith terms. The notationfor termsis not mandatedby this International
Standard,but usualmathematicalconventionsshouldbeadoptedwherepossible.

8.5 Markings and Tokens

A token is a memberof
½ ¾ m�¿ �10�2 �\( 2�: . A Marking of the net may be shown graphicallyby

annotatingaplacewith its multisetof tokens
� ( 2�: usingthesymbolicsumrepresentation(see

clauseA.2.1).

9 Semanticsof High-level Petri Net Graphs

TheHLPNGmaybegivenaninterpretationasaHLPN (seeclause5) in thefollowing way.

1. Places:" is thesetof placesin theHLPN.

2. Transitions:
�

is thesetof transitionsin theHLPN.

3. Setof Types:Thesetof modesfor a transitionis determinedby thetypesof thevariables
occurringin thesurroundingarcannotationsrestrictedby its transitioncondition.

Let ® j ²?® bethesetof variablesassociatedwith transition� . Define º j asanassignment
for � and ® j (cf A.3.6), then

�10�2 �\(�� : &°R º j X ®^� �ÆÅ �����lÇ » È ( �ON (U� :a: &��	��
�� ]
Thetypesof placesareobtaineddirectly from theHLPN graphdefinition. Thustheset
of domainsis givenby ,Õ&SR �H032 �\(�� :3X �¯Yb"AC �^] .
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4. TheTyping Function:The typing functionrestrictedto placesis definedin theHLPNG
and

�1032 �\(U� : is givenabove.

5. PreandPostMaps.

The pre andpostmapsaregiven, for all ( 2 *d� : *3(U�V* 2¤: Y�± , by the following family of
mappings: "5�6� Ï ¾ Ç j Ð @ �10�2 �\(�� :�D�E Lh�1032 �\( 2¤:" ��7 � Ï ¾ Ç j Ð @ �1032 �\(U� :FD�E Lh�10�2 �\( 2�:
For ( 2 *d� :�ÖY×± and À�W Y �1032 �\(U� : , "^��� Ï ¾ Ç j Ð (UW : & > and for (U�V* 2�:{ÖY×± and À�W Y�1032 �\(U� : , " ��7 � Ï ¾ Ç j Ð ()W : &�> .
Thusfor all �FY � andfor all W[Y �1032 �\(U� :

"5�6�\(��V*�W : &_RT( 2 *-Ø :HXV2 Y�"c*-Ø1Yb"5�6� Ï ¾ Ç j Ð (UW :V]
" ��7 �o(��V*�W : &_RT( 2 *-Ø :HXV2 Y�"c*-Ø1Yb" �67 � Ï ¾ Ç j Ð (UW :V]

where"^��� Ï ¾ Ç j Ð ()W : &Ô®^� �¼» È�ÙqÚ ( I ( 2 *d� :a: and " ��7 � Ï ¾ Ç j Ð ()W : &Ô®¥� �¼» È¼ÙqÚ ( I (��V* 2�:d:
6. Initial Marking.

For all
2 Yb" ,

�98 ( 2�: is asdefinedin theHLPNG.

10 Conformance

Conformanceto this InternationalStandardis accordingto netclass.Thelowestlevel is for the
Place/Transitionnetclassandthehighestat thelevel of theHLPNG.Within aclass,thelowest
conformancelevel is to the semantics.If the semanticsareadheredto, thenthe next level is
with respectto syntax.

10.1 PN Conformance

10.1.1 Level 1

ToclaimPNLevel1conformanceto thisInternationalStandardanimplementationshalldemon-
stratethatit hasthesemanticsdefinedin clause5, by providing amappingfrom theimplemen-
tation’ssyntaxto thesemanticmodelin asimilar way to thatdefinedin clause9.

The definition of the semanticmodel(clause5), will be specialisedby the restrictionthat ,
consistsof onesetwith oneelement,suchas ,×&°R�R � ]�] . Thishasthefollowing consequences.� Thereis a oneto onemappingbetween"% IJN^P and " .� Thereis a oneto onemappingbetween

�OGJI $!K and
�

.� Eachtransitionhasasinglemode.� Eachplaceis typedby R � ] (i.e., thereis only onetokenrepresentedby a blackdot).� Theinitial markingdeterminesthenumberof blackdotsallocatedto eachplaceinitially.
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10.1.2 Level 2

To claim PN Level 2 conformanceto this InternationalStandardanimplementationshallhave
satisfiedtherequirementsof PN Level 1 conformanceandin additionshall includethesyntax
of thePNGdefinedin Annex B, sectionB.1 andtherelevantnotationalconventionsof clause
8, i.e., thereis noneedfor placetyping,nora declaration,asthesearetrivial.

10.2 HLPN Conformance

10.2.1 Level 1

To claim HLPN Level 1 conformanceto this InternationalStandardan implementationshall
demonstratethat it hasthe semanticsdefinedin clause5, by providing a mappingfrom the
implementation’ssyntaxto thesemanticmodelin asimilar way to thatdefinedin clause9.

10.2.2 Level 2

To claim HLPN Level 2 conformanceto this InternationalStandardan implementationshall
havesatisfiedtherequirementsof HLPN Level 1 conformanceandin additionshallincludethe
syntaxof theHLPNGdefinedin clause7 andthenotationalconventionsof clause8.
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Annex A
(normative)

Mathematical Conventions

Thisannex definesthemathematicalconventionsrequiredfor thedefinitionof High-level Petri
Nets.

NOTE: For notionsof basicsettheoryincludingsets,functionsandrelations,seethebookby
Trussin theBibliography.

A.1 Sets

$'&_R��q*¡y6* x¡x¡xÛ] thenaturalnumbers.

$/Ü¯&?$ÞÝJR�� ] , thepositive integers.

��&°R x¡x¡x * D y4*-�q*¡y6* x¡x¡xÛ] theintegers.������� �����¯&_R��	��
��4*-�h� ��7 � ]

A.2 Multisets

A multiset,
�

, (alsoknown asabag)overanon-emptybasisset,
I

, is a function� @ I_D�E $
whichassociatesamultiplicity, possiblyzero,with eachof thebasiselements.Themultiplicity
of �ßY I in

�
, is givenby

� (�� : . A setis a specialcaseof a multiset,wherethemultiplicity of
eachof thebasiselementsis eitherzeroor one.

Thesetof multisetsover
I

is denotedby
L£I

.

A.2.1 Sum Representation

A multisetmayberepresentedasasymbolicsumof basiselementsscaledby theirmultiplicities
(sometimesknown asco-efficients).

� & i à m�r � ()� : � �
A.2.2 Membership

Given a multiset,
� Y L£I

, �°Y I
is a memberof

�
, denoted�SY �

, if
� ()� :�á � , and

converselyif
� (�� : &�� , then � ÖY � .
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A.2.3 Empty Multiset

Theemptymultiset, > , hasno members:Àh�ßY I , >¤(�� : &?� .
A.2.4 Cardinality and Finite Multiset

Multisetcardinality is definedin thefollowing way. Thecardinality
X �¯X

of a multiset
�

, is the
sumof themultiplicitiesof eachof themembersof themultiset.X �¯X & i à m�r � ()� :
When

X �¯X
is finite, themultisetis calledafinite multiset.

A.2.5 Multiset Equality and Comparison

Two multisets,
� y4* � ��Y L£I , areequal,

� yJ& � � , iff Àh�âY I ,
� y\(�� : & � �q(�� : .� y is lessthanor equalto (or containedin)

� � , � y g�� � , iff Àh�âY I ,
� y\(�� :Zg�� �u()� : .

A.2.6 Multiset Operations

Theadditionoperationandsubtractionpartialoperationon multisets,
� y4* � �ßY L£I , associate

to theleft andaredefinedasfollows:� & � y�� � � iff Àh�ßY I=� ()� : & � y\(�� : � � �u(�� :� & � y DÒ� � iff Àh�ßY I (
� y\(�� :Fã�� �u()� :a:åä ( � (�� : & � y\()� :wDË� �u()� :a:

Scalarmultiplicationof amultiset,
� y5Y L£I , by anaturalnumber, �bY�$ , is definedas� &�� � yJæ ç�Àh�âY I * � (�� : &���� � y\()� :

where � is arithmeticmultiplication.

A.3 Conceptsfr om Algebraic Specification

In order to define the HLPNG, conceptsfrom algebraicspecificationare required. In the
HLPNG, arcsare annotatedby termsand transitionsby Booleanexpressions.Many-sorted
signaturesprovide anappropriatemathematicalframework for this representation.Signatures
provide a convenientway to characterisemany-sortedalgebrasat a syntacticlevel. This clause
introducesthe conceptsof signatures,variables,termsandmany-sortedalgebrasthat are re-
quiredfor thedefinitionof theHLPNG.

A.3.1 Signatures

A many-sorted(or S-sorted) signature,K��` , is apair:

K��`¬&z(èKw*-¶ :
where
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� K is asetof sorts(thenamesof sets,e.g., é\��� for theintegers);and� ¶ is a set of operators(the namesof functions)togetherwith their arity in K which
specifiesthenamesof thedomainandco-domainof eachof theoperators.

It is assumedthat K and ¶ aredisjoint.

Arity is a function from the set of operatornamesto K�êf��K , where K�ê is the set of finite
sequences,includingtheemptystring, ë , over K . Thuseveryoperatorin ¶ is indexedby a pair()ìw* 73: , ìµY{K ê and

7 YµK denotedby
� Ï ì Ç Â Ð . ì{Y{K ê is calledthe input or argumentsorts,and7

theoutputor range sortof operator
�
. (In thealgebra,thesequenceof input sortswill define

a cartesianproductasthedomainof thefunctioncorrespondingto theoperatorandtheoutput
sortwill defineits co-domain– c.f. clauseA.3.5.)

For example,if KÁ&_R3é\���V* ��������] , then
� ÏÛí�î j�ï í�î j Ç ¤�è��� Ð representsabinarypredicatesymbol,such

asequality( & ) or lessthan ( � ). Using a standardconvention,the sort of a constantmay be
declaredby letting ì¯&�ë . For exampleanintegerconstantis denotedby

� Ï ë Ç í�î j Ð or simply
� í�î j .

A.3.2 BooleanSignature

The term BooleanSignature is usedto meana many-sortedsignaturewhereoneof the sorts
is Bool, correspondingto the carrierBoolean(

������� �����z& R��	��
��4*V�h� �)7 � ] ) in any associated
algebra.A Booleansignaturewill alsoincludetheconstant,�	��
�������è� , whichcorrespondsto the
value,true,in any associatedalgebra.

A.3.3 Variables

Let ® beasetof sortedvariables,calledan K -sortedsetof variables. Thesortof avariablemay
alsobedeclaredin thesamewayasthatof constants,from thesetof variablenamesto R�ë ] �ÄK .
A variablein ® of sort

7 Y�K wouldbedenotedby Ê Ï ë Ç Â Ð or moresimply by Ê6Â . For example,ifé\���FY�K , thenanintegervariablewouldbe Ê Ï ë Ç í�î j Ð or Ê í�î j .® may be partitionedaccordingto sorts,where ®�Â denotesthe setof variablesof sort
7

(i.e.,Ê à Y�®�Â iff �f& 7 ).
A.3.4 Termsbuilt fr om a Signature and Variables

Termsof sort
7 Y�K maybebuilt from asignatureK��`¬&|(èKw*-¶ : andanS-sortedsetof variables,® , in the following way. Denotethesetof termsof sort

7
by
�HP¥G5� ()¶�C!® : Â , andgenerate

theminductively asfollows. For
7 Y�K

1. for all
� Ï ë Ç Â Ð Yb¶ ,

� Ï ë Ç Â Ð Y �HP%G5� (�¶�C¯® : Â ;
2. ®¤ÂF² �HP¥G5� ()¶�C!® : Â ; and

3. for
7  ;* x�x¡x * 7 î YµK ( � á � ), if �� BY �OP%G5� (�¶�C/® : Â�ð * x¡x�x *-� î Y �HP¥G5� (�¶�C!® : Â�ñ are

sortedtermsand
� Ï Â�ð ï}ï}ï Â�ñ�Ç Â Ð Yb¶ , isanoperator, then

� Ï Â�ð ï}ï}ï Â�ñ�Ç Â Ð ()�� ;* x¡x¡x *-� î : Y �OP%G5� (�¶�C¯® : Â
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Thusif és��� is asort,integerconstantsandvariables,andoperators(with appropriatearguments)
of outputsort és��� aretermsof sort é\��� .
Let

�HP¥G5� (�¶¯CB® : denotethesetof all termsand
�HP¥G5� (�¶ : thesetof all closedterms(those

notcontainingvariables,alsocalledgroundterms).Thus

�HP%G5� (�¶�C!® : &óòÂ m¡v
�HP%G5� (�¶�C!® : Â

A.3.5 Many-sorted Algebras

A many-sortedalgebra,(or K��` -Algebra), � , providesaninterpretation(meaning)for thesig-
natureK��` . For every sort,

7 YÁK , thereis a correspondingset, �¬Â , known asa carrier andfor
everyoperator

� Ï Â�ð ï}ï}ï Â)ñ�Ç Â Ð Yb¶ , thereis acorrespondingfunction� ·=@\�¬Â�ð�� x¡x¡x �!�¬Â)ñ E �¬Â x
In caseanoperatoris aconstant,

� Â , thenthereis acorrespondingelement
� ·=Yb�¬Â , whichmay

beconsideredasa functionof arity zero.

Definition: A many-sortedAlgebra, � , is apair

�'&�(�K£·1*-¶^· :
where

� K£·Ò&SR��ÄÂ Xô7 Y�K ] is thesetof carriers,with for all
7 Y�Kw*-�¬Â Ö&?> and� ¶^·Ò&_R � · X � Ï ì Ç Â Ð Yb¶¬*�ì9YbK#êdõ6öu÷ 7 YbK ] thesetof correspondingfunctions.

For example,if K��`â&Þ(	R3é\���V* ��������] *�R\� Ïøí	î j�ï í�î j Ç ������ Ð ]�: thena correspondingmany-sortedalge-
brawouldbe �ÁyH&|(��H* ������� �����w. � � 737 �aù���� :
where � is thesetof integers: R x¡x¡x * D y6*-�q*¡y4* x¡x¡xÛ]������� �����¯&_R��	��
��4*-�h� ��7 � ]
and

� � 737 �aù¤����@\�S��� E ������� ����� is theusualintegercomparisonfunction.

It couldalsobe �!�^&|(�$¯* ������� �����w. � � 737 �aù¤��� :
where $ is thesetof non-negative integers: R��q*¡y6* x¡x¡xÛ]������� �����¯&_R��	��
��4*-�h� ��7 � ]
and

� � 737 �aù¤����@�$ú�b$ E ������� ����� .

NOTE: In thealgebra,K -sortedvariablesaretypedby thecarriercorrespondingto thesort.
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A.3.6 Assignmentand Evaluation

Givenan K -sortedalgebra,� and K -sortedvariablesin ® , anassignment1 for � and ® is a
family of functions º , comprisinganassignmentfunctionfor eachsort

7 Y�K ,

º ÂZ@s®¤Â E �ÄÂ x
This functionmaybeextendedto termsby definingthefamily of functions ®¥� �¼» comprising,
for eachsort

7 Y�K : ®%� � Â	Ç » @ �HP¥G5� ()¶�C!® : Â E �¬Â
Thevaluesaredeterminedinductively asfollows. For

7 Y�K
1. For aconstant,

� ÂFY!¶ , ®¥� � Â�Ç » ( � Â : & � ·=Yb�¬Â ;
2. For avariable,Ê�ÂZY�®¤Â , ®¥� � Â	Ç » (UÊ6Â : & º Â�(UÊ6Â : ; and

3. For ìÕYÞK ê ÝâR�ë ] , ì|& 7   7 Ã x¡x�x-7 î , with
7  ;* x¡x¡x * 7 î YóK , ��Y �HP¥G5� (�¶�Cµ® : , and�� ¯Y �HP¥G5� (�¶zC{® : Â ð * x¡x¡x *-� î Y �OP%G5� (�¶|CÒ® : Â ñ , if �Á& � Ï ì Ç Â Ð ()�� ;* x¡x¡x *-� î : , then®^� � Â	Ç » ()� : & � ·H(è®^� � Â	ð�Ç » ()��  : * x�x¡x *V®^� � Â ñ Ç » (�� î :d: Yb�¬Â .

1Thetermsbindingandvaluationarealsousedin this context.

29



Annex B
(normative)

Net Classes

Thepurposeof thisAnnex is to definevariousclassesof netsasasubclassof theHLPNG.Cur-
rently it definesPlace/Transitionnets(withoutcapacities)whichis acommonform of Petrinets
wheretokensaresimply ‘black dots’. Othersubclassesmay includeElementaryNet systems
andotherhigh-level nets.

B.1 Place/Transition Nets

A Place/Transitionnetgraph(withoutcapacity),PTNG, is aspecialHLPNG

û¥ü%ý�þ &|()$/«¬*VK��`�*V®�*-�¯* �H032 �4* I $¯* ��8-:
where

� $¯«°&�(�"c* � .-± : is anetgraph� K��`f&|(�Kw*-¶ : with K9&_R�, � �V* ������� * �?ÿ\� � ] , ¶°&_R ��� � j *-������U*¡y Ñ�� � j *V� Ñ�� � j * x¡x¡xl]� ®°&?>� � & (	R ÿ\� �V* ������� �����w* L£ÿs� � ] *�R � *d�	��
��4*3( � *�y : *3( � *V� :hx¡x�xô]�: a many-sortedalgebrafor the
signatureK�)` , where

ÿ\� �¬& R � ] andthe obvious correspondencesaremade( , � ��·Õ&ÿ\� � , ������� ·Þ& �¥����� ���\� ,
�?ÿ\� ��·ó& Låÿ\� � , ( ��� � j : ·ó& � , (�����è� : ·Þ&'�	��
�� , (	y Ñ�� � j : ·ó&RT( � *¡y :V] *�(è� Ñ�� � j : ·Ò&°RT( � *V� :-] etc.).� �1032 �^@4" E R ÿ\� � ] is a functionwhichassignsthetype

ÿ\� � to all places.� I $¸&|( I * �ON%: is a pairof netannotations.

–
I @�± E �

where
� &úR\y Ñ�� � j *-� Ñ�� � j * x¡x¡xl] is a function that annotateseacharc

with a syntactic‘positive integer’ constant,thatwhenevaluatedbecomesthecorre-
spondingsingletonmultisetover

ÿ\� � .
–
�HN @ �AE R������� ] is afunctionthatannotateseverytransitionwith nothing(ablank)
thatonevaluationis theBooleanconstant�	��
�� .� �98 @\" E Låÿ\� � .

Althoughthis is a ratherbaroquedefinitionof Place/Transitionnets,it canbeseento bein one
to onecorrespondencewith amoreusualdefinitiongivenbelow.

û%ü¥ýbþ &�(�$¯«Ä* � * �98;:
where
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� $¯«°&�(�"c* � .-± : is anetgraph.� � @\± E $¯Ü is theweightfunction,assigningapositive integerto eacharc.� �98 @�" E $ is the initial markingassigninga naturalnumberof tokensto eachplace.
Thesearerepresentedby dots( � ).

This is because:

� the transitionconditionis true for eachtransition,andhencedoesn’t needto beconsid-
ered,� thetypeof eachplaceis thesame,comprisingasinglevalue � , andhencethereis noneed
for typingplaces,� thenumberof dots( � ) associatedwith eacharc(Weight function)arein oneto onecor-
respondencewith thepositive integers,and� thenumberof dots( � ) associatedwith eachplace(marking)arein oneto onecorrespon-
dencewith theNaturals.
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Annex C
(informative)

High-level Petri Net Schema

C.1 Intr oduction

This clauseprovidesa formal definition for a high-level net schema.It providesan abstract
mathematicalsyntaxfor inscribingthegraphicalelements,andallows classesof systemsto be
specifiedananabstractlevel.

C.2 Definition

HLPNS is a structuregivenby

¦H§É¨#©�� &|()$/«¬*VK��`�*V®�*VK � �3�V* I �w*�W 8�:
where

� $¯«°&�(�"c* � .-± : is anetgraph,with

– " afinite setof nodes,calledPlaces;

–
�

afinite setof nodes,calledTransitions,disjoint from " ( "=< � &�> ); and

– ± ²³(�"´� �J: CA( � �µ" : a setof directededgescalledarcs,known asthe flow
relation;� K��`f&|(�Kw*-¶ : is aBooleansignaturedefinedin Annex A.� ® is an K -indexedsetof variables,disjoint from ¶ .� K � ����@\" E K is a functionwhich assignssortsto places.� I �/&z(���* �HN%: is apair of netannotations.

– �Ô@1± E �HP%G5� (�¶�C!® : suchthat for all ( 2 *d� : *3(U� � * 2�: YÞ± , ��( 2 *d� : *-��(U� � * 2¤: Y�HP%G5� (�¶�C!® : v � k�j Ï ¾ Ð . �HP¥G5� ()¶�C/® : is definedin Annex A. � is a functionthat
annotateseacharcwith a termof thesamesortasthatof theassociatedplace.

–
�HN @ �AEM�HP¥G5� (�¶�C!® : ������ isafunctionthatannotatestransitionswith Boolean
terms.� W 8 @+" E �HP¥G5� ()¶ : suchthat À 2 YÞ" , W 8 ( 2�: Y �OP%G5� (�¶ : v � k�j Ï ¾ Ð , is the initial

markingfunctionwhichassociatesagroundtermwhicheachplace.Thegroundtermhas
thesamesortastheplace.
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Annex D
(informative)

Tutorial

D.1 Intr oduction

High level Petri net graphs(HLPNGs)areusedto modeldiscreteevent systems.A discrete
eventsystemcomprises

� collectionsof realor abstractobjectsand� discreteactionswhich

- modify or consumeobjectsfrom somecollectionsand

- createobjectsin othercollections.

The createdobjectsmay be relatedto objectsthat areconsumed.It is assumedthat the col-
lectionsconsideredhave somepermanentidentity, irrespective of varyingcontents.Take, for
example,thecollectionof coinsin someone’spurse,or adatabase.Generally, severalinstances
of thesameobjectcanbecontainedin a collection.

D.2 Net Graphs

In HLPNGs,anactionis modelledby a transition, which is graphicallyrepresentedby a rect-
angle. A collectionis modelledby a place, which is graphicallyrepresentedby a circle or an
ellipse. Placesandtransitionsarecalledthe nodesof a net graph. Arrows, calledarcs, show
which placesa transitionoperateson. Eacharcconnectsa placeanda transitionin onedirec-
tion. Arcs never connecta placewith a placenor a transitionwith a transition.Thegraphical
representationsof componentsof anetgraphareshown in figureD.1.

PSfragreplacementsplace

arc

transition

Figure D.1: Graphic conventions.

D.2.1 Placesand Tokens

Theobjectsof thesystemaremodelledby (arbitrarilycomplex) dataitemscalledtokens. Tokens
residein places.Thecontents(i.e., thetokens)of aplaceis calledthemarkingof theplace.The
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tokensform a collection (known in mathematicsasa multiset), i.e., several instancesof the
sametokencanresidein theplace.A markingof anetconsistsof themarkingsof eachplace.

ExampleA in figureD.2consistsof asingleplace,AlicesPurse,whichmodelsthatAlice’spurse
containstwo 1 cent,three10centandtwo 50centcoins.Thesetof coinsis definedin a textual
partof theHLPNGcalledtheDeclarations.

The place,AlicesPurse,is typedby the set,Coins. This meansthat only coins(belongingto
Coins) canresidein Alice’spurse.In this example,thetokenscorrespondto coins.

AlicesPurse

Coins

1c
1c

10c

10c

10c
50c

50c

Coins= R 1c,2c,5c,10c,20c,50c
]

Figure D.2: Example A.

ExampleA is a net graph. It hasneither transitionsnor arcs. As no actionsare modelled,
nothingeverhappensandnothingeverchangesin this system.

Whenaparticularinstanceof aHLPNGis defined,eachplaceis definedwith aspecialmarking,
calledthe initial marking, becauseothermarkingswill usuallyevolve, oncea net is executed.
As a placecanbemarkedwith a largenumberof tokens,the initial markingmaybedeclared
textually insteadof pictorially. Thus,Alice’spresentcoincollectioncanbewrittenastheinitial
marking,�98

(AlicesPurse)= 2� 1c+ 3� 10c+ 2� 50c

and the net graphis then drawn (admittedlyin a lessillustrative way) without tokens. The
numberof eachof thecoinsin thepurse,is separatedfrom thevalueof thecoinby abackprime
( � ), to avoid any confusion(for examplewhenthevaluesarethemselvesintegers).For example,
in somecurrenciestheremaybebotha 5canda 25ccoin. Weneedto distinguishbetweentwo
5ccoinsanda25ccoin. If therewasno separator, thenotation25cwouldbeambiguous.

D.2.2 Transitions

ExampleB in figureD.3 modelsthedrippingof a tap. TransitionDrip canalwayshappen,any
numberof times.ExampleB is alsoanet,eventhoughit hasneitherplacesnorarcs.

Drip

Figure D.3: Example B.
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D.2.3 Ar cs

An arcfrom aplaceto atransitionindicatesthatthistransitionconsumesobjectsfrom theplace.
An arc in theoppositedirectionindicatesthat this transitionproducestokenson theplace. In
figure D.4, ExampleC, Alice hasa smallercoin collectioncomprisingoneten centandtwo
fifty centcoins.Shemayspendany numberof coinsat a time.

AlicesPurse

Coins

Spend
x

Coins &ÔR 1c,2c,5c,10c,20c,50c
]

x : Coins�98
(AlicesPurse)&zyo� 10c�5�3� 50c

Figure D.4: Example C.

Arc annotationsdeterminethe kinds andnumbersof tokensthat areproducedor consumed.
Here,the annotationx indicatesthatany coin (from Alice’s purse)canbe spent.However, it
hasto be declaredin the textual part of ExampleC that x denotesa variablefor coins. Alice
could spend:a ten centcoin; a fifty centcoin; a ten centanda fifty centcoin; two fifty cent
coins;andall hercoinsin onetransaction,thatis by theoccurrenceof transitionspend.

D.2.4 The Net Graph

The sizeandpositionof the nodes,aswell asthe sizeandshapeof the arcs,althoughoften
importantfor readability, areirrelevantto themathematicaldescriptionof anet,i.e., theplaces,
transitions,andarcsof thenet,thenetgraph. Informally, onemight say, thenethasoneplace,
calledAlicesPurse,onetransition,Spend,andonearc from AlicesPurseto Spend. Formally
this canbeexpressedas:

P &?R AlicesPurse
]

T &?R Spend
]

F &?R (AlicesPurse,Spend)
]

Traditionally, Sdenotesthesetof places,but in this InternationalStandardweuseP(sinceit is
written in English),T denotesthesetof transitions,andF denotesthesetof arcs.Theseletters
aretheinitials of theGermanwordsStelle, Transition,Flussrelation. Eacharcis thusdescribed
asthepair consistingof its origin nodeandits targetnode.

D.3 Transition Conditions

ExampleD in figureD.5 modelsthatBobstartswith anemptypurseandcollects10centcoins.

ExampleD doesnot modelwherethe coinsmay comefrom. It only shows what happensto
Bob’spurseasaconsequenceof anarbitrarynumberof occurrencesof Receive.
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BobsPurse

Coins

Receive
10c

Coins &�R 1c,2c,5c,10c,50c
]�98

(BobsPurse)&�>
FigureD.5: Example D.

In thenext example,depictedin figureD.6, Alice is readyto give Bob any of hercoins. Bob,
however, acceptsonly 10ccoinsfrom Alice.

AlicesPurse

Coins

Donate

x=10c

BobsPurse

Coins

x 10c

Coins &?R 1c,2c,5c,10c,50c
]

x : Coins�98
(AlicesPurse)&_y;� 10c�5�3� 50c�98
(BobsPurse)&�>
Figure D.6: Example E.

A transitionconditionhasbeenadded,requiringthatx & 10c.Thetransition,Donate,canoccur
only with suchvariablevaluesasfulfill the condition. If thereareno appropriate(i.e., 10c)
tokensin AlicesPurse,thenDonatecannotoccur. In amorerealisticvariantof ExampleD, Bob
cannotput arbitrarily many coinsinto his purse.ExampleF in figureD.7 limits thenumberof
10 centcoinsthatBobcanreceive to 200.

NumberOfCoins

N

Receive

n<200�

BobsPurse

Coins

n 10c

n+1

N setof naturalnumbers
Coins &ÔR 1c,2c,5c,10c,50c

]
n : N�?@ N � N

E �¥�����
usual‘lessthan’ predicate�_@ N � N

E
N arithmeticaddition�98

(BobsPurse)&?>�98
(NumberOfCoins)&zy;���

FigureD.7: Example F.
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D.4 Net Dynamics

ExampleC canbeusedto illustratethemodellingof systemdynamicsin HLPNs. In herfirst
action, Alice can spendany numberof her coins. Let her spenda 10 cent coin. Then in
the net, Spendoccurs,with x having the value10c. This occurrenceof Spendis denotedby
(Spend,R (x,10c)

]
). This indicateswhich transitionoccurs(Spend),andto which valueeachof

thevariables,appearingin thearcannotationsaroundthetransition,is bound.In this caseonly
x appears,andis boundto 10c.

By theoccurrence(Spend,R (x,10c)
]
) a new markingof thenetis created:

�   (AlicesPurse)&Ô�3� 50c.

Thenew markingis calleda reachablemarkingof ExampleC. A differentmarkingwould be
reachedby Alice spendinga fifty centcoin. As long asAlice’s pursecontainscoins,shecan
spendany of them. In thenet,aslong asAlicesPurseis markedwith a non-emptymultisetof
tokens,Spendcanoccurwith x boundto any oneof thetokensin themarkingof AlicesPurse.
Markingsreachablefrom reachablemarkingsarealsocalledreachable.

Thedynamicsof Example C, i.e.,

� themarkingsreachablein ExampleC, aswell as� thetransitionoccurrencesperformedto reacheachone,

aredepictedin thereachability graph in figureD.8.

(Spend,{(x,50c)})

(Spend,{(x,50c)})

(Spend,{(x,10c)})(Spend,{(x,50c)})

(Spend,{(x,50c)})

(Spend,{(x,10c)})

(Spend,{(x,10c)})PSfragreplacements

R (AlicesPurse,> ) ]

R (AlicesPurse,yo��y�� c�5�3���6� c)
]

R (AlicesPurse,y � y�� c��y � �6� c)
]R (AlicesPurse,�3���6� c)

]

R (AlicesPurse,yo��y�� c)
]R (AlicesPurse,yo���6� c)

]

FigureD.8: Reachability graph of Example C.

Fromthisdiagram,onecanread,for example,thefollowing factsaboutthedynamicsof Exam-
ple C:

� If Alice spendsfirst 10 centsandthen50 cents,or if shedoesit in thereverseorder, then
shewill have50 centsleft.
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� Alice canperformatmostthreeactions.� Everysequenceof 3 actionsendswith anemptypurse.� No sequenceof actions(save, trivially, the emptysequence)will allow Alice to restore
thecontentsof herpurse.

All of this holds,of course,only within the rangeof actionsconsideredin ExampleC. In the
reachabilitygraph,setbracesR ...] arewrittenaroundthepairparentheses(...) whereverusually
an entiresetappearsin this position. Generallytherearesetsof placemarkingsandsetsof
variablebindingsto be described.It just happensthat in our very simpleexampletheseare
one-elementsetsandthe R (...)] looksunnecessarilycomplicated.

The reachabilitygraphfor ExampleD consistsof a single infinite chain,as indicatedin fig-
ure D.9. The occurrence(Receive,> ) doesnot meanthat Bob receivesno coins,but that no
variableis assignedavalue.

etc.

PSfragreplacements

(Receive,> )

(Receive,> )

(Receive,> )

R (BobsPurse,> ) ]

R (BobsPurse,y � y�� c)
]

R (BobsPurse,����y�� c)
]

FigureD.9: Reachability graph of Example D.

D.5 Flow Control Example

Two companies,A Co andB Co, residein differentcities. A Co packsandsendsbig crates
of equalsizeto B Co, oneby one. B Co hasa roomwherethecratesarestored.Cratesmay
be taken from the storeroom for processing(e.g.,distributedto retailers,or openedand the
contentsconsumed– it doesnot matterhere).This procedureis modelledin figureD.10.

Thepeoplefrom B Cohaveaproblem.Thestoreroomof B Cocanonly holdacertainnumber,
say, MAX, of thesecrates.In orderto avoid beingforcedeitherto leave cratesin thestreetor
to rentanotherstoreroom,B Coagreeswith A Coon a ‘flow controlprotocol’.

38



CratesInTransit

Crates

ProcessCrateStoreRoom

Crates

ReceiveCrateSendCrate

Cr Cr Cr Cr

Figure D.10: Crate procedure.

To implementtheprotocol,A Cokeepsa recordof SendingCredits, while B Cokeepsarecord
of empty‘slots’ availablefor placingcratesin thestore. Any time that thereareemptyslots,
B Co may reserve themandgive thenumberof reserved (andempty)slotsassendingcredits
for cratesto A Co. B Codoesthisby sendinga letterwith thisnumberto A Coandsettingthe
numberof unreservedslotsto 0. Whenever A Co receivessucha letter, it increasesSending-
Creditsby thenumberwritten in it.

Sendinga crate,which is only possibleif SendingCreditsis 1 or more,lowersSendingCredits
by 1, andprocessingacrateraisesthenumberof emptyandhenceunreservedslotsby one.

Initially, thesituationis asfollows: nocrateor letteris in transit;thestoreroomis empty;there
is no sendingcredit;andall slotsareemptyandunreserved.

Thisdistributedsystemis modelledby figureD.11.

Note that this net modelsinfinitely many different systems. It is a parameterizedHLPNG
with a parameter, MAX, that may take any naturalnumberasa value. Eachsuchvalueval,
substitutedfor MAX instantiatesExampleG to an‘ordinary’ HLPNGwithout parameters,Ex-
ampleG(val).
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CratesInTransit

Crates

ProcessCrateStoreRoom

Crates

ReceiveCrateSendCrate

sc>0

UnreservedSlots

N

SendLetter

n>0

LettersInTransit

N

ReceiveLetterSendingCredits

N

n n+1

n

0
nnew

sc+new

sc

sc sc-1

Cr Cr Cr Cr

Crates &ÔR Cr
]

N &?R 0, 1, 2, . . .
]

Z is thesetof integers
n, new, sc: N
MAX : N�°@ Z � Z

E
Z is arithmeticadditionD @ Z � Z

E
Z is arithmeticsubstraction��8

(CratesInTransit) & ��8 (LettersInTransit) & �98 (StoreRoom)&�>��8
(SendingCredits)&zy � ���8
(UnreservedSlots)&_y �MAX

FigureD.11: Example G.
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Annex E
(informative)

AnalysisTechniques

Therearea large numberof analysistechniquesfor Petri nets,including reachabilityanalysis
(with several statespacereductiontechniquesandusingmodelchecking),structuralanalysis
andinvariantsanalysisthatmaybeusedto investigatepropertiesof systemsmodelledby nets.
This annex is just to alertreadersof this InternationalStandardto thesepossibilities.ThePetri
netcommunityhaspublisheda 2 volumesetin LectureNotesin ComputerScience(volumes
1491 and 1492) as a consolidationof the definitionsand resultsin Petri nets,basedon the
AdvancedCourseheldin 1996.Readersarealsoreferredto thebibliography, for example,the
secondvolumeof Kurt Jensen’sbookon ColouredPetriNets.
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