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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-goveérnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, 1$0 and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives;. Part 2.
The main tagk of the joint technical committee is to prepare International Standards; Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an Internationjal Standard requires approval by at least 75 % of the national bodies gasting a vote.

Attention is drawn to the possibility that some of the elements of this document'may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all sueh-patent rights.

ISO/IEC 159(09-1 was prepared by Joint Technical Committee ISO/EC JTC 1, Information technplogy,
Subcommitteg SC 7, Software and system engineering.

ISO/IEC 15909 consists of the following parts, under the general title Software and system engineering —
High-level Peitri nets:

— Part 1: Goncepts, definitions and graphical notation

vi © ISO/IEC 2004 — All rights reserved
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I ntroduction

This International standard is Part 1 of a multi-part standard concerned with defining a mod-
elling language and its transfer format, known as High-level Petri Nets. Part 1 defines a semi-
graphical technique for the specification, design and analysis of discrete event systems.

The technique is mathematically defined and may thus be used to provide unambiguous spec-
ifications and descriptions of applications. It is also an executable technique, allowing specifi-
cation prototypes to be developed to test ideas at the earliest and cheapest opportunity. Specifi-

cations written in the technique may be subjected to analysis methods to prove properties about

the specifications, before implementation commences, thus saving on testing:and maintenance
time and providing a high level of quality assurance.
Petri nets have been used to describe a wide range of systems since theib invention in 1962. A

problem with Petri nets is the explosion of the number of elements of-their graphical form when

they are used to describe complex systems. High-level Petri Nets were developed
this problem by introducing higher-level concepts, such as the-use of complex str
as tokens, and using algebraic expressions to annotate net\elements. The use of
to describe these Petri nets is analogous to the use of. thigh-level” in high-level p
languages (as opposed to assembly languages), and isithe usual term used in the P4
munity. Two of the early forms of high-level nets that this standard builds on ar
Transition Nets and Coloured Petri Nets, firstintroduced in 1979 and develope
1980s. It also uses some of the notions developed for Algebraic Petri nets, first i
the mid 1980s. It is believed that this standard captures the spirit of these earlier d
(see bibliography).

The technique promises to have. multiple uses. For example, it may be used direct
systems or to define the semanties of other less formal languages. It may also serve
techniques currently used independently such as state transition diagrams and dg
grams. The technique is articularly suited to parallel and distributed systems deV
it supports concurrency! The technique is able to specify systems at a level that is
of the choice of implementation (i.e. by software, hardware (electronic and/or mg
humans or a compination). This International Standard may be cited in contracts f
opment of systems (particularly distributed systems), or used by application develg
net tool wendors or users.

|

0 overcome
ctured data
‘high-level’
rogramming
tri net com-
e Predicate-
during the
troduced in
bvelopments

y to specify
to integrate
ta flow dia-
elopment as
ndependent
chanical) or
r the devel-
pers or Petri

Part 1 of this International Standard provides an abstract mathematical syntax and a formal

semantics for the technique. Conformance to the standard is possible at several

levels. The

level of conformance depends on the class of high-level net chosen and the degree

0 which the

syntax is supported. The basic level of conformance is to the semantic model.

Clause 1 describes the scope, areas of application and the intended audience of Part 1 of this
International Standard. Clause 2 provides aglossary of terms and defines abbreviations. The main
mathematical apparatus required for defining the semantic mode and its graphica formisdevelopedin
normative Annex A and referred to in clause 3. The basic semantic model for High-level Petri Nets
isgivenin clause 4, while the main concepts behind the graphical form are in formally introduced
in clause 5. Clause 6 defines the High-level Petri Net Graph, the form of the standard intended
for industrial use. Components of the graph are annotated. The annotations are defined at a

© ISO/IEC 2004 — All rights reserved Vi
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meta-level allowing many different concrete syntaxes to be used. Clause 7 describes several
syntactical conventions. Clause 8 maps the graphical form to the basic semantic model. The
conformance statement is given in clause 9. Normative Annex B defines Place/Transition nets
(without capacities) as a restriction of the definition of Clause 6. Place/Transition nets is often
what is meant when the term Petri nets is used. Three informative annexes are included: Annex C
defines a High-level Petri Net Schema, which allows classes of systems to be described at
a syntactic level; Annex D is a tutorial on the High-level Petri Net Graph; and Annex E pro-
vides pointers to analysis techniques for High-level Petri Nets. A bibliography concludes this
International-Standard-

viii © ISO/IEC 2004 — All rights reserved
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Software and system engineering — High-level Petri nets —

Part 1:
Concepts, definitions and graphical notation

1 Scope
1.1 —Pukpose

This|International Standard defines a Petri net technique, called High-level Petri Nets, includ-
ing ifs syntax and semantics. It provides a reference definition that can be used both within
and petween organisations, to ensure a common understanding of the techpnique and o¢f the
specifications written using the technique. This International Standard wHl.also facilitate the
deve|lopment and interoperability of Petri net computer support tools.

Part L of this International Standard defines a mathematical semantic.model, an abstract math-
ematjcal syntax for annotations and a graphical notation for High=level Petri Nets, known as
the High-level Petri Net Graph. A mathematical mapping is provided that defines the graphical
form(in terms of the semantic model. A transfer format for the High-level Petri Net Graphlis the
subjgct of Part 2 of this International Standard, while Part.3 addresses techniques for modylarity
(such as hierarchies) and the augmentation of High-lewel Petri Nets with time.

1.2 | Field of Application

This|International Standard is applicable;to a wide variety of concurrent discrete event sygtems
and in particular distributed systems. Generic fields of application include:

requirements analysis;

| development of specifications, designs and test suites;

o| descriptions of existing systems prior to re-engineering;
o] modelling.business and software processes;

| providing the semantics for concurrent languages;

o| simulation of systems to increase confidence;

o format analysis of the behaviour of Systems; and

e development of Petri net support tools.

This International Standard may be applied to the design of a broad range of systems and
processes, including aerospace, air traffic control, avionics, banking, biological and chemi-
cal processes, business processes, communication protocols, computer hardware architectures,
control systems, databases, defence command and control, distributed computing, electronic
commerce, fault-tolerant systems, hospital procedures, information systems, Internet protocols
and applications, legal processes, logistics, manufacturing systems, metabolic processes, mu-
sic, nuclear power systems, operating systems, transport systems (including railway control),
security systems, telecommunications and workflow.

(c) ISO/IEC 2004 - All rights reserved 1
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1.3

Audience

Part 1 of this International Standard is written as a reference for systems analysts, designers,
developers, maintainers and procurers, and for Petri net tool designers and standards developers.

2 Terms, Defi nitions, Abbreviationsand Symbols

For the purpose of this International Standard, the following definitions, abbreviations and sym-
bols apply. Any ambiguity in the definitions is resolved by the mathematically precise defini-

tions i the body of Part 1 of this International Standard.

2.1

2.1.1A
a placg

2.1.1.1
2.1.1.2

2.1.1.3
used td
arc’s a

212 A

2.1.3
variab

2.14H
2.15H
2.1.6 C

2.1.7¢
other,

2.1.80

Glossary

\rc: A directed edge of a net which may connect a place to a transition-or a transitio
, normally represented by an arrow.

Input Arc (of a transition): An arc directed from a place to.the transition.
Output Arc (of a transition): An arc directed from the transition to a place.

annotate an arc of a net. The expression must evaluate to a multiset over the type of
bsociated place.

\rity: The input sorts and output sort for an<Qperator.

ssignment: For a set of variables, the'association of a value (of correct type) to €
e.

asis Set: The set of objects usedto create a multiset.
inding: See Assignment.
Larrier: A set of a many-sorted algebra.

oncurrency: Theproperty of a system in which events may occur independently of
and hence are net.ordered (see also Step and Concurrent Enabling).

variab

2.1.9 Enabting (a transition): A transition is enabled in a particular mode and net mark
when thefollowing conditions are met:

eclaration:A set of statements which define the sets, constants, parameter values, ty
es and functions required for defining the annotations on a High-level Petri Net Gray

nto

Arc Annotation: An expression that may involve constants, variables and operators

the

ach

ach

ped
h.

ing,

The marking of each input place of the transition satisfies the demand imposed on it by its arc
annotation evaluated for the particular transition mode. The demand is satisfied when the place’s
marking contains (at least) the multiset of tokens indicated by the evaluated arc annotation.

NOTE: The determination of transition modes guarantees that the Transition Condition is satis-
fied (see Transition Mode).

2.1.10 Concurrent Enabling (of transition modes): A multiset of transition modes is concur-
rently enabled if all the involved input places contain enough tokens to satisfy the sum of all of

(c) ISO/IEC 2004 - All rights reserved 2
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the demands imposed on them by each input arc annotation evaluated for each transition mode
in the multiset.

2.1.11 High-level Net (High-level Petri Net): An algebraic structure comprising: a set of
places; a set of transitions; a set of types; a function associating a type to each place, and a
set of modes (a type) to each transition; Pre function imposing token demands (multisets of
tokens) on places for each transition mode; Post function determining output tokens (multisets
of tokens) for places for each transition mode; and an initial marking.

2.1.12 High-level Petri Net Graph: A net graph and its associated annotations comprising
Place Types, Arc Annotations and Transition Conditions, and their corresponding definitions in

a set O: Daclaratiane and an Initial Markina of tha nat
HeGtatatoRSahtaiHHHaahdhg-otHe-Het

2.1.13|Many-sorted Algebra: A mathematical structure comprising a set of sets and@set of
functigns taking these sets as domains and co-domains.

2.1.14|Marking (of a net): The set of the place markings for all places of the net;

2.1.141 Initial Marking (of the net): The set of initial place markings given with the hjgh-
level net definition.

2.1.14)2 Initial Marking of a place: A special marking of a place, defined with the high-lgvel
net.

2.1.14)3 Marking of a place: A multiset of tokens associated«with (‘residing in’) the place

2.1.14)4 Reachable Marking: Any marking of the netithat can be reached from the injtial
markir|g by the occurrence of transitions.
2.1.14)5 Reachability Set: The set of reachable martkings of the net, including the initial mark-
ing.
2.1.15[Multiset: A collection of items wherg repetition of items is allowed.

2.1.15)1 Multiplicity: A natural number{i.e., non-negative integer) which describes the number
of repdtitions of an item in a multiset.

2.1.15)2 Multiset Cardinality(cardinality of a multiset): The sum of the multiplicities of
each of the members of the mukiset.

2.1.16|Net: A general termrused to describe all classes of Petri nets.

2.1.16J1 Net Graph: ‘A'directed graph comprising a set of nodes of two different kinds, called
places|and transitions, and their interconnection by directed edges, called arcs, such that gnly
places can be.conhected to transitions, and transitions to places, but never transitions to transi-
tions, nor places to places.

2.1.16)2"Node (of a net): A vertex of a net graph (i.e., a place or a transition).

2.1.16.3 Petri Net: An algebraic structure with two sets, one called places and the other called
transitions, together with their associated relations and functions, and named after their inventor,
Carl Adam Petri.

2.1.16.4 Place/Transition Net: A Petri net comprising a net graph with positive integers asso-
ciated with arcs and an initial marking function which associates a natural number of simple
tokens (“black dots”) with places.

(c) ISO/IEC 2004 - All rights reserved 3
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2.1.17 Operator: A symbol representing the name of a function.

2.1.18 Parameter: A symbol that can take a range of values defined by a set. It is defined as a
constant in the signature.

2.1.19 Parameterized High-level Net Graph: A high-level net graph that contains parameters
in its definition.

2.1.20 Place: A node of a net, taken from the place kind, normally represented by an ellipse in
the net graph. A place is typed.

2.1.20.1 Input Place (of a transition): A place connected to the transition by an input arc.
2.1.20 2 0utputPa ofa-transttiorn—Aplace-connectedtoth RSHIER-BY-aR-oHtP
2.1.2043 Place Type: A non-empty set of data items associated with a place. (Thisiset|can

descrik

2121
to reac

2.1.22
and a s

2.1.22
carrier
the val

2.1.23
2.1.23
2.1.23
2.1.23
2.1.23

2.1.24
ture an

2.1.24
known

2.1.24

computation of theresults of the associated functions, and any simplifications performed (s

as gath
2.1.25

e true in the algebra.

e an arbitrarily complex data structure.)

Reachability Graph: A directed graph of nodes and edges, where the nodes corresp
hable markings, and the edges correspond to transition occurrences.

Signature/Many-sorted signature: A mathematical structure cemprising a set of s
et of operators.

1 Boolean signature: A signature where one of the sorts-is _Bool, corresponding to
Boolean in any associated algebra, and one of the constants is true g, correspondin

Sort: A symbol representing the name of a set.

1 Argument Sort: The sort of an argument of-an operator.
2 Input Sort: The same as an argument-sort.

3 Output Sort: The sort of an output-of an operator.

4 Range Sort: The same as an output sort.

Term: An expression comprising constants, variables and operators built from a sig
d a set of sorted variables.

1 Closed Term: A term comprising constants and operators but no variables. A
as a Ground Ternx

2 Term Evaluation: The result obtained after the binding of variables in the term,

ering like'terms to obtain the symbolic sum representation of a multiset).
[Token: A data item associated with a place and chosen from the place’s type.

orts

the
g to

na-

\Iso

the
uch

2.1.25.

4 = [ H Tal e ol taodk of 1 lodas ! ) H & P
L CEIaunity TURETIS.  TTIE TTTUTtSCl UT vairucs oitdlitieu WIIETT ait mfput daire driotatl

N is

evaluated for a particular binding to variables.

2.1.25.2 Simple Token: A valueless token, normally represented by a black dot, and used in
Place/Transition nets (as opposed to high-level nets).

2.1.26 Transition: A node of a net, taken from the transition kind, and represented by a rectan-
gle in the net graph.

(c) ISO/IEC 2004 - All rights reserved
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2.1.26.1 Transition Condition: A boolean expression (one that evaluates to true or false) asso-
ciated with a transition.

2.1.26.2 Transition Mode: A pair comprising the transition and a mode.

2.1.26.2.1 Mode: A value taken from the transition’s type. When considering a High-level Petri
Net Graph, a mode may be derived from an assignment of values to the transition’s variables
that satisfies the transition condition.

2.1.26.3 Transition Occurrence (Transition Rule): If a transition is enabled in a mode, it may
occur in that mode. On the occurrence of the transition, the following actions occur indivisibly:

1. For each input place of the transition: the enabling tokens of the input arc with respect to that
mode 4re subtracted from the input place’s marking, and

2. Forleach output place of the transition: the multiset of tokens of the evaluatedQutput|arc
expression is added to the marking of the output place.

NOTE} A place may be both an input place and an output place of the same transition.

2.1.26)4 Step: The simultaneous occurrence of a finite multiset of transition modes that|are
concurfrently enabled in a marking.

2.1.26}5 Transition Variables: All the variables that occur in the gxpressions associated \ith
the trapsition. These are the transition condition, and the annetations of arcs surrounding|the
transition.

2.1.27|Type: A set.

2.2 |Abbreviations

2.2.1 HILPN: High-level Petri Net

2.2.2 HLPNG: High-level Petri Net Graph
2.2.3 HLPNS: High-level Petri Net Schema
2.2.4iff: if and only if

2.2.5 AN: Petri Net

2.2.6 HTNG: Place/Transition Net Graph.

3 Conventions and Notation

This Infternational Standard uses the notation for sets, multisets and universal algebra defined in
Annex|{A.Annex A also defines the concept of multiset addition, (using the ‘+” symbol), wiich
should not be confused with arithmetic addition. The notion of multisets is required for clauses
4,5, 6, 7 and 8. An understanding of many-sorted signatures, sorted variables and many-sorted
algebras provided in Annex A is required for clauses 6 and 8 and Annexes B and C.

Wherever possible standard mathematical notation has been used. An instance of notation spe-
cific to Petri nets is when a marking of the net is transformed to a new marking.

M|[T,)M' is used to denote that a new marking, M’, is created on the occurrence of a multiset
of transition modes, 7},, when in the marking M.

(c) ISO/IEC 2004 - All rights reserved 5
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This notation is defined in clause 4, and similar notation is used in clause 6.

In High-level Petri Nets, an arc may be annotated by a variable or constant (or combination)
of the same type as the arc’s place. The evaluation of the arc expression is thus an element
of the place’s type. By convention, if an arc expression evaluates to an element of the place’s
type, this is interpreted as the corresponding singleton multiset over the place’s type. This is
necessary as an arc annotation when evaluated must be a multiset over the associated place’s
type. A similar convention applies when an arc expression evaluates to a set, which may be a
subset of the associated place’s type. This is interpreted as a multiset over the place’s type, with
corresponding multiplicities of zero and one.

The grap

nhical natatinn ticad in clatica B i1c that dafinad 1n clatica 7
aprHeaHtaHOH-HSeaHH-GadSeo1StHat-aeHe a1 -GratdSe——

4

[da)

4.1

A High-level Petri Net is the structure: HLPN = (P, T, D; Type, Pré;/Post, M) where

o |

bemantic Model for High-level Petri Nets

Definition

P is a finite set of elements called Places.

" is a finite set of elements called Transitions disjoint from P (i.e. PNT = ().

NOTE

D is a non-empty finite set of non-empty domains where each element of D is callg
pe.

ype : PUT — D is a functioniused to assign a type to each place and to €
ransition. (For transitions, the typedefines the set of modes of the transition.)

Pre, Post : TRANS — puPLACE are the pre and post mappings with
FRANS = {(t,m) |t € T,m € Type(t)}
PLACE ={(p,9) | p € P, g € Type(p)}

Iy € uPLACE is a multiset called the initial marking of the net.

uwPRLACE is the set of multisets over the set, PLACE (see Annex A, section A.2).

bd a

ach

4.2

A Mar

Marking of HLPN

king of the HLPN is a multiset, M € uPLACE.

(c) ISO/IEC 2004 - All rights reserved 6
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4.3

43.1

Enabling of Transition Modes

Enabling of a Single Transition Mode

A transition mode, tr € TRANS, is enabled at a marking M if and only if (iff)

4.3.2

Pre(tr) < M

Concurrent Enabling of Transition Modes

A finit

where

All tra

e multiset of transition modes, 7, € pTRANS, is enabled at a marking M iff

Pre(T,) <M

the linear extension of Pre is given by

Pre(T,) = Z T,(tr)Pre(tr).

tre TRANS

nsition modes in 7}, are said to be concurrently enabléd if 7}, is enabled, i.e. there

enoug

transitjon mode in 7},.

This définition allows a transition mode to be coneurrently enabled with itself. Also if |T},| +=
then this reduces to the definition in the previous’subclause.

4.4

Given

occur fesulting in a new marking M’ given by

where
A step
NOTE

tokens on the input places to satisfy the linear combination of the pre mappings for €

Transition Rule

that a finite multiset of transition modes, 7, is enabled at a marking M, then a step |

M' =M — Pre(T,) + Post(T},)

the linear extension of Post is used.
is denoted by M[T,) M’ or M50,
A-step may comprise the occurrence of: a single transition mode; or any numbe

are
ach

I
—_

nay

r of

concur

+] blaod & T Al
CTIny THauIcu traristtiurT Triuucs.
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5 ConceptsRequired for High-level Petri Net Graphs

5.1

Introduction

High-level Petri Nets can be defined in a number of ways. Clause 4 provides the definition
of the basic mathematical semantic model. The basic semantic model is not what is used by
practitioners. High-level Petri Nets are normally represented using a graphical form which
allows visualisation of system dynamics (flows of data and control). This approach is taken,
as it is the graphical form of HLPNSs that is most appropriate for industrial use. The graphical
form is referred to as a High-level Petri Net Graph (HLPNG). It provides a graphical notation

for plages and transitions and their relationships, and determines the annotations of the graphlical
elements.

This clause introduces the concepts that are needed in the definition of the High-level Petri

Graph
to dem
tutoria

5.2

The concepts of enabling and transition rule are also introduced for the:graphical f
onstrate how the net may be executed to show system dynamics. Readers interested
exposition on High-level Petri Net Graphs are referred to Annex.D.

High-level Petri Net Graph Components

A High-level Petri Net Graph (HLPNG) comprises:

e 4

Net
Drm
ina

\ Net Graph, consisting of sets of nodes of two.different kinds, called places and transi-

6
6

[«

ions, and arcs connecting places to transitions, and transitions to places.
lace Types. These are non-empty sets, One type is associated with each place.

lace Marking. A collection of efements (data items) chosen from the place’s type
ssociated with the place. Répetition of items is allowed. The items associated |
laces are called tokens.

A\rc Annotations: Arcs-are annotated with expressions which may comprise constg
ariables (e.g., 2) and function images (e.g., f(x)). The variables are typed.

xpressions are.evaluated by assigning values to each of the variables. When an g
xpression, is:evaluated, it must result in a collection of items taken from the type off

arc’s place,~The collection may have repetitions and is thus a multiset.

Transition Condition: A boolean expression (e.g., z < y) associated with a transition

and
vith

nts,
The
rc’s
the

e Declarations: comprising definitions of place types, typing of variables and definitions
of functions.

5.3

Net Execution

HLPNGs are executable, allowing the flow of tokens around the net to be visualised. This can
illustrate flow of control and flow of data within the same model. Key concepts governing this

(c) ISO/IEC 2004 - All rights reserved 8
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execution are enabling of transitions and the occurrence of transitions defined by the Transition
Rule.

5.3.1 Enabling

A transition is enabled with respect to a net marking. A net marking comprises the set of all
place markings of the net.

A transition is also enabled in a particular transition mode. A transition mode is an assignment
of values to the transition’s variables, that satisfies the transition condition (i.e., the transition
conditieris-trae—The-transition’s-variables-are-aH-those-variablesthatocetrinthe-expressions
associgted with the transition. These are the transition condition, and the annotationscef‘arcs

involving the transition.

Enablipg a transition involves the marking of its input places. An input place of,a transitign is
a placq which is connected to the transition by an arc leading from that place,to the transitjon.
An arc|that leads from an input place to a transition is called an input arc efthe transition.

A trangition is enabled in a specific mode, for a particular net marking.-Each input arc expyes-
sion is|evaluated for the transition mode, resulting in a multiset of.tokens of the same typg as
that of|the input place. If each input place’s marking contains at’least its input arc’s multisgt of
tokens|(resulting from the evaluation of the input arc’s expréession in the specific mode), then
the transition is enabled in that mode. An example is givet-in‘subclause 5.4.

The input arc’s multiset of tokens resulting from the evaltation of the input arc’s expression in
a specific mode is called the input arc’s enabling tokens, with respect to that mode.

Two transition modes are concurrently enabledor a particular marking, if for the associated
transitjons, each input place’s marking contains at least the sum of the enabling tokens (ith
respect to both modes) of each input arc-associated with that input place.

5.3.2 | Transition Rule for a Single Transition Mode

Enablgd transitions can occur. When a transition occurs, tokens are removed from its input
places| and tokens are added to its output places. An output place of a transition is a place
which fis connected to.the transition by an arc directed from the transition to the place. An|arc
that leads from a.transition to a place (an output place of the transition) is called an output|{arc
of the fransition:

If a transition is enabled in a mode, it may occur in that mode. On the occurrence of|the
transitiondn a specific mode, the following actions occur atomically:

1. For each input place of the transition: the enabling tokens of the input arc with respect to that
mode are subtracted from the input place’s marking, and

2. For each output place of the transition: the multiset of tokens, resulting from the evaluation
of the output arc expression for the mode, is added to the marking of the output place.

NOTE: A place may be both an input place and an output place of the same transition.

(c) ISO/IEC 2004 - All rights reserved 9
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5.3.3 Step of Concurrently Enabled Transition Modes

Several concurrently enabled transition modes may occur in one step, that is in one atomic
action. The change to the marking of the net when a step occurs is given by the sum of all
the changes that occur for each transition mode, as described above. An example is given in
subclause 5.4.

5.4 Graphical Concepts and Notation

The graphical represe NG
given i flgurel
A B
X y

pl tl p2

A=1{1,2,34}

B =1{3,4,5,7}

<: Z x Z — Boolean arithmetic ‘less than’

X:Ay: B

Figure 1: HLPNG with a Transition Condition.

This example comprises two places, named pland p2, one transition, t1, and arcs from p[L to
t1, and t1 to p2. The places are represented-By ellipses (in this case, circles), the transition by a
rectangle (in this example, a square), and'the arcs by arrows.

The ddclarations define two types, A-and B, that are different subsets of the positive inteders.
Variable x is of type A, and variable y is of type B. The transition is annotated with the boolean
expresgion x<y, where the léss than operator is defined in the declarations. Arc (p1,tl) is
annotated with the variablé:x, while arc (t1,p2) is annotated with y.

ben-
e 1
pty

the place’s type By conventlon thls is mterpreted as the correspondmg smgleton multiset over
the place’s type. For example, for x bound to 1, and y bound to 3, the value associated with
arc (p1,t1) is 1, which is interpreted to mean the multiset 1'1, and similarly the value associated
with arc (t1,p2) is 3, which is interpreted to mean the multiset 1'3. Where there is any possibility
of ambiguity, the multiset conversion operator *** should be used. For example, more formally,
the annotation on the arc (p1,t1) would be 1'x, rather than x.

In the initial marking, t1 can be enabled in the following modes

(c) ISO/IEC 2004 - All rights reserved 10
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{(1,3),(1,4),(1,5),(1,7),(3,4),(3,5), (3, 7)}
where the first element of each pair represents a binding for x, and the second, a binding for y
which satisfies x<y.

It can be seen that the multiset of modes, 1'(1, 3) + 2'(3, 5), is concurrently enabled. Another
example of the concurrent enabling of modes is the multiset 1'(1, 5) + 1'(3,4) and yet another
is 1'(1,7) + 1'(3,5) + 1'(3,7).

If transition t1 occurred in mode 1'(3, 5), then the resultant marking would be:
M@pl)=11+13

M(p2)=1'.

Alterngtively, if the multiset of modes 1'(1,3) + 2'(3,5) occurred concurrently, the resul|tant
markir)g would be

M(pl)= 0
M(p2)=1'3 + 2'5.

5.5 [Conditionals in Arc Expressions, and Parameters

The HLPNG of figure 2 uses a variant of the readers/writers problem to illustrate many off the
featurds of a HLPNG including the use of parameters and conglitionals in arc expressions.

A nurrfber (N) of agents (processes) wish to access a shared resource (such as a file). Acgess
can be|in one of two modes: shared (s), where up.to<L agents may have access at the same
time (g.9., reading); and exclusive (e), where only.one agent may have access (e.g., writipng).
No asqumptions are made regarding scheduling”> A HLPNG model of figure 2 illustrates| the
use of {two parameters, L and N, both of which are positive integer constants. This is thpre-
fore a parameterized HLPNG, which represents infinitely many readers/writers systems. Hach
instantjation of N and L would produce a HLPNG, which could then be executed.

It has lheen assumed that the initighstate is when all the agents are waiting to gain access to the
shared|resource (with no queueing discipline assumed). In this example, the initial markings
are giveen in the declaration. Place Wait is marked with all agents; the Control place contaimns L
simpleltokens (represented:by a black dot e) and Access is empty. The marking of place WAt is
given Iy the set A, which'is interpreted to be a multiset over A, where each of the multiplic{ties
of the pgents is one. In a similar convention, the marking of Control is given by Le, whigh is
interpreted as themultiset L'e. (That is the separator “** is dropped where there is no ambigujty.)

An aggnt can-obtain access in one of two modes: if shared (m=s), then a single token is remgved
from Cantrol (as m=e is false, and [m=e| = 0, and thus the arc expression evaluates tp e,
interpretedas I'e) Wnen ENTer occurs in a single transition mode; it exclusive (m=e), then all L
tokens are removed preventing further access until the resource is released (transition Leave).
Shared access is limited to a maximum of L agents as transition Enter is disabled when Control
IS empty.

Outfix notation has been used for the function [] : Boolean — {0,1}. This is the notation
for conditionals in arc expressions. It is assumed that multiset addition, integer subtraction,
the equality predicate and a tupling operator are primitive and do not need to be defined in the
declaration.
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Enter
X (x,m) o + [m=e|](L—1)e
A AxM C
Wait Access Control
X (x,m) e + [m=¢](L—1)e
Leave

Set of Agents:A={a;,...,axn}

Set of Acgeéss Modes: M = {s,e}
Control C = {e}

Pasitive integer constants: N, L
Variables x: A; m: M

Function [] : Boolean — {0, 1} where
[true] = 1 and [false] = 0

My (Wait) = A

M;(Control) = Le

My (Access) = ()

Figure 2: HLPNG of Resource Management.
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6 Deéefi nition of High-level Petri Net Graphs

6.1 Introduction
This clause provides a formal definition for the graphical form of high-level nets. It provides an

abstract mathematical syntax for annotating the graphical elements. The concepts of marking,
enabling and transition rule are also formally defined for the graphical form.

6.2 Definition

A High-level Petri Net Graph is the structure HLPNG = (NG, Sig, V, H, Type, AN, M) \Wpere

e NG = (P, T;F)is called a net graph, with

— P afinite set of nodes, called Places;

— T afinite set of nodes, called Transitions, disjoint from P (i.e: P N'T = (); and

- F C (P xT)U(T x P) aset of directed edges caled arcs, known as the flow
relation.

e big = (9,0) is a Boolean signature defined in Annex A.

e YV isan S-indexed set of variables, disjoint fromQ.

e H = (Sy,Op) is a many-sorted algebra for the signature Sig, defined in Annex A.

e [ype : P — Sy is a function which assigns types to places.

e AN = (A, TC) is a pair of net annotations.

- A: F — TERM(@U V) such that for all (p,t),(t,p) € F, for all bind|ngs
a, Val,(A(p, t)), Val,(A(t', p)) € uType(p). TERM (O U V), and Val, are|de-
fined in Annex:A: A is a function that annotates each arc with a term that when
evaluated (forany binding) results in a multiset over the associated place’s type

- TC : Tv+"TERM (O U V), isafunction that annotates transitions with Boojean
expressions.

o My (I — U,cp nType(p) such that Vp € P, My(p) € pType(p), is the initial marking
1unction. It associates a multiset of tokens (of the correct type) which each place.

A HLPNG comprises an annotated net graph. The annotations are derived from a many sorted
signature, a set of sorted variables, and an associated many sorted algebra. A typing function
associates a set of the many-sorted algebra with each place, known as its type. Terms are built
from the signature and variables. Arcs are annotated by terms, which must evaluate to a multiset
over the associated place’s type. Transitions are annotated by Boolean terms. A place can only
hold tokens of the same type as the place and hence the initial marking is a multiset over the
place’s type.
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NOTE 1: When defining the terms of a signature, we can explicitly relate them to the signature
by using the notation TERMg;,(O U V). Here we omit the subscript as it is clear from the
context (see Annex A, clause A.3.4).

NOTE 2: Arbitrarily complex terms can be generated for the arc annotations, by defining the
appropriate signature (operators and sorts) and sorted variables. Many applications will require
the definition of an operator which will convert (in the algebra) an element of a set to a singleton
multiset, and others will need a multiset addition operator (and its counterpart in the algebra).
For example, this allows there to be multiterms and conditionals in arc expressions. The ap-
proach provides a great deal of flexibility in defining the syntax required for arc annotations.

NOTE
NOTE

example, Hys = uH,i. Also, a variable, x5, may be typed by a set of multisets, or a powe
defined in the algebra (e.g., H; = A, where A is the basis set, so that = : pA).

NOTE
allows

annotations.

NOTE

type is
where

2 Tha avaliatinn of an are tarm mavz racult 1n an amnitv multicat
SO—He-SVattator-oah-atcteH ey Hesthtah-e Pty HhthHset:

4: The carriers (sets) of the algebra may be arbitrarily complex, and may be related

terms which evaluate to multisets over subtypes of the place’s type’to be used in

the sets and functions have already been determined.~There is also a need for a

for
set,

5: The restriction on the arc annotations (evaluating to a multiset ovetthe place’s type),

the

6: In defining HLPNGs, a type has been intentionally asseciated with each place. This
a carrier (set) of the many-sorted algebra, H. This allows-Us to specify concrete systems

ore

abstragt or syntactic form that allows classes of systems toe specified. In this case, the places

becom
come

remov
C and
(see bi

6.3

A mar
M: P

6.4

6.4.1

e S-sorted, i.e., a sort (rather than a type) is associated with each place, markings
bd. This leads us to the notion of a HLPN schema which is defined in informative An

may be considered for future standardisation. The schemas are also useful for anal
bliography).

Marking

King, M, of the HLPNG is defined in the same way as the initial marking.
— U, ep 1 Type(p)-such that for all p € P, M (p) € uType(p).

Enabling

Enabling of a Single Transition Mode

appropriately sorted) ground terms of the signature, and the many-sorted algebra, H

be-
, IS
nex
VSIS

A transition ¢ € T is enabled in a marking, M, for a particular assignment, «;, to its variables,
that satisfies the transition condition, Valye,,(TC(t)) = true, known as a mode of ¢, iff

where

Vp € P, Valo,(p, 1) < M(p)

for (u,v) € (P xT)U(T x P),

e u,u = A(u,v), for (u,v) € F,
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e u,u =9, for (u,v) ¢ F

where @ is a symbol that represents the empty multiset at the level of the signature, so that
Val, (@) = 0.

6.4.2

Concurrent Enabling of Transition Modes

Let oy be an assignment for the variables of transition ¢ € T that satisfies its transition condition
and denote the set of all such assignments (that satisfy its transition condition) for transition ¢,

by Ass

201"

Define

and a s
A step

Thus aJl of the transition modes in X are concurféntly enabled, if X is enabled. If X compr]

a singl
is the g

6.5
Ift e’

Oy, the
to the {

If a stqg

Assigny = {at| Valboot o, (TC(t)) = true}

the set of all transition modes to be

TM ={(t,o4) | t € T, € Assign;}

tep to be a finite non-empty multiset over T'M.
X, of transition modes is enabled in a marking, M, iff

VpeP, > X(t,a)Valg @, 1) < M(p)

e transition mode, then the sum is reduced to a single term so that the enabling condi
ame as that of the previous subclause.

Transition Rule

" is enabled in mode, for marking M, ¢ may occur in mode «;. When ¢ occurs in m

marking of the net)is transformed to a new marking M’, denoted M |t, o) M', accorg
ollowing rule:

Vp € P,M'(p) = M(p) — Valy,(p, t) + Val,, (L, p)

p-X~is enabled in marking M, then the step can occur resulting in a new marking,

ises
tion

ode
ling

MI

denoted M[X)M’', where M’ is given by

Vp

eP,M(p)=Mp)— Y X(ta) Vil 50+ Y X(to) Val (£7)

(t,00)€TM (t,ou)ETM
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7 Notation for High-level Petri Net Graphs

7.1 General

The graphical form comprises two parts: a Graph which represents the net elements graphically
and carries textual annotations; and a Declaration, defining all the types, variables, constants
and functions that are used to annotate the Graph part. The declaration may also include the
initial marking and the typing function if these cannot be written on the graph part due to lack
of space. There needs to be a visual association between an annotation and the net element to

which

it belongs.

The w
standa

1.2

Places
Three

dth, colour and patterns of the lines used to draw the graph are not mandated-hy
d.
Places

are represented by ellipses (often circles), in the usual way (see clause 5): O
Annotations are associated with a place p:

he place name;

o the name of the type (Type(p)) associated with the place; and

e the initial marking, M, (p).

A meghanism must be provided to remove any ambiguity regarding the association of tf
annotations with the correct place. The pasition of the annotations with respect to places is

mand

type o
initial

ed. For example, the initial marking could be shown inside the ellipse, and its name
Itside, or the name of the place could be included inside the ellipse, and the type
marking outside.

If the initial marking is empty, then it may be omitted.

7.3

A tran
the Trg

Transitions

ition is.xepresented by a rectangle and is annotated by a name and a boolean express

this

ese
not
and
and

jon,

nsition Condition. If the Transition Condition is true (7'C(t) = true), it may be omitted.

For exan

hmple

HH oy

]

represents a transition with a name t1, and a transition condition, x<y, where both the types of
the variables, x and y, and the operator less than, <, are defined in the declarations.

A mechanism must be provided to remove any ambiguity regarding the association of these an-
notations with the correct transition. The position of the annotations with respect to transitions
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is not mandated. For example, the transition condition could be shown inside the rectangle
in the example), and its name outside, or the name of the transition could be included inside
rectangle, and the transition condition outside.

7.4 Arcs

An arc is represented by an arrow: —
For (p,t) € F, an arrow is drawn from place p to transition ¢ and vice versa for (¢,p) €

(as
the

F.

If (p,t) and (¢, p) have the same annotations (p is a side place of t), A(p,t) = A(t,p), then
this mfty be shown by a single arc with an arrownead at both ends and annotated by a simgle

annotation.

Arcs
Standayrd, but usual mathematical conventions should be adopted where possible:

7.5 |Markings and Tokens

A token is a member of U, » Type(p). A Marking of the net.may be shown graphically
annotating a place with its multiset of tokens M (p) using the symbolic sum representation
clause]A.2.1).

antics of High-level PetriNet Graphs
The HLPNG may be given an interpretation.as a HLPN (see clause 4) in the following wayj

laces: P is the set of places in‘the HLPN.
ransitions: 7' is the set,ofitransitions in the HLPN.

et of Domains: Theset of modes for a transition is determined by the types of the \
bles occurring in.the surrounding arc annotations restricted by its transition conditio

or H and-¥; (see clauses A.3.6 and 4.3.2), then

Type(t) = Assigny

The types of places are obtained directly from the HLPN graph definition. Thus the
of domains is given by D = { Type(z)|z € P U T}.

4. The Typing Function: The typing function restricted to places is defined in the HLP
and Type(t) is given above.
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5. Pre and Post Maps.

Forallpe P, t €T, g € Type(p) and m € Type(t)
the Pre map is given by:

Pre(t,m)(p,g) =01if (p,t) ¢ F

Pre(t,m)(p, g) = Val,, (A(p,t))(g) otherwise

and the Post map by:

Post(t,m)(p,g9) = 0if (t,p) ¢ F
Post(t,m)(p,g) = Val,(A(t,p))(g) otherwise.

6. [nitial Marking.

f

9 (

Confo
Place/]
confor
with rg

For all p € P, My(p) is as defined in the HLPNG.

Confor mance
mance to this International Standard is according to net class. e lowest level is for
[ransition net class and the highest at the level of the HLPNG.: Within a class, the loy

mance level is to the semantics. If the semantics are adhered to, then the next leve
spect to syntax.

PN Conformance

Level 1

PN Level 1 conformance to this:laternational Standard an implementation shall demon-

here is a one to.one mapping between PLACE and P.

here is a-one to one mapping between TRANS and T'.

ach transition has a single mode.

the
vest
bl is

en-

CEs.

e The initial marking determines the number of black dots allocated to each place initially.
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9.1.2 Level2

To claim PN Level 2 conformance to this International Standard an implementation shall have
satisfied the requirements of PN Level 1 conformance and in addition shall include the syntax
of the PNG defined in Annex B, section B.1 and the relevant notational conventions of clause
7, 1.e., there is no need for place typing, nor a declaration, as these are trivial.

9.2 HLPN Conformance

921 Levell

To clajm HLPN Level 1 conformance to this International Standard an implementation shall
demongstrate that it has the semantics defined in clause 4, by providing a mapping“from|the
implementation’s syntax to the semantic model in a similar way to that defined.in'clause 8.

9.2.2 (Level 2

To clajm HLPN Level 2 conformance to this International Standard an implementation shall
have satisfied the requirements of HLPN Level 1 conformance and in addition shall include the
syntax|of the HLPNG defined in clause 6 and the notational conventions of clause 7.
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Annex A
(normative)

M athematical Conventions

This annex defines the mathematical conventions required for the definition of High-level Petri

Nets.

NOTE: For notions of basic set theory including sets, functions and relations, see the book by

Truss i

Al
N={
Nt =

7=

n the Bibliography.

Sets
0,1, ...} the natural numbers.
N \ {0}, the positive integers.

..,—1,0,1,...} the integers.

Boolegn = {true, false}

A2

Multisets

A mulfiset, B, (also known as a bag) over a non-empty basis set, A, is a function

which
ofa €
each o

The se

A2l

A muli

B . A~— N

F the basis elements is eithebzero or one.

| of multisets over A is denoted by pA.

Sum Representation

iset may be represented as a symbolic sum of basis elements scaled by their multiplic

(sometiimes-kniown as co-efficients).

pssociates a multiplicity, possibly-zero, with each of the basis elements. The multiplicity
A'in B, is given by B(a). A Set'is a special case of a multiset, where the multiplicity of

ties

A22

b o WARRN |
Di{a)u

(1]

I
D =

)
m
b

Membership

Given a multiset, B € uA, a € A is a member of B, denoted ¢ € B, if B(a) > 0, and
conversely if B(a) =0, thena ¢ B.
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A.2.3 Empty Multiset

The empty multiset, (), has no members: Va € A, §(a) = 0.

A.2.4 Cardinality and Finite Multiset

Multiset cardinality is defined in the following way. The cardinality | B| of a multiset B, is the
sum of the multiplicities of each of the members of the multiset.

Bl=2_ B(a)

acA

When | B| is finite, the multiset is called a finite multiset.

A.2.5 | Multiset Equality and Comparison

Two multisets, B1, B2 € A, are equal, Bl = B2, iff Va € A, Bl(a) = B2(a).

Bl is less than or equal to (or contained in) B2, B1 < B2, iff Ya € A;'\B1(a) < B2(a).

A.2.6 | Multiset Operations

The addition and subtraction operations on multisets, B1,,B2 € uA, associate to the left fand
are deflined as follows:
B=B1+ B2 iff Vac AB(a)= Bl(a) + B2(a)
B=B1—- B2 iff Vae€ A(Bl(a) > B2(a)PA (B(a) = Bl(a) — B2(a))
Note tiat subtraction is a partial operation.
Scalarmultiplication of a multiset, B1 € A, by a natural number, n € N, is defined as

B =Bl iff Ya € A, B(a) = nBl(a)

A.3 |Concepts from+Algebraic Specification

In order to define the/HLPNG, concepts from algebraic specification are required. In{the
HLPNG, arcs are, annotated by terms and transitions by Boolean expressions. Many-softed
signatyres provide an appropriate mathematical framework for this representation. Signatiires
providg a cenvenient way to characterise many-sorted algebras at a syntactic level. This clquse
introdyces the concepts of signatures, variables, terms and many-sorted algebras that are| re-
quired forthe defimition of the HEPNG:

A.3.1 Signatures

A many-sorted (or S-sorted) signature, Sig, is a pair:
Sig = (S,0)

where
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e S isaset of sorts (the names of sets, e.g., Int for the integers); and

e O is a set of operators (the names of functions) together with their arity in S which
specifies the names of the domain and co-domain of each of the operators.

It is assumed that S and O are disjoint.

Arity is a function from the set of operator names to S* x .S, where S* is the set of finite
sequences, including the empty string, €, over S. Thus every operator in O is indexed by a pair

(0,s),

o € S*and s € S denoted by o). o € S* is called the input or argument sorts,

and

s the output or range sort of operator o. (In the algebra, the sequence of input sorts will define

a cartelsian product as the domain of the function corresponding to the operator and the ou
sort willl define its co-domain — c.f. clause A.3.5.)

For ex
as equ
declare

A3.2

The te
Bool, g

ample, if S = {Int, Bool}, then o(r,.me, Boory represents a binary predicate symbol,
ality (=) or less than (<). Using a standard convention, the sort of a gpnstant may
d by letting o = . For example an integer constant is denoted by o izt Or simply ¢

Boolean Signature

m Boolean Signature is used to mean a many-sorted signature where one of the sor
orresponding to the carrier Boolean (Boolean = {trué,false}) in any associated alge

Fput

uch
be

Int-

S iS
bra.

A Booflean signature will also include the constant, ¢truegs,, Which corresponds to the value,

true, in

A3.3

LetV
also bg
A vari
Int €

V' may

v, €V

A34

any associated algebra.

Variables

declared in the same way as that of constants, from the set of variable names to {¢}

S, then an integer variable-would be v, r5s) OF vy
iff a = s).

Terms-built from a Signature and Variables

V, in the-following way Denote the set of terms of sort s by TERM(O 11 V) __and gene

of sort s € S may be built from a signature Sig = (S, O) and an S-sorted set of varial

be partitioned according to sorts, where V, denotes the set of variables of sort s (i

be a set of sorted variables, called an-'S-sorted set of variables. The sort of a variable may

S.

ble in V' of sort s € .S would-be denoted by v(. ) or more simply by v,. For example, if

them inductively as follows. For s € S

1. forall Oe,s) € 0, Oe,s) € TERM(O U V)s;

2. V,C TERM(OU V), and

3. forsi,...,sp, € S(n>0)termse; € TERM(OUYV), ,...,e, € TERM(OU V),
and an operator o, ...s,..s) € O, 0(s;...s,.,5)(€1,-- -, en) € TERM(OU V).
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Thus if Int isa sort, integer constants and variables, and operators (with appropriate arguments)
of output sort Int are terms of sort I'nt.

Let TERM (O U V') denote the set of all terms and TE RM (O) the set of all closed terms (those
not containing variables, also called ground terms). Thus

A35

TERM(OU V) = | J TERM(OU V),

sES

Many-sorted Algebras

A manly-sorted algebra, (or Sig-Algebra), H, provides an interpretation (meaning) for the

nature

every perator os,..s, sy € O, there is a corresponding function

og: Hy x...x Hy — Hi.

In casq an operator is a constant, oy, then there is a corresponding element oy € H,, which

be con
Defini

where

sidered as a function of arity zero.
ion: A many-sorted Algebra, H, is a pair

H = (SH,OH)

by = {H;|s € S} is the set of carriers,.with for all s € S, H, # () and

D = {or|o(,s) € 0,0 € S*and s S'} the set of corresponding functions.

For example, if Sig = ({Int, Bool}},{<(int.1nt,Boot) }) then a corresponding many-sorted a
bra wauld be
H1 = (Z, Boolean; lessthan)
where |7 is the set of integers: {...,—1,0,1,...}
Booledn = {true, false}
and legsthan : Z 5 — Boolean is the usual integer comparison function.
It coulfl also be
H2 = (N, Boolean; lessthan)
where IN~s the set of non-negative integers: {0, 1.}

5i0-

Sig. For every sort, s € S, there is a corresponding set, H,, known as a carriérand for

may

lge-

Boolean = {true, false}
and lessthan : N x N — Boolean.

NOTE: In the algebra, S-sorted variables are typed by the carrier corresponding to the sort.
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A.3.6 Assignment and Evaluation

Given an S-sorted algebra, H and S-sorted variables in V, an assignment ! for H and V is a
family of functions «, comprising an assignment function for each sort s € S,

o,V — H,.

This function may be extended to terms by defining the family of functions Val, comprising,

foreachsorts € S:
Vals o, : TERM(OU V), — Hj

The valtes are determined inductively as fotfows. Fors s . |

1. For a constant, o, € O, Vals ,(05) = oy € H;
2. For avariable, v, € V;, Vals o(v5) = a(v;); and
3

. Foro € S*\ {e}, 0 = s159...5,, With s1,...,s, € S, e € TERM(OU V), Jand
¢, € TERM(OU V),,,...,en € TERM(OU V),,, if ¢ = '0lps(e1,...,en), then
Valso(e) = og(Vals, o(€1),...,Vals,,ale,)) € Hy.

1The terms binding and valuation are also used in this context.
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Annex B
(normative)

Net Classes

The purpose of this Annex is to define various classes of nets as a subclass of the HLPNG. Cur-
rently it defines Place/Transition nets (without capacities) which is a common form of Petri nets
where tokens are simply ‘black dots’. Other subclasses may include Elementary Net systems
and other high-level nets.

B.1 [Place/Transition Nets

A Placg/Transition net graph (without capacity), PTNG, is a special HLPNG
PTNG = (NG, Sig, V, H, Type, AN, M,)
where

e NG = (P, T; F)isanetgraph
e big = (S,0) with S = {Dot, Bool, Mdot}, O = {®ps] truepoot, 1 mdot, Zmdots - - - }
[ J 1/ = @

e [ = ({dot, Boolean, pdot}, {e, true, 1'e, 2%, .. .}) a many-sorted algebra for the sig-
Mmature Sig, where dot = {e} and the obvious correspondences are made (Doty = fot,
Booly = Boolean, Mdoty = pdot, (8pe)n = ®, (truepeo)n = true, (1paot)n = |I'e,
2Mdot)r = 2'® €1C.).

* [lype : P - {dot, Boolean, pidot} isafunction that assigns the type dot to al placgs
Op O P, Type(p) = dot).

e AN = (A, TC) is apair of net annotations.

—A:F - {Lges 2o, ---} 1S @function that annotates each arc with a syntactic
‘positive_tnteger’ constant, that when evaluated becomes the corresponding
singleton multiset over dot.

- TG T — {truep,o } is a function that annotates every transition with the syntgctic
eonstant true (which by convention is omitted) that on evaluation is the Boolean

value fr1e
Vatde—ie-

e My: P — udot.

Although this is a rather baroque definition of Place/Transition nets, it can be seen to be in one
to one correspondence with a more usual definition given below.
PTNG = (NG, W, M,)

where
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e NG = (P, T;F)isanetgraph.
e W : F — NT isthe weight function, assigning a positive integer to each arc.

e M, : P — N is the initial marking assigning a natural number of tokens to each place.
These are represented by dots (e).

This is because:

e the transition condition is true for each transition, and hence doesn’t need to be consid-

red
Fea5

¢ the type of each place is the same, comprising a single value e, and hence there is‘ho rjeed
or typing places,

e the number of dots (e) associated with each arc (Weight function) are ifi 'one to one gor-
espondence with the positive integers, and

e the number of dots (e) associated with each place (marking) ar€.in‘one to one corresgon-
gence with the Naturals.
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Cl

Annex C
(informative)

High-level Petri Net Schema

Introduction

This clause provides a formal definition for a high-level Petri net schema (HLPNS). It provides

an abs

ract mathematical syntax for annatating the graphical elements and allows classes of

systen

C.2

A High-level Petri Net Schema is the structure: HLPNS = (NG, Sig, ms,VySort, An, m,

where

o |

® |

An = (a, FEY'is a pair of net annotations:

s to be specified at an abstract level.

Definition

NG = (P, T; F) is a net graph, with

— P afinite set of nodes, called Places;
— T afinite set of nodes, called Transitions, disjoint from P (P N'T = ()); and

relation;

big = (.5, O) is a Boolean signature defined in Annex A, with a distinguished set of b
orts, BS C S, such that for each-basis sort, bs € BS, there is a corresponding mulf
ortin S.

ms : BS — S is a functioncthat associates a basis sort with its multiset sort.
 is an S-indexed set of variables, disjoint from O.

bort : P — BS-is.a function that assigns a basis sort to each place.

- a—~"F — TERM(O U V) such that for all (p,t),(t',p) € F, it must be
a(p,t),a(t’,p) € TERM(OU V), . sori(py- TERM(O U V) is defined in An

- F C (PxT)U(T x P) aset of directed edges called arcs, known as the flow

asis
iset

that
nex

A o 1S a function that annotates each arc with a term the sort of which is the mul

iset

sort corresponding to the sort of the associated place.

- TC:T — TERM(OU V), isafunction that annotates transitions with Boo
terms.

lean

my : P — TERM(O) such that Vp € P, my(p) € TERM (O)ms(sort(p)), 1S the initial

marking function which associates a ground term which each place. The ground term’s
sort is the multiset sort corresponding to the sort of the place.
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D.1

Annex D
(informative)

Tutorial

Introduction

High level Petri net graphs (HLPNGSs) are used to model discrete event systems. A discrete

event gysterm-comprses

e ¢ollections of real or abstract objects and

e (liscrete actions which

The cr

lections considered have some permanent identity, irrespective of varying contents. Take,

examp
of the

D.2

In HLPNGs, an action is modelled by atransition, which is graphically represented by a 1

angle.
ellipse
which

tion. A

D.2.1

- modify or consume objects from some collections and
- create objects in other collections.

pated objects may be related to objects that are consumed. It is assumed that the

le, the collection of coins in someone’s purse, or a-data base. Generally, several instar
bame object can be contained in a collection.

Net Graphs

A collection is modelled by a{place, which is graphically represented by a circle o
Places and transitions are-called the nodes of a net graph. Arrows, called arcs, sl
places a transition operatgs on. Each arc connects a place and a transition in one di

place transition

arc
—

col-
for
ces

ect-
[ an
1ow
rec-

\rcs never connect a place with a place nor a transition with a transition. The graphjical
represgntations of components of a net graph are shown in figure D.1.

Figure D.1: Graphic conventions.

Places and Tokens

The objects of the system are modelled by (arbitrarily complex) data items called tokens. Tokens
reside in places. The contents (i.e., the tokens) of a place is called the marking of the place. The

(c) ISO/IEC 2004 - All rights reserved 28


https://iecnorm.com/api/?name=8748d543e7c00368d89f747453a294dc

ISO/IEC 15909-1:2004(E)

tokens form a collection (known in mathematics as a multiset), i.e., several instances of the
same token can reside in the place. A marking of a net consists of the markings of each place.

Example_A in figure D.2 consists of a single place, AlicesPurse, which models that Alice’s purse
contains two 1 cent, three 10 cent and two 50 cent coins. The set of coins is defined in a textual
part of the HLPNG called the Declarations.

The place, AlicesPurse, is typed by the set, Coins. This means that only coins (belonging to
Coins) can reside in Alice’s purse. In this example, the tokens correspond to coins.

/\Coi ns
50c

10c 10c
50c 1c

10c

AlicesPurse
1c

| Coins = {1c, 2c, 5c, 10c, 20c, 50c} |

Figure D.2: Example A.

Exampgle_A is a net graph. It has neither transitions nor arcs.ZAs no actions are modellled,
nothing ever happens and nothing ever changes in this system.

When @ particular instance of a HLPNG is defined, eachlace is defined with a special markjng,
called the initial marking, because other markings wilt usually evolve, once a net is executed.
As a place can be marked with a large number of:tokens, the initial marking may be decf%red
textuallly instead of pictorially. Thus, Alice’s present coin collection can be written as the injtial
markirlg,

My(AljcesPurse) = 2'1c + 3'10c + 2'50¢

and the net graph is then drawn((admittedly in a less illustrative way) without tokens. [The
numbeyr of each of the coins inthe purse, is separated from the value of the coin by a backprime
('), to gvoid any confusion (for example when the values are themselves integers). For exampple,
in somg currencies there may be both a 5¢ and a 25c¢ coin. We need to distinguish between fwo
5c coins and a 25c¢ coin. If there was no separator, the notation 25¢ would be ambiguous.

D.2.2 | Transitions

ExamplexB_in flgurn D.3 models the drlppmg of a tap.Transition Drip can nI\Aln\J/c hnppnn’ any

number of times. Example_B is also a net, even though it has neither places nor arcs.

Drip

Figure D.3: Example_B.
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D.2.3

Arcs

An arc from a place to a transition indicates that this transition consumes objects from the place.
An arc in the opposite direction indicates that this transition produces tokens on the place. In
figure D.4, Example_C, Alice has a smaller coin collection comprising one ten cent and two
fifty cent coins. She may spend any number of coins at a time.

Arc an
when 3
part of
occurr
single

for Alice to spend a ten cent and a fifty cent coin; twofifty cent coins; or all her coins in

transad
simult

net dymamics are addressed in clause D.4.

D.24

The si
import

transitlons, and arcs of the.net, the net graph. Informally, one might say, the net has one pl

called
this ca

P = {AlicesPurse}

T={

Coins

AlicesPurse » Spend

Coins = {1c, 2c, 5c, 10c, 20c, 50c}
x : Coins
My (AlicesPurse) = 1'10c+2'50c

Figure D.4: Example_C.

Example_C. It indicates that any one coin (from Alice’s purse) can be spent on the si
bnce of transition Spend. Thus Alice could spend a ten-cent coin or a fifty cent coin
pbccurrence of Spend by assigning x the value 10c-0r 50c respectively. It is also poss

tion, by the simultaneous multiple occurrence of transition Spend. The occurrence
ineous multiple occurrence of transitions are*discussed in detail later in this tutorial w

The Net Graph
ant for readability, are.irrelevant to the mathematical description of a net, i.e., the pla
AlicesPurse, ope-transition, Spend, and one arc from AlicesPurse to Spend. Form

N be expressed as:

pend }

F={(

notations determine the kinds and numbers of tokens that aré produced or consmi%wed

| transition occurs. Here, the annotation X is a variable for,coins,declared in the textual

gle
DN a
ible
one
and
hen

7e and position of the nodes, as well as the size and shape of the arcs, although often

ces,
hce,
ally

AlicesPurse, Spend)}

Traditionally, S denotes the set of places, but in this International Standard we use P (since it is
written in English), T denotes the set of transitions, and F denotes the set of arcs. These letters
are the initials of the German words Stelle, Transition, Flussrelation. Each arc is thus described
as the pair consisting of its origin node and its target node.
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