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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

establish
technica
and non
technolo

Internatiq
The mai
Standard

an Intern

Attention
rights. IS

ISO/IEC

Subcomimittee SC 7, Software and system engineering.

ISO/IEC
High-levi

—  Part

ed by the respective organization to deal with particular fields of technical activity. ISO and |E
committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
h task of the joint technical committee is to prepare International Standards. ‘Draft International
s adopted by the joint technical committee are circulated to national bodies for.voting. Publication ds

ational Standard requires approval by at least 75 % of the national bodies casting a vote.

is drawn to the possibility that some of the elements of this documentimay be the subject of patent
O and IEC shall not be held responsible for identifying any or all such-patent rights.

15909-1 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technolog)

15909 consists of the following parts, under the general title Software and system engineering -
b/ Petri nets:

1: Concepts, definitions and graphical notation

vi

© ISO/IEC 2004 — All rights reserved


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

ISO/IEC 15909-1:2004(E)

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-descripntions-of-applications—tis-also-an-executable-techniaue—allowing specifi_
cations-and-descriptions-of apphications—H-is-also-an-executable technigue alowing

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 propertigs about

the specifications, before implementation commences, thus saving on testing and mairjtenance

time and providing a high level of quality assurance.

Petri nets have been used to describe a wide range of systems since théirinvention 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 NetSavere developed to oyercome
this problem by introducing higher-level concepts, such as the use of complex structufed data
as tokens, and using algebraic expressions to annotate net.elements. The use of ‘high-level’
to describe these Petri nets is analogous to the use of ‘high-level’ in high-level programming
languages (as opposed to assembly languages), andds,the usual term used in the Petri rjet com-
munity. Two of the early forms of high-level nets that this standard builds on are Predicate-
Transition Nets and Coloured Petri Nets, first introduced in 1979 and developed dufing the
1980s. It also uses some of the notions developed for Algebraic Petri nets, first introduced in
the mid 1980s. It is believed that this staridard captures the spirit of these earlier develppments
(see bibliography).

The technique promises to have multiple uses. For example, it may be used directly to| specify
systems or to define the semantics of other less formal languages. It may also serve to i

humans or a cambination). This International Standard may be cited in contracts for the devel-
opment of systems (particularly distributed systems), or used by application developers|or Petri
net tool wendors or users.

Part &-of this International Standard provides an abstract mathematical syntax and g formal
semantics for the technique. Conformance to the standard is possible at several levgls. The
level of conformance depends on the class of high-level net chosen and the degree to 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 poLnters to analysis techniques for High-Tevel Petri Nets. A bibliography concludes this
Internatipnal Standard.

viii © ISO/IEC 2004 — All rights reserved


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

INTERNATIONAL STANDARD ISO/IEC 15909-1:2004(E)

Software and system engineering — High-level Petri nets —

Part 1:
Concepts, definitions and graphical notation

1 Scope
1.1 Purpose

[his International Standard defines a Petri net technique, called High-level Petri Nets,-inclug
Ing its syntax and semantics. It provides a reference definition that can be used-both within
dnd between organisations, to ensure a common understanding of the technigue and of tHe
gpecifications written using the technique. This International Standard will~also facilitate the
development and interoperability of Petri net computer support tools.

Part 1 of this International Standard defines a mathematical semanticmodel, an abstract mat}
g@matical syntax for annotations and a graphical notation for High=level Petri Nets, known 3s
Te High-level Petri Net Graph. A mathematical mapping is provided that defines the graphic

orm in terms of the semantic model. A transfer format for the High-level Petri Net Graph is th
qubject of Part 2 of this International Standard, while Part3 addresses techniques for modularify
such as hierarchies) and the augmentation of High-level Petri Nets with time.

D =

1.2 Field of Application

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

e requirements analysis;

e development of specifications, designs and test suites;

e descriptions of existing systems prior to re-engineering;
e modelling business and software processes;

e providingthe semantics for concurrent languages;

e simulation of systems to increase confidence;

¢ formal analysis of the behaviour of systems; and

e development oT 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


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

ISO/IEC 15909-1:2004(E)

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
s apply. Any ambiguity in the definitions is resolved by the mathematically precise defini=
tigns in the body of Part 1 of this International Standard.

2.1 Glossary

2.1.1 Arc: A directed edge of a net which may connect a place to a transition or a transition to
a place, normally represented by an arrow.

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

2.1.1.3 Arc Annotation: An expression that may involve,eonstants, variables and operators
used to annotate an arc of a net. The expression must evaluate to a multiset over the type of the
ar¢’s associated place.

=

2.1.2 Arity: The input sorts and output sort for an<gperator.

2.1.3 Assignment: For a set of variables, thezassociation of a value (of correct type) to each
vafiable.

2.1.4 Basis Set: The set of objects used-to create a multiset.
2.1.5 Binding: See Assignment.
2.1.6 Carrier: A set of a many=sorted algebra.

2.1.7 Concurrency: The property of a system in which events may occur independently of each
other, and hence are not ordered (see also Step and Concurrent Enabling).

2.1.8 Declaration:‘A'set of statements which define the sets, constants, parameter values, typed
vafiables and funetions required for defining the annotations on a High-level Petri Net Graph.

2.1.9 Enahting (a transition): A transition is enabled in a particular mode and net marking,
when thesfollowing conditions are met:

Thedamarking of each input place of the transition satisfies the demand imposed on it by its arc
annotation evaltuated for the particular transition mode. The demand IS satisfied When the ptace’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

Pl&ce Types, Arc Annotations and Transition Conditions, and their corresponding definitions in
a get of Declarations, and an Initial Marking of the net.

2.1.13 Many-sorted Algebra: A mathematical structure comprising a set of sets and.a set of
functions 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;

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

2.1.14.2 Initial Marking of a place: A special marking of a place, defined with the high-level
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 net that can be reached from the initial
marking by the occurrence of transitions.

2.1.14.5 Reachability Set: The set of reachable markings of the net, including the initial mark-

2.1.15 Multiset: A collection of items where:repetition of items is allowed.

2.1.15.1 Multiplicity: A natural number (i-e., non-negative integer) which describes the number
of repetitions 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 multiset.

2.1.16 Net: A general term-used to describe all classes of Petri nets.

2.1.16.1 Net Graph: A directed graph comprising a set of nodes of two different kinds, called
plgces and transitions, and their interconnection by directed edges, called arcs, such that only
plgces can be connected to transitions, and transitions to places, but never transitions to transi-
tigns, 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.

nabEDPlaca fof o oot o).
L | II}.

2 1201 Lo nraectadta-th an-byvr g 1a ara
L.V L IIIIJU LILIZ\% Y] \UI awtrariorniuv LILL} LY ] 1

rectecHothe-transtton Y&t |||pUt arc
2.1.20.2 Output Place (of a transition): A place connected to the transition by an outputarc.

2.1.20.3 Place Type: A non-empty set of data items associated with a place. (This.set can
depcribe an arbitrarily complex data structure.)

2.1.21 Reachability Graph: A directed graph of nodes and edges, where the nadges correspond
to reachable markings, and the edges correspond to transition occurrences.

2.1.22 Signature/Many-sorted signature: A mathematical structure caniptising a set of sorts
anfl a set of operators.

2.1.22.1 Boolean signature: A signature where one of the sorts is. Bool, corresponding to the
cafrier Boolean in any associated algebra, and one of the constants is true g, corresponding to
the value true in the algebra.

1.23 Sort: A symbol representing the name of a set.

1.23.1 Argument Sort: The sort of an argument ef-an operator.
1.23.2 Input Sort: The same as an argument-sort.

1.23.3 Output Sort: The sort of an output-of an operator.
1.23.4 Range Sort: The same as an output sort.

.1.24 Term: An expression comprising constants, variables and operators built from a signa-
e and a set of sorted variables.

2.1.24.1 Closed Term: A term comprising constants and operators but no variables. Also
knpwn as a Ground Term:

2.1.24.2 Term Evaluation: The result obtained after the binding of variables in the term, the
computation of the results of the associated functions, and any simplifications performed (such
as|gathering liketerms to obtain the symbolic sum representation of a multiset).

2.1.25 Token: A data item associated with a place and chosen from the place’s type.

2.1.25.1°Enabling Tokens: The multiset of values obtained when an input arc annotation is
evaltated 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 4
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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
de are subtracted from the input place’s marking, and

2. | For each output place of the transition: the multiset of tokens of the evaluated-output 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
copcurrently enabled in a marking.

2.1.26.5 Transition Variables: All the variables that occur in the expressions associated with
the transition. These are the transition condition, and the annotations of arcs surrounding the
trgnsition.

2.1.27 Type: A set.

2.2 Abbreviations

2.2.1 HLPN: High-level Petri Net

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

2.2.5 PN: Petri Net

2.2.6 PTNG: Place/Transition Net Graph.

3| Conventions and Notation

THhis International 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), which
shpuld not be confused with arithmetic addition. The notion of multisets is required for clauses
4, 5,6, 7 and 8. Anunderstanding 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

CC racnandina muldtinlicitine nf 2ara Aand Aann

rTCoPUTmTOTmT g T TOiti oo T C o UT ZCTOU T OUTicy

THhe graphical notation used in clause 5 is that defined in clause 7.

4| Semantic Model for High-level Petri Nets

4.1 Definition

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

e P is afinite set of elements called Places.

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

D is a non-empty finite set of non-empty domains where each element of D is called a
type.

Type : PUT — D is a function-used to assign a type to each place and to each
transition. (For transitions, the type.defines the set of modes of the transition.)

Pre, Post : TRANS — pPLELACE are the pre and post mappings with

TRANS = {(t,m) |t € T,m € Type(t)}

PLACE ={(p,g) | p € P,g € Type(p)}

M, € uPLACEF is a multiset called the initial marking of the net.

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

4.2 Marking of HL PN

A Marking of the HLPN is a multiset, M € uPLACE.

(c) ISO/IEC 2004 - All rights reserved 6
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4.3 Enabling of Transition Modes
4.3.1 Enabling of a Single Transition Mode

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

Pre(tr) < M

4.3.2 Concurrent Enabling of Transition Modes

A finite multiset of transition modes, 7, € uTRANS, is enabled at a marking M iff

Pre(T,) <M

where the linear extension of Pre is given by

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

tre TRANS

All transition modes in 7}, are said to be concurrently enabled if 7}, is enabled, i.e. there are
enpugh tokens on the input places to satisfy the linear combination of the pre mappings for each
trgnsition mode in 7},.

This definition allows a transition mode to be concurtently enabled with itself. Also if |7},| = 1,
then this reduces to the definition in the previousisubclause.

4.4 Transition Rule

Gipen that a finite multiset of transition modes, 7),, is enabled at a marking M, then a step may
ocpur resulting in a new marking M’ given by

M' =M — Pre(T,) + Post(T},)

where the linear extension of Post is used.
A ptep is denoted by M[T,) M’ or M50,

NOTE: A-step may comprise the occurrence of: a single transition mode; or any number of
copcufrently enabled transition modes.

o

(c) ISO/IEC 2004 - All rights reserved 7


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

ISO/IEC 15909-1:2004(E)

5

Concepts Required 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,

ac tha aranhical form AF LI DNlc that 1o mnact annranriatn for sndiictrial ien Tha Aaranhinal

as
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grap PPTop grap

m is referred to as a High-level Petri Net Graph (HLPNG). It provides a graphical notation
places and transitions and their relationships, and determines the annotations of the graphical
ments.

is clause introduces the concepts that are needed in the definition of the High-level Petri Net
aph. The concepts of enabling and transition rule are also introduced for the'graphical form
demonstrate how the net may be executed to show system dynamics. Readers interested in a

tutorial exposition on High-level Petri Net Graphs are referred to Annex:D:

2 High-level Petri Net Graph Components

High-level Petri Net Graph (HLPNG) comprises:

e A Net Graph, consisting of sets of nodes of twao, different kinds, called places and transi-
tions, and arcs connecting places to transitions, and transitions to places.

e Place Types. These are non-empty sets,*One type is associated with each place.

e Place Marking. A collection of\elements (data items) chosen from the place’s type and
associated with the place. Repetition of items is allowed. The items associated with
places are called tokens.

e Arc Annotations: Arcs’are annotated with expressions which may comprise constants,
variables (e.g., z;¢)and function images (e.g., f(z)). The variables are typed. The
expressions are-evaluated by assigning values to each of the variables. When an arc’s
expression,is@valuated, it must result in a collection of items taken from the type of the
arc’s place.“The collection may have repetitions and is thus a multiset.

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

e _Declarations: comprising definitions of place types, typing of variables and definitions

£ £ i
UT TUTicturios.

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

ofvalues to the transition’s variables, that satisfies the transition condition (i.e., the transition
condition is true). The transition’s variables are all those variables that occur in the expressions
asgociated with the transition. These are the transition condition, and the annotations of-arcs
inyolving the transition.

Erfabling a transition involves the marking of its input places. An input place of‘@transition is
a place which is connected to the transition by an arc leading from that place ‘tothe transition.
An arc that leads from an input place to a transition is called an input arc of-the transition.

A fransition is enabled in a specific mode, for a particular net marking. Each input arc expres-
sign is evaluated for the transition mode, resulting in a multiset of\tokens of the same type as
that of the input place. If each input place’s marking contains at feast its input arc’s multiset of
tokens (resulting from the evaluation of the input arc’s expression in the specific mode), then
the transition is enabled in that mode. An example is givendn’subclause 5.4.

THhe input arc’s multiset of tokens resulting from the evaluation of the input arc’s expression in
a gpecific mode is called the input arc’s enabling tokens, with respect to that mode.

Two transition modes are concurrently enabled:for a particular marking, if for the associated
trgnsitions, each input place’s marking contains at least the sum of the enabling tokens (with
regpect to both modes) of each input arcassociated with that input place.

5.3.2 Transition Rule for a Single Transition Mode

Erabled 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 is connected t6-the transition by an arc directed from the transition to the place. An arc
that leads from a-tramsition to a place (an output place of the transition) is called an output arc
of [the transition:

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

1. [Foneach 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 representation of the net graph is introduced by the simple example of a HLPNG

given in figure 1.
A B
‘_. o ()
X y
pl tl p2
A=1{1,2,34}
B =1{3,4,5,7}
<: Z x Z — Boolean arithmetic-1ess than’
X:Ay: B

Figure 1: HLPNG with a Transition Condition.

ThHis example comprises two places, named p%;and p2, one transition, t1, and arcs from pl to
tl,and t1 to p2. The places are represented by ellipses (in this case, circles), the transition by a
re¢tangle (in this example, a square), and‘the arcs by arrows.

THhe declarations define two types,~Arand B, that are different subsets of the positive integers.
Variable x is of type A, and variable’y is of type B. The transition is annotated with the boolean
expression x<y, where the less than operator is defined in the declarations. Arc (p1,tl) is
anpotated with the variable %;’while arc (t1,p2) is annotated with y.

Place pl is typed by A‘and has an initial marking M,(p1)= 1'1 + 2'3, using the sum represen-
tation of multisetsof-clause A.2.1. This states that associated with the place p1 are the value 1
anf two instanceés of the value 3. Place p2 is typed by B, and is empty representing the empty
miltiset, M, (p2)= 0.

A ronvention adopted in high-level nets is that arcs may be annotated by variables or constants
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, this is interpreted as the corresponding singleton 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:

VA~ AY 1\ 1
'JJ.}— 1 17T 1

M{(p2)= 1'5.

Algernatively, if the multiset of modes 1'(1,3) + 2'(3,5) occurred concurrently, the resultant
marking would be

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

\

2
J

5.p Conditionals in Arc Expressions, and Parameters

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

A number (N) of agents (processes) wish to access a shared resource (such as a file). Access
cap be in one of two modes: shared (s), where up to~L agents may have access at the same
time (e.g., reading); and exclusive (e), where onlyone agent may have access (e.g., writing).
Ng@ assumptions are made regarding schedulings A HLPNG model of figure 2 illustrates the
use of two parameters, L and N, both of which are positive integer constants. This is there-
fore a parameterized HLPNG, which represents infinitely many readers/writers systems. Each
ingtantiation of N and L would produceta HLPNG, which could then be executed.

It has been assumed that the initial.state 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
arg given in the declaration.(Place Wait is marked with all agents; the Control place contains L
simple tokens (represented-by a black dot e) and Access is empty. The marking of place Wait is
giyen by the set A, which is interpreted to be a multiset over A, where each of the multiplicities
ofthe agents is oné-1n a similar convention, the marking of Control is given by Le, which is
inferpreted as the'multiset L'e. (That is the separator “** is dropped where there is no ambiguity.)

-_

An agent canyobtain access in one of two modes: if shared (m=s), then a single token is removed
frgm Control (as m=e is false, and [m=e| = 0, and thus the arc expression evaluates to e,
inerpreted as 1‘.) when Enter occurs in a smgle tran5|t|on mode |f excluswe (m= e) then allL

Shared access is I|m|ted to a maximum of L agents as tran3|t|on Enter is dlsabled 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) o + [m=e](L—1)e
Leave

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

Set of Accéss Modes: M = {s,e}
Controk' C = {e}

Pesitive 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) Where

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." PNT = (); and

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

Sig = (S, 0) is a Boolean signature defined in Annex A.

V is an S-indexed set of variables, disjoint fron©’.

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

Type : P — Sy is a function which assigns types to places.
e AN = (A, TC) is a pair of net annotations.

- A: F — TERM(OY V) such that for all (p,t),(t,p) € F, for all bindings
a, Val,(A(p, t)), ¥al,(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 (for any binding) results in a multiset over the associated place’s type.

- TC : T*>’TERM (O U V), isafunction that annotates transitions with Boolean
expressions.

My B = U,cp 1 Type(p) such that Vp € P, My(p) € puType(p), is the initial marking
function. It associates a multiset of tokens (of the correct type) which each place.

A HEPNGcomprisesanannotatednet-graph—The-annotations-are-derived-fromamany-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-

NOQTE 3: The evaluation of an arc term may result in an empty multiset.

NOQTE 4: The carriers (sets) of the algebra may be arbitrarily complex, and may be related, for
expmple, Hys = pHg. Also, a variable, x5, may be typed by a set of multisets, or @powerset,
defined in the algebra (e.g., H; = A, where A is the basis set, so that = : pA).

NOTE 5: The restriction on the arc annotations (evaluating to a multiset over the place’s type),
allows terms which evaluate to multisets over subtypes of the place’s type“to be used in the
anpotations.

NOTE 6: In defining HLPNGs, a type has been intentionally assaciated with each place. This
type is a carrier (set) of the many-sorted algebra, H. This allows us to specify concrete systems
where the sets and functions have already been determined:"yThere is also a need for a more
abptract or syntactic form that allows classes of systems tobe specified. In this case, the places
bepome S-sorted, i.e., a sort (rather than a type) is associated with each place, markings be-
come (appropriately sorted) ground terms of the sigfature, and the many-sorted algebra, H, is
removed. This leads us to the notion of a HLPN schema which is defined in informative Annex
C gnd may be considered for future standardisation. The schemas are also useful for analysis
(sge bibliography).

6.8 Marking

A marking, M, of the HLPNG-is defined in the same way as the initial marking.
M|: P — U,cp nTypefp)such that forall p € P, M(p) € uType(p).

6.4 Enabling
6.4.1 Enabling of a Single Transition Mode

A transition ¢ € T is enabled in a marking, M, for a particular assignment, «;, to its variables,
that satisfies the transition condition, Valye,,(1C(?)) = true, known as a mode of ¢, iff

Vp € P, Valo,(p, 1) < M(p)
where for (u,v) € (P x T)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

Le

t «; be an assignment for the variables of transition ¢ € T that satisfies its transition condition

an
by,

D4

a

>

Th
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If
O
to

If
de

fdenotetheset of attsuchassignments{that satisfy itstransitiomrcondition) for transition ;
Assigny:

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

fine the set of all transition modes to be

TM ={(t,o4) | t € T, € Assign;}

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

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

us all of the transition modes in X are concurrently enabled, if X is enabled. If X comprises

a qingle transition mode, then the sum is reduced to a single term so that the enabling condition

he same as that of the previous subclause.

.b  Transition Rule

b € T is enabled in mode ¢, for marking M, ¢t may occur in mode «;. When ¢ occurs in mode
the marking of the net is transformed to a new marking M’, denoted M [t, ;) M', according
the following rule:

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

A step-X is enabled in marking M, then the step can occur resulting in a new marking, M’,
noted M[X)M', where M’ is given by

Vpe PM'(p)) = M(p)— 3. X(toa)Vale @ 0)+ 3. X(t) Vale, (5,7)

(t,00)€TM (t,ou)ETM

(c) ISO/IEC 2004 - All rights reserved 15



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

ISO/IEC 15909-1:2004(E)

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 cnaecn  Thara nandc tn ha A vaciial aconniatinn hahianan an annatatinn and thn nat alamant +o
JPUCT T T ICTCTICTUS U 0T T v ioUTT doSUTTIathoT T DT Tvv e T o o o totroT T o o i I T T TTICT e to

which it belongs.

THe width, colour and patterns of the lines used to draw the graph are not mandated by this
stgndard.

7.2 Places

Places are represented by ellipses (often circles), in the usual way (seeclause 5): O
THree annotations are associated with a place p:

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

e the initial marking, M, (p).

A [mechanism must be provided to remove any ambiguity regarding the association of these
anpotations with the correct place. The pasition of the annotations with respect to places is not
mandated. For example, the initial marking could be shown inside the ellipse, and its name and
type outside, or the name of the pface could be included inside the ellipse, and the type and
iniial marking outside.

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

7.8 Transitions

A transition is represented by a rectangle and is annotated by a name and a boolean expression,
the Transition'Condition. If the Transition Condition is true (7'C'(t) = true), it may be omitted.

For examiple,

ESIE

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
in

not mandated. For example, the transition condition could be shown inside the rectangle (as
the example), and its name outside, or the name of the transition could be included inside the

rectangle, and the transition condition outside.

7.4 Arcs

An arc is represented by an arrow: —

Fo

r (p.t) € F an arrow is drawn from place p to transition ¢ and vice versa for (t.p) € F.

If
thi
an

ATl
St

A
an
clg

TH

(p,t) and (¢, p) have the same annotations (p is a side place of t), A(p,t) = A(t,p), thén
s may be shown by a single arc with an arrowhead at both ends and annotated by a single
notation.

cs are annotated with terms. The notation for terms is not mandated by this International
indard, but usual mathematical conventions should be adopted where possible-

.p Markings and Tokens

token is a member of | ., Type(p). A Marking of the net may be shown graphically by
notating a place with its multiset of tokens M (p) using the symbolic sum representation (see
use A.2.1).

Semantics of High-level Petri:Net Graphs

e HLPNG may be given an interpretation-as a HLPN (see clause 4) in the following way.

1. Places: P is the set of places in'the HLPN.
2. Transitions: T is the set of transitions in the HLPN.

3. Set of Domains: The set of modes for a transition is determined by the types of the vari-
ables occurring ifi the surrounding arc annotations restricted by its transition condition.

Let V; C V lbesthe set of variables associated with transition ¢. Define a; as an assignment
for H and, ¥ (see clauses A.3.6 and 4.3.2), then

Type(t) = Assigny

Tha tvnac nf nlacac ara Ahtainad diracthvy fram tha H DN anh dafinitinn  Thiic tha cat
LILLAZ LJ rJ\I\J A> A ) Plu\l\l\) “urv umtuairTrivu UIII\:\II.I] muUrtTTrT UaiTe T 7T ' TWY ACTITITUTVUTT,. rrmuvy turiv Jut

(©)

aran
grap

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 HLPNG
and Type(t) is given above.
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9

Cd
PI
co

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:

{
) 9 - m\“

6. Initial Marking.
Forall p € P, My(p) is as defined in the HLPNG.

Conformance

nformance to this International Standard is according to net class.-The lowest level is for the
nce/Transition net class and the highest at the level of the HLPNG:Within a class, the lowest
hformance level is to the semantics. If the semantics are adhered to, then the next level is

with respect to syntax.

To
st
taf]

Th
co

L PN Conformance

1.1 Levell

claim PN Level 1 conformance to this tnternational Standard an implementation shall demon-
ate that it has the semantics defined-ifnclause 4, by providing a mapping from the implemen-
jon’s syntax to the semantic model*in a similar way to that defined in clause 8.

e definition of the semantic'model (clause 4), will be specialised by the restriction that D
nsists of one set with one ‘element, such as D = {{e}}. This has the following consequences.

e There is a one.te;one mapping between PLACE and P.

There is.a0ne to one mapping between TRANS and T'.

Eachitransition has a single mode.

Each place is typed by {e} (i.e., there is only one token represented by a black dot).

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

9.7
To
de
im

9.4

To
ha

sy

Pl Level 1

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

P2  Level 2

claim HLPN Level 2 conformance to this International Standard an implementation shall
ve satisfied the requirements of HLPN Level 1 conformance‘and in addition shall include the
ntax 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

Tr

wih
of
ea

Th
A

A
(sq

1SS 1n the Biblograpny.

1 Sets

= {0,1, ...} the natural numbers.
" = N\ {0}, the positive integers.
= {...,—1,0,1,...} the integers.

olean = {true, false}

2 Multisets
multiset, B, (also known as a bag) over a non-empty basis set, A, is a function
B.A— N

ich associates a multiplicity, possibly-zero, with each of the basis elements. The multiplicity
a € Ain B, is given by B(a). A'set’is a special case of a multiset, where the multiplicity of
ch of the basis elements is either zero or one.

e set of multisets over A is\denoted by pA.
P.1 Sum Representation

multiset may.berepresented as a symbolic sum of basis elements scaled by their multiplicities
metimesknown as co-efficients).

B= Z B(a)'a

acA

A.2.2 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.

w

Tw
B

A.

T
arg

Vi
Vi

N
Sc
B

=

A

In
Hl
Sig
pr

1 is less than or equal to (or contained in) B2, B1 < B2, iff Va € A, B1(a)

Bl=)_ Bla)

acA

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

P.5 Multiset Equality and Comparison

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

.6 Multiset Operations

e addition and subtraction operations on multisets, B1, B2 € uA, associate to the left and
defined as follows:

p = Bl1+ B2 iff Vae€ AB(a) = Bl(a) + B2(a)

$ = Bl — B2 iff Vae A(Bl(a) > B2(a)}A (B(a) = Bl(a) — B2(a))

te that subtraction is a partial operation.

plar multiplication of a multiset, B1. € nA, by a natural number, n € N, is defined as

= nB1 iff Ya € A, B(a) = nBl(a)

3 Concepts from-Algebraic Specification

order to define theyHLPNG, concepts from algebraic specification are required. In the
LPNG, arcs are-annotated by terms and transitions by Boolean expressions. Many-sorted
natures provide an appropriate mathematical framework for this representation. Signatures
Dvide a convenient way to characterise many-sorted algebras at a syntactic level. This clause

qujired-for the definition of the HLPNG.

in]roduces the concepts of signatures, variables, terms and many-sorted algebras that are re-

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

(a, S* and-s S-denoted-y-65m—-o S=s-called-the-hput-orargiiment-sorts—and
e output or range sort of operator o. (In the algebra, the sequence of input sorts will define
a gartesian product as the domain of the function corresponding to the operator and the gutput
soft will define its co-domain — c.f. clause A.3.5.)

Far example, if S = {Int, Bool}, then oint.1nt, B0l F€Presents a binary predicate-symbol, such
as|equality (=) or less than (<). Using a standard convention, the sort of a constant may be
detlared by letting o = . For example an integer constant is denoted by o7 Or SIMply 07y

o)

A.B.2 Boolean Signature

THhe term Boolean Signature is used to mean a many-sorted signature where one of the sorts is
Bqol, corresponding to the carrier Boolean (Boolean = {true,false}) in any associated algebra.
A |Boolean signature will also include the constant, truég..;, Which corresponds to the value,
trde, in any associated algebra.

A.B.3 Variables

Let V' be a set of sorted variables, called an-S-sorted set of variables. The sort of a variable may
alqo be declared in the same way as that of constants, from the set of variable namesto {¢} x S.
A ariable in V of sort s € S wouldbe denoted by v(. 5 or more simply by v,. For example, if
Int € S, then an integer variable would be v, 75y OF V1.

V' [may be partitioned according to sorts, where V; denotes the set of variables of sort s (i.e.,
vg|€ Vi iff a = s).

AB.4 Termshbuilt from a Signature and Variables

Teyms of sart's € S may be built from a signature Sig = (S, O) and an S-sorted set of variables,
V| in the-following way. Denote the set of terms of sort s by TERM (O U V), and generate
them-inductively as follows. For s € S

1. for all Oe,s) € 0, Oe,s) € TERM(O U V)s;
2. V,C TERM(OU V), and

3. forsy,...,sn € S(n>0),termse; € TERM(OU V), ,...,e, € TERM(OU V)
and an operator o, ...s,..s) € O, 0(s;...s,.,5)(€1,-- -, en) € TERM(OU V).

Sn
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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

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

sES

AR5 Vany-sorted Algebras

A many-sorted algebra, (or Sig-Algebra), H, provides an interpretation (meaning) for thesig-
nafure Sig. For every sort, s € S, there is a corresponding set, H,, known as a carrierand for
every operator o, .5, ) € O, there is a corresponding function

og: Hy x...x Hy — Hi.

In|case an operator is a constant, o,, then there is a corresponding element oy € H,, which may
be[considered as a function of arity zero.

Ddfinition: A many-sorted Algebra, H, is a pair
H = (SH, OH)

where

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

o Op = {on|op,s € 0,0 € S*ands(& S} the set of corresponding functions.

Far example, if Sig = ({Int, Bool},{<(int.1nt,B00t) }) then a corresponding many-sorted alge-
bra would be
H1 = (Z, Boolean; lessthan)

where Z is the set of integefs: {...,—1,0,1,...}
Bqgolean = {true, false}
anf lessthan : Z %Z — Boolean is the usual integer comparison function.

It gould also be
H2 = (N, Boolean; lessthan)

wherec/N'is the set of non-negative integers: {0, 1,...}
Badlean = {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,
for each sort s € S:

Val, o - TERM{O T V), — 1,
THe values are determined inductively as follows. For s € S

1. For aconstant, o, € O, Vals ,(05) = oy € H;

2. For avariable, v, € V;, Vals o(v5) = a(v;); and

3. Foro € S*\ {e}, 0 = s189...8,, With 51,...,s, € S, e e LERM(OU V), and
e, € TERM(OU V),,,...,en € TERM(OU V),,, if ¢ = (er,...,en), then
Valso(e) = og(Vals, o(€1),...,Vals,,ale,)) € Hy.

1The terms binding and valuation are also used in this context.

(c) ISO/IEC 2004 - All rights reserved 24


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

ISO/IEC 15909-1:2004(E)

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
where

it defines Place/Transition nets (without capacities) which is a common form of Petri nets
tokens are simply ‘black dots’. Other subclasses may include Elementary Net systems

ang.ather high-level nets

Bll

Place/Transition Nets

A Place/Transition net graph (without capacity), PTNG, is a special HLPNG

where

PTNG = (NG, Sig, V, H, Type, AN, M,)

NG = (P, T; F) is anet graph
Sig = (S, 0) with S = {Dot, Bool, Mdot}, O = {@psyi truepoot, 1adots 2oty - - -}
V=10

H = ({dot, Boolean, pdot}, {e, true, 1'e, 2%, ...}) a many-sorted algebra for the sig-
nature Sig, where dot = {e} and the obvious correspondences are made (Doty = dot,
Booly = Boolean, Mdoty = pdot, (8p,)g = @, (truepe)n = true, (1paot)n = 1'e,
(2mdot) = 2'@ €1C.).

Type : P - {dot, Booleanpdot} isafunction that assigns the type dot to all places
(Op O P, Type(p) = dot).

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

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

- IC-: T — {truep,o } is a function that annotates every transition with the syntactic
constant true (which by convention is omitted) that on evaluation is the Boolean
value true.

Mo P — pidot-

Although this is a rather baroque definition of Place/Transition nets, it can be seen to be in one

to one

where

correspondence with a more usual definition given below.

PTNG = (NG, W, M,)
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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-
ered,

¢ the type of each place is the same, comprising a single value e, and hence there iso need
for typing places,

e the number of dots (e) associated with each arc (Weight function) are in.one to one cor-
respondence with the positive integers, and

e the number of dots (e) associated with each place (marking) arelin one to one correspon-
dence with the Naturals.
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C.

Annex C
(informative)

High-level Petri Net Schema

1 Introduction

i
an
Sy

wih

IS clause provides a formatdefimition fora high-tevet Petrimet schema (HEPNS) Tt provides
abstract mathematical syntax for annotating the graphical elements, and allows classgs of
stems to be specified at an abstract level.

2 Definition

High-level Petri Net Schema is the structure: HLPNS = (NG, Sig, msV5Sort, An, mg)
ere

e NG = (P, T;F)isanetgraph, with

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

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

e Sig = (S, 0) is a Boolean signature defined in Annex A, with a distinguished set of basis
sorts, BS C S, such that for each.basis sort, bs € BS, there is a corresponding multiset
sortin S.

e ms: BS — S isafunction that associates a basis sort with its multiset sort.
e Vis an S-indexed set(of variables, disjoint from O.

e Sort : P — BS.is a‘function that assigns a basis sort to each place.

e An = (a, FC) is a pair of net annotations:

- a\xF — TERM(O U V) such that for all (p,?),(t',p) € F, it must be that
a(p, 1), a(t’,p) € TERM(O U V), (sori(pyy- TERM (O U V) is defined in Annex
A. a is a function that annotates each arc with a term the sort of which is the multiset

sort corresponding to the sort of the associated place.

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

e my: P — TERM(O) such that Vp € P, my(p) € TERM (O)ms(sori(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

Annex D
(informative)

Tutorial

.1 Introduction

Hi
ev

ph Tevel Petri net graphs (HLPNGs) are used to model discrete event systems. A discrefe
ENt system comprises

e collections of real or abstract objects and
e discrete actions which

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

THe created objects may be related to objects that are consumed. It is assumed that the col-
legtions considered have some permanent identity, irrespective of varying contents. Take, for

ex
of

D

In
an

ell

hmple, the collection of coins in someone’s purse, or adata base. Generally, several instances
the same object can be contained in a collection.

2 Net Graphs

HLPNGs, an action is modelled by a transition, which is graphically represented by a rect-
gle. A collection is modelled by.aplace, which is graphically represented by a circle or an
ipse. Places and transitions are'called the nodes of a net graph. Arrows, called arcs, show

which places a transition operates on. Each arc connects a place and a transition in one direc-
tign. Arcs never connect a place with a place nor a transition with a transition. The graphical

re

D.

resentations of companents of a net graph are shown in figure D.1.
place transition
arc
N

Figure D.1: Graphic conventions.

2.1 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
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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.

Ex

ample_Ain 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.

EX
n

W
ca
AS
tey
m3

o

M

a
nu
)
in

5c

>

D.

coins

AlicesPurse

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

Figure D.2: Example A.

ample_A is a net graph. It has neither transitions nor arcs, “As no actions are modelled,
thing ever happens and nothing ever changes in this system:

hen a particular instance of a HLPNG is defined, each place is defined with a special marking,
led the initial marking, because other markings will usually evolve, once a net is executed.
a place can be marked with a large number of:tokens, the initial marking may be declared
tually instead of pictorially. Thus, Alice’s present coin collection can be written as the initial
irking,

(AlicesPurse) = 2'1c + 3'10c + 2'50¢

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

D .2  Transitions

E

mple’B in figure D.3 models the dripping of a tap. Transition Drip can always happen, 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

fig

ure 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.

Coins

Ar
wh
pa
oc
Sir
fo
tra
Sin
ne

D.

Th
im

ATTCESPUrse QTF Spend

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

Figure D.4: Example_C.

C annotations determine the kinds and numbers of tokens that aré_produced or consumed
en a transition occurs. Here, the annotation x is a variable for,.ceins,declared in the textual
't of Example_C. It indicates that any one coin (from Alice’s purse) can be spent on the single
currence of transition Spend. Thus Alice could spend a teri¢ent coin or a fifty cent coin on a
gle occurrence of Spend by assigning x the value 10c.or50c respectively. It is also possible
Alice to spend a ten cent and a fifty cent coin; two.fifty cent coins; or all her coins in one
nsaction, by the simultaneous multiple occurrence’of transition Spend. The occurrence and
nultaneous multiple occurrence of transitions are-discussed in detail later in this tutorial when
[ dynamics are addressed in clause D.4.

.4 The Net Graph

e size and position of the nodes, as well as the size and shape of the arcs, although often
portant for readability, are-irrelevant to the mathematical description of a net, i.e., the places,

transitions, and arcs of thé net, the net graph. Informally, one might say, the net has one place,

called AlicesPurse, one_fransition, Spend, and one arc from AlicesPurse to Spend. Formally
this can be expressed.as:

P + {AlicesRurse}

T + {Spend}

F + {(AlicesPurse, Spend)}

Tradtttonaty-S-denotesthe-setof placesbutinthisHterrational-Standara-we-tuse-P{stree+Hs

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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