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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 par-
ticipate 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-governmental, in liaison with ISO and
IEC, also take part in the work. In the field of information technology, ISO and IEC have established a joint technical

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart.2.

The main task of the joint technical committee is to prepare International Standards. Draft Internationall Standards
adppted by the joint technical committee are circulated to national bodies for voting. Publication‘as an International
Standard requires approval by at least 75% of the national bodies casting a vote.

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

ISO/IEC 15909-2 was prepared by Joint Technical Committe ISO/IEC JTC 1, Infermation technology, Suijcommittee
S({ 7, Software and systems engineering.

ISO/IEC 15909 consists of the following parts, under the general title Systems and software engineering + High-level
Petri nets:

—|Part 1: Concepts, definitions and graphical notation
—|Part 2: Transfer format

“Extensions” will form the subject of a future Part 3.

© ISO/IEC 2011 — All rights reserved v
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Introduction

ISO/IEC 15909 is concerned with defining a modelling language and its transfer format, known as High-level Petri
Nets. ISO/IEC 15909-1 provides the mathematical definition of High-level Petri Nets, called the semantic model, the
graphical form of the technique, known as High-level Petri Net Graphs (HLPNGs), and its mapping to the semantic

model. It also introduces some common notational conventions for HLPNGS.
This part of ISO/IEC 15909 defines a transfer format for High-level Petri Nets in order to support the exchan

ge

of High-level Petri Nets among different tools. This format is called the Petri Net Markup Language (PNML). Since
there are many different versions of Petri nets in addition to High-level Petri Nets, this part of ISO/IEC 15909 defines

the core cpncepts of Petri nets along with an XML syntax, which can be used for exchanging any kind of Petri 1
Based on this PNML Core Model, this part of ISO/IEC 15909 also defines the transfer syntax for the three versiq

et.
ns

of Petri neffs that are defined in ISO/IEC 15909-1: Place/Transition Nets, Symmetric Nets', and High<level Pegtri

Nets, whete Place/Transition Nets and Symmetric Nets can be considered to be restricted versions ‘of, High-/g

vel

Petri Nets.|For Place/Transition Nets, this part of ISO/IEC 15909 introduces two different transfer formats: one is a

restricted Jersion of High-level Petri Nets as defined in ISO/IEC 15909-1.

ifically tuned to Place/Transition Nets, the other is a format that represents Place/Jransition Nets as a

The basic [level of conformance to this part of ISO/IEC 15909 is to the PNML Core Model) The other levels are
according {o the particular type of the Petri net; for High-level Petri Nets there are two levels of conformance: textual
conformanice ignores the exact syntax and structure of the labels; structural conformance requires that /abels are
given in the exact syntax as defined here. Since Symmetric Nets are designed for analysability, textual conformance

ake any sense for Symmetric Nets; therefore, there is only structuraleonformance for Symmetric Ne
is part of ISO/IEC 15909 introduces some concepts that are-ngt defined in ISO/IEC 15909-1. The

does not
Note that

S.
se

concepts are not related to the mathematical concepts of Petri nets and their' semantics. They concern the graphigcal

representation of nets and the structuring of large Petri net models. These concepts need to be defined, along W
a transfer format for Petri nets, in order to ensure that the graphicalsappearance of a Petri net in different toolg
similar.

This part of ISO/IEC 15909 is structured as follows: Clause 1\déscribes the scope, the areas of application and
intended audience of this part of ISO/IEC 15909. Clause( defines conformance. Clause 3 gives references t
are essentlal for the correct interpretation of this International Standard. Clause 4 defines all terms relevant to {
International Standard and includes a list of abbreviations. Clause 5 introduces the concepts of PNML using U
meta modgls. Clause 5.2 defines the PNmML Core Model, which is the structure common to all versions of Petri ne
Clause 5.3 defines the particular concepts of-the different Petri net types. Clause 6 provides the mapping of
syntactical|concepts defined in this part of ISO/IEC 15909 to the concepts defined in ISO/IEC 15909-1. Claus
defines how the concepts of PNML as defined in Clause 5 are mapped to XML syntax.

Annex A dgfines the exact XML syntax for the PNML Core Model in terms of a RELAX NG grammar. Annex B defir
the exact XML syntax for the different types of Petri nets. Annex C provides a small example for the syntax
a symmetiic net. Annex D discusses a framework for implementing this International Standard and an API
accessing |Petri nets, which is-based on the uML models for the PNML meta models.

ith
is

he
hat
his
ML
bfS.
he
7

es
of
for

T Symmetric nets were first introduced as well-formed nets and are currently standardized as ISO/IEC 15909-1:2004/Amd. 1:2010.

Vi © ISO/IEC 2011 — All rights reserved
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INTERNATIONAL STANDARD ISO/IEC 15909-2:2011(E)
Systems and software engineering — High-level Petri nets —

Part 2:

Transfer format

1 Scope

This part of ISO/IEC 15909 defines an XML-based transfer format for Petri nets, which are defined conceptually and
mgthematically in ISO/IEC 15909-1. This transfer format enables the exchange of Petri nets among different Petri
nef tools and among different parties. Moreover, this part of ISO/IEC 15909 defines some concgpts and|XML-based
syntax for defining the detailed graphical appearance of Petri nets.

The focus of this part of ISO/IEC 15909 is on the transfer format for Place/Transition Nets;-High-level Petyi Nets and
Syjnmetric Nets. The presentation, however, is structured in such a way that it is openor future extensigns, so that
other versions of Petri nets can be added later. The exact definition of this extension mechanism, callgd Petri net
tyne definition, is not defined in this part of ISO/IEC 15909; it will be defined inISQ/IEC 15909-3.

The transfer format will be used to transfer specifications of systems developed in High-level Petri Nefs between
toqls to facilitate the development of systems in teams.

This part of ISO/IEC 15909 is written as a reference for developers«f Petri net tools. Moreover, it will be useful for
regearchers who define new versions and variants of Petri nets.

2 | Conformance

There are different levels of conformance to this part'of ISO/IEC 15909. All conformance levels impose additional
copditions on valid XML documents.

2.1 PNML Documents

An| XML document is conformant to the PNML Core Model if it meets the definitions of Clause 5.2 (concepts) and
Clause 7.1 (their mapping to XML syntax) — such a document is called a PNML Document or a Petri Net |Document.
A Petri net tool is conformant {o’the pPnmML Core Model if it can import all PNML Documents and if it can export all
Pefri nets to a PNML Document.

The other levels of confermance concern the different Petri Net Types.

2.2 PNML Place/Transition Net Documents

A pPnmL Deeument is a conformant Place/Transition Net if it meets the additional restrlctlons of Clause p.3.1 (con-
cepts'of\P/T-nets) and Clause 7. 2 (their mapping to XML syntax) ¢/Transition

Place/Transition Net Documents, and if it can export all PIace/Trans:t:on Nets to PNML P/ace/Trans:t/on

Net Docu-

ments. Note that this transfer format is tuned to Place/Transition Nets. There is another format, which considers

Place/Transition Nets as a restricted form of High-level Petri Nets (see Clause 2.5).

2.3 Textually conformant PNML High-level Petri Net Documents

For High-level Petri Nets, there are two different levels of conformance. The first level requires the existence of

textual labels as defined in Clause 5.3.2 and 5.3.11 (concepts) and Clause 7.3 (mapping to XML syntax).

© ISO/IEC 2011 — All rights reserved
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it does not require the existence of the structural parts of the annotations; it only requires that the textual parts
of the annotations exist, but the text is not required to be in a specific syntax and, therefore, the meaning of it
cannot be transferred to other tools. Such a PNML Document is called a textually conformant PNML High-level Petri
Net Document. A Petri net tool is conformant to the textual PnmL High-level Petri Net definition if it can import all
textually conformant PNML High-level Petri Net Documents, and if it can export all High-level Petri Nets to a textually
conformant PNML High-level Petri Net Document.

2.4 Structurally conformant PNML High-level Petri Net Documents

The secorld level of High-level Petri Net conformance requires that all annotations obey the rules defined in
Clause 5.3.2 and 5.3.11 (concepts) and Clause 7.3 (mapping to XML syntax). Such a PNML Document,is called
a structurally conformant PNML High-level Petri Net Document. A Petri net tool is conformant to the stryctaral PNML
High-level Petri Net definition if it can import all structurally conformant PnML High-level Petri Net Dacuments, angd if
it can expart all High-level Petri Nets to a structurally conformant PNML High-level Petri Net Document.

2.5 Plage/Transition Net Document in High-level Notation

A structurally conformant PNML High-level Petri Net Document that uses only thecsingle sort dot and only the arc
annotations of Place/Transition Nets is a conformant Place/Transition Net Document in High-level Notation.

2.6 Symmetric Net Documents

Finally, thefe is conformance to Symmetric Nets, which is a restricted-version of High-level Petri Nets. A Symmefric
Net Docurpent is a structurally conformant PNML High-level Retri’ Net Document if it contains only the concepts
defined in Clause 5.3.10. A Petri net tool is conformant to the Symmetric Net definition if it can import all Symmetric
Net Documpents, and if it can export all Symmetric Nets to Symmetric Net Documents.

3 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated‘references, the latest edition of the referenced document (including any
amendmennts) applies.

ISO/IEC 15444 (all parts), Information technology — JPEG 2000 image coding system

ISO/IEC 19909-1, Systems@nd software engineering — High-level Petri nets — Part 1: Concepts, definitions and
graphical notation

ISO/IEC 1$948, Information technology — Computer graphics and image processing — Portable Network Graphjcs
(PNG): Fupctional specification

ISO/IEC 19757-2:2008, Information technology — Document Schema Definition Language (DSDL) — Part 2: Regular-
grammar-hased validation — RELAX NG

CSS, Cascading Style Sheets, level 2 revision 1, CSS 2.1 Specification; w3c Candidate Recommendation,
25 February 2004

OCL 2.0, Object Constraint Language, OMG Available Specification, Version 2.0. OMG formal/06-05-01, May 2006

UML 2.1, OMG Unified Modeling Language (OMG UML): Superstructure, V2.1.2 OMG Available Specification,
November 2007

XML 1.1, Extensible Markup Language (XML) 1.1 (Second Edition), wsc Recommendation, 29 September 2006

XML Schema Datatypes: XML Schema Part 2: Datatypes (Second Edition); wac Recommendation, 28 October
2004

2 © ISO/IEC 2011 — All rights reserved
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Terms, definitions and abbreviations

4.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 15909-1 and the following apply.

411

an

label (4.1.5) represented as text near to the object (4.1.7) it is associated with

4.1.2

at

lahel (4.1.5) that governs the form or shape of the object (4.1.7) it is associated withy>which, in con

an

413
graphical information

inf

thg position, size, line colour, fill colour, font or line width

41.4
glgobal label
label (4.1.5) associated with the net graph itself, ratherthan with an object (4.1.7) of a net graph

41.5
label

inf

4.1.6

m

mqdel defining the concepts.and their relations for some modelling notation
NQTE The meta models-in this part of ISO/IEC 15909 are mainly UML class diagrams.

4.1.7
object (of ainet graph)
ar¢, node;-reference node (4.1.14), or page (4.1.8) of a net graph

tion

ibute

hotation (4.1.1), is typically not shown as text

brmation defining the graphical appearance of objects (4.1.7) and labels (4.1.5) of a net graph, wh

brmation associated with the net graph or one of its object (4.1.7)

ta model

4.18

pa

ge

trast to an

ich can be

structuring mechanism used to split a large net graph into smaller parts, which are also the units of the net to be

pri

nted

41.9
PNML Core Model
meta model (4.1.6) defining the basic concepts and structure of net graph models that are common to all versions

of

©

Petri nets
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4.1.10
PNML Document (Petri Net Document)
XML document that contains one or more net graphs

4.1.11

PNML High-level Net Document

PNML Document (4.1.10) that contains one or more net graphs, where all net graphs conform to High-level Petri
Nets

4.1.12
PNML Place/Transition Net Document
PNML Document (4.1.10) that contains one or more net graphs, where all net graphs conform to Place/Transition
Nets

4.1.13
PNML Symmetric Net Document
PNML Document (4.1.10) that contains one or more net graphs, where all net graphs conform to Symmetric Nets

4.1.14
reference jnode
node of a |Petri net that is a representative of another node, possibly defined on another page (4.1.8) of the net
graph

41.15
reference jplace
reference hode (4.1.14) that represents a place ahd refers to either another reference place (4.1.15) or to a plgce

4.1.16
reference ftransition
reference jnode (4.1.14) that represents a transition and refers to either another reference transition (4.1.16)) or
to a transition

4.1.17
source node
node associated.with the start of an arc

4.1.18
target node
node associated with the end of an arc

4.1.19

tool specific information

information associated with an object (4.1.7) of a net graph or with the net graph itself that is specific to a particular
tool and is not meant to be used by other tools

4 © ISO/IEC 2011 — All rights reserved
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4.2 Abbreviations

4.2.1
CSS
Cascading Stylesheets

4.2.2
CSS2

ISO/IEC 15909-2:2011(E)

Castading-Stylesteetstevet2

Unlfied Modeling Language

4.2.9
XML
eXtensible-Markup Language

© ISO/IEC 2011 — All rights reserved
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5 Concepts

A Petri net can be considered to be a labelled graph, where the particular labels depend on the particular type of
Petri net. The concepts for High-level Petri Net Graphs are defined in part 1 of ISO/IEC 15909 and are represented
in terms of a meta model in UML notation in this clause. The mapping of these concepts to XML syntax is defined in
Clause 7.

Some concepts, however, have not been defined in part 1 because the main concern of part 1 was on the semantics
of High-level Petri Nets. Part 2 of ISO/IEC 15909 defines concepts for defining the graphical appearance of Petri
nets in order to enable similar graphical representation in different tools. Moreover, part 2 defines the concepf of
pages in ofder to be able to split the graphical representation of a Petri net into smaller units for printing and view|ng
them.

Note that the concepts and definitions presented in part 1 of ISO/IEC 15909 are semantic in nature, whereas pait 2
is syntacti¢ in nature. For example, part 1 refers to types, which are sets, but does not mandatedany concrgte
syntax for fransferring such sets. Likewise part 1 uses functions, but does not mandate a syntax for transferrjng
them. In ofder to transfer High-level Petri Nets, this part of ISO/IEC 15909 needs to introduee“a syntax for types
and functigns. To this end, it uses the concepts of sorts and operators. These are syntactic symbols for denotjng
types and [functions, and are assigned a fixed interpretation, which is defined along with the sorts and operatqrs.
Therefore, [this part of ISO/IEC 15909 often refers to sorts and operators, where pary refers to their semantical
counterpatlt, types and functions. By the fixed interpretation of sorts and opefators, the respective types gnd
functions gre also defined.

5.1 Gengral Principles

This part gf ISO/IEC 15909 defines a transfer format for Place/Transition Nets, High-level Petri Net Graphs, dnd
Symmetriq Nets as defined in part 1 of ISO/IEC 15909., TFhis transfer format has been designed to be extensiple
and to be gpen for future variants of Petri nets and possibly for other use, such as the transfer of results associated
with the anglysis of Petri nets, e. g., reachability graphs.In order to obtain this flexibility, the transfer format considers
a Petri nefl as a labelled directed graph, where allltype specific information of the net is represented in /labels] A
label may pe associated with a node, an arc, a.page or the net itself. This basic structure is captured in the PNML
Core Model, which is defined in Clause 5.2.

The PNML [Core Model is presented using 'UML class diagrams. Note that these UML diagrams do not define the
concrete XML syntax for PNML Documents; rather, they define the abstract syntax only. The mapping of the PNML
Core Modél elements (i. e., the abstract syntax) to the concrete XML syntax will be defined in Clause 7; Annex A
defines thg exact XML syntax interms of a RELAX NG grammar.

The PNML (Core Model impoSes' no restrictions on /abels. Therefore, the PNML Core Model can represent any kind
of Petri net Due to this generality of the PnmL Core Model, there can be PNML Documents that do not correspond to
a Petri net|at all. For example, there could be /abels from two different and even incompatible versions of Petri nets
within the $ame PNML Document. For a concrete version of Petri nets, the legal labels are defined by extending the
PNML Core|Model“with another meta model that exactly defines the legal /abels of this type.

Technically, the’\PNML Core Model is a UML package and there are additional UML packages for the dlfferent Petri net
types that ¢ it
Nets, a package for Symmetric Nets, and a package for High-level Petri Net Graphs, where the package for High-
level Petri Net Graphs extends the package for Symmetric Nets. Therefore, every Symmetric Net is also a High-level
Petri Net Graph. The representation of these concepts in XML syntax is defined in Clause 7.2; Annex B defines the
exact XML syntax of the concepts for the different types in terms of RELAX NG grammars.

Figure 1 shows the different packages and how they are related. The package PNML Core Model defines the basic
structure of Petri nets or net graphs; this structure is extended by the package for each type. The pPnmL Core Model
is defined in Clause 5.2, the package PT-Net is defined in Clause 5.3.1, the package SymmetricNet is defined in
Clause 5.3.10 and the package HLPNG is defined in Clause 5.3.11. Clause 7 shows how the concepts defined in
these packages are represented in concrete XML syntax.
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_ _ _

. <<merge>>
PT-Net SymmetricNet <----------+ HLPNG

<<merge>>

~—

PNML Core Model

<<merge>>--__

Figure 1: Overview of the UML packages of PNML

5.2 PNML Core Model

Figures 2 and 3 show the PNML Core Model as a UML class diagram. The diagram of Fig..2-focuses on the fonceptual
pafts, whereas the diagram of Fig. 3 focuses on the parts concerning the graphical representation. Ngte that the
daja type String is imported from a separate package XMLSchemaDataTypes, which is discussed in Clause 5.2.6.

The concepts defined in the PNML Core Model are discussed in the following clauses.

PNMLCoreModel |

net | 1.* o Toollnfo
- > toolspecific_*
PetriNet toolspecific * f/oe?!sion
Itgpe > toolspecific|*

* T , Object

D{ Annotation‘ ‘ Attribute ‘

0.1
graphics -
Graphics
graphics
0.1

P 1 source
Page

context Arc inv:

—— source and target must

—— be on the same page
self.source.page =
self.target.page

‘ [ ‘ ‘ | L _* ‘ 1
‘ Place ‘ ‘ RefPlace ‘ ‘ RefTrans‘ Transition
<<import>>
v
XMLSchemaDataTypes

Figure 2: The pPnmL Core Model package: concepts
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5.2.1 Petri Net Documents, Petri Nets, and Objects

A document that meets the requirements of the PnML Core Model is called a Petri Net Document (PetriNetDoc)
or a PNML Document. It contains one or more Petri Nets (PetriNet). Each Petri Net has a unique identifier and
a type. The type is a name referring to the package with its definition; an example for such a package name is
http://www.pnml.org/version-2009/grammar/ptnet for the package defining P/T Nets. The URL for the definition
of PNML itself is http://www.pnml . org/version-2009/grammar/pnml.

A Petri net consists of one or more top IeveI pages that in turn consist of several ob/ects These ob/ects ba3|caIIy,

al-

nodes. Noples of a Petri net can be connected by arcs.

Note that if is legal to have an arc from a place to a place or from a transition to a transitionyaccording to the PNML
Core Modgl. The reason is that there are versions of Petri nets that support such arcs:If a Petri net type does nhot
support such arcs, this restriction will be defined in the particular package defining thistype.

5.2.2 Pages and Reference Nodes

As mentioned above, a page may contain other objects; since a page is an object itself, a page may even contpin

This part df ISO/IEC 15909 requires that an arc must connect nodes on the same page only. The reason for this
requirement is that arcs connecting nodes on different pages cannot be drawn graphically on a single page. In the
PNML Core|Model of Fig. 2, this requirement is captured by the ocL expression (ocL 2.0, OMG) next to the class|for
arcs.

In order to|[connect nodes on different pages by~an arc, a representative of one of the two nodes is drawn on the
same pagé as the other node. Then, this representative may be connected with the other node by an arc. This
representative is called a reference node, because it has a reference to the node it represents. Note that a referefce
place musi refer to a place or a reference place, and a reference transition must refer to a reference transitior] or
a transition). Moreover, cyclic refererices among reference nodes are not allowed. Though this requirement canpot
be expresged in UML or OCL notation, this requirement is mandatory.

The concepts of pages and reference nodes are not defined in part 1 of ISO/IEC 15909. The reason for introducjng
them in pafrt 2 is that thesecencepts are needed for graphical and structuring purposes. Semantically, they do hot
carry any I1neaning. The/meaning of these concepts is defined by merging each reference node with the nodg it
ultimately nefers to and®y simply ignoring the pages. This procedure is called flattening of the page structure.

5.2.3 Labels

In order to assign further meaning to an object, each object may have labels. Typically, a label represents the name
of a node, the initial marking of a place, the transition condition, or some arc annotation. In addition, the Petri net
itself or its pages may have some labels, which are called global labels. For example, the package HLPNG defines
declarations as global labels of a High-level Petri Net, which are used for defining variables, and user-defined sorts
and operators.

This part of ISO/IEC 15909 distinguishes two kinds of /abels: annotations and attributes. An annotation comprises
information that is typically displayed as text next to the corresponding object. Examples of annotations are names,
initial markings, arc annotations, transition conditions, and timing or stochastic information.
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In contrast, an attribute is, typically, not displayed as text next to the corresponding object. Rather, an attribute has
an effect on the shape or colour of the corresponding object. For example, an attribute such as arc type could have
domain { normal, read?, inhibitor, reset }. This part of ISO/IEC 15909, however, does not mandate the effect
that an attribute has on the graphical appearance of a net object.

Note that the classes for label, annotation and attribute are abstract in the PNML Core Model, which means that the
PNML Core Model does not define concrete labels, annotations, and attributes. The only concrete label defined in
the PNML Core Model is the name, which is a label that can be used for any object within any Petri net type. Note
that, this way, any object — including nodes, pages, even the net itself as well as arcs — can have a name. The value
of a name is a String, which is imported from the separate package XMLSchemaDataTypes (see Clause 5.2.6 for
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re information). The other concrete /abels will be defined in the packages for the concrete Petri net
use 5.3).

brder to support the exchange of information among tools that have different textual representation fg
ncepts (i. e. if they have different concrete syntax), there are two ways for representing the informatio,
notation: fextually in some concrete syntax and structurally as an abstract syntax treg((see Clauses
.2 for details).

te that reference nodes may have labels, but these labels do not have any effect on the semantics

mantics, it is easy to obtain a semantically equivalent Petri net without pages by merging every refe

types (see

r the same
n within an
5.3.11 and

of the net

d can be completely ignored semantically. Since the labels of a reference fiodé do not have an effect on the

ence node

he node it directly or indirectly refers to. This is called flattening of the_Petri net. But, the labels of & reference

e can have an effect on the graphical appearance or can give some¢additional information to the uss

.4 Graphical Information

addition to the Petri net concepts, information concerning-'the graphical appearance can be asso
Ch object and each annotation. For a node, this information includes its position; for an arc, it inclug
Sitions that define intermediate points of the arc; for(an object’s annotation, it includes its relative p
pect to the corresponding object; and for an annatation of a page, the position is absolute. There carn
brmation concerning the size, colour and shapg;of nodes or arcs, or concerning the colour, font an
abels. Note that this information can be used for automatically transforming a Petri Net into Scals
aphics (SVG) by XSLT transformations (see[8] for more details). This transformation, however, is nof
5 part of ISO/IEC 15909.

ure 3 shows the different graphical information that can be attached to the different types of objec
erent attributes. Note that this, still belongs to the PNML Core Model; it is shown in a different figy
ter understandability. Table 1. gives an overview of the meaning and the domain of the attributes of t
phical features. The exagt XML syntax is defined in Clause 7.1.3.

position element defings the absolute position for nodes and pages. For an annotation an offset elem
relative position tothe' object it is attached to — if it is a global annotation, the offset also defines th
sition on that page.) Each absolute or relative position consists of a pair of Cartesian coordinates (4

units are points/(pt). As for many graphical tools, the z-axis runs from left to right and the y-axis
tom. And the-reference point for the position of an object is its centre.

 an are~the (possibly empty) sequence of positions defines its intermediate points (bend points).
positions of the start point and the end point of an arc are not given explicitly for the arc. Thes
determined from the position of the source and the target node of the arc and the direction of the
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in the direction of the arc and the intersection with the border of that node. Altogether, the arc is displayed as a
path from the start point on the border of the source node to the end point on the border of the target node via the
intermediate points. Depending on the value of the attribute shape of element line, the path is displayed as a broken
line (polyline) or as a quadratic Bezier curve. In the case of a Bezier curve the intermediate positions alternately
are the line connectors or Bezier control points. The reference point of an arc is the middle of the arc, which is the
middle of the middle segment of the arc, if there are an odd number of segments; it is the middle point, if there are
an even number of segments.

2Sometimes, a read arc is called a test arc.

© ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=f114f1cc090157c2eac66cb39167f9e4

ISO/IEC 15909-2:2011(E)

PNMLCoreModel |

context ArcGraphics inv:
self.object.ocllsKindOf(Arc)

context NodeGraphics inv:

self.object.oclisKindOf(Node) or
self.object.ocllsKindOf(Page)

context AnnotationGraphics inv:
self.object.oclIsKindOf(Annotation

icq ; Annotation
ArcGraphic NodeGraphic
0..1 0.1
fill fill 0..1] font
Fill Font
0.1 |0.1
{ordered}  position| |dimension color family
— . image style
o.1line  Postion Coordinate gradient—colar w()e/ight
gradient-rotation size |
Line ; I choratlon
align
shape fre offset Foftation
color 01
width
style line
Figure 3: The PNML Core Model: graphical information
Table 1: PNML attributes of graphical information
Class Attribute Domain
Coordinate  x decimal
decimal
Fill color Ccss2-color
image anyuURlI
gradient-color €Sss2-color
gradient-rotatien.) {vertical, horizontal, diagonal}
Line shape {line, curve}
color CSs2-color
width nonNegativeDecimal
style {solid, dash, dot}
Font family css2-font-family
style css2-font-style
weight Css2-font-weight
size css2-font-size
decoration {underline, overline, line-through}
align {left, center, right}
rotation decimal

Although t
user to ma
arc lies exaetly
respectively) of that arc.

ere.isno way to define the start point and the end point of an arc explicitly, the above concepts allov

v a
an

int

For an arc, there are some line attributes, which define the style, the colour, and the width in which it is displayed.

The dimension of a node or page gives its size, again as a pair referring to its width (x) and height (y). Depending
on the ratio of height and width, a place is displayed as an ellipse rather than a circle. A transition is displayed as
a rectangle of the corresponding size. If the dimension of an element is missing, each tool is free to use its own

default value for the dimensions.

The two elements fill and line define the interior and outline colours of the corresponding element. The value
assigned to a color attribute must be a RGB value or a predefined colour as defined by css2. When the attribute

10
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gradient-color is defined, the fill colour continuously varies from color to gradient-color. The additional attribute
gradient-rotation defines the orientation of the gradient. When the attribute image is defined, the node is displayed
as the image which is provided at the specified URI, which must be a graphics file in JPEG (ISO/IEC 15444) or PNG

(IS

O/IEC 15948) format. In this case, all other attributes of fill and line are ignored.

For an annotation, the font element defines the font used to display the text of the label. The attributes family,
style, weight, and size are cSS2 attributes for defining the appearance of the text. The detailed description of the
possible values of these attributes and their effect can be found in the css2 specification (CSS 2.1 Specification).
The decoration attribute defines additional properties of the appearance of the text such underlining, overlining, or

str

king-through the text. Additionally, the align atiribute defines the alignment of the text to the left, righ

t or center.
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b rotation attribute defines a clockwise rotation of the text.

b reference point of an annotation is always its centre.

.5 Tool Specific Information

r some tools, it might be necessary to store tool specific information (Toollnfo), which-is not meant to

er tools. In order to store this information, tool specific information may be associated with each objeq
el. The internal structure of the tool specific information depends on the toehand is not specified by

vides a mechanism for clearly marking tool specific information along with the name and the version
ding this information. Therefore, other tools can easily ignore it, and adding tool specific informatio
mpromise a Petri Net Document.

e same object may be tagged with fool specific information fromddifferent tools. This way, the same
N be used and changed by different tools at the same time. dhe’intention is that a tool should never
ete the information added by another tool as long as theeorresponding object is not deleted. Mo
beific information should be self-contained and not refer 10-.0ther objects of the net because the deleti
fects by a different tool might make this reference invalid/and leave the tool specific information incons
b of the fool specific information is strongly recommended; however, it is not normative!

.6 Data Types

s Clause defines six data types, which_can be used when defining labels for some Petri net type with
H textual information. They correspond to different data types in XMLSchema. Figure 4 gives an overvie
a types and their relation.

XMLSchemaD ataTypes)

NonNegativel nteger

be used by
t and each
PNML. PNML
of the tool
h will never

document
change or
eover, tool
on of other
stent. This

numerical
w on these

Figure 4: Standard data types

String refers to any printable sequence of characters, which will be mapped to XML PCDATA. Decimals, NonNeg-
ativeDecimals, Integer, NonNegativelnteger, and Positivelnteger refer to any character sequence which denotes a
number of the corresponding kind.

©
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5.3 Petri Net Type Meta Models and their Built-in Sorts

This Clause defines meta models for three versions of Petri nets: Place/Transition Net, Symmetric Nets, and High-
Level Petri Net Graphs (HLPNGS) as defined in part 1 of ISO/IEC 15909, where Symmetric Nets are a restricted

version of High-Level Petri Net Graphs currently defined as an Amendment to part 1.

This general structure has

already been shown in Fig. 1. These meta models define the labels of the respective Petri net type.

Annex B.1 of part 1 of ISO/IEC 15909 defines a mapping from the concepts of Place/Transition Nets to the concepts
of High-Level Petri Net Graphs and shows how the usual mathematlcal representatlon of PIace/Transmon Nets can

Notation,

vel

h|ch WI|| be deﬁned in Clause 5.3.12. Th|s part of ISO/IEC 15909 mtroduces an epr|C|t transfer format

for Place/Transition Nets in order not to force tools for Place/Transition Nets to use the syntax of High-Level Pgtri

Net Graphk. This format reflects the usual mathematical definition of Place/Transition Nets.

5.3.1 Place/Transition Nets

This Clausk defines the meta model for Place/Transition Nets in terms of a UML package.PT-Net.
A Place/Transition Net is a net graph, where each place can be labelled with a_fattural number representing the
initial marKing and an arc can be labelled with a non-zero natural number representing the arc annotation, with the
meaning ap defined in part 1 of ISO/IEC 15909 (see Clause B.1): the label of a’place p denotes the initial markjng
My(p), thel|label of an arc f denotes the arc weight W (f).
Figure 5 shows the package PT-Net. Note that the only classes defined here are PTMarking and PTArcAnnotatipn.
The classgs Place, Arc, and Annotation come from the package PNML Core Model. They are imported (actually,
they are merged) here in order to define the possible labels for, the particular nodes of Place/Transition Nets.
Likewise, the classes prefixed with XMLSchemaDataTypes areimported from the standard data type package (gee
Clause 5.2.6).
PT-Net |
/\
initi;IMarking
inscription
Arc {redefines lzk_)_ell PTArcAnnotatio%\
context Arc inv:
—-no arcs between nodes of the same kind
(self.source.ocIIsKindOf(PlanNode) and text| 1 text| 1
orself.target.oclIsK|ndOf(TransmonNode) ) %w ’@m‘
(self.source.ocllsKindOf(TransitionNode) and i —
self.target.oclisKindOf(PlaceNode) )
i <<merge>> i<<imp0rt>>
R R
PNML Core Model XMLSchemabDataTypes
Figure 5: The package PT-Net
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The initial marking of a place is represented by the annotation PTMarking, the contents of which must be a non-
negative integer. Technically, the representation of the contents of this /abel is defined by referring to the data type
NonNegativelnteger.

The arc annotation is represented by the annotation PTArcAnnotation, the contents of which must be a non-zero
natural number, which is defined by referring to the data type Positivelnteger.

Note that, according to this definition, it is legal that a place does not have an annotation for the initial marking. In
that case, the initial marking is assumed to be empty, i.e. 0. Likewise, there may be no annotation for an arc. In
that case, the arc annotation is assumed to be 1.

In pddition to the definition of the new /abels, this package also defines the structural restriction that, in a Place/-
Transition Net, an arc must not connect a place to a place or a transition to a transition. This is captured|by the ocL
expression below class arc.

Nate that the uML meta model of this package does not define the XML syntax for the representation of these labels.
The mapping to XML syntax is defined in Clauses 7.1.4 (data types) and 7.2 (labels for P/T rjets).

Sometimes, one wants to store the position of the individual tokens within a place. In,ordér not to mandate all tools
to pupport this feature, this part of ISO/IEC 15909 suggests using tool specific infermation for this purpose, which
would refer to the tool org.pnml.tool. Since no tool must support tool specific features, every tool is free|to use and
support this feature or not.

PNML Extensions |

PT-Net::
Toollnfo

context TokenGraphics inv: -
—- TokenGraphics only for PTMarkings <<import>>
self.object.oclisKindOf(PTMarking) ¢\ ~ Pfof 2
TokenGraphics | self.tool = 'org.pnml.tool’ PT-Net

* | tokenposition

PT-Net:
Coordinate

Figure 6: Jool specific extension for token positions

This extension is shown in Fig. 6. Fora PTMarking, this label can be equipped with the tool specific {nformation
attached to AnnotationGraphics. {This consists of information on a list of fokenpositions. Each of thesg elements
represents the position of a tokerrelative to the centre of the place; represented as a Coordinate, which |s imported
from package PT-Net, wheré€ it Was obtained by a merge with the PNML Core Model. If this graphical information is
present at all, the number of fokenpositions should be the same as indicated by the PTMarking.

—

=

5.3.2 High-Level Core Structure

Part 1 of ISO/IEC 15909 defines High-level Petri Net Graphs. Symmetric Nets and Place/Transitioh Nets are
intfoduced-as restricted versions of High-level Petri Net Graphs. The difference is in the types and furjctions that
mgy bé used in the restricted versions.

This_Elause defines the gnnnml structure of Qymmpfrin Nets, High-l evel Petri Net (—’.‘m,nhe, and Place/Transition

Nets in High-level Notation. This is called the High-Level Core Structure. In Clauses 5.3.10, 5.3.11, and 5.3.12, this
High-Level Core Structure will be used for defining the three Petri net types.

Syntactically, the basic features of a High-Level Petri Net are the annotations of places, transitions, and arcs. For
each place, the sort defines the type of the tokens on this place. Note that, in contrast to part 1, the place is indirectly
associated with a type via the sort and its fixed interpretation. The term associated with a place denotes the initial
marking and must have the respective sort. The term associated with an arc to or from a place, defines which
tokens are added or removed, when the corresponding transition fires. These terms also must be of the respective
sort. Note that part 1 is a bit more general since it allows, any expression that always evaluate to elements of the
correct type, which is a semantical condition. Here, we use terms, which enforce the correct typing syntactically.
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For constructing such terms, one can use built-in operators and sorts, and user-defined variables, which are defined
in a variable declaration. The variable declarations are annotations of the net or a page. Moreover, a transition
can have a condition, which is a term of sort Bool and imposes additional conditions on the situations in which a
transition can fire. These concepts and their semantics are precisely defined in part 1 of ISO/IEC 15909. The only
difference is that, in part 2, there is a fixed relation between sorts and types and between operators and functions.

The uML diagram for the package Terms, which defines all these concepts, is shown in Fig. 7: It defines the concepts
of sorts, operators, declarations, and terms, and how terms are constructed from variables and operators.

Terms )

1 def

Declaration

* subterm
{ordered}

Declaration
‘ | 1 variableDecl |
. variableDecl i
SortDecl VariableDec Variable OperatorDecl | 1
hame name e context Variable inv: name
1 L —- sort of Variable is sort of Term a :
) eclaratior
declaration self.sort = self.variableDecl.sort
sort Isort
def 11 1
1 Joutput N4
{ordered} * Sort | Operator
I tSor * [input .
context NamedSort inv: eeg;z?s o equals(Sort):bool {ordered} context Operator inv:
1self.def.ocl 1 —- sort of Term is output sort of Operato
IsTypeOf(MultiSetSort) self.sort = self.output

BuiltinOperator

BuiltInSort
BuiltlnConst

MultisetSort Multi SetOper ator

multi

ProductSert Tuple

UserSort

I
HIIII

UserOperato

Figure 7: The meta model for Terms

For each viariable declaratiof-there is a corresponding sort. A sort can be a built-in sort, a multiset sort over some
basis sort,|a product sortever some sorts, or a sort which is given in a user declaration. In the core structure, the
only possilple sort declaration of a user is by constructing a new sort from existing ones and by giving them a new
name. From these, the user can define new ones. Note that cyclic references in user defined sorts are not allowgd.
In additionto these user defined sorts, called named sorts, there are arbitrary sorts. Since these are not allowed in
Symmetriq Nets these are defined only in Clause 5.3.11.

An operatercan be a built-in constant or built-in operator,a multiset operator which among others can constrlict
a multiset from an enumeration of its elements, or a tuple operator. Each operator has a sequence of sorts as
its input sorts, and exactly one output sort, which defines its signature. As for sorts, the user can define his own
operators. Here, it is only possible to define an abbreviation, which is called a named operator: It can use a term,
which is built from existing operators and variables, for defining a new operator. As for sorts, cycles (recursion) in
these definitions are not allowed. As for sorts, there will be arbitrary operator declarations for High-level Petri Net
Graphs, but not for Symmetric Nets. Therefore, these concepts will be defined in Clause 5.3.11.

From the built-in operators and the user-defined operators and variables, terms can be constructed in the usual
way. The sort of a term is the sort of the variable or the output sort of the operator. Therefore, sort is indicated as a
derived association; its definition is expressed by an OCL expression in the UML meta model. Note that the input and
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output sort of the operator are also represented as derived associations because, in some situations, they need
not be given explicitly since they can be derived from the type of the operator.

Figure 8 shows the package High-Level Core Structure, which defines all the annotations for both Symmetric Nets
and High-Level Petri Net Graphs. Note that, since the classes for built-in sorts and operators are abstract, we do
not have any built-in sorts and operators yet. These will be defined in Clauses 5.3.3 to 5.3.9.

N
XMLSchemaDataTypes

HLCoreSructure )

A

£<import>>

.
<<import>> type
Terms =~ ’7
{redefines label structure| Terms:|Sor
01—
Bl } _ {redefines labef} MLMarking structure| Terms:-Ter
<<|mport>> 0. 0.1
Booleans =TT condition
. {redefines Iabe(} . ..
Transition Condition structure| Terms::[Ter
0..
0.1
hlinscription

/\

text XMLSchemaD4dtaTypes:|

1]

Arc {redefines label
0..1

HLAnNnotation ¢ structur% Terms::

declaration
{redefines label}*

_,
)
o
3

0.1

PetriNet

H

| Declaration structure Terms::Declaration:

{redefines lab

Page

il

context Arc inv:
—-no arcs between nodes of the same kind
(self.source.ocllskKindOf(PlaceNode) and
self.target.oclisKindOf(TransitionNode) )
or
(self.source.ocllsKindOf(TransitionNode) and
self.target.oclisKindOf(PlaceNode) )

declaration * 0.1

el}

context Condition inv:
—- the term for the condition must be of sort poolean
(self.structure.sort.ocllsKindOf(Booleans:Bdol)

Y

<<merge>>

PNMLCoreModel

Figure 8: The package High-Level Core

Structure

In addition to the annotations defined above, the package High-Level Core Structure requires that arcs must not
connect two places and must not connect two transitions.

Note that this model defines an abstract syntax (structure) for all these concepts only. In order to allow tools to
store some concrete text, all annotations of High-level Nets may also consist of text, which should be the same
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expression in some concrete syntax of some tool. The concrete syntax, however, is not defined in this part of
ISO/IEC 15909. This common structure of all annotations is captured by HLCoreAnnotation in the package High-
Level Core Structure.

The concepts defined in Fig. 8 correspond to the concepts defined in part 1 of ISO/IEC 15909 in the following way.
The label Type of a place defines the type by referring to some sort; by the fixed interpretation of built-in sorts,
this sort defines the type of the place. The label HLMarking of a place is a term with some multiset sort denoting
a collection of tokens on the corresponding place, which defines its initial marking. The label Condition is a term
of sort Bool, which is the transition condition. The label HLAnnotation refers to a term, which is the expression
defining the_arc annotation.

Declaratiop labels correspond to the declarations, which can be variable declarations and declarations of sorts\gnd
operators.|In the High-level Core Structure the user can define abbreviations only; later, in High-Level Petri Net
Graphs, there will be arbitrary declarations.

As discussed above, this Clause defines the core structure of High-level Petri Net Graphs. The following Clauses %.3.3
to 5.3.9 define different built-in sorts and operators along with their interpretations as types andunctions respgc-
tively. For ¢ach built-in sort, there will be a UML package.

5.3.3 Dots

To enable [the use of Place/Transition Net annotations as high-level annotations, the concept of Dots has bgen
defined. Place/Transition Nets as High-level Net Graphs are defined in Clause '5.3.12.

Dots reprepent the common understanding of non coloured annotation ina@’High-level net. That is to say, dots are
the high-level representation of the natural numbers labels used in Rlace/Transition Nets. The difference is that
they are typed as a built-in sort to be compatible with the correspending high-level annotation defined in part 1| of
ISO/IEC 1$909. Dots are depicted in Fig. 9.

—1
Terms

<<import>>

Dots
TermsyBuiltinSort Terms::BuiltinConstant
Dot DotConstant

Figure 9: The package for Dots

They cons|st of a sort nameéd Dot. The type associated with this sort is the set with a single element: {e}. The
constant DotConstant \iS”associated with the 0-ary function that returns e, i.e. the constant denotes that single
element.

This sort can be'\used for representing non coloured annotations in High-level Petri Nets.

5.3.4 Multisets

Figure 10 shows the UML package for multisets and their operators. For every sort, the multiset sort over this basis
sort is interpreted as the set of multisets over the type associated with the basis sort.

Below we define the operators on multiset sorts along with their interpretation:

e Add : Multiset x Multiset x ... x Multiset — Multiset is interpreted as the multiset addition. For example,
Add([a, b], [b, ]) evaluates to [a, 2b, c].
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Booleans ‘ Terms ‘ Integers
<¥\mporl;> <<impnri;>

Multisets ‘

<<impo}l>>

Terms::BuiltinOperator

1 refsort

Terms::MultisetOperator

ISO/IEC 15909-2:2011(E)

CardinalityOf

A Terms::Sort
refsort| 1 A
‘ Add }—4{ Subtract ‘
Cardinality Contains
All ScalarProduct

Empty

R

‘ NumberOf }—4{

context Cardinality inv:

context CardinalityOf inv:
self.input.size() = 2
context Contains inv:

self.input->size() = 2 and

context ScalarProduct inv:

context NumberOf inv:
self.input->size() = 2 and

d.ocllsKindOf(Terms::Sort)} and
context Empty inv:
self.input->size =0

context Subtract inv:

self.input->size() = 2 and

context Add inv:
self.input->size() =2 and

context All inv:
self.input->size() ='Q

self.output.oclisTypeOf(Booleans::Bool) and

self.output.oclisKindOf(Terms::MultisetSort)

self.output.oclisTypeOf(Integers::Natural) and
self.input.ocllsKindOf(Terms::MultisetSort)

self.output.oclisTypeOf(Integers::Natural) and

self.input->forAll {c | c.ocllsKindOf(Terms::MultisetSort)}

self.output.oclisKindOf(Terms::MultisetSort) and
self.input->forAll{c, d| c.ocllsKindOf(Integers::Natural) and
d.ocllsKindOf(Terms::MultisetSort)}

self.input->forAll{c | c.oclisKindOf(Terms:MultisetSort)}

self.input->forAll{c | c.oclisKindOf(Terms::MultisetSort)}

self.input->forAll{c, d | c.oclisTypeOf(Integers::Natural) and

N

from the operator or its subterms.

subterms.

Figure 10: The package multiset and its built-in and operators

All :— Multiset is a comstant that, for a given finite sort, is interpreted as the multiset that con
element of the type associated with that sort exactly once. For example, for a sort s with asso
{a, b, ¢} the constant™All, denotes the multiset [a, b, ¢|. Note that the sort which is indicated by index s in this
example is represented by the composition refsort in the meta model since the output sort cannot

Empty :—Multiset is a constant which constructs the empty multiset over the associated type
i.e. Empty, denotes [|. Note that the sort which is indicated by the index s in this example is rgpresented
by thexcomposition refsort in the meta model since the output sort cannot be derived from the opgrator or its

Subtract : Multiset x Multiset — Multiset is interpreted as the multiset subtraction. For exampl

ains every
Ciated type

be derived

bf the sort,

b, the term

Subtract([a, 2b, ¢], [b, c]) evaluates to [a, b].

ScalarProduct(2, [a, c]) evaluates to [2a, 2¢].

ScalarProduct : N x Multiset — Multiset is interpreted as the product of a multiset with a scalar. For example,

NumberOf : N x Sort — Multiset is interpreted as a function that produces a multiset in which the element

occurs exactly in the given number and no other elements in it. For example, NumberOf(3, a) evaluates to

[3a).

a multiset. For example, Cardinality([a, 2b, c]) evaluates to 4.

© ISO/IEC 2011 — All rights reserved

Cardinality : Multiset — N is interpreted as the cardinality function, i. e. it returns the number of elements of
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Terms
\<\<\import>> PrimitiveTypes is thg package defined in
e UML InfrastructureLibrary::Core
Booleans
Terms::Operator Terms::BuiltinOperator Terms::BuiltinConstant
‘ BooleanConstant
Equality ‘ ‘ Inequality ‘
BooleanOperator value: PrimitiveTypes::Boolean

Terms::BuiltinSort

Zﬁ nd

context BooleanOperator inv - N
self.output.ocllskKindOf(Bool) and
self.input->forAll{c | c.ocllsKindOf(Bool)}

:

context Equality inv : self.input.size() = 2
and self.input->forAll{c, d | c.oclsTypeOf(d) or d.ocllsTypeOf(c)}
and self.output.oclisKindOf(Bool)

context Inequality inv : self.input.size() = 2
and self.input->forAll{c, d | c.oclisTypeOf(d) or d.oclisTypeOf(c)}
and self.output.oclisKindOf(Bool)

context And inv : self.input.size()
context Imply inv : self.input.size(
context Not inv : self.input.size() = 1

context Orinv : self.input.size() =2
=2
)=2

context BooleanConstant inv : self.ihput.size() = 0 and
self.output.ocllsTypeOf(Bool)

Figure 14: The package Booleans

e CardjnalityOf : Multiset x Sort.‘> N is interpreted as the function that returns the number of times the giyen
element occurs in the multiset:For example, the term CardinalityOf([a, 2b, ¢], a) evaluates to 1 and the tgrm
Card|nalityOf([a, 2b, c], b) evaluates to 2.

e Conthins : Multiset xNultiset — Bool is interpreted as multiset-inclusion function. For example, let m,| =
[a, b, Bc] and mo =]2u; 2b, 2¢] be two multisets over type {a,b, c}. Then, Contains(my, ms) evaluates to filse
and Contains(maymi; ) evaluates to true.

Multiset lit¢ralsr ontypical annotations such as an arc’s HLAnnotation are defined using Add and NumberOf.

5.3.5 Booleans

Figure 11 shows the umL package for sort Bool and its operators.

The boolean operators Not, And, Or, Imply operate on boolean arguments as stated by the OCL constraint on
BooleanQOperator. They are interpreted as the classical logical functions.

The Equality and Inequality operators take arguments of the same sort (not only booleans) and return a Bool. They
are interpreted as the equality function and the inequality function. Any other built-in sort package may import and
use these two operators.
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The BooleanConstant is a built-in constant for representing the two values of its type.

5.3.6 Finite Enumerations

Figure 12 shows the UML package for finite enumerations and their operators.

| Terms

ISO/IEC 15909-2:2011(E)

FiniteEnumerations ‘

TmporT

Terms::BuiltinSort

Terms::OperatorDecl

. . * {ordered}
FiniteEnumeration
elements

FEConstant

Figure 12: The package Finite Enumerations and its built-in_ sorts and operations

A FiniteEnumeration is defined by explicitly naming all its elements, which- are called FEConstant in the meta model
angd the attribute name (inherited from OperatorDecl) represents the.actual name of the respective elemgnt. On the
ong hand, these FEConstants are part of the declaration of the FinjteEnumeration sort. On the other hand, each of

thgse FEConstants defines a 0-ary operation, i. e. is a declaration of a constant.

The type associated with the declaration of a FiniteEnunieration is the set of these constants. The |operations
on|a FiniteEnumeration are the use of these FEConstant declarations. The function that is associatgd with this

FHConstant is the 0-ary function that returns the respeetive element of the type.

5.3.7 Cyclic Enumerations

Ei

)

ure 13 shows the UML package for(cyclic enumerations and their operators.

Terms ‘

FiniteEnumerations

<<import>>

CyclicEnumerations ‘

<<import>>

‘ Successor ‘ ‘ Predecessor ‘

> Terms::BuiltinOperator

Fini ations::

CyclicEnumeration

ir
FiniteEnumeration

context CyclicEnumOperator inv:
self.input->size() = 1 and
self.input.ocllsTypeOf(CyclicEnumeration) and
self.output.oclisTypeOf(CyclicEnumeration)

|

Figure 13: The package Cyclic Enumerations and its built-in sorts and operators

The declaration of a CyclicEnumeration has same structure as the FiniteEnumeration. This is why CyclicEnumera-
tion is derived from FiniteEnumeration in the meta model. The only difference are two additional built-in operations

Successor and Predecessor.

© ISO/IEC 2011 — All rights reserved
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The order of the elements on the associated type is the order in which its elements are defined in the declara-
tion. And the functions associated with the operations Successor and the Predecessor are the successor resp.
predecessor function with respect to this order, where the order wraps at the first and last element.

5.3.8 Finite Integer Ranges

Figure 14 shows the UML package for finite integer ranges and their operators.

An integer
last eleme
first and th

The four bilt-in operations on that-type are LessThan, LessThanOrEqual, GreaterThan, and GreaterThanOrEqt

The functid

In addition
to the resp

the start and end of thesrespective range. In the package, this is expressed by an OCL constraint.

Note that t
be directly

Booleans Terms ‘ Integers
<<|mpdn>> <<import>> \\
4 <<import>>
FiniteIntRanges ‘ A
FiniteIntRangeOperator }—|>1 Terms::BuiltinOperator Terms::BuiltinSort

T

FinitelntRange

‘ LessThanOrEqual

GreaterThan

GreaterThanOrEqual ‘ 1

start: Integers::Integer
end: Integers::Integer

range

FinitelntRangeConstant
Terms::BuiltinConstant

value: Integers::Integer

context FiniteIntRangeOperator inv:
self.input->size() = 2 and

self.input->forAll{c | c.ocllsTypeOf(FiniteIntRange)} and
self.output.oclisTypeOf(Booleans::Bool)

context FiniteIntRange inv:
-o < self.start < self.end < oo

context FiniteIntRangeConstant inv:

self.input->size() = 0 and
self.range.start < self.value < self.range.end

Figure 14: The package Finite Integer Ranges and its built-in sorts and operators

range is defined by refering to FinitelntRange, where the attributes start and end define the first and
nt of the range. The type associated with that sort is the set of all integers between (and including)
b |last element.

ns associated with these operations are the resp. comparisons with respect to integers.

there are the constants FinitelntegerRangeConstant which are interpreted as a 0-ary function refer,
pctive value ofithe integer range, which is given by the attribute value and must refer to a value betws

nere is po.need to explicitly declare a FiniteIntRangeConstant in the declarative part of a Petri Net. It g
used in-the body of the Petri Net and must therefore only refer to the declared range it belongs to.

5.3.9 Partitions

Figure 15 shows the UML package for Partitions and their operators.

he
he

al.

ng
en

an

The purpose of a partition is to partition the elements of a type into equivalence classes. Technically, a Partition
is a declaration of a new sort refering to the partitioned sort and naming all its partitions, each of which is called
PartitionElement. Each PartitionElement is also an operator declaration. For each PartitionElement, the declara-
tion lists all the elements that belong to that partition, which are represented as a Term of the partitioned sort. The
newly declared partition sort is then interpreted as the set of all its partition elements.

20
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Terms

Partitions ‘ “<<import>>_

LessThan
Terms:Term
Terms::SortDecl
partitionelementconstant 1.%

GreaterThan

Terms::Sort PartitionOperator

Terms::OperatorDecl

p

DartitionEl Qf

The operations that are defined on a sort Partition are the LessThan and GreaterThan. These are inte

co
of

Mg
ter|
elg
thd
rey

5.3

Sy

High-Level Petri Net Gfaphs with some restrictions. Basically, the carrier sets of all basic sorts are finit

af
so

Ma
Th
fin
to

partitionelements
Partition ﬁ PartitionElement - Buil
fpartition 1_* {ordered} Terms::BuiltinOperator

refparlilionq\ 1

context GreaterThan inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context LessThan inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context PartitionElementOf inv:
self.input->size() = 1

context PartitionElement inv :
self.partitionelementconstant->forAl{p | p.sort = self.refpartition.def}

Figure 15: The package Partitions and its built-in sorts and operators

mparison functions on the partition elements which is based on the order in which they occur in the
he partition.

reover, there is an operator PartitionElementO£Sfrom the partitioned sort to the partition. This opg

ment it belongs to as defined in the declaration of the partition. Note that in some cases the partitid
operator PartitionElementOf refers to.cannot be derived from the subterms. Therefore, this partition
resented by a reference from this opetator to the partition.

.10 Symmetric Nets
mmetric Nets as currently defined in an Amendment of part 1 of ISO/IEC 15909 (creation of Anne

xed set of operatiofis, as defined below, are allowed. Therefore, the sort of each place must not bg
1. The availablé.built-in sorts are defined below.

reover, for. Symmetric Nets, it is required that every HLPNG annotation has the structural information.

b built-in-sorts of Symmetric Nets are the following (as defined in the previous Clauses): Bool, range
te enumerations, cyclic enumerations and dots. Moreover, for every sort, there is the operator all, whic
h tyltiset that contains exactly one occurrence of each of the elements of the type associated with the

-2:2011(E)

rpreted as
Heclaration

rator is in-

preted as the function that maps each element-of the type associated with the partitioned sort to the partition

n to which
is explicitly

X B.2), are
b, and only
a multiset

bf integers,
h evaluates
basis sort.

Th

515 often cafted the broadcast function.

Altogether, the Symmetric Nets can be defined by importing the packages as shown in Fig. 16.

5.3.11 High-Level Petri Net Graphs

This Clause defines the meta model for High-Level Petri Net Graphs (HLPNGs). This, basically, means adding more
built-in sorts and operators; moreover, user declarations of arbitrary sorts and arbitrary operators are introduced.

Th

©

is clause defines the built-in sorts and operators of HLPNGs.
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)

Partitions

| <<import>>

. | CyclicEnumeration
\\<<import>> IS
! \

! \

() <<import>>.

. <<import>>

| FiniteEnumerations )
\ \

\
\\ \\
‘

\ <<import>>

- R

\

<<import>>--
\ ‘\ '

\
\
\

N <<import>> -
-+ || FiniteIntRanges<-------"---------1 SymmetricNets
L1 ) <<import>>  <<import>> .-~ /| context Type inv:
[ L ,/ '| == no multiset sorts as types
\ \ \\ | /// , ! Iself.structure.ocllsKindOf(MultisetSort)
[ \\ \\ 2 /// / :
v | Booleans P 1
L <<import>> << >>
R p<<|mp0rt>?/ ; | merge
VAL a /<<import>> /|
Ly Multisets , !
L <<import>>
WYY — NV
Terms Dots HLCoreStructure
-
<<import>>
Figure 16: The package Symmetric Nets and its built-in sorts and functions
In addition|to the built-in sorts and operators_of*Symmetric Nets, High-Level Petri Net Graphs have the follow|ng
sorts and gperators:
e Sort fnteger (corresponding to'the set of all positive and negative numbers) with addition, subtraction, mi
plica
>, ar
This

order

e For ¢
appe

jon, integer division, and modulo operators as the functions as well as the comparison operators <,
d >. Moreover, theré-is a constant for any integer number.

part of ISO/IEC 45909 does not mandate the exact implementation of integers; it could be finite or infin
refers to‘the lexicographic order.

Iti-
<

two lists:

ort of strings-with the concatenation and comparison operators <, <, >, and > as functions, where

achesort there is a sort List over that sort. Moreover, there is a constant for the empty list, an operator
nding a single element of the type corresponding to the sort to the list, and an operator for concatenat

he

for

Figure 17 shows the UML package Integers with the defined sorts and operators.

Three sets of numbers are defined: Natural, Positive and Integer. Any number specified as a constant can be
declared as an instance of NumberConstant. It refers to one of the sets and its value must be an element of the set

ing

LessThan, GreaterThan, etc.

it refers to. OCL constraints have been used to enforce this statement. Note that it is not necessary to declare these

constants; number constants can be used wherever necessary without an explicit declaration.

Classical arithmetic operators are defined such as Addition, Subtraction, etc. and comparison operators such as

© ISO/IEC 2011 — All rights reserved
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Booleans Terms

<<import>> <<imp6‘rt>> PrimitiveTypes is the package defined in ﬁ

/ UML InfrastructureLibrary::Core

Terms::BuiltinOperator .
- ’—|> Terms::BuiltinConstant Terms:BuiltinSort

Integers

IntegerOperator

NumberConstant
i P value: PrimitiveTypes::Integer \ fvpe [——————
1 Number
Natural
Positive
Inteéger

Modulo

context IntegerOperator inv: N
self.input->size() = 2 and self.input->forAll{c | c.ocllsKindOf(Number)}

context Addition inv:
self.output.oclisKindOf(Number)

context Subtract inv:
self.output.oclisKindOf(Number)

context Multiplication inv:
self.output.oclisKindOf(Number)

context Division inv:
self.output.oclisKindOf(Number)

context Modulo inv:
self.output.oclisKindOf(Number)

context GreaterThan inv:
self.output.ocllsTypeOf(Booleans::Bool)

context GreaterThanOrEqual inv:
self.output.ocllsTypeOf(Booleans::Bool)

context LessThan inv:
self.output.oclisTypeOf(Booleans::Bool)

context LessThanOrEqual inv:
self.output.ocllsTypeOf(Booleans::Bool),

context NumberConstant

inv: self.input->size() = 0 and
self.type.ocllsTypeOf(Natural) impfies self.value = 0 and
self.type.ocllsTypeOf(Pgsitive), implies self.value > 0

Figure 17: The package Integers and its built-in sorts and operators

Fi
Any constant string is defined as an instance of StringConstant, and can be directly used in the body of f Petri Net.

dure 18 shows the,uML package Strings with the defined sort and its operators.

Stifings can\be concatenated, resulting in a new string. The relational operators compare two strings agcording to
the lexicographic order. Their output is thus a boolean. The operator Length of a string returns a natural. [Substrings
cah be extracted from existing strings, using the Substring operator.

Fi
A list is constructed over a pre-declared sort using the List class, or over one or more instances of declared sort
elements, using MakeList, by enumerating all its elements. Note that in some cases the basis sort in the MakeList

operator cannot be derived from its subterms; therefore, this is expliclity represented by a composition in the meta
model.

gure 19 shows the UML package Lisis with the defined sort and IS opéralors.

The EmptyList is defined as a built-in constant. As a function, its arity is thus zero. Note that the basis sort of the
EmptyList operator cannot be derived from its subterms; therefore, this is expliclity represented by a composition
in the meta model.
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Booleans Integers ‘ Terms ‘

<<import>> <<import>>

<<ihpo|j1>>
Strings ‘ h

StringOperator [~ Terms::BuiltinOperator

Terms::BuiltinConstant Terms::BuiltinSort
Append

Length —( GreaterThanOrEqual ‘ ‘
StringConstant String

i

value

Substring XMLSchemaDataTypes::
String

start: Integers::Natural
length : Integers::Natural

context StringOperator inv: ’ N
self.input->size() 2 1 and
self.input->forAll{c | c.ocllsTypeOf(String)}

context Length inv:
self.output.oclisTypeOf(Integers::Natural) and
self.input->size() = 1

context GreaterThan inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context GreaterThanOrEqual inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context LessThan inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context LessThanOrEqual inv:
self.output.oclisTypeOf(Booleans::Bool) and
self.input->size() = 2

context Substring inv:
self.output.oclisTypeOf(String) and
self.input->size() = 1

context Concatenation inv:
self.output.oclisTypeOf(String) and
self.input->size() = 2

context StringConstant inv:
self.output.ocllsTypeOf(String) and
self.input->size() = 0

Figure 18: The package String and its built-in sorts and operators

Lists can Qe concatenated, and the.length of a list can be defined. Sublists can be extracted from existing ligts,
using the Jublist definition. MemberAtIndex returns the element of a List at a given index.

Moreover, HLPNGs allow the User to define arbitrary sorts and operators. This package ArbitraryDeclarationg is
shown in Hig. 20. In conttast to named sorts and named operators, arbitrary sorts and operators do not come with
a definition) of the sortior operation; they just introduce a new symbol without giving a definition for it. So, these
symbols d¢ not have.a meaning, but can be used for constructing terms.

The additipnalccencept Unparsed in terms provides a means to include any text, which will not be parsed gnd
interpreted by-the tools. This might be helpful for exchanging the general structure of a term, but not all its details.

The complete definition for High-Level Petri Net Graphs is shown in Fig. 21. It extends Symmetric Nets by declara-
tions for sorts and functions and the additional built-in sorts for Integer, String, and List.

5.3.12 Place/Transition Nets as High-level Net Graphs

Annex B of part 1 of ISO/IEC 15909 defines Place/Transition Nets as a restricted form of High-level Net Graphs.
Fig. 22 shows the corresponding UML definition. This class allows for the use of the built-in sorts Bool and Dot only.
It does not allow any user declarations, neither variables, nor sorts, nor operators.
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Integers

<<import>>

Terms

<<import>>

Lists ‘

ListOperator T Terms::BuiltinOperator

‘ Concatenation }—

MemberAtindex

Index: Integers::Natural

>

]

Terms::BuiltinSort

ISO/IEC 15909-2:2011(E)

MakelList bﬁ

Append
Terms::BuiltinConstant

N

Sublist

refsort |1 1 | basis

refsort

Figure 19: The package List and its built-in sorts and operators

ArbitraryDeclarations W

self.output.oclisKindOf(List) and
self.input->forAll{c | self.output.basis = c}

context Length inv:
self.output.oclisTypeOf(Integers::Natural) and
self.input->size() = 1 and
self.input.oclisKindOf(List)

context Concatenation inv:
self.output.oclisKindOf(List) and
self.input->size() = 2 and
self.input->forAll{c | c.oclisKindOf(List)}

context Sublist inv:
self.output.oclisKindOf(List) and
self.input->size() = 1 and
self.input.oclisKindOf(List)

context Append inv:

self.input->size() = 2 and
self.output.oclisKindOf(List)
self.input->forAll{c, d | c.oclisKindOf(List)}

context MemberAtindex inv:
self.input->size() = 1 and
self.input.oclisKindOf(List) and
self.output.oclisKindOf(self.input.basis).

start: Integers::Natural Terms::Sort
length : Integers::Natural N
EmptyList
context MakeList inv: : N

Terms:: SortDecl

‘ ArbitrarySort ‘

‘Terms::Sort \

| input  {ordered}

"1 output

<<extends>>

;

Terms

© ISO/IEC 2011 — All rights reserved

Figure 20: The package ArbitraryDeclarations

The type of each place must refer to sort Dot. All transition conditions need to be the constant true, if this label is
present. And the arc annotations and the initial markings are ground terms of the mulitset sort over Dot.

Note that this Place/Transition Nets in High-level Notation is a restricted form of High-level Net Graphs and even of
Symmetric Nets.
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Lists
T\ S~
| <<import>> Te.._ <<import>>
\ . <<import>> "~~~
\ Strings LR T HLPNGs
\\ \ <<import>> <<import>> g
- Z /
\ ! ’/ /
v Integers Iy
Vo eg / <<import>>
\ ! //
Vo <<import>> ;
\‘ \\ ;
\ ! ﬁ

ArbitraryDeclarations

- <<merge>>
4 |

Y

SymmetricNets

Figure 21: The package HLPNGs

Booleans

;{‘impor}>>
\'\..
Dots <
<<nesi=> PT-HLPNGs
<<import>>

<<import>>

<<import>>

<<mel
Multisets /

rge>>

| <<import>>

v ) /| HLCoreStructure
Terms

context Type inv:

-- the type of all places must be Dot
self.structure.oclisTypeOf(Dots::Dot)

context Condition inv:

-- the condition of all transitions must be true
let cond: Terms::Term = self.structure in

cond.ocllsTypeOf(Booleans::BooleanConstant) and
cond.value = ‘true’

Figure 22: The package of P/T Nets defined as restricted HLPNGs

in High-level Notation to the notation given in Clause 5.3.1.

Annex B of part 1 of ISO/IEC 15909 defines a mapping from these Place/Transition Nets in High-level Notation to
the usual mathematical definition of Place/Transition Nets. This way, there is a mapping from Place/Transition Nets
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6 Mapping between Part 1 and Part 2

This part of ISO/IEC 15909 defines a transfer format for High-level Petri Net Graphs. The concepts of High-level
Petri Net Graphs have been defined in part 1 of ISO/IEC 15909. The focus of part 1, however, is on the semantical
concepts. Therefore, some concepts are defined semantically only. For example, the type of a place can be any
set. But, part 1 does not define any syntax for defining sets. Therefore, this part of ISO/IEC 15909 introduces some
syntax for the concepts, which are defined semantically only in part 1. To this end, we use concepts which have
been introduced in part 1 already, and which, in particular, have been used in the definition of High-level Petri Net
Schemas (HLPNS) in the informative Annex C of part 1.

EC 15909.
bncepts for

Mgreover, this part of ISO/IEC 15909 defines some concepts that have not been defined in part 1 of ISO/
These are the concepts for defining the graphical appearance of Petri Nets (see Clause 5.2.4) and.the ¢
strpcturing large Petri Nets (see Clause 5.2.2).

This Clause discusses the differences of part 1 of ISO/IEC 15909 and this part of ISO/IECy15909 anc
symtactical concepts of this part of ISO/IEC 15909 (actually the abstract syntax as defined in Claus
sefnantical concepts as defined in Clause 6.2 of part 1 of ISO/IEC 15909.

| maps the
b 5) to the

6.1 Graphics and Structuring
Pa
Gr
sh
sty
an

Th

rt 1 of ISO/IEC 15909 defines general rules for the graphical appearance of Petri Nets and High-level Petri Net
aphs (see Clause 7 of part 1). These rules, basically, say that places'are shown as ellipses, that transitions are
bwn as rectangles, and that arcs are shown as arrows. But there is no information on the size, pgsition, and
le of these shapes. Moreover, part 1 states that the other features of High-level-Petri Net Graphs arg¢ shown as

hotations of the associated object.
s part of ISO/IEC 15909 allows for the provision of mych more information on the graphical appearance of the

dif
grd
In

grd
an
IS

will

l

6.

In

rey
Th
mq

Th
thd

erent objects. This information is more detailed; e.|g:.concerning colour, line-width, line-style, and fo
phical result is compatible with the general rules_of part 1.

nddition, this part of ISO/IEC 15909 introducés the concepts of pages and reference nodes. These|
phical and do not carry any meaning. By merging the reference nodes to the node they ultimate
d by ignoring the labels of the referencé.nodes and the page structure, the additional concepts of
D/IEC 15909 map to the concepts as:defined in part 1 of ISO/IEC 15909. This is called flattening of
h pages.

»  Annotations of HLRNGS

his Clause, it is shewn how the concepts as defined in Clause 6.2 and Annex A of part 1 of ISO/IEC
resented by the-cancepts as defined in Clause 5.

b net graph W6 = (P, T; F) is defined by the places, transitions, and arcs of the Petri Net Doc
ntioned in-Clause 6.1, pages and reference nodes can be eliminated by flattening.

b signature SIG = (S, 0) consists of two parts: all the used built-in sorts and operators; in additior
user defined sorts and operators.

hts, but the

are purely
ly refer to,
his part of
a Petri Net

15909 are

Ument. As

, there are

The

S indavad cat of variahlac \/ ic dafinad by all Aaclaratinne nf v/arighlnc
D-HHEGEXE-SE+ o araore V1S e Hea By GeCraattoRSo—varaores:

The many-sorted algebra H is not explicitly given, because there is no syntax for defining algebras. Instead, each
built-in sort comes with a fixed interpretation, which is a set. These sets are the carrier sets of the algebra. The
built-in operators have a fixed interpretation, which define the functions of the algebra.

Note that, for the declaration of arbitrary sorts and operators, there is no associated meaning. This corresponds to
the concepts of High-level Petri Net Schemas that do not have an associated algebra (see Annex C of part 1).

The function Type that assigns a type to each place is defined by the label type of the place. Since there is no
syntax for denoting a type, this label refers to a sort. By the fixed interpretation of sorts, this implicitly refers to a
set, which is the type of that place.
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The arc annotation A is defined by the HLAnnotation of arcs, which refers to a term. The only difference to part 1 is
that, in part 2 of ISO/IEC 15909, it is syntactically guaranteed that the term always evaluates to the correct type.

The annotation TC is defined by the annotation Condition of transitions, which needs to be a term of sort Bool.

The initial marking function M is defined by the label HLMarking of the places. Note that, in this part of ISO/IEC 15909,
this is a ground term of the corresponding multiset sort. The evaluation of this term defines the initial marking of
the place. This is necessary in order to syntactically express the initial marking.

Table 2 provides a summary of the relationships between the concepts of High-level Petri Net Graphs as defined in
part 1 and part 2 of ISO/IEC 15909.

Table 2: Mapping between definitions of Part 1 and Part 2

Part 1

Part 2

A\ place s type refers to a set

In package HLCoreStructure, the place type, refers to a
sort. For each sort a corresponding set is defined, except
when it is an arbitrary sort. The annotationsis Type.

blace marking is a collection of elements
vhere repetition is allowed.

Term (HLCoreStructure::HLMarking) deneting a multiset.

Arc annotation is an expression of function
and variables.

Term (HLCoreStructure::HLAnnetation) denoting the ex-
pression. The term should have.the multiset sort over the
sort of the place.

Iransition condition denoting a boolean ex-
bression.

Term (HLCoreStructure:Condition) of sort Bool.

Declarations.

Declaration concept(abstract) is attached to HLCore-
Structure::Net or'HLCoreStructure::Page.

ser declaration of place type.

Appears as.Jerms::SortDecl.

Typing of variable.

Appears . as" relationship between Terms::Variable,

Terms::VariableDecl, and Terms::Sort.

Dperator declaration.

Appears as HLCoreStructure::OperatorDecl.

Annex A.1 defines N, Z, NT and B.

Clauses 5.3.5 and 5.3.11, Fig. 11 and 17.

\nnex A.2 defines multiset.

Fig. 10 and 7 define Terms::MultisetSort and multiset op-
erators.

Annex A.2.2 defines multiset membership:

Provided operator CardinalityOf in multisets package in
Fig. 10.

Annexes A.2.2, A.2.3, A24, A25 and
N.2.6.

Provided multisets package depicted by Fig. 10.

Annex A.3.1 defines signatures.

Distinction is made between built-in sorts, user-declared
sorts (as abbreviation of built-in sorts) and user-defined
sorts. Also distinguished are user-defined operators from
built-in and user-declared operators. Their arity are given
by the input and output sort of Terms::Operator.

Annex A.3.2 defines Boolean signature.

Package Booleans which is built-in.

A\nnex A.3(3 defines variables.

Terms::Variables and Terms::VariableDecl associated to
a sort.

A\nnex 'A.3.4 defines terms.

Captured in package Terms (Fig. 7).

Arinex A.3.5 defines the semantics through

Part 2 is concerned with the syntax. Semantics for built-in

! 1
alyculd.

sortsancroperatorsismpticit—dser-defimedconceptsare
not a concern for Part 2. A framework for those constructs
is provided in Fig. 20

Table 3 gives an overview of concepts of Part 2 that are not explicitly defined in Part 1 and gives their counterparts

in Part 1.

28

Annex B1 defines Place/Transition net
graphs.

Refers to Clauses 5.3.1 and 5.3.12.
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Table 3: Definitions of Part 2 not explicitly defined in Part 1

Part 2 Part 1

Terms::ProductSort explicitly introduced

due to its frequent use.

Implicit in Annex A.3.1 defining signature but not detailed.
Mentioned as built-in in Clause 5.5

Pages, reference nodes. Structure not handled in HLPNGs. Pages do not appear.

Fig. 16 defining Symmetric Nets. Corresponds to the Amendment (currently PDAM 15909-

1.2) to part 1 of ISO/IEC 15909.

Fig. 20 defining user-defined sorts and op-
erators

Fits Annex A.3 on signature (and algebra) and Annex C
(HLPNS).

7

Cl
N

PNML Syntax

use 5 defines the concepts of the PNML Core Model and the concepts of Place/Transition)Nets, High
t Graphs, and Symmetric Nets in terms of a UML meta model. Clause 5, however,, does not define

-level Petri
a concrete

XML syntax for representing these concepts. The precise XML syntax of the PNML CorerModel and the thre¢e Petri net

ty)
Cl
de

o)
de

N
N

Th
dig

7.1

=F!
wit
ca
elg

Th
to

o)
Fo
se
ref|

es will be defined in this clause.

use 7.1 defines the general format of PNML Documents; i. e. the XML syntax forithe PNML Core Model.
ines the format for Place/Transition Nets. In fact, it gives general rules, how the concepts of a packa

e Petri net type are mapped to XML. For High-level Petri Nets and Symmetric Nets this part of 1ISO
ines a dedicated mapping of their labels to XML in Clause 7.3.

e that there is no need for a separate mapping for Symmetric\Nets and Place/Transition Nets in
tation since, as a restricted version of High-level Petri Nets, these mappings are fully covered by the n

igh-level Petri Nets.

PNML Documents

e mapping of the PnmML Core Model conceptsito XML syntax is defined for each class of the PNML (
gram separately.

.1 PNML Elements.
ch concrete class® of the PNME-Core Model is mapped to an XML element. The translation of these clg
h the attributes and their data types is given in Table 4. These XML elements are the keywords of PN

ments it may occur as;a’child element.

e data type ID inTable 4 refers to a set of unique identifiers within the PNML Document. The data type

he set of all identifiers occurring in the document, i. e. they are meant as references to identifiers. A r
e particularposition, however, is restricted to objects of a particular type — as defined in the PNML C
[ instancé, the attribute ref of a reference place must refer to a place or a reference place of the san

Clause 7.2
je defining
IEC 15909

High-level
napping for

Lore Model

sses along
ML and are

led PNML elements for short. For each PNML element, the compositions of the PnmL Core Model defime in which

DRef refers
bference at
ore Model.
e net. The
ref should

to which a reference is restricted, is indicated in the table (e.g. for a reference place, the attribute
br to.the id of a Place or a RefPlace). Note that these requirements are formalised in the umL

alr

bady; here, these requirement are repeated just for better readability.

nreta model

71

.2 Labels

Except for names, there are no explicit definitions of PNML elements for labels because the PNML Core Model does
not define other labels. For concrete Petri net types, such as Place/Transition Nets, Symmetric Nets, and High-level

Pe

tri Nets the corresponding packages define these labels.

3A class in a UML diagram is concrete if its name is not displayed in italics.

©
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Table 4: Translation of the PNML Core Model into PNML elements

Class XML element XML Attributes
PetriNetDoc  <pnml> xmlns: anyURI (http://www.pnml.org/version-2009/grammar/pnml)
PetriNet <net> id: ID
type: anyURlI
Place <place> id: ID
Transition <transition> id: ID
Arc <arc> id: ID
sanrce IDRef (Nndp)
target: IDRef (Node)
Page <page> id: ID
RefPlace <referencePlace> id: ID
ref: IDRef (Place or RefPlace)
RefTrans <referenceTransition> id: ID
ref: IDRef (Transition or RefTrans)
Toollnffo <toolspecific> tool: string
version: string
Graphjics <graphics>
Namg <name>

In general
Table 4) is
could be a
and <inscy

A legal elg
value of th
can be usdg

An optiong
may add t
ner structy

Table 5: Possible child elements of the <graphics> element
Parent element class  Sub-elements of <graphics>

Node, Page <position>
<dimension>
<fill>
<line>
Arc <position> (zero or more)
<line>
Annotation <offset>
<fill>
<line>
<font>

PNML Documents, any XML _€lement that is not defined in the PNML Core Model (i. e. not occurring
considered as a label of thexPNML element in which it occurs. For example, an <initialMarking> elem
label of a place, which-represents its initial marking. Likewise <name> represent the name* of an obyjg
iption> an arc annotatien.

ment for a label must contain at least one of the two following elements, which represents the act
b Jabel: a <text>€lement represents the value of the label as a simple string; the <structure> elem
d for representing the value as an abstract syntax tree in XML.

PNML <gxaphics> element defines its graphical appearance; and optional PNML <toolspecific> eleme
bol specific information to the label. Note that this part of ISO/IEC 15909 does not mandate the

re-of*<toolspecific> elements; every tool is free to structure its information inside that element at|i

in
BNt
Jol8

ual
bnt

nts
in-

discretion.

7.1.3 Graphics

All PnML elements and all labels may include graphical information. The internal structure of the PNML <graphics>
element, i.e. the legal XML children, depends on the element in which the graphics element occurs. Table 5 shows
the elements which may occur within the <graphics> element (as defined by the uML model in Fig. 3).

“Note that

30

this, actually, is the only /abel that is explicitly defined in the PNML Core Model.
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The <position> element defines an absolute position for nodes and pages, whereas the <offset> element defines
a relative position for annotation. The name of the element comes from the corresponding role in the UML diagram,
and the possible attributes are derived from the attributes of the corresponding class in the umL diagram.

Table 6 explicitly list the attributes for each graphical element defined in Table 5 (cf. Fig. 3 and Table 1). The domain
of the attributes refers to the data types of either XML Schema, or Cascading Stylesheets 2 (CSS2), or is given by an

explicit enumeration of the legal values.

Table 6: PNML graphical elements

XML element  Attribute Domain
<position> X decimal
y decimal
<offset> X decimal
y decimal
<dimension> X nonNegativeDecimal
y nonNegativeDecimal
<fill> color Ccss2-color
image anyurl
gradient-color css2-color
gradient-rotation  {vertical, horizontal, 'diagonal}
<line> shape {line, curve}
color CsS2-color
width nonNegativeDécimal
style {solid, dash; dot}
<font> family css2-fant-family
style css2:font-style
weight CSS2-font-weight
size Css2-font-size
decoration {underline, overline, line-through}
align {left, center, right}
rotation decimal

The meaning of these elements and attribuites is defined in Clause 5.2.4.

7.1.4 Mapping of XMLSchemaDataTypes concepts

The concepts from the package XMLSchemaDataTypes are mapped to XML syntax in the following way.
oblects are mapped to XML PCDATA, i.e. there will be a PCDATA section within the element which ¢
String. This, basically,corresponds to any printable text.

Li

=

ewise, Integers; NonNegativelntegers and Positivelntegers are mapped to the XMLSchema syntax cons

gerl, nonNegativelnteger, and positivelnteger, respectively.

7.1.5 Example

The String
bntains the

tructs inte-

‘102030405060X

10 ready

20
y

2

]

Figure 23: A simple Place/Transition Net

In order to illustrate the structure of a PNML Document, there is a simple example PNML Document representing
the Petri net shown in Fig. 23, which actually is a Place/Transition Net. Listing 1 shows the corresponding PNML

© ISO/IEC 2011 — All rights reserved
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Listing 1: PNML code of the example net in Fig. 23

<pnml xmlns="http://www.pnml.org/version-2009/grammar/pnml ">
<net id="n1" type="http://www.pnml.org/version-2009/grammar/ptnet">

<page iH="top-level">
<name>
<tex|t>An example P/T-net</text>
</namep
<place| id="p1">
<graphics>
<ppsition x="20" y="20"/>
</grpphics>

<n. >
2E£>ready</M>
<gfraphics>
Koffset x="0" y="-10"/>
</graphics>
</name>
<iniftialMarking>
<tpxt>3</text>
<tpolspecific tool="org.pnml.tool" version="1.0">
Ktokengraphics>
<tokenposition x="-2" y="-2" />
<tokenposition x="2" y="0" />
<tokenposition x="-2" y="2" />

K/tokengraphics>
</ltoolspecific>
</infitialMarking>
</plack>
<transfition id="t1">
<graphics>
<ppsition x="60" y="20"/>
</grpphics>
</trankition>
<arc ifg="al" source="pl" target="t1">
<graphics>

<ppsition x="30" y="&5"/>
<ppsition x="60" y="5"/>
</grpphics>
<insgription>
<§Ext>2</@>

<gfraphics>
Koffiset~x="0" y="5"/>

</graphics>

</inbeFiption
</arc>
</page>
</net>
</pnml>
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Document in XML syntax. It is a straight-forward translation, where there are /abels for the names of objects, for the
initial markings, and for arc annotations.

Note that a tool does not display the initial marking as a textual /abel. Since the initial marking comes with a
toolspecific information on the positions of the fokens, tokens are shown at the individual positions as given in the
elements <tokenposition>.

Since there is no information on the dimensions in this example (in order to fit the listing to a single page), the tool

has chosen its default dimensions for the place and the transition.

7.2 Mapping Petri Net Type Definitions to XML Syntax

Balsed on the PNML Core Model of Clause 5.2, Clauses 5.3.1 to 5.3.11 define the concepts of two parf

nef types, which restrict PNML Documents to the particular labels defined in the corresponding packages.

These packages define the /labels that are used in the particular Petri net. Here, it is shown how to
a package to the corresponding XML syntax. This mapping is the same for all typg‘definitions, unles
definition comes with a separate mapping. This general mapping will be explained by the help of the

Place/Transition Nets (see Fig. 5 and the PNML Document in Listing 1).

Th
no
Th

Th
is

<in
S
in

e PT-Net package defines two kinds of /abels that can be used in a Place/Transition Net: PTMarkings
ations. Each place can have one annotation PTMarking, and each ar¢c-Can have one annotation PT4
s is indicated by the compositions in the UML diagram in Fig. 5.

e XML syntax for these /abels is derived from the roles of these’ compositions. Every annotation
mapped to an XML element <initialMarking>, and every anretation PTAnnotation is mapped to @
scription>. Listing 1 shows an example for the XML syntaxof'a Place/Transition Net.

i

nce all labels in this package are annotations, all graphical‘elements defined for annotations may occur

hese elements.

In the PT-Net package each label is defined to have a <text> element, which defines the actual con
anhotation. For Place/Transition Nets there are ne‘structured elements.

The corresponding classes from package Datalypes define the XML content of the <text> element. Thesg
arg given in Clause 7.1.4.

Nate that for Place/Transition Nets, there'is a predefined toolspecific extension for the label <initialMax
Clause 5.3.1), which represents the positions of tokens within a place. The class TokenGraphics is maf
XML element <tokengraphics> withino attributes. The token positions contained by this element are repr
thg elements <tokenposition>'as shown in Table 7. Within the element <tokengraphics> there can be g
of ktokenposition> elements:

Table 7: Tool specific information for token positions

XML element Attribute  Domain

<tokengraphics>

<tokenposition> X decimal
y decimal

icular Petri

map such
s the type
example of

and PTAn-
\nnotation.

PTMarking
in element

as children

tent of this

definitions

king> (see
bped to the
bsented by
ny number

7.3 Mapping for High-Level Nets

7.3.1 Mapping High-Level Nets meta model elements to PNML syntax

In Table 8, the mappings between the meta models elements and their PNML constructs using RELAX NG grammar
are defined. In these tables, only meta model elements that have corresponding PNML elements or attributes are
displayed. Thus, most abstract elements are not shown in the tables, except if they have attributes. All attribute
types are mapped to XMLSchema-datatypes library data types.

© ISO/IEC 2011 — All rights reserved 33


https://standardsiso.com/api/?name=f114f1cc090157c2eac66cb39167f9e4

ISO/IEC 15909-2:2011(E)

Table 8: High-level meta model elements and their PNML constructs

Model element PNML element PNML attributes
Booleans::Bool bool
Booleans::And and
___BooleansQOr or
Booleans::Not not
Booleans::Imply imply
Booleans::Equality equality
Booleans::Inequality inequality

Bodleans::BooleanConstant

booleanconstant

value: boolean

CyclicEnumerations::CyclicEnumeration

cyclicenumeration

CycligEnumerations::Successor successor
Cyclicknumerations::Predecessor predecessor
Dots::Dot dot
Dots::DotConstant dotconstant
FiniteEnumerations::FiniteEnumeration | finiteenumeration
FiniteEnumerations::FEConstant feconstant namexstring; id: ID
Finite|ntRanges::FiniteIntRange finiteintrange start,'end: integer
FinfteIntRanges::LessThan lessthan
FiniteInfRanges::LessThanOrEqual lessthanorequal
Finit¢IntRanges::GreaterThan greaterthan
FiniteIntRanges::GreaterThanOrEqual greaterthanorequal
FiniteIntR4anges: FiniteIntRangeConstant | finiteintrangeconstant value: integer; range: IDREF
Integers::Integer integer
Integers::Natural natural
Integers::Positive positive
Int¢gers::NumberConstant numberconstant value: integer
Integers::GreaterThan gt
Integprs::GreaterThanOrEqual geq
Integers::LessThan It
Integers::.LessThanOrEqual leq
Integers::Addition add
ntegers::Subtraction subtraction
Integers::Multiplication mult
Integers::Division div
Integers::Modulo mod
HLCpreStructure::Declaration declaration
HLCoreStructure;::Type type
HLCpreStructure;:HEMarking hlinitialmarking
HLGoreStructureCondition condition
HLCofeStructure:*HLAnnotation hlinscription
Lists::List list
Lists::EmpyList emptylist
Lists::| nngfh Iieflnngfh
Lists::MakeList makelist

Lists::Concatenation

listconcatenation

Lists::Sublist

sublist

start, length: nonNegativelnteger

Lists::Append

listappend

Lists::MemberAtindex

memberatindex

index: nonNegativelnteger

34
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Table 8: High-level meta model elements and their PNML constructs (cntd.)

Model element PNML element PNML attributes
Multisets::Add add
Multisets::Subtract subtract
Multisets::All all
Multisest::Empty empty
Multisets::ScalarProduct scalarproduct
Multisets::NumberOf numberof
Multisets::Cardinality cardinality
Multisets::CardinalityOf cardinalityof
Multisets::Contains contains
Partitions::Partition partition
Partitions::PartitionElement partitionelement name: String
Partitions::LessThan Itp
Partitions::GreaterThan gtp
Partitions::PartitionElementOf partitionelementof
Strings::String string
Strings::Append stringappend
Strings::LessThan Its
Strings::LessThanOrEqual legs
Strings::GreaterThan gts
Strings::GreaterThanOrEqual gegs
Strings::StringConstant stringconstant value: string
Strings::Concatenation stringconcatenation
Strings::Length stringlength
Strings::Substring substring start, length: nonNegativelnteggr
Terms::Declarations declarations
Terms::VariableDeclaration variabledecl id: ID; name: string
Terms::OperatorDeclaration No element (abstract class) id: ID; name: string
Terms::SortDeclaration No element (abstract class) id: ID; name: string
Terms::Variable variable variabledecl: IDREF
Terms::NamedSort namedsort
Terms::NamedOperator namedoperator
Terms::Term NoO‘element (abstract class)
Terms::Sort No element (abstract class)
Terms::MultisetSort multisetsort
Terms::ProductSort productsort
Terms::UserSort usersort declaration: IDREF
Terms::Tuple tuple
Terms::Operator No element (abstract class)
Terms::UserOperator useroperator declaration: IDREF
ArbitraryDeclaratiens’:ArbitrarySort arbitrarysort
ArbitraryDeclarations::Unparsed unparsed
ArbitraryDeclatations::ArbitraryOperator | arbitraryoperator
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RELAX NG Grammar for the PNML Core Model

This Annex gives a complete definition of the PNML Core Model and its XML format in terms of a RELAX NG grammar
(ISO/IEC 19757-2:2008). Unlike earlier versions of PNML grammar, especially v-1.3.2, this definition encompasses

pages construct as specified in Clause 5.2.

Ngfe that some symiactical restrictions o1 the PNML Core Model cannot be expressed in RELAX NG. potill, these
regtrictions as defined in Clause 5 are mandatory for valid PNML Documents. The RELAX NG grammatr| distills the

mgqre syntactical requirements on the XML transfer format.

In the following the general grammar defining the Core Model is provided in the file pnmlcoremodel.rng

<?73¥ml version="1.0" encoding="UTF-8"7?>

<gtammar ns="http://www.pnml.org/version-2009/grammar/pnml"
xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypelibrary="http://www.w3. orq/2001/XMLSchema-datatypes ™

<a:documentation>
Petri Net Markup Language (PNML) schema.
RELAX NG implementation of PNML Core Model.

File name: pnmlcoremodel.rng

Version: 2009

(c) 2001-2009

Michael Weber,

Ekkart Kindler,

Christian Stehno,

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H
</a:documentation>

<include href="http://www.pnml.org/version-2009/grammar/anyElement.rng"/>

<start>
<ref name="“pnml.element"/>
</start>

<define name="pnml.element">
<element name="pnml'">
<a:documentation>
A PNML document consists of one or more Petri nets.
It has a version.
</a:documentation>
<oneOrMore>

<ref TEme="pnmi-content™/>

</one0rMore>
</element>
</define>

<define name="pnml.content">
<ref name='"net.element"/>

</define>

<define name='"met.element'>
<element name="net">
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<a:documentation>
A net has a unique identifier (id) and refers to
its Petri Net Type Definition (PNTD) (type).
</a:documentation>
<ref name="identifier.content"/>
<ref name="nettype.uri"/>
<a:documentation>
The sub-elements of a net may occur in any order.
A net consists of at least a top-level page which
may contain several objects. A net may have a name,
other labels (net.labels) and tool specific information in any order.
</a:documentation>
<interleave>

<optional>
<ref name="Name'/>

</optional>
<ref name="net.labels"/>
<oneQrMore>
<ref name="page.content"/>
</one0rMore>
<zero(OrMore>
<ref name="toolspecific.element"/>
</zero0rMore>
</interleave>
</element>
</define>

<define name="identifier.content”>
<a:documentation>
Identifier (id) declaration shared by -all objects in any PNML model.
</a:documentation>
<attribute name="zd">
<data type="ID"/>
</attribute>
</Befine>

<define name="nettype.uri">
<a:documentation>
The net type_ (nettype.uri) of a net should be redefined in the grammar
for a new Petri net Type.
An examplewof such a definition is in ptnet.pntd, the grammar
for P/T Nets. The following value is a default.
</a:documentation>
<attribute name="type">
<value>http://wuw.pnml.org/version-2009/grammar/pnmlcoremodel</value>
</attribute>
</Befine>

<define \name="net.labels">
<a:documentation>

A ey . ..
within a PNTD to define the net labels.
</a:documentation>

<empty/>
</define>

<define name="basicobject.content'>
<a:documentation>
Basic contents for any object of a PNML model.
</a:documentation>
<interleave>
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<optional>
<ref name="Name'/>

</optional>
<zerolOrMore>
<ref name="toolspectific.element"/>
</zero0rMore>
</interleave>
</define>

<define name="page.content">
<a:documentation>
A page has an id. It may have a name and tool specific information~
It may also have graphical information. It can also have many arbitrary ]|
Note: according to this definition, a page may contain other pages.
All these sub-elements may occur in any order.
</a:documentation>
<element name="page">
<ref name="identifier.content"/>
<interleave>
<ref name="basicobject.content"/>
<ref name="page.labels"/>
<zeroOrMore>
<ref name="netobject.content"/>
</zeroOrMore>
<optional>
<element name="gmaphics">
<ref name="pagegraphics.content”/>

</element>
</optional>
</interleave>
</element>

</define>

<define name='"netobject.content!>

<a:documentation>
A net objedt gs either a page, a node or an arc.
A node is‘a place or a tramnsition, a reference place of
a reference transition.

</a:documentation>

<choice>
<ref name="page.content"/>
<ref name="place.content"/>
<ref name="transition.content'/>
<ref name="refplace.content"/>
<ref name="reftrans.content"/>
<ref name="arc.content'"/>

</choice>
</define>
define name=lpage—tabebsl

<a:documentation>
A page may have unspecified many labels. This pattern should be used
within a PNTD to define new labels for the page concept.
</a:documentation>

<empty/>
</define>

<define name="place.content">
<a:documentation>
A place may have several labels (place.labels) and the same content
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as a node.

</a:documentation>

<element

</elemen

name="place'>
<ref name="identifier.content"/>
<interleave>
<ref name="basicobject.content"/>
<ref name="place.labels"/>
<ref name="node.content"/>
</interleave>
t>

</

<define name="place.labels">

</

<define name="transition.content">

</

<define name="transttion.labels'>
<a:documentation>

</

<define name="node:Content'">
<a:documentation>

define>

<a:docum

<empty/>
define>

<a:docum

define>

<empty/>
define>

</a:documentation>

</a:documentation>
<element

</element>

</a:documentation>

</d:documentation>
<optional>

entation>
A place may have arbitrary many labels. This pattern should be used
within a PNTD to define the place labels.

entation>
A transition may have several labels (transition.labels) and the same
content as a node.

name="transttion">
<ref name="tidentifier.content"/>
<interleave>
<ref name="basicobject.content"/>
<ref name="transition.labels/>
<ref name='"node.content"/>
</interleave>

A transition may have arbitrary many labels. This pattern should be
used within a“PNTD to define the transition labels.

A node may have graphical information.

<element name="graphics'">
<ref name="nodegraphics.content"/>

Lol .
7 erement

</optional>
</define>

<define name='"reference">
<a:documentation>

Here, we define the attribute ref including its data type.
Modular PNML will extend this definition in order to change
the behavior of references to export nodes of module instances.

</a:documentation>
<attribute name="ref">
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<data type="IDREF"/>

</attribute>

</define>

<define name="refplace.content ">
<a:documentation>

A reference place is a reference node.

</a:documentation>
<a:documentation>

Validating instruction:

- _ref_ MUST refer to _id_ of a reference place or of a place.
- _ref_ MUST NOT refer to _id_ of its reference place element.
- _ref_ MUST NOT refer to a cycle of reference places.

</a:documentation>
<element name='"referencePlace">
<ref name="refnode.content"/>
</element>
</define>

<define name="reftrans.content>
<a:documentation>
A reference transition is a reference node.
</a:documentation>
<a:documentation>
Validating instruction:

transition.
reference transition element.

</a:documentation>
<element name="referencelransitzon'>
<ref name="refnode.content"/>
</element>
</define>

<define name="refnode.contenty™
<a:documentation>
A reference node has the same content as a node.
It .adds a reference (ref) to a (reference) node.
</a:documentation>
<ref names"identifier.content”/>
<ref \ame="reference"/>
<ref name="basicobject.content"/>
<ref name="node.content"/>
</define>

<define name="arc.content'>
<a:documentation>

- The reference (ref) MUST refer to,a\reference transition or to a
- The reference (ref) MUST NOT wefer to the identifier (id) of its

- The reference (ref) MUST NOT refer to a cycle of reference transitions.

An arc has a unique identifier (id)

£ adtle—t +] da s £ oo
rerers—ooTn—Tto—TtnenoGe—S—Ia—OoTI—ITS

and

4
Source—ant

the node’s id of its target.
In general, if the source attribute
then the target attribute refers to

</a:documentation>
<element name="arc">

<ref name="identifier.content"/>
<attribute name="source">

<data type="IDREF"/>
</attribute>
<attribute name="target'">
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<data type="IDREF"/>
</attribute>
<a:documentation>
The sub-elements of an arc may occur in any order.
An arc may have a name, graphical and tool specific information.
It may also have several labels.
</a:documentation>
<interleave>

<optiomnal>
<ref name="Name'/>

</optional>
<ref name="arc.labels"/>

<optional>
<element name="graphics'">
<ref name="edgegraphics.content"/>
</element>
</optional>
<zeroOrMore>
<ref name="toolspecific.element"/>
</zero0rMore>
</interleave>
</element>
</define>

<define name="arc.labels">

<a:documentation>
An arc may have arbitrary many labels. This“pattern should be used
within a PNTD to define the arc labels;

</a:documentation>

<empty/>
</define>

<define name="pagegraphics.content">
<a:documentation>
A page graphics is actually a node graphics
</a:documentation>
<ref name="nodegraphics.content"/>
</define>

<define name="nodegraphics..content">
<a:documentation>
The sub-elements of a node’s graphical part occur in any order.
At leadst, there may be one position element.
Furthermore, there may be a dimension, a fill, and a line element.
</a:documentation>
<interleave>
<ref name="position.element"/>

<optiomal>
<ref name="dimension.element"/>

</optional>

o

optionat
<ref name="fill.element"/>
</optional>
<optiomnal>
<ref name="line.element"/>
</optional>
</interleave>
</define>

<define name="edgegraphics.content'>
<a:documentation>
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The sub-elements of an arc”s graphical part occur in any order.
There may be zero or more position elements.
Furthermore, there may be a line element.
</a:documentation>
<interleave>
<zeroOrMore>
<ref name="position.element"/>
</zero0rMore>

<optional>
<ref name="line.element"/>

</optional>
</interleave>

</define>

<define name="simpletext.content'>
<a:documentation>
This definition describes the contents of simple text labels
without graphics.
</a:documentation>
<optional>
<element name="text'>
<a:documentation>
A text should have a value:
If not, then there must bd a default.
</a:documentation>

<text/>
</element>
</optional>
</define>

<define name="annotationstandard.content">
<a:documentation>
The definition annotationstandard.content describes the
standard contents, ¢f) an annotation.
Each annotation, may have graphical or tool specific information.
</a:documentation>
<interleave>
<optional>
<element name="graphics'">
<ref name="annotationgraphics.content"/>
</element>
</optional>
<zerolOrMore>
<ref name="toolspecific.element"/>
</zero0rMore>
</interleave>
</défine>

<define name="simpletexztlabel.content">
<a:documentation>

A—simplte—text—tabel—ds—aneannetation—toanet—-object—containing
arbitrary text.
Its sub-elements occur in any order.
A simple text label behaves like an attribute to a net object.
Furthermore, it contains the standard annotation contents which
basically defines the graphics of the text.

</a:documentation>

<interleave>
<ref name="simpletezt.content"/>
<ref name="annotationstandard.content"/>

</interleave>
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</define>

<define name="Name'">

</

<define name="annotationgraphics.content”">

</

<define name="position.element'>

</

<define name="offset)element'>

</

<a:documentation>
Label definition for a user given name of an
element.
</a:documentation>
<element name="name">
<ref name="simpletexztlabel.content"/>
</element>

define!

define

define

>

<a:documentation>
An annotation’s graphics part requires an offset element describing
the offset the center point of the surrounding text box has to
the reference point of the net object on which the annotation occurs.
Furthermore, an annotation’s graphic element may have a fill, a\line,
and font element.
</a:documentation>
<ref name="offset.element"/>
<interleave>
<optional>
<ref name="fill.element"/>
</optional>
<optional>
<ref name="line.element"/>
</optional>
<optional>
<ref name="font.element"/>
</optional>
</interleave>
>

<a:documentation>
A position element(describes Cartesian coordinates.
</a:documentation>
<element name="positiop!>
<ref name='¢oordinate.attributes"/>
</element>
>

<a:documentation>
An offset element describes Cartesian coordinates.
</d:documentation>
<glement name="offset">
<ref name="coordinate.attributes"/>
</element>

o
cerIne

<define name="coordinate.attributes>

<a:documentation>
The coordinates are decimal numbers and refer to an appropriate
xy-system where the x-axis runs from left to right and the y-axis
from top to bottom.

</a:documentation>

<attribute name="gz'">
<data type="decimal"/>

</attribute>
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<attribute name="y">
<data type="decimal"/>
</attribute>
</define>

<define name="dimension.element'>
<a:documentation>
A dimension element describes the width (x coordinate) and height
(y coordinate) of a node.
The coordinates are actually positive decimals.

</a:documentation>
<element name="dimension'">
<attribute name="z'">
<ref name="positiveDecimal.content"/>
</attribute>
<attribute name="y">
<ref name="positiveDecimal.content"/>
</attribute>
</element>
</define>

<define name="positiveDecimal.content" ns="http://www.w3.orqg/2001/XMLSchema-datatypes">
<a:documentation>
Definition of a restricted positive decimals’ domain with a total digits
number of 4 and 1 fraction digit. Ranges’ from O to 999.9
</a:documentation>
<data type=’decimal ’>
<param name=’totalDigits’>4</param>
<param name=’fractionDigits’>1</param>
<param name=’minEzclusive’>Q</param>
</data>
</define>

<define name="fill.element">
<a:documentation>
A fill element'describes the interior colour, the gradient colour,
and the gradient rotation between the colors of an object. If an
image is available the other attributes are ignored.
</a:documentation>
<element name=/fill">
<optional>
<attribute name="color">
<ref name="color.type"/>
</attribute>

</optional>

<optional>
<attribute name="gradient-color">

<ref name="color.type"/>
</attribute>

</optional>

optionet
<attribute name="gradient-rotation">
<choice>
<value>vertical</value>
<value>horizontal</value>
<value>diagonal</value>
</choice>
</attribute>
</optional>

<optional>
<attribute name="image'">
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<data type="anyURI"/>

</attribute>
</optional>
</element>
</define>

<define name="line.element">
<a:documentation>
A line element describes the shape, the colour, the width, and the
style of an object.
</a:documentation>
<element name="line'>
<optional>
<attribute name="shape">
<choice>
<value>line</value>
<value>curve</value>
</choice>
</attribute>
</optional>

<optional>
<attribute name="color">

<ref name="color.type"/>
</attribute>
</optional>

<optional>
<attribute name="width'>

<ref name="positiveDecgmal.content"/>
</attribute>
</optional>

<optional>
<attribute name="style/>

<choice>
<value>solid</value>
<value>dash</value>
<value>dot</value>

</choice>

</attribute>
</optional>
</element>

</define>

<define name="color.tyYpe">
<a:documentation>
This describes the type of a color attribute. Actually, this comes
from the CSS2 (and latest versions) data type system.
</&:documentation>
<text/>
</define>

<define—name=/fornt—etementLl
<a:documentation>
A font element describes several font attributes, the decoration,
the alignment, and the rotation angle of an annotation’s text.
The font attributes (family, style, weight, size) should be conform
to the CSS2 and latest versions data type system.
</a:documentation>
<element name="font">
<optiomnal>
<attribute name="family'">
<text/> <!-- actually, CSS2 and latest versions font-family -->
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</attribute>

</optional>
<optional>
<attribute name="style">

<text/> <!-- actually, CSS2 and latest versions font-style —-—>

</attribute>

</optional>

<optional>
<attribute name="wetight">

<text/> <!-- actually, CSS2 and latest versions font-weight -->

</attribute>
</optional>

<optional>
<attribute name="size'>

<text/> <I!-- actually, CSS2 and latest versionsVfont-si3
</attribute>
</optional>

<optional>
<attribute name="decoration'>

<choice>
<value>underline</value>
<value>overline</valué>
<value>line-through</value>
</choice>
</attribute>
</optional>

<optional>
<attribute name="align'>

<choice>
<valtie>left</value>
<yalue>center</value>
<value>right</value>
</cheice>
</attributé>
</optional>

<optional>
<attribute name="rotation'>

<data type="decimal"/>

</attribute>
</optional>
</element>
</define>

<define name=)''toolspecific.element'>
<aydocumentation>
The tool specific information refers to a tool and its version.
The further substructure is up to the tool.
</a:documentation>
<element name="toolspecific">
<attribute name="tool">

2 + [
texts
</attribute>
<attribute name="wersion'">
<text/>
</attribute>
<zeroOrMore>
<ref name="anyElement"/>
</zero0rMore>
</element>
</define>
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</grammar>

In the following the grammar of the generic anyElement construct is described. It is provided in the file anyEle-
ment.rng.

<?xml version="1.0" encoding="UTF-8"?>
<grammar xmlns="http://relazng.org/ns/structure/1.0"

xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypeLibrary="http://www.w3. orq/2001/XMLSchema-datatypes ">

<aJ:documentation>

RELAX NG implementation the generic ’anyElement’ construct.
This construct may be useful in any grammar which does not
directly depend on pnmlcoremodel.rng. That is why it is made
independant of pnmlcoremodel.rng.

File name: anyElement.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

June 2008 - L.H
</p:documentation>

<define name="anyElement ">
<element>
<anyName/>
<zero(OrMore>
<choice>
<attribute>
<anyName/>
</attribute>
<text/>
<ref name="anyElement"/>
</choice>
</zeroOrMore>
</element>
</define>

</grammar>|
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Annex B
(normative)

RELAX NG Grammars for special types

This Annex gives a complete definition of the XML syntax of the Petri net types defined in this part of ISO/IEC 15909.

There is a separate RELAX NG grammar for each Petri net type.

Note that some syntactical restrictions in the meta models the Petri net types cannot be expressed in RELAX NG.

Stiff, These restrictions as defined in Clause 5.3 are mandatory for valid PNML Documernts.

B.l Place/Transition Nets
B.1.1 The labels
Ei

<?yml version="1.0" encoding="UTF-8"?>

ret, there is a definition of the labels data for Place/Transition Nets in the file conventions.rng.

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/10"

<a:documentation>
RELAX NG implementation of the Conventions Document.
These conventions are short cuts for label definitions. They are
used for simple data or if the label daba‘)is not really specified.

File name: conventions.rng

Version: 2009

(c) 2007-2009

Michael Weber,

Lom Hillah (AFNOR)

Revision:

June 2008 - L.H
</a:documentation>

<define name='"nonnegativeintegerlabel.content">

<a:documentation>
A nen negative integer label is an annotation with a
natural number as its value.
Its sub-elements occur in any order.
It contains the standard annotation content.

% /a:documentation>

<interleave>
<element name="text">

<data type="nonNegativelnteger"

datatypeLibrary="http://www.w3. org/2001/XMLSchema-datatyy
</element>
SIel Tame= annoLaLlOoNSLanaarad. CONLent /’)
</interleave>

</define>

<define name="postitiveintegerlabel.content">
<a:documentation>
A positive integer label is an annotation with a natural
number as its value, zero excluded.
Its sub-elements occur in any order.
It contains the standard annotation content.
</a:documentation>

© ISO/IEC 2011 — All rights reserved
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</

</grammar>

B.1.2 To

<interleave>
<element name="text">
<data type="positivelnteger"
datatypeLibrary="http://www.w3. orq9/2001/XMLSchema-datatypes"/>
</element>
<ref name="annotationstandard.content"/>
</interleave>
define>

xen Graphics

Place/Transition Nets can use the token graphics grammar to include individual tokens positions.as tool speg
feature. THis grammar is in the file pnmlextensions.rng.

<?7xml vers

<grammar X

fon="1.0" encoding="UTF-8"7>

mlns="http://relazng.org/ns/structure/1.0"

xmllns:a="http://relazng.org/ns/compatibility/annotations/1.0"
dajtatypeLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

<aJ:documentation>

</

RELAX NG implementation of PNML Extensions package.

This package is meant to define specific extensioms ‘to

PT-Net type that would appear mostly as tool specific

features. Those features are not semantically,speaking essential
to the exchange of PNML models.

File name: pnmlextensions.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H

b :documentation>

<define name="toolspecificwcontent” combine="interleave>

</

<a:documentation>
Individual tokens positions as toolspecific elements.
</a:documentation>

<optiomal>
<ref name="TokenGraphics"/>

</6ptional>
define>

ific

<g|§fine name="TokenGraphics'">

50

<araocumentatIon”>
Individual tokens, may be have positioms.
This element gathers them.
There should be as many token positions as the initial
marking states.

</a:documentation>

<element name="tokengraphics">
<zeroOrMore>

<ref name="TokenPosition"/>

</zero0rMore>

</element>

© ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=f114f1cc090157c2eac66cb39167f9e4

ISO/IEC 15909-2:2011(E)

</define>
45
<define name="TokenPosition'>
<a:documentation>
The actual position of an individual token.
It is a coordinate.attributes.
50 </a:documentation>
<element name="tokenposition">
<ref name="coordinate.attributes'/>
</element>
</define>

55
</grammar>

B.1.3 The Grammar

The following RELAX NG grammar defines the XML syntax of Place/Transition Nets:in_the file ptnet.pntd

<?7yml version="1.0" encoding="UTF-8"7>

<gyammar ns="http://www.pnml.org/version-2009/grammar/pnml"
xmlns="http://relazng.org/ns/structure/1.0"
5 xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0">

<a:documentation>
RELAX NG implementation of Petri Net Type)Definition for Place/Transition nets.
This PNTD re-defines the value of netgype.uri for P/T nets.

File name: ptnet.pntd
Version: 2009
(c) 2007-2009
Lom Hillah (AFNOR)
15 Revision:

July 2008 - L.H
</a:documentation>

<a:documentation>
20 The PT Net, type definition.
This document also declares its namespace.
A1l labels of this Petri net type come from the Conventions document.
The _nise/of token graphics as tool specific feature is possible.
</a:documentation>
25
<inclade" href="http://www. pnml.org/version-2009/grammar/conventions.rng"/>

==

<include href="http://www.pnml.org/version-2009/grammar/pnmlextensions.rng"/>

30 We do mot need to include this, because the pnmlcoremodel.rng covers any
100 LSPCC'L]'I:C erlreENSTon.

-

<include href="http://www.pnml.orqg/version-2009/grammar/pnmlcoremodel.rng"/>
35
<define name='"nettype.ur:" combine="choice">
<a:documentation>
The URI value for the net type attribute,
declaring the type of P/T nets.
40 </a:documentation>
<attribute name="type">
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<value>http://www.pnml.org/version-2009/grammar/ptnet</value>
</attribute>
</define>

<define name="PTMarking'">

<a:documentation>
Label definition for initial marking in nets like P/T-nets.
<contributed>Michael Weber</contributed>
<date>2003-06-16</date>
<reference>

W. Reisig: Place/transition systems. In: LNCS 254. 1987.

</reference>

</a:documentation>

<element name="initialMarking">
<ref name="nonnegativeintegerlabel.content"/>

</element>

</define>

<define name="PTArcAnnotation">
<a:documentation>
Label definition for arc inscriptions in P/T-nets.
<contributed>Michael Weber, AFNOR</contributed>
<date>2003-06-16</date>
<reference>
W. Reisig: Place/transition systemssIm: LNCS 254. 1987.
</reference>
</a:documentation>
<element name="inscription>
<ref name='"positiveintegerlabel.content"/>
</element>
</define>

<define name="place.labels"” combine="internleave>
<a:documentation>

A place of a P/T net’'wmay have an initial marking.
</a:documentation>
<optional><ref name="PIMdrking"/></optional>
</Befine>

<define name="arc.labels"” ‘combine="interleave">
<a:documentation>

An axc_of a P/T net may have an inscription.
</a:documentation>
<optional><ref name="PTArcAnnotation"/></optional>
</gefine>

</grammar>|

B.2 High-level Petri Nets
B.2.1 Core structure of HLPNGs

First, the grammar for Terms is defined in the file terms.rng.

<?xml version="1.0" encoding="UTF-8"?>

<grammar datatypelibrary="http://www.w3.orq/2001/XMLSchema-datatypes”
xmlns="http://relazng.org/ns/structure/1.0"
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xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0">

<a:documentation>
RELAX NG implementation of High-level Petri Nets Terms grammar.
This schema implements the core signature shared by High-level Petri Nets.

File name: terms.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:
July 2008 - L.H
</a:documentation>

<!-- Definition of signature and variable -—>
<define name="Declarations'">
<a:documentation>
A core signature starts by zero or more declarations
</a:documentation>
<element name="declarations'>
<zeroOrMore>
<ref name="Declaration'/>
</zero0OrMore>
</element>
</define>

<define name="Declaration.content'>
<a:documentation>
A declaration may be a Sort, Variable or Operator declaration.
It has a name and an id.
It is extended by each definition of Sort, Variable and Operator.
</a:documentation>
<attribute name=":id">
<data type="ID"/>
</attribute>
<attribute name="name!>
<data type='"string"/>
</attribute>
</define>

<define name="Declaration'>
<a:documentation>
A decldration is part of a group of declaratioms.
It-defines known concrete declarations
<J}&:documentation>
<choice>
<ref name="SortDeclaration'/>
<ref name="VariableDeclaration"/>
<ref name="OperatorDeclaration'/>
</choice>

L

o
7 eI Ine

<define name="VariableDeclaration'>

<a:documentation>
A variable declaration is a user-declared variable.
It refers to a Sort.

</a:documentation>

<element name="variabledecl'">
<ref name="Declaration.content"/>
<ref name="Sort'"/>

</element>
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</define>

<define name="SortDeclaration.content'>
<a:documentation>
A Sort declaration content is derived from Declaration.content
</a:documentation>
<ref name="Declaration.content"/>
</define>

<define name="SortDeclaration">

<a:documentation>
A Sort declaration is a user-declared sort, using built-in sorts.
It defines known concrete sort declarations.

</a:documentation>

<ref name="NamedSort"/>

</define>

<define name="OperatorDeclaration.content >

<a:documentation>
The content of OperatorDeclaration is the one of Declaratien
constructs.

</a:documentation>

<ref name="Declaration.content'/>

</Befine>

<define name="OperatorDeclaration'>

<a:documentation>
An Operator declaration is a user-declared operator using built-in.
constructs.

</a:documentation>

<ref name="NamedOperator"/>

</define>

<define name="Variable'>
<a:documentation>
A simple variable refers to a VariableDeclaration.
As a Term, a variable ' also refers to a Sort, which is derived.
See Term definition in the corresponding section of this grammar.
</a:documentation>
<element name="varzable'>
<attribute.name="refvariable">
<data type="IDREF"/>
</attrfibute>
</element>
</gefine>

<define name="NamedSort'">

<ardocumentation>
A named sort is the concrete definition of a SortDeclaration.
It contains a Sort definition.

ferdecumentation

<element name="namedsort'">
<ref name="SortDeclaration.content'/>
<ref name="Sort'"/>

</element>

</define>

<define name="NamedOperator">
<a:documentation>
A named operator is the concrete definition of and OperatorDeclaration.
User-defined operators typically use this construct.
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VariableDeclaration is used as the construct for its parameters
(ordered), and Term for its body definition.
</a:documentation>
<element name='"namedoperator">
<ref name="OperatorDeclaration.content"/>
<element name="parameter'>
<zeroOrMore>
<ref name="VariableDeclaration'/>
</zero0rMore>
</element>

<element name="def">
<ref name="Term'"/>
</element>
</element>
</define>

<define name="Term.content'">

<empty/>
</define>

<define name="Term">
<a:documentation>
A Term involves operators and variables. It refers to a Sort,
which is usually derived
</a:documentation>

<!-- Derived Attribute sort is not ezxternalized (made transient)
in the PNML file -—>
<choice>

<ref name="Variable"/>
<ref name="Operator"/>
</choice>
</define>

<define name="Sort.content">

<empty/>
</define>
<!-- Generic definition, for sorts and related classes —-—>

<define name="Sort">

<a:documentation>
A sort is not specified. Its is extended by common or high-level
specific sorts.
A sort may be a basis for a MultisetSort.
Actually we don"t need to export the "mult:" attribute, since it is most
important to have the relation from the opposite direction, i.e., from
MultiSet. This attribute can thus be made transient (not exported) in
the PNML tool.
Sorts don"t seem to need an ID since their definition is always included
as sub-element of Declaration.

</a:documentation>

<ref name="BuiltInSort"/>
<ref name="MultisetSort"/>
<ref name="ProductSort"/>
<ref name="UserSort"/>

</choice>
</define>
<!-- NB: we could have defined ButltInSort.content which would basically extend
Sort.content, but @t is not necessary here since Sort.content s empty -—>

<define name="BuiltInSort'">
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<a:documentation>
Base definition of a built-in Sort.
Further definitions should refine this one using choice
as the value of combine attribute.

</a:documentation>

<empty/>

</define>

<define name="MultisetSort">

<a:documentation>

</

A multiset sort is built upon a basis sort.
There is an issue regarding infinite recursion induced
by the fact that a MultisetSort is a Sort.
We then have the possibility to define a multiset sort of
multiset sorts.
In part 1, set of multiset is allowed, which seems akin to
this definition.
So beware of infinite recursion when using this construct.
</a:documentation>
<element name="multisetsort">
<ref name="Sort'"/>
</element>
define>

<define name="ProductSort">

</

<a:documentation>
A product sort is a sort. It refers to an, ordered list
of members which are sorts.

</a:documentation>

<element name="productsort'>

<zeroOrMore>
<ref name="Sort"/>
</zeroOrMore>
</element>
define>

<define name="UserSort'">

</

<a:documentation>
A user sort issaused as an abbreviation of

Recursion is forbidden.

</a:documentatilon>

<element name='usersort">
<attribute name="declaration'>

<data type="IDREF"/>

</attribute>

</&lément>

define>

<gFfine name="0Operator.content ">

e-decumentation
The sub-terms of an operator.
</a:documentation>
<zero(OrMore>
<element name="subterm'">
<ref name="Term'"/>

</element>
</zero0rMore>
</define>
<!-- Definition of operators and related classes —-—>

56
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<define name="Operator" combine="choice'>
<a:documentation>
An operator has an ordered list of inputs and an output,
which are derived. They are thus not exported in the XML
(transient for the tools).
A1l refer to sorts of the arguments over which the operator is applied.
It is applied on an ordered set of subterms which are either variables
or application of operator on other subterms.
The operator is either built-in, or user-declared from built-in.
</a:documentation>
<choice>
<ref name="BuiltInOperator"/>
<ref name="BuiltInConstant'/>
<ref name="MultisetOperator"/>
<ref name="Tuple"/>
<ref name="UserOperator"/>
</choice>
</define>

<define name="ButltInOperator.content">
<a:documentation>
The content of BuiltInOperator.content is thefone” of Operator.content
</a:documentation>
<ref name="Operator.content"/>
</define>

<define name="BuiltInOperator'">
<a:documentation>
Base definition of a built-in_operator.
Further definitions should, xefine this one using choice
as the value of combine attribute.
</a:documentation>

<empty/>
</define>

<define name="BuiltInConstant.content'>
<a:documentation>
The content of BuiltInConstant.content is the one of Operator.content
</a:documentation>
<ref name='"Operator.content"/>
</define>

<define name="BuiltInConstant" combine="choice">
<a.documentation>
Base definitin of a built-in constant.
Further definitions should refine this one using choice
as the value of combine attribute.
</a:documentation>

<empty/>
</define>

<define name="MultisetOperator.content'>
<a:documentation>
The content of MultisetOperator.content is the one of Operator.content
</a:documentation>
<ref name="Operator.content"/>
</define>

<define name="MultisetOperator" combine="choice">

<a:documentation>
The Multiset Operator base definition.
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Further definitions should refine this one using choice
as the value of combine attribute.
</a:documentation>

<empty/>
</define>

<define name="Tuple">
<a:documentation>

The ’Tuple’ construct.
</a:documentation>
<element name="tuple">

<ref name="Operator.content"/>
</element>
</define>

<define name="UserOperator">
<a:documentation>
A user operator is used as an abbreviation of existing
user-declared operators.
It thus refers to an OperatorDeclaration.
Recursion is forbidden.
</a:documentation>
<element name="useroperator">
<attribute name="declaration'>
<data type="IDREF"/>

</attribute>
<ref name="Operator.content"/>
</element>
</define>
</grammar>|

Then, the grammar for core structure of high-level nets is‘defined in the file hlcorestructure.rng.

<?xml versfion="1.0" encoding="UTF-8"?>

<grammar xpmlns="http://relazng.org/ns/structire/1.0"
xmlins:a="http://relazng.org/ns/compatibility/annotations/1.0"
daftatypeLibrary="http://www. w3-019/2001/XMLSchema-datatypes ">

<aJ:documentation>
RELAX NG implementation of High-level Petri nets Core Structure grammar.
This schema.implements the core structure shared by High-level Petri nets types.

File namesw hlcorestructure.rng
Version. 2009

(e 2007-2009

Com* Hillah (AFNOR)

Revision:
July 2008 - L.H
</adocumentattion>
<!-- Definition of additional labels for high-level nets -—>

<define name="net.labels” combine="interleave">
<a:documentation>
A high-level net may have a Declaration.
</a:documentation>
<zeroOrMore><ref name="HLDeclaration"/></zeroOrMore>
</define>
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<define name="page.labels" combine="interleave'>
<a:documentation>
A page of a high-level net may also have a Declaration.
</a:documentation>
<zeroOrMore><ref name="HLDeclaration"/></zeroOrMore>
</define>

<define name="place. labels" combine="interleave">
<a:documentation>

A place of a high-level net may have a Type and an HLMarking.

</a:documentation>
<interleave>
<optional><ref name="Type"/></optional>
<optional><ref name="HLMarking"/></optional>
</interleave>
</define>

<define name="transition.labels" combine="interleave'>
<a:documentation>
A transition of a high-level net may have a Condition.
</a:documentation>
<optional><ref name="Condition"/></optional>
</define>

<define name="arc.labels"” combine="interleave">
<a:documentation>

An arc of a high-level net may hawe a high-level inscription.

</a:documentation>
<optional><ref name="HLAnnotation"/></optional>
</define>

<!-- Complex labels definition for high>level nets. -—>

<define name="HLDeclaration'>
<a:documentation>
The ’Declaratien’ label definition for a net node or a page.
</a:documentation>
<element name="detlaration'>
<interleave>
<ref\name="simpletexztlabel.content"/>
<optional>
<element name="structure'>
<ref name="Declarations"/>
</element>
</optional>
</interleave>
</element>
<{define>

<define name="Type'">

3 g
o cumentaTIon

The ’Type’ label definition for a place.
</a:documentation>
<element name="type">
<interleave>
<ref name="simpleteztlabel.content"/>
<optional>
<element name="structure'>
<ref name="Sort'"/>
</element>

</optional>
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</interleave>
</element>
</define>

<define name="HLMarking'">
<a:documentation>
The ’high-level initial marking’ label definition for a place.
The same reasoning applies as for the definitions above.
</a:documentation>
<element name="hlinitialMarking'>

<interleave>
<ref name="simpletexztlabel.content"/>
<optional>
<element name="structure'>
<ref name="Term'"/>
</element>
</optional>
</interleave>
</element>
</Hefine>

<define name="Condition'>
<a:documentation>
The ’Condition’ label definition expressing the g@ard of a transition.
The same reasoning applies as for the above definitioms.
</a:documentation>
<element name="condition">
<interleave>
<ref name="simpletextlabel.content"/>
<optiomnal>
<element name="structure'>
<ref name="Term"/>
</element>
</optional>
</interleave>
</element>
</gefine>

<define name="HLAnnotation'">
<a:documentation>
The ’HLAnnotation’ label definition for an arc.
</a:documentatilon>
<element name="hlinscription>
<interleave>
<xef name="simpletexztlabel.content"/>
<optional>
<element name="structure'>
<ref name="Term'"/>
</element>

</optional>

V. l
Finterieave
</element>
</define>

</grammar>

Further, built-in sorts definitions are provided in the following.
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B.2.2 Dots

Definition of Dots in the file dots.rng.

<?xml version="1.0" encoding="UTF-8"?>

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatvpelibrarv="http:Jwww. w3, org/2001/XML.Schema—-datatypes">

<a:documentation>
RELAX NG implementation of Dots grammar.
Dots are part of high-level common sorts.
They are used by PT-Nets defined as a restriction of HLPNGs.
They define what is commonly understood as "non-colored annotation’\\in
High-level nets.

File name: dots.rng

Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H
</a:documentation>

<define name="ButltInSort" combine="choice">
<a:documentation>
Dot is a built-in sort.
</a:documentation>
<ref name="Dot'"/>
</define>

<define name="ButltInConstant" combine="choice">
<a:documentation>
DotConstant_is.a built-in constant.
</a:documentation>
<ref name="DotConstant"/>
</define>

<define name="Doi!>
<a:dogumentation>
Dot is a built-in sort.
</ardocumentation>
<element name="dot">
<empty/>
</element>
</define>

<define name="DotConstant'">

<a:documentation>

It is a built-in constant for Dot.
</a:documentation>
<element name="dotconstant >

<empty/>
</element>
</define>
</grammar>
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B.2.3 Multisets

Definition of Multisets in the file multisets.rng.

<?xml version="1.0" encoding="UTF-8"?>

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypeLibrary="http://www.w3. orq/2001/XMLSchema-datatypes ">

<aj:documentation>
RELAX NG implementation of Multisets grammar.

File name: multisets.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

July 2008 - L.H
</p:documentation>

<define name="ButltInOperator" combine="choice">
<a:documentation>
Cardinality, Cardinality0f, Contains are built:dn operators
</a:documentation>
<choice>
<ref name="Cardinality"/>
<ref name="CardinalityOf"/>
<ref name="Contains"/>
</choice>
</define>

<define name="MultisetOperator" combine=Ychoice’>
<a:documentation>
The concrete Multiset\ Operators.
</a:documentation>
<choice>
<ref name="Adgd/t>
<ref name="ALl"/>
<ref name=‘WNumber0f"/>
<ref name="Subtract"/>
<ref\name="ScalarProduct"/>
<ref/name="Empty"/>
</choige>
</define>

<define, name="A4dd">
<a:documentation>
Defines the ’addition’ of multisets.

This schema implements the multiset constructs package for High-level Petri Nets.

/ardocumentation>
<element name="add">
<ref name="MultisetOperator.content"/>
</element>
</define>

<define name="Subtract'">
<a:documentation>
Defines the ’subtraction’ of two multisets.
</a:documentation>
<element name="subtract">
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<ref name="MultisetOperator.content"/>
</element>
</define>

<define name="A11">
<a:documentation>
Defines the ’broadcast’ operator over a multiset.
</a:documentation>
<element name="all">
<ref name="MultisetOperator.content"/>

<ref name="Sort"/>
</element>
</define>

<define name="Empty">
<a:documentation>
Defines the ’empty’ multiset.
</a:documentation>
<element name="empty">
<ref name="MultisetOperator.content"/>
<ref name="Sort'"/>
</element>
</define>

<define name="ScalarProduct">
<a:documentation>
Defines the ’scalar product’ of multisets.
</a:documentation>
<element name="scalarproduct">
<ref name="MultisetOperatorycontent"/>
</element>
</define>

<define name="Numberlf'">
<a:documentation>
Defines the ceonstruction of a multiset with a natural number
and an element of a sort.
</a:documentation>
<element name=“numberof'">
<ref\name="MultisetOperator.content"/>
</element>
</define>

<define name=)'Cardinality'>
<aydocumentation>
Defines the cardinality of a multiset.
</a:documentation>
<element name="cardinality">
<ref name="BuiltInOperator.content"/>
</element>

L

o
7 eI Ine

<define name="CardinalztyOf">
<a:documentation>
Defines the cardinality of an element in a multiset.
</a:documentation>
<element name="cardinalityof">
<ref name="BuiltInOperator.content"/>
</element>
</define>
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<define name="Contains'">

</

</grammar>

B.2.4 Bo

<a:documentation>

Defines the containment relationship between two multisets.

</a:documentation>
<element name="contains'">
<ref name="ButiltInOperator.content"/>
</element>
define>

pleans

Definition ¢f Booleans in the file booleans.rng.

<?7xml vers

ion="1.0" encoding="UTF-8"7>

<grammar xpmlns="http://relazng.org/ns/structure/1.0"
xmllns:a="http://relaxng.org/ns/compatibility/annotations/1.0"
dajtatypeLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

<aJ:documentation>

</

RELAX NG implementation of Booleans grammar.
Booleans are part of the high-level common sorts.
They define the bool sort and related operators quer
elements of that sort.

File name: booleans.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

July 2008 - L.H

b :documentation>

<define name="Operator" combinez'"choice’>

</

<a:documentation>
Equality amd.Inequality are operators.
</a:documentation>
<choice>
<ref\name="Equality"/>
<ref/name="Inequality"/>
</choige>
define>

<define _name="ButltInSort" combine="choice">

</

<d.

</

64

<a:documentation>
Bool is a built-in sort.

</ardocumentation>
<ref name="Bool'"/>
define>

efine name="BuiltInOperator" combine="choice">

<a:documentation>
BooleanOperator is a built-in operator.
</a:documentation>
<ref name="BooleanUOperator"/>
define>
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<define name="ButltInConstant" combine="choice">
<a:documentation>
BooleanConstant is a built-in constant.
</a:documentation>
<ref name="BooleanConstant"/>
</define>

<define name="Bool">
<a:documentation>
A Bool is a built-in sort.

</a:documentation>
<element name="bool'">
<empty/>
</element>
</define>

<define name="BooleanOperator.content ">
<a:documentation>
The content of BooleanOperator.content is the one of(BuiltInOperator
</a:documentation>
<ref name="BuiltInOperator.content"/>
</define>

<define name="BooleanOperator'">
<a:documentation>
A Boolean operator is a built-in opexator.
Its defines known concrete operators.
</a:documentation>
<choice>
<ref name="And'"/>
<ref name="0Or"/>
<ref name="Imply"/>
<ref name="Not'"/>

</choice>
</define>
<!-- Declaration of standarnd jpoolean operators ——>

<define name="And">
<a:documentation>
Defines the boolean operator "and".
</a:documentation>
<element name="and">
<ref name="BooleanOperator.content"/>
</element>
</define>

<define name="0Or'">
<a:documentation>
Defines the boolean operator "or".

.cont

Ferdocumentation
<element name="or">
<ref name="BooleanOperator.content"/>
</element>
</define>

<define name="Not'">
<a:documentation>
Defines the boolean operator '"not".
</a:documentation>
<element name="not">
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<ref name="BooleanOperator.content"/>
</element>
</define>

<define name="Imply">
<a:documentation>
Defines the boolean operator "imply".
</a:documentation>
<element name="imply">
<ref name="BooleanOperator.content"/>

</element>
</define>

<define name="Equality'">

<a:documentation>
Defines the boolean operator "equality” which may not necessary
have booleans as input Sorts.

</a:documentation>

<element name="equality'">
<ref name="Operator.content"/>

</element>

</define>

<define name="Inequality">

<a:documentation>
Defines the boolean function "inequality"” which may not necessary
have booleans as input Sorts.

</a:documentation>

<element name="inequality">
<ref name="Operator.content"/>

</element>

</define>

<define name="BooleanConstant">
<a:documentation>
Declaration of the "frue” constant.
</a:documentation>
<element name="booleanconstant'">
<attribute name="value'™
<data jtype="boolean"/>

</attribute>
<ref name="BuiltInConstant.content'"/>
</element>
</define>
</grammar>|

B.2.5 Finite-Enumerations

Definition of Finite Enumerations in the file finiteenumerations.rng.
<?xml version="1.0" encoding="UTF-8"7>
<grammar xmlns="http://relazng.org/ns/structure/1.0"

xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypeLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

<a:documentation>
RELAX NG implementation of Finite Enumerations grammar.
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Finite enumerations are part of high-level common sorts.

They are used by both HLPNGs and Symmetric Nets.

They define any finite enumeration sort and related operators
over elements of that sort.

File name: finiteenumerations.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H
</a:documentation>

<define name="OperatorDeclaration” combine="choice'>
<a:documentation>
An Operator declaration is a user-declared operator using built-in.
constructs.
</a:documentation>
<ref name="FEConstant"/>
</define>

<define name="BuiltInSort" combine="choice">
<a:documentation>
FiniteEnumeration is a built-in sort.
</a:documentation>
<ref name="FiniteEnumeration"/>
</define>

<define name="FiniteEnumeration.content">
<a:documentation>
The content of a Finite Enumeration is composed of constants.
</a:documentation>
<zeroOrMore>
<ref name="FEConstant"/>
</zero0rMore>
</define>

<define name="FiniteEnumeration'>
<a:documentation®
A Finite Enumeration is a built-in sort.
</a:documentation>
<element name="finiteenumeration'>
<ref name="FiniteEnumeration.content"/>
</eYement>
</define>

<define name="FEConstant'">
<a:documentation>
It is a built-in constant. It is a finite enumeration element.
</a:documentation>

etementneme=_feconstant’
<ref name="OperatorDeclaration.content"/>
</element>
</define>

</grammar>
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B.2.6 Cyclic Enumerations

Definition of Cyclic Enumerations in the file cyclicenumerations.rng.

<?xml version="1.0" encoding="UTF-8"?>

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypeLibrary="http://www.w3. orq/2001/XMLSchema-datatypes ">

<aJ:documentation>

RELAX NG implementation of Cyclic Enumerations grammar.
Cyclic enumerations are part of high-level common sorts.

They define any cyclic enumeration sort and related operators
over elements of that sort.

File name: cyclicenumerations.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H
</p:documentation>

<define name="ButltInSort" combine="choice'>
<a:documentation>

CyclicEnumeration is a built-in sort.
</a:documentation>
<ref name="CyclicEnumeration"/>
</Befine>

<define name="ButltInOperator" combine="choice(’
<a:documentation>

CyclicEnumOperator is a built-in operator.
</a:documentation>
<ref name="CyclicEnumOperatop/>
</define>

<define name="CyclicEnumeration'>
<a:documentation>
A Cyclic Enumeration is a Finite Enumeration.
</a:documentati'on>
<element name=Ycyclicenumeration'>
<ref/name="FiniteEnumeration. content"/>
</elemefit>
</gefine>

<define _name="CyclicEnumOperator.content'>
<a:documentation>
A finite enumeration operator is a built-in operator.

</ardocumentation>
<ref name="BuiltInOperator.content"/>
</define>

<define name="CyclicEnumOperator">
<a:documentation>
A finite enumeration operator defines known concrete operators.
</a:documentation>
<choice>
<ref name="Successor"/>
<ref name="Predecessor"/>
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</choice>
</define>
<!-- Declaration of standard cyclic enumeration operators —-—>

<define name="Successor">
<a:documentation>
Defines the ’successor’ operator.
</a:documentation>
<element name="successor'">
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<ref name="CyclicEnumOperator.content"/>
</element>
</define>

<define name="Predecessor'>
<a:documentation>
Defines the ’predecessor’ operator.
</a:documentation>
<element name="predecessor'>
<ref name="CyclicEnumOperator.content"/>
</element>
</define>

rammar>

p.7 Finite Integer Ranges

finition of Finite Integer Ranges in the file finiteintranges.rng.

ml version="1.0" encoding="UTF-8"?>

ammar xmlns="http://relazng.org/ns/strutture/1.0"

xmlns:a="http://relazng.org/ns/dompatibility/annotations/1.0"
datatypelibrary="http://www. w8+0r9/2001/XMLSchema-datatypes ™

<a:documentation>

RELAX NG implementation of Finite Integer Ranges grammar.
Finite Integer/Ranges are part of the high-level common sorts.
They define-any finite integer range and related operators
over elements of that sort.

File_name: finiteintranges.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H

</a:documentation>

<define name="BuiltInSort" combine="choice">

<a:documentation>

FiniteIntRange is a built-in sort.
</a:documentation>
<ref name="FiniteIntRange"/>

</define>

<define name="BuiltInOperator" combine="choice">

<a:documentation>
FiniteIntRangeOperator is a built-in operator.
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</a:documentation>
<ref name="FintteIntRangeOperator"/>
</define>

<define name="BuiltInConstant” combine="choice">
<a:documentation>
FiniteIntRangeConstant is a built-in constant.
</a:documentation>
<ref name="FiniteIntRangeConstant"/>
</define>

<gLfine name="FinttelntRange'>
<a:documentation>
A FiniteIntRange is a built-in sort.
</a:documentation>
<element name="finiteintrange">
<attribute name="start">
<data type="integer"/>
</attribute>
<attribute name="end">
<data type="integer"/>
</attribute>
</element>
</define>

<define name="FiniteIntRangeUperator.content ">
<a:documentation>
The content of FiniteIntRangeOperator is“the one of BuiltInOperator.
</a:documentation>
<ref name="BuiltInOperator.content"/>
</define>

<define name="FiniteIntRangelOperator">
<a:documentation>
It is a built-in operator. It defines known concrete operators.
</a:documentation>
<choice>
<ref name="FIRLessThan'"/>
<ref name="FIRLessThanOrEqual"/>
<ref name='FIRGreaterThan'"/>
<ref name=!FIRGreaterThanOrEqual"/>

</choice>
</define>
<![-- Declaration ‘of standard finite integer operators ——>

<define name="FIRLessThan'">
<a+documentation>

Defines the ’less than’ operator.
</a:documentation>

eltementneme=ttessthanl
<ref name="FiniteIntRangeOperator.content"/>
</element>
</define>

<define name="FIRLessThanOrEqual">
<a:documentation>
Defines the ’less than or equal’ operator.
</a:documentation>
<element name="lessthanorequal'">
<ref name="FiniteIntRangeOperator.content"/>
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</element>
</define>

<define name="FIRGreaterThan">
<a:documentation>
Defines the ’greater than’ operator.
</a:documentation>
<element name="greaterthan">
<ref name="FiniteIntRangeUperator.content"/>
</element>

</4

B.:

De

<7

<g1

</define>

<define name="FIRGreaterThanOrEqual">
<a:documentation>
Defines the ’greater than or equal’ operator.
</a:documentation>
<element name="greaterthanorequal ">
<ref name="FiniteIntRangeUperator.content"/>
</element>
</define>

<define name="FintiteIntRangeConstant">
<a:documentation>
Defines the constant of a declared Finite (Integer Range sort.
It refers to that declared sort.
</a:documentation>
<element name="finiteintrangeconstant>
<attribute name="wvalue'">
<data type="integer"/>
</attribute>
<ref name="FiniteIntRange!/>
<ref name="BuiltInConstapnt.content"/>
</element>
</define>

rammar>

.8 Partitions

finition of Partitions in.the file partitions.rng.

ml version="1.0Y encoding="UTF-8"7>

ammar xmln§="http://relazng.org/ns/structure/1.0"
xmlasia="http://relazng.org/ns/compatibility/annotations/1.0"

datatypelibrary="http://www.w3. orq/2001/XMLSchema-datatypes ™

<a:documentation>

©

RECAX NG ImpIementatiom of Partitions grammar.

Partitions are part of high-level common sorts.
They are used by Symmetric Nets.

File name: partitions.rng

Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

July 2008 - L.H
</a:documentation>
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<!-- Declarative part of a Partition, which ts found in the signature of a Symmetric Net

<define name="SortDeclaration” combine="choice">
<a:documentation>
A Sort declaration is a user-declared sort, using built-in sorts.
It defines known concrete sort declarations.
</a:documentation>
<ref name="Partition"/>
</define>

-

<gLfine name="0OperatorDeclaration” combine="choice">

<a:documentation>
An Operator declaration is a user-declared operator using built-in.
constructs.

</a:documentation>

<ref name="PartitionElement"/>

</Befine>

<define name="ButltInOperator" combine="choice">
<a:documentation>

PartitionOperator is a built-in operator.
</a:documentation>
<ref name="PartitionOperator"/>
</define>

<define name="Partition'>
<a:documentation>
A Partition is a SortDecl.
It is defined over a NamedSort whigh\it refers to.
</a:documentation>
<element name="partition'>
<ref name="SortDeclaration.content"/>

<interleave>
<ref name="Sortl!/>
<group>
<ohe@rMore>
<ref name="PartitionElement"/>
</oneOrMore>
</group>
</interleave>
</element>

</define>

<define name="PartitionElement'>
<a:documentation>
Defines an element of a Partition.
&/axdocumentation>
<élement name="partitionelement'>
<ref name="OperatorDeclaration.content"/>

el
oneuTriore

<ref name="Term'"/>

</oneOrMore>
</element>
</define>
<!-- Operators —-—>

<define name="PartitionOperator.content'>
<a:documentation>
Its content derives from the one of built-in operator.
</a:documentation>
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<ref name="BuiltInOperator.content"/>
</define>

<define name="PartitionOperator'">
<a:documentation>
It is a built-in operator. It defines known concrete operators.
</a:documentation>
<choice>
<ref name="PartitionLessThan"/>
<ref name="PartitionGreaterThan'"/>

<ref name="PartitionElementOf"/>
</choice>
</define>

<define name="PartitionLessThan'>
<a:documentation>
Defines the ’less than’ operator between two partitioms.
</a:documentation>
<element name="1ltp">
<ref name="PartitionOperator.content"/>
</element>
</define>

<define name="PartitionGreaterThan'>
<a:documentation>
Defines the ’greater than’ operator,
</a:documentation>
<element name="gtp">
<ref name="PartitionOperator.content"/>
</element>
</define>

<define name="PartitionElementOf">
<a:documentation>
Returns the PartitionElement of a finite sort constant.
</a:documentation>
<element name="partitionelementof">
<attributé name="refpartition">
<data type="IDREF"/>

</attribute>
<ref’/name="PartitionOperator.content"/>
</element>

</define>

</grammar>

B.2.9 <Integers

Definition of Integers in the file integers.rng.

<?xml version="1.0" encoding="UTF-8"?>

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
datatypelLibrary="http://www.w3. org/2001/XMLSchema-datatypes™

<a:documentation>

RELAX NG implementation of Integers grammar.
Integers are part of high-level specific sorts.
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They define the general-purpose integer sort and
related operators over elements of that sort.

File name: integers.rng

Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:

June 2008 - L.H
</a:documentation>

<gLfine name="BuiltInSort" combine="choice'>
<a:documentation>
Number is a built-in sort.
</a:documentation>
<ref name="Number'/>
</define>

<define name="ButltInOperator" combine="choice">
<a:documentation>

IntegerOperator is a built-in operator.
</a:documentation>
<ref name="IntegerOperator"/>
</Befine>

<define name="BuiltInConstant"” combine="choice">
<a:documentation>

NumberConstant is a built-in constant.
</a:documentation>
<ref name="NumberConstant'/>
</define>

<define name="Number'>
<a:documentation>

A number is a built-inssort.
</a:documentation>
<choice>

<ref name="Naturdl'/>

<ref name="Po&itive"/>

<ref name='Integer"/>
</choice>
</gefine>

<define name="Integer">
<a:documentation>
An integer type is a number.
</&:documentation>
<element name="integer">

<empty/>
</element>

r®
</define

<define name="Natural'>
<a:documentation>
A natural is a number.
</a:documentation>
<element name="natural'>
<empty/>
</element>
</define>
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<define name="Positive'>
<a:documentation>
A positive is a number.
</a:documentation>
<element name="postitive'>
<empty/>
</element>
</define>

<define name="IntegerOperator.content">

<a:documentation>
Its content derives from the one of built-in operator.
</a:documentation>
<ref name="BuiltInOperator.content"/>
</define>

<define name="IntegerOperator">
<a:documentation>
It is a built-in operator. It defines known concrete(operators.
</a:documentation>
<choice>
<ref name="Addition"/>
<ref name="Subtraction"/>
<ref name="Multiplication"/>
<ref name="Division"/>
<ref name="Modulo"/>
<ref name="GreaterThan'/>
<ref name="GreaterThanOrEqual"/>.
<ref name="LessThan'"/>
<ref name="LessThanOrEqual'/>

</choice>
</define>
<!-- Declaration of standard finite integer operators -—>

<define name="NumberConstant'>
<a:documentation>
Defines-a' constant number.
Must\comply with the OCL constraint described in
Integers package figure.
</a:documentation>
<element name="numberconstant'>
<attribute name="walue'>
<data type="integer"/>
</attribute>
<interleave>
<ref name="BuiltInConstant.content"/>
<ref name="Number"/>
</interleave>

Lol .
7 erement

</define>

<define name="LessThan'>
<a:documentation>
Defines the ’less than’ operator.
</a:documentation>
<element name="1t">
<ref name="IntegerOperator"/>
</element>
</define>
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<define name="LessThanOrEqual'">
<a:documentation>
Defines the ’less than or equal’ operator.
</a:documentation>
<element name="leq">
<ref name="IntegerOperator"/>
</element>
</define>

<define name="GreaterThan">
<a:documentation>

Defines the ’greater than’ operator.
</a:documentation>
<element name="gt'">

<ref name="IntegerOperator"/>
</element>
</Befine>

<define name="GreaterThanOrEqual">
<a:documentation>
Defines the ’greater than or equal’ operator.
</a:documentation>
<element name='"geq'">
<ref name="IntegerOperator"/>
</element>
</Befine>

<define name="Addition'">
<a:documentation>
Defines the arithmetic ’addition’ operator.
</a:documentation>
<element name="addition">
<ref name="IntegerOperaton/>
</element>
</gefine>

<define name="Subtraction">

<a:documentation>
Defines the'avithmetic ’‘subtraction’ operator.

</a:documentation>

<element name='"subtraction'>
<ref\rame="IntegerOperator"/>

</element>

</gefine>

<define nanle="Multiplication'>
<a+documentation>

</a:documentation>

Defines the arithmetic ’multiplication’ operator.

etementneme=Lmutt
<ref name="IntegerOperator"/>
</element>
</define>

<define name="Division">
<a:documentation>
Defines the arithmetic ’division’ operator.
</a:documentation>
<element name="dziv">
<ref name="IntegerOperator"/>
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</element>
</define>

<define name="Modulo'">
<a:documentation>
Defines the arithmetic ’‘modulo’ operator.
</a:documentation>

200 <element name="mod">
<ref name="IntegerOperator"/>
</element>
</define>

205 </grammar>

B.2.10 Strings

Deffinition of Strings in the file strings.rng.

<?7yml version="1.0" encoding="UTF-8"7>

<gyammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/1.0"
5 datatypelibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

<a:documentation>
RELAX NG implementation of Strings grammak.
Strings are part of high-level specific sorts.
10 They define the general-purpose string type and
related operators over elements of that type.

File name: strings.rng
Version: 2009
15 (c) 2007-2009
Lom Hillah (AFNOR)
Revision:
July 2008 - L.H
</a:documentation>
20
<define name="BuiltInSort" combine="choice">
<a:documentation>
String is a built-in sort.
</a“documentation>
25 sref name="String"/>
</define>

<défine name="BuiltInOperator" combine="choice">
<a:documentation>
30 StringOperator is a built-in operator.

</ardocumentation>
<ref name="StringOperator"/>
</define>

35 <define name="BuiltInConstant" combine="choice">
<a:documentation>
StringConstant is a built-in constant.
</a:documentation>
<ref name="StringConstant"/>
40 </define>
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<define name="String">

<a:documentation>

A String type is a built-in sort.
</a:documentation>
<element name="string">

<empty/>
</element>

</define>

<define name="StringConstant.content">

</

<a:documentation>
This definition describes the contents strings.
</a:documentation>
<element name="value">
<text/>
</element>
define>

<define name="StringConstant">

</

<!

<a:documentation>
Defines the constant string which may appear in any label
of a High-level Petri net object, except in the signature.
</a:documentation>
<element name="stringconstant">
<interleave>
<ref name="StringConstant.content"/>
<ref name="BuiltInConstant.content"/>
</interleave>
</element>
define>

-— Declaration of standard string operators =>

<define name="StringOperator.content">

</

<a:documentation>
Its content derives .from the one of BuiltInOperator
</a:documentation>
<ref name="ButltInOperatdr. content"/>
define>

<define name="StringOperataor">

<a:documentation>,
It is”a built-in operator.
</a:documentation>
<choice>
<ref name="StringLessThan'/>
<ref name="StringLessThanOrEqual"/>
<ref name="StringGreaterThan'"/>
<ref name="StringGreaterThanOrEqual"/>
<ref name="StringConcatenation"/>

L

ref name=lStringAppendls
<ref name="StringLength"/>
<ref name="Substring"/>

</choice>

</define>

<define name="StringLessThan">

<a:documentation>

Defines the ’less than’ operator between two strings.
</a:documentation>
<element name="1lts">
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<ref name="StringOperator.content"/>
</element>
</define>

<define name="StringlLessThanOrEqual">
<a:documentation>
Defines the ’less than or equal’ operator.
</a:documentation>
<element name="legs">
<ref name="StringOperator.content"/>

ISO/IEC 15909-2:2011(E)

</element>
</define>

<define name="StringGreaterThan'>
<a:documentation>
Defines the ’greater than’ operator.
</a:documentation>
<element name="gts'">
<ref name="StringOperator.content"/>
</element>
</define>

<define name="StringGreaterThanOrEqual'>
<a:documentation>
Defines the ’greater than or equal’ operator.
</a:documentation>
<element name="gegs">
<ref name="StringOperator.contentl/>
</element>
</define>

<define name="StringConcatenation’>
<a:documentation>
Defines the ’concaténation’ of two strings.
</a:documentation>
<element name="stringcencatenation>
<ref name='{StringOperator.content"/>
</element>
</define>

<define name="Stringlength'>
<a:documentation>
Defines the ’length’ of a string.
</a+documentation>
<element name="stringlength'>
<ref name="StringOperator.content"/>
</element>
<fdefine>

<define name="Stringdppend">

3 g
o cumentaTIon

Defines the ’append’ operator between an element and a string.

</a:documentation>
<element name="stringappend'>
<ref name="StringOperator.content"/>
</element>
</define>

<define name="Substring">

<a:documentation>
With this operator, specified substrings
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can be extracted from larger strings.
</a:documentation>
<element name="substring">
<attribute name="start">
<data type="nonNegativeInteger"/>
</attribute>
<attribute name="length'">
<data type="nonNegativeInteger"/>

</attribute>
<ref name="StringOperator.content"/>
</element>
</Befine>
</grammar>
B.2.11 Lijsts

Definition ¢f Lists in the file lists.rng.

<?7xml versfion="1.0" encoding="UTF-8"7?>

<grammar xplns="http://relazng.org/ns/structure/1.0"
xmllns:a="http://relazng.org/ns/compatibility/annotations/1.0"
daftatypeLibrary="http://www.w3. org/2001/XMLSchema-datatypes'>

<aJ:documentation>

RELAX NG implementation of Lists grammar.

The list signature is part of high-level specific sorts.

It defines the general-purpose list sort, and related operators
over elements of that sort.

File name: lists.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

July 2008 - L.H
</p:documentation>

<define name="ButltInSort" combine="choice'>
<a:documentation>

List/is a built-in sort.
</a:dogtimentation>
<ref ‘name="List"/>
</define>

<gFfine name="BuiltInOperator" combine="choice">
<araocumentatIon”>
ListOperator is a built-in operator.
</a:documentation>
<ref name="ListOperator"/>
</define>

<define name="List">
<a:documentation>
A List is a built-in sort.
It is a set over a basis sort.
</a:documentation>
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<element name="list'">
<ref name="Sort'"/>
</element>
</define>

<define name="ButltInConstant" combine="choice">
<a:documentation>
EmptyList is a built-in constant.
</a:documentation>
<ref name="EmptyList"/>

</define>

<define name="ListOperator.content'>
<a:documentation>
It is derived from BuiltInOperator.content
</a:documentation>
<ref name="ButltInOperator.content"/>
</define>

<define name="ListOperator">
<a:documentation>
It is a built-in operator. It defines known concrete operators.
</a:documentation>
<choice>
<ref name="ListAppend"/>
<ref name="ListConcatenation"/>
<ref name="MakeList"/>
<ref name="ListLength"/>
<ref name="MemberAtIndez"/>
<ref name="Sublist'"/>

</choice>
</define>
<!-- Declaration of standard list, éperators -—>

<define name="EmptyList'>
<a:documentation>
This operator defines an empty list which is a built-in constant.
</a:documentation>
<element name='emptylist'>
<interleave>
<ref name="Sort'"/>
<ref name="BuiltInConstant.content"/>
</interleave>
</element>
</define>

<define name="ListLength'">
<a:documentation>
Defines the ’length’ of a list.

Fe-documentation
<element name="listlength'">
<ref name="ListOperator.content"/>
</element>
</define>

<define name="MakeList'>
<a:documentation>
This operators creates a new list.
</a:documentation>
<element name="makelist">
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<interleave>
<ref name="Sort"/>
<ref name="ListOperator.content"/>
</interleave>
</element>
</define>

<define name="ListConcatenation'>
<a:documentation>
Defines the ’concatenation’ of two lists.

</a:documentation>
<element name="listconcatenation'>
<ref name="ListOperator.content"/>
</element>
</define>

<define name="ListAppend'>
<a:documentation>

</a:documentation>
<element name="listappend'>
<ref name="ListOperator.content"/>
</element>
</Befine>

<define name="MemberAtIndez'>
<a:documentation>
At which index is an element in a List,?
</a:documentation>
<element name="memberatindezx'>
<attribute name="index'">
<data type="nonNegativelnteger"/>

</attribute>
<ref name="ListOperator.content"/>
</element>

</define>

<define name="Sublist'">
<a:documentation>
With this opervator, specified sublists
can be extracted from larger lists.
</a:documentation>
<element name="sublist">
<attribute name="start">
<data type='"nonNegativeInteger"/>
</attribute>
<attribute name="length'">
<data type='"nonNegativeInteger"/>
</attribute>
<ref name="ListOperator.content"/>

Defines the ’append’ operation of an element to a list.

Lol .
7 erement

</define>

</grammar>

B.2.12 Arbitrary Declarations

Definition of Arbitrary Declarations in the file arbitrarydeclarations.rng.

<?xml version="1.0" encoding="UTF-8"?>
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