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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
committee, ISO/IEC JTC 1.
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[ 15909-2 was prepared by Joint Technical Committe ISO/IEC JTC 1, Information technology
boftware and systems engineering.

b 15909 consists of the following parts, under the general title Systems and software enginee
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1: Concepts, definitions and graphical notation
2: Transfer format
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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 mo

del, 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 ex

change

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 concepts of Petri nets along with an XML syntax, which can be used for exchangmg any kind of Petri net.

of Petri nets that are deflned |n ISO/IEC 15909 1: Place/TranSIt/on Nets Symmetr/c Nets1 and H/gh Iem
Nets, where Place/Transition Nets and Symmetric Nets can be considered to be restricted versions(of ‘Hi
Petri Nets. For [Place/Transition Nets, this part of ISO/IEC 15909 introduces two different transfer formats:
format specifically tuned to Place/Transition Nets, the other is a format that represents Place/Iransition Né
restricted version of High-level Petri Nets as defined in ISO/IEC 15909-1.

The basic leve| of conformance to this part of ISO/IEC 15909 is to the pPnmL Core Maodel~ The other le
according to the particular type of the Petri net; for High-level Petri Nets there are two levels of conformance
conformance ignores the exact syntax and structure of the labels; structural conforfmance requires that /at
given in the exact syntax as defined here. Since Symmetric Nets are designed for-analysability, textual confol
does not make [any sense for Symmetric Nets; therefore, there is only structural\conformance for Symmetri

Note that this gart of ISO/IEC 15909 introduces some concepts that are not defined in ISO/IEC 15909-1.
concepts are ng¢t related to the mathematical concepts of Petri nets and their' semantics. They concern the g
representation pf nets and the structuring of large Petri net models. These concepts need to be defined, ald
a transfer format for Petri nets, in order to ensure that the graphical appearance of a Petri net in different
similar.

This part of ISQ/IEC 15909 is structured as follows: Clause t>describes the scope, the areas of application
intended audiefce of this part of ISO/IEC 15909. Clauseé:2 defines conformance. Clause 3 gives referen
are essential for the correct interpretation of this International Standard. Clause 4 defines all terms relevan
International Sfandard and includes a list of abbreviations. Clause 5 introduces the concepts of PNML us
meta models. Glause 5.2 defines the PnmL Core Model, which is the structure common to all versions of Peg
Clause 5.3 defines the particular concepts of the different Petri net types. Clause 6 provides the mappin
syntactical congepts defined in this part of-1SO/IEC 15909 to the concepts defined in ISO/IEC 15909-1. G
defines how thg concepts of PNML as defined in Clause 5 are mapped to XML syntax.

Annex A definels the exact XML syntak.for the PNML Core Model in terms of a RELAX NG grammar. Annex B
the exact XML $yntax for the different types of Petri nets. Annex C provides a small example for the sy
a symmetric n¢t. Annex D discusses a framework for implementing this International Standard and an
accessing Petrl nets, which is\based on the UML models for the PNML meta models.

ersions
el Petri
ph-level
bne is a
bfs as a

els are
textual
pels are
ymance
C Nets.

These
aphical
ng with
tools is

and the
es that
t to this
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y of the
lause 7

defines
ntax of
API for

T Symmetric nets were first introduced as well-formed nets and are currently standardized as ISO/IEC 15909-1:2004/Amd. 1:2010.
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Systems and software engineering — High-level Petri nets —
Part 2:
Transfer format

a \/|

. This tr

ables the exchange of Petri nets amon

The traphsfer format will be used to transfer specifications of systems developed in High-level Pet
tools to|facilitate the development of systems in teams.

This part of ISO/IEC 15909 is written as a reference for developers of Petri net tools. Moreover, it V
researdhers who define new versions and variants of Petri nets.

2 Canformance

There gre different levels of conformance to this part-of ISO/IEC 15909. All conformance levels im
conditigns on valid XML documents.

2.1 PNML Documents

An xMmy document is conformantAo.the PNML Core Model if it meets the definitions of Clause 5.2
Clause|7.1 (their mapping to XML*syntax) — such a document is called a PNML Document or a Petri
A Petri|net tool is conformantito the PNML Core Model if it can import all PNML Documents and if
Petri ngts to a PNML Document.

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

2.2 PNML Place/Transition Net Documents

A PnML Document is a conformant Place/Transition Net if it meets the additional restrictions of Cl3g

onceptually and
g different Petri
and XML-based

| Petri Nets and
ensions, so that
called Petri net

i Nets between

vill be useful for

pose additional

(concepts) and
Net Document.
t can export all

use 5.3.1 (con-

cepts of P/T-nets) and Clause 7.2 (their mapping to XML syntax) — such a document is called a PNML
Net Document. A Petri net tool is conformant to the PNML Place/Transition Net definition if it can

Place/Transition
import all PNML

Place/Transition Net Documents, and if it can export all Place/Transition Nets to PNML Place/Transition 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 t
textual labels as defined in Clause 5.3.2 and 5.3.11 (concepts) and Clause 7.3 (mapping to XM

© 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 second le

el of High-level Petri Net conformance requires that all annotations obey the rules de

ined in

Clause 5.3.2 a
a structurally ct
High-level Petri
it can export all

2.5 Place/TH

A structurally ¢
annotations of

2.6 Symme

Finally, there is
Net Document
defined in Clau
Net Documents

3 Normativ

The following re¢ferenced documents are indispensable for the application of this document. For dated refe

only the edition
amendments) g

ISO/IEC 15444

ISO/IEC 15909
graphical notat

ISO/IEC 15948
(PNG): Functio

ISO/IEC 19757

hd 5.3.11 (concepts) and Clause 7.3 (mapping to XML syntax). Such a PNML Document.
bnformant PNML High-level Petri Net Document. A Petri net tool is conformant to the structul
Net definition if it can import all structurally conformant PNML High-level Petri Net Document
High-level Petri Nets to a structurally conformant PNML High-level Petri Net Docurnent.

ansition Net Document in High-level Notation

pnformant PNML High-level Petri Net Document that uses only the Sifgle sort dot and only
Place/Transition Nets is a conformant Place/Transition Net Document in High-level Notation.

ric Net Documents

is a structurally conformant PNML High-level Petri*Net Document if it contains only the ¢
be 5.3.10. A Petri net tool is conformant to the-Symmetric Net definition if it can import all Sy
, and if it can export all Symmetric Nets to;Symmetric Net Documents.

e references

cited applies. For undated-references, the latest edition of the referenced document (includ
pplies.
(all parts), Information technology — JPEG 2000 image coding system

-1, Systems.anhd software engineering — High-level Petri nets — Part 1: Concepts, definitic
on

Information technology — Computer graphics and image processing — Portable Network G
hal,specification

5 called
al PNML
5, and if

the arc

conformance to Symmetric Nets, which is a restricted version of High-level Petri Nets. A Symmetric

bncepts
nmetric

rences,

ing any

ns and

raphics

2:2008, Information technology — Document Schema Definition | anguage (DSDI ) — Part 2: F

Regular-

grammar-based 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

© ISO/IEC 2011 — All rights reserved


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

ISO/IEC 15909-2:2011(E)

4 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.

4.1.1
annotation
label (4.1.5) represented as text near to the object (4.1.7) it is associated with

4.1.2
attribute
label (4.1.5) that governs the form or shape of the object (4.1.7) it is associated withy Which, ir] contrast to an
annotation (4.1.1), is typically not shown as text

41.3
graphigal information
informgtion defining the graphical appearance of objects (4.1.7) and labels (4.1.5) of a net graph, which can be
the podition, size, line colour, fill colour, font or line width

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

41.5
label
informgtion associated with the net graph.or one of its object (4.1.7)

4.1.6
meta model
model gefining the concepts:and their relations for some modelling notation

NOTE | The meta modelsin this part of ISO/IEC 15909 are mainly UML class diagrams.

4.1.7
object [of anet graph)
arc, norie, reference node (4.1.14), or page (4.1.8) of a net graph

41.8

page

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

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

© ISO/IEC 2011 — All rights reserved 3
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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/Tra

nsition Net Document

PNML Document (4.1.10) that contains one or more net graphs, where all net graphs conform to Rlace/Transition

Nets

4.1.13
PNML Symmet
PNML Docume

4114
reference nod
node of a Petr
graph

41.15
reference plac

ic Net Document
t (4.1.10) that contains one or more net graphs, where all net graphs conform to Symmet

A1

net that is a representative of another node, possibly defined on another page (4.1.8) of

e

reference nod¢ (4.1.14) that represents a place and refers to either another reference place (4.1.15) or to

4.1.16

reference transgition

reference nod
to a transition

4.1.17
source node
node associatg

b (4.1.14) that represents a transition and refers to either another reference transition (4.

d\with the start of an arc

ic Nets

the net

A place

1.16) or

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

© ISO/IEC 2011 — All rights reserved
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4.2 Abbreviations

4.2.1
CSS

Cascading Stylesheets

4.2.2
CSS2

Cascading Stylesheets level 2

ISO/IEC 15909-2:2011(E)

4.2.3
OCL
Object

4.2.4
P/T Ne
Place/T

4.2.5
PNML

Constraint Language

ransition Net

Petri N¢t Markup Language

4.2.6

RELAX NG

Regula

4.2.7
SN
Symme

4.2.8
UML
Unified

4.2.9
XML
eXtens

 Language description for XML/ New Generation

tric Net

Modeling Language

ble’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 concept of

pages in order

0 be able to split the graphical representation of a Petri net into smaller units for printing and

viewing

them.

Note that the cq
is syntactic in
syntax for trans
them. In order
and functions.

types and func
Therefore, this
counterpart, ty
functions are a

5.1 General

This part of IS
Symmetric Net
and to be open
with the analysi

a Petri net as & labelled directed graph, where all'type specific information of the net is represented in /a

label may be a
Core Model, wk

The pPnmL Cord
concrete XML s
Core Model elg
defines the exa

The pPnML Cord
of Petri net. Du
a Petri net at al
within the samg
PNML Core Mod

ncepts and definitions presented in part 1 of ISO/IEC 15909 are semantic in nature, wherea
nature. For example, part 1 refers to types, which are sets, but does not mandatelany ¢
ferring such sets. Likewise part 1 uses functions, but does not mandate a syntaxfor tran
to transfer High-level Petri Nets, this part of ISO/IEC 15909 needs to introduce-a syntax fq
To this end, it uses the concepts of sorts and operators. These are syntactic’'symbols for d
lions, and are assigned a fixed interpretation, which is defined along with\the sorts and op
part of ISO/IEC 15909 often refers to sorts and operators, where parti refers to their sen
bes and functions. By the fixed interpretation of sorts and operaters, the respective tyg
S0 defined.

Principles

D/IEC 15909 defines a transfer format for Place/Transition Nets, High-level Petri Net Grap
5 as defined in part 1 of ISO/IEC 15909. JThis transfer format has been designed to be ex
for future variants of Petri nets and possibly for other use, such as the transfer of results ass
5 of Petri nets, e. g., reachability graphsZsIih order to obtain this flexibility, the transfer format co

ssociated with a node, an arc, a*page or the net itself. This basic structure is captured in th
ich is defined in Clause 5.2.

Model is presented using)UML class diagrams. Note that these uML diagrams do not de
yntax for PNML Documents; rather, they define the abstract syntax only. The mapping of th
ments (i. e., the absiract syntax) to the concrete XML syntax will be defined in Clause 7; A
Ct XML syntax in terms of a RELAX NG grammar.

Model imposes ‘no restrictions on labels. Therefore, the PNML Core Model can represent g
e 10 this generality of the PNML Core Model, there can be PNML Documents that do not corres
. For example, there could be /abels from two different and even incompatible versions of P
PNML Pocument. For a concrete version of Petri nets, the legal labels are defined by exteng
el \with another meta model that exactly defines the legal labels of this type.

s part 2
pncrete
sferring
r types
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Technically, the PNML Core Model is a UML package, and there are additional UML packages for the different Petri net
types that extend the PNML Core Model package. This part of ISO/IEC 15909 defines a package for Place/Transition
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

Figureqd 2 and 3 show the PNML Core Model as a UML class diagram. The diagram of Fig.2 focuses orj

the conceptual

parts, whereas the diagram of Fig. 3 focuses on the parts concerning the graphical tepresentation. Note that the
data 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 elauses.
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
1 source
context Arc inv:
—— source and target must
1 —— be on the same page
PlaceNode |<— ——= TransitionNode | ~ Self.source.page =
ref ref self.target.page
[ %A | [ %A
‘ Place ‘ ‘ RefPlace ‘ ‘ RefTrans‘
<<import>>
Y
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-level pages that in turn consist of several objects. These objects, basically,
represent the graph structure of the Petri net. Each object within a Petri net document has a unique identifier, which
can be used for referring to this object. Moreover, each object may be equipped with graphical information defining

its position, siz¢;, ToOIOUT, STape and other attrbutes o its graphicat appearance. 1 1e precise grapicat ol

that can be pro

The main objed
ized to a node.
nodes. Nodes

Note that it is I¢
Core Model. TH
support such a

5.2.2 Pages gnd Reference Nodes

Three other kin
As mentioned 4
other pages, w

This part of 1S
requirement is
PNML Core Modg
arcs.

In order to con
same page as
representative i
place must refg

Vided for an object depends on the particular type of object (see Clause 5.2.4 and Fig. 3

ts of a Petri net are places, transitions and arcs. For convenience, a place or a transition is g

For reasons explained in Clause 5.2.2 below, this generalization is via place nodes and via tr
bf a Petri net can be connected by arcs.

gal to have an arc from a place to a place or from a transition to a transitiorn-according to tf
e reason is that there are versions of Pelri nets that support such arcs. If\a Petri net type d
cs, this restriction will be defined in the particular package defining this_type.

Hs of objects are used for structuring a Petri net: pagées,reference places, and reference trar
bove, a page may contain other objects; since a_page is an object itself, a page may even
nich defines a hierarchy of subpages.

D/IEC 15909 requires that an arc must connéct nodes on the same page only. The reason
hat arcs connecting nodes on different pages cannot be drawn graphically on a single pags
el of Fig. 2, this requirement is capturedby the OCL expression (ocL 2.0, OMG) next to the ¢

nect nodes on different pages by.an arc, a representative of one of the two nodes is drawr

5 called a reference node/because it has a reference to the node it represents. Note that a re
r to a place or a reference’place, and a reference transition must refer to a reference trang

rmation

eneral-
ansition

e PNML
pes not

sitions.
contain

for this
. In the
lass for

on the

the other node. Then, this representative may be connected with the other node by an afc. This

ference
bition or

a transition. Md cannot

be expressed i

reover, cyclic references among reference nodes are not allowed. Though this requirement
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 intr
them in part 2 i that these concepts are needed for graphical and structuring purposes. Semantically, they
carry any meaing. Thé meaning of these concepts is defined by merging each reference node with the
ultimately refer$ to and-by simply ignoring the pages. This procedure is called flattening of the page structu

bducing

do not
node it
re.

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
more information). The other concrete /abels will be defined in the packages for the concrete Petri net types (see
Clause -3

bn for the same
hation within an
ses 5.3.11 and

In ordef to support the exchange of information among tools that have different textual representati
concepts (i. e. if they have different concrete syntax), there are two ways for representing the ‘inforn
annotafion: fextually in some concrete syntax and structurally as an abstract syntax tree’(see Clau
7.1.2 fgr details).

Note that reference nodes may have labels, but these labels do not have any effeet on the semg
and caph be completely ignored semantically. Since the labels of a reference nede do not have 3
semantcs, it is easy to obtain a semantically equivalent Petri net without pages by merging every |reference node
to the node it directly or indirectly refers to. This is called flattening of thePetri net. But, the label$ of a reference
node can have an effect on the graphical appearance or can give some(additional information to the user.

ntics of the net
In effect on the

5.2.4 Graphical Information

In addi
each o
positior
respect
informa
of labe
Graphi

ion to the Petri net concepts, information concerning/the graphical appearance can be

bject and each annotation. For a node, this information includes its position; for an arc, it i
s that define intermediate points of the arc; faran object’'s annotation, it includes its relati
to the corresponding object; and for an annatation of a page, the position is absolute. Therg
tion concerning the size, colour and shapé.of nodes or arcs, or concerning the colour, fo
s. Note that this information can be used for automatically transforming a Petri Net into

bs (SVG) by XsLT transformations (see8] for more details). This transformation, however, i

this pant of ISO/IEC 15909.

Figure

differen
better U
graphig

A posit
its relat
position
the uni
bottom

For an

3 shows the different graphical-information that can be attached to the different types of
t attributes. Note that this still belongs to the PNML Core Model; it is shown in a differen
nderstandability. Table 1 'gives an overview of the meaning and the domain of the attributeg
al features. The exactXML syntax is defined in Clause 7.1.3.

ive position to.the’object it is attached to — if it is a global annotation, the offset also defin
on that page:* Each absolute or relative position consists of a pair of Cartesian coordinat
s are points (pt). As for many graphical tools, the z-axis runs from left to right and the y-
And the.reference point for the position of an object is its centre.

arc; the (possibly empty) sequence of positions defines its intermediate points (bend poi

]

nssociated with
hcludes a list of
Ve position with
p can be further
nt and font size
Scalable Vector
5 not defined in

bbjects and the
t figure only for
of the different

on element defines_the absolute position for nodes and pages. For an annotation an offset ¢lement defines

s the absolute
s (z,y), where
xis from top to

nts). Note that

the pos

itions of the start point and the end point of an arc are not given explicitly for the arc

These positions

are determined from the position of the source and the target node of the arc and the direction of the respective
segment of the arc. They are defined by the line starting or ending at the reference point of the respective node
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.
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PNMLCoreModel |

context NodeGraphics inv:

self.object.ocllsKindOf(Node) or
context ArcGraphics inv: apnics | self.object.ocliskindOf(Page)
self.object.ocllsKindOf(Arc)

context AnnotationGraphics inv:
self.object.oclIsKindOf(Annotation

Graphics

ArcGraphics

0..1] font
Fill Font
0.1 |0.1
{ordered}  position| |dimension color family
— . image style
o.1line  Posiion| Coordinate gradient—color w()e/ight
gradient-rotation size |
Line ; 01 | ——————————— choratlon
align
shape fre offset Foftation
color 01
width
style line
Figure 3: The PNML Core Model: graphical informiation
Table 1: PNML attributes of graphical information
Class Attribute Domain
Coordinate  x decimal
y decimal
Fill color Ccss2=color
image anyuRl
gradient-color CcSs2-color
gradient-rotation’) {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 there |is'no way to define the start point and the end point of an arc explicitly, the above concepts|allow a

user to make sure that an arc starts and ends exactly where it should. If the first, (or last) intermediate point of an
arc lies exactly on the border of the respective node (or very close to it), this will be the start point (or the end point
respectively) of that arc.

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 © ISO/IEC 2011 — All rights reserved
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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
(ISO/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
striking-through the text. Additionally, the align attribute defines the alignment of the text to the left, right or center.
The rotation attribute defines a clockwise rotation of the text.

The reference point of an annotation is always its centre.

5.2.5

For son
other tg
label. T

Tool Specific Information

providels a mechanism for clearly marking fool specific information along with\the name and the ve

adding

comprdmise a Petri Net Document.

The sa
can be
delete
specifid
objects
use of

5.2.6

he information added by another tool as long as the corresponding object is not deleted.

by a different tool might make this reference invalid and leave the tool specific information in
he tool specific information is strongly recommeénded; however, it is not normative!

ata Types

ne tools, it might be necessary to store tool specific information (Toollnfo), whieh is not meant to be used by
ols. In order to store this information, tool specific information may be associated with each ¢bject and each
he internal structure of the tool specific information depends on the tool and is not specified by PNML. PNML

rsion of the tool

this information. Therefore, other tools can easily ignore it, and_adding fool specific information will never

me object may be tagged with fool specific information frorn_different tools. This way, the game document
used and changed by different tools at the same time._The’intention is that a tool should never change or

Moreover, tool

information should be self-contained and not referte Gther objects of the net because the deletion of other

consistent. This

This Clause defines six data types, whichi can be used when defining labels for some Petri net typq with numerical
and textual information. They correspand to different data types in XMLSchema. Figure 4 gives an ov

data ty

es and their relation.

XMLSchemaD ataTypes)

NonNegativeDeci m%

7

brview on these

NonNegativel nteger

Positivel nteger

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.

© 1SO/

IEC 2011 — All rights reserved

11


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

ISO/IEC 15909-2:2011(E)

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 mathematical representation of Place/Transition Nets can
be represented as a restricted version of High-level Petri Nets. This will be Place/Transiton Nets in High-level
Notation, which will be defined in Clause 5.3.12. This part of ISO/IEC 15909 introduces an explicit transfer format
for Place/Transftion INets in Order not 1o J0rce 1001s for Place/ lransition INets 10 use the syntax ol High-Level Petri

Net Graphs. THis format reflects the usual mathematical definition of Place/Transition Nets.

5.3.1

This Clause de

initial marking

Place/Transition Nets

ines the meta model for Place/Transition Nets in terms of a UML package PT-Net.

nd an arc can be labelled with a non-zero natural number representing the arc annotation, with the

A P/ace/ﬁansi%’on Net is a net graph, where each place can be labelled with a hatdral number representing the

meaning as de

My(p), the labdl of an arc f denotes the arc weight W (f).

Figure 5 shows]

ined in part 1 of ISO/IEC 15909 (see Clause B.1): the label of-@'place p denotes the initial qarking

the package PT-Net. Note that the only classes definedtere are PTMarking and PTArcAnnotation.

The classes 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 clpsses prefixed with XMLSchemaDataTypes aré<imported from the standard data type packape (see

Clause 5.2.6).
PT-Net |
Annotation
initialMarking
{redefines Iabel{ .
Place o1 PTMarking
inscription
{redefines Iabel*
Arc 0_1|PTArcAnnotatio
context Arc inv:
—-no arcs between nodes of the same kind
{selseuree-eelskindoiPlaceNode)antd ExXT Text—T
self.target.ocllsKindOf(TransitionNode) ) A A
or XMLSchemaDataTypes|: XgLSc.}lelma[l)a!taTypes H
NonNegativelnt L
(self.source.ocllsKindOf(TransitionNode) and e iogsr psiveeqer
self.target.oclisKindOf(PlaceNode) )
' <<merge>> '<<import>>
)V ]V
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 addition to the definition of the new /abels, this package also defines the structural restriction that, in a Place/-
TransitipnNet_an arc must not connect a ’nlnr‘n toa ’nlnr'n Qr a transition to a transition This is capt Ired by the ocL

expression below class arc.

Note thpat the uML meta model of this package does not define the XML syntax for the representation|of these labels.
The mdpping to XML syntax is defined in Clauses 7.1.4 (data types) and 7.2 (labels for P/f hets).

Sometifnes, one wants to store the position of the individual tokens within a place. Inerder not to mandate all tools
to support this feature, this part of ISO/IEC 15909 suggests using tool specific information 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
suppori this feature or not.

PNML Extensions |

PT-Net::
Toollnfo

context TokenGraphics inv: -
—- TokenGraphics only for PTMarkings Z<import>>
self.object.oclisKindOf(PTMarking) /7y N/ ~ P, e
TokenGraphics | self.tool = 'org.pnml.tool’ PT-Net

* | tokenposition

PT-Net:
Coordinate

Figure 6: Tool specific extension for token positions

This extension is shown in Fig. 6. Fef-a PTMarking, this label can be equipped with the tool spegific information
attached to AnnotationGraphics./This consists of information on a list of fokenpositions. Each of these elements
represgnts the position of a token'rélative to the centre of the place; represented as a Coordinate, which is imported
from pgckage PT-Net, where ittwas obtained by a merge with the PNML Core Model. If this graphical information is
preseni at all, the number of fokenpositions should be the same as indicated by the PTMarking.

5.3.2 High-Level/Core Structure

Part 1 jof ISO/IEC 15909 defines High-level Petri Net Graphs. Symmetric Nets and Place/Transition Nets are
introdu¢ed/as restricted versions of High-level Petri Net Graphs. The difference is in the types and functions that

ol +lo deeiad o ol +
may be'tusedHnrtherestricted-versions:

This Clause defines the general structure of Symmetric Nets, High-Level Petri Net Graphs, 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 )

2
—tref

* subterm
{ordered}

. 1 variableDecl .
SortDpecl VariableDec Variable OperatorDecl | 1
name name e context Variable inv: name
1 & —- sort of Variable is sort of Term a :
) eclaratior
declarafion self.sort = self.variableDecl.sort

sort Isort
def 11 1
1 Joutput [€ S
NamedSort] {ordered} * Sort |~ Operator
I tSor * [input .
contgxt NamedSort inv: : eg;z?s lo equals(Sort):bool {ordered} context Operator inv:

—- sort of Term is output sort of Operato
self.sort = self.output

Iself.fef.ocl.
IsTypeOf(MultiSetSort)
BuiltinOperator

BuiltInSort
BuiltlnConst

MultisetSort Multi SetOper ator

multi

ProductSort Tuple

N
HIIII

UserSort UserOperato

Figure 7: The meta model for Terms

For each varialyle declarationihere is a corresponding sort. A sort can be a built-in sort, a multiset sort over some
basis sort, a prpduct sort.ever some sorts, or a sort which is given in a user declaration. In the core structpre, the
only possible sprt declaration of a user is by constructing a new sort from existing ones and by giving them a new
name. From thl—T:e’ the user can define new ones. Note that cyclic references in user defined sorts are not gllowed.

In addition to these’user defined sorts, called named sorts, there are arbitrary sorts. Since these are not allpwed in

Symmetric Netstheseare-defiredontyinClause5:3-11-

An operator can be a built-in constant or built-in operator, a multiset operator which among others can construct
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.

0

XMLSchemaDataTypes

A
- <<import>>
HLCoreStructure ) 1

/\

chemaDataTypes!|

—
<<import>>| type
Terms Tt
{redefines label SUUCtUVeR rms:.Sor
0..1—]
ﬂ {redefines label} HLMarkin structure »
. g Tefms::Ter
<<import>>| 0. 0.1 '
Booleans = condition
. {tédefines labely .
Transition Condition structure| Tefms::Ter
0.. L]
0.1
hlinscription
defi lab Ii
Arc {redefines ao el HLAnnotation ¢ structur% Tdrms::Term
v 0.1
declaration
. {redefines label}*
PetriNet | Declaration structure Terths::Declaration:
declaration * 0.1
{redefines label}
Page
context Arc inv: ) context Condition inv:
~- no arcs between nodes of the same kind —- the term for the condition must be ¢f sort boolean
(self.source.oclisKindOf(PlaceNode) and (self.structure.sort.oclisKindOf(Boolens:Bool)

self.target.oclisKindOf(TransitionNode) )
or

(self.source.ocllsKindOf(TransitionNode) and
self.target.oclisKindOf(PlaceNode) )

Oy
PNMLCoreModel

ZMerge>>

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.

Declaration labels correspond to the declarations, which can be variable declarations and declarations of sorts and
operators. In the High-level Core Structure the user can define abbreviations only; later, in High-Level Retri Net
Graphs, there Will be arbitrary declarations.

5es 5.3.3
respec-

As discussed a
to 5.3.9 define
tively. For each

bove, this Clause defines the core structure of High-level Petri Net Graphs. The following Clau
pifferent built-in sorts and operators along with their interpretations as types and functions
built-in sort, there will be a UML package.

5.3.3 Dots

To enable the s been

defined. Place

ise of Place/Transition Net annotations as high-level annotations,' the concept of Dots hg
Transition Nets as High-level Net Graphs are defined in Clause®5.3.12.

ots are

Dots represent

the common understanding of non coloured annotation in@ High-level net. That is to say, ¢

the high-level representation of the natural numbers labels used in PRlace/Transition Nets. The differencq is that
they are typed ps a built-in sort to be compatible with the correspaending high-level annotation defined in part 1 of
ISO/IEC 15909] Dots are depicted in Fig. 9.
1
Tetms
<<iﬁwpqn>>
Dots
Terms:BuiltinSort Terms::BuiltinConstant
Dot DotConstant
Figure 9: The package for Dots
They consist of a sort named Dot. The type associated with this sort is the set with a single element: {¢}. The
constant DotCenstant-is associated with the 0-ary function that returns e, i.e. the constant denotes that single

element.

This sort can b

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 interpret

ed 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 ...
Add([a, b],

16

[b, ¢]) evaluates to [a, 2b, c].

x Multiset — Multiset is interpreted as the multiset addition. For example,
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Booleans ‘ Terms ‘ Integers
<¥\mporl;> <<impnri;>

<<impo‘fl>>
Multisets ‘ e

) refsort
Terms::BuiltinOperator

Terms::MultisetOperator

Terms::Sort

‘ Add }—4{ Subtract ‘
ScalarProduct

‘ Cardinality ‘

Contains

CardinalityOf ‘ NumberOf }—4{ Empty P

context Cardinality inv: - N
self.output.oclisTypeOf(Integers::Natural) and
self.input.ocllsKindOf(Terms::MultisetSort)

context CardinalityOf inv:
self.output.oclisTypeOf(Integers::Natural) and
self.input.size() = 2

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

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

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

context NumberOf inv:

self.input->size() = 2 and

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

context Empty inv:
self.input->size =0

context Subtract inv:
self.input->size() = 2 and
self.input->forAll{c | c.oclisKindOf(Terms::MultisetSort)}

context Add inv:
self.input->size() =2 and
self.input->forAll{c | c.ocllsKindOf(Terms::MultisetSort)}

context All inv:
self.input->size() £ 0,

Figure 10: Jhe'package multiset and its built-in and operators

[l :— Multiset is a constant that, for a given finite sort, is interpreted as the multiset that

,b, ¢} the constant All, denotes the multiset [a, b, ¢]. Note that the sort which is indicated b
ample is represented by the composition refsort in the meta model since the output sort ca
from the operator or its subterms.

Empty :— Multiset is a constant which constructs the empty multiset over the associated t
i.p. Enipty, denotes [|. Note that the sort which is indicated by the index s in this examplg
by thie'eomposition refsort in the meta model since the output sort cannot be derived from the
subterms

contains every

y index s in this
hnot be derived

A
element of the type associated with that sort exactly once. For example, for a sort s with @associated type
{
e

ype of the sort,
is represented
b operator or its

e Subtract : Multiset x Multiset — Multiset is interpreted as the multiset subtraction. For example, the term

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

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

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

e 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,
[3a).

a) evaluates to

e Cardinality : Multiset — N is interpreted as the cardinality function, i. e. it returns the number of elements of

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

© ISO/IEC 2011 — All rights reserved
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Terms
\<\<\import>> PrimitiveTypes is thg package defined in
e UML InfrastructureLibrary::Core
Booleans
Terms::Operator Terms::BuiltinOperator Terms::BuiltinConstant
‘ : : BootearrComstamt
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 : selfinput.size() = 0 and
self.output.ocllsTypeOf(Bool)

Figure 11: The package Booleans

e CardinalifyOf : Multiset x Sort,— N is interpreted as the function that returns the number of times the given
element dccurs in the multiseti-For example, the term CardinalityOf([a, 2b, ¢], a) evaluates to 1 and the term
CardinalifyOf([a, 2b, c], b) gvaluates to 2.

e Contains | Multiset x, Multiset — Bool is interpreted as multiset-inclusion function. For example, Igt m; =
[a, b, 2c] apd mq ={2a, 20, 2¢] be two multisets over type {a,b, c}. Then, Contains(my, ms) evaluates|to false
and Contins(meyn11 ) evaluates to true.

Multiset literalslon-fypical annotations such as an arc’s HI Annotation are defined using Add and NumberQf.

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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oleanConstant is a built-in constant for representing the two values of its type.

Finite Enumerations

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

o Terms
__<<import>>

FiniteEnumerations ‘

A Finite
and the
one ha
these R

The type associated with the declaration of a FiniteEnumeération is the set of these constants.

on a Fi
FECon

5.3.7

Figure

Terms::BuiltinSort Terms::OperatorDecl

. . * {ordered}
FiniteEnumeration FEConstant
elements

Figure 12: The package Finite Enumerations and its built-in serts and operations

Enumeration is defined by explicitly naming all its elements, which-are called FEConstant in
attribute name (inherited from OperatorDecl) represents the actual name of the respective ¢
nd, these FEConstants are part of the declaration of the FifiteEnumeration sort. On the othe
EConstants defines a 0-ary operation, i. e. is a declaratién of a constant.

niteEnumeration are the use of these FEConstant declarations. The function that is asso
stant is the 0-ary function that returns the respective element of the type.

Cyclic Enumerations

13 shows the UML package for¢yclic enumerations and their operators.

Terms ‘ FiniteEnumerations
<<import>> ’ 7

= <<import>>
CyclicEnumerations ‘ 4

> Terms::BuiltinOperator

the meta model
lement. On the
r hand, each of

The operations
ciated with this

‘ Successor ‘ ‘ Predecessor ‘
" . Fini ations::
CyclicEnumeration 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.
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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 fun

ction 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 rang
last element of
first and the las

The four built-in
The functions 4

In addition ther|
to the respectiv
the start and er

Note that there
be directly used

5.3.9 Partitio

] ]
UUUUUUUU Terms ‘ TAtegers ‘
<<|mpdn>> <<import>> \\
4 <<import>>
FiniteIntRanges ‘ A
FiniteIntRangeOperator }—|>1 Terms::BuiltinOperator Terms::BuiltinSort

T

FinitelntRange

‘ LessThanOrEqual

GreaterThan

GreaterThanOrEqual ‘

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

e is defined by refering to FiniteIntRange, where the attributes start and end define the first
the range. The type assd@ciated with that sort is the set of all integers between (and includ
t element.

operations on thattype are LessThan, LessThanOrEqual, GreaterThan, and GreaterThand
ssociated with these operations are the resp. comparisons with respect to integers.

b are the copstants FinitelntegerRangeConstant which are interpreted as a 0-ary function
e value ofthe integer range, which is given by the attribute value and must refer to a value b
d of thexrespective range. In the package, this is expressed by an OCL constraint.

and the
ng) the

rEqual.

refering
etween

ns

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

l. It can

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

20

partition sort is then interpreted as the set of all its partition elements.
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Terms

“<<import>>_

Terms:Term

partitionelementconstant

Partitions ‘

LessThan

Terms::SortDecl

1.

Terms::Sort

Terms::OperatorDecl

]

PartitionElement

PartitionOperator

refpartitionelement PartitionElementOf

partitionelements
Partition =

The op

T {OTaerear| ‘ ‘

refpartition

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 builtsin" sorts and operators

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

of the p

MoreoV
terprets
elemen
the ope
represe

5.3.10

Symme
High-Lé
a fixed
sort. Th
MoreoV

The bu

artition.

er, there is an operator PartitionElementQffrom the partitioned sort to the partition. Thig
d as the function that maps each element-of the type associated with the partitioned sort
t it belongs to as defined in the declaration of the partition. Note that in some cases the pa
rator PartitionElementOf refers to cannot be derived from the subterms. Therefore, this part
nted by a reference from this opetator to the partition.

Symmetric Nets

tric Nets as currently defined in an Amendment of part 1 of ISO/IEC 15909 (creation of 4
bvel Petri Net Graphs with some restrictions. Basically, the carrier sets of all basic sorts are]
set of operations, as defined below, are allowed. Therefore, the sort of each place must n
e availabléduilt-in sorts are defined below.

er, for<Symmetric Nets, it is required that every HLPNG annotation has the structural informat
It-ity Sorts of Symmetric Nets are the following (as defined in the previous Clauses): Bool, ra

erations that are defined on a sort Partition are the-lessThan and GreaterThan. These ar¢ interpreted as

the declaration

operator is in-
to the partition
artition to which
ition is explicitly

Annex B.2), are
finite, and only
bt be a multiset

jon.

nge of integers,

finite er

umerations cvelic enumerations and dots Maoreaover for evaerv sort thore is the anarator 2/l
LHRASFAHORAS -G GHE-8RHHRErAHORSSRG-GOS—AO! VeFHo-eVer-Sor1Rereisin peratoras;

vhich evaluates

to a multiset that contains exactly one occurrence of each of the elements of the type associated with the basis sort.
This is often called 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.

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

© ISO/IEC 2011 — All rights reserved
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)

Partitions

| <<import>>

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

! \

) <<impor[>\$\\\ \\<<import>>
\ | FiniteEnumerations
v T DR \‘\ AN
'L <<import>> ) \\t\\\ ANERN
VoL <<import>>--. .
\ \ ~ . ~ N
Voo <<import>> "~
Vo FiniteIntRanges<-------"---------1 SymmetricNets
\ ‘\ v\ ///// .
| A <<import>> <<imp0rt>>/x’ 7 contextTypemv.
TR - ;| ——no multiset sorts as types
v | o / ; Iself.structure.oclisKindOf(MultisétSort)
‘\\ | ' | 2 /// / ;
T Booleans / / |
[ 1 ’ |
[ l\ \ . // /' |
VL) <<import>> / / ' <smerge>>
AT <<import>>" ! ! g
Vi = /<<import>> 1
Vbl Multisets , |
\ \ \ Vo /! |
Lo <<import>> / 1
N[ 1 } | 1 |
Vo v ’ I
NV Y ) 4 y
Terms Dots
l—=_ |
<<Import>>

HLCoreStructure

Figure 16: The package Symmetric Nets and its built-in sorts and functions
sorts and oper:

tors:

In addition to the built-in sorts and operators.jof Symmetric Nets, High-Level Petri Net Graphs have the f¢
e Sort integ
plication,

llowing
>, and >

This part

er (corresponding to.the set of all positive and negative numbers) with addition, subtraction, multi-
nteger division, and)modulo operators as the functions as well as the comparison operators <, <,
Moreover, there.is a constant for any integer number.
e The sort
order refers to/the lexicographic order.

bf ISO/IEC 15909 does not mandate the exact implementation of integers; it could be finite or
f strings'with the concatenation and comparison operators <, <, >, and > as functions, wh

infinite.
ere the
e For each kartthere is a sort | ist over that sort Moreover there is a constant for the empty list an ope
two lists.

appending a single element of the type corresponding to the sort to the list, and an operator for concatenating

ator 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
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.
LessThan, GreaterThan, etc.

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

22
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Booleans Terms

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

UML InfrastructureLibrary::Core

Integers ‘

Terms::BuiltinOperator Terms::BuiltinConstant Terms::BuiltinSort
IntegerOperator
NumberConstant
GreaterThan value: PrimitiveTypes::Integer type
1 Number
SuBTraCon CTeater Thanorequar

Natural

Positive
Integer

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) implies self.value = 0 and
self.type.ocllsTypeOf(Positive)-implies self.value > 0

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

Figure [18 shows the UML package Strings with the defined sort and its operators.
Any comstant stting is defined as an instance of StringConstant, and can be directly used in the body of a Petri Net.

Strings|can'be concatenated, resulting in a new string. The relational operators compare two strings according to
the lexigographic order. Their output is thus a boolean. The operator Length of a string returns a natpral. Substrings
can be extracted from existing strings, using the Substring operator.

Figure 19 shows the UML package Lists with the defined sort and its operators.

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.

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 ‘
<§\mport>’> <<impori$>

<<ihpo|j1>>
Strings ‘ h

StringOperator [~ Terms::BuiltinOperator

Terms::BuiltinConstant

Append

Length GreaterThanOrEqual
LessThanOrEqual w
value

Substring XMLSchemaDataTypes::
String

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

Terms::BuiltinSort

>

‘ StringConstant ‘
[ ]

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 be cqncatenated, and thelength of a list can be defined. Sublists can be extracted from existipg lists,
using the Subligt definition. MemberAtIndex returns the element of a List at a given index.

Moreover, HLPNGs allow thetuser to define arbitrary sorts and operators. This package ArbitraryDeclardtions is
shown in Fig. 2. In contrast to named sorts and named operators, arbitrary sorts and operators do not cone with
a definition of the sort-ar operation; they just introduce a new symbol without giving a definition for it. Saq, these
symbols do not|have_a meaning, but can be used for constructing terms.

The additional ancept Ilnlnnrcpd in_terms prn\/ir‘lpc 2 means to include any text which will hot be In:m:ed and
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 Terms

<<import>> <<import>>
Lists ‘
ListOperator [ Terms::BuiltinOperator Terms::BuiltinSort
‘ Concatenation }— MemberAtindex

Index: Integers::Natural

() 1
MakelList bﬁ
—‘ Append

Length }»

Terms::BuiltinConstant

N

refsort |1 1 | basis
Sublist refsort
start: Integers::Natural Terms::Sort
length : Integers::Natural N
EmptyList
context MakeList inv: : N

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)

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

ArbitraryDeclarations W

=1

Terms:: SortDecl Terms::Declarati

Terms:: Operator Decl

>I

| input  {ordered}

‘ ArbitrarySort ‘ ‘Terms::Sort \
"1 output

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 T HLPNGs
\\ \ <<import>> <<import>> _-* ’ g
\ ! - - //
\‘ v\\ ﬁ P B //
\ \\ £ l/
i Integers ' <<import>>
\ ' //
Vo <<import>> ;
\\ \y

- <<merge>>
4 |

Y

SymmetricNets

Figure 21: The package HLPNGs

Booleans

;{‘impor}>>
L
Dots <
<<import>>__ PT-HLPNGs
<<import>>

<<import>>
<<import>>

<<mel
Mltisets /

¢ <<im;ﬁorl>>

! HLCoreStructure
Terms

context Type inv:

rge>>

-- 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

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

Moreover, this part of ISO/IEC 15909 defines some concepts that have not been defined in part 1 of ISO/IEC 15909.
These rre the concepts for defining the graphical appearance of Petri Nets (see Clause 5.2.4) and the concepts for
structutling 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/IEC| 15909 and maps the
syntact|cal concepts of this part of ISO/IEC 15909 (actually the abstract syntax as defined in Glause 5) to the
semantical concepts as defined in Clause 6.2 of part 1 of ISO/IEC 15909.

6.1 Graphics and Structuring

Part 1 ¢f ISO/IEC 15909 defines general rules for the graphical appearance of Petri Nets and High-level Petri Net
Graphq (see Clause 7 of part 1). These rules, basically, say that places are shown as ellipses, tha} transitions are
shown s rectangles, and that arcs are shown as arrows. But there is no information on the sizg, position, and
style of{these shapes. Moreover, part 1 states that the other features of High-level-Petri Net Graphs are shown as
ions of the associated object.

This part of ISO/IEC 15909 allows for the provision of mach more information on the graphical appearance of the
different objects. This information is more detailed; e. g:-¢oncerning colour, line-width, line-style, and fonts, but the

In addifion, this part of ISO/IEC 15909 introduces the concepts of pages and reference nodes. These are purely
igal and do not carry any meaning. By merging the reference nodes to the node they ultimately refer to,
and by|ignoring the labels of the reference~nodes and the page structure, the additional concepts of this part of
15909 map to the concepts as<defined in part 1 of ISO/IEC 15909. This is called flattening of a Petri Net
with papes.

6.2 nnotations of HLRNGS

In this Clause, it is shown’how the concepts as defined in Clause 6.2 and Annex A of part 1 of ISQ/IEC 15909 are
represgnted by the-Concepts as defined in Clause 5.

The ndt graph N& = (P,T; F) is defined by the places, transitions, and arcs of the Petri Net|Document. As
mentiofed in-€lause 6.1, pages and reference nodes can be eliminated by flattening.

The signature SIG = (5, 0) consists of two parts: all the used built-in sorts and operators; in athition, there are
the userdefinmed sortsand operators.

The S-indexed set of variables V is defined by all declarations of variables.

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 Part 2

A plape s type refers to a set In package HLCoreStructure, the place type-tefers to a
sort. For each sort a corresponding set is défined, except
when it is an arbitrary sort. The annotatien'is Type.

placel marking is a collection of elements | Term (HLCoreStructure::HLMarking) denoting a multiset.

wherg repetition is allowed.

Arc apnotation is an expression of function | Term (HLCoreStructure::HLAnpotation) denoting the ex-

and vriables. pression. The term should have.the multiset sort over the
sort of the place.

Trangjtion condition denoting a boolean ex- | Term (HLCoreStructure:;:&ondition) of sort Bool.

pression.

Declgrations. Declaration concept)(abstract) is attached to HLCore-
Structure::Net orHLCoreStructure::Page.

User [declaration of place type. Appears as, Terms::SortDecl.

Typing of variable. Appears _as relationship between Terms::Variable,
Terms:MariableDecl, and Terms::Sort.

Operator declaration. Appears as HLCoreStructure::OperatorDecl.

Annek A.1 defines N, Z, NT and B. Clabses 5.3.5 and 5.3.11, Fig. 11 and 17.

Annek A.2 defines multiset. Fig. 10 and 7 define Terms::MultisetSort and multiset op-
erators.

Annek A.2.2 defines multiset membership.” | Provided operator CardinalityOf in multisets package in
Fig. 10.

Annekes A.2.2, A2.3, A24, A2)5 and | Provided multisets package depicted by Fig. 10.

A2.6

Annek 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.

Annek A.3.2 defines Boolean signature. Package Booleans which is built-in.

Annek A.3(3 defines variables. Terms::Variables and Terms::VariableDecl associated to
a sort.

Annek-A-3-4-defines-terms- Captured-inpackageTerms{Fig—7)-

Annex A.3.5 defines the semantics through | Part 2 is concerned with the syntax. Semantics for built-in

algebra. sorts and operators is implicit. User-defined concepts are
not a concern for Part 2. A framework for those constructs
is provided in Fig. 20

Annex B1 defines Place/Transition net | Refers to Clauses 5.3.1 and 5.3.12.

graphs.

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.
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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. Mentioned as built-in in Clause 5.5

Implicit in Annex A.3.1 defining signature but not detailed.

Pages, reference nodes.

Structure not handled in HLPNGs. Pages do not appear.

Fig. 16 defining Symmetric Nets.
1.2) to part 1 of ISO/IEC 15909.

Corresponds to the Amendment (currently PDAM 15909-

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

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

ex C

7 PNML Syntax

Clause
Net Gr.
XML sy
types W

5 defines the concepts of the PNML Core Model and the concepts of Place/Transition./Nets,
bphs, and Symmetric Nets in terms of a UML meta model. Clause 5, however, .does not dg
tax for representing these concepts. The precise XML syntax of the PNML CorelModel and th
ill be defined in this clause.

Clause
defines
some A
defines|

Note th
Notatio
High-le

7.1 defines the general format of PNML Documents; i. e. the XML syntax-for the PnmML Core Mg
the format for Place/Transition Nets. In fact, it gives general rules, how-the concepts of a p
Petri net type are mapped to XML. For High-level Petri Nets and Symmetric Nets this part of
a dedicated mapping of their /abels to XML in Clause 7.3.

at there is no need for a separate mapping for Symmetri¢. Nets and Place/Transition Ne
1 since, as a restricted version of High-level Petri Nets, these mappings are fully covered by
vel Petri Nets.

7.1 ML Documents

The mapping of the PnML Core Model conceptsito XML syntax is defined for each class of the PN
diagram separately.

711 NML Elements.

Each concrete class® of the PNME.Core Model is mapped to an XML element. The translation of thes

High-level Petri
fine a concrete
b three Petri net

del. Clause 7.2
hckage defining
ISO/IEC 15909

ts in High-level
he mapping for

ML Core Model

e classes along

with the attributes and their data types is given in Table 4. These XML elements are the keywords ¢f PNML and are

called #ANML elements for short. For each PNML element, the compositions of the PNML Core Model
elementts it may occur gs achild element.

The dafa type ID inTable 4 refers to a set of unique identifiers within the PNML Document. The data t
t of all identifiers occurring in the document, i. e. they are meant as references to identifiers
rticularposition, however, is restricted to objects of a particular type — as defined in the P\

7.1.2 Labels

define in which

ype IDRef refers
A reference at
WL Core Model.
same net. The
bute ref should
ML meta model

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
Petri 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
source: IDRef (Node)
target: IDRef (Node)
Page page 4D
RefPlace <referencePlace> id: ID
ref: IDRef (Place or RefPlace)
RefTrans <referenceTransition> id: ID
ref: IDRef (Transition or RefTrans)
Toollnfo <toolspecific> tool: string
version: string
Graphics <graphics>
Name <name>

Table 5: Possible child elements of the <graphics>element

Parent element class  Sub-elements of <graphies>

Node, Page

Arc

Annotation

<position>

<dimension>

<fill>

<line>

<positiomn> (zero or more)
<line>

<offset>

<fill>

<line>

<font>

In general PNML Documents, any XML element that is not defined in the PnmL Core Model (i.e. not occy

rring in

Table 4) is condidered as a label of the PNML element in which it occurs. For example, an <initialMarking> ¢lement

could be a labg/ of a place, which-represents its initial marking. Likewise <name> represent the name* of an

and <inscriptipn> an arc annotation.

A legal element for a label'must contain at least one of the two following elements, which represents thg

object,

b actual

value of the lafjel: a <text% €lement represents the value of the label as a simple string; the <structure> ¢lement
can be used fo representing the value as an abstract syntax tree in XML.

An optional PNNIL <graphics> element defines its graphical appearance; and optional PNML <toolspecific> €l
Note that this part of ISO/IEC 15909 does not mandate

may add tool gpecific information to the label.

ements

the in-

ner structure of <toolspecific> elements; every tool is free to structure its information inside that element at its

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).

4Note that 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.

The md

7.1.4

The co

objects

String.

Likewis

ger, no

7.1.5

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, horizontak diagonal}
<line> shape {line, curve}
color CsS2-color
width nonNegativeDecimal
style {solid, dash, dot}
<font> family css24ent-family
style css2-font-style
weight CSs2-font-weight
size Css2-font-size
decoration {underline, overline, line-through}
align {left, center, right}
rotation decimal

Example

Mapping of XMLSchemaDataTypes concepts

aning of these elements and attributes is defined in Clause 5.2.4.

ncepts from the package XMLSchemaDataTypes are mapped to XML syntax in the following
are mapped to XML PCDATA, i.e. there will be a PCDATA section within the element whi
This, basically, corresponds to any printable text.

e, Integers; NonNegativelntegers and Positivelntegers are mapped to the XMLSchema syntax
hNegativelhteger, and positivelnteger, respectively.

way. The String
ch contains the

constructs 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="m1"

type="http://www.pnml.orqg/version-2009/grammar/ptnet">

<page id="top-level">

<name>

<text>An
</name>
<place id=
<graphic
<posit
</graphi
<name>
<text>
<graph
<off;
</grapl
</name>
<initiall
<text>
<tools
<tok
<t
<t
<t
</to
</tool;
</initia
</place>
<transitio
<graphic
<posit
</graphi
</transiti
<arc id="a
<graphic
<posit
<posit
</graphi
<inscrip
<text>

<graph

example P/T-net</text>

Ipl Il>

5>

jon x="20" y="20"/>
Cs>

Feady</text>

LCcs>

ket x="0" y="-10"/>
hics>

flarking>

B</text>

pbecific tool="org.pnml.tool" version="1.0">
engraphics>

kenposition x="-2" y="-2" />

kenposition x="2" y="0" />

kenposition x="-2" y="2" />

kengraphics>

bpecific>

| Marking>

h id="t1">

5>

jon x="60" y="20"/>
Cs>

bn>

[ " source="pl" target="t1">
5>

jon x="30" y=!5"/>
jon x="60" y=!5"/>
Cs>

Lion>

b</text>

L CS>

<off

fets x= non y="51/>

</graphics>
</inscription>

</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

Based pn the PNML Core Model of Clause 5.2, Clauses 5.3.1 to 5.3.11 define the concepts ofitwo
net types, which restrict PNML Documents to the particular labels defined in the corresponding-pack

These packages define the labels that are used in the particular Petri net. Here, it is shown ho
a package to the corresponding XML syntax. This mapping is the same for all type-deéfinitions,
definitign comes with a separate mapping. This general mapping will be explained-by the help of
Place/Transition Nets (see Fig. 5 and the PNML Document in Listing 1).

The PT{Net package defines two kinds of /abels that can be used in a Place/Transition Net: PTMark
notatioms. Each place can have one annotation PTMarking, and each ar¢ . ean have one annotatio
This is |ndicated by the compositions in the UML diagram in Fig. 5.

The xML syntax for these labels is derived from the roles of these compositions. Every annota
is mapped to an XML element <initialMarking>, and every annetation PTAnnotation is mapped

<inscription>. Listing 1 shows an example for the XML syntaxef-a Place/Transition Net.

Since all labels in this package are annotations, all graphical‘elements defined for annotations may o
in thesg elements.

In the PT-Net package each label is defined to have a <text> element, which defines the actual
annotation. For Place/Transition Nets there are no'structured elements.

The cofresponding classes from package Datalypes define the XML content of the <text> element. T
are given in Clause 7.1.4.

Note that for Place/Transition Nets, there’is a predefined toolspecific extension for the label <initi
Clause|5.3.1), which represents thepositions of tokens within a place. The class TokenGraphics is
XML element <tokengraphics> with_no attributes. The token positions contained by this element are
the elements <tokenposition» as shown in Table 7. Within the element <tokengraphics> there can
of <tok¢nposition> elements:

Table 7: Tool specific information for token positions

particular Petri
ages.

w to map such
inless the type
the example of

ings and PTAN-
1 PTAnnotation.

fion PTMarking
to an element

ccur as children

content of this

hese definitions

h1Marking> (See
mapped to the
represented by
be any number

XML element Attribute  Domain

<tokengraphics>

<tokenposition> X decimal
Vi decimal

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

Model element PNML element PNML attributes
Booleans::Bool bool
Booleans::And and
Booleans::Or or
Booleans::Not not
BO JiUdllb..illlpiy ;Illpiy
Booleans::Equality equality
Boolg¢ans::Inequality inequality

Booleans

::BooleanConstant

booleanconstant

value: boolean

CyclicEnumerag

tions::CyclicEnumeration

cyclicenumeration

CyclicEnumerations::Successor successor
CyclicEnumgrations::Predecessor predecessor
Dots::Dot dot
Dotg::DotConstant dotconstant
FiniteEnumerations::FiniteEnumeration | finiteenumeration
FiniteEnumerations::FEConstant feconstant names 'string; id: ID
FiniteIntRahges::FiniteIntRange finiteintrange start;end: integer
FiniteIntRanges::LessThan lessthan
FiniteIntRanges::LessThanOrEqual lessthanorequal
FiniteIntRinges::GreaterThan greaterthan
FiniteIntRanggs::GreaterThanOrEqual greaterthanorequal
FiniteIntRangeq: FiniteIntRangeConstant | finiteintrangeconstant value: integer; range: IDREF
Intggers::Integer integer
Intggers::Natural natural
Intdgers::Positive positive
Integersf:NumberConstant numberconstant value: integer
Integgrs::GreaterThan gt
Integers::GreaterThanOrEqual geq
Inteders::LessThan It
Integers§LessThanOrEqual leq
Integers::Addition add
Integers::Subtraction subtraction
Integers::Multiplication mult
Inteigers::Division div
Intggers::Modulo mod
HLCoreSfructure::Declaration declaration
HLCoreStructure::Type type
HLCoreS{ructure::HLMarking hlinitialmarking
HLCoreStructure:Condition condition
HLCoreStrpctdre:HLAnNotation hlinscription
Lists::List list
Lists::EmpyList emptylist
Lists::Length listlength
Lists::MakeList makelist

Lists::Concatenation

listconcatenation

Lists::Sublist

sublist

start, length: nonNegativelnteger

Lists::Append

listappend

Lists::MemberAtindex

memberatindex

index: nonNegativelnteger
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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
Pgrtitions::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: nonNegativelpteger
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 NO 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::User@perator useroperator declaration: IDREF
ArbifraryDeclarations::ArbitrarySort arbitrarysort
ArlpitraryDeclarations::Unparsed unparsed
ArbitraryDeclarations::ArbitraryOperator | arbitraryoperator
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Annex A
(normative)

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.

Note that some syntactical restrictions of the PNML Core Model cannot be expressed in RELAX NG. Still, these
restrictions as defined in Clause 5 are mandatory for valid PNML Documents. The RELAX NG grammar distills the

more s
In the f

<?7xml V|

<gramma

ntactical requirements on the XML transfer format.
bllowing the general grammar defining the Core Model is provided in the file pnmlcoremode

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

r 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://wwui>pnml.org/version-2009/grammar/anyElement.rng"/>

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

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

L

da o
7 -aoCumeRtatIon

© 1SO/

<oneOrMore>
<ref name="pnml.content"/>
</one0rMore>
</element>
</define>

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

</define>

<define name='"met.element'>
<element name="net">

IEC 2011 — All rights reserved
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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>

</defi

<defin

</defi

<defin

</defi

<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>
he>

b name="identifier.content ">
<a:documentation>
Identifier (id) declaration sharediby‘all objects in any PNML model.
</a:documentation>
<attribute name="7d">
<data type="ID"/>
</attribute>
he>

e name="nettype.uri'>
<a:documentation>
The net type (nettype.uri) of a net should be redefined in the grammar
for a new Retri net Type.
An example;of such a definition is in ptnet.pntd, the grammar
for P/T\Nets. The following value is a default.
</a:documentation>
<attribute“name="type">
<yalue>http://wuw.pnml.org/version-2009/grammar/pnmlcoremodel</value>
</attribute>
he>

<defin

b name="'"net lghelg!>

<a:documentation>
A net may have unspecified many labels. This pattern should be used
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 informationy
It may also have graphical information. It can also have many arbitr
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 object.is either a page, a node or an arc.
A node issa’‘place or a transition, a reference place of
a reference transition.
</a:documengation>
<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>

iry labels.

<define name="page.labels">
<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

© ISO/IEC 2011 — All rights reserved
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as a node.
</a:documentation>
<element name="place">
<ref name="identifier.content"/>
<interleave>
<ref name="basicobject.content"/>
<ref name="place.labels"/>
<ref name="node.content"/>

</interleave>
</element>
</define>
<defin¢ name="place.labels">

</defi

<defin

</defi

<defin

</defi

<defin

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

</a:documentation>

<empty/>
he>

b name="transition.content'>
<a:documentation>
A transition may have several labels (transition.lgbels) and the same
content as a node.
</a:documentation>
<element name="transition">
<ref name="tidentifier.content"/>
<interleave>
<ref name="basicobject.content"/>
<ref name="transition.labels"y/>
<ref name='"node.content"/>

</interleave>
</element>
Le>
b name="transition. labels">

<a:documentation>
A transition maychave arbitrary many labels. This pattern should be
used within a PNID to define the transition labels.
</a:documentation>

<empty/>
he>

b name="nodexcontent ">
<a:documentation>
A node may have graphical information.
</d7documentation>

<optional>

<element name="graphics!>
—_— 4 L

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

</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:
- The reference (ref) MUST refer to,alreference transition or to a
transition.
- The reference (ref) MUST NOT xefer to the identifier (id) of its
reference transition element.
- The reference (ref) MUST(NOT refer to a cycle of reference transit
</a:documentation>
<element name="referencelransution'">
<ref name="refnode.content"/>
</element>
</define>

<define name="refnode.content'">
<a:documentation>
A reference node has the same content as a node.
It adds a reference (ref) to a (reference) node.
</a:documéntation>
<ref name="identifier.content"/>
<ref, name="reference"/>
<réf-name="basicobject.content"/>
<¥ef name="node.content"/>
</define>

<défine name="arc.content'>

La:documentation>

An arc has a unique identifier (id) and

refers both to the node’s id of its source and

the node’s id of its target.

In general, if the source attribute refers to a place,

then the target attribute refers to a transition and vice versa.
</a:documentation>
<element name="arc">

<ref name="identifier.content"/>

<attribute name="source">

<data type="IDREF"/>
</attribute>
<attribute name="target'">

© ISO/IEC 2011 — All rights reserved
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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"/>

</defi

<defin

</defi

<defin

</defi

<defin

<optional>
<element name="graphics'">

<ref name="edgegraphics.content"/>

</element>
</optional>
<zero(OrMore>
<ref name="toolspecific.element"/>
</zero0rMore>
</interleave>
</element>
he>
b name="arc. labels">

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

</a:documentation>

<empty/>
he>

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

e name="nodegraphicsqcontent >
<a:documentation>
The sub-elements of a node’s graphical part occur in any order.
At least, 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>
<optional>
<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 be~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= “c'imp7p+p'r+7nhp7 content!">

<a:documentation>
A simple text label is an annotation to a net 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>

© ISO/IEC 2011 — All rights reserved
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</define>

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

<defing¢ name="annotationgraphics.content'>
<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>
</define>

<define¢ name="position.element'>
<a:documentation>
A position element\describes Cartesian coordinates.
</a:documentation>
<element name="position'>
<ref name=!coordinate.attributes"/>
</element>
</define>

<defin¢ name="offset:element >
<a:documenhtation>
An offset element describes Cartesian coordinates.
</d7documentation>
<¢lement name="offset">

<ref name="coordinate attributes!"/>
</element>
</define>

<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="z'">
<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-datatype
<a:documentation>
Definition of a restricted positive decimads domain with a total dig
number of 4 and 1 fraction digit. Rangés from O to 999.9
</a:documentation>
<data type=’decimal ’>
<param name=’totalDigits’>4</param>
<param name=’fractionDigits’>1</param>
<param name=’minEzclusive’>0</param>
</data>
</define>

<define name="fill.element">
<a:documentation>
A fill elementidescribes the interior colour, the gradient colour,
and the gradient rotation between the colors of an object. If an
image isvavailable the other attributes are ignored.
</a:documentation>
<element name=!f3ill">
<optional>
<attribute name="color">
<ref name="color.type"/>
</attribute>

</optional>

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

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

b 1>

|ts

</optional>
<optional>
<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>

<defing¢ name="color.type">
<a:documentation>
This describes the type of a color attribute. Actually, this comes
from the CSS2 (and latest versions) data type system.
</d?documentation>
<rext/>
</defihe>

<define name="font.element">
<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 -->

© ISO/IEC 2011 — All rights reserved
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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>

</element>

</define>

<define name="toolspecific.element">
<&:documentation>

</a:documentation>

<element name="toolspecific!>
—_——— I J

<optional>
<attribute name="size'>

<text/> <!-- actually, CSS2 and latest versioms.)fonf-size ——>
</attribute>
</optional>

<optional>
<attribute name="decoration'>

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

<optional>
<attribute name="align’>

<choice>
<value>left</value>
<walue>center</value>
<value>right</value>
</choice>
</attributeé>
</optional>

<optional>
<attribute name="rotation'">

<data type="decimal"/>
4/attribute>

</optional>

The tool specific information refers to a tool and its version.
The further substructure is up to the tool.

<attribute name="tool'">
<text/>
</attribute>
<attribute name="wersion'">
<text/>
</attribute>
<zeroOrMore>
<ref name="anyElement"/>
</zero0rMore>

</element>

</define>
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</grammar>

In the following
ment.rng.

<?7xml version=

-2:2011(E)

the grammar of the generic anyElement construct is described. It is provided in the file anyEle-

"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. orq/2001/XMLSchema-datatypes ">

<a:documentation>

</a:do

<defin

</defi

</grammar>

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
Cumentation>

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

48
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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.
Still, these restrictions as defined in Clause 5.3 are mandatory for valid PNML Documents.

B.1
B.1.1

First, th

<?7xml V|

Place/Transition Nets
The labels

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

ersion="1.0" encoding="UTF-8"?>

<grammar xmlns="http://relazng.org/ns/structure/1.0"

xmlns:a="http://relazng.org/ns/compatibility/annotations/1{0">

<a:documentation>
RELAX NG implementation of the Conventions Document.
These conventions are short cuts for labed~definitions. They are
used for simple data or if the label data“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='"nonnegatiwveintegerlabel.content">
<a:documentation>
A-non 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"

© 1SO/

datatypebibrary=Lhitp A uwwwI—org 200t/ AMESehema—de
</element>
<ref name="annotationstandard.content"/>
</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>

IEC 2011 — All rights reserved
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<interleave>
<element name="text">
<data type="positivelnteger"

datatypeLibrary="http://www.w3. orq9/2001/XMLSchema-datatypes"/>

</element>
<ref name="annotationstandard.content"/>
</interleave>
</define>
</grammar>

B.1.2 Token Graphics

Place/Transitiop Nets can use the token graphics grammar to include individual tokens positions as tool

feature. This grammar is in the file pnmlextensions.rng.

<?xml version={'1.0" encoding="UTF-8"7?>

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

<a:documentation>

RELAX NG implementation of PNML Extensions package,.

This package is meant to define specific extensions\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
</a:dogumentation>

<defing¢ name="toolspecifec.content” combine="interleave>
<a:documentation>

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

<ref name="TokenGraphics"/>

</éptional>
</defihe>

specific

<define name="TokenGraphics">

<a:documentation>
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>
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</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

</gramﬂ§;>

B.1.3 |[The Grammar

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

<?xml vlersion="1.0" encoding="UTF-8"7>

<grammar 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 nettype.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.
All labels’ of this Petri net type come from the Conventions document.
The use”of token graphics as tool specific feature is possible.
</a:documentation>
25
<include~href="http://www.pnml.org/version-2009/grammar/conventions.rng"/>

N V4
3 .l =1 L £}t 4 1 . 2000 1 4+ ) 10/
trelude—href=LhitpSlumm—prmi—org/verston—20609/9s rApRmtestenstons—rrgl
30 We do mot need to include this, because the pnmlcoremodel.rng covers any

toolspecific extension.
-

<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>

<defin¢ 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 systems. In: LNCS 254. 1987.
</reference>
</a:documentation>
<element name="inscription>
<ref name='"positiveintegerlabel.content"/>
</element>
</defihe>

<defing¢ name="place.labels"” combine="intenTeave>
<a:documentation>

A place of a P/T netwmay have an initial marking.
</a:documentation>
<optional><ref name="PTMarking"/></optional>
</define>

<defing¢ name="arc.labels! combine="interleave">
<a:documentation>

An arc-of a P/T net may have an inscription.
</a:documentation>
<optionals<ref name="PTArcAnnotation"/></optional>
</defihe>

</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.

</a:documentation>
<attribute name="7d'">
<data type="ID"/>
</attribute>
<attribute name="name!™
<data type=lstring"/>
</attribute>
</define>

<define name="Declaration'>
<a:documentation>
A declaration is part of a group of declaratioms.
It\defines known concrete declarations
<fa:documentation>
<choice>
<ref name="SortDeclaration'/>
<ref name="VariableDeclaration"/>

<ref name= ”ﬂpamn*n'r‘npn7n1~n+fin'n n/>

It is extended by each definition of Sort, Variable and Operator.

</choice>
</define>

<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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54

</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"/>
</defihe>

<define¢ name="OperatorDeclaration.content”>

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

</a:documentation>

<ref name="Declaration.content'/>

</define>

<define¢ name="OperatorDeclaration'>

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

</a:documentation>

<ref name="NamedOperator"/>

</defihe>

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

<defing¢ nanie=“NamedSort'">
<a:documentation>

A named sort is the concrete definition of a SortDeclaration

It contains a Sort definition.
</a:documentation>
<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 hefers 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_yer 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 post
important to have the relation from the opposite direction, i.e., fr¢m
MultiSet. This attribute can thus be made transient (not exported) im
the PNML tool.
Sorts don"t seem to need an ID since their definition is always inclyded

as sub-element of Declaration

</a:documentation>

<choice>
<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

</defi

<defin

</defi

<defin

</defi

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>
he>

b 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>
he>

b name="UserSort">
<a:documentation>
A user sort is\used as an abbreviation of

Recursion“is forbidden.

</a:documentation>

<element name="“4sersort">
<attribute name="declaration'>

<data type="IDREF"/>

</attribute>

</élement>

he>

<define name="Operator.content">

<a:documentation>
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 thesone 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¢refine this one using choice
as the value of combine attribute.
</a:documentation>

<empty/>
</define>

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

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

</defi

<defin

</defil
</grammar>
Then, the gram
<?xml version=
<grammar xmlns

xmlns:

dataty

<a:doc

</element>
he>

b 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>

he>

mar for core structure of high-level nets.issdefined in the file hlcorestructure.rng.

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

F"http://relazng. org/ns/structure/1.0"
h="http://relazng.org/nsfeompatibility/annotations/1.0"
beLibrary="http://www.w3\0rq/2001/XMLSchema-datatypes">

imentation>
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 name: hlcorestructure.rng
Version:” 2009

(c) 2007-2009

Lew Hillah (AFNOR)

D N
TTeTFISTonR

July 2008 - L.H

</a:documentation>

<!-- 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>

58
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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 Conditiom.
</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 ’Declaration’ label definition for a net node or a page.
</a:documentation>
<element name="declaration'>
<interleave>
<ref name="simpletexztlabel.content"/>
<optional>
<element name="structure'>
<ref name="Declarations"/>
</element>
</optional>
</interleave>
</element>
</define>

<define name="Type'">
<a:documentation>
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="simpletextlabel.content'/>

<optional>
<element name="structure'>

<ref name="Term'"/>
</element>
</optional>
</interleave>
</element>
</define>

<defin¢ name="Condition'>
<a:documentation>

The same reasoning applies as for the above definitiomns.
</a:documentation>
<element name="condition'>
<interleave>
<ref name="simpletextlabel.content"/>
<optiomnal>
<element name="structure/>
<ref name="Terxm/>
</element>
</optional>
</interleave>
</element>
</defihe>

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

The ’Condition’ label definition expressing the guard of a transition.

</optional>

</interleave>
</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"
datatypelLibrary="http://www.w3. org/2001/XMLSchema-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="Dot*>
<a:doctmerntation>
Dot is a built-in sort.
</a*documentation>
<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 ">

<a:documentation>

RELAX NG impl . f Mgl or

File name: multisets.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

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

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

<define¢ name="MultisetOperator" combine='choice">
<a:documentation>
The concrete Multise® ‘Operators.
</a:documentation>
<choice>
<ref name="Add"/>
<ref name="411"/>
<ref name=!NumberOf"/>
<ref mame="Subtract"/>
<ref, name="ScalarProduct"/>
<xref'name="Empty"/>
</choige>
</define>

<defing .nhame="Add">

d o o
oGO CHeRTatTIon

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

Defines the ’addition’ of multisets.
</a:documentation>
<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="MultisetOperatorscontent"/>
</element>
</define>

<define name="Numberlf'">
<a:documentation>
Defines the construction of a multiset with a natural number
and an elemént of a sort.
</a:documentation>
<element name="nimberof">
<ref name="MultisetOperator.content"/>
</element>
</define>

<define name="Cardinality'>
<&:documentation>
Defines the cardinality of a multiset.
</a:documentation>
<element name="cardinality">

<ref name="Byqlt T'nnpc'r-nfn'r' content"/>

</element>
</define>

<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>

© ISO/IEC 2011 — All rights reserved

63


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

120

125

20

25

30

35

40

ISO/IEC 15909-2:2011(E)

<define name="Contains'">

<a:documentation>

Defines the containment relationship between two multisets.

</a:documentation>
<element name="contains'">

<ref name="ButiltInOperator.content"/>
</element>

</define>

</grammar>

B.2.4 BooIeaLs

Definition of Bopleans in the file booleans.rng.
<?xml version={'1.0" encoding="UTF-8"7>
<grammar xmlnsf"http://relazng.org/ns/structure/1.0"
xmlns:a="http://relaxng.org/ns/compatibility/annotations/1.0"
datatypeLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">
<a:docymentation>
RELAX NG implementation of Booleans grammar.
Booleans are part of the high-level common sorts.
They define the bool sort and related operators pver
elements of that sort.
File name: booleans.rng
Version: 2009
(c) 2007-2009
Lom Hillah (AFNOR)
Revision:
July 2008 - L.H
</a:dofumentation>
<defing¢ name="Operator" combine=!'choice'>
<a:documentation>
Equality and Inequality are operators.
</a:documentation>
<choice>
<ref, name="Equality"/>
<ref'name="Inequality"/>
</choige>
</define>
<defing .nhame="ButltInSort" combine="choice">
i ey
Bool is a built-in sort.
</a:documentation>
<ref name="Bool'"/>
</define>

<define name="ButltInOperator" 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({BiiiltInOperator
</a:documentation>
<ref name="BuiltInOperator.content"/>
</define>

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

</choice>
</define>
<!-- Declaration of standard.boolean operators —-—>

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

<define name="0Or'">
La:documentation>

Defines the boolean operator "or".
</a:documentation>
<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>

<defing¢ 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 "inequal<ty"” whilch may not necessary
have booleans as input Sorts.

</a:documentation>

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

</element>

</defihe>

<defin¢ name="BooleanConstant">
<a:documentation>
Declaration of the "¢rue"” constant.
</a:documentation>
<element name="booleanconstant'">
<attribute name='value'>
<data .type="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"/>
</élement>
</define>

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

It is a built-in constant It js a finite enumeration element

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

<a:documentation>

RELAX_ NG impl . £ Cyclic E . o
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
</a:dogumentation>

<defin¢ name="BuiltInSort" combine="choice'>
<a:documentation>

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

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

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

<defin¢ name="CyclicEnumeration'’>
<a:documentation>
A Cyclic~Enumeration is a Finite Enumeration.
</a:documentation>
<element name="cyclicenumeration'>
<ref*name="FiniteEnumeration. content"/>
</element>
</defihe>

<defing¢ .name="CyclicEnumOperator.content'>

d o o
oGO CHeRTatTIon

A finite enumeration operator is a built-in operator.

</a:documentation>
<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"/>

68 © ISO/IEC 2011 — All rights reserved


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

60

65

70

75

80

20

25

30

</choice>
</define>
<!-- Declaration of standard cyclic enumeration operators —-—>

<define name="Successor">

<a:documentation>

Defines the ’successor’ operator.
</a:documentation>
<element name="successor">

<ref name="CyclicEnumOperator.content"/>
</element>
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</gramnfar>

</define>

<define name="Predecessor'>

<a:documentation>

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

<ref name="CyclicEnumOperator.content"/>
</element>

</define>

B.2.7 |Finite Integer Ranges

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

<?xml vlersion="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. w8\orqg/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 defineany finite integer range and related operators
over elements of that sort.

File name: finiteintranges.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)

Revision:
T | 2009 I LI
Juty—200S —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>

<define name="FinitelIntRange'>

<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"/>
</defihe>

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

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

<defing¢ namiesYFIRLessThan'">
<a:documentation>

Defines the ’less than’ npnr:fnr

</a:documentation>
<element name="lessthan'">
<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>
</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="BuiltInConstaent.content"/>
</element>
</define>

</gramnfar>

B.2.8

Definiti
<?7xml V|

<gramma

Partitions

bn of Partitions in the file partitions.rng.

ersion="1.0"\encoding="UTF-8"?>

r xmlns="#ttp://relazng.org/ns/structure/1.0"
xmlnssga="http://relazng.org/ns/compatibility/annotations/1.0"
datatypelibrary="http://www.w3. orq/2001/XMLSchema-datatypes ™

<a:documentation>
RELAX NG implementation 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>

<define name="OperatorDeclaration” combine="choice'>

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

</a:documentation>

<ref name="PartitionElement"/>

</define>

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

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

<defin¢ name="Partition'>
<a:documentation>
A Partition is a SortDecl.
It is defined over a NamedSort which')it refers to.
</a:documentation>
<element name="partition'>
<ref name="SortDeclaration.content"/>

<interleave>
<ref name="Sort'/>
<group>
<one0rMore>
<ref name="PartitionElement"/>
X/oneOrMore>
</group>
</interleave>
</element>

</define>

<defin¢ name="PariitionElement'>
<a:documéntation>

Defines an element of a Partition.
<{/a:documentation>

<element name= ”pnmfﬂ'fﬂ'nna7pmpn+ b3
<ref name="OperatorDeclaration.content"/>

<oneOrMore>
<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">
<attribute-name="refpartition">
d4data type="IDREF"/>

</attribute>
<refs name="PartitionOperator.content"/>
</element>
</define>
</gramnfar>

B.2.9 lintegers

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>

<define name="ButltInSort" combine="choice'>

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

<defin¢ name="ButltInOperator" combine="choice">
<a:documentation>

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

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

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

<defin¢ name="Number'™>
<a:documentation>

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

<ref name="Naturall/>

<ref name="Posithve"/>

<ref name=!Integer"/>
</choice>
</define>

<defing¢ name="Integer">
<a:documentation>
An integer type is a number.
</d?documentation>
<e¢lement name="integer">
Lemptys />

</element>
</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 finiié integer operators -—>

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

</interleave>
</element>
</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>

</a:documentation>
<element name="gt'">
<ref name="IntegerOperator"/>
</element>
</define>

<defin¢ name="GreaterThanOrEqual">
<a:documentation>

</a:documentation>
<element name='"geq'">
<ref name="IntegerOperator"/>
</element>
</define>

<defin¢ name="Addition'">
<a:documentation>

</a:documentation>
<element name="addition">
<ref name="IntegerOperator’/>
</element>
</define>

<defin¢ name="Subtraction">
<a:documentation>

</a:documentation>
<element name=Ysubtraction'>
<ref name="IntegerOperator"/>
</element>
</define>

<defin¢ namez*“Multiplication'>
<&:documentation>

Defines the ’greater than’ operator.

Defines the ’greater than or equal’ operator.

Defines the arithmetic ’addition/,operator.

Defines the arithmetic ’‘subtraction’ operator.

</a:documentation>
<element name="mult'">
<ref name="IntegerOperator"/>
</element>
</define>

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

Defines the arithmetic ’division’ operator.

</a:documentation>
<element name="dziv">
<ref name="IntegerOperator"/>

Defines the arithmetic )mw7+fip7'ir~n+finfn’ npnrnfn'r
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</element>

</define>

<define name="Modulo'">

<a:documentation>

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

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

</define>

</gramﬂ§;>

B.2.10

Strings

Definitipn of Strings in the file strings.rng.

<?xml vlersion="1.0" encoding="UTF-8"7>

<grammar xmlns="http://relazng.org/ns/structure/1.0"
xmlns:a="http://relazng.org/ns/compatibility/annotations/f)0"
datatypelLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

<a:documentation>

RELAX NG implementation of Strings grammar<
Strings are part of high-level specific sorts.
They define the general-purpose stfing type and
related operators over elements of,that type.

File name: strings.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

July 2008 - L.H

</a:documentation>

<define

name="BygltInSort" combine="choice">
<a:documentation>

String is a built-in sort.
</asdocumentation>
<ref name="String"/>

</define>

<défine

name="ButltInOperator"” combine="choice">

ardecumentation

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

</define>

<define

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

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

</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>

<defin¢ 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>
<!-- Dpclaration of standard string operators,~>

<defing¢ name="StringOperator.content>
<a:documentation>
Its content derives fxom the one of BuiltInOperator
</a:documentation>
<ref name="ButltInOperator/content"/>
</define>

<defing¢ name="StringOperator">
<a:documentatien>
It is ‘a’built-in operator.
</a:documentation>
<choice>
<ref name="StringLessThan'"/>
<ref name="StringLessThanOrEqual"/>
<ref name="StringGreaterThan'"/>

<ref name= ”Q’fr'i'ngf"r-on‘fp'r-Thnmn'r'F'qaln7 n/>

<ref name="StringConcatenation"/>
<ref name="Stringdppend"/>
<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"/>
</element>
</define>
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<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’ opérator.
</a:documentation>
<element name="gegs">
<ref name="StringOperator.content'/>
</element>
</define>

<define name="StringConcatenation’>
<a:documentation>
Defines the ’concaténation’ of two strings.
</a:documentation>
<element name="stringconcatenation>
<ref name="“StringOperator.content"/>
</element>
</define>

<define name="Stringlength'>
<a:documentation>
Defines the ’length’ of a string.
</davdocumentation>
<élement name="stringlength'>
<ref name="StringOperator.content"/>
</element>
</define>

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

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>
</define>
</grammar>
B.2.11 Lists

Definition of Lis

<?7xml version=
<grammar xmlns
xmlns:

dataty

<a:doc

</a:do

<defin

</defi

ts in the file lists.rng.

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

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

imentation>
RELAX NG implementation of Lists grammar.

over elements of that sort.

File name: lists.rng
Version: 2009

(c) 2007-2009

Lom Hillah (AFNOR)
Revision:

July 2008 - L.H
fumentation>

b name="Bui ltInSort” combine="choice">
<a:documentation>
List*is a built-in sort.
</a:dogumentation>
<ref _name="List"/>
he>

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

<a:documentation>

ListOperator is a built-in operator.

</a:documentation>
<ref name="ListOperator"/>

</define>

<define name="List">

80

<a:documentation>

A List is a built-in sort.

It is a set over a basis sort.
</a:documentation>

h="http://relazng.org/ns/compatibility/annotations/1.0"
beLibrary="http://www.w3. org/2001/XMLSchema-datatypes ">

The list signature is part of high-level specific sorts.
It defines the general-purpose list sort(and related operators

© ISO/IEC 2011 — All rights reserved


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

45

50

55

60

65

70

75

80

85

90

95

100

ISO/IEC 15909-2:2011(E)

<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 cenCrete 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. operators -—>

<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>
<felement>
</define>

<define name="ListLength'">
La:documentation>

Defines the ’length’ of a list.
</a: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>
</define>

<defin¢ name="MemberAtIndez'>
<a:documentation>
At which index is an element in a List/%
</a:documentation>
<element name="memberatindezx'>
<attribute name="index'">
<data type="nonNegativélnteger"/>

</attribute>
<ref name="ListOperator.comtent"/>
</element>

</defihe>

<defin¢ name="Sublist'">
<a:documentation>
With this operator, 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>

Defines the ’append’ operation of an element to a list.

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

</grammar>

B.2.12 Arbitrary Declarations

Definition of Arbitrary Declarations in the file arbitrarydeclarations.rng.

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

82
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