INTERNATIONAL ISO/IEC
STANDARD 15909-2

First edition
2011-02-15

Systems and software engineering —
High-level Petri nets —

Part 2:
Transfer format

Ingénierie des systémes et du logiciel — Réseaux de Petri de haut
niveau —

Partie 2: Format de transfert

Reference number
ISO/IEC 15909-2:2011(E)

S ° © ISO/IEC 2011




ISO/IEC 15909-2:2011(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© |ISO/IEC 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either 1SO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢« CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO/IEC 2011 — All rights reserved




ISO/IEC 15909-2:2011(E)

Contents

1 T o R 1
2 (070 3y (o 1 1 T= o o= 1
2.1 LTI T T W T =T o N 1
2.2 PNML Place/Transition Net DOCUMENtS ..........cviiiiiiiiiiiiii e 1
2.3 Textually conformant PNML High-level Petri Net Documents ..........cocvvviiiiiiciicns e rnaeas 1
2.4 Structurally conformant PNML High-level Petri Net Documents............cccceiieiiiiiiiiiiniincnincnenens 2
2.5 Place/Transition Net Document in High-level Notation ...........ccocoiiiiiiiiiiiiicicc s 2
2.6 Symmetric Net DOCUMENTS ......cuiieiiiiiiiii i s s s s s s s s s s naen 2
3 NOIMAtiVe refereNCEeS .. .cuieieiii e 2
4 Terms, definitions and abbreviations ..........c.ccvoiiiio i 3
41 Terms and definitioNs ... ... e 3
4.2 Y o o T T 1o T 5
5 {0 0 T =1 o ) € 6
5.1 General PrinCiPles ..o s s e 6
5.2 PNML €COre MOAEL. .. ... e s s s s s s s s s s s s s s s s s s n e e mn e mnnmns 7
5.2.1 Petri Net Documents, Petri Nets, and Objects .........ccooviiiiiiii v v r e e 8
5.2.2 Pages and Reference NOGES .......c.uiiiiiiiiii i s s s s s s s s s nnras 8
5.2.3 = o= 8
5.2.4 Graphical INformation..... ... s 9
5.2.5 Tool Specific INfOrmation .........c.oiiiiiii e s 11
5.2.6 9 T2 = T o =T 11
5.3 Petri Net Type Meta Models and their Built-in SOrts .......c.cociiiiiiiiiii e 12
5.3.1 Place/Transition Nets .......cccciiiiiiiiii i s s s s s s s nnrns 12
5.3.2 High-Level Core SHrUCIUNE ........cuiiiiiiir s s mas 13
5.3.3 9 T 16
5.3.4 LD == 16
5.3.5 =T Yo =T T 18
5.3.6 LT T (=0 = T4 =T o 1o T 19
5.3.7 Cyclic ENUMEIAtiONS .....cueieiiiiiiiii it st st ra st s s s s s s s ra s s s s s s s s s s s a s e nns 19
5.3.8 Finite Integer RANQes .......cceiiii i s s s s s 20
5.3.9 = 1 (11T T 20
5.3.10 Symmetric NetS ... .cuouiiiiiiiiii e 21
5.3.11  High-Level Petri Net Graphs ........c.ccoiiiiiiiiiiiiiii e 21
5.3.12  Place/Transition Nets as High-level Net Graphs ..........c.ccoiiiiiiiiiiiiiiii e 24
6 Mapping between Part 1 and Part 2..........ccooiiiiiiiiiiii i s s s s s e e 27
6.1 Graphics and StrUCTUIING .....cueiei i s st r s s s s s s s s s s s s s s e nns 27
6.2 ANNOtatioNS OFf HLPNGS ..uuiuiueieiuiierrirersra s s s s sra s s s s s s s s s e s r e nnrnen 27
7 Lo LI o | 29
71 Lo I Lo T W] 3 1= o S 29
711 Lo I 1= o 0 1= | N 29
7.1.2 = o7 29
713 (T =T o 3 T o 30
71.4 Mapping of XMLSchemaDataTypes CONCEPLS .....uvurururriririmirininirinriisnssrna s ennes 31
71.5 = 1 1] o [ 31
7.2 Mapping Petri Net Type Definitions to XML Syntax .......c.ccoiiiiiiiiiiiiiiiic e 33
7.3 Mapping for High-LeVel NEIS ...........uiieiiiiiiiiii i r s s s s s s s s s s nns 33
7.3.1 Mapping High-Level Nets meta model elements to PNML syntax .........ccccviiiiiiiiiiiiiiiiinnnnanns 33
Annex A (normative) RELAX NG Grammar for the PNML Core Model..........c.ccviiiiiiiiiiicicicrrc s 37

© ISO/IEC 2011 — All rights reserved iii



ISO/IEC 15909-2:2011(E)

Annex B (normative) RELAX NG Grammars for special types ........c.ceviirimiiiiiiiniirrr e e 49
B.1 Place/Transition NetS ......cccciiiiiiiiiiiiiiiis i i e s s s s sra s s saasaasa s s s s s s nasaasansansnnsnnnns 49
B.1.1 I L= = 10T 49
B.1.2 JCo LG T T =T o T 50
B.1.3 L1 L= = 141 14T RS 51
B.2 High-level Petri NetsS.......cooiiiiiiir s e ea e 52
B.2.1 Core Structure Of HLPNGS.......ccioiiiiiiciiiiiiriiiesie i s s s s s ssssasaasam s s n s s s s nsaasansannnnnns 52
B.2.2 D T 61
B.2.3 T LU =Y 62
B.2.4 =TT L= T o T 64
B.2.5 Finite ENUMEIatioNS ......iuieieiiiiiii i s s r e r e e 66
B.2.6 LY o T T3 =T - 1o T 68
B.2.7 T 11 (= 1= o T=T o = 1 T = Y 69
B.2.8 = L 1 0 71
B.2.9 L (=T T 73
= 200 0 1 41 1T S 77
20 I T 0 (S 80
B.2.12  Arbitrary Declarations ..........cceiiiiiiiiiiii e 82
B.2.13 P/T Nets as restricted HLPNGS .........ccciiiiiiiiiiiiiiiiiiiiriinrcsis s e mnaa 84
B.2.14  Symmetric NetS ..o ans 85
= 30 T o | I o 11 86
Annex C (informative) PNML Example of a High-level Net...........coviiiii e 88
Annex D (informative) The PNML Framework: Easing the implementation of PNML ...........c.ccvciiiiiiiiininianns 95
D.1 L1 o To [T T 1o o 95
D.2 1= {3 o Yo Lo} o T 1 95
D.2.1 L0 YT T 95
D.2.2 Generating the API from @ Model.........cciiiiiiiiii 96
D.3 Features of the PNML FrameworK .........cciiiiiiiii s s s s s s s s s e e 96
D.4 Application to a Petri nets CASE 100l ........c.cviiiiiiiii s s s e e 97
D.4.1 Exporting Petri nets models 10 PNML .......cieiiieiiiii i s s s s s s m s eas 98
D.5 Importing Petri nets models from PNML .......cuvueieiiiiiiiii i v s s s ra s e 98
D.6 Time and effort required to develop and integrate a PNML plugin...........ccceveiiiiiiiiiniiiniiiiinnenens 99
D.7 070 3 o7 11 L= T o 99
D.7.1 83118 1= 99
D.7.2 I L= =1 (== 100
BibliOgraphy ...c.eeieii i a 101
iv © ISO/IEC 2011 — All rights reserved



ISO/IEC 15909-2:2011(E)

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.

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

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

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

ISO/IEC 15909-2 was prepared by Joint Technical Committe ISO/IEC JTC 1, Information technology, Subcommittee
SC 7, Software and systems engineering.

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

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

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

© ISO/IEC 2011 — All rights reserved v
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Introduction

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

This part of ISO/IEC 15909 defines a transfer format for High-level Petri Nets in order to support the exchange
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 exchanging any kind of Petri net.
Based on this PNML Core Model, this part of ISO/IEC 15909 also defines the transfer syntax for the three versions
of Petri nets that are defined in ISO/IEC 15909-1: Place/Transition Nets, Symmetric Nets', and High-level Petri
Nets, where Place/Transition Nets and Symmetric Nets can be considered to be restricted versions of High-level
Petri Nets. For Place/Transition Nets, this part of ISO/IEC 15909 introduces two different transfer formats: one is a
format specifically tuned to Place/Transition Nets, the other is a format that represents Place/Transition Nets as a
restricted version of High-level Petri Nets as defined in ISO/IEC 15909-1.

The basic level of conformance to this part of ISO/IEC 15909 is to the PNML Core Model. The other levels are
according to the particular type of the Petri net; for High-level Petri Nets there are two levels of conformance: textual
conformance ignores the exact syntax and structure of the labels; structural conformance requires that labels are
given in the exact syntax as defined here. Since Symmetric Nets are designed for analysability, textual conformance
does not make any sense for Symmetric Nets; therefore, there is only structural conformance for Symmetric Nets.

Note that this part of ISO/IEC 15909 introduces some concepts that are not defined in ISO/IEC 15909-1. These
concepts are not related to the mathematical concepts of Petri nets and their semantics. They concern the graphical
representation of nets and the structuring of large Petri net models. These concepts need to be defined, along with
a transfer format for Petri nets, in order to ensure that the graphical appearance of a Petri net in different tools is
similar.

This part of ISO/IEC 15909 is structured as follows: Clause 1 describes the scope, the areas of application and the
intended audience of this part of ISO/IEC 15909. Clause 2 defines conformance. Clause 3 gives references that
are essential for the correct interpretation of this International Standard. Clause 4 defines all terms relevant to this
International Standard and includes a list of abbreviations. Clause 5 introduces the concepts of PNML using UML
meta models. Clause 5.2 defines the PnML Core Model, which is the structure common to all versions of Petri nets.
Clause 5.3 defines the particular concepts of the different Petri net types. Clause 6 provides the mapping of the
syntactical concepts defined in this part of ISO/IEC 15909 to the concepts defined in ISO/IEC 15909-1. Clause 7
defines how the concepts of PNML as defined in Clause 5 are mapped to XML syntax.

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

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

1 Scope

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

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

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

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

2 Conformance

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

2.1 PNML Documents

An XML document is conformant to the PNML Core Model if it meets the definitions of Clause 5.2 (concepts) and
Clause 7.1 (their mapping to XML syntax) — such a document is called a PNML Document or a Petri Net Document.
A Petri net tool is conformant to the PnML Core Model if it can import all PNML Documents and if it can export all
Petri nets 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 Clause 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 Place/Transition
Net Document. A Petri net tool is conformant to the PNML Place/Transition Net definition if it can 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 the existence of
textual labels as defined in Clause 5.3.2 and 5.3.11 (concepts) and Clause 7.3 (mapping to XML syntax). But,
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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 level of High-level Petri Net conformance requires that all annotations obey the rules defined in
Clause 5.3.2 and 5.3.11 (concepts) and Clause 7.3 (mapping to XML syntax). Such a PNML Document is called
a structurally conformant PNML High-level Petri Net Document. A Petri net tool is conformant to the structural PNML
High-level Petri Net definition if it can import all structurally conformant PnML High-level Petri Net Documents, and if
it can export all High-level Petri Nets to a structurally conformant PNML High-level Petri Net Document.

2.5 Place/Transition Net Document in High-level Notation

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

2.6 Symmetric Net Documents

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

3 Normative references

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

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

ISO/IEC 15909-1, Systems and software engineering — High-level Petri nets — Part 1: Concepts, definitions and
graphical notation

ISO/IEC 15948, Information technology — Computer graphics and image processing — Portable Network Graphics
(PNG): Functional specification

ISO/IEC 19757-2:2008, Information technology — Document Schema Definition Language (DSDL) — Part 2: 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
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