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1400 -1530 Ekkart Kindler
PNML “Theory”: Objectives, principles,
concepts and XML syntax

1530 -16% Coffee break

16%° -173° Lom Hillah
PNML “Practice”: Making it work —
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= The Petri Net Markup Language (PNML) is an XML-
based transfer format for “all kinds” of Petri nets.

= PNML is currently standardized in ISO/IEC-15909

Part 2: focus on high-level nets (under ballot)
Part 3: different extensions
modularity
type and feature definitions
particular versions of Petri nets

PNML: Theory
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(That’s why the Agreed!

focus here is on

)
concepts. ,

PNML: Theory
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PNML and XML

=
e

I

i

= The Petri Net Markup Language (PNML) is an XML-

based transfer format for “all kinds” of Petri nets.

= For exchanging, PNML between different tools, the
XML syntax is important; but that's a technical issue.

* The interesting stuff are the concepts behind/of
PNML.

PNML: Theory
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= |ISO/IEC 15909-1 defines
High-level Petri Nets (2004)

p——

Note that

= |ISO/IEC 15909-2 defines a L"'” intern tg,f 'S not (yy)

al stan
transfer format for High-level Petri Nets™ e

based on PNML (currently under FDIS baIIot)

= [SO/IEC 15909-3 will define net extensions
and the underlying concepts of PNML

PNML: Theory S
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= The Petri Net Markup Language (PNML) is an

XML-based transfer format for “all kinds” of
Petri nets.

— )
Why do W€ need 8
standard? D

Y

PNML: Theory
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* Boost use of tools and interchange of Petri
nets among tools

* Increase visibility

* Industry just “loves” standards

PNML: Theory
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many versions and variants of Petri nets

= with many common features,
= but also with many variations,

= some fundamental differences,

= and many different combinations of the same
or similar features

PNML: Theory 8
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= PNML should enable the exchange of al
kinds of Petri nets, and, ultimately,

= alleviate exchanging between Petri net
tools that support different versions of
Petri nets without loosing too much
information.

PNML: Theory
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PNML is an XML-based transfer format for
“all kinds” of Petri nets

= flexible and universal

= clear and unequivocal
= compatible

PNML: Theory
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<place id="pl"/>
<arc id="al" source="pl" target="tl1l"/>
<transition id="tl1"/>

<arc id="a2" source="tl" target="p2"/>
<place id="p2"/>

O— O

PNML: Theory 11
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<pnml xmlns="http://www.pnml.org/...">
<net i1d="nl" type="...">

<place id="pl"/>
<arc id="al" source="pl" target="tl1l"/>
<transition id="tl1"/>

<arc id="a2" source="tl" target="p2"/>
<place id="p2"/>

</net>

</pnml> <:> N %:>

PNML: Theory 12
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A first example

<place id="pl">
<name>
<text>i</text>
</name>
<initialMarking>
<text>1l</text>
</initialMarking> Label
</place>

O— 10O

i action 0

PNML: Theory 13
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JAll kinds”® of Petri nets can be represented by

" places YamnN
" transitions, and PNML Core Model
" arcs

along with some . «merge»
" labels S\

Petri Net Type
Definition

PNML: Theory 14
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* |Introduction and Motivation

= Basic concepts
= Core model
= Type model

= Mapping to XML

= More detalls

= Extensions and Current & Future Work
= Conclusions

PNML: Theory

15



Core Model (overview)

PetriNet

L 2

%k

Object "
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PNML Core Model

label Label

/\
< SOuUrce
Node
/\ target
Place Transition

PNML: Theory

Arc

i 5 action 0
D (O

16




Core Model (overview)

PetriNet

L 2

%k

Object “
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label Label

/\
< SOource
Node
/\ target
Place Transition

PNML: Theory

Arc

17
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PetriNet
L 2
Object “ label Label
/\ /\
< source
Node < Arc Annotation Attribute
/\ target

O— O

Place Transition %

\ 0
O—— —0O

PNML: Theory 18
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Object label Label
%
/\ /\
source
Node Arc Annotation Attribute
target
AN /\
name
» defines label Name
Place Transition {redefines label}

PNML: Theory 19
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2 Petri Net Type
. Definition
@—> >© Annotation

initialMarking )
Place @ PTMarking
{redefines label} ‘
inscription o
Arc L o PTInscription
{redefines label}
text textr
XML Schema:: XML Schema::
NonNegativelnteger Positivelnteger
PNML: Theory

20
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Annotation

/\

initialMarking .
Place @ PTMarking
{redefines label} ‘
inscription o
Arc L o PTInscription
{redefines label}
context Arc inv:
( self.source.isKindOf(Place) and text text
self.target.isKindOf(Transition) ) or
( self.source.isKindOf(Transition) and XML_Schema:: XML_Schema::
self target.isKindOf(Place) ) NonNegativelnteger Positivelnteger

PNML: Theory "
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|
HLPNG )
. text
Annotation 01| XML::PCDATA
type
{redefines label} Type " structure Type
0.1
Place 0.1
hlinitialMarking
{redefines label} : structure
HLMarking Term
0..1 0..1
condition
. defines label
Transition }0 iredefines aoei Condition \‘ structure Term
N 0..1
hlinscription
defines label
Arc }‘ tredefines aoei HLAnnotation \‘ structure Term
h 0.1
declaration
. {redefines label} * .
PetriNet Declaration structure Slgnature
declaration * 0..1
{redefines label }
Page H
I
PNML: Theory | 22

U MM aronaSS



u .. :: Technical University of Denmark ‘UWHH
O u tl I n e Informatics and Mathematical Modelling -—
>

Ekkart Kindler

* Introduction and Motivation
= Qverview
= Principles
= Basic idea
= Basic concepts
= Core model
= Type model

= Mapping to XML

= More details

= Extensions and Current & Future Work
= Conclusions

PNML: Theory 23
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<pnml xmlns="http:...">

<net id="nl" type="...">

PetriNet

<place id="pl"/>

<arc id="al" source='"pl"

T

target="t1l"/>
<transition id="t1"/>

Object

<arc id="a2" source="tl1"

target="p2" />

/\

<place id="p2"/>

. source
Node
</pnml> ZX
Place Transition
PNML: Theory

Arc

24
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name
<place id="pl"> Node @ Name
<name> N\ X 2
. text
<text>i</text> oxt |
XML::
</name> PCDATA
<initialMarking>
<text>1l< / text> initialMarking
</initialMarking> Place @ PTMarking
</place>
PT-Net textr
XML Schema::
NonNegativelnteger
PNML: Theory

25
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" |Introduction and Motivation
= Basic concepts
= Mapping to XML
" More detalls
= Toolspecific information
= Pages, reference nodes
= Graphics
= High-level nets (overview)
= Reading the standard
= Extensions and Current & Future Work

= Conclusions

PNML: Theory 26



PNML Core Model

-. 3% | Technical University of Denmark DTU

Object

name

PetriNetDoc
net |
PetriNet .
id
type .
R R 3
object |-
id
0..1 ‘
name
{redefines label}
0..1
Name

/\ ®

{redefines label/T
text |1

XML::PCDATA

Informatics and Mathematical Modelling “"
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|
Tool specific
information
Toollnfo
toolinfo * ool
toolinfo * version
\\toolinfo *
‘— label *
‘ label =* Lalbgl
\ \
D Annotation Attribute
raphic O- graphical
Graphics . .
% information

: L source | context Arc inv:
Page Node PE— Are / —— source and target must
Llarget  * —— be on the same page
% self.source.page =
1 : \ self.target.page

p a g e S a N d aceNode vef ref TransitionNode
refgrence N\ . do i
nodes Place RefPlace RefTrans Transition
PNML: Theory

27
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<initialMarking>
<text>3</text>
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<toolspecific tool="org.pnml.tool"

version="1.0">

<tokengraphics>
<tokenposition
<tokenposition
<tokenposition
</tokengraphics>
</toolspecific>
</initialMarking>

PNML: Theory

X="—2" y=n_2n />
x=112n y="0" />

X="—2" y=112n />
10 %ﬂ 0 40 30

0+ ready 2

204

28
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Tool specific information can be used to store

any additional information with any Petri net
element, where a tool deems that necessary.

Recommendation:

= Other tools should not touch it (as long as the
respective element is not deleted)

= Contents should be local!

" No conditions on contents, except that it be
well-formed XML

PNML: Theory 29
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requestl request?
/X N

criticall

/D C&riticalz
N A
\< P, ﬁapk \ ,/

idlel

idle2

PNML: Theory 30
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request1 k requestk‘

/ critica} {:itic;;Q\

idlel
@ semaphor \

idle2

PNML: Theory 31
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* .
Ob ject context Arc inv:
self.source.page =
/\ self.target.page
¢ . source
Page Node |, Arc
target
/\
I ref ref | —
PlaceNode < —> Transition
: Node
Place RefPlace RefTrans Transition
PNML: Theory

32
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<pnml xmlns="http:...">
<net id="nl" type="...">
<page id="pgl">
<place id="pl"/>
<arc id="al" source="pl"
target="t1l"/>
<transition id="tl1"/>
<arc id="a2" source="tl1l"
target="p2" />
<place id="p2"/>
</page>
</net>
</pnml>

PNML: Theory 33
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" nodes and pages
= position and size
= colors, line styles and width
" images

® arcs
* intermediate points

= color, line styles and width
= annotations

= position (offset)
= font and size

R VT L
\ ™ name. Pl

— —
- —
—

PNML: Theory

34
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" Introduction and Motivation
= Basic concepts
= Mapping to XML
* More details
= Pages, reference nodes
= Graphics
= High-level nets (overview)
= Reading the standard

= Extensions and Current & Future Work
= Modularity
= Type definitions

= Conclusions

PNML: Theory 35
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|
Sorts: A
Variables:
X, y: A

>

A

. xxA | [ xxA

-'- Jﬁ AxQenvelopes: AxA
VNN

— Ty

1

negotiating:
A

X

(v A
(x.y) agreed: A

mailbox: AxA

PNML: Theory 36
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-
Terms }
1 def
Declarations Term
subterm
T {ordered)
i
Declaration
| | |
B . 1 varianlaDect L
SortDec! WariableDecl Varnable OperatorDecl | 1
¥ parameter r
fame fame InEdE':d.-' context Vartzble mv: flatie
1 f R —— sont of Variable is sort of Term declastion
declanation zelf sort = self vardableDacl soat )
sart sart
gef 11 1 1 foutout WamedOperator
NamedSort jordered) = Sort Operatar
elemention * inpuat e
context NamadSort inv g1 2uals(Sort)hool {ordered} context Operator s
I2alf def ocl asts ] K\L — sort of Tenm 15 output sort of Oparator
I TypeOfMultiSetSort) self sort = salfoutput
[ BuiltinOperarer
BuiltnSart —
— BuiltlnConst
‘4 MultisetSort — 1 MulriSerOperaror
el
4.{ ProductSort — —  Tuple
UserSort — — UserOperator
P

PNML: Theory
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<=import==
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Booleans

CImport=
ez o - - ]

HLCoreStructure
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1

XMLSchemaDataTypes

A

! -

: =i<11.mp0112=13=
1
1

0.1

hlinitizlMarking

redsfines |

radefines label}

Annotation

ahel

stuetre | Terms::Sort
[

!

stmchirs

condition
redefines label

Condition

structure | Termm

0.1

0.1

hlinseription

HLAnnotatien
L

declaration

{radafines label} *

context Are inv:

—— no arcs between nodes of the same kind
(zelf source ocll:KindOf(PlaceMode) and
self target.oclsKind Off Transitien?lode) )

or

{redefines labal}

Declaration

declaration +

context Condition inv:

(zelf source ccll:KindOfTransitionMode) and

self target ocllsKindOfiPlacalNode) )

stacture

— the term for the condition must be of sort boolean
(self structure sort ocllsKindOf(Bocleans:Bool)

—
(B
& I
bl e
g [

0.1

stuctwre| Terms::Term

0.1

Terms-Declarations

PNML: Theory
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Booleans

“EUmport=
e - — e — = — = = ]

“mport=
[ = = == = = = ]

HLCareStructure ]

i
I
I
I
I

“=import-==

Annotation
TERT | 30T %okl Ty
HLCorednnotation 0.1 | Strizz
ype
{redefimes label} Tvpe 571"3‘:'-"-'1"!_ Terms::Sort
01 0.1
hlmitialMarkme
{redefines label} HI Marking ET].'.'.EL'LIIE. Terms - Term
0.1 0.1
condition
- redefines label
Transition )’ fredefine a:;i Condition |l stuetns | Terms:: Term
B 0.1
hlimseription
{redefines label}|
Arc 0 3 HL Annofation stucture| Terms: Term
0.1

PetriNet

declaration

{radefines label}

'-U
4]
g
1]

contaxt Are 1w

—— no arcs between nodas of the same kind

(zelf source.cclsEindOf{PlaceMNode

self target.oclsKindOf TransitionlNode] )

or

declaration

{redafines label}

¥

context Condition v

) and

(zelf source ool EKind O TransitienNode) and

self target.oclsEind Of{Placelode)

~|
/

%
Declaration . stucture | Terms: Treclarations
0.1

— tha term for the condition mmst be of sort boolean
(self stucturs sort oclEKindOf{Bocleans:Bool)

1
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Large parts of the standard (> 1/3 of main part) dea

with the definition of built-in sorts and operators:
= Dots
= Booleans
= Products
= Multisets
= Various finite domains (for Symmetric Nets)

= Naturals, positive integers, integers
= Strings

= Lists

= User definable sorts and operations

PNML: Theory
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ISO/IEC 15909-2: defined net types and their relation

/TN VAN 2N
PT-Nets Symmetric ~ § «merge» | HLPNGs
Nets

|
S |

I

|

. /v

PNML Core

PNML: Theory 41
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Introduction and Motivation
Basic concepts
Mapping to XML

More details

= Pages, reference nodes

= Graphics

= PNTD: High-level net (overview)
= Reading the standard

Extensions and Current & Future Work
= Modularity
= Type definitions

Conclusions

42
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Informati cs
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Wi C?\ au x ':F'; File Edit Yew Document Tools Wind Help 3
odel- ’
M 2
ISCVIEC 15209-2:2008(E) ISCVIEC 15009-2:2009(E)
PNMLCoreModel
; - NodeGraphics =
| SymumetricNet } HLPNG | [T S b ot AP
comsaxt 2 Graphics | e ebjsct oolliina08 Pags)
“=marges <<merges: mccquﬂmxrm e Craphics im-
| snlth]nanﬂJsLmin"-!mzhcn]
PNML Core Modal
Figurz 1: Owarview of the uML package s of PHML
5.2 PNML Core Model
Figures 2and 3 show the Aesc Core Model as a umL class diagram. The diagram of Fig. 2 focuses on the conceptual
parts, wherzas the diagram of Fig. 3 facuses on the parts concarning the graphical representation. Mate that the
data type String is imported from a separate package XMLSchemaDataTypes, which is discussad in Clause 52.6.
The concapts definad inthe Al Core Mods! are discussed in the Bllowing clauses.
PNML Coreldocel Figure 3: The PNML Core Model: graphical information
Table 1: pumL attributes of graphical information
Class Attribute Dramisin
Coordlinate  x decirmal
Ei ] ¥ decirmal
E Fill color cEs2-color
] m image anyURI
gradiant-color CE52-color
gradiznt-rotation  {vertical, horizontal, diagonal}
Line shaps {line, curva}
color CE32-color
width nonhe gative Decimal
siyle {solid, dash, dot}
Fant farrily cas2-font-farmily
style CE52-font-style
waight CE52-font-weight
size caa2-font-size
il [ | source 1 decoration {undarline, cvarling, line-through}
[ me | [ ode |:| | align {let, center, right}
| comsn A . ratation decirmal
- —i'é“c"&'mlmp'u‘?"
o olf et page Though thera is no way to define the start point and the end point of an arc explicity, the abowe concapts allow
a usar making sure that an arc starts and ends exactly, where he wants it to start and end. I the first, {or last)
— =~ - intarmadiate point of an arc lies exactly on the border of the raspactive noda (or vary closa to it), this will b tha
| FefPlace | | RefTrns | | Trensttian | start point (or the end point rRsp.) of that arc.
Foran arc, there are soma line attributes, which define the sirla, the colow, and the width in which it is displayed.
Tha dmension of a node or page gives its size, again as a pair refarning to itswidth (x) and height iy). Dapanding
on the ratio of height and width, a place is displayed as an allipse mthar than a circle. A transifon is displayed as
a rectangle of the comesponding size. If the dimansion of an element is missing, 2ach tod is free to uss its own
defaultvalus for the dimansions.
Figure 2: The A Core Model package: concepts The two elemants @ and Fne dafine the interior and outline colours of the comesponding eleament. The valus
assinead to a color attribute must be a ReE value or a pradefined colour as defined by css2. When the attributa
@ ISVIES 2009 — All rights resarved 7 10 @ 1SOAEC 2009 — All rights reseread
-
— —T g L1 U p— - = g .G L
o G l4 4 [ o1 | (<] (d] - a = 4 4 [ 1ofos [ b bl | © = i

PNML: Theory
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Place/Tra
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d their Built-in Sorts

ISVIEC 15209-2:2009(E)
53 Petri Net Type Meta

This Clause dafines mata modeals for thres wersions of Polri nets: Place/Transition Net Symmeiric Nets, and High-
Lewved Petii Nt Graphs (HLPMGS) as defined in part 1 of ISOVIEC 15209, whare Symmetric Nets are a msricted
warsion of High-Level Peri Net Graphs currently defined as an Amendment to part 1. This general structure has
alrady baen shown in Fig. 1. Thesa meta modals define the labels of the respactive Peiri net tvpe.

Part1 of ISVIEC 15009 dafines a mapping from the conce pts of Place/Transition Nets to the concapts of High- Level
Poatri Net Graphs and shows how the usual mathematical re pre sentation of Place/Transition Neds ¢ an be reprasentad
as a restricted varsion of High-leve! Pein Nats. This will be Place/ Tansiton Nats in High-lewe! Notafion, which will ba
dafinad in Clause 5.3.1 2. This part of ISVIEC 15909 introduces anexplicit transfer format for Place/Transition Nets
in omar not to foree tools for Place/Transition Nets to use the syntax of High-Leval Patri Net Graphs. This format
reflacts the usual mathematical definition of PlaceTransiton Neis.

5.3.1 Placa'Transition Nets

This Clause dafine s the meta modal for Place/Tansition Mets in s of a uML package PT-Nat.

A Place/Transition Net is a net graph, whare sach place can be labslled with a natural numbsr represanting the
initial marking and an arc can be laballed with a non-zero natural number rrpresaenting the arc annotation, with the
meaaning as definad in part 1 of ISVIEC 152902 (see Clauss B.1): the labal of a place p denotes the initial marking
M (p), the labal ofan arc § denotes the arc waight W7 7).

Figura 5 shows the package PT-Met. Note that the only classes defined here are PTMarking and FTArcA nnotation.
The classas Place, Arc, and Annotafion come from the package Fwesc Core Modal, They are imported (actually,
thay ara memged) here in order to define the possible iabels for the particular nodes of PlacaTransiion Nets.
Likawisa, the classes praficad with XMLSchemaDataTypes are imported from the standard data type package (sea
Clause 5.2.6).

PI=Nat

contem Are i
203 3 betwomn nodes of the s kind

falf anearee.c<llakirk 8 ozl d
sl et bR isdOf Tresaisoatlade]

falfanearee. o laRimd 8T
seliseget octbiisdcriMucehiode) 1

Figure 5: The packags PT-Mat

12 @ 1SOAEC 2009 — All rights reseread
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Listing 1: PNML code of the sample net in Fig, 23

<poml xalns="hitp:ave. pual. org version-2008/ grannar,pnel
<pat id="ml " type= hitp:/ . prel.orgversion-2009/granrar,pinet "
<paga id='iop-level ">
“oame
<taxt¥An exazpla Fi/T-net</taxt>

“graphica>
<pomiticn x='20" y='20"/>
</, ice»

<textdroady</text>
<graphics>
<gffget x="0" y="-20">
<] ics
“</nama>
<imitialMarking®
Cramt»3C text>
<toclepscific toal='org.pnal. tool® versim='1.0%
<tokengraphics>
<tokenposition x="

<tokenposition x="-2% y='2" S
«/tokengraphics>
</teolspazifics
</initialMarking>
</placs>
<transiticnm id=":1'»
“graphica>
<positicnm x= 60" y= "0 >
<A, ice*
< ition™
<arc id='sl" source="pl" target="ti"s
“graphics>
ign x="30Y y= 5%
<positicm x="E0" y= "5V
</, ico>
<imseriptico:
Cramt R text>
<grephica®
<gffget x='0" y="5Un
<, ics>
</inscription>
<farce
< /page®
</fnst>

</paal>
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XML-Syntax

| |

ISVIEC 15209-2:2009(E)

Table 4: Translation of the FruML Core Modal into predL aleme nts

Class XML elameant XML Attribuie s
FetiNatloc  cpmml> xzlns: anylRI (http://www. pual. oTgs wersion-2008 /gracsar /poml)
PFetriMat cnate id: ID
type! anyUR
Placs <placs> id: ID
Transition <tramsition® id: o
Az “arce id: 0
source! IDRe! (Nods)
targat: IDRef (Node)
Page cpaga> id: ID
RafPlacs <rafarsncaFlaca> id: ID

ref: IDRef (Place or RefPlacs)
RafTans <raferspcelrapsiticn> id! D
rof: IDRef (Transition or RefTrans)
Toolinfo <toclepecific> teal: string

varsicn! shing
Graphics «cgraphice>
Marme “naza®

Table 5: Possible child elemants of the «graghice» alament
Parantelemant dass  Sub-slements of < iz

Node, Page <pesition>
“dizengdon>
«fill>
«line®
Arc «<pesition» (28M0 or mors)
«<line>
Annctation <offsat>
i1l
«line®
cfent>

In general Aaede Documents, any xML elemant that is not defined in the swa Core Modal (i.e. not occurning in
Table 4) is considered as a labal ofthe Arear slementinwhich it occurs. For sxample, an <initislMarking> elemant
could ba a labal of a place, which rapra sents its initial marking. Likewise cans> represent the name* of an obyect,
and <inecripticn> @N arc annotation.

A legal elemant for a label must contain at kkast one of the two following elements, which represants the actual

value of the fabal: a <wsxt> slemant reprasants the value of the labal as a simple string; the <strocturs» slemant
can be usad for rpresanting the value as an abstract syntax tree in xmL.

An optional PMML <graphice> element defines its graphical appearance; and optional PNML <taclspscific> sl mants
may add tool specific information to the labsl. Mote that this part of 1ISVIEC 15009 doas not mandate the in-
ner structure of <toslspecific> @lements; evary tool is free to structurs its information inside that element at its
discration.

7.1.2 Graphics

All Fresr elements and all labals may include graphical information. The intarnal structure of the PHML <graphicze>
alemant, i.e. the kegal xeaL children, depends on the elemant inwhich the gaphics elemeant occurs. Table 5 shows
the alemants which may occur within the <graphics» @ lement (as defined by the uML modalin Fig. 3).

“Meta that this, sctually, i the only Jabsl that is scplickly dzlined in the ANRL Core Mode.

30 @ 1SOAEC 2009 — All rights reseread
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The <pasitien> @lemant defines an absolute position for nodes and pages, whereas the <affset> slemant defines
a relathe position for annotation. The name of the alement comes from the coresponding roke in the uraw diagram,
and the possible attributes are darived from the attributes of the corresponding class inthe une diagram.
Table & explicitly list the attributes for 2ach graphical element defined in Table 5 icf. Fig. 3 and Table 1). The domain
of the attributes refers to the data types of either xmL Schema, or Cascading Styleshests 2 (css2), oris given by an
axplicit enumearation of the kgal values.

Table &: Prk ical alements
XML 2lament  Attribuie Ciomeain
<popition> X decimal
" decimal
«gffget> E decimal
¥ decimal
«dizensicn* X nonkegativeDacimal
¥ nonkegativeDacimal
<£ill> oolor caaR-color
i anyURI
gradient-cokor CEE2-color
gracient-rotation  {vertical, horizontal, disgonal}
«lima> shaps {line, curve}
color cEs2-color
width nonkegativeDacimal
style {solid, dash, dot}
<font> farily cas2-font-family
style cEE2-font-siyle
waight cEs2-fontweight
size css2-font-size
decoration { undeline, cvarding, line-through}
align {left, canter, right}
rotation decimal

The meaning of these elemeants and attributes is defined in Clause 5.2.4.

7.1.4 Mapping of XMLSc} DataT,

The concepts from the package XML SchemaDataTypes are mappead toxmL symita in the following way. The Sting
objects are mapped to xMae PCDATA, ie. there will ba a PCOATA section within the alemant which contains the
Siring. This, basically, comasponds to any printable text.

Likewise, Integers, NonNegativelntegers and Posifvelntogers are mappad to the xMLSche ma syntax constructs inte-
ger, nonVagativelntager, and posiivelnioger, respactivaly.

7.1.5 Example

Figure 23: A simplke Flaca/Transition Net

In order to illustrate the structure of a Faesc Document, there is a simple example Aeac Document represanting
the Petii net shown in Fig. 23, which actually is a Place/Transifon Net. Listing 1 shows the comesponding s
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dobe Reade 209 [) h. pd 3 2 h. pd L]
File Edit Wew Document Tools MWindow Help use 5 1 - File= Edit Wiew Document Window Help - | & x
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Forconstructing such terms, one can use built-in goerators and sorts, and user-defined variabies, which are definad owiput sort of the operator are also epresented as derived associations bacausa, in some situations, they nead
ina variable daclaration. The variable dedlarafions are annotations of the net ora page. Moreovar, a ransition can not ba given explicitty since they can be darivad from the typa of tha aparator.
have a condition, which is a tarm of sort bocdlean and imposes additional conditions on the situations in which a + 3 . " 9 .
transition can fire. These concapts and their semantics are precissly defined in part 1 of ISTVIES 15209, The only Figure 8 shows the package HighL evel Core Structure, which dafines all the annotafions for both, Symmeric Nets
dife i that i thems is a fixed ralati nd ol b o funct and High-Leval Pelii Net Graphs. Mota that, since the classes for built-in sorts and operators am abstract, we do
rence isthat, in part 2, there is a relation N sorts and types a tween operators al fions. nct have any built-in soris and aperators yat Thesa will be defined in Clauses 5.3.3 to 5.3.9.
The uML diagram with package Tarms, which defines all these concapts, is shownin Fig. 7: It defines the concapts
of sonts, operators, deciarations, and terms, and how terms are constructed from vaables and operators.
Tems mEcme}w -
HILCoreSmucnre
Terms
i le smactern —
L Markirg {Temms: _EE
o et T e g et g - v
welf el ol "
BTypeCiibdibesices) tyest semsctern | Tamms: TE;‘
E W
E Hizazigtion
=
decluaraticn
Dt e [ P —
= o
Irednfines b |
Page
Figurz 7: The meta modal for Terms P
For 2ach variable ded arafion thare is a comesponding sort. A sort can be a buiiin sort, a muliiset sort ovar some c:?;?;j:.“:lﬂl::::u::-::t:ﬁw
basis sovt, a product sort over somea soris, or a sort which is given in a vser declaration. In the core structurs, the
only possible sort declaration of a user is by constructing a new sort from axisting ones and by giving tham a naw -
name. From thesa, the usar can define new onas. Mota that cyclic references in usar defined sorts are not allowad. s tergpe.ocd |k ind A Placelinde) )
In addition to these user defined sorts, called named sorts, therewillbe arbitrary sorts. Since these are not allowsed 1
in Srmmetric Nats the se will be defined only in Clause 5.3.11. | comenges
i
An operator can be a builtin constant or built-in operator, a mulfsat operator which among others can construct i
a muliset from an enumeration of its skemants, or a tuple operator. Each operator has a sequance of soris as its ML Carahode!
input sorts, and exactly one cuipwt sort, which defines its signature. As for sorts, the user can define own operaiors.
Harm, it is only possible to define an abbreviation, which is called a named operator: It can use a term, which is .
built from axisting operators and parameter vaniables, for dafining a new aperator. As for sorts, cycles (rcursion) Figure &: The package High-Level Core Structure
in these definitiors are not allowsd. As for sorts, there will be arbitrary operator declarations for High-level Petri Net
Graphs, but not for Symmetric Nets. The=fore, these concapts will ba defined in Clauss 5.3.11. In addition to the annotatons defined above, the package High-Level Core Structre raquires that arcs must not
From the built-in aperators and the user-defined operators and varialles, terms can be constructad in the usual onnact two places and must not connact two fransiions.
way. The sort of a tarm is the sort of the variable of the owput sort of the gperator. Therefore, sortisindicated as a that this model defines an abstract syntax (structure) for all thesa concapts only. In order to allow tools to
derivd association; its definition is expressed by an ocL exprassion in the L mata modsl. Mot that the g e soma concrate text, all annotations of High-level Nets may also consist of text, which should be the sama
-
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SN and HLPNG

| Adobe Reader - [15909-2-F

I File Edit Wew Document To

-. 3% | Technical University of Denmark

Informatics and Mathematical Modelling

Ekkart Kindler

Adobe Reade 909 )

Z File Edit Wew Document Tools Window §H=pD

ISVIEC 15209-2:2009(E)

TPt <importss

InelFatrcre ol ind S Ml Estiorty

SmergEs

“import=>

| Tamms | | HI CoreSmucturz

Figura 1&: Tha package Symmetnic Mets and its built-in sorts and funciions

In acddition to the buili-in sorts and operators of Symmetric Nets, High-Level Poiri Net Graphs have the following
soris and operators:

= Sort integer (the satofall posithe and nagative numbe rs) with addition, subiraction, muliiplication, ineger di-
wision, and modio operators as the functions as well as the comparison operators <, <, =, and =. Morsoar,
them isa constant for any intager number,

This part of ISVIEC 15209 doas not mandate the exact implemantation of intagers; it could be finite or infinite.

« The sort of siings with the concatenation and comparison oparators 2, = and = as functions, whera tha

arder refers to the kxicographic order.

« Foreach sort there is a sort List over that sort Moraovar, thers is a constant for the empdy fist, an cparator
for appending a single element of the sort to the list, and an oparator for concatanating two lists.

Figura 17 shows the uML package Integers with the defined sorts and operators.

Thres sets of numbars are defined: Natural, Positive and Integer. Any number specified as a constant can ba
declared as an instance of NumberConstant. It refers to one of the sats and its valus must ba anelemeant of the sat
it mfers to. ccL constraints have baen used toanforce this statement. Note that it is not necessary to declara thesa
constants; number constants can be usad wherevar necassary without an explicit declaration.

Classical arithmetic opemtors are defined such as Addition, Subtraction, etc. and relational operators such as
LessThan, GreaterThan, atc.

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

22 @ 1SOAEC 2009 — All rights reseread
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“mponss Simportss

Tuce gers Simportss

<<imports> <Emerges>

<< merges

Terms SymmetricMets

Figura 21: The package HLPNGs

Figure 22: The package of AT Nets definad as restricted HLPNGs
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M

Presented Part:
= |SO 15909-2 (1.3.7), FDIS currently

* PNML Core Model, P/T-Nets,
HLPNGs und Symmetric Nets

= Tool support:
Many tools supporting (variants of) PNML
PNML Framework (second part)

Open issues:
= Explicit Petri net type definitions
= Modules
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* Introduction and Motivation
= Basic concepts

= Mapping to XML

= More details

= Extensions and Current & Future Work
= Modular PNML
= Type and feature definitions

= Conclusions
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|
Goals:
= structuring (of large nets)
" re-use

Concepts (1):
= module definitions
" module instances

PNML: Theory 50



Module Definition

Informatics and Mathematical Modelling

Ekkart Kindler

moort node
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Semantics: a. ,Inlining"
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Goal:

= sharing “labels” (symbols)

Concepts (2):
= symbols

* import- and export symbols

PNML: Theory 95
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|
Problems:
import symbol |
* types of
symbols
* syntactic : Cha””e'/p
correctness | importaata ()
NN
.~ symbol ®o— O
in: data out: data
\\/
S~ " reference symbol |
var x : data;\
ﬁeference symbol |
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Concept 2 (extended) Mo mwammecamons

Ekkart Kindler

e

Problems:

* Label of
reference nodes
have a meaning

type of symbol |

now Channel
p,:data p,:data
* How does /™y import Sort: (™
PNML “know”, Adala
hich bol BT label for
WhIEh SYmbols ®— {5 import and
are there? .
in: data out: data export nodes

* More complex

SymbOIS var x : data;

PNML: Theory 57
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|
Problems:
* How does
import Sort: A
PNML “know”, P
which symbols import Sort: B
Inverter

are there? p,;: B D,:AXB import Operator: f
e H d ’ Q input Sort: A

I:)OW oes o : output Sort: B

NML “know”,
. AR K

which o )é

iInformation in: B out: AxB

must be

provided for

“COmp|eX var X . A,

symbols™?
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Term
% subterm
A {ordered}
. 1 variableDecl .
VariableDecl Variable
name
sort sort
1 1
E[[éyrg,bollil]] 1 output SymbolLl] MSymbol
ort Iperator
* input  [MI$ymbol[l]
{ordered}
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Modular PNML

= |s that it?

PNML: Theory
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" [ntroduction and Motivation

= Basic concepts

= Mapping to XML

= More detalls

= Extensions and Current & Future Work
= Conclusions
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Summary and outlook ~ Mm.

Ekkart Kindle

= PNML is an XML-based transfer
format for “all kinds” of Petri net:

= Standard ISO/IEC 15909-2
(Focus: High-level nets)

= |SO 15909-3*
= API
= Petri Net Type Definition Interface
= Petri Net Type Definitions
= Modularity
= More features

PNML: Theory
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= Any question?
= Any problems, criticism, or proposals?

= Any new ideas?
= Any features or Petri net types missing?

- Just join in the work of
ISO/IEC JTC1 SC7 WG19
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Outline

Motivations
PNML Framework: how to use it?
O Application examples (Coloane, Validation, Dot)

How is it built? (MDE)
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Outline

¢© Limitations
@ Ideas for improvement
O Conclusion

Resources
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Exchanging PN models...

PNML is about exchanging Petri net models, not XML

Export —

A Petri net model




Exchanging PN models...

The XML syntax is irrelevant to design

O Tools must (automatically) deal with it
Keep compliance with the standard
Tool-specific tag for non-standard information

Best effort strategy otherwise

PNML: Practice - PN’09



Export ¥

. h D i)
"\ﬁ

<net type="http://www"

dining philosophers -
5 4
(O nn LOAD wunn =, <" SAE 'm

<place id="p1">

PNML Document

PNML: Practice - PN’09 6
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PNML learning ditficulties

Developers are not yet familiar with the standard
Conceptual part is the one to fully comprehend
The core semantics do not lie in the XML

The standard is not freely available

We need, at least, an entry point

PNML: Practice - PN’09



Easing the access to PNML

Transparent, easy way to handle PNML documents

Help developers concentrate on the core of their
applications, not PNML

Keeping up-to-date and compliant
Keep the door open for future extensions

Reference implementations should make it work

PNML: Practice - PN’09
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PNML Framework

Aims at being a reference implementation of PNML
It is first intended to be used as a library by tools
= Easy to use API to handle PNML documents
O Two use cases of a PN tool for handling PNML.:
import Petri nets from PNML documents

export Petri nets into PNML documents

PNML: Practice - PN’09



PNML Framework at work

Petri net tool T3

Petri net tool T1 i ion of Petri net tool T2

( )

Ready e

~PNML : : |
Starter Start_ Race
Framework

In_ Race

End_Race —— End_Race

] 1 : [
J . [} 5
J . [} 5
J . - - . y
. 1 y .
. 1 y .
- -l o - : : 1
[] 4 '
. 4 ] [ . ! Podium —»
J . [} 5
.

Get_prepared Get_prepared

J

PNML Framework integrated in PNML document PNML Framework integrated in
an existing tool a new independent tool

PNML: Practice - PN’09



Integrating PNML Framework

Developer's PNML handler

( PNML Framework ) :

Petri nets

tool developer > PNML

) repository

g

: ; -
cr I\ (] :
c gL @ Fetchand x| _
1¢ Petri net : check ; N Petri net

. . ) . y .
f( models in @ : ~ Populate ( " Y-V : w models in
proprietary : {”‘ repository N p | L] Save - PNML
.. format Load : @ gl \— v\pfﬁ\ < )
. Developer's Proprietary model PNML “""V"S |

parser exporter

Developer's part
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Ready @<—\

e

Starter  Start_Race

End_Race é

PI(-1,15,227,150,-1)
CA(3:arc,16,5,14)

Y : _
Podium O4£ I(:DI'BI'SB.vaIuatlonJ6,1 1)
Get_prepared

A B

Developer's tool part

PNML: Practice - PN’09

T

:Name

value:Readx
C

Transformation chain

<pnml| xmlns="...">
<net id="1">

<place id="2">

—p <name>
<text>Ready</text>

<initialMarking>
<text>4</text>
</initialMarking
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Application examples
(Short demo)

Coloane (cross-platform Petri net editor)
PNML validation
PNML to dot

PNML to Coq
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How is it built?

Model-Driven Engineering principles:

First model your domain-specific language (DSL)
Customize code generation

Then generate code, customize again, round-trip, ...

Advantages: high-level, less error-prone, target
language (relatively) independent, sync. model-
code, maintainable, extensible



How is it built?

annoted model for

metamodels for
Petri net types

code generation

Petrl net type T1
genmodel (EMF)

@)
< O,

<% <%

pul <%

<% <%Eclassifier cl = ... %>

<% pul <%if (isInterface) {%>

<% p+ Export to PNML */

<% public String toPNML();
<%} %>

>

—

@

)

Code generation templates
(configuration for PNML)

/** Export to PNML */
public String toPNML();

»

PNML Export API

O,

Ecore model (EMF) @

@

]
, .
ol = "
11 + CoEP s
G R e
s | @ e O
cii, I
6 R ] © anstion @ Refra NMLCoreModel

Petri net type T1
Standard version

-

JET Code Generator

generation

—C s

/** Import from PNML */
public pnModel
fromPNML();

L »
PNML Import API

[CREATE

PNML: Practice - PN’09

SAVE] [ LOAD FETCH }
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Limitations

Static code generation API, w.r.t. the metamodels

Every metamodel update implies a code re-
generation

No native front-end, i.e., editor (but a lot of them
out there + new initiatives)

Java

PNML: Practice - PN’09



Ideas for improvement

Dynamic metamodel plug-in mechanism
Grammar generation for new Petri net types

New target languages

PNML: Practice - PN’09






PNML: theory and practice

® Interoperability of Petri net tools
Designed for extension

O PNML Framework: a reference implementation for
PN tools to use to handle PNML documents

Easy to use, fast integration

® New applications are welcome

PNML: Practice - PN’09



dépasser les fror

®

PNML: Practice - PN’09

PNML-WEDB

Web-based repository for PN phmINER

models in PNML ‘

Members

Freely accessible: you can
download or propose models

Models Browser

Free and immediate PNML
document validation

Last updates

Top 10 downloads

RESTful: you can interact with
it from your own application
URL-based invocations)

Petri Nets Markup Language standard

Homepage

PnmiWeb is an academic project, initiated by (Lip6), aimed at providing the Petri net community with a web
application proposing Petri net models in The underlying infrastructure offers a public repository of Petri net
models in PNML, and a RESTful AP to remotely interact with the repository, whatever the client application. Basically,
the models can be fetched, proposed and updated by registered members of PnmiWeb. However, they can be fetched
by anonymous users too. We expect, by providing such services, to

let the community build a reference repository of Petri net models that will be useful for collaboration.

enable tools developers with a freely and permanently available resource they can interact with from their own
applications

PnmiWeb is very user-friendly and you will get familiar to it very quickly!
Models are presented according to 3 main views, as soon as they are uploaded and validated
you can browse them by type defined by the standard: Core models, P/T nets, Symmetric nets, High-level
Petri nets.
you can also browse all of them directly.
you may also browse the models according to their recent stats, on your left
Since models are tagged, you may also perform a quick search on the repository. For instance, look for dining
philosophers models, or those proposed by someone you know is a registered member of PnmiWeb. You may
also look for models of a particular project you are interested in
PnmiWeb progressively proposes services on Petri net models in PNML (shortly said PN-PNML). For instance
you can now validate a PNML document against the standard specification, to check if its conformity. Itis a remote
service.
Developers interested in proposing new remote services may contact us, so that we discuss the terms and
provide room for their services.
Al of the above features are accessible to everyone. However, some important features are accessible only to
registered users:
PnmiWeb offers a RESTful (->lien vers un site de référence REST) AP, so that you can interact with it from any
type of client, whether a browser, a command-line tool, or a desktop application. This is an important and very
convenient feature for tool developers to make full use of and take advantage from. It is a very convenient and
powerful way to query our application from your tool (this browser basically does the same...). Parts of the API can
only be accessed by registered users (require authentication). The specifications are published here (-> lien vers
Ia specification REST de PnmiWVeb).
You can submit new models to be added to the repository. It is very easy to do so. Once they are validated against
the standard, they must be validated the first time you submit them by the admin. Then, they are definitely
included.

You can undate every nart of vour models records (incliding unloading a new file)' we use version and revision

<I>
L Réseaux
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Webography

http:/ /www.pnml.org

http: / /pnml.lip6.fr

http: / / coloane.lip6.fr

http: / /www.pnmlweb.org (Fall 2009)
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