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& Java - /resource/org. pnml.tools.epnk. pnml-examples-documents/MinDistance. pnmli#pg1 - Eclipse SDK

File Edit Diagram Mavigate Search Project Run  Window Help
il S -0 i HE- @ =R ﬁ|3yJava|
. n - - " -
3 — v :g_}_':vogvé.gv O e | 100%
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(" Place
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- ] : _ RefTransition
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_ MESSAGE = Label
D& sampleStPrioy. pnml =
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Rea world iIssues

= Many more features:
Pages, reference nodes, ...

= Need to define specific XML syntax (PNML)

= Different versions of Petri nets
(each would need a separate GMF-editor)

= Definition of new versions of Petri net types
without touching the existing tool,
(almost)without programming

MBSE (02341 f16), LO5

=
—]
=

M




Outline

DTU Compute

Department of Applied Mathematics and Computer Science
Ekkart Kindler

=
—
=

i

= Motivation

= PNML

= Overview

= Core model

= Type model

= Mapping to XML
= Experience and statistics
= ePNK: Tutorial
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2. 1. PNML in a nutshell [Z e
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= The Petri Net Markup Language (PNML) is an XML-based
transfer format for “all kinds” of Petri nets.

PNML is an International Standard: ISO/IEC-15909-2

Part 2: focus on high-level nets (under ballot — again )
Part 3: different extensions

modularity
type and feature definitions
particular versions of Petri nets

MBSE (02341 f16), LO5




But ...
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fThat’s why th

focus of PNML
IS On concepts
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PNML and XML | B

=
—
=

M

= 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 of PNML.

MBSE (02341 f16), LO5
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Cha”enges ‘ DTU Compute | DTU

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

MBSE (02341 f16), LO5
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‘ DTU Compute

Objective

= PNML should enable the exchange of all
kinds of Petri nets, and, ultimately,

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

MBSE (02341 f16), L05 12



A first example

<place id="pl"/>

<arc id="al" source="pl" target="tl"/>
<transition id="t1"/>

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

MBSE (02341 f16), LO5
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<pnml xmlns="http://www.pnml.org/...">
<net id="nl" type="...">

<place id="pl"/>

<arc id="al" source="pl" target="tl"/>
<transition id="t1"/>

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

</net>
</pnml>

MBSE (02341 f16), L05 14
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<place id="pl">
<name>
<text>i</text>
</name>
<initialMarking>
<text>1l</text>
</initialMarking>
</place>

Label

O—1—0

i action 0

MBSE (02341 f16), L0O5 15
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LAl Kinds® of Petri nets can be represented by

= places v
= transitions, and

PNML Core Model
= arcs

along with some
= labels

I

. «merge»
I
/Sl

Petri Net Type
Definition

MBSE (02341 f16), L05 16
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PetriNet

PNML Core Model

Object " label | abel
/\ *
_ source
Node [ Arc
target
/\
Place Transition i . action 0

O— O
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PetriNet

Object “ label Label
/\ *
_source
Node | Arc
target

Place Transition %

MBSE (02341 f16), L05 19



Core Model (overview)

PetriNet
)
Object }‘ label Label
/\ - /\

~_ source
Node [ Arc Annotation | | Attribute
~ target

O— ()
Place Transition i %
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Core Model (overview)

PetriNet
1
Object “ label Label
/\ x 7
_ source
Node | Arc Annotation | | Attribute
target
N 4 A
name
Place Transition {redefines label} Name

MBSE (02341 f16), LO5
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PNML Core Model
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| |
PetriNetDoc Tool specific
Information
net | , Toollnfo
toolinfo *
PetriNet r if(::(;iion
id NGO info x toolinfo | *
type
label %
label * Label
I
?r‘:z’trilei‘ines label) Zl | |
0..1 _ ,
— Name {> Annotation Attribute
{redefines label .
fext |1 Taphic 0- graphical
Graphics . .
XML:PCDATA Ngrhico.i Information
T PR~
. ! source l context Arc inv:
Page Node PE— Arc / — source and target must
i L farget  * — be on the same page
LIA self.source.page =
| self .target.page
1 1
p ag e S a n d ZN ode ref ref TransiZtt;nNode
reference N\ o Jo i
nodes Place \ RefPlace RefTrans / Transition
T —— o
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<initialMarking>
<text>3</text>
<toolspecific tool="org.pnml. tool"
version="1.0">
<tokengraphics>
<tokenposition x="-2" y="-2" />
<tokenposition x="2" y="0" />
<tokenposition x="-2" y="2" />
</tokengraphics>
</toolspecific>
</initialMarking> IP ¥] SF ﬁj SF ﬁ] x—-
IR ready i

201
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2 . et Tipe
@ N >© Annotation

/\

initialMarking :
Place @ PTMarking
{redefines label} ‘
inscription o
Arc & P PTInscription
{redefines label}
text textr
XML_Schema:: XML_Schema::
NonNegativelnteger Positivelnteger
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Type Definition:

‘ initialMarking

PT-Net |
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Annotation

/\

{redefines label}

PTMarking

L 2

Arc @

context Arc inv:

( self.source.isKindOf(Place) and
self.target.isKindOf(Transition) ) or

( self.source.isKindOf(Transition) and
self.target.isKindOf(Place) )

MBSE (02341 f16), LO5

Inscription .
PTInscription
{redefines label}
text textr
XML_Schema:: XML_Schema::

NonNegativelnteger

Positivelnteger
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{redefines label}
Page H

HLPNG )
. text
Annotation 0.1| XML::PCDATA
type
{redefines label} Type ‘0 structure Type
0..1
Place 0.1
hlinitialMarking
{redefines label} HI Marking }‘ structure Term /
0.1 0.1 .. nart
3 . atis P
condition ﬂd
... {redefines label} BGY\\ \35535
Transition o Condition structure Term 80 C
- 0.1 ca: uC,\S\ .
“S’“
hlinscription
defines label
Arc }‘ {redefines aoei HLAnnotation L structure Term
h 0..1
declaration
. {redefines label} * .
PetriNet : Declaration ‘ structure Slgnature
declaration * 0..1

MBSE (02341 f16), LO5
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2.4 Core Model in XML
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<pnml xmlns="http:..."> i
<net id="nl" type="..."> PetriNet
<place id="pl"/> ‘
<arc id="al" source="pl"
target="t1"/> =
<transition id="t1"/> CHHECt
<arc id="a2" source="tl"

target="p2" />
<place id="p2"/>

/\

</net> < source
Node P
</pnml> = target
Place Transition

MBSE (02341 f16), LO5
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Labels in XML

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

MBSE (02341 f16), LO5
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Node

JAN

Place

Name
Name
PNML Core Model tex$
XML::
PCDATA
initialMarking
" PTMarking
PT-Net textr
XML_Schema::

NonNegativelnteger
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In general
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= How can this mapping be defined in general?

= Core model:
Just implement it

= Petri net type:
Just implement it
code it for every new type!
Interface with rest?

MBSE (02341 f16), LO5
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3. Experience
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= Time effort: Altogether (up to version 0.9.0) < 5weeks

ca. 1 week for making the core model and implementing core infrastructure
(only EMF, generic Petri net types, XML mapping mechanism)

ca. 1 week for HLPNG Petri net type, the model, its PNML-mappings and the
parser for labels (Xtext)

ca. %2 week for extending the PNML-mapping infrastructure so that all HLPNG
features can be mapped to XML

ca. %2 week for implementing the validation constraints for HLPNG
(correct typing of expressions, resolution of types, ...)

ca. 1 week for graphical editor

cr?. Yo weel; for brushing up the graphical editor (and cleaning a bit up behind
the scenes

rPar’t of that 1 week of .
debugging! 2 days my o)
bugs; 3 days replacing |
missing documentation:

MBSE (02341 f16¥
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Code statistics Sl k=

= Petri Net Type: P/T-Net plugin
= Ecore model for P/T-nets
= XML-mapping: 2 lines
= manual changes in one generated class
(4 lines, 2 of them for the above XML-mapping)
= 1 OCL constraint

= Tool-specific extension: Token position plug-in
= model for token positions
= no XML-/PNML mapping

= manual creation of one class (25 lines, making the “pieces” know to
Eclipse)

= GMF/EMF-editor integration
= 45 @generated NOTs

MBSE (02341 f16), LO5
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Code statistics
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- Petrl Net Type: HLPNG plug-in
model for HLPNG-nets
= Xtext grammar for concrete syntax
= PNML-mapping: ca. 70 entries (+ Factory)

= manual changes in generated classes: ca. 130

(mostly functionality implementing type and sort resolution functions
and helpers)

= 1 OCL constraint, and 11 constraint classes (complex constraints)

MBSE (02341 f16), LO5
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= Project contains

20 eclipse plug-in projects (11 automatically generated)

10 models (+ 1 grammar)
125 model classes (and interfaces)

ca. 800 code classes
ca. 36.000 MLOC (> 50.000 TLOC)

ca. 220 “@generated NOT” tags

(guess < 2000 manual lines of code)

MBSE (02341 f16), LO5
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4. The ePNK: Tutorial

File Edit Diagram Mavigate Search Project Run Sample  Window Help

HH RSB0 R MG S

[=-1=F dk.dru.imm.se.mbse-pn. tutorial. example-nets
D% inhibitornet, pnml
= TE‘J dk. dtu.imn. se.mbse-pn. tutorial examples-codegene
[ arc
B JRE Swster Library [1avaseE-1.6]
B Plug-in Dependencies
(= META-INF

¢ L]
§|Tahoma vlg V|B i Av&v.ﬂv—)v E&‘E'D%‘
[# package Explorer 52 T Mavigator = 0 ||P% inhibitornet.prml 3 page: the page 53
=R

(O—

it

DTU Compute

Department of Applied Mathematics and Computer Science

Ekkart Kindler

)
—
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& Java - /resource/dk. dtu.imm.se.mbse-pn.tutorial.examples-codegeneration/netsfinhibitornet. pnmU/#pgll - Eclipse SDK

end

== nets
D% inhibitornet, poiml
@l build.properties L]
h
< =
EE Outline &2 =] |ﬁml =0

[ transition

L g

Core Property
Appearance i
PP In
Cuk

[£1 Problems | @ Javadoc @) Declaration | = Properties &2

@ Ertar Lag

Walue
L=l
& Arcal
& Arc az

ﬁ |3y Jawva |

& Palette [

R
(") Place
[ Transition
A A
|=| Page
@ RefPlace

[ refTransition

(=1 Page Label

s
|m |
W
q
1]
0

MBSE (02341 f16), LO5
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What should it take to define this new Petri Net type
conceptually?

B PetrivetType 2]
[from pnmlcoremodel)

H Attribute (2]

H InhibitorMet
[from pnmlicoremodel)

.|
<<enumeration==
HPlace [7] 2 ArcTypes
(from pnmicoremodel)} H Place marking H Marking = normal
p- 0.1 o text | NonMegativelnteger e —
. — inhibit
H Arc 2]
TR —s Arc arc e H ArcType
(from pnmlcoremode ey = typ
i .
01 0.1 | 2 text: ArcTypes

MBSE (02341 f16), LO5
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B PetriNetType 2]
[from prnmlcore model)

M

H Inhibitornet H Atiribute  [2]
[from pnmlcoremodel)

-
<<enumeration==
HPlace  [7] 2 ArcTypes
[from pnmicoremodel} H Place marking H Marking Sp—
T . : -
01 = text : NonMegativelnteger ]
= inhibit
H Arc Ed — - -
(from prmicoremodel- SR - fype Elotel e
01 0.1 | = text: ArcTypes

( self.source.oclIsKindOf (pnmlcoremodel: :P1l
self.target.oclIsKindOf (pnmlcoremodel: : Tral W€ do_
or
( self.source.oclIsKindOf (pnmlcoremodel: :TransitionNode) and
self.target.oclIsKindOf (pnmlcoremodel: :PlaceNode) and
not ( self.type.text = ArcTypes::inhibit ) )

MBSE (02341 f16), L05 40
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What does it take to implement it now?

B PetrivietTine [2] : -
[from prmlcoremodel) \QL
= Create an ecore diagram
= Generate code from that

x| " Change code manually enumeratio>
[from pnmlcoremodel) | Plug type |nt0 eC“pSe (EPNK) C i:f:;;-lwea
= Plug constraint into eclipse (ePNK) [ e

* Programming graphics
T @;‘ (|f you want non-standard graphlcs)jz

[from prmlcoremodel

0.1 | XL ATCTypes

0,.1

( self.source.oclIsKindOf (pnmlcoremodel: :PlaceNode) and
self.target.oclIsKindOf (pnmlcoremodel: : TransitionNode) )

or

( self.source.oclIsKindOf (pnmlcoremodel: :TransitionNode) and
self.target.oclIsKindOf (pnmlcoremodel: :PlaceNode) and
not ( self.type.text = ArcTypes::inhibit ) )

MBSE (02341 f16), L05 41
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package inhibitornets.impl;

[...]

public class InhibitorNetImpl extends PetriNetTypeImpl implements
InhibitorNet {

public InhibitorNetImpl () {
super () ;

}

protected EClass eStaticClass () {
return InhibitornetsPackage.Literals.INHIBITOR NET;
}

public String toString() ({
return "http://dk.dtu.imm.se.mbse-pn.tutorial.inhibitornet";

MBSE (02341 f16), L05 42
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& Plug-in Development - dk.dtu.imm.se.mbse-pn.tutorial/plugin.xml - Eclipse SDK
File Edit Mavigate Search Project Run Sample  Window  Help
- EH @ -0 Q- - N C I I %5 Debug >
5 < =R |-¢j::=F‘Iu-;|-in Dievel.., |
D% *MinDiskancez, pnml E Page: The page E Inhibitarkets -@ *dk, dtu.imm. se.mbse-pn.tutarial 22 =
=
iz | % Extensions OB @ —
% All Extensions [ =] Extension Element Details
- Z
Define extensions Far this plug-in in the following section, Set the properties of "type”, Required fields are denoted by "+,
| | class*; | inhibitor .impl. InhibitarMetImpl | [Bru:uwse... ]
4= org.edipse.emf.ecore.generated_package description: | Inhibitar Met Type {just and example| | —
[=l-+= org.eclipse.emf.ecore.extension_parser
@ inhibitornets (parser)
[=-<= grg.pnml.tools, epnk. pnkd
] ftype) v
Crverview | Dependencies | Runtime | Extensions | Extension Points | Build | MAMIFEST.MF | plugin.<ml | build. properties
s
f QA BEg || 8
MBSE (02341 f16), LO5 43
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<extension
id="inhibitornets"
name="Inhibitor Nets"
point="org.pnml. tools.epnk.pntd">
<type
class=" i1nhibitornets.InhibitorNetImpl"
description="Inhibitor nets'">
</type>
</extension>

Fully qualified (Java)
class name

MBSE (02341 f16), LO5 44
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<extension

)
—
e

M

point="org.eclipse.emf.validation.constraintProviders">

[about 40 other boring but technically important lines]

<! [CDATA[

( self.source.oclIsKindOf (pnmlcoremodel:
self.target.oclIsKindOf (pnmlcoremodel:

or

( self.source.oclIsKindOf (pnmlcoremodel:
self.target.oclIsKindOf (pnmlcoremodel:

:PlaceNode) and
:TransitionNode) )

:TransitionNode) and
:PlaceNode) and

not ( self.type.text = ArcTypes::inhibit ) )

11>

</constraint>
</constraints>
</constraintProvider>
</extension>

MBSE (02341 f16), LO5




Programm Graphics
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public class InhibitornetsArcFigure extends ArcFigure {
[...]
private void setGraphics () {
RotatableDecoration targetDecorator
RotatableDecoration sourceDecorator = null;

I
o]
o
[
[

if (type.equals (ArcTypes.NORMAL)) {
targetDecorator = new ReisigsArrowHeadDecoration() ;

} else if (type.equals (ArcTypes.INHIBIT)) {
CircleDecoration circleDecoration =
new CircleDecoration();
circleDecoration. setLineWidth (this.getLineWidth()) ;
targetDecorator = circleDecoration;

} else if (type.equals (ArcTypes.READ)) {
targetDecorator = new ReisigsArrowHeadDecoration() ;
sourceDecorator = new ReisigsArrowHeadDecoration() ;

MBSE (02341 f16), LO5
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Result
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& Java - /resource/dk. dtu.imm.se.mbse-pn.tutorial.examples-codegeneration/netsfinhibitornet. pnmU/#pgll - Eclipse SDK
File Edit Diagram Mavigate Search Project Run Sample  Window Help

[=-1=F dk.dru.imm.se.mbse-pn. tutorial. example-nets
D% inhibitornet, pnml
= TE‘J dk. dtu.imn. se.mbse-pn. tutorial examples-codegene
[ arc
B JRE Swster Library [1avaseE-1.6]
B Plug-in Dependencies
(= META-INF
== nets
D% inhibitornet, poiml
@ build.properties

< | =

5= outline 53

RS B0 R HE & SRR

§|Tahoma vlg V|B i Av&v.jv—)v Eg;\jivci%vg?_,

[# package Explorer 52 T Mavigator = 0 ||P% inhibitornet.prml 3 page: the page 53
=R

7 S v B | 100% v

t3

®—>

it

end

2

[£1 Problems | @ Javadoc @) Declaration | = Properties &2

[ transition

Core Property
Appearance i
PP In
Cuk

Q;_—| Ertar Lag

MBSE (02341 f16), LO5
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= Palette [
h @ E )

(") Place

[ Transition

A A

|=| Page

@ RefPlace

[ refTransition

= Label

= Link Label

(=1 Page Label

a7



Applications (on nets)
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% Plug-in Development - /resource/tmp/first.pnml/2//@net.0/@pagel - Eclipse

File Edit Diagram MNavigate S5earch Project Sample Run  Window Help

D QP N D0 R~ GO v G
é’SegerI "19 *]BI'A'".ﬁ'_"l.'|fgbi"3%'§?'|-'|

-

-

Quick Access

[# PackageEx.. % = O By firstpnml

BE)

i3] Page (path): //@net.0/@pagel 2

Application: P/T-net simulator
a = tmp
O% first.pnml t2
B3 Test.pnml ol
1 1
p3
tl
v
L]
() =
€ | i | r 4
g= Outline &3 T = 8

= D% ePNK: Applications 5%

Runtime name Met

[] P/T-netsi...

Application name

PTNetSimulatorApplication  <unknown>

21 | &/ Java ! Modeling % Debug |} Plug-in Development |

p2

o]l =]

= - | 100%

-

= 0
o2 Palette [
&ell-B -
(") Place

[] Transition
A Arc

|E| Page

(5 RefPlace

[ RefTransition
= Label

= Link Label

=l Page Label

SN Sal=

Info
idle

4 L1
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