
1

EXTENDING MODULAR PNML 
TO COVER HIGH-LEVEL 

FEATURES

Alexis Marechal
University of Geneva

MeFoSyLoMa workshop
15/06/12

1



2

Outline

2



2

Outline

Scope

2



2

Outline

Scope

2



2

Outline

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

Modular 
template 

metamodel

Scope

Methodology
2



2

Outline

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

Modular 
template 

metamodel

Scope

Methodology Extensions
2



3

Outline

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

Scope

3



4

ISO-IEC 15909

4



4

ISO-IEC 15909

Part 1: Definitions

4



4

ISO-IEC 15909

Part 1: Definitions
Part 2: PNML

4



5

PNML

Part 2: PNML

5



5

PNML

Petri net 
formalism 1

Petri net 
formalism 2

Petri net 
formalism 3

...

Part 2: PNML

5



5

PNML

Petri net 
formalism 1

Petri net 
formalism 2

Petri net 
formalism 3

...

syntactic
conformity

Part 2: PNML

5



5

PNML

Petri net 
formalism 1

Petri net 
formalism 2

Petri net 
formalism 3

...

Syntactic definition
syntactic
conformity

Part 2: PNML

5



6

ISO-IEC 15909

Part 1: Definitions
Part 2: PNML

6



6

ISO-IEC 15909

Part 3: Extensions

Part 1: Definitions
Part 2: PNML

6



7

Part 3: Extensions

7



7

Time

Priorities

Probabilities

Modularity

Part 3: Extensions

7



7

Time

Priorities

Probabilities

Modularity

Part 3: Extensions

7



8

8



8

8



9

9



9

9



10

Outline

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Scope

10



11

Modular PNML

Kindler, Petrucci, 2009,
  Towards a Standard for Modular Petri Nets: A Formalisation

11



12
Image taken from the original article

12



13

Kindler, Petrucci, 2009,
  Towards a Standard for Modular Petri Nets: A Formalisation

13



Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

13

Kindler, Petrucci, 2009,
  Towards a Standard for Modular Petri Nets: A Formalisation

13



Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

Channel

import Sort: data

p1: data p2: data

[x] [x]

t

declarations
  var x : data

14

Kindler, Petrucci, 2009,
  Towards a Standard for Modular Petri Nets: A Formalisation

14



15
Image taken from the original article

15



15
Image taken from the original article

15



16

PNML

Petri net 
formalism 1

Petri net 
formalism 2

Petri net 
formalism 3

...

Syntactic definition
syntactic
conformity

16



17

PNML Syntactic definition

17



17

PNML Syntactic definition

Modular PNML

17



17

PNML Syntactic definition

Semantic platformModular PNML

17



Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

Modular 
template 

metamodel

18

Outline

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Methodology
18



19

Semantic platformModular PNML

19



19

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular PNML

19



19

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity

Modular PNML

19



19

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

19



19

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

Modular 
template 

metamodel

19



20

20



20

Markup language

20



20

Unified definition
process

Markup language

20



20

Unified definition
process

Markup language

Inter-formalisms
composition

20



21

Inter-formalisms
composition

21



//

m

server1 resource1

//

server2 resource2

+

21

InB
OutB

In1

Out1

Subpage#1

Inter-formalisms
composition

21



//

m

server1 resource1

//

server2 resource2

+

22

InB
OutB

In1

Out1

Subpage#1

Inter-formalisms
composition

22



//

m

server1 resource1

//

server2 resource2

+

22

InB
OutB

In1

Out1

Subpage#1

Inter-formalisms
composition

22



//

m

server1 resource1

//

server2 resource2

+

22

InB
OutB

In1

Out1

Subpage#1

Inter-formalisms
composition

22



//

m

server1 resource1

//

server2 resource2

+

22

InB
OutB

In1

Out1

Subpage#1

Inter-formalisms
composition

22



//

m

server1 resource1

//

server2 resource2

+

22

InB
OutB

In1

Out1

Subpage#1

?

Inter-formalisms
composition

22



23

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

Modular 
template 

metamodel

23



23

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

Modular 
template 

metamodel

23



23

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

Modular 
template 

metamodel

23



23

Semantic platform

Syntactic definition
Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

syntactic
conformity
semantic
transformation

Modular PNML

Modular 
template 

metamodel

23



24

Outline

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Extensions
24



25

Extending Modular PNML

MODULAR 
PNML

25



25

Extending Modular PNML

SIMPLE
DEFINITIONS

MODULAR 
PNML

25



COMPOSITION
PARADIGM

25

Extending Modular PNML

SIMPLE
DEFINITIONS

MODULAR 
PNML

25



OBJECT-ORIENTATION COMPOSITION
PARADIGM

25

Extending Modular PNML

SIMPLE
DEFINITIONS

MODULAR 
PNML

25



26

SIMPLE
DEFINITIONS

MODULAR 
PNML

26



27

Enrich the current definitions

27



27

Enrich the current definitions
Parameterized interface transitions

27



28

[x]

[y]

[x]

[x]p : nat

setp(x: nat) getp(x: nat)

28



29

Enrich the current definitions
Parameterized interface elements

29



29

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

29



30

Hubert, Jensen, Shapiro, 1991
  Hierarchies in Coloured Petri Nets

HS

In, OutB

Server

HS

Server

Client

30



31

HS

Server

Client

HS

In, OutB

Server

Hubert, Jensen, Shapiro, 1991
  Hierarchies in Coloured Petri Nets

31



31

HS

Server

Client

HS

In, OutB

Server

Hubert, Jensen, Shapiro, 1991
  Hierarchies in Coloured Petri Nets

31



32

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

32



COMPOSITION
PARADIGM

33

MODULAR 
PNML

33



34

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

34



34

Non-deterministic compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

34



35

Christensen, Damgaard Hansen, 1994,
  Coloured Petri Nets Extended with Channels for Synchronous Communication

$x

$x

$y

$y

$x !? ch $y ?! ch

$y ?! ch$x !? ch

35



36

$x $y

$x

$y

$x=$y

$x=$y

$x $y

$y

$x

$x=$y

$x=$y

Christensen, Damgaard Hansen, 1994,
  Coloured Petri Nets Extended with Channels for Synchronous Communication

36



37

Non-deterministic compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

37



37

Parameter-based compositions

Non-deterministic compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

37



38

Lilius, 1996,
  OB(PN)2: An Object Based Petri Nets Programming Notation

A(1)A(0)

A($x)

[$x][$x]

[$y][$y] [$z][$z]

38



39

Parameter-based compositions

Non-deterministic compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

39



39

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

39



40

Bozga, Sfyrla, Sifakis, 2009,
  Modeling Synchronous Systems in BIP

t2 t2t1t1

t1 > t2

40



41

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

41



41

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Complex
synchronizations}

41



//

m

server1 resource1

//

server2 resource2

+

42

Biberstein, Buchs, Guelfi, 2001,
  Object-Oriented Nets with Algebraic Specifications:  The CO-OPN/2 Formalism

42



OBJECT-ORIENTATION

43

MODULAR 
PNML

43



44

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Add object-orientation

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Complex
synchronizations}

44



44

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Add object-orientation
Dynamic instantiation

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Complex
synchronizations}

44



45

P R

Compute
   P->In
   R->Out

HI
Main

x

In Out

Copy

SubRSubP

Compute

x

x=0

x

x

x-1

x
x>0

x

y

x+y
Compute
   SubP->In
   SubR->Out

HI

InB OutB

x

Hubert, Jensen, Shapiro, 1991
  Hierarchies in Coloured Petri Nets

45



46

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Add object-orientation
Dynamic instantiation

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Complex
synchronizations}

46



46

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Add object-orientation
Dynamic instantiation

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Object-orientation

Complex
synchronizations}

46



46

Parameter-based compositions

Non-deterministic compositions

Priority-based compositions

Add object-orientation
Dynamic instantiation

Enrich the current definitions
Parameterized interface elements
Duplication of service calls

Change the composition paradigm

Nets within nets
Object-orientation }

Complex
synchronizations}

46



47

c1:client

reset

c2:client

reset

47



47

c1:client

reset

c2:client

reset

c1,c2

p:client

47



47

c1:client

reset

c2:client

reset

c1,c2

p:client

$c

$c

$c.reset

47



48

Nets within nets

48



48

Nets within nets

CO-OPN
OCP-nets

CLOWN

CoOperative objects

Object Petri nets

Communicating Object Petri nets

...

48



49

Modular 
template 

metamodel

Modular 
formalism 1

Modular 
formalism 2

Modular 
formalism 3

...

Modular PNML

Modular 
template 

metamodel

Outline

OBJECT-ORIENTATION COMPOSITION
PARADIGM

SIMPLE
DEFINITIONS

MODULAR 
PNML

Scope

Methodology Extensions
49



50

p1: int

p1: data t1: data, data

h : helper

s1 : Server
data = int

+

p2: int

t1: data, data

s2 : Server
data = int

t: int

get: int

p2: data

Main

50



50

p1: int

p1: data t1: data, data

h : helper

s1 : Server
data = int

+

p2: int

t1: data, data

s2 : Server
data = int

t: int

get: int

p2: data

Main

50



51

xkcd.com

51


