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Context

Some pieces of history

@ 1997 : the UML, v 1.0
@ 2000 : the MDA proposal by the OMG

@ Nowadays, some major trends :

o metamodelling
e Domain Specific Languages
e model transformation
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Context

@ to define a generic framework able to describe various execution semantics

e axiomatic semantics (as pre/post/inv in the OCL)
e operational semantics (as in Kermeta)
o denotational semantics (model transformation)

@ to extend existing frameworks, such as EMF or GME

@ in order to simulate or validate models within

Our approach : a property-driven methodology

@ expertise in the specific domain

@ expertise in some validation technology
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Our Approach (through case study)

DSL definition

g

O Worksequence

Abstract

S < Syntax
o
Z e
Editor e Conerete
Generator ot -\ Syntax
eosmren | . Ooarenesnbiine 5.+ _--
* SimplePDL metanrodel
cess. - !
& |
3 Select ‘ . !
L Marauee - <<instanceOf>>
Er— 1
Woroenton
Cudane 1
G+ 1
WorkSequance H
Cudancaink

PDL Editor

startToSiar finishToStart  starToStart

PDL model

Combemale et al. (IRIT & LAAS) SimMpPLEPDL & TOCL Case Study june 16, 2007 5/23



Context
Case Study : Process Model Validation
An Approach to Validation through Petri Nets and LTL

Conclusion

Our Approach (through case study)

DSL definition

g

O Worksequence

Abstract

S < Syntax
e
Editor e Concrete
Generator R _ A Syntax
eosmren | . Ooarenesnbiine 5.+ _--
* SimplePDL metanrodel
~--N ’
= I ’
= ¥ 4
! 4

5 Select ‘ . | 7
, Marquee - <<instanceOf>> ’
ENoses »| I ’
WorkDefinition /
Cdnes | ,
s+ 1
WorkSequence H
Cudancetink

PDL Editor

startToSiar finishToStart  startToStart

PDL model

Process.

Combemale et al. (IRIT & LAAS) SimMpPLEPDL & TOCL Case Study june 16, 2007 5/23



Context
Case Study : Process Model Validation
An Approach to Validation through Petri Nets and LTL

Conclusion
Plan

© Context

@ Case Study : Process Model Validation
e SIMPLEPDL, a process modelling language
@ Properties on Process Models

e An Approach to Validation through Petri Nets and LTL
Characterising Properties & States

Extending the Metamodel

Expressing Temporal Properties with TOCL
Denotational Semantics as Petri Nets

Model Validation and Feedback

@ Conclusion

Combemale et al. (IRIT & LAAS) SiMpPLEPDL & TOCL Case Study june 16, 2007 6 /23



@ Context

© Case Study : Process Model Validation
o SIMPLEPDL, a process modelling language
@ Properties on Process Models

© An Approach to Validation through Petri Nets and LTL
Characterising Properties & States

Extending the Metamodel

Expressing Temporal Properties with TOCL
Denotational Semantics as Petri Nets

Model Validation and Feedback

® 6 66 ¢

@ Conclusion
O80T F o @

oot e b s do s



Context
Case Study : Process Model Validation
An Approach to Validation through Petri Nets and LTL

Conclusion

SIMPLEPDL, a Process Modelling Language

SiMPLEPDL, a process modelling language
Properties on Process Models

Process
‘max_time: EInt "
min_time : Elnt *>
gty O oSoquences
@ stems from WorkDefinit S
O'Es'e inition WorkSequence
Tame : ESting =T
o SPEM (OMG) BN 5o
min_time : Ent < essor o

workDeintion

o UMA (EPF) _
<<enumeration>>
.
@ could easily be extended : e B oo e

descriplion: ESIng

~startToStart
—  ctartToFinish
o roles essource -finishToStart
Ressource
name: EString Ressources
° prod ucts OccurencesNb : Elnt
e ...

SIMPLEPDL metamodel
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Modelling a complex process
MACAO process
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What do we want to check?

@ resource constraints
e computers
@ manpower
@ timing constraints
e minimum achievement time
e maximum achievement time
@ causality constraints

startToStart

start ToFinish
finishToStart
finishToFinish
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Context

Case Study : Process Model Validation SiMpPLEPDL, a process modelling language
An Approach to Validation through Petri Nets and LTL Properties on Process Models
Conclusion

What do we want to check?

@ resource constraints

@ computers
© manpower

@ timing constraints
e minimum achievement time
e maximum achievement time
@ causality constraints
o startToStart
o startToFinish
o finishToStart
o finishToFinish
° .
@ for some execution
@ or for all executions
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A sample property

SiMPLEPDL, a process modelling language
Properties on Process Models

@ checking the global min_time constraint

max_time = 11

min_time =2
max_time = 4

startToStart | ==

min_time = 1
max_time = 4

- b
finishtToStart finishToFinish

<<WorkDefinition>> B

min_time =2
max_time =3

Combemale et al. (IRIT & LAAS)

min_time
max_time = 11

<<WorkDefinition>> A
min_time = 2 startToStart —|

max_time = 4

ini 7
finishtToStart finishToFinish

<<WorkDefinition>> B

min_time
max_time = 3

max_time = 4
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Conclusion Model Validation and Feedback

Some SimplePDL-expert properties

Context

For all executions

@ every WD must start and then finish
@ once a WD is finished, it remains so

@ resource and causality constraints must hold

v

For some execution

@ every WD must take between min and max time units to complete

@ the overall process is able to finish

A\

D= E @
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Extending the metamodel

Process
max ||me Elnt

[

&
g

workDefinitions W
ol -0

1 0.
WorkDefinition [reseesser  inciosueeessor] WorkSequence
name : EString name: EString
max_time: Elnt linkType : WorkSequenceType
min_time : EInt W

workDefinition

s -
w Yasaancos parameters <<enumeration>>
Gu idance Parameter WorkSequenceType
escr\p\lon tring - startToStart
L

\ - startToFinish
- finishToStart
e - finishToFinish
Ressource
name: EString Ressources
OccurencesNb : Elnt 0.
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Extending the metamodel

Process
R m‘axigime: Eint -
@ | min_time : EInt N
worM workSequences
o 0.0 0
WorkDefinition [Fegecessor lnkToSuczeS WorkSequence

;ET: 185‘3‘;%9@ name: EString

max. time: Elnt w linkType : WorkSequenceType

min_time : Elnt 1 °

o
Guidance -
w <<enumeration>>
Guidance WorkSequenceType
description: EString - startToStart
L L 1 - startToFinish
<<enumeration>> \vessouroe - finlshToStart
- finishToFinish
StateType Ressource

—notStarted name: EString Ressources
- InProgress OccurencesNDb : Elnt 0.
- finishedOk
- tooLate
- tooEarly

Ol
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<<Process>> P
min_tim 5
max_time = 11

@ t =0: WDs are notStarted

<<WorkDefinition>> A

state = notStarted

L startToStart
min_time =2 =1
max_time = 4 min_time =1
max_time = 4
finishtToStart finishToFinish

state = notStarted

min_time =2
max_time =3

ST @

it de R n s do ok
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A sample

Illustrating opera

@ t =0: WDs are notStarted
e t=1: Astarts
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Model Validation and Feedback

<<Process>> P

min_tim 5
max_time = 11

<<WorkDefinition>> A

state = inProgress

L startToStart
min_time =2 =1
max_time = 4 min_time =1
max_time = 4
finishtToStart finishToFinish

state = notStarted

min_time =2
max_time =3

ST @

it de R n s do ok
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@ t =0 : WDs are notStarted
1: A starts
= 3 : B starts

(]
~
|

°
-
|

<<Process>> P

max_time = 11

<<WorkDefinition>> A
<<WorkDefinition>> C

startToStart

min_time =1
max_time =4

finishtToStart finishToFinish

state = notStarted

min_time =2
max_time =3
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Context

A sample run

lllustrating operational semantics

<<Process>> P

max_time = 11

o t =0: WDs are notStarted —WorkDefniions A
—- <<WorkDefinition>> C
o t =1 : Astarts state = fini startToStart
min_time =2 in ti 1
_ . time = 4 min_time =
o t =3 : B starts mex e max_time = 4
ot

=4:A completes ""iS“‘TiS'a" finishToFinish

state = notStarted
min_time =2
max_time =3
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CondliEn Model Validation and Feedback
A sample run
lllustrating operational semantics
<<Process>> P
max_time = 11
o t =0: WDs are notStarted ST ———Y
—- <<WorkDefinition>> C
o t =1 : Astarts state = fini startToStart
min_time =2 i b
_ . time = 4 min_time =
o t =3 : B starts max_time max_time = 4
o t =4 : A completes finishtToStart finishToFinish
o t=5: C starts
state = inProgress
min_time =2
max_time =3
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lllustrating operational semantics

0 : WDs are notStarted
1: Astarts

3 : B starts

4 : A completes
5:

7:

C starts
B completes

® 6 6 6 o6 ¢
~ &+ &+ &+ o+ o+
Il

Combemale et al. (IRIT & LAAS)

<<Process>> P

max_time = 11

<<WorkDefinition>> A
<<WorkDefinition>> C

state

> =N startToStart
min_time =2 .
max_time =4 min_time = 1
max_time = 4
finishtToStart finishToFinish

state = finishedOk
min_time = 2
max_time =3
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0:
1:
3
4 :
5
7
8

WDs are notStarted
A starts

B starts

A completes

C starts

B completes

C completes

<<Process>> P

min_tim 5
max_time = 11

<<WorkDefinition>> A
<<WorkDefinition>> C

state = finishedOk

min_time = 2 startToStart state = ﬁnishedOk
max_time = 4 min_time =1
max_time = 4
- 4
finishtToStart finishToFinish

<<WorkDefin

inishedOk
min_time = 2
max_time =3
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The Temporal Object Contraint Language

TOCL (Gogolla & al., 2002) embeds

@ the Object Constraint Language for spatial relations

@ the Linear Temporal Logic for time relations

TOCL is used

@ to express fine behavioral spec (next, existsNext, always, sometime, ...)

@ about some execution or all executions

Some properties of WD alone

@ Vw, (w.state = notStarted A sometime w.state = inProgress)

@ Yw, always (w.state = inProgress = sometime w.state €
{finishedOk, tooEarly, tooLate})

@ Vw, always (w.state = finished0k = always w.state = finished0k)

e —dw, always w.state # finishedOk
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A first net to encode simple states :

timeA

timeg,

ST @

m; e tookarly
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Expressing WorkDefinition Semantics through Petri Nets

Context

Another net to encode time constraints :

notStarted

timeA

started

time,

timeC
finished

tooLate tooarly
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Expressing WorkDefinition Semantics through Petri Nets

Then, we add resource constraints :

<<Ressource>>
Machine

<<WorkDefinition>>
Conception

min_time = 1
max_time = 16
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Expressing WorkDefinition Semantics through Petri Nets

Finally, we add causality constraints :

min_time =5
max_time = 11

<<WorkDefinition>> C

min_time=2 | S27S" = state = notStarted
max_time = 4 min_time = 1
max_time = 4

v
finishiToStart finishToFinish

<<WorkDefinition>> B

min_time =2

max_time = 3
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A WD with min_time = 5 and max_time = 11 time units

@ t=0: WD is notStarted




A WD with min_time = 5 and max_time = 11 time units

notStarted

@ t=0: WD is notStarted
e t=1: WD starts




A WD with min_time = 5 and max_time = 11 time units

@ t=0: WD is notStarted
e t=1: WD starts
@ t=6: WD is now on time

D2
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A sample run

Translation into Petri nets
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A WD with min_time = 5 and max_time = 11 time units

t=0: WD is notStarted
=1: WD starts

=6 : WD is now on time

t =7 : WD completes on time

notStarted

@\ started

timeA

timeg,

timeC,
finished

tooLate. tooEarly
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Model Validation and Feedback

Some features of our translation

o functional pattern-matching ATL program
o structural (a WD is a net & a WD .state is a marking)

@ modular (a constraint is also a net)

@ incremental (a constraint may be plugged in & out)
@ traceable

Target language comes equipped : http://www.laas.fr/tina/

e nd (NetDraw) : editor and simulator of temporal Petri nets
@ tina : scanner of temporal Petri nets state spaces

o selt : model-checker for the temporal logic SE—LTL (State/Event LTL),
with counter-example generation
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Conclusion

Conclusion & Future Works

What was achieved

@ definition of an execution semantics and spec. for SimplePDL
well-behaved translation into Petri net tools

automatic validation of process properties

with a feedback (traceability)

implementation and integration as a TOPCASED service

What remains to be done

@ generalisation to other source DSLs & target languages

@ proof & methodology to establish equivalence between semantics
(operational vs. denotational)

@ automatic traceability
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