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SYSTEMES EMBARQUES AUJOURD’HUI,
UN EXEMPLE

Un véhicule = un systéme réparti embarqué

Fonctions locales nombreuses : AUTOSAR = middleware
Systéme critique => Fiabilité

Liaisons distantes (IVI = In-Vehicle Infotainment) gg:}"s

Climatisation(s 4 :
Liaisons ation(s) Réparti

distantes air-bags Embarqué

affichages
Commandes Distributed
/ Real-time
/SUiVi route Embedded

Controle-moteur

4—/ Radars

-« —> ABS/EPS
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Preuve formelle (approche «algébrique»)
Paramétré

Diagnostic difficile
Analyse Statique

Approche statique (structure plus simple)
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Preuve formelle (approche «algébrique»)
Paramétré
Peu automatisé
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MODEL CHECKING: ELEMENTS
«A CHARGE» ET «A DECHARGE»

TR°E = systémes complexes

Interoperabilité

Communications asynchrones => Complexité
Dynamicité

Pas forcément de borne => encore plus de complexité
Symétries

Schéma de répétition dans le systéme

Permutabilité de certains éléments

Structuration
Traiter la localité dans certains systémes
Partager des portions communes des configurations
Hiérarchie
Meilleure organisation et gestion des «répétitions»

ET MAINTENANT?

Quelques observations sur ces systéemes complexes
Exploiter les «bonnes» caractéristiques

Une proposition: «Instantiable Transition Systems»
Sans temps
Encodage du temps

Liaison a une approche «MDE>»

Eléments de conclusion...
. avant exposé suivant
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Une proposition: «Instantiable Transition Systems»
Sans temps
Encodage du temps

Liaison a une approche «MDE>»

Eléments de conclusi
& exposeé suivant

OBSERVATIONS

HIERARCHY IS GOOD
FOR DISTRIBUTED SYSTEMS

[HONG 2012]




SYMBOLIC ENCODING OF THE STATE
SPACE WITH DECISION DIAGRAMS

Based on the notion of locality [Bryant 1986] + [Clarke 1992]
State = vector of integers
Share of common parts in a set of states

Sequence of variable affectations
Accepting sequence: x<a, y<—1 and x<a, y<2

Exponential gain in favorable cases
Order of the variable encoding is crucial
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MORE REQUIRED TO HAVE HIERARCHY

Hierarchical Decision Diagrams [Couvreur 2005]
Arcs labeled by sets
A decision diagram represents a set
Recursivity
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Hierarchical Decision Diagrams [Couvreur 2005]
Arcs labeled by sets
A decision diagram represents a set

Recursivity
Example
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MORE REQUIRED TO HAVE HIERARCHY

Hierarchical Decision Diagrams [Couvreur 2005]
Arcs labeled by sets
A decision diagram represents a set

Recursivity
Example
Structured data: <p1,{1,3}> + <p2,{1,3}>
O8O [
13
Can be reused to . O {1.3} 1

encode another
part of the system




Hierarchi~-~' © S
Representation of a freeway [Bérar
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PNXDD, A FIRST APPLICATION

Objective: exploit the structure of large Petri Nets
Obtained from «unfolding of Colored Nets»
Characteristics: large models with repeated patterns

Involved techniques

Compute a variable order
FORCE [Aloul 2003] or NOA99 [Heiner 2009]

Hierarchically cluster this order

Anonymize the clusters as much as possible
Anonymization = contextual interpretation
Reused patterns contextually

ANONYMIZATION...

<}——Level 1 D> < Level 2 >
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ANONYMIZATION...
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PNXDD: PERFORMANCES

Comparing o random order
CPU Time

Time (8)
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PNXDD: PERFORMANCES

PolyORB case Study (1 state = up to 2KB)

Flat order
performance

Hierarchical order
performance
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PNXDD: PERFORMANCES

NEOPPOD case Study (1 state = up to 2.4KB)

number | State Flz;t order
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PRELIMINARY CONCLUSION

Combination of techniques can help tackling complexity
MCC@Petri Net 2013 (as well as in 2011 and 2012) showed this

Complex distributed systems enable «good techniques»
Suitable for Systems of Systems

Complexity: «additive logic» instead of «product logic»

But Distributed systems are also Embedded
OK for the main characteristics...

... but we need time!

Need for a formal assembly language to manage time

ITS (Instantiable Transition Systems) [Thierry-Mieg 2009]

Combine: symmetries + decision diagrams + saturation
How to extend for timel




INSTANTIABLE TRANSITION SYSTEMS
AND TIME

[THIERRY-MIEG 2011]

ITS IN A NUTSHELL..

A formal framework for verification
Elementary ITS

( ITS1 ) .
[ 4 ﬁg
\” Embed a LTS

(or LTS generator)




ITS IN A NUTSHELL..

A formal framework for verification
Elementary ITS
Composite ITS
Recursion. ..

[ )

ITS1 ] o ( ITS2

[/

ITS IN A NUTSHEL

A formal framework for-
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Composite ITS
Recursion. ..

( ITS1 )

( ITS2
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PERFORMANCES (MCC 2012 @ PETRI NETS)

The «recursive unfolding» technique
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PERFORMANCES (MCC 2012 @ PETRI NETS)
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AND WHAT ABOUT TIME?

Discrete time can be encoded in a similar way
An extra interface : 1
All 1are synchronized
Caution: consistency of synchronized time constraints
Only synchronize untimed transitions?
Only synchronize transitions with the same time constraints?
Then, all the underlying tricks can be activated

Deduction of locality
Various encoding patterns
Rewriting mechanisms to enable «saturation»

efc...

EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

close

[3 5]T ) < >' <5':'9‘[’1)
1 public
far
— local
left ocal (T)

Ex < ) ILIExit
[2.4] [0,0]




EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

close

on
? eft —local (T)
Ex ( ) Exit

[24] [0,0]

In
BT O EAPP
far ——public

EnterFirst

Enter

EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

In EnterFirst
[3’5]—l—' (- = JApp =3
close Enter
é — publi Cc In /D far
on far ) (T) 2 ExitLast
left £I —

Ex Exit 2 Exit

[24] O— [0,0] w

2
App ’

raising

Exit 1owermg(€ Down2[0.0] T

»—Up

leg{r?ng L St‘c’losed -1 10.0]
[1.2]
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[3%“] —l—<—O<—t:| App EnterFirst @_@gﬁ_ky

close X
é far ——public

on
? eft —local (T)
Ex ( ) Exit

[24] [0,0]

Exit € Exit
€ Exit ||Exit

EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets
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close Enter
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EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets
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EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

1 EnterFirst . open
[3,5n]T O - T Lo N
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EXAMPLE: TRAINS CROSSING...
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close
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EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets
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EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

EnterFirst X —at).C
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EXAMPLE: TRAINS CROSSING...

Here, ITS embed Time Petri Nets

EnterFirst open
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TOWARDS GENERATION FROM A HIGH-
LEVEL LANGUAGE

VeriSensor (Domain Specific Modeling Language)
Dedicated to sensor networks
Proposes relevant concepts

Compilation into ITS

Seeking for the activation of the presented mechanisms

Good scalability




TOWARDS GENERATION FROM A HIGH-
LEVEL LANGUAGE

VeriSensor (Domain Specific Modeling Language)
Dedicated to sensor networks
Proposes relevant concepts

Compilation into ITS

Seeking for the activation of the presented mechanisms

Good scalability

More Tomorrow
Ph.D. Defense of Yann Ben Maissa
Tomorrow, 10h00, same place

CONCLUSION...

..« AND ADVERTIZING




CONCLUSIONS & PERSPECTIVES

Combination of techniques to handle discrete time
Hierarchy + Symmetries + Decision Diagrams
Shows good scalability so far!
Relation with the System architecture
Structure can be exploited

Potential «assembly language» for Verification
Distributed systems
Timing constraints

Implementation available
http://ddd.lip6.fr
Library & tool (graphic interface with Eclipse)
Reads Romeo & TINA nets...
Some of the presented tools embedded in the CosyVerif project
http://cosyverif.org
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