
Experimentsin the useof � -simulationsfor the
components-veri�cationof real-timesystems

F. Bellegarde, J. Julliand, H. Mountassirand E. Oudot

LIFC, University of Franche-Comt�e, France

11th November 2006

- SAVCBS'06-
5th InternationalWorkshopon Speci�cation And Veri�cation

of Component-BasedSystems
Portland, Oregon,USA

E. Oudot (LIFC) Experiments with timed � -simulations 11th November 2006 1 / 27



Motivations

Context

Real-timesystemsmodeledin a compositional framework usingtimed
automata [Alur and Dill 90]

(Timed) Propertiesexpressedin Mitl (Metric Interval Temporal
Logic) [Alur, Federand Henzinger96]

A veri�cation method: Model-Checking
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Motivations

Model-checking

Algorithmic veri�cation method
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State-spaceexplosion:di�culties to handlelarge-sizedmodels

Accentuatedfor Timed Systems
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Motivations

Model-checking

Algorithmic veri�cation method

Advantages
Exhaustive

Automatic

Drawbacks
State-spaceexplosion:di�culties to handlelarge-sizedmodels

Accentuatedfor Timed Systems

! A way out: usingincrementaldevelopmentmethods
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Motivations

IncrementalDevelopmentfor Component-BasedSystems
Integration of Components / Local properties of the components

1. Considera systemwith a component C and the rest of the
componentsEnv,

Env

C

�� ��

� �

�

��
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C
� �

�
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Motivations

IncrementalDevelopmentfor Component-BasedSystems
Integration of Components / Local properties of the components

1. Considera systemwith a component C and the rest of the
componentsEnv,

2. Checklocal propertiesof C on C,
3. Checkthat local propertiesof C are preservedwhenit is integratedin

Env.

Env

C
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Env

C
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Properties(C) Preservation

Properties(C)
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Motivations

How to ensurepreservation?

Is incrementalveri�cation more e�cient than classicveri�cation ?
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Motivations

How to ensurepreservation?
I with timed � -simulations

Is incrementalveri�cation more e�cient than classicveri�cation ?
I Needof experiments
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Outline

1. Backgroundon Timed systems
I ModelingTimed systemswith Timed Automata
I ClassicComposition Operator for Timed Automata
I SpecifyingTimed Propertieswith Mitl

2. Relationsbetweencomponents
I Timed � -Simulation
I Divergence-sensitiveand stability-respecting Timed � -Simulation

3. Experiments
I The Tool Vest a
I Production Cell
I CSMA/CD Protocol
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Background Timed Automata

Timed Automata

Finite automatawith real-valuedvariablescalledclocks.

An example:the Railroadcrossing:

x � 5 x � 5

x � 5

approach; f xg

x > 2 ; enterexit

far near

in

y < 1 y < 1

y < 1y � 2

lower;f yg

down

raise;f yg

1 � y; up

is up coming down

is downcoming down

z � 1 z � 1

z � 1z � 1

approach;f zg

z = 1 ; lower

exit ;f zg

raise

c0 c1

c2c3
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Background Timed Automata

Runsof a Timed Automaton

x � 5 x � 5

x � 5

approach;f xg

x > 2; enterexit

far near

in
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Background Timed Automata

Runsof a Timed Automaton

x � 5 x � 5

x � 5

exit

in

x � 5
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0x

10:2
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Background Timed Automata
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Background Timed Automata

ZenoRunsshouldbe ignored sincethey are not realistic

x � 5 x � 5

x � 5

approach;f xg

x > 2; enterexit

a
far near
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10:2 approach 4:8 0:1 a 0:05 a
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Background Composition of Timed Automata

Synchronization:actionswith samelabel

Other actionsinterleave

x � 5 x � 5

x � 5

approach;f xg

x > 2; enterexit

far near

in

y < 1 y < 1

y < 1y � 2

lower;f yg

down

raise;f yg

1 � y; up

is up coming down

is downcoming down

z � 1 z � 1

z � 1z � 1

approach;f zg

z = 1; lower

exit ;f zg

raise

c0 c1

c2c3

x � 5 x � 5

x � 5

x � 5

x � 5

z � 1y � 2

x � 5

approach;
f x; zg

z = 1; lower; f yg

y < 1;
down

2 < x � 5;
enter

x � 5;
exit ; f zg

z � 1; raise; f yg

approach;
f x; zg
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1 � y � 2;
up
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Background Mitl

The LogicMitl

Metric Interval Temporal Logic,
Temporal operators (possibly)constrainedby a time delay

x � 5 x � 5

x � 5

approach; f xg

x > 2; enterexit

far near

in

Examples:local propertiesof the train
The train is not on the railroadcrossingwithin the two t.u. following
the emissionof the signal\approach": � (near ) � < 2: in) ! Safety,

When the train approaches,it will eventuallyexit the railroad
crossing:� (near ) � far ) ! Liveness
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Relations between components

1. Backgroundon Timed systems
I ModelingTimed systemswith Timed Automata
I ClassicComposition Operator for Timed Automata
I SpecifyingTimed Propertieswith Mitl

2. Relations between components
I Timed � -Simulation
I Divergence-sensitive and stabilit y-respecting Timed � -Simulation

3. Experiments
I The Tool Vest a
I Production Cell
I CSMA/CD Protocol
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Relations between components Objective

Which relation betweenCjjE and C preservingthe local propertiesof C
on CjjE ?

Env

C

�� ��

� �

�

��

Env

C
� �

�

Properties(C) Preservation

Properties(C)

Which relation ?
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Relations between components Timed � -Simulation

The relation betweenC and CjjE is a timed � -simulation, written
CjjE � C, i.e., a simulationmodulo the actionsof E (� -actions)

x � 5 x � 5

x � 5

approach;f xg

x > 2; enterexit

far near

in

x � 5 x � 5

x � 5

x � 5

x � 5

z � 1y � 2

x � 5

approach;
f x; zg

z = 1; lower; f yg

y < 1;
down

2 < x � 5;
enter

x � 5;
exit ; f zg

z � 1; raise; f yg

approach;
f x; zg

1 � y � 2; up

1 � y � 2;
up

x � 5^
z � 1^
y � 2

x � 5^
z � 1

x � 5^
z � 1
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Relations between components Timed � -Simulation

Theorem (Preservationof safety properties)
Let ' be a safety property. C and E are timed automata.

If C j= ' and CjjE � C then CjjE j= '

Nicepropertiesw.r.t. jj
Composability
CjjE � C

Compatibility
C � C0 ) CjjE � C0jjE

Compositionality
C � C0 and D � D0 ) CjjD � C0jjD0

! Contribution of timed � -simulationfor incrementalveri�cation w.r.t.
classicveri�cation is immediatefor safety properties.
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Relations between components Divergence-sensitivity and Stabilit y-respect

To preservelivenessproperties,two more requirements
1. No new deadlocks (stability-respecting)

x � 5 x � 5

x � 5

approach;f xg

x > 2; enterexit

far near

in

x � 5 x � 5

x � 5

x � 5
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z � 1y � 2

x � 5

approach;
f x; zg

z = 1; � ; f yg

y < 1;
�

2 < x � 5;
enter

x � 5;
exit ; f zg

z � 1; � ; f yg

approach;
f x; zg

1 � y � 2; �

1 � y � 2;
� x � 5^

z � 1^
y � 2

x � 5^
z � 1

x � 5^
z � 1
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Relations between components Divergence-sensitivity and Stabilit y-respect

To preservelivenessproperties,two more requirements
1. No new deadlocks (stability-respecting)
2. No non-zeno� -cycles(divergence-sensitive)
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Relations between components Divergence-sensitivity and Stabilit y-respect

The timed � -simulationwith thesetwo requirementsis calleda
Divergence-sensitiveand Stability-respecting (DS) timed
� -simulation, written CjjE � ds C.

Theorem (Preservationof Mitl properties)
Let ' be a Mitl property. C and E are timed automata.

If C j= ' and CjjE � ds C then CjjE j= ' .

Composability and compatibility w.r.t. jj are not ensuredfor free.

! Checkalgorithmically the DS timed � -simulation
! Compare with classicveri�cation
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Experiments

1. Backgroundon Timed systems
I ModelingTimed systemswith Timed Automata
I ClassicComposition Operator for Timed Automata
I SpecifyingTimed Propertieswith Mitl

2. Relationsbetweencomponents
I Timed � -Simulation
I Divergence-sensitiveand stability-respecting Timed � -Simulation

3. Experiments
I The Tool Vesta
I Production Cell
I CSMA/CD Proto col
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Experiments The Tool Vesta

Veri�cation of Simulationsfor Timed Automata,

Checksthe DS timed � -simulationin the framework of integration of
components,i.e., it checks

CjjE � ds C

Vest a is availableat

http://lifc.univ-fcomte.fr/ � oudot/VeSTA
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Experiments Production Cell

Presentationof the ProductionCellCaseStudy

Modeling: at leastsevencomponents(six devices+ oneor several
pieces)

�������������

�������������

�������������

�������������

�������������

�������������

 � � � � � � 

 � � � � � � 

!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!

!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!�!

"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"

"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"�"

#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#

#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#

$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

press

robot

rotary table
elevating-

deposit belt

feed belt

sensor

arm B

arm A

Local propertiesto check
I 7 local propertiesfor the robot (P1 to P7), in particular 2 livenessand

3 boundedliveness.
I 1 livenesslocal property for robot jj press(P8).
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Experiments Production Cell

ClassicMethod
Model-checkall propertieson the completemodel

feed beltjjsensor jj tablejj robot jjpressjjdeposit beltjjpiece1

Our Method
1. Model-checkpropertiesP1 to P7 on the robot,

2. Model-checkproperty P8 on robot jj press,

3. Checkpreservationof P1 to P7 on robot jj press,i.e.,

robot jjpress� ds robot,

4. Checkpreservationof P8 on the wholemodel, i.e.,

completemodel � ds robot jjpress.
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Experiments Production Cell

DetailedResults

Computationtimes (seconds)

Property Type Classic Local Preservation
Method Veri�cation Checking

P1 Safety 0.01 < 0:001
P2 Safety 0.01 < 0:001
P3 Liveness 0.98 < 0:001
P4 Liveness 15.79 0.04 0.05
P5 BoundedResponse 0.68 < 0:001
P6 BoundedResponse 0.48 < 0:001
P7 BoundedResponse 0.7 < 0:001
P8 Liveness 0.93 0.02 0.46

Total 19.58 0.06 0.51
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Experiments CSMA/CD Proto col

Presentationof the CSMA/CD Protocol Casestudy

Carrier Sense,Multiple Accesswith CollisionDetectionprotocol
Modeling: at leastthreecomponents(a medium+ 2 or more senders)
Parameterizedsystem(parameter: number of senders)

cdi

cdi ; f xi g

f xi g
f xi gbegini ;

cdi

f xi g
cdi ;

sendi ; f xi g

xi = 782;
endi ; f xi g

busyi ;
f xi g

xi � 782 xi � 52

init i

coll detectedi

transmi

ready to sendi

endM ; f xM g

xM < 26xM � 26

xM � 26
busyMinitM

transmM

coll detectedM

beginM ;

f xM g

beginM ; f xM gcdM ; f xM g

xM � 26

xi = 0
retryi ;

The main property (P): whateverthe number of stations, if a
collisionoccursbetweentwo stationsi and j , i 6= j , both detect it
within 26 t.u.
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Experiments CSMA/CD Proto col

ClassicMethod
Model-checkP on the completemodel, with 2 senders,3 senders,4
senders...

Our method
Model-checkP on a model with 2 senders.

Checkthat preservationis ensuredwhenaddingother senders.
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ClassicMethod
Model-checkP on the completemodel, with 2 senders,3 senders,4
senders...

! � 6 senders:model-checkingsuccessful(from < 0.001secondsto
> 57 minutes),

! � 7 senders:veri�cation can not be run to completion(waiting for
ten hours).

Our method
Model-checkP on a model with 2 senders.

Checkthat preservationis ensuredwhenaddingother senders.
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Experiments CSMA/CD Proto col

ClassicMethod
Model-checkP on the completemodel, with 2 senders,3 senders,4
senders...

! � 6 senders:model-checkingsuccessful(from < 0.001secondsto
> 57 minutes),

! � 7 senders:veri�cation can not be run to completion(waiting for
ten hours).

Our method
Model-checkP on a model with 2 senders.

Checkthat preservationis ensuredwhenaddingother senders.

! Veri�cation with 2 senders:< 0.001seconds

! Preservationensuredthanks to simpleargumentsguaranteeingthat
DS timed � -simulationholds.
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Conclusion Synthesis

Preservationof safety / livenessMitl propertiesduring integrationof
componentswith (DS) timed � -simulationrelations.

Comparison with classicveri�cation:
I for safety properties,preservationis ensuredfor free
I for livenessproperties,�rst experimentsresults(veri�cation time) seem

encouraging.
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Conclusion Future Works

Study the contribution of timed � -simulationsfor parametrized
systems,e.g., networks of automata(as CSMA/CD protocol),

Study other composition operators, which would guaranteedeadlock
and � -livelock-freedomduring integration of components(J. Sifakis)

How to guidea decomposition into componentsto obtain their
compatibility with the (DS) timed � -simulation,

How to reusea component so that its integration in an applicationis
compatiblewith the DS timed � -simulation.
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Study the contribution of timed � -simulationsfor parametrized
systems,e.g., networks of automata(as CSMA/CD protocol),

Study other composition operators, which would guaranteedeadlock
and � -livelock-freedomduring integration of components(J. Sifakis)

How to guidea decomposition into componentsto obtain their
compatibility with the (DS) timed � -simulation,

How to reusea component so that its integration in an applicationis
compatiblewith the DS timed � -simulation.

Questions?
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Conclusion Future Works

Experimentsin the useof � -simulationsfor the
components-veri�cationof real-timesystems

F. Bellegarde, J. Julliand, H. Mountassirand E. Oudot

LIFC, University of Franche-Comt�e, France

11th November 2006

- SAVCBS'06-
5th InternationalWorkshopon Speci�cation And Veri�cation

of Component-BasedSystems
Portland, Oregon,USA
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