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

LIFC, University of Franche-Comte, France

11th Novemter 2006

- SA/CBS'06-
5t International Workshopon Speci cation And Veri cation
of Component-BasedSystems

Portland, Oregon,USA

11th November 2006

1/ 27



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

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

@ A veri cation method: Model-Checking
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Model-checking

@ Algarithmic veri cation methad
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Model-checking

@ Algarithmic veri cation methad

Advantages
o Exhaustive
o Automatic
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State-spaceexplosion:di culties to handlelarge-sizedmodels
Accentuatedfor Timed Systems
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Algorithmic veri cation methad

Exhaustive
Automatic

State-spaceexplosion:di culties to handlelarge-sizedmodels
Accentuatedfor Timed Systems

v

I A way out: usingincrementaldevelopmenimethods
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IncrementaDevelopmenfor Compnent-Basedystems

Integration of Components/ Local properties of the components

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

|
_
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IncrementaDevelopmentor Commpnent-Basedystems

Integration of Components/ Local properties of the components

1. Considera systemwith a component C and the rest of the
componentsEny,
2. Checklocal propertiesof C on C,

3. Checkthat local propertiesof C are preservedwhenit is integratedin
Env.

\_________

Properties(C)/I
Ne_2O00 £ 7
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@ How to ensurepreservation?

@ Isincrementalveri cation more e cient than classicveri cation ?
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@ How to ensurepreservation?
with timed -simulations

@ Isincrementalveri cation more e cient than classicveri cation ?
Needof experiments
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Timed Automata

o Finite automatawith real-valuedvariablescalledclocks.
@ An example:the Railroadcrossing:

D approach; fxg nea

X > 2 ;enter

in
i i C c
is up lower:fyg coming down 0 approach:f zg 1
y;up down z = 1 ;lower
- raise;fyg . exit;fzg
coming down is down C3 C2
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Background Timed Automata

Runsof a Timed Automaton

D approach;f xg nea

X > 2;enter
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Background Timed Automata

Runsof a Timed Automaton

[T approach;f xg nea

X > 2;enter

10:2

—0—0
far far
X 0 10:2
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Background Timed Automata

Runsof a Timed Automaton

fai approach; f xg nea

X > 2;enter

10:2 _approach

far far nea
X 0 10:2 0
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X

Timed Automata

Runsof a Timed Automaton

D approach;f xg nea

X > 2;enter

10:2 _approach 0:5

far far nea  nea
0 10:2 0 0:5
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Timed Automata

Runsof a Timed Automaton
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Timed Automata

Runsof a Timed Automaton
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X

Timed Automata

Runsof a Timed Automaton

D approach;f xg nea

X > 2;enter

10:2 _approach 0:5 33 enter 1:1

far far nea  nea nea in in
0 10:2 0 0:5 3.8 3.8 4:9
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X

Timed Automata

Runsof a Timed Automaton

D approach;f xg nea

X > 2;enter

10:2 _approach 0:5 33 enter 11 exit
@ ———@® @ @

far far nea nea  nea in in far
0 10:2 0 0:5 3:8 3:8 4:9 4:9
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X

Timed Automata

Runsof a Timed Automaton

[T approach;f xg nea

X > 2;enter

10:2 _approach 0:5 33 enter 11 exit

far far nea nea  nea in in far
0 10:2 0 0:5 3:8 3:8 4:9 4:9
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Timed Automata

Zeno Runsshouldbe ignaed sincethey are not realistic

i approach;f xg nea

X > 2;enter

10:2 _approach 4:8 0:1 a 0:05 a
0 il 6] 6] O o ———0 0 >

far far nea nea nea nea nea nea
0 10:2 0 4:8 4:9 4:9 4:95 4:95
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Composition of Timed Automata

@ Synchronization:actionswith samelabel

o Other actionsinterleave

approach;

fan approachif xg oo fx;zg x 5"

X > 2;enter z = 1;lower; fyg

in z 1
is up Iower;fygcommg down y< 1
down
X
down z
y
- 2< x 5
- raise;f ) ’
coming down yo is down enter
approach;
C G
0 approach;f zg ! fx;zg
5;
z = 1;lower exit; fzg

Y
z  1;raisefyg -

Cs exit;fzg

C2
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Mitl

@ Metric Interval Temporal Logic,
o Temporal operatas (possibly)constrainedby a time delay

i approach; f xg 1ea

X > 2;enter

@ The train is not on the railroad crossingwithin the two t.u. following
the emissionof the signal\approach™: (nea ) <2.in) I Safey,

o Whenthe train approaches,it will eventuallyexit the railroad
crossing: (nea ) far)! Liveness
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Relations between components IeJej{=ei:]

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

Which relation ?

\
| |
| |
[ |
| I
| |
| I
I |
| |
I |
| |

[
/

'\ Properties(C)
\\ /

-
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Timed -Simulation

@ The relation betweenC and CjjE is atimed -simulation written
CjiE C, i.e., asimulationmodulo the actionsof E ( -actions)

approach;

D approach;f xg nea fx;zg x 50

X > 2;enter

in z 1
y<1
down

X

z

y 2<x 5
enter

approach;
fx;zg
5;

exit; fzg

z  1;raise;fyg
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Timed -Simulation

@ The relation betweenC and CjjE is atimed -simulation written
CjiE C, i.e., asimulationmodulo the actionsof E ( -actions)

approach;
fx;zg x 5"

near

2 approach;f xg

X > 2;enter

in z 1
y<1
X
z
y 2<x 5
enter
approach;
fx;zg
5;
exit; fzg

z 1; ;fyg
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Timed -Simulation

Let' be a safey property. C and E are timed automata.

IfCEF"' andCjjE C thenCjEF "'

o Composability
Cjje C
o Compatibility
c c% cjE CSYE
@ Compositionality
C cClandD D° cCjb cCYD°
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Timed -Simulation

Let' be a safey property. C and E are timed automata.

IfCEF"' andCjjE C thenCjEF "'

o Composability
Cjje C
o Compatibility
c c% cjE CSYE
@ Compositionality
C cClandD D° cCjb cCYD°

I Contribution of timed -simulationfor incrementalveri cation w.r.t.
classicveri cation is immediatefor safey properties.
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Divergence-sensitivity and Stabilit y-respect

o To preservdivenesgroperties, two mare requirements
1. No newdeadlaks (stability-respecting)

approach;

nea FX; g

2 approach;f xg

X > 2;enter

2<x b5
enter

5
exit; f zg

¥
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o To preservdivenesgroperties, two mare requirements
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approach;

D approach;f xg 1o fx;zg x o

X > 2;enter

2<x b5
enter

R BR
z 3
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Divergence-sensitivity and Stabilit y-respect

o To preservdivenesgroperties, two mare requirements
1. No newdeadlaks (stability-respecting)

approach;

far nea fx;zg x 50

approach;f xg

X > 2;enter

2<x b5

deadlaks for !

e D
z 3

vy exit;fzg
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Divergence-sensitivity and Stabilit y-respect

o To preservdivenesgroperties, two mare requirements

1. No newdeadlaks (stability-respecting)
2. No non-zeno -cycles(divergence-sensitive)

approach; fx;zg

far nea fx;zg x 50

approach;f xg

X > 2;enter

5
exit; f zg

Y
z 1; ;fyg -
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Divergence-sensitivity and Stabilit y-respect

o Thetimed -simulationwith thesetwo requirementds calleda
Divergence-sensitivand Stability-respecting (DS) timed
-simulation written CjjE 4 C.

Let' bea Mitl property. C and E are timed automata.

IfCEF ' andCjijE 4sC thenCjiEF '.

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

I Checkalgaithmically the DS timed -simulation
I Compae with classicveri cation
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The Tool Vesta

@ Vei cation of Simulationsfor Timed Automata,

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

ijE ds C
o Vesta is availableat
http://lifc.univ-fcomte.fr/  oudot/VeSTA
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Production Cell

@ Modeling: at leastsevencomponents(six devicest oneor several
pieces)

deposit belt
arm B D
elevating- J
rotary table press
feed belt
robot
H—
— arm A
sensor

o Local propertiesto check

7 local propertiesfor the robot (P; to P7), in particular 2 livenessand
3 boundedliveness.
1 livenesdocal property for robot jj press(Ps).
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Production Cell

Model-checkall propertieson the completemodel

feed beltjjsensojjtablejjrobotjj presgjdeposit beltjjpiecel

1. Model-checkpropertiesP; to P; on the robot,

2. Model-checkproperty Pg on robot jj press,

3. Checkpreservationof P; to Pz onrobot jj press,i.e.,
robotjjpress ¢s robot,

4. Checkpreservationof Pg on the whole model, i.e.,

completemodel 45 robotjjpress
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Production Cell

o Computationtimes (seconds)

Property Type Classic Local Preservation
Method || Veri cation Checking

P1 Safety 0.01 < 0:001
P2 Safety 0.01 < 0:.001
Ps3 Liveness 0.98 < 0:001
Pa Liveness 15.79 0.04 0.05
Ps Bounded Resmpnse 0.68 < 0:001
Ps Bounded Resmnse 0.48 < 0:001
P7 Bounded Resmpnse 0.7 < 0:001
Ps Liveness 0.93 0.02 0.46

| Total || 19.58 || 0.06 | 0.51
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CSMA/CD Proto col

o Carier SenseMultiple Accesswith CollisionDetection protocol

@ Modeling: at leastthree components(a medium+ 2 or mare senders)
o Parameterizedsystem(parameter: number of senders)

endu;fxmg

transmy
init;

. inity
retry;;
in; busy; fxg
X = 782 xg o
end; g cdu:ifxug

transm

Xu 26
busyu

Xv < 26
beging ; fxm g

coll_detecteq

e The main property (P): whateverthe number of stations,if a

collisionoccursbetweentwo stationsi andj, i 6 j, both detectit
within 26 t.u.
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CSMA/CD Proto col

Model-checkP on the completemodel, with 2 senders3 senders4
senders...

@ Model-checkP on a model with 2 senders.
@ Checkthat preservationis ensuredwhenaddingother senders.
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CSMA/CD Proto col

Model-checkP on the completemodel, with 2 senders3 senders4
senders...

! 6 senders:model-checkingsuccessfu(from < 0.001secondgo
>57 minutes),

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

@ Model-checkP on a model with 2 senders.
@ Checkthat preservationis ensuredwhenaddingother senders.

11th November 2006 24| 27



CSMA/CD Proto col

Model-checkP on the completemodel, with 2 senders3 senders4
senders...

! 6 senders:model-checkingsuccessfu(from < 0.001secondgo
>57 minutes),

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

@ Model-checkP on a model with 2 senders.
@ Checkthat preservationis ensuredwhenaddingother senders.

I Veri cation with 2 senders:<0.001seconds

I Preservatiorensuredthanksto simpleargumentsguaranteeingthat
DStimed -simulationholds.
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Synthesis

o Preservationof safey / livenesaMitl  propertiesduring integration of
componentswith (DS) timed -simulationrelations.

@ Compaisonwith classicveri cation:

for safety properties, preservationis ensuredfor free
for livenessproperties, rst experimentsresults(veri cation time) seem
encouraging.
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Future Works

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

Study other composition operatas, which would guaantee deadlak
and -livelock-freedomduring integration of components(J. Sifakis)

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

How to reusea component sothat its integrationin an applicationis
compatiblewith the DS timed -simulation.
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Study other composition operatas, which would guaantee deadlak
and -livelock-freedomduring integration of components(J. Sifakis)

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

How to reusea component sothat its integrationin an applicationis
compatiblewith the DS timed -simulation.

Questions?
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