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Which model?

@ For Systems:
nite automata, Kripke structures, timed automata, hybrid
automata, cost automata, Petri nets ...

o For Properties:
LTL, TPTL, MTL, CTL, TCTL...
Pnuelt Using temporal logic for expressing the properties.
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CTL and Timed CTL

De nitions: CTL and TCTL

o CTL:
o atomic propositions Py Pyt

o boolean operators 2! oA
¢ temporal operators EX AX' E' U AU

whereP; are atomic propositions.

o TCTL:
e atomic propositions and boolean operators

¢ temporal operators+ subscript ¢ E'U ¢ AU ¢

where 2f <;>; ; ;=g;c2N
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Discrete Transition System
Applying inductively labeling procedure

Example: if = EX

C(EX)

® Vérie @ Vvérie :
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TCTL Model-checking

Timed automaton

The regions are consistent with the truth of TCTL formulae
ile(v=v") ((@vVF . (@9)F)) .
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TCTL Model-checking

Timed automaton

The regions are consistent with the truth of TCTL formulae
ile(v=vl) ((@v)F ., (@V9)F)) .

Region graph Timed automaton N region abstraction
) DiscreteTransition System

Applying CTL labeling procedure

Example:

EU:, , EU ""P )

whereP . is atomic proposition
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Extension of

TCTL®: Motivation

o Context:

Veri cation of programs with boolean or integer variables

o Problem:

o When modeling a given system, the abstracting phase can lead to a

model where some variables have di erent values at a given point in
time

o In this work, we want to ignore these transient states

o For this, we introduce a new until modality



Extension of TCTL:TCTL ex

Example: Two-hand relays

A safety device:

o both hands must be used to
start some machine by pressin
the two buttons simultaneously
(within 0.5s)

@ the machine stops as soon as
one button is released.

@ to ensure that operator is
outside the danger zone
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Example: Properties

P: When the machine is running, the two buttons are pushed J

init

L~ IR
A 1<0.5

L~ IR

@ P isnot alwaystrue

©=05 @ P isalmost
everywherdrue

running
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TCTL® De nition and semantics

o TCTL (Timed CTL):

e atomic propositions P1 Po:i:
o boolean operators o oA
o temporal operators EU . A" U ¢
2f <>, ;=g;c2N
@ + almost everywhere operators

° E U, AU,
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Timed automata (example)

X;y . clocks
Xx 5vy=0 y>1 x:=0
—(@) @) @—
q\ ! I a R T A
x| 0 55 0
y \ 0 14 14
00
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Timed automata (example)

X;y . clocks
Xx 5vy=0 y>1 x:=0
—(@) @) @—
|4:1 I1:4
Co\ : ! a : (oF1 ! a 07]
x| 0 55 0
y \ 0 14 14
p OO

U p < p0< pOO

U ~ measure on : Ap 7! p% = 41 ApP7t p%Y =0



Extension of TCTL:TCTL

Semantics

A TCTL® formula is interpreted over a con guratios = ( g; V).

SFE UV, , 9 2Exeds)st F'U?,
Frud, , 9 st )>09p2 ; Time( P) c

8p°2 ; s ; MfpipP< p” s06g=0



Extension of TCTL:TCTL ex

Example

(00;0) F AG*  but (o 0) 6 AG

where AG means  holds almost everywhere



Extension of TCTL:TCTL ex

Model of two-hand relays

init

L~ IR
A 1<0.5

L~ IR

AG*s=1) (L=1and
R = 1)) is true J

running t>=0.5
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Expressiveness power
Expressivity
@ U cannot be expressed by?l

(0o;0) TcTL = (a3 0), but (go; 0) F E(aUb), (a3; 0) 6j E(aUb)

TCTL? is the fragment of TCTEX with only U? modalities.



Expressiveness power
Expressivity
@ U2 cannot be expressed by U.

@ M; and N; satisfy the same TCTL formulae of size equal to 1

@ but, M; F E(aU(: a® EF-¢a)) andN; § E(aU(: a® EF-0d))




Expressivity

> .

0 >0, X:
N2: qa? X X

o M, E E(aU(: a® EF-¢a)) and N, F E(aU(: a™ EF-oa))

o but,' = E(aU(: a™ EF-o(a”™ E(aU(: a™ EF-(¢a))))) we have:
M» F " andN, Q '
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@ M; andN; satisfy the same TCTL formulae whose size is less than i




Expressiveness power
Expressivity
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@ M; andN; satisfy the same TCTL formulae whose size is less than i

e but, M; F E(aUs ,b) and N; 8] E(aU2 ,b)
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TCTL® model-checking

@ The standard regions are consistent with the truth of TCTL
formulae

@ We can extend the labeling procedures for verifying U
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@ Same complexity

Model checking TCTE* over timed automata is PSPACE-complete.
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Conclusion

Conclusion

@ Adding new modalities ¥increase the expressive power of TCTL.
o Model-checking for TCTEX is PSPACE-complete
o Future work:

¢ extend the algorithms on zones to verify U

o extend the results with intervals of size a parameter



Conclusion

' = EaU- 1b

(do; 0) & AG(: ") but (0o;0) F AG*(: ")
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