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Which model?

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

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

Extension of TCTL: TCTL®t

©
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Expressiveness power

o TCTL < TCTL*
o TCTL* < TCTL®

©

Model-checking

@ Conclusion and future work
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CTL and Timed CTL

Definitions: CTL and TCTL

o CTL:
@ atomic propositions P1 P...
@ boolean operators —p pAY

@ temporal operators EXp AXyp EpUy ApUy

where P; are atomic propositions.
o TCTL:

o atomic propositions and boolean operators

o temporal operators + “subscript ~ ¢” EpU.cv ApU

where ~e {<, >, <, > =}, ceN
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Semantics

EpU EpU.

@ problem — AF alarm
@ problem — AF_q alarm
o A(— (give-money) U pin-ok)
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Discrete Transition System
Applying inductively labeling procedure
Example: if ¢ = EXv
EX)

—(EX%)

@ vérifie ¢ @ vérifie -1
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TCTL Model-checking

Timed automaton

The region abstraction: Equivalence of finite index
@ Compatibility between regions and constraints
@ Compatibility between regions and time elapsing

The regions are consistent with the truth of TCTL formulae
e(v=v = ((aV)Fe & (av)Fo)).
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TCTL Model-checking

Timed automaton

The regions are consistent with the truth of TCTL formulae
ie(v2v = ((gv)F® & (q,V)E®)).

Region graph: Timed automaton (X) region abstraction
= Discrete Transition System

Applying CTL labeling procedure
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TCTL Model-checking

Timed automaton

The regions are consistent with the truth of TCTL formulae
ie(v2v = ((gv)F® & (q,V)E®)).

Region graph: Timed automaton (X) region abstraction
= Discrete Transition System
Applying CTL labeling procedure

Example:

EoU. . < EpU(y A Poc)

where P is atomic proposition
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Extension of TCTL: TCTLS**

TCTL®t: Motivation

o Context:
Verification of programs with boolean or integer variables

@ Problem:

@ When modeling a given system, the abstracting phase can lead to a
model where some variables have different 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: TCTLS**

Example: Two-hand relays

A safety device:

@ both hands must be used to
start some machine by pressing
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

ILAIR
A t<0.5

“ 0
[ .=

1= (L=1 and
=1)

)

L AR

@ P is not always true

running

©>=05 @ P is almost
everywhere true
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TCTL®: Definition and semantics

@ TCTL (Timed CTL):

@ atomic propositions P1 P...
@ boolean operators —p pAY

@ temporal operators EpU~ct ApUcp
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TCTL®: Definition and semantics

@ TCTL (Timed CTL):
@ atomic propositions P1 P...
o boolean operators - Y AP
@ temporal operators EpU~ct ApUcp

~e{<,> <, 2,=}ceN
@ + “almost everywhere” operators

° EpU2 9 ApU2 ¢
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Timed automata (example)

x,y : clocks

x<5 y:=0 y>1 x:=0

~®
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Timed automata (example)

x,y : clocks

x<5 y:=0 y>1 x:=0
—(@) @ (@

4.1 1.4
P [qo\ — [QGo\ —a — Q1 —a Q2
X 0 4.1 5.5 0
y 0 4.1 1.4 1.4
/ pl/

0 P<ppl <pp//

O A measure on p: ilpr—p')y=41 ap’ = p") =0



Extension of TCTL: TCTLS**

Semantics

A TCTL®* formula is interpreted over a configuration s = (g, v).
sEEpU2 < FpeExec(s)s.t.p = U2
pEUL Y & Fost j(o)>0,3p € o, Time(p<P) ~c
Vo' € o, sy E, i{P [P <, p A Sy lE@}) =0
®

L L T~r——



Extension of TCTL: TCTLS**
Example

(C]o,O) ': AG®y)  but (q0,0) F’é AGy

where AG® 1) means “ 1 holds almost everywhere “



Extension of TCTL: TCTLS**

Model of two-hand relays

init

LA IR
A t<0.5

L A IR

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

running t>=0.5
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Expressiveness power
Expressivity
@ U cannot be expressed by U?2.

(0,0) =rcris (90,0), but (qo,0) = E(aUb), (o, 0) I~ E(aUb)

TCTL? is the fragment of TCTL®™* with only U modalities.



Expressiveness power
Expressivity
@ U? cannot be expressed by U.

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

o but, My = E(aU(—a A EF—a)) and N; [~ E(aU(—a A EF—pa))




Expressiveness power
Expressivity

>0, x:=0
Mz:@x X

o M, = E(aU(—a A EF_¢a)) and N, = E(aU(—a A EF_a))

@ but, ¢ := E(aU(—a A EF—o(a A E(aU(—a A EFa))))) we have:
My E ¢ and N £ ¢ )
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Expressiveness power
Expressivity

@ M; and N; satisfy the same TCTL formulae whose size is less than i

@ but, M; = E(aU%yb) and N; j~= E(aU2yb)
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Model-checking

TCTL®" model-checking

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

@ We can extend the labeling procedures for verifying U?

EG2.¢ < E"(pb V ¢)Up=c

@ Same complexity

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

Conclusion

@ Adding new modalities U? increase the expressive power of TCTL.
@ Model-checking for TCTL®* is PSPACE-complete
o Future work:

o extend the algorithms on zones to verify U?

o extend the results with intervals of size a parameter A



@ = EaU:1b

(0,0) %= AG(=p) but (o, 0) = AG™(—¢)
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