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

Expressiveness/Complexity
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Definitions: CTL and TCTL

CTL:

atomic propositions P1 P2 . . .

boolean operators ¬ϕ ϕ ∧ ψ

temporal operators EXϕ AXϕ EϕUψ AϕUψ

where Pi are atomic propositions.

TCTL:

atomic propositions and boolean operators

temporal operators + “subscript ∼ c” EϕU∼cψ AϕU∼cψ

where ∼∈ {<,>,≤,≥,=}, c ∈ N
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Semantics
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∼ c
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Semantics

EϕUψ EϕU∼cψ

∼ c

problem → AF alarm

A(¬ (give-money) U pin-ok)

problem → AF<1 alarm
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CTL Model-checking

Discrete Transition System

Applying inductively labeling procedure

Example: if φ = EXψ

...
...

vérifie ψ vérifie ¬ψ

EXψ

¬(EXψ)

...
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Timed automaton

The region abstraction: Equivalence of finite index

Compatibility between regions and constraints
Compatibility between regions and time elapsing
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i.e (v ∼= v ′ ⇒ ( (q, v) |= Φ ⇔ (q, v ′) |= Φ ) ).
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TCTL Model-checking

Timed automaton

The region abstraction: Equivalence of finite index

Compatibility between regions and constraints
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The regions are consistent with the truth of TCTL formulae
i.e (v ∼= v ′ ⇒ ( (q, v) |= Φ ⇔ (q, v ′) |= Φ ) ).

z := 0



CTL and Timed CTL Extension of TCTL:TCTLext Expressiveness power Model-checking Conclusion

TCTL Model-checking

Timed automaton

The regions are consistent with the truth of TCTL formulae
i.e (v ∼= v ′ ⇒ ( (q, v) |= Φ ⇔ (q, v ′) |= Φ ) ).

Region graph: Timed automaton
⊗

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
i.e (v ∼= v ′ ⇒ ( (q, v) |= Φ ⇔ (q, v ′) |= Φ ) ).

Region graph: Timed automaton
⊗

region abstraction

⇒ Discrete Transition System

Applying CTL labeling procedure

Example:

EϕU∼cψ ⇔ EϕU(ψ ∧ P∼c)

where P∼c is atomic proposition
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TCTLext: Motivation

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

In this work, we want to ignore these transient states

For this, we introduce a new until modality
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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
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Example: Properties

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

init

running t>=0.5

!L ∧ !R

L ∨ R
t:=0

L ∧ R
∧ t<0.5

s:=1

!L ∨ !R
s:=0

!L ∧ !R
∧ t<0.5 P:

s=1 ⇒ (L=1 and
R = 1)
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Example: Properties

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

init

running t>=0.5

!L ∧ !R

L ∨ R
t:=0

L ∧ R
∧ t<0.5

s:=1

!L ∨ !R
s:=0

!L ∧ !R
∧ t<0.5 P:

s=1 ⇒ (L=1 and
R = 1)

P is not always true

P is almost
everywhere true
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TCTLext: Definition and semantics

TCTL (Timed CTL):

atomic propositions P1 P2 . . .

boolean operators ¬ϕ ϕ ∧ ψ

temporal operators EϕU∼cψ AϕU∼cψ

∼∈ {<,>,≤,≥,=}, c ∈ N
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TCTLext: Definition and semantics

TCTL (Timed CTL):

atomic propositions P1 P2 . . .

boolean operators ¬ϕ ϕ ∧ ψ

temporal operators EϕU∼cψ AϕU∼cψ

∼∈ {<,>,≤,≥,=}, c ∈ N

+ “almost everywhere” operators

EϕUa

∼cψ AϕUa

∼cψ
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Timed automata (example)

x , y : clocks

q0 q1 q2

x ≤ 5, y := 0 y > 1, x := 0

ρ q0
4.1
−→ q0 →a q1

1.4
−→ q1 →a q2

x 0 4.1 4.1 5.5 0
y 0 4.1 0 1.4 1.4

p′′p′p
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Timed automata (example)

x , y : clocks

q0 q1 q2

x ≤ 5, y := 0 y > 1, x := 0

ρ q0
4.1
−→ q0 →a q1

1.4
−→ q1 →a q2

x 0 4.1 4.1 5.5 0
y 0 4.1 0 1.4 1.4

p′′p′p

➜ p <ρ p′ <ρ p′′

➜ µ̂ measure on ρ: µ̂(p
σ
7→ p′′) = 4.1 µ̂(p′ σ

7→ p′′) = 0
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Semantics

A TCTLext formula is interpreted over a configuration s = (q, v).

s |= EϕUa
∼cψ ⇔ ∃ ρ ∈ Exec(s) s.t. ρ |= ϕUa

∼cψ

ρ |= ϕUa
∼cψ ⇔ ∃σ s.t. µ̂(σ) > 0,∃p ∈ σ, Time(ρ≤p) ∼ c

∀p′ ∈ σ, sp′ |= ψ, µ̂({p′ | p′ <ρ p ∧ sp′ 6|= ϕ}) = 0

ϕ

S P

¬ϕ ψ
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Example

q0

|= ψ

|= ¬ψ

q1

x ≥ 4, x := 0

x = 0

(q0, 0) |= AGaψ but (q0, 0) 6|= AGψ

where AGa ψ means “ ψ holds almost everywhere “
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Model of two-hand relays

init

running t>=0.5

!L ∧ !R

L ∨ R
t:=0

L ∧ R
∧ t<0.5

s:=1

!L ∨ !R
s:=0

!L ∧ !R
∧ t<0.5

AGa(s=1 ⇒ (L=1 and
R = 1)) is true
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Expressivity

Theorem

U cannot be expressed by Ua.

proof

A :

q0
a

q1
b

x > 0, x := 0

q′
0
a

r ′0
¬a

x > 0, x := 0

x = 0

(q0, 0) ≡TCTLa (q′
0, 0), but (q0, 0) |= E(aUb), (q′

0, 0) 6|= E(aUb)

TCTLa is the fragment of TCTLext with only Ua modalities.
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Expressivity

Theorem

Ua cannot be expressed by U.

proof

M1:
q1
a

r1
¬a

q0
a

r0
b

x > 0, x := 0
x ≥ 0, x := 0

x > 0

N1:
q′

1
a

r ′1
¬a

x > 0, x := 0
x > 0, x := 0

x > 0

M1 and N1 satisfy the same TCTL formulae of size equal to 1

but, M1 |= E(aU(¬a ∧ EF=0a)) and N1 6|= E(aU(¬a ∧ EF=0a))
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Expressivity

M2:
q2
a

r2
¬a M1

x > 0, x := 0 x ≥ 0, x := 0

N2:
q′

2
a

r ′2
¬a N1

x > 0, x := 0 x ≥ 0, x := 0

x ≥ 0, x := 0

x > 0, x := 0

M2 |= E(aU(¬a ∧ EF=0a)) and N2 |= E(aU(¬a ∧ EF=0a))

but, ϕ := E(aU(¬a ∧ EF=0(a ∧ E(aU(¬a ∧ EF=0a))))) we have:
M2 |= ϕ and N2 6|= ϕ
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Expressivity

Mi :
qi
a

ri
¬a

Mi−1
x > 0, x := 0 x ≥ 0, x := 0

Ni :
q′

i
a

r ′i
¬a

Ni−1
x > 0, x := 0 x ≥ 0, x := 0

x ≥ 0, x := 0

x > 0, x := 0
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Expressivity
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a

ri
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x > 0, x := 0 x ≥ 0, x := 0

Ni :
q′

i
a

r ′i
¬a
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x > 0, x := 0 x ≥ 0, x := 0

x ≥ 0, x := 0

x > 0, x := 0

Mi and Ni satisfy the same TCTL formulae whose size is less than i
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Expressivity

Mi :
qi
a

ri
¬a

Mi−1
x > 0, x := 0 x ≥ 0, x := 0

Ni :
q′

i
a

r ′i
¬a

Ni−1
x > 0, x := 0 x ≥ 0, x := 0

x ≥ 0, x := 0

x > 0, x := 0

Mi and Ni satisfy the same TCTL formulae whose size is less than i

but, Mi |= E(aUa
>0b) and Ni 6|= E(aUa

>0b)
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TCTLext model-checking

The standard regions are consistent with the truth of TCTLext

formulae
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EGa
<cϕ⇔ E+(pb ∨ ϕ)Up=c
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TCTLext model-checking

The standard regions are consistent with the truth of TCTLext

formulae

We can extend the labeling procedures for verifying Ua

EGa
<cϕ⇔ E+(pb ∨ ϕ)Up=c

Same complexity

Theorem

Model checking TCTLext over timed automata is PSPACE-complete.
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Conclusion

Adding new modalities Ua increase the expressive power of TCTL.

Model-checking for TCTLext is PSPACE-complete

Future work:

extend the algorithms on zones to verify Ua

extend the results with intervals of size a parameter ∆
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q0

a,¬b

q1

¬a, b
x = 2

ϕ = EaU=1b

(q0, 0) 6|= AG(¬ϕ) but (q0, 0) |= AGa(¬ϕ)
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