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Model Checking problem

Model (of a system) |= Specification (good behaviors)



Model and specification

Kripke structure

a b c

α β γ
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Linear Temporal Logic
LTL is the set formulas φ defined using the following grammar:

φ ::= α | ¬φ | φ ∨ φ | X φ | φ U φ .



Model and specification

Kripke structure

a b c

α β γ

A specification
φ = Fβ (Reachability)

φ = G¬γ (Safety)

φ = GFβ = F∞β (Büchi)



Problem

Model checking
Given an LTS L and an LTL formula φ, the universal model checking problem
consists in checking whether ∀ρ ∈ Runs(L), ρ |= φ.

Then, we write L |= φ.

Example

a b c

α β γ

Here, L |= α and L 6|= F∞γ



Fairness

Intuition
If something can happen infinity often, it should happen infinity often.

Fairness : Markov chain

a b c
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Probability mesure : PL



Problem

Fair model checking
Given an LTS L and an LTL formula φ, the fair model checking problem consists in
checking whether PL({ρ ∈ Runs(L) | ρ |= φ}) = 1.

Then we write L |=AS φ.

Example

a b c

α β γ

Here, L |=AS F∞γ



Complexity of Model Checking problems

Model Checking of LTL [SC85]
Both the universal and fair model checking problem for LTL are PSPACE complete.

Goal
To look at fragment of LTL.



Müller Formulas

Müller formulas L(F∞)
The set of Müller formulas is a fragment of LTL where the only temporal operator
used is F∞.
Example

a b c

α β γ

F∞α, F∞(F∞β ∨ γ), . . .

Müller formulas [SVV07]

• The universal model checking of L(F∞) is coNP complete.
• The fair model checking of L(F∞) is linear in |L| and |φ|.
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Proof ideas

Nice properties
The satisfaction of φ ∈ L(F∞) only depends on the set of states visited infinitly often
(⇒ prefix independence).

The set of states visited infinitly often is a Strongly Connected Set (SCS).

Universal model checking
Idea : guess a "faulty" SCS, and check it is faulty : coNP.

Fair model checking
Key : almost surely a run ends in a Bottom Strongly Connected Componnent
(BSCC).

Idea : check each BSCC by structural induction over the formula.
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Prompt LTL

Prompt Linear Temporal Logic
pLTL is LTL with the added operator FP.

FP : given k, (ρ, k) |= FPφ iff ∃i ≤ k, (ρ[i..], k) |= φ ("finally with bounded horizon").

Model checking
Universal : ∃k, ∀ρ ∈ Runs(L), (ρ, k) |= φ

Fair : ∃k,PL({ρ ∈ Runs(L) | (ρ, k) |= φ}) = 1

Model Checking of pLTL [KPV09]
Both the universal and fair model checking problem for pLTL are PSPACE complete.
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Prompt Müller

Prompt Müller fragment L(F∞
P )

The set of prompt Müller formulas is a fragment of pLTL where the only temporal
operator is F∞

P .

F∞
P φ : There is a bound k such that φ is true somewhere in each "window" of size k.

Example

a b c

α β γ

φ = F∞
P γ (aaabcbcω, 5) |= φ

(aaaaabcbcω, 5) 6|= φ



Our results of Model Checking

New Theorem

• The universal model checking of L(F∞
P ) is coNP complete.

• The fair model checking of L(F∞
P ) is coNP complete.

Idea : the issue is that the fragment is not prefix independent.
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Prefix independence

Prefix independent prompt Müller fragment F
(
L+(F∞

P )
)

A formula φ is in F
(
L+(F∞

P )
)
iff there is ψ ∈ L+(F∞

P ) such that φ = Fψ.

Example

a b c

α β γ

ψ = F∞
P γ

L 6|= ψ L 6|= Fψ
L 6|=AS ψ L |=AS Fψ



Our results of Model Checking
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is linear in |φ| and quadratic in |S|.
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Conclusion

Model check. LTL L(F∞) pLTL L(F∞
P ) F(L+(F∞

P ))
Universal PSPACE-c coNP-c PSPACE-c coNP-c coNP-c

Fair PSPACE-c Linear PSPACE-c coNP-c Linear

Synthesis LTL L(F∞) pLTL L(F∞
P ) F(L+(F∞

P ))
Universal 2EXP-c PSPACE-c 2EXP-c ? ?

Fair 2EXP-c NP-c 2EXP-c ? ?

Thanks !
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