M1 MPRI
Exam on the first part of the Verification module

Monday 10*" November, 2014

Lecture and exercise notes are allowed. Answers can be written in English
or French.

Question 1 (3 marks)

For each model and each formula, say if the model satisfies the formula, and
give a short explanation.
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o ¢ = AGFb
o ¢ = EGFb
e ¢3 = AFEGa
e ¢4 = AGEFb

Question 2 (4 marks)

For every state subformula of ¢, give the set of states of M which satisfy it. No
explanation is needed.
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¢ = A[(Xb) v FA((EFGa)U(AGD)))]

Question 3 (2 marks)

Are the following formulae equivalent? Give each time a short proof or a counter-
example.

e EFa and EFEXa

e AGFa  and  AGFXa

ea—EFa  and  (Ea) — (AFa)

o A((Ga) = (Fb))  and  AG(a — (Fb))



Question 4 (3 marks)

What is the complexity of checking whether two LTL formulae are equivalent?
Give a proof.

Question 5 (2 marks)

We consider a finite Kripke structure M where the set of atomic propositions is
the set of states, and in every state s, £(s) = {s}.

1. Define an LTL formula of size linear in the size of M, that characterizes
the set of infinite runs of M.

2. Ilustrate your construction on the following Kripke structure.
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Question 6 (6 marks)

We denote LTL'F|r the set of LTL formulae with no negation and no other tem-
poral modality than F.

1. (4 marks)
Prove that the existential model-checking problem for LTL;r is in NP.

2. (2 marks)
By reduction from the SAT problem, prove that the existential model-
checking problem for LTL;r is NP-hard.



