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rized material during the examination. Any of your answer should be justified. You
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Exercise 1 Büchi automata (3pts)

Consider the following Büchi automata:
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Tell whether the ω-language recognized by the automaton above is empty for the
following sets of accepting states.

1. F = {q0, q1}

2. F = {q2, q3}

3. F = {q1, q3}
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Exercise 2 LTL specifications (2pts)

Consider the following sequential circuit:

Let AP = {x, y, r1, r2}. Provide LTL formulas for the following properties:

1. “It is impossible that the circuit outputs two successive 1’s.”

2. “Whenever the input bit is 1, in at most two steps the output bit will be 1.”

3. “Whenever the input bit is 1, the registers’ bit do not change in the next step.”

4. “Register r1 has infinitely often value 1.”

Exercise 3 CTL properties (3pts)

Consider the following transition system over AP = {a, b}:

s0start s1

s2 s3

{a}{a, b}

{a} {a, b}

Compute for each CTL formula the set of states in which this formula holds.

1. ∀♦b
2. ∀�a

3. ∃�(¬b → ∀�b)

4. ∀(a U (∀�b))

5. ∀(a U (∀�(¬b ∧ ∀�b)))

6. ∀(a W (∀�(¬b ∧ ∀�b)))1

1Recall: ∀(ϕ1 W ϕ2) = ¬∃((ϕ1 ∧ ¬ϕ2) U (¬ϕ1 ∧ ¬ϕ2)).
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Exercise 4 (2pts)

Consider the following linear time property P :

“Always if a is valid and b ∧ ¬c was valid somewhere before, then neither a nor b
holds thereafter.”

1. Show that P is a safety property.

2. Define an NFA that characterizes the bad prefixes of Property P .

Exercise 5 Fairness, realizability (4pts)

1. Recall the definition of a fairness assumption of the form (Func,Fstrong,Fweak) and
explain why it is useful for verification purposes.

2. Recall the definition of a realizable fairness assumption.

3. Consider the fairness assumption F = ({{α, γ}}, {{β}}, {{η}}) on the following TS.
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{a, b} {a, b}
∅

Is F realizable in TS?

Exercise 6 Linear time properties, safety and liveness (6pts)

1. Recall the definition of a linear time property and of a regular linear time property.

2. Recall the definition of a safety property and of a liveness property.

3. Give an example of a non-trivial regular safety property.

4. Show that for a safety property, if the set of bad prefixes is regular, then the property
is regular2.

5. Give an example of a non-trivial non-regular safety property.

6. Give an example of a non-trivial regular liveness property.

2Recall that regular ω-languages are closed under complementation.
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