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1 Proving Properties in LTL and CTL [8 Points]

Formally prove the following properties for LTL and CTL formulas.

• LTL equivalence.

Suppose we change the semantic of the ’Until’ operator in the following way:

〈M, i〉 |= ϕUψ iff there exists j. (j > i) ∧ 〈M, j〉 |= ψ ∧

for all k. (i < k < j) → 〈M, k〉 |= ϕ

Prove the following equivalence: gϕ ≡ ⊥U ϕ

• CTL satisfiability.

Prove that the following CTL formula is not satisfiable: 2p g¬ϕ ∧ 3p 2ϕ.

Prove the following entailments:

• LTL. 2ϕ ∨ 2ψ |= 2(ϕ ∨ ψ).

• CTL. 3p 2(ϕ ∧ ψ) |= 3p 2ϕ ∧ 3p 2ψ.

2 Expressing Properties in LTL [4 Points]

Express the following properties in LTL assumed to be true at all points in time:

1. If the event Start is true, then Waiting till Receive is true infinitely often.

2. If the event Receive is true, then Processing till Sending is true starting from the

next step.

3. It is never the case that the event Receive happens at the same time when the event

Sending is happening.

Finally, answer the following question:

• Discuss on the expressive power of LTL Vs. CTL.
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3 Model Checking in LTL [6 Points]

You are given the following Kripke model M:

s0

a1, a2

s1

a1, b1

s2

c1, a1

s3

a2, b2

s4

c2, a2

s5a1, b1, b2

s6

c1, c2

s7 a1, d s8a2, d

start

• Extract from the above graphical representation of M its formal definition (limit the

transitions and labelling to states s0, s5, s6).

Furthermore, for each of the following LTL formulas ϕ:

1.
(

(b1 ∧ ¬b2) ∨ (a1 ∧ a2)
)

→ g(a1 ∨ a2) ∧ g g(d ∨ c1)

2. 2
(

gd→ 2(a1 ∨ ¬b2)
)

3. 23c1 → 23(b1 ∧ c1)

4. (a1 ∨ a2)U (c1 ∨ c2) ∨ 2(a1 ∨ a2)

5. 3((b1 ∧ gc1) → 23a1)

reply to the following question:

• Check whether M |= ϕ, and in case the answer is negative exhibit a path that does not

satisfy the formula.
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4 Model Checking in CTL [8 Points]

You are given the following Kripke model M:

s0

a, c

s1

a, b

s2c, e s3b, d

s4

a, d

s5 b, e

start

For each of the following CTL formulas ϕ, rewrite them using only the CTL operators

3p g, 3p 2, 3p U , and check whether M |= ϕ holds by using the labeling algorithm.

1. 3p 2(¬d ∨ 3p gb)

2. 2p 2b ∨ 3p (cU e)

3. 2p g(c ∧ e)

4. 3p 3(¬c ∧ 2p 3a)

5 Symbolic Model Checking [6 Points]

Given the Kripke model of the Exercise 4 do the following:

1. Write the characteristic function of the initial state, ξ(s0).

2. Construct the OBDD in canonical form for ξ(s0) by showing all the partial OBDD’s

needed to reach the final OBDD.

3. Explain how we can check that M |= ϕ holds with the symbolic model checking tech-

nique.
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