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Name: Student no.: 2Question 1 (10 points)Let AP = {a} and ϕ = (a ∧ ,a)U¬a an LTL�formula over AP .(a) Compute all elementary sets with respe
t to ϕ.Hint: There are �ve elementary sets.(b) Constru
t the GNBA Gϕ a

ording to the algorithm from the le
ture su
h that Lω(Gϕ) = Words(ϕ).



Name: Student no.: 3Question 2 (10 points)Consider the CTL∗-formula (over AP = {a, b})
Φ = ∀32∃ ,

(

aU∃2b
)and the transition system TS outlined below:
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Apply the CTL∗ Model Che
king Algorithm to 
ompute Sat(Φ) and de
ide whether TS |= Φ.Hint: You may infer the satisfa
tion sets for LTL formulas dire
tly.Note: In the le
ture notes, there is a typo in the algorithm; the 
orre
t algorithm isgiven below where the missing negation symbol is highlighted.Algorithm 1 CTL∗ model 
he
king algorithm (basi
 idea)Require: �nite transition system TS with initial states I, and CTL∗-formula ΦEnsure: I ⊆ Sat(Φ)for all i ≤ |Φ | dofor all Ψ ∈ Sub(Φ) with |Ψ | = i doswit
h(Ψ):
true : Sat(Ψ) := S;
a : Sat(Ψ) := {s ∈ S | a ∈ L(s)};
a1 ∧ a2 : Sat(Ψ) := Sat(a1) ∩ Sat(a2);
¬a : Sat(Ψ) := S \ Sat(a);
∃ϕ : determine SatLTL(ϕ) by means of an LTL model-
he
ker;: Sat(Ψ) := S \ SatLTL(¬ϕ) (* 
orre
tion *)end swit
h

AP := AP ∪ {aΨ}; (* introdu
e fresh atomi
 proposition *)repla
e Ψ with aΨforall s ∈ Sat(Ψ) do L(s) := L(s) ∪ {aΨ}; odend forend forreturn I ⊆ Sat(Φ)



Name: Student no.: 4Question 3 (10 points)Consider the following transition systems TS1 and TS2:
s1

{a}

s3 {b}s2{a, b} s4 {b}

TS1 : t1
{a}

t2

{a, b}
t4 {a, b}t3{b}

t6
{a}

t7
{b}

TS2 :

t5
{a}(a) De
ide whether TS1 ∼ TS2. Explain your answer formally.(b) De
ide whether TS1 ≃ TS2. Explain your answer formally.



Name: Student no.: 5Question 4 (10 points)Let AP = {a, b}.(a) P1 denotes the linear time property that 
onsists of all in�nite words σ = A0A1A2 · · · ∈
(

2AP
)ωsu
h that there exists n ≥ 0 with

∀j < n. Aj = ∅ ∧ An = {a} ∧ ∀k > n. (Ak = {a} ⇒ Ak+1 = {b}) .(i) Give an ω�regular expression for P1.(ii) Apply the de
omposition theorem and give ω�regular expressions for Psafe and Plive.(iii) Justify that Plive is a liveness and that Psafe is a safety property.(b) Now let P2 denote the set of tra
es of the form σ = A0A1A2 · · · ∈
(

2AP
)ω su
h that

∞

∃ k. Ak = {a, b} ∧ ∃n ≥ 0. ∀k > n.
(

a ∈ Ak ⇒ b ∈ Ak+1

)

.Consider the following transition system TS:
s0

{a}
s1 {b}

s2{a, b} s3
∅ s4 {a, b}

δ η

γ αβ

α

γ

α

α β βConsider the following fairness assumptions:(i) F1 =
(

{

{α}
}

,
{

{β}, {δ, γ}, {η}
}

, ∅
). De
ide whether TS |=F1

P2.(ii) F2 =
(

{

{α}
}

,
{

{β}, {γ}
}

,
{

{η}
}

). De
ide whether TS |=F2
P2.Justify your answers!


