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Name: Student no.: 2Question 1 (10 points)Let P be a linear time property. Prove that P is a liveness property if and only if closure(P ) =
(

2AP
)ω.



Name: Student no.: 3Question 2 (10 points)Let P denote the linear time property over the set AP = {a, b} of atomi
 propositions su
h that P 
onsistsof all in�nite tra
es σ = A0A1A2 · · · ∈
(

2AP
)ω that satisfy

∀i ≥ 0. (Ai = ∅ =⇒ ∃k ≥ i. (b ∈ Ak ∧ ∀j ∈ {i, . . . , k − 1} . a /∈ Aj)) .(a) Spe
ify an LTL formula ϕ su
h that Words(ϕ) = P .(b) Give an ω�regular expression for P .(
) Apply the de
omposition theorem and give ω�regular expressions for Psafe and Plive.



Name: Student no.: 4Question 3 (10 points)Let ϕ = (a ∧ ,a)U(¬(¬aUa)) be a LTL formula over AP = {a}.(a) Compute all elementary sets with respe
t to closure(ϕ)!Hint: There are 7 elementary sets.(b) Use the algorithm from the le
ture to 
onstru
t the GNBA Gϕ with Lω(Gϕ) = Words(ϕ):� De�ne the set of initial states and the a

eptan
e 
omponent.� Depi
t the transition relation of Gϕ.Hint: It su�
es to 
onsider the rea
hable elementary sets only!(
) Informally des
ribe the language Lω(Gϕ).



Name: Student no.: 5Question 4 (10 points)Let P denote the set of tra
es σ = A0A1A2 · · · ∈
(

2AP
)ω over AP = {a, b} su
h that there exist in�nitelymany indi
es k ≥ 0 with Ak = ∅. Consider the following transition system TS:
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h of the fairness assumptions(a) F1 =
({

{α}
}

,
{

{β}, {δ, γ}
}

, ∅
) and(b) F2 =

({

{α}
}

,
{
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, ∅
}):De
ide whether TS |=Fi

P for i = 1, 2. Justify your answers!



Name: Student no.: 6Question 5 (10 points)Consider the following transition systems TS1 and TS2:
s1

{a}

s3{b} s4

{a}

s2 {b}
TS1 :

s5

{a}

t1

{a}

t3{b} t4
{a}

t2

{b}TS1 :

t5
{a}

t6 {b}

(a) Compute TS1/ ∼ and TS2/ ∼.(b) De
ide whether TS1 ∼ TS2. Explain your answer.


