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Question 1 (10 points)
Let AP = {a} and ¢ = (a A Oa)U—a an LTL—-formula over AP.

(a) Compute all elementary sets with respect to .
Hint: There are five elementary sets.

(b) Construct the GNBA G, according to the algorithm from the lecture such that £,,(G,) = Words(y).
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Question 2 (10 points)
Consider the CTL*-formula (over AP = {a,b})

$ = voo3 O (eU30D)

and the transition system 7T'S outlined below:

Apply the CTL* Model Checking Algorithm to compute Sat(®) and decide whether T'S = ®.
Hint: You may infer the satisfaction sets for LTL formulas directly.

Note: In the lecture notes, there is a typo in the algorithm; the correct algorithm is
given below where the missing negation symbol is highlighted.

Algorithm 1 CTL* model checking algorithm (basic idea)

Require: finite transition system 7'S with initial states I, and CTL*-formula ®
Ensure: I C Sat(®)

for all i <|®| do
for all ¥ € Sub(®) with | ¥ | =i do

switch(0):
true i Sat(V) = S;
a i Sat(¥):={seS|aec L(s)};
ay Nag : Sat(V) := Sat(ar) N Sat(asz);
-a i Sat(V) := S\ Sat(a);
Jp :  determine Satyrr(¢) by means of an LTL model-checker;

Sat(¥) := S\ Saturn(—g) (* correction *)
end switch
AP := AP U {av}; (* introduce fresh atomic proposition *)
replace ¥ with ay
forall s € Sat(¥) do L(s) := L(s) U {ag}; od
end for
end for
return [ C Sat(®)
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Question 3 (10 points)

Consider the following transition systems T'S7 and T'Ss:

(a) Decide whether T'S; ~ T'Ss. Explain your answer formally.

(b) Decide whether T'Sy ~ T'S5. Explain your answer formally.
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Question 4 (10 points)
Let AP = {a,b}.

(a) Pp denotes the linear time property that consists of all infinite words 0 = AgA1Ay--- € (2AP)W
such that there exists n > 0 with

Vi<n A;=0 A Ay={a} A VE>n (A ={a}= App1={b}).

(i) Give an w regular expression for P;.
(ii) Apply the decomposition theorem and give w-regular expressions for Pygre and Plye.

(iii) Justify that Py, is a liveness and that Py, is a safety property.

(b) Now let P, denote the set of traces of the form o = AgA1As--- € (QAP)W such that

Tk Ay={a,b} A In>0.Vk>n (acAg=be Ap).

Consider the following transition system 7T'S:

Consider the following fairness assumptions:
(i) F1= <{{a}}, {{8}, {0, ’y},{ﬂ}},@). Decide whether T'S =7, Ps.
(i) Fo= <{{a}}, {{8}. {}} {{n}}) Decide whether T'S =z, P;.

Justify your answers!



