2) Lehrstuhl fiir Informatik 2 Introduction to Model Checking SS16

Software Modeling and Verification Exercise Sheet 8 (due 29.06.2016)
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Exercise 1 (LTL Operators): (2 points)

Let ¢ and ¥ be LTL formulae. Consider the following new operators:
a) "At next” @ AX:
AiAr ... E @ AX Y < for all i > 0 where AjAi1... EY,

for which there exists no 0 < j </ where AjAjq1 ... E 4,
AiAir1 ... E p holds

b) “While" ¢ WH y:

AiAz ... = @WHY < for all i > 0 where AjAj41 ... =4 forall 0 <j <,
AcAk+1...Epforall 0 <k <i
c) “Before” ¢ B1:
AtAr ... E @By < forall i >0 where AiAii1... EY,

there exists some 0 < j </ where AjAj41... F @

Show that these operators are LTL-definable by providing equivalent LTL formulae. You may use both the until
and weak until operator.

Exercise 2 (LTL to Biichi): (3 points)
Let o = (aAQa)U(aA = a) be an LTL—formula over AP = {a}.

1. Compute all elementary sets with respect to .

2. Construct the GNBA G, according to the algorithm from the lecture such that £,(G,) = Words(yp).

3. Give an w-regular expression E such that £,(G,) = L,(E).

Exercise 3 (CTL Equivalences): (3 points)
Prove or disprove the following implications:

(a) Let @1, =V0aVVOb and &, =VO(aV b).
Prove or disprove the following implications: ®; = &, and &, = ;.

(b) Now consider W; = 3(aU3(bUc)) and W, = 3(3(aUb)Uc).
Again, prove or disprove W; = W, and W, = V.

Exercise 4 (CTL Normal Forms): (2 points)
Transform the CTL-formula ® = =v/(V (vOb) U (VO a)) into an equivalent CTL-formula in
(a) existential normal form and

(b) positive normal form.



