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Exercise 1: CTL 2.5+0.5 Points
Consider the following transition system over the set of atomic propositions {a, b, c}:

(0) {0}

{a,c} {a} {a, b}

S

—{0 2) %

Indicate for each of the following CTL formulas the set of states for which the formula is
satisfied.

(a) aAnTODb (¢) V(a U D) (e) Y((3¢c) U (VOa))
(b) VO3IOe (d) =(a U O0) (f) vOVOb
Exercise 2: Equivalences CTL and LTL 3+1 Points

(a) Consider the LTL formula ¢ := O(a A a). Show that the following CTL formulas
are not equivalent to ;:

() ¢ =V0@A30a) (i) ¥r:=30@AYOa) (iil) g5:=30aA30a)

Bonus: Find two transition systems which show that o1, ¥1, 19, and 13 are pairwise
not equivalent.

(b) Consider the LTL formula ¢5 := { Ja. Show that the following CTL formulas are
not equivalent to s:

(i) 14 ==V 030a (i) 5 :=30VOa (ifi) vg:=3¢030a

Bonus: Find two transition systems which show that s, 14, 105, and ¥g are pairwise
not equivalent.

Hint: To show that two formulas ¢ and v are not equivalent, depict a transition system
TS such that T'S = ¢ and TS [~ 9 (or the other way around).

Exercise 3: Existential Normal Form 2 Points
Convert the following CTL formulas into existential normal form:
(a) VOa (b) VOV Oa (¢) Y(a U b)



