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= Software Modeling and Verification Exercise Sheet 1 (due 26.10.2015)

Prof. Dr. Ir. Joost-Pieter Katoen Tim Quatmann, Matthias Volk

Notes:

e The exercise sheets should be solved in groups of 2 persons and handed in before the exercise class on
Wednesday, 14:15.

Exercise 1 (Relation ~,): (2 + 1 points)
Let TS = (S, Act, —, I, AP, L) be a transition system. The relations ~,C S x S are inductively defined by:
® S ~o S iff L(Sl) = L(SQ).

® S5 ~pt1 iff:
- L(Sl) = L(SQ),
— for all s; € Post(s;) there exists s, € Post(s;) with s} ~, s},

— for all sj € Post(s;,) there exists s; € Post(s;) with s ~, s5.
Questions:

(a) Show that for finite TS it holds that ~rs= ngO ~p, ie.,

Sy ~T1s S iff s ~p 50 foralln>0

(b) Does this also hold for infinite transition systems (provide a proof or a counterexample)?

Exercise 2 (Equivalences): (2 + 2 points)

Consider the following transition systems.
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(a) TS1 (b) TSy (c) TSs (d) TSa (e) Legend

(a) Which transition systems are trace equivalent? Justify your answers by either providing the set of traces or
a counterexample trace.

(b) Which transition systems are bisimulation equivalent? Justify your answers by either providing a bisimulation
relation or a CTL\y formula that distinguishes the considered transition systems. (Note: a CTL,y formula
contains neither an U-operator nor one of its derived operators such as ¢ and [1.)



f, ‘ RWTH Lehrstuhl fiir Informatik 2 Advanced Model Checking WS 16/17
= Software Modeling and Verification Exercise Sheet 1 (due 26.10.2015)

Exercise 3 (Distinguishing formulae): (1.5 + 1.5 points)

We show that both the (O and U-operator are needed to create distinguishing formulae for transition systems.
(Note: a CTL\r formula contains no (O-operator and similarly a CTL,y formula contains no U-operator.)

(a) Give two transition systems T S; and TSy, s.t.
(i) 3CTL\o formula ¢ : TS1 = @ but TSy = .
(i) VCTL\ formula ¢ : TSy =9 <= TS, = 9.

(b) Give two transition systems TSy and TS5, s.t.
(i) 3CTL\y formula @ : TS = @ but TS, = .
(i) VCTL formula ¢ TSy = <= TS, = 9.



