\’%@%@/ALBEM_LUDWIGS-

UNIVERSITAT FREIBURG
Dr. Stefan Schwoon May 19, 2009
Sergiy Bogomolov Discussion: May 27, 2009

Room 00-034 in 051

Tutorials for Model Checking
Exercise sheet 3

Exercise 1: LTL Formulae Inclusion
Given atomic propositions p and ¢, for each LTL formulae ¢ and v below, determine

which of these inclusions hold:

i L(p) € L(Y) i L(¢) € L(¢)

Justify your answer. If an inclusion does not hold, produce a Kripke structure demon-
strating it.

(a) ¢ =GFp,v=FGp
(b) ¢=(Gp)Ugq, v =(pUgq) vV Gp
(c) o=pU(Fq),v=Fq

Exercise 2: LTL and Biichi automata
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e Given the Biichi automata By and By over the alphabet ¥ = {a, b} as shown above,
construct an automaton that accepts the intersection of £(By) and £(B,).

e In the following LTL formulas, the atomic proposition send means that a message
is sent, and recv means that a message is received.

(a) Which of the following LTL formulas expresses the following: “Only finitely
many messages are sent.”

i. GF —send ii. G—send ii. Fsend iv. FG—=send

(b) Which of the following LTL formulas expresses the following: “Whenever a
message is received, a message has been sent in the previous step.”



(i) G((Xsend) — recv)
(ii) G ((—send) — X —recv)
(iii) G (send — Xrecv)

Exercise 3: Partial-order Reduction

Consider a Kripke structure £ = ({1,...,10},—,1, AP,v), where AP = {p}, v(p) =
{9} and v(s) = 0 for s # 9, and whose transitions, labelled with actions from the set
A={a,b,c,d, e}, are shown below.

(a) Determine the maximal independence relation.
(b) Indicate which actions from A are visible and which are not.

(c) Which of the following sets can be chosen for red(1)?

i. {b} i. 0 iii. {a,c} iv. {b,c}

Check whether the given sets conform with conditions CO-C3. If a set violates one
of the conditions, please explain why.

Exercise 4: Stuttering Invariant

Prove the statement: All LTL formulae without temporal operator X are stuttering-
invariant.



