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e Keep your student id card ready.
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— a copy of the book,
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Any attempt at deception leads to failure for this exam, even if it is detected only later.
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Question 1 (10 points)

Let ¢ = (Ga)Uband AP = {a,b}.

Questions:

(a) Give the elementary sets for ©. Hint: There are 8 sets.

(b) Use the algorithm from the lecture to construct the GNBA Gy such that £,(G,) = Words(yp).
Hint: You can give the transitions in a list or tabular form.
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Question 2 (10 points)

Consider the TS depicted above with the fairness assumption fair = ®; A ®y where

D1 =00 (b — VO b)
<I>2=D<>a — 00b

Hint: In the following, you may give the results of standard-CTL model checking queries directly.
Questions:

(a) Give Satg,; (30 true).

(b) Decide whether
TS Fair 30 ((306) A (-YO -a))

using the model-checking algorithm for CTL with fairness from the lecture. Provide all satisfac-
tion sets you compute. Also provide intermediate results for any SCCs you consider during the
computation.
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Question 3 (10 points)

Let T'S = (S, Act, —, 50, AP, L) be a a (possibly infinitely branching) transition system with no terminal
states. The computation tree of TS is the transition system CT(TS) = (S, Act, —cr, so, AP, Lct) where

(5051...5n) —2> 0T (S081---8nSns1) if and only if s, -2 Sn+1 and  Lcr(sest...sn) = L(sy).

Figure la shows an example transition system and Figure 1b its computation treeI
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Figure 1

Let T denote the set of all computation trees and let ® be a CTL state-formula. Then TS = @ if and
only if CT(TS) = ®. Hence, ® defines a set of computation trees as follows

L(®) = {CT(TS) € T | TS is a transition system and CT(TS) = &}
A prefix of CT(TS) is the restriction of CT(TS) to a finite set of states Sg, C ST with
Sin #0 and spsy...s, € Sg, implies sps1 ... 5,1 € Sgn

Figure 1c shows one (of the infinitely many) prefix(es) of the computation tree in Figure 1b. Let pref(t)
denote the set of prefixes of a computation tree t. For a set of computation trees T, we let pref(T) =
U,er pref(t) and define the closure of T by tcl(T) = {t € T | pref(t) C pref(T) }. Then, by definition

(i) T is a (branching-time) safety property if and only if tcl(T) = T, and
(ii) T is a (branching-time) liveness property if and only if tcl(T) = T
Questions:
(a) Prove that for all CTL formulas ® for which £(®) is both a safety and a liveness property, ® = true.
(b) Prove that for the CTL formula ® = V< a, £(®) is a liveness property.

(¢) Prove that for the CTL formula ' = 30a, £(®') is not a safety property.
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Question 4 (10 points)

Let the two transition systems TS; and TSy be given as follows.

{a} {a,b}

TS, :

Questions:

(a) Determine TS;/~ and provide the relation ~.
(b) Prove or disprove TS; ~ TS,.

(c) Consider the LTL formula
p=00(aAb) - OO (aV -b).
State whether TS} = ¢ and whether TS; = . Briefly explain your answers.
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Question 5 (10 points)

Consider the transition system depicted below:

Questions:

(a) Determine the dependency relation between actions.

(b) Determine which actions are stutter actions.

(c) Show that the following ample-set suggestion is incorrect: ample(s;) = { B}, ample(s3) = {3},
ample(sy) = {7}, ample(ss) = { a,6 }, ample(sg) = { o }, ample(sg) = { B} and for the remaining
states sp and s7 the ample-set is empty.

(d) Provide the minimal ample sets that are correct.



