EXERCISE 6.1. Consider the following transition system over AP = { b,g,7,y }:

{y}

— (V- ©< (3) ts)

{b}

The following atomic propositions are used: r (red), y (yellow), g (green), and b (black). The
model is intended to describe a traffic light that is able to blink yellow. You are requested to
indicate for each of the following CTL formulae the set of states for which these formulae hold:

(a) VOu () 30 -g

(b) YOy (h) V(bU —b)

(c) VOVOy (i)  3(bU —b)

(d) VOg (G)  V(-bU30Y)
(e) g (k) V(gUV(yUr))
() 30g (1) V(~bUb)



EXERCISE 6.2. Consider the following CTL formulae and the transition system TS outlined on
the right:

®; =V(eUb)VvIO (VOb)

¢, =VOVY(aUb)

®;3 =(aAd) —- 3030 V(bWa)
¢, = (VOIO P3)




EXERCISE 6.3. Which of the following assertions are correct? Provide a proof or a counterexample.

(a) If s =30a, then s = Va.
(b) If s =Va, then s = J0a.
(c) If s =V0a V VOb, then s =V (a V b).
(d) If s VY0 (a V b), then s =V0Qa V VOb.



EXERCISE 6.4. Let ® and ¥ be arbitrary CTL formulae. Which of the following equivalences for
CTL formulae are correct?

(a) VOVO® = VOVO P

(b) 30 3FI0® = I0IO P

(c) VOVO® = vVOVO ®

(d) 3030O¢ = 3030

(e) 3030 = 3IJ0OFO P

(f) VO(® = (¥ A 309P)) = (¢ = VOU)

(g) VO(® = ¥) = (0P = 0V

(h) =¥(® U ¥) = 3(® U ~7)

(i) ((@ATY) U (-®AT)) = (@ U (-PAT))

(j) V(@ W ¥) =-3J(-Pd W —7)

(k) 3(® U ¥)=3(® U ¥) A OU

() (¥ W -¥)V V(T U false) =3O ¢ vV VO &

(m) VO A (-® VvV IO F0-P)=3X-P AVO @

n) VOWO0e =@ A (VO VOVOP) v VO (VO A VOVOD)
)

(
(o) VO® =& v VO VO®



EXERCISE 6.7. Transform the following CTL formulae into ENF and PNF. Show all intermediate
steps.

¢ = V((a)WOHL—-VQOec))

o, VO ( 3((~e)U(bA-c) vV IOVQa)



EXERCISE 6.9. Consider the CTL formula
® =VO (a — VO (b A —a))
and the following CTL fairness assumption:
fair =VOVQO (a A—b) = VOVO (BA-a)AQTOIOb — OOD.

Prove that TS =7, ® where transition system TS is depicted below.






EXERCISE 6.14. Check for each of the following formula pairs (®;, ¢;) whether the CTL formula
®,; is equivalent to the LTL formula ¢;. Prove the equivalence or provide a counterexample that
illustrates why ®; # ;.

Exercises 437
(a) &1 = VOOV a. and ¢; = OO a
(b) &2 = VOV aand 2 = ¢ a.
(c) &3 = VO(aAT (O a) and 3 = O(a A a).
(d) &4 = VO0a V VOband ¢, = O(a VD).
(e) &5 = VO(a — VOb) and @5 = O(a — Ob).
(f) ®¢ = V(bU(a AVOD)) and g = OQa A [b.



EXERCISE 6.16.

Consider the following CTL formulae
¢, =30Vec and &2 =V(aUV)c)

and the transition system TS outlined on the right. Decide
whether TS = &; for ¢ = 1,2 using the CTL model-checking
algorithm. Sketch its main steps.




EXERCISE 6.21. Consider the CTL formula ® and the strong fairness assumption sfair:

P =VOVOa
sfair =00 (bA—-a) - 00 3(bU(a A b))
\—B,—/ . ; 7

and transition system T'S over AP = { a,b } which is given by



Questions:

(a) Determine Sat(®;) and Sat(¥;) (without fairness).
(b) Determine Satgf,;- (30 true).
(c) Determine Satssair (P).



EXERCISE 6.23. Consider the following transition system TS over AP = { a1,...,as }.

{ai,a3} {as4,a2} /l\ﬂ {a;} {ai,a2} {a2,a4}

© 5 (E)——(s (s ]D
¥ N

{0,1,0,5} {0'3,0'290'5}




Let ® = 40O (a1 — J(a; Uag)) and sfair = sfair; A sfair, A sfairgs a strong CTL fairness
assumption where

sfair, = [0O0 VO(a1 Vaz) — O0ay
sfair, = 0OO(as A —as) — OOas
sfairs, = [OO(az Aas) — OOag

Sketch the main steps for computing the satisfaction sets Satsf,ir(30true) and Satssair (P).



