EXERCISE 5.1. Consider the following transition system over the set of atomic propositions { a, b }:

(s4) {0}

{a}
{a} ( 81 89 {a,b}

Indicate for each of the following LTL formulae the set of states for which these formulae are



fulfilled:
(a) Oa (d) Uoa

(b)) OO Qe (e) O(bUa)
(c) OIb (f) ¢ (aUb)



EXERCISE 5.2. Consider the transition system TS over the set of atomic propositions AP =
{a,b,c}:

Decide for each of the LTL formulae ¢; below, whether T'S = ¢; holds. Justify your answers! If
TS |~ ;, provide a path m € Paths(T'S) such that 7w j& ;.

e1 =¢QUc

w2 =00c

p3 =0 c—>0Q0c
w4 =0Ua

es =alUO(BbVc)
pe =(O ObUBVC



EXERCISE 5.4. Suppose we have two users, Peter and Betsy, and a single printer device Printer.
Both users perform several tasks, and every now and then they want to print their results on the
Printer. Since there is only a single printer, only one user can print a job at a time. Suppose we
have the following atomic propositions for Peter at our disposal:

e Peter.request ::= indicates that Peter requests usage of the printer;
e Peter.use ::= indicates that Peter uses the printer;

e Peter.release ::= indicates that Peter releases the printer.
For Betsy, similar predicates are defined. Specify in LTL the following properties:

(a) Mutual exclusion, i.e., only one user at a time can use the printer.
(b) Finite time of usage, i.e., a user can print only for a finite amount of time.

(c) Absence of individual starvation, i.e., if a user wants to print something, he/she eventually
is able to do so.

(d) Absence of blocking, i.e., a user can always request to use the printer

(e) Alternating access, i.e., users must strictly alternate in printing.



EXERCISE 5.6. Which of the following equivalences are correct? Prove the equivalence or provide

a counterexample that illustrates that the formula on the left and the formula on the right are not
equivalent.

(a) Op =0 = U@V -yp)

(b) OO — O0Y O(eU (% V—e))
(c) OO(pV %) = =O(~p AY)

(d) OleAY) = Op A OY

(e) Op A O%p = Oy

(f) 0 A OOp = Op

(8) O0p — 00y = O(p — Ov)

(h) =(p1Upa) = —p2 W (=1 A —p2)
i) O0p1 =0 O 2

(G) (O0p)A(Q0w2) = O (e Algs)
(k) (prUp2)Up2 = o1 U



EXERCISE 5.11. Consider the transition system TS in Figure 5.25 with the set AP = { a,b,c} of
atomic propositions. Note that this is a single transition system with two initial states. Consider
the LTL fairness assumption

fair = (O0(aAb) — O0-¢) A (OO(aAb) — O0-b).

Questions:

(a) Determine the fair paths in TS, i.e., the initial, infinite paths satisfying fair
(b) For each of the following LTL formulae:

1 = QUa

0y = (O—a — QUa
QY3 = Lla

wg = bU O-b

s = bW [-b

pe = O ObULD



Figure 5.25: Transition system for Exercise 5.11.



determine whether TS =fir wi. In case TS [fir @i, indicate a path m € Paths(TS) for
which 7 [~ ;.



EXERCISE 5.13. Provide an NBA for each of the following LTL formulae:

OaeVv-0OQb) and Ga V OO(a—bd) and O O(aV OLb).



EXERCISE 5.17. Let v =0 (a & (O —a) and AP={a}.

(a) Show that 1) can be transformed into the following equivalent basic LTL formula

¢ ="[trueU (= (aAQ-a) A= (maA-O —a))].



