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Model Checking — Exercise sheet 2

In this exercise sheet, we use, in addition to the modalities X, U, the following ones:

e Globally: w k= Gy < w = ~(true U —p)
e Eventually (Finally): w = Fo = wlE G-y
e Release: wEeRY <= wkE (e U—)

Exercise 2.1: Model checking

Given the set of atomic propositions {p,q,r, s} and the LTL formulas ¢ = GFgq and
v =G((gN-1rNFr) — (p = (-rU(s A —r))) Ur), which of the following sequences
validates those formulas:

o {pHpHPY, {aH{aHa}”, {sHsHsy, {a,7Ha, rHg, r}* and 000~
{rHrHaH{ o {rHah)e {rHsHrHaH{a} {r HaHe})? and {r H{rH{a {sHa} {r HrHa})”

rprqqq(rrrqqq)® and rprqqqs(rrrqqq)® (p being a shortcut for {p}, similarly for ¢, r, s)

rrpqqqs(rrrqqq)® rrpqqsq(rrrqqq)® and rrpgqqrsr(qqrr)?

® qqqrrTpqqqqsqqq” and qqqrrpgpgpqqsqqrq’

Exercise 2.2: Specification

We give the following set of atomic propositions: {s,r, g} standing for Sending a message,
Ieceiving a message, and giving a result. Specify the following properties in LTL, and
give an exemple satisfying it and another violating it.:

1. The process always returns a result

2. The process stops communicating after giving its result
3. The process emits infinitely many messages

4. The process only gives one answer

5. The process responds to each and every message

6. The process does nothing until it receives a message.



Exercise 2.3: Interpretation

Given the set of atomic propositions {p, g, r, s}, describe which properties the following
formulas ensure. For each formula give an example of a word satisfying the formula and a
counter example.

L. pU(qV Gq)

2. G(q — Fs)

3. G((gN—r AFr) = (-rUr))
4. pU Gq

5. pUFq

6. G(p UGq)

7. Gp U Gq

Exercise 2.4

Let 3 = 24P with AP # (), and let w € X, w = wow; . . .
We denote the i-th suffix of w as w® = w;w;y; . ..
Prove the following equivalences:

— wkE Gy — VieNw Ep

— wEeRY — Vie N (Vj<iw [£p)—w'
- wEo(pUY) = wkE-pRy

- wkelUd = wEYV(eAX(pUY))

- wiEypRY = w GYV (P U(pAY))

Exercise 2.5

Let Ky = (S, —1,r, AP, v) and Ky = (S, —2,7, AP, v) two Kripke structures with same
set of state S, same initial state » and same interpretation of the predicates in AP. We
write K; < K, if the transition relation —»,C S x S contains the transition relation —,
that is —1C—.

Show that if K; < K, then for any LTL formula ¢:

Ky = Ky



