MPRI 1-22 Basics of Verification December 20, 2018

Homework 12

To hand in on January 10th at the beginning of the exercise session, or by
mail (before 14:00) at marie.fortin@lsv.fr.

Answers can be written in french or in english.

Exercise 1. Give a finite complete prefix of the unfolding of the Petri net below. Indicate
the order in which events are added, and the marking m. associated with each event e.
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Exercise 2.

1. Let N = (P, T,F,W,mg) be Petri net, G its coverability graph, and m some
marking in N, The effect A(u) of a transition sequence u in T* is defined by
A(g) = 07 and A(ut) = A(u) — W(P,t) + W(t, P).

We want to show that the following are equivalent:

(i) there exists an infinite execution mg Ly mi Sspr mag--- of N such that
m < m,; for infinitely many indices i;

(ii) there exists an accessible loop m’ g m’ in G such that v € T, m < m’ and
A(v) > 0F.

(a) Suppose that we have an execution as in (i). Show that there exists an infinite
sequence jo < j1 < --- such that for all £ € N and vy = t;,¢j,41...t
we have A(vy) > 0F.

Hint: use the fact that (N, <) is a wqo (cf. Exercise 1 of TD 11).
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(b) Let myo t—0>G M t—1>G 1y - -+ the path in G associated with the execution
from (i): by construction, m; < 7; for all i. Show that this path contains a
loop satisfying the conditions of (ii).

(c) Prove that (ii) implies (i).

Hint: consider a marking mq € N such that m < my < m’ and v is enabled
from m;.

2. Let AP be a finite set of atomic propositions, and ¥ = 247, We now consider
labeled Petri nets N' = (P, T, F, W, mg, \), where the labeling function A : T — X
maps each transition to a set of atomic propositions. We define the language L(N)
of A as the set of infinite words agaj - - - in X% such that there exists an execution
mo t—0>/\[ m1 t—1>N mgy -+ of N with )\(tz) = a; for all 3.

Let A =(Q,%,0,q0,Qy) be a Biichi automaton. Show that one can construct an
(unlabeled) Petri net N’ with places PWQ such that L(A)NL(N) # 0 if and only
if there exists an infinite computation of A that covers some place in Q¢ infinitely
often.

3. Show that action-based LTL model-checking is decidable for labeled Petri nets.
The problem asks, given a labeled Petri net N' and an LTL formula ¢, whether
o= ¢ for all o € L(N).



