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1. Consider the following P/T net:

(a) Construct the reachability graph of the net. (3p)

(b) Give all pairs of independent transitions. (2p)

(¢) Does there exist a reachable marking for which two transitions are
concurrent that are not independent? If yes, give a pair of such tran-
sitions. (1p)

2. Consider the following P/T net with capacities (p2 has capacity 3, all other places have infinite capacity):

(a) Convert the net into one without capacities. (1p)

tq
2 (b) Counstruct a coverability graph of the net. (3p)
ta

3. Consider the following P/T net:

1 (a) Find a pair of transitions that are in conflict in the initial marking.
(1p)

(b) Give the incidence matrix for the net. (1p)

(¢) Find two linearly independent P-invariants by applying Farkas’ algo-

rithm. (2p)

(d) Identify a trap other than () or {p1, pa, p3, P4, D5} (1p)

(e) By using P-invariants and traps, show that the places p3 and p4 cannot
be marked concurrently in any reachable marking. (2p)

4. Given atomic propositions p, g, and r, for each LTL formula below, determine which of these inclusions hold:

i £(6) C L), i £() C L(6).
Justify your answers. If an inclusion does not hold, produce a Kripke structure demonstrating it.

(a) ¢ = (Xp) Ugq v=X(pU((Vvq) (2p)
(b) ¢ =G(p— X~q) > -Gr Y =F( —(prXq)) (2p)
(c)p=pU(qgAT) v=pUgA(Ur) (2p)
(d)¢=F(pUygq) v=Fq (2p)

Please turn O



5. Give a Biichi automaton (with alphabet {0, {p}, {q},{p,q}}) that accepts F G (Xp — q). (3p)

6. Partial-order reduction

Consider a Kripke structure £ = ({0,...,9},—,1, AP,v), where AP = {p}, v(p) = {7}, and whose transitions,
labelled with actions from the set A = {a, b, ¢, d, e}, are shown below.

(a) Find all pairs of actions that depend on each other. (2p)

(b) Check whether the reductions given in i. through iv. conform
with conditions C0-C3. If a reduction violates one of the con-
ditions, please explain why.

i. red(0) =0
ii. red(1) = {b,d}
iii. red(2) = {d}
iv. red(3) = {a,c}

In each case assume that red(s) = en(s) for all s € S where

red(s) is not given explicitly. (4p)

a
7. Model-checking
(a) Describe the model-checking procedure for checking an LTL formula against a P/T net. (3p)

(b) Describe the main ideas for an algorithm to check the emptiness of a Biichi automaton. (3p)



