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(a) Consider N’
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(c) reachability graph where (r, s, ¢, u,v) represents a marking M with M(p;) = r and M(p2) = s and M(p3) = ¢
and M(p5) = u and M(py) = v
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(d) N’ is not deadlock-free. It may reach the deadlock (0,2, 0,2, 0).

(e) (t1,ts) and (to,ts) form pairs of independent transitions.
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(00110)T and (1210 1)T are P-invariants
(h) {p2} and {p1,p2} are traps.




2. (a) coverability graph where (r, s,t) represents a marking M with M (p;) =r and M(p2) = s and M(p3) =t
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(b) No, one cannot conclude in general that the network is deadlock-free (although it is in this particular case) since

the coverability graph consists of coverings of markings, that is, a deadlock may be covered by a marking which
is not a deadlock.

3. Biichi automata

(a) Consider
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(c) Consider
p=FG((p— X-p) and v=GFp

4. (a) F(p—q)=true U (-pVyq)
Sub(¢) = {true,false,p, p,q,q, PV, _'(_'p \ q)v true U (_'p \ q)v —|(true U (_‘p \ q))}
(b)

CS (o) = {{true,—pV q}, {true,p}, {true,p,q,—pV g}, {true,q,—p V q}, {true,—p V ¢, true U (-p V q)},
{true,p, true U (=p V q)}, {true, p,q,—pV q, true U (-pV q)}, {true,q,—pV q, true U (-p V q)}}

(c) Consider
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5. (a) Let S = {80,51, ces 55}.
i. S \ {81}

ii. {s1,89,83}
ii. S
(b) Counsider




