Module Title: MCS
Exam Diet (Dec/April/Aug): April/May 2024

1. (a) (M|F)\m where M % 4.0 + m.M and F % 4.0 + m.(F|M) + m.(F|F).

This is a CCS expression where actions d and m stand for die and mate, resp.
(b) (M*|F%\m with k,¢ € N. Here M* stands for k parallel copies M|...|M of

the process M. This expression is simplified modulo the laws P|Q = Q|P,
P|(Q|R) = (P|Q)|R and P|0 = P.

()

m (FIM) 2 FIM action prefixing

action prefizing —————— = L-choice
R-choice m.M — M m.(FIM) +m.(FIF) — FIM R-choice
. dOo+mM " M d.0 + (m.(F|M) +m.(F|F)) — F|M .
recursion — F 7 FIM recursion
M— M = synchronisation
M|F — M|(F|M) o
=~ restriction
(M[F)\m — (M|(F[M))\m
(d)
mate
die die
mate

(e) A finite safe Petri net has only finitely many different states. This system has
infinitely many different states, for if there are n fruit flies, it is possible to
perform n die actions without any mates.

2. (blle) + b.

f(P) = f(P)  f(P) = f(Q)
(b) No, for ab+ ac =pr a(b+ ¢), yet only f(ab+ ac) has a partial trace accb.

(for a := a, b, c)

(¢) No, for ab+ ac =¢7 a(b+ ¢), yet only f(ab+ ac) has a partial trace accb.
Here we use that completed trace equivalent processes also have the same partial
traces.

(d) Yes, for the structural operational rules above are in GSOS format.



4.

d.

(a) Qe = (Bele/s] | Be[e/r])\e

Here [¢/s] is the CCS relabelling operator that renames s into c.

(b) Write P, , for (B,[c/s| | B,[c/r])\c. The expansion law for |, together with the
laws for the restriction operator \m gives

P..= Z 7(d).Pac

deD
Pd,5 = T-Ps,d
P..=35(e).P.. + > 1(d).Pye
deD
Pd,e = §(e).Pd75

Now fill in 7.F. 4 for P;. in the first and last equation, and apply the axiom
a.7.P = a.P, which holds for branching bisimilarity. This yields

Pg’g = Z T(d).P&d

deD
P..=35(e).P.. + Z r(d). Py
deD
Pd,e = §(6).P57d

Now F. ., P.. and P, satisfy the defining equations of Q., Q). and Qg respec-
tively. Hence RDP yields P.. = Q..

(a) F(ecp) holds for Asg, but not for Ass.

(b) G(ech = (mecp)U(lea)) AN G(ecy = (—meca)U(lep)).

(¢) Yes. There are no reachable states where Process A is between ec4 and lc4 while
Process B is between ecp and lcj.

(d) G(lna = Fecy).

e) No. One could go forever to the right from state A;.

(
(
(
(

)
)

f) 64-9+1=56 states. See Figure 1 on the next page.

g) 42. (This question has been anticipated for a long time.) See Figure 2.
)

h) The dark blue separator lines in Figure 2 can be deleted for weak bisimilarity:.

Let formula 1 say that ecp will occur after the first, but prior to the second
occurrence of ecy. That formula holds exclusively in stated Bys, A4y and Asy.
It does not hold in Bs3. Let ¢ = EG—ecp be the formula that says that ecp
might never occur. It holds in By, and Bsy, but not in Bsz. Now By and Bso
for instance can be separated by the formula E(oU1).

The formula 1 can be given as

A(=(ecp)U(eca N A(ecaU((meca) AN A(=(eca)Uecg))))).

il
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