T-79.4301 Spring 2007
Parallel and Distributed Systems
Tutorial 7 — Solutions

1. a)

Assume that L; ~ Ly holds, i.e., that there exists a bisimulation B C
{80, S1, 82, 83, 54} X {to, t1,10, tg} such that (50, to) € B holds.

Because (sg,t9) € B and sy — s; hold, then, because B is a bisim-
ulation, there exists a state t € {to,t1,ts,t3} such that ¢, — ¢ and
(s1,t) € B hold. It follows that (s1,t1) € B.

Similarly, because (s1,t;) € B and t; — t3 hold, there exists a state
s € {sg,51,82,83,84} such that s; > s and (s,t3) € B hold. This
is, however, a contradiction, because there is no such state s in the
LTS L. Therefore our assumption that there exists a bisimulation B
between Ly and Lo (with (sg, %) € B) is incorrect, and thus Ly ¢ L.

Assume that Lz ~ L4 holds, i.e., that there exists a bisimulation B C
{50, 81, 82} X {to,t1} such that (sg,tg) € B holds.

Because (sg,t9) € B and sy — s; hold, then, because B is a bisimula-
tion, there exists a state t € {to,#,} such that t, — t and (s;,t) € B
hold. Tt follows that (si,t;) € B.

Because (s1,t;) € B and s; - s hold, then, because B is a bisimula-
tion, there exists a state t € {to,t;} such that t; = t and (so,t) € B
hold. This is again a contradiction, and therefore L3 o Ly.

The relation B = {(so,t0), (s1,%0) } is a bisimulation such that (so,to) €
B holds. Therefore Ls ~ Lg holds.

The relation

B = {(So, to), (81, t1)7 (Sg, tg), (82, tg), (83, t2)7 (Sg, tg), (84, tg)}

is a bisimulation such that (sg,tp) € B holds. Therefore L; ~ Lg holds.
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L <m L': The relation R = {(sq,to), (s1,%)} is a simulation relation
between L and L’ that contains the pair (s, o).

L' <., L: The relation R’ = {(to, so)} is a simulation relation between
L’ and L that contains the pair (o, sg).

Assume that L ~ L' holds, i.e., that there exists a bisimulation B C
{50, 81} X {to} such that (sg,tp) € B holds.

Because (sg,%9) € B and sy — s; hold, then, because B is a bisimula-
tion, there exists a state t € {to} such that to = ¢ and (s;,t) € B hold.
It follows that (sq,%y) € B.

Similarly, because (s1,%;) € B and t, — t, hold, there exists a state
s € {sg, 51} such that s; % s and (s,ty) € B holds. This is, however, a
contradiction, because there is no such state s in the LTS L. Therefore
the LTSs L and L’ are not bisimilar, and thus L «¢ L'.
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Because traces(L) = {e} C {e,a} = traces(L'), L < L' holds.

Assume that L <,;, L' holds, i.e., that there exists a simulation R C
{s0, 81} X {to,t1} such that (sg,ty) € R holds.

Because (g, o) € R and sy — s; hold, then, because R is a simulation,
there exists a state t € {to,#;} such that ¢, — t and (s;,t) € R hold.
This is a contradiction, because there is no such state in L', and thus
L Lym L.



