Concurrency Theory
Series 7 - Solution

Exercise 1 Strong Bisimulation
1. R=9o
2. R={(P,P),(@.Q), (R, R), (R, R")}
3. No, because R is not reflexive.

Exercise 2 Trace Equivalence and Strong Bisimu-
lation

1. Tr(P) = e+ (ab*c)* + (ab*c)ab* = Tr(P’)
2.

~Y = Prc x Prc

~'=id U {(Q,R),(R,Q),(Q,R), (R, Q),
(R,R),(R,R),(P,P'),(P', P)}

~*=id U {(Q,R),(R,Q),(Q,R),(R,Q),
(R,R),(R,R)}

~ =id U {(Q,R),(R,Q)}
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Exercise 3 CCS Congruence
1. P=a.P, Q = a.Q + anil
TR(P) = a* = TR(Q)
CT(P) = 2 # {a} = CT(Q)
2. LTS for P,Q:

P =QCT Q
However, CT(P \ {a}) = {c} # @ = CT(Q \ {a})

= CT-equivalence is not a congruence.

3. C = cunil:

TR(P;C) = e+ ab* +ac, TR(Q;C) =€+ ab*
= P;C =rr Q;C

Exercise 4 Coinduction
Let F§ x AY — A“ x A“ be given by:
Yw,v € A¥ :

(w,v) € F(R) & w[0] =v[0] and (w',v") € R
Then ~= gfp(F) (greatest fix-point).
Let R := {(w,w) | w € A¥}. To show: R =~

1. ” C”

(w,v) € F(R) & w[0] =v[0] and (w',v") € R
& w[0] = v[0] and W’ =’
Sw=v
< (w,v) ER

= FR)=R = RC~ =gfp(F)

2. ” 3’7

Define: w #; v & w = wW1AWe, v = V1YV, w1 =
Ulv|w1| = |v1| =k and T,y € A,.’E 7& Y. (UJ #k v =
w # v an der Stelle k.)

Then w # v & Ik € N:w # .

Show by induction on k: Vk € N:w # v. = w AL v
IB.: w #p v = w[0] # v[0] = w # v.
ILH.:Forafixedk € N:w #, v = w £ vVw,v € A%.
LS. w #pt1 v < w[0] = v[0] and w’ #, v (W, =
words without first letter.) ALy v ~=gp®) , e

V.

Hence, w =v & (w,v) € R =~.



