
Concurrency Theory

Series 7 - Solution

Exercise 1 Strong Bisimulation

1. R = ∅

2. R = {(P, P ′), (Q,Q′), (R,R′), (R,R′′)}

3. No, because R is not re�exive.

Exercise 2 Trace Equivalence and Strong Bisimu-

lation

1. Tr(P ) = ε+ (ab∗c)∗ + (ab∗c)ab∗ = Tr(P ′)

2.

∼0 = Prc× Prc

∼1 = id ∪ {(Q,R), (R,Q), (Q,R′), (R′, Q),

(R,R′), (R′, R), (P, P ′), (P ′, P )}
∼2 = id ∪ {(Q,R), (R,Q), (Q,R′), (R′, Q),

(R,R′), (R′, R)}
∼3 = id ∪ {(Q,R), (R,Q)}
∼4 =∼3 ⇒ P 6∼ P ′

Exercise 3 CCS Congruence

1. P = a.P, Q = a.Q+ a.nil
TR(P ) = a∗ = TR(Q)
CT(P ) = ∅ 6= {a} = CT(Q)

2. LTS for P,Q:
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P ≡CT Q.
However, CT(P \ {a}) = {c} 6= ∅ = CT(Q \ {a})
⇒ CT-equivalence is not a congruence.

3. C = c.nil:
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TR(P ;C) = ε+ ab∗ + ac, TR(Q;C) = ε+ ab∗

⇒ P ;C ≡TR Q;C

Exercise 4 Coinduction

Let Fω
A ×Aω → Aω ×Aω be given by:

∀ω, v ∈ Aω :

(ω, v) ∈ F (R)⇔ ω[0] = v[0] and (ω′, v′) ∈ R

Then ∼= gfp(F ) (greatest �x-point).
Let R := {(ω, ω) | ω ∈ Aω}. To show: R =∼

1. ” ⊆ ”

(ω, v) ∈ F (R)⇔ ω[0] = v[0] and (ω′, v′) ∈ R
⇔ ω[0] = v[0] and ω′ = v′

⇔ ω = v

⇔ (ω, v) ∈ R

⇒ F (R) = R ⇒ R ⊆ ∼ = gfp(F )

2. ” ⊇ ”

De�ne: ω 6=k v ⇔ ω = ω1xω2, v = v1yv2, ω1 =
v1, |ω1| = |v1| = k and x, y ∈ A, x 6= y. (ω 6=k v =
ω 6= v an der Stelle k.)

Then ω 6= v ⇔ ∃k ∈ N : ω 6=k v.

Show by induction on k: ∀k ∈ N : ω 6=k v.⇒ w 6∼ v
I.B.: ω 6=0 v ⇒ ω[0] 6= v[0]⇒ ω 6∼ v.
I.H.: For a �xed k ∈ N : ω 6=k v ⇒ ω 6∼ v ∀ω, v ∈ Aω.

I.S.: ω 6=k+1 v ⇔ ω[0] = v[0] and w′ 6=k v
′ (ω′, v′ =

words without �rst letter.)
I.H.⇒ ω′ 6∼ v′ ∼=gfp(F )⇒ ω 6∼

v.

Hence, ω = v ⇔ (ω, v) ∈ R =∼.
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