
Concurrency Theory

Series 9 - Solution

Exercise 1 Branching Bisimulation

1. ≈:=
⋃
{R | R is a weak bisimulation}

≈BB:=
⋃
{R | R is a branching bisimulation}

Due to 2., each branching bisimulation is a weak
bisimulation, i.e. ≈BB⊆≈

2. If P,Q are branching bisimilar then there exists a
branching bisimulation R such that for each α ∈
Act ∪ {τ} :

(a) P
α→ P ′ implies α = τ and P ′RQ

or ∃k ≥ 0 : Q = Q0
τ→ ...

τ→ Qk
α→ Q′ and for

each j ∈ [0, k] : PRQj and P ′RQ′.

⇒ P
α→ P ′ implies Q

α⇒ Q and α = τ and
P ′RQ or Q

α⇒ Q′ and P ′RQ′.

(b) analogously for Q
α→ Q′.

⇒ R is a weak bisimulation and PRQ
⇒ P,Q are weakly bisimilar.

3. Counterexample:

P

P ′

nil

Q

Q′ nil

a

b, τ

a a
b, τ

P ≈ Q, but Q
α→ nil, P

α→ P ′, but P ′ 6≈BB nil

Exercise 2 τ-Laws

1.

α.τ.P ≈BB α.P ⇔ τ.P ≈BB P

⇔ τ.P
τ→ P and τ.P ≈BB P

and for each α ∈ Act : P
α→ P ′

implies τ.P
τ→ P andP ≈BB P and P

α→ P ′ and P ′ ≈BB P ′.

2. P + τ.P ≈BB τ.P.

P + τ.P
α→ P ′ ⇒ P

α→ P ′ or α = τ and P ′ = P

⇒ τ.PP
τ→ P

α→ P ′ or τ.P
τ→ P ′

and P ′ ≈BB P ′

τ.P
α→ P ′ ⇒ α = τ and P ′ = P

⇒ P + τ.P
τ→ P and P ≈BB P.

3. Counterexample: P = β.nil, Q = nil

α.(β.nil+ τ.nil) + α.nil
α→ nil

α.(β.nil+ τ.nil)
α→ β.nil+ τ.nil

but β.nil+ τ.nil 6≈BB nil

Exercise 3 Characteristic HML Formula

|= /# t t1 t2 t3

t - 〈a〉tt 〈a〉tt 〈a〉〈b〉tt

t1 [a]� - - [a]�

t2 [a]� - - [a]�

t3 〈a〉〈a〉tt 〈a〉tt 〈a〉tt -

1


