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Exercise 4.1

With respect to bisimilarity, prove or disprove that parallel composition is
1. commutative
2. associative
3. neutral w.r.t. 𝟎
4. idempotent.

Same task for summation.
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Exercise 4.2

Does (𝜈𝑎)(𝑃 | 𝑄)⇔ (𝜈𝑎)𝑃 | (𝜈𝑎)𝑄 hold? What else does hold for the restriction operator?
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Exercise 4.3

Definition 1 :  Let 𝐼  be a finite set of indexes. A process of the form ∑𝑖∈𝐼 𝜇𝑖.𝑃𝑖 is in
head standard form.

If 𝑃 = ∑𝑖 𝜇𝑖.𝑃𝑖 and 𝑃 ′ = ∑𝑗 𝜇
′
𝑗.𝑃 ′𝑗  are in head standard form, then

𝑃 | 𝑃 ′⇔∑
𝑖
𝜇𝑖.(𝑃𝑖 | 𝑃 ′) +∑

𝑗
𝜇′𝑗.(𝑃 | 𝑃 ′𝑗 ) + ∑

𝜇𝑖=𝜇′𝑗

𝜏.(𝑃𝑖 | 𝑃 ′𝑗 ).
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Exercise 4.4

Which of the following equivalences hold? Why (not)?
1. 𝜇.(𝑃 + 𝑄)⇔ 𝜇.𝑃 + 𝜇.𝑄
2. (𝑃 + 𝑄) | 𝑅 ⇔ (𝑃 | 𝑅) + (𝑄 | 𝑅)
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Exercise 4.5

Let us call a function 𝑓 : 𝖠𝖼𝗍 → 𝖠𝖼𝗍 a relabeling function if 𝑓 𝛼 = 𝑓 𝛼 and 𝑓 𝜏 = 𝜏 . A relabeling
of process 𝑃  via 𝑓  is written 𝑃 [𝑓].

𝑃 →
𝜇
𝑃 ′[Rel]

𝑃 [𝑓] →
𝑓 𝜇
𝑃 ′[𝑓]

1. Show that ⇔ is preserved by relabeling.
2. Show that (𝑃 + 𝑄)[𝑓] ⇔ 𝑃[𝑓] + 𝑄[𝑓]
3. Is it true that (𝑃 | 𝑄)[𝑓] ⇔ 𝑃[𝑓] | 𝑄[𝑓]? If not, how do we have to restrict 𝑓  such that the

equation holds?
4. What about ((𝜈𝑎)𝑃 )[𝑓] ⇔ (𝜈𝑎)(𝑃 [𝑓])?

Dr. Stephan Mennicke Concurrency Theory 7 / 8



Exercise 4.6

Let 𝐴 ⊆ 𝒩 be a finite set of names (i.e., 𝐴 = {𝑎1,…, 𝑎𝑛}). Consider the operator 𝑃 ∥𝐴 𝑄 de-
fined as

𝑃 ∥𝐴 𝑄 ≔ (𝜈𝑎1…𝑎𝑛)(𝑃 | 𝑄)

Show that ∥𝐴 is commutative but not associative.
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