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Exercises on lecture 9/chapter 9

28 October 2025

We will work on the following exercises during the tutorial session. Make sure that you understand the
solution that we work out together and to solve the remaining exercises yourself.

Exercise 9.1 — Complete the proof of theorem 9.5, by proving the remaining case of the induction that
shows that

(𝜒1[𝜒2] ⊲ (𝑓, 𝜎)) ⇓ 𝜎′ iff (𝜒1 ⊲ (𝑂𝜒2𝑓, 𝜎)) ⇓ 𝜎′

Exercise 9.2— Prove lemma 9.7 by proving that the composition of natural transformations satisfies the
unit and associativity laws.

Exercise 9.3 — Let 𝐹, 𝐺∶ 𝒞 → 𝒟 be functors and 𝛼∶ 𝐹 → 𝐺 a natural transformation. Show that a
family of morphisms 𝛽𝑋 ∶ 𝐺𝑋 → 𝐹𝑋 indexed by objects in𝒞with 𝛼𝑋 ∘𝛽𝑋 = id𝐹𝑋 and 𝛽𝑋 ∘𝛼𝑋 = id𝐺𝑋
for all 𝑋, gives a natural transformation 𝛽 ∶ 𝐺 → 𝐹 that is inverse to 𝛼.
Exercise 9.4 — Complete the proof of lemma 9.8 by proving that for all 𝜒, 𝜎 and 𝜎′,

(𝜒 ⊲ (𝑓, 𝜎)) ⇓ 𝜎′ implies (𝐷𝜒)(𝑓)(𝜎) = 𝜂(𝜎′)

by induction on derivations for the big-step operational semantics.

Exercise 9.5 — Prove corollary 9.10 (full abstraction of Imp) from theorem 9.9 (equivalence of denota-
tional and operational semantics).
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