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1. Given

f : N→ N
f :≡ λx.x+ x

g : (N→ N)→ N→ N
g :≡ λh.λn.h (hn) + n

Evaluate g f (f 1) justifying each step and underline the affected subterm.

2. For any types A,B,C we define identity and composition as follows:

idA : A→ A

idA :≡ λx.x
cmpA,B,C : (B → C)→ (A→ B)→ A→ C

cmpA,B,C :≡ λf, g.λx.f (g x)

Writing cmpA,B,C f g as f ◦ g show that this data forms a category by
establishing

(a) f ◦ id ≡ f
(b) id ◦ f ≡ f
(c) (f ◦ g) ◦ h ≡ f ◦ (g ◦ h)

for appropriate f, g, h. You can use η-equality - where do we need it?

3. For any types A,B,C find an element of

((A→ C)→ C)→ (A→ B)→ ((B → C)→ C)
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