
1

We want a value of type
Πn:N n+ 0 = n

To construct such a term we will use induction. So if we can find terms

pbase : 0 + 0 = 0

and
pinductive : Πm:N (m+ 0 = m)→ (S (m+ 0) = S m)

(representing the base case and inductive cases, respectively) then

indN pbase pinductive : Πn:N n+ 0 = n

Notice that by the definition of addition 0 + 0 evaulates to 0, and so

refl0 : 0 + 0 = 0

We will use this as our pbase.
Now we want a term which, for any m, takes a proof that m+ 0 = m and returns a proof that S m+ 0 = S m.

Notice, by the definition of addition
S m+ 0 = S (m+ 0)

Now since (by induction) we have a term α : m + 0 = m, we want to “compose” α with S to get a term of
type S (m + 0) = S m (Recall from lecture that if two terms are equal, applying the same function to both terms
preserves equality. This is exactly what the transport function tells us).

transport S (m+ 0) m α : S (m+ 0) = S m

works.
Thus

indN refl0 (λm.λα.transport S (m+ 0) m α) : Πn:N n+ 0 = n

As desired.

2

First we show Monad to Kleisli. Given

fmap : (α→ β)→Mα toMβ

µ : (MMα→Mα)

η : α→Mα

we want to construct a term
� : (α→Mβ)→ (β →Mγ)→ α→Mγ

It is easy to verify
f � g = µ ◦ fmapg ◦ f

has the desired type.

Now we show Kleisli to Monad. Given

� : (α→Mβ)→ (β →Mγ)→ α→Mγ

we want to construct
µ : (MMα→Mα)

Again, it is easy to verify
µ = id� id

has the desired type.1

1Let the first id have type MMα→MMα, and let the second id have type Mα→Mα
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