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EXERCISE 1
1. Show that the following defines a functor:

Rev: Relop → Rel

A 7→ A on objects
R ⊆ B ×A 7→ {(a, b) | (b, a) ∈ R} on morphisms

2. What can you say about Rev ◦ Revop and Revop ◦ Rev?

EXERCISE 2
A commutative monoid is a monoidM such that x ·y = y ·x for all x, y ∈ M .

Let CMon be the category whose objects are commutative monoids and
whose morphisms are monoid homomorphisms, with usual composition
and identities.
1. Let M and N be commutative monoids. Show that (M × N, ι1, ι2) is a
coproduct in the category CMon of M and N , where ι1 : m ∈ M 7→ (m, eN )
and ι2 : n ∈ N 7→ (eM , n). (eM is the unit element of M .)

Hint: given f : M → P and g : N → P two monoid homomorphisms,
with P commutative, consider (f · g) : (m,n) 7→ f(m) · g(n).
2. We consider N as the monoid (N,+, 0). Let a and b be two different let-
ters, repeata : n ∈ N 7→ a . . . a (n times) and repeatb : n ∈ N 7→ b . . . b (n
times). Show that there does not exist any h ∈ Mon(N×N, {a, b}∗) such that
the diagram below commutes, where ι1, ι2 are defined as in the previous
question (with eN = 0):

{a, b}∗

N N× N N

repeata

ι1

h
repeatb

ι2

Hint: use the noncommutativity of the monoid {a, b}∗.
3. What can you conclude about coproducts in the categoryMon?
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