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1 Category theory

1. Suppose η : F ⇒ G is a natural isomorphism. Show that the inverses of
the component morphisms define the components of a natural isomorphism
η−1 : G⇒ F .

2 Mathematics

1. Prove that if η : F ⇒ G is a natural transformation between functors
F,G : A −→ B where A,B are both abelian groups thought of as
categories, then F = G.

3 Computer science

In category theory, a lot of the information is usually suppressed, which can
be annoying, but you will learn that it is ok. In fact, we have already been
doing this, for instance, we call the category consisting of sets and functions
between these sets (and function composition and identity functions) simply
by the object, ie, we call this the category of sets. In fact, we often describe
natural transformations without reference to the relevant functors. We will
use this convention inside this question.

1. Let A be a set. Define TA = A
∐
{•}. Prove that there are natural
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transformations

ηA : A −→ TA µA : TTA −→ TA

a 7−→ a a 7−→

{
a, a ∈ A
•, else

2. Let A be a set. Define TA = Pfin(A). Prove that there are natural
transformations

ηA : A −→ TA µA : TTA −→ TA

a 7−→ {a} {{xji}j∈Ji}i∈I 7−→ {x
j
i}i∈I,j∈Ji

4 Final presentation

Question 4.0.1. It is time to start thinking about the final presentation.

1. Decide if you want your presentation to be more mathematically oriented,
or more computer science oriented.

2. Look up the following topics online and see if any interest you in
particular:

� Monoidal categories, ?-autonomous categories, bicategories (mathematical
topic),

� Monads in Haskell (functional programming topic),

� Kan extensions (category theory topic),

� Elementary topoi (for those interested in logic),

� Induction and coinduction (computer science topic),

� λ-calculus and cartesian categories, or cartesian closed categories
(category theory and logic topic),

� The Theorem that any presheaf is the colimit of representables
(see Corollary 3 of [1, Page 42]).

� The Theorem that a category C admits limits if and only if it
admits a terminal object, products, and equalisers. See https:

//ncatlab.org/nlab/show/finite+limit

Don’t forget that you may also cover a topic of your own choosing.
Please speak to either Billy or Will before doing so though.
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