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Preface

Category theory abstractions are very challenging to apprehend correctly,
require a steep Tlearning curve for non-mathematicians, and, for people with
traditional naive set theory education, a paradigm shift 1in thinking. Wwhen
reading various category theory textbooks, I found the Tack of visual color
examples, and, almost 3 years ago, in May 2017, I began working on a coffee
table book. I made a few square slides shown below on this page, but then 1ife
got me carried away from writing. Recently, I started using LEGO® to teach
machine Tearning and associated data structures and algorithms and found a way
to represent directed graphs where I had to use arrows. Success with such
representation struck me, and I realized that I could resume writing my previous
visual category theory book but now using bricks instead of abstract circles.
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For this part, I used the following books as a reference:

e An Introduction to Category Theory by Harold Simmons

e Category Theory and Applications: A Textbook for Beginners by Marco Grandis
e Modern Classical Homotopy Theory by Jeffrey Strom
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Ar(€) - a collection of arrows
(also called morphisms)
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Duality: reversing all arrows and composition order

Lifting: we 1ift f
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Consider covariant functors L:D—-C and R:C—- D
between categories € and D, objects XeD and Y€ C,
and the following arrows in categories C and D:
Ar(C)3 a:L(X) » Y and Ar(D) 3 a’: X - R(Y)

] | |
) )

)

In addition to 3 books mentioned in Part,, we also used the following references:

Category Theory by Steve Awodey

Topoi: The Categorical Analysis of Logic by Robert Goldblatt

The Theory of Mathematical Structures by Jiri Adamek

Mathematics of the Transcendental by Alain Badiou

Memory Evolutive Systems: Hierarchy, Emergence, Cognition by Andrée Ehresmann
and Jean-Paul Vvanbremeersch
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Categories may not have objects as sets or arrows as functions.
For example, in the category € below, arrows are 2x2 matrices of
numbers with arrow composition similar to matrix multiplication.

5)
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)

feAr(C):A-> B
A,B € 0b(C)
|Al,|B| = 2
A,B are any sets
| with cardinality 2
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In addition to 8 books mentioned in Part,; and Part;, we also used the following
references:

From Categories to Homotopy Theory by Birgit Richter

From a Geometrical Point of View: A Study of the History and Philosophy of

Category Theory by Jean-Pierre Marquis
Machine Learning Brick by Brick, Epoch 1 by bmitry Vostokov (algebraic

notation for matrix multiplication)
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! Let us consider a function of sets f(zx):ZxX->Y. |
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In addition to 11 books mentioned in Part;, Part;, and Part, we also used
Diagrammatic Immanence: Category Theory and Philosophy by Rocco Gangle
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In Part; we introduced natural transformations between functors.
Natural transformations can be “vertically” composed.
F,GGH:C-D, X€C, F(X),6G(X),HX)€ED

npg i F > G, npe(X) : F(X) > G(X), ngy:G—->H, ngg(X): G(X) > H(X)

Mgy = Ngy ° Mg * F > H, npg(X) = ngg(X) o npe(X) : F(X) > HX)

In addition to 12 books mentioned in Part,, Part;, Part,, and Parts we also used:

* Iconicity and Abduction by Gianluca Caterina and Rocco Gangle
* Directed Algebraic Topology: Models of Non-Reversible worlds by Marco Grandis




Index for Parti-Parts

Name

2-category

Adjoint equivalence of categories
Adjoint functors

Arrow category

Biproduct

Category of cones

Category of matrices

Category of morphisms

Category of pointed sets
Category of presheaves
Category of subobjects

cocone

Coequalizer

colimit

Cone

congruence category
Contravariant functor
Contravariant morphism functor
Contravariant representable functor
Coproduct (sum)

Coslice category

Covariant functor
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Covariant morphism functor
Covariant representable functor
Definition of category
Diagram shape

Dual (opposite) category
Duality

Epimorphism

Equalizer

Equivalence

Equivalence of categories
Equivalence relation

Exponential and evaluation functions

Exponential of objects
Extension

Forgetful functor
Function of sets
Functor category
Functor identity

Group category

Group object

Initial object
Isomorphism

Isomorphism of categories
Isomorphism of functors
Lifting
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Limit

Matrix representation of arrows
Monoid category

Monoid object

Monoid operation

Monomorphism

Natural transformation

Pointed category

Presheaf

Product

Pullback

Pushout

Natural transformations as functors
Retraction

Section

Slice category

Terminal object

vertical composition of natural transformations
whisker composition of natural transformations
Yoneda embedding

Yoneda Temma
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In Parts we introduced an exponential of objects X,Y € 0b(C).
It can be thought of as representing a collection of
arrows between two objects X and Y. It is also an object
of € (internal view) in contrast to a set of arrows
Hom¢(X,Y) ={f|f € Ar(X,Y)} € Sets, also called hom-set
(external view).

(o ( (r s ¢ ( (

@ X,Y,YX € 0b(C)

| (i (1 |
(

€

In addition to 14 books mentioned in Part,, Part; - Parts we also used:

* Enriched Meanings: Natural Language Semantics with Category Theory by Ash
Asudeh and Gianluca Giorgolo
» Categories for the working Mathematician, Second Edition by Saunders Mac Lane
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