Category Theory

Second Edition

STEVE AWODEY
Carnegiz Mellan University

OXFORD

UNIVERSITY IRESS



CONTENTS

Preface to the second edition

Preface

1

3

4

Categories

11
1.2
1.3
L4
L5
L6
LT
LB
19

Introduction

Functions of sata

Definition of a category

Examples of categories

Tzemorphisms

Constructions on categories

Free categories

Foundations: large, small, and locally small
Exercises

Abstract structures

11
2.2
2.3
2.4
i
24
2.7
2.3

Epis and monos

Initial and terminal objects
Generalized elemeants
Products

Examples of produces
Categories with products
Hom-sets

Excrcises

Duality

a1
E
3.3
34
15

The duality principle
Coproducts
Equalizers
Coequalizers
Exsrcises

Groups and categories

4.1
4.2
1.3
4.4
4.5

Groups in & CRegory

The category of groups
Croups as categories
Finitely presented categories
Exercises

"
i

L

ai



NONTENTS

Litnite and collmits

31 Smhabjecta

52 Pulllacks

a3  DProperties of pullbecks

54  Limils

55 Pressevabion of Hmits

g Colimits

ET7  Exarciees

Ex[:ﬂuuuﬂnh

6.0 Fopooemiinl in s catssury
6.2  Caroesien clmed cetegorios
fi.i  Heytlag alirbeas

G4 Peopositional culeslis

8.5  Equatiooal dafinitbon of OO0
i A-caleulus

6.7  Wariable sots

B.E  Fiercises

Naturality

71  Caregory of calegorics

T2 [tepressnbable svieiom
73 Stons duality

T4 Naturalisy

7.5 Dxamples of notvrsl lrasalormations
7.5 Exponenclals of cabegmde
7.7 Functor eategories

TE  Monmidal caregocles

14 Equivelence of categories

710 Exsniples of equivalenos
T11 Exerchses

Categorles of dingrames

E1  Ber-valuod fonetor cniesorics

582  The Yoneda cmbodding

83 The Yoness lemma

Ao Applications of Ll Yonedn lomima
56 Timils in eatogorios of cisgrama
Al Colimits o ceiegorics of dingrams
aT I:"..x]rmu.'rﬂ.m]‘- in L‘Mﬂ of d‘ingr.’dlﬂ
BE Topni

B8 Execises

Adjoints

91 Ireliminery deloltion

0.2 Home-ser cefimition

1m
(5.1]

158
186
187
155
195
1894
15

2n1
s
v
Y
211



CONTENTS

9.3 Examples of sdjoints

04 Order adjoints

9.5 Quantifiers as adjoints

96 RAPL

8.7 Locally cartesinn closod categories
88  Adjoint functor theorem

39 Exorcises

10 Monads and algebras
101 The trisngle identities
10.2 Monads and adjoints
10.3 Algebrps for a monad
104 Comonads nnd coalpebras
10.5 Algebras for endofunctors
10,8 Exercises

Solutions to selected exercises
Raeferences
Index

Xy

215
219
e |
225
31

&

53
155
254
264
266
274
Fxi

303



	250645 0
	250645 1
	Screenshot 2025-01-09 124334
	250645 2

