



























Fix any R
associate unital not necessarilycommutte

let pMod cat I left R
modules

Made right

Remarle pMod is equivalent to the category Modpep

untirquestony is pMod isomorphic to Modrep

Typreatoni Use Mod z
fi M N is a right R

modulemap

if f rnr fm n

Ded we say that a sequenceofmaps

A to B 2 C is exact cat B if
in f tar g

Det exactsequence of multiple maps
d it Ai A i e means exact

at eachA



Det SES r is the catgy whosealjects
one short exact sequences and

whose

morphisms are comm diagrams

G A B C O

t t to

O A B c 0

Things in common ul Madre

Det Ab Category is a category A together

with the state of an Abeliangroup on

emy Horn
set Hom A B is an Abgp

g l f gig fgtfg
tog't h gh t g h

0hsrr.hu SES is an Ab Cat Modpisalso

inducedby addymaps in each component

Ded if A B are AbCats A fuk f A B is

addine if HA Baab AD the map



HomilAB Hom FA FB is an Ab gp

A B Ff FA FB
homomorphism

Exercised suppose A is an AbCat Cisa lat

Canard the category Funk A L

Homycf G
natural transformations af G

Gren xp if
G defe at it

G n

atp A NAIMA

now thatthis gives
A B

FIA GCA F Force A thestate
1Get

If God
atanAb.cat

Example A Moda

Ce oxo A 413

EIA same w e AbCat of Addfun GA



Def An additive Category is an Ab Cat A

s t F a o object in A Cinitulsifinal

AxB exists fray A Be.HA
AbCat
d

Example Mode SES z fun GA Funadked

A an addcat

Def A chaircomplex in A A is an AbCat

is a collector ofobjects Ai i z A

d morphisms di Ai Ai i s f

di di O cHom Ai Ai z
f

Dd Amorphismof chain complexes A B
in A is a sequin morphisms Ai Bi
such that fi the diagram

Ai Bi

dit fdi
commutes

Ai i Bi c
f i i



Not if A is an AbCat then sa is CHA
component wise

if A is an AdditeCat s is cute

ChCA Funan K A

K f kids ki
d ski

or or or
21 4 21

Def Let Abean additeates fits e

Then
Thekernel off is a morphism k B

such that K BI e

y
andsuchthat

k is universal with this property in the

sense that if K B is any morphism

set K BE C

Y
then F unique K k



such that the diagram

K K
B
commutes

we unite k turf

Alternately K Liz
B

Thecolonel of f is a morphism C D s f

s t thecompositor B C D is o

and which is universal for this in the

sense that if c D ul B c D

Heat morphism D D et

C D D
commutes

Alternately D.coaelH Ig BIote

We say that f is monic if fire
B'GB

w B 413 C ne hae g o

Ker o



we say that
f is if fr ay e 4 d
g

u l B a e E ne hae g
o

O koku d

showthat SES neednothave
kernels or

Exercise cokernels

LES p CRES e be cat I leftCrrghDnexact
short

sequences

o a I Ii it

Def An Abelian Category
is an additive category A

suchthat i

every
morphism has a kernel4 a colonel

every manic is
thekernel ofits cokernel

every epic is the
colonel of its kernel



Man is

A B B BA

tr B Blt A

B Bla epic

knel A B

Prot if A is an Ab latgy sa is Fon GA

and so is ChcA

Exercised if we consider SES r
asubcat

a

ChlModel then the
smallest Absubcat

at ChlMod a
cont z

SES 4conking

all objectsof Chl is to itsobjects

is Chc


