
Adjoint functors : Lit + B R : Be A Lecture 4.

if VAE A 7) bijection TAB : Homp(L/A) , B) =>Hom(A,RIBl
BEB

which is natural :

Yf : A'- A

j : B- B- ->
Homp (L/A) , B) Ei Hamp (L(A) ,B')

Homp(C , BI commutes S commutes ↓S
Homp(A , RIB))- Hom(A , RIB1)
Is RIglo-

HomA/A : RIBI)

i. e. I is a natural ison between

Homp(l- , -) and Homt)- , R-)
which are functors top + B -> Set
_

pairs of objects
2 pairs of morphisms

3 and D are equivalent if 7 F:E -0
,
G :+ E

function s .t. 5 natural transfor FoG - id
~ idGoF- >



Ex: Zinee algebr V=KlimV Versie (h)
equivalence of category (check! )

Abelian sotegories

Ab-enriched Category 2 : Homg(x , y) Ab Vx
, y Gobj(2)

vsition bi-additive (entra structure)(and
comp

E: Ab
,
Ve,

Def : A functor F:-D between Ab-enriched categories
is additive if Vary : Homy(n , y) -> Hong(FR) , Fly)

f → Fl 5)

is a group homomorphism.
D : An Ab-enriched category is calledodditive if it admits finite coproducts

(projerty).
top : In on Ab-enriched category
,

a finite product is also a coproduct
Iso an initial object is also fina ,

hence
a zero object)

ㅇ

_끄
Idea : X -- XxY 70-map because
_ sdλ Hom (X, Y) group.



Notation : XxX = XeWXz = X,Xz

In Vertr : X20X

↑
z

Rem : Does not work for infinite products:Xi_

in Ab.
Def : An additive category is pre-abelian if any_

hism has a kernel and a colene.morp
_

If I is pue-abelian :

Wulfl --X toY -- Cotiu(f)

!
Δ

Cohen(Wen(f()- Her(Cotfe(f()
l ! " In (f)

"

"GIm(f)" luniversal properties)

&fif is called strict if CoTm(f) -> Im (f).



Bef: A pre-abelian category isablion if all morphisms are strict.

Mem : This is

equir
to every more is a kernel and every epi is a cokennel

E· Ab = -mod is an abolism category /first ison thm)
R-md--

· A ob stegay , I small category then Fun(2. A) also
abelien.

Bar : stegory of IR-Banach spaces , isnot abelian.
With bounded lineon maps) is pre-abelian.

vs
.
W Cohei =W/

V not closed Ne/W - W/V)*V.
- i not strict

in W ImitV

leg .
15/IR) ' (IR)

Ex : Top abgroup ,
Filtered abgroups ... are not abelio

_

In an abelian category , any maphism has a factorization :
X → y

epi
d Im(f/1 mono



Bef : A sep of maphisms A Feb to C is exact if

Neng = Inf
Cas sub-objects of B)

[FX Esubrts ofX] =Gphim]/
"set" Y.→X

と
㎡ ]

A short enact
sequence (ses)

is a

seq of
the form o A - B-C-0

,
exact at

every places,fr
thatis
f moro , gepi , Neg = Inf (so f= Weg

g =CWerf) .
토

0 - A - AOC C + 0 : ses.

Any see ison to this isrolled split.


