THE YONEDA LEMMA

or-wluj we know what o black hole
without I:ei.n.g able o see L

Julia. Rames Gonzalez

UCLowvaun




Brightness Temp. (10" K)

50 pas

The Event Horizon Telescope Collaboration et al 2019 ApJL 875 L4 (License: , unmodified image)

- BT
T )

14 |
© 1997-2022 CERN (License: , unmodified image)




Cotegorien, our mathematical wonfLxt

whot io o CATEGORY ?




Cotegorien, our mathematical wnlz x?s

whot io oo CATEGORY ?

{o.collc.c:h'an of objecls A,B,C,...



Cotegorien, our mathematical wnlz x?s

whot io oo CATEGDRY ?

{o.collc.c:h'an of objecls A, B,C,... cuch that
a ollection of morphivms §,9,h,--



Cokegorien, our mathematical wnlzxla

whot io o 0
{ o. wllection of AB,C,.. <uch that -
o ollection of 'fz‘jzh/--- |
o coch morphiom hor o specified ard odomain

FA—B



Cotegorien, our mathematical wnlz x?s

whot io oo CATEGDRY ?

{acollc.c:h'an of cbjech A, B,C,... uch Hhat -
a ollection of morphivms §,9,h,--
o coch morphiom hon o specified  domoin and odomain
FA—B
o for eoch object we have on icle.n’dﬁj marphism
Ia: A —A



Cokegorien, our mathematical wnlzxla

whot io o 0
{ o. wflection of A, B,C,.. <uch that -
o ollection of f,9/h,-- |
o coch morphiom hor o specified ard odomain
FA—B

o for eoch doject we have on

o for coch poir f:A—B, 9:B—C ,we have o omyposile
sul:zje_ci o the -FolLounmj) oXioMA f



Cokegorien, our mathematical wndL Xl

whot io o °
{o. wllection of A B,C,.. Such that
o ollection of t19/h,--
o coch morphinm hon o specified and codomain
AR

o for eoch doject we have on

o for coch pour {:A—B_ 9:E—C ,we hote Lomposile
g[.‘ A—C gven £:A—B, we have
sul:zje_ci o the -Fdlmm'mj) oXiomA f flp=F=1sf



Cokegorien, our mathematical wnlzxla

whot io o 0
{ o. wflection of A, B,C,.. <uch that -
o ollection of f,9/h,-- |
o coch morphiom hor o specified ard odomain
FA—B

o for eoch doject we have on

o for coch poir f:A—B, 9:B—C ,we have o omyposile
gmf: A—C gven £:A—B, we have

Sul:zje.ci o the ‘FD[L"‘*“"S' oXiomA fA=F=1,F
3‘.‘/3\ -FIA—)B,SiB_’C) h:C—D

h(9f)= (hg ¥



Exompln of caligorise

o : —DObJe,c]}.\ sels
- Merphinms : functions from A B
- Lomposifion of Junctions & id_wJIUj funchono




Exompln of caligorise

* St : - Objedn : sla
- Mevphinms : functions fom A b B
- Lomposifion of Junctions & id.m.n.'Uj funchono
o Grp: —b Objucn : groufs
—o Movphinmao: group homomarphinms G —H
—o (omposikion of hememarphinmo & idenli




Exompln of caligorise

. : -» Objedn sels
- Mevphinms : functions fom A b B
- Lomposifion of Junctions & id.m.n.'Uj funchono
o Grp: —b Objucn : groufs
—> Morphinmo: group homomarphinms G —H
—o (omposikion of hememarphinmo & idenli

o . —D Ob‘&(ﬁ) 'tDPDlDSaCQ.( Spoen

—> Morphunmo: confiruusows mags X— Y

— Composiion of wnlinuous maps & idenliilien



Exompln of caligorise
0 : > Objedn: a sm.gb_ objck *
- Merphinms : A i —x}



Exompln of cn.ﬁga'rao
o | : -»Objedn : o syl objpct *
- Merphinms : A i —x}
lek G be oo group:
- Objecdln : o s;.n.gb_ obpcl *
- Mevphinms : G N

b

bo.

—b (m—mposh.ﬂ'm: group opn.ro.:l'ich * — X

A6

W = /¥

Tdenlly: the nowdval elomenkl  — ¢



Exompln of caligorito
O : —DOb]edZ»: oLsi.rLgLL ob}u:f. %*

- Mevphinms : -{4*:-& —-:*-}
ek G be o group:
-pOb]e.cI}.\: o Sm.gb_ objck *
- Mevphinms : G

: o b bo.
—D ()JT“POS.LD.O'Y\I SI"DI&P DPPIOJ"G?\ H* — X I = P —y *
Tty the nowbal demenl 2o

LeC e a (D.llgo'rﬂ
o : —;objed.'s:‘the some on

— Morphiroma: =A(A,A) + idcnﬁly and compositigm

_ A(: Ae \Au of




« Oameness » of objedn
let A be o aligeny



« Oameness» of objecls
let A be o aligeny
* A mopusm f:A—B in A is clled an
if there exisls another movphism
"B—A such that: e



« Oameness» of objecls
let 4 be a collgmj
* A mopusm f:A—B in A is clled an
if there exisls another movphism
4‘—125_‘/\ such thot: o _F_["za_B:E)_)B



« Oameness» of objecls

let 4 be o collgmj
* A mopusm f:A—B in A is clled an
if there exisls another movphism
4‘—115—*/\ such thot: o 1‘:1(-‘=49,‘E>—)B

. I"_F___ 1A=A——3A



« Oameness» of objecls

let A be o aligeny
* A mopusm f:A—B in A is clled an
if there exisls another movphism
[ B—A such that: » £{'=1, :B—B
e [P= 1, AN
such {™ is uniqgue ond it is called the of £



« Oameness» of objecls

let A be o aligeny
* A mopusm f:A—B in A is clled an
if there exisls another movphism
" B—A such that: « £{'=1, :B—B
e, A
such ™ is uniqgue ond it is called the of £
o Two objeds AB in A are il there exish
an 1somorphiem {:A—P c_onnediy? Jhem.



« Oameness» of objecls

let A be o aligeny
* A mopusm f:A—B in A is clled an
if there exisls another movphism
" B—A such that: « £{'=1, :B—B
e, A

such ™ is uniqgue ond it is called the of £

o Two objeds AB in A are il there exish
an 1somorphiem {:A—P c_onnediy? Jhem. »

¢ Isomovphic objech hove the same viewpoint 4 (A,C)= A (B )
Jor all C



« Oameness» of objecls

let A be o aligeny
* A mopusm f:A—B in A is clled an
if there exisls another movphism
" B—A such that: « £{'=1, :B—B
e, A

such ™ is uniqgue ond it is called the of £

o Two objeds AB in A are il there exish
an 1somorphiem {:A—P c_onnediy? Jhem. »

¢ lsomovphic objects have the some uiewpoinT A(AC)=A(Bc)
,_ forall C
and the rest of dpjeds se them as the same A(C,A)Z’A(C,B)



Relaling caligories: funclors

Lef A B be two co]ljovim. A fund

_D.(

F’:A -—)08
consinla of :



Relaling caligerien: functors
Lef A B be two cojljovim. A

A— B
consiola of:
e o funclion obj(d)—— obj(B): A A



Relaling caligerien: functors
Lef A B be two cojljovim. A

A— B
considn of:
e o funclion obj(d)—— obj(B): A A
* o funclion A(AA) B (F(A),F )
t — F¢)



Relaling caligerien: functors
Lef A B be two cojljovim. A

A— 8
consiola of:
e o funclion obj(d)—— obj(B): A A
* o funclion A(AA) B (F(A),F )
+ — F¢)
sulo]e_d: to the -FolLouui.nj’ aXLOMS :



Relaling caligerien: functors
Lef A B be two cojljovim. A

A— 8
consiola of:
e o funclion obj(d)—— obj(B): A A
* o funclion A(AA) B (F(A),F )
+ — F¢)
sulo]e_d: to the -FolLouui.nj’ aXLOMS :

o for eveny Acobj(4) =1,



Relaling caligerien: functors
Lef A B be two cojljovim. A

A— 8
consiola of:
e o funclion obj(d)—— obj(B): A A
* o funclion A(AA) B (F(A),F )
+ — F¢)
sulo]e_d: to the -FolLouui.nj’ aXLOMS :

o for eveny Acobj(4) =1,




Examples of funchors

° UiGrp———)Sej:



Examples of funchors

a Grp SelC
G G) = the underlyng s of the goup G



Examplen of funclos

o Grp SelC
G G) = the underlyng s of the goup G

65 H] > [U4):Ul6) = ULH) | = the undulying function of
the goup homomerphism {




Examples of funchors

o Grp Sek
G G) = the underlyng s of the goup G
[G--F—)-I-]] [ £):Ul6)— H]:thaunduk,inf,mmhsnof
the goup homomeorphism [

Q Se_t G-rP



Examplen of funcors

o Grp Sek
G G) = the underlyng s of the goup G
[G~-F—)-|-]] [ £):Ul6)— H]:thaunduk,infmmhsnof
the goup homomeorphism [

Q Se_t G-rP
X X):= the fer goup generalid by the b X



Examplen of funcors

° Grp Sel
G G) = the underlyng s of the goup G
[GLJH] [ f):Ul6)— H]:z’chaunduk,m.f,mmhsnof
the goup homomerphism {

0 Gl GTP
X X):= the fc group generndid by the et X

[x5Y] [ frrR)— 0 ]:=’ckc group homomarphiom
induwoed bn f



Examplen of funcors

° Grp Sel
G G) = the underlyng s of the goup G
[GLJH] [ f):Ul6)— H]:z’chaunduk,m.f,mmhsnof
the goup homomerphism {

0 Gl GTP
X X):= the fc group generndid by the et X
[x5Y] [ frrR)— 0 ]:=’ckc group homomarphiom

%'Iz — .[(I,)‘Hiz) 'mduiul bn -F



Examples of funchors

g Galiqory of obelian groups
o Top A, Wik group hemomorphigms



Examples of funchors

g Galiqory of obelian groups
o Top A, Wik group hemomorphigms

X X) := nth \nmmolom group



abelian. groups
o
‘ IS
] ot hsmomer 3@
DF /Sﬁgat:p\nmolog\’
Ab )
X

Top

‘ X

phism
Moy
mdu}fﬁnolo%»,

y ]:- n

X)—

.[_ :

i

f y]

[X =



Examples of funchors

Ve calgory of abelian
® TOP Ab wiUsg alrj'oup hsmomor; 'l-z':\-PsS

X X) := pth \r\mmolom group

[XLY] [ f): X)— Y ]:: induced mov phism
in hohno(.ocm

o P&t — &tk



Examplen of funcors

g Galiqory of obelian groups
o Top A, Wik group hemomorphigms

X X) := nth \nmmolom group

induced movphism
in hornotocm



Examplen of funcors

N calqory of obelian
o TOP Ab wiUsg allj'oup hesmomor ';;:PSS

X X) := nth homol
AN
o Sk Qet
X = seb of subséln of X

induced movphism
in hornotocm



Examplen of funcors

N calqory of obelian
o TOP Ab wiUsg allj'oup hesmomor ';;:PSS

X X) := nth homol
AN
o Sk Qet
X = seb of subséln of X

induced movphism
in hornotocm



Examples of funchors

let G, H be groups



Examples of funchors

let G, H be groups
0 G H

obj(G) — obj(H)
G (3¢,%) "_'l (¢ %)



Examples of funchors

let G, H be groups
¢ F: Q —%ﬁ
obj(G) — oyj(H): * % { File) = 1ca

G Ge®) —— H (%) : g —— TF19)

s.L. |
' K Flgg)=F() Fg)



Examples
of functors

,
h - 3 m

0 Q H
ob) o

1(G)
G (2¢,% OBJ (ﬂ |

“ | ; ) = .

G P

H
i s.C. {

it is nDHwnﬁ
but o (growp hoom
umarpkjm|



Examples of funchors

let G, H be groups

¢ FG—4
obj(G) — dbj(H): * *
G (3¢,%) H (¢,%) - L.
G ( __l('-)eﬂ 9 i s.C {
G H

it is nothing but o (gop homomorphagm |
G Set

obj(G) — opj (k)
O (%) Sﬂt( *) T )



Examples of funchors

let G, H be groups
[ F: Q——%{i
obj(G) — obj(H): * %

G Ge®) —— H (%) : g —— TF19)

L. .
) : " LF(gq)=F(g) FG)

Lt S noHuun:g buraw.'

e
obJ(Q) — obJ(Sgt) * —— F(*)

{ FMG) = 1'F@t)

{ F(/]G) = 1F(*)

G = Glow) — SR, F0): 9 = Fg) S8 Loy Lpg) P



Examples of funchors

let G, H be groups
[ FQ—-’»{i

obj(G) — oj(H)* * ) {F(4e)=1ﬂ*)

G Ge®) —— H (%) : g —— TF19)

L. .
) : " LF(gq)=F(g) FG)

Lt S noHuun:g buraw.'

¢ T G

ObJ(Q) 7 OBJ () T { Fle) = Lo

6= G lerx) — Sek(Fx), )+ Flg) Flag)=F3) Q)

it is nothing but o lft G-set !



Hom-funclors Homs o seis

et A e ool ol gy

We define the fundor W"A—SLC as follows :
ob) (A ) obj (§et )

A(8,C) SH(A(A,B),A (4,0))



Hom-funclors Homs o seis

et A e ool ol gy

We define the fundor h:A—SLC as follows :
ob) (A ) obj (§et )
B )= A(A,B)

A(8,C) SH(A(A,B),A (4,0))



Hom-funclors Homs o seis

et A e ool ol gy

We define the fundor h:A—SL as follows :
obj(A ) oby (et )
B B)= A(A,B)
A(B,C) SH(A(A,B),A (4,0))
[t:B-(] £):A (AR —A (4,0)

—



‘Hﬁm- -funlerS Homs ore sefs

et A e ool ol gy

We define the fundor h:A—SLC as follows :
oj(A) ob (5et )
B B)= A(A,B)
d(B,c) — St(A(4,B),A (4,C))

[+:8-(] £):4 (A,B)—A (4,C)
[g:A-B)— [#9:A (]



‘Hﬁm- -funlerS Homs ore sefs

ot A e o bl sl i

We define the fundor hW:A—SE as follows :
ob) (A ) obj (§et )
B )= A(A,B)
d(B,c) — St(A(A,B)A (4,))
[t:B-(] £):A (AR —A (A,0)
[g:A—B)— [#9:A (]
fells us what the object A e from the caligoy A



Hom-funclors Homs o seis

et A e ool ol gy

We define the fundor AOP St as Jollows :
ob) (A) oby (et )
B B):= A(B,A)
AT(B,c ) =A(c,B) St(a(®,A),AlC,))
[+:(—8) £):A (BA—A(C,A)
[9=l’>—> ]H [CJ-F-'C—> ]



‘Hﬁm- -funlerS Homs ore seds

et A e ool ol gy

We define the fundor ATsSet s $ollows :
obj (A") oby (Set )
B B):= A(8,A)
AT(B,c ) =A(c,B) St(a(®,A),AlC,))
[t:(-8) £):A (BA)—A(C,A)
[g:B— — [CJ-F-'C—’ ]
fels ws what the caligory A sen of the object



Preserving viewpoints
o £ Junctor A—L is clled
every paim A,Be obj(A) the funclions

A(AB) B(FA) F®)
are. bijechive. ,

o Example:



Preserving viewpoints
¢ A functor T:4—L8 s called iof
for every paim A,Be obj(A) the funclions
A(AB) B(FA) F@))

are. bijechive.
o Example:
Ab Grp ( movphigms in Ab
G 6):=G ase the homomorphigms

of )



Reloling functors: natwal transformations

et A R be two lomD.Q:.j shalll  calugories
et G betwo fundss d—F




Reloling functors: natwal transformations

et A B be two \oLoD.Q:.j shalll  calugories
et G betwo fundss d—F

* A :F= o giren bj

o Mofphinm o, = F(A) — GA in & Sudn thak

for oll F:A—A in A the (ollcwir\f diogmm. N &
Cormumule) g

Al —— G(A

o), e

AY —— (A



(ategorien of funchrs

ek A B be two \ocoD.Q:.j smalll  calugories
let & G,H be funchors 4 —3F



(ategorien of funchrs

ek A B be two \ocoQQ:.j shmalll  calugories
let &, G,H be funchors 4 — 3
e We can wmpse nhafwal bansformations:



(ategorien of funchrs

let A, B be two loolly smoll cligeries
let F G,H be funchovys 4 —F
° UWe an wWmpE natwal transbormations:
LT =6, pG=H ~> pdF = given by
(pot)y:=(Backy FA)—H(A)




(ategorien of funchrs

ek A B be two \ocoD.Q:.j smalll  calugories
let &, G,H be funcdborys 4 — 2
e We can wmpse nhafwal bansformations:

:F =26 , AG=2H ~> pl:F = 3ivcnba
(pot)y:=acty’ FA)HIA
o There in an iderilily natural fransformation:



(ategorien of funchrs

ek A B be two \ocoD.Q:.j smalll  calugories
let &, G,H be funcdborys 4 — 2
e We can wmpse nhafwal bansformations:

dF =6, AG=H ~> pL:F 3ivcnba
(et )y=acky’ FA)—HIA
o There in on iderilily natural fransformati en:
lg:F =F given by MF)A: /lF(A)



(ategorien of funchrs

ek A B be two |oco9.Q:.j shmalll  calugories
let &, G,H be funchors 4 — 3
e We can wmpse nhafwal bansformations:

dF =6, AG=H ~> pL:F 3ivcnba
(et )y=acky’ FA)—HIA
o There » on iderilily natural fransformat en:
lg:F =F given by MF)A: /lF(A)

e [herefore, we cn -Po'\rm o caﬁ_go-na o-f .(:me.’fDYS HM\(A,«,R) with
objects the funchors ond movphigms the notual transformadtions



Examples of natural tronsformations



E scamples of natural transformafions

o Q/ll_e?&t
" G %
v Il X —Y
G X — Y i &b skt foral geGlw 9] o |9

ST



Exomples of natural transformations

o Q/u_a?&t
" G %
v Il X —Y
G X — Y i &b skt foral geGlw 9] o |9

X—>d*>’

in other wovds, o (qx] = de*(x) YxeX ¥geG



Exomples of natural transformations

* &7 Ju St
Oly
& —
G X — Y i &b skt foral geGlw 9] o |9
ol x

in other wovds, o(qx) = 30!*(3) VaxeX ¥9eG
~o this is nothing but o GEequiariait {Mopof \uft G-sefs |



Exomples of natural transformations

* &7 Ju St
Oly
& —
G X — Y i &b skt foral geGlw 9] o |9
ol x

in other wovds, o(qx) = 30!*(3) VaxeX ¥9eG
~o this is nothing but o GEequiariait {Mopof \uft G-sefs |

We have thot Fun(G,Set)= cafegory of Lt G-<efs + equiv. mags



Examples of natural tronsformations

o 1

LA

—"
B

oLy A —bB

in A

st.

A0 ¢ condition
V 4O L%
A——n



Examples of natural tronsformations

D (Y voLuolwo
L+ A £y A —B  inA st A 2B condih
A My gZ L

~p thio 1 n.aHu.ng but a morphigm in A= Fun,A)=A4A.

o 1



Examples of natural tronsformations

/al_l.?A £y A —B  inA st > B

A
’ \B/ AA)\L ouf’ é"s
~p thio 1 n.aHu.ng but a morphigm in A= Fun,A)=A4A.
Aot
o &b U< et
N

P



Examples of natural tronsformations

)
o 17 [+ 4 £yt A —B  inA st - candition
N A V of o \LI‘E’
B A——n

~p thio 1» nothing but a morphigm in A= Fun(,A)=A.
tu ¢

o G  Ix Gt oy Ao (X) —P(x) in Gt
N,

x — {x]}

P



Examples of natural tronsformations

ol B /votuouo

0 ‘“\“’_&/'A oLy A —bB in A st "A/\\L Lo e condition
B A——n
~p thio 1 n.aHu.ng but a morphigm in A= Fun,A)=A4A.
= ;
o G  Ix Gt oy Ao (X) —P(x) in Gt
Y x — {x]}
for ol L:X=Y in Seb we have X—OLX—’P(X) ,
#1 G | P&

Yy P (Y



Examples of natural tronsformations

0 4\@4 oLy A —bB in A st "A/\\Ld_‘f’) 118 condition
) A——n
~p thio 1 n.aHu.ng but a morphigm in A= Fun,A)=A4A.
At )ﬁ
G &t /u}\ Gt o(x;4Sct{X]—-)P()() ih Set
Y x — {x]}
forall £:X=Y in St we have X-5Px) | indesd:
T G | P¢)
mlex ——> {x}e PX) Y25 P(Y)
J

Px)eY ——s {§ 0} e P (Y)



&« Someness» of funchrs
let A, & be coligorien and wnsider the funchr co.D.Swj Fun(A 3).




&« Sameness » of funchrs

let A, & be coligorien and wnsider the funchr co.D.Swj Fun(A 3).
° A i» ar_iogmovphiom. in Fun(4,3).




& Sameness» of funchrs

let A, & be coligorien and wnsider the funchr CD-E'-SO‘Vj Fun(A 3).
o A nolural womophiom. i» anisomovphiom. in Fun(4,3).
LF=2G, :6=F st Lol = 16 5 oLt =g




&« Someness» of funchrs

let A, & be coligorien and wnsider the funchr CD-E'-SO‘Vj Fun(A 3).

o A noliiral emophism. v» an_isgmovphiom. in Fun(AB).
LF=G, i6=F st LotT'=4g, a="g.

¢ Two funchrs T, G:A—dd am isomorphic if ‘U\uj are connecs by

o 1 noﬂj_ml iSdeYpWIm F%G'




&« Someness» of funchrs
let A, & be coligorien and wnsider the funchr co.D.Swj Fun(A 3).

° A i» o iagmovphiom. in Fun(4,3).
LF=26G, 316= st. «ol'=4; , =g,
¢ Two funchws T, G:A—d are e thuj are wnnedial by

~N

o nafurol issmorpmem =

® A nalural fansformahon o F=G » o nalwal isomorphism
H ond U"':‘j i o F(A)—G@) s on isomovphism in o8 for all A



&« Someness» of funchrs

let A, £ be cadigmiw ond cohsider the funchr “"E"Swj Fun(4,3).

o A noliiral emophism. v» an_isgmovphiom. in Fun(AB).
LF=G, i6=F st LotT'=4g, a="g.

¢ Two funchrs T, G:A—dd am isomorphic if ‘U\uj are connecs by

o 1 Y\D.KJ.I'DJ iSGmUYPWIm F%G'

® A nalural transformation ot F=G » o naliwal isomorphism
H ond Uﬂ'ﬂ i o F(A)—G@) s on isomovphism in o8 for all A

ev

® 'EIOJY\?LP-I ﬂ'ﬁ:‘VSk — (_)** 31’![6"\ ) 'I-Or all VEObJ (‘HV'SL)) l‘)y



&« Someness» of funchrs

let A, £ be cadigmiw ond cohsider the funchr “"E"Swj Fun(4,3).

o A noliiral emophism. v» an_isgmovphiom. in Fun(AB).
LF=G, i6=F st LotT'=4g, a="g.

¢ Two funchrs T, G:A—dd am isomorphic if ‘U\uj are connecs by

o 1 Y\D.KJ.I'DJ iSGmUYPWIm F%G'

® A nalural transformation ot F=G » o naliwal isomorphism
H ond Uﬂ'ﬂ i o F(A)—G@) s on isomovphism in o8 for all A

® 'EIOJY\?LP. : ﬂ-‘[_‘c‘vsk L (_)** 31’![6"\ ) '['Or all VGO})J (‘HV'SL)) l’)y
v
V —=2 Hom(VEL) =Hom (Hom (L), k)

;




&« Someness» of funchrs
let A, & be coligorien and wnsider the funchr co.D.Swj Fun(A 3).

° A i» o iagmovphiom. in Fun(4,3).
LF=26G, 316= st. «ol'=4; , =g,
¢ Two funchws T, G:A—d are e thuj are wnnedial by

~N

o nafurol issmorpmem =

® A nalural fansformahon o F=G » o nalwal isomorphism

H ond U"':‘j i o F(A)—G@) s on isomovphism in o8 for all A
ev

° Examplt: —— given, for all Veobj (S, ), by

\'

V —= Hom(V%L)=Hom (#om (L), L)

U > [¢ V— k]l—v) p(v)
Yy




&« Someness» of funchrs

let A, & be coligorien and wnsider the funchr co.D.Swj Fun(A 3).
i» ar_isgmovphiom in Fun(4,3).

LF=2G, 6= st. «ol'=4; , =g,

¢ Two funchws T, G:A—d are e -Lhuj are wnnedial by

o nafurol issmorpmem =

® A nalural fansformahon o F=G » o nalwal isomorphism
H ond U"':‘j i o F(A)—G@) s on isomovphism in o8 for all A

° A

L given, for all Veobj (-IdV_S,,_) ) by

V — " Hom(v¥
5 Hom (V¥ L) =Hom (Hom (VL) L)

[ 4

° Exa.mptﬁ ;

U _ > [¢:\/—Jk]l—v) p(v)
Yy




Functors cncoolirg the viewpoink of on doject

< A ccxl_l.gmj v o_ world of OWJ all Loolz_ing at one
another. Each sees the world fom a different viewpoint >




Functors tncodirg the viewpoink of on doject

< A ccxl_l.gmj v o_ world of ohj_uj;a_, all Loolz_img at one
another. Each sees the world fom a different viewpoint >

¢ The informalion of whal an objecd A oFaca.ESmnj A
Sees of A in codified by the fundor KA Sk



Functors cnc.odirg the viewpoint of an doject

< A ccxl_l.gmj v o_ world of ohj_uj;a_, all Loolz_img at one
another. Each sees the world fom a different viewpoint >

¢ The informalion of whal an objecd A oFacoJISmnj A
Sees of A in codified by the fundor KA Sk
‘Thtm{-wma.ﬁimo{whaf{hcmﬂgwgsé wen of one of
tr cbppds A i cadified by the functor AP &



Functors cnc.odirg the viewpoint of an doject

< A ccxl_l.gmj v o_ world of ohj_uj;.\_, all Loolz_img at one
another. Each sees the world fom a different viewpoint >

¢ The informalion of whal an objecd A oFacoJISGV\j A
Sees of A in codified by the fundor A— Sk
¢ The informalion of whal the algory A seen of one of
tr cbpdn A i cdified by the functor AP &

o We oy thot o fundor 7 A—St (rsp FrAT— set)
0 f it 1» nollrally isomevphic fo o
functor (resp. i, ) for some Acdbj(A),
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The Yonedo. embedding

et A btalocoibg smod (_01190\'3 The fundor
A—Z—iFw(AﬁSet)

Swelch of the prof

Yonedo. lemma gives uo a. bijedion F(A) —> Fun (A% set) (s ,F)
Toke F=hg = ho(A)=A(AB)— Fun(A%set)(hy h,) which
is precisely the funchon @.
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Smdging the inoccessible ...

In general , in ovder o fully choradefize an object A € opj(A)
need all the information of

But there ar arluin woligories were LS s required:
X € olo'I(Sd:) s fully delermined loa Set. (424,X )
X e X

Sets are delormined bj their point |

]

= X
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Moduli spaws
o ProHem: We want to udy o meduli space M cossifying
G@rioin objechs. Whad- dosn £ ook Lidee ?

Jxf — M Sem‘l:ktpot!\l;: of M )
in o wrtoun
[0,1]— M een the Paﬂ‘\s of M 7 mﬂ.\gmg"f
spowy  Spoc
R— M sen e wnen of M

whot Yonedo. l.a.mrrm_’\otdlin_ﬂun n that M in ,ﬁulbj
defirmined bufwkai"ckf_uHurSpo.moScc—%[ M
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More 3e.ru=raJ Spo.Ces
We wont to build an M fom what all the sppwn in

Ourco.ﬁ.ﬁoﬂj Spa.c  J A

Spac’® Set
X whok X seen of M

n

W el is repregentable. M S we oblain our spaw
what # nst?  Just consider on O SpoLL itSelf ]

We do not see i, bul we know how it
is peraived by differert spoces, ond Hhis
is olen enough o do geomelry!




Thank you
for
your atltent 1on
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