The Cal'egtm& a‘~ small Cakﬂoﬁ'es, (nt
o dbieds are all mall ml?ﬁoviu
® Morphims ae(GD) ove all
fanckors £ C—= D
° vap@S’\'J'{mZg idenhties - for

/?\Ahd'o@, 7 M&&



Cok has aterminal sbject
* Tormival cfk‘\;ec} wm (L s

*@ id,,

an—

one- Shje it one. morphiom

WRgovy



Cok has binawy pmdu(ks

T, |
o Binowy pvwoduck € <—CxD—>D

- objeks f CxD e pais (4 Y) ity
Xe )€ XY edhD

~ Wwvphmsms (X,v) = (X,Y') owe pairs
(£19) ot mavphisms £eC(xx'), 9€D(TY)
~ Govposihon kiduwthits as in C X D

- T (K\Y)Z—‘ X T"\('F\?): 'F
M (X\T)= Y T (fi9)= 9



Cok net cm'rv has finike producls 1t s
oo amtesTan dnsetl — e/xponenti als
W (ak owe alled /][\Av\uh)\r (ﬂ}c@ﬂo{\'u
ound to defing em ke nedd Bo
bovsidir  natwrad transormakions
W dh owe the approprode wihon of
morphism betweaun Jf\/\.v\c)ravs.



Natwral va\sform ations

Mo’n‘vwﬁwa y)cav\A\o\e: /ﬁ'x n Rt S€E 6(43‘ Sek
ound. onsvder  HC dwo fwndos Fe - Sek— Set
gpvam by

F(x)2 SxX G(x)2 X x§

F(FH £ 1d, xt Cx(f) = § x id;



FQek = &K Gr ¢ ek — St
F(x)2 SxX G2 XxS§
E(F) & 1d, xL Cr(F) = { xid,

Tov endn st Xeﬁa)'%“e/t e 15 \'S’wnorP)\{gyv\
@X : F(X) = Gt(x) 9'\\"0\/\\97, <U2)—“\$"SXX—3 Xx§

TNse iSos dm\)+ Mf’m& on e ’pw\”iov\M—r Nt ve
6t eadh X — M o, "\ob\?v\m}vp\/\{c wm X
One Way to wake tims previse IS ...



]C \~e (J/\OW\ ‘F"UV\/\ X ‘|‘o a\ov\ﬂ

{\Mf\u\’\m ]C’ >< =Y, Ton e gt a GomamAbve
So\\r\avre, [1%) @g’gk N

() =5 (%) SxX —> Xx§

el el de Jusf [l

<ﬂ7, MY

> G(Y) KSXY > xS

Square  Covnmvnwnied e amge.
<) T4, ((io(x-{')(s,),)) = Ty, T (S)'FD‘-)

= ('FDL) S )
= (fxid) (A s)

{iat



Natural va\sform ations _
Debinitimn Given Gakegontes Xfinclors €5 D
o Nabwal ‘fmnsfowvxm\‘fm 0: G =
IS o Wy ¢ D-worphioms O e D(FX) Gx)

onv 'GXMJ/\ O:-dqot(f X, Swolh M—-ﬁﬂ“wu
@-W\DYP\/\BW\S -F: X—=Y

Fx 2% G |
=d) LGE commnAes , 1-e.

PY 30 &Y e bf = Gf 6




L Exa.mplﬂ
Sk S > Moy T2l frncher
F = ‘Fﬂre/@ww\/\b\'aﬁ q%\\/\(/ffw
Trare is & nafwal tTansformahion

Y): IO{S?/(T__) uOF-

\'\\\'\M‘ﬂ : L anch |
Te & (35 L) ol el
|15t
@k WAZ ) sy stk [y o

T — UWF(=)

b g
z‘ﬂ—b \)\g:(d/z\f/sﬁf)()ow\mvdw. .9



Exawvple
T a st S (of Shovkes)

tToonbov ?‘f (("‘)xZ)i : Sebk — Gt

ik & dlowarndks ceT(X) = (X< Z)E 08
ALY d,uU.w-j “GOW\p whont" thod VV\WP nrh P\Q
slades “sed b poirs C(8) = (x, §')
e xeXx s e Valwe o Pl ond
e is T finml Stnde




EXOLw\p
Ny o Sek > (0‘( %\-wks}

functor T 2 ((- ')xZ) S@fé—a&i‘

\\‘os.{—umﬂ {‘ruvxs e ,LL

Myt T(TX) — TX

Sez.
\

NX/SES

1>

CGT(TX) (xx£)Yx2)®

T

—T

des

Yy
c'(s") Whue CS=(C£S)

/

.

C/G(XX g>f




EXOLw\p
T a st S (of Sovkes)

Fanchor T 2 (( uz) Se/é—a&t
\\‘Wl'wuﬂ {Vm\s o ,LA. T—%T

Mx - T(TX) — X

1>

M s 2 c/(s') whawe cs=(c)S)

Exertise : checke tnt Uy IS V\M wm X )i-c,‘
€ £:%X2Y w Gk, Thn [Fepx = Weo T(TE)

N2



Compos \'hﬁ mtwral “Vow\&foﬁno«k oONg

GF(V‘OV\’K\V\L}DWS F)GKH@'%'D
owd Arkwvral ansfovmahions

O:F=- G & ¢ : G—H
\N’e,gdz CF°8 F—-)H
W (g.6), = (Fx3 ex B Hx)

Check Y\w{'mmw'\j:
H{'o((poé)x = H‘F" @x o Ox

= cpYoG,]Co@K = (Py°9‘r° ﬂ[
=(peO)y-fof




Jdenh \"J natwral transformodion

Gﬁvm /fku.hw L:C—>C
~e gt & nakwrol {YaV\sfngMHm

I&F ‘ - F id
: E
it (ide), = (Fx 5 )
Clhedk V\O\M\'\'\j
Ffo(idy), = Ffoldg



50\5\3 0 Re kak OOW\pos{Htm A
ldanbities Ry nabwrnd Tramsformetions
SoJ/is‘pg
(Vo @)e0 = Feo(p-O)

ideog = e © iJ‘F

So (e g}uf' Q C”‘kﬁ'my



fanctor C,Meaom.s
Gn\re,v\ mk,@ovxcs Cgﬂ “) ‘H’\(L

Tunctor Cﬂ\i‘cq/‘w\ﬂ/

»C

has

o biects me Al fandos C—D
* Given F&G:C—=D, mophisms = &

in DE owe v\mhMV\l vans
@, cow\posnhwx % i donhhwy  ag Aot

TN ¢



NB TE€ CA3D ae sSmall C_PJ'EQDY\%
o & 15 D&, b&cm&c

Qb\) K‘D ) —C- FG (01)3 (D) 5 X,\YE 6()3 E(&)F‘O

I U s a G\WW\M\NQC/\& Wé\\\/P/rée Tron
<~ {( 0y PQEX&

xexc b
o Feghen |

IS




CaJC' IS a C.C.C

Theovenn TRere S an w‘o‘ﬂ{m}—imq&wu\w
apyp : [I)Cx C — D

Yok ives T @Acwovxu\-]'\‘ﬁk o-‘ C & D

wn Cok




Debnvhon 0[2 mﬂ) D xC—-DTD m ngec}s

(ft, X) = F(X F:CoD
oy 0 (Frean

Definion JF Ay - Tb X G — D on moplasms
U\W((EX) 0,f)

(@) 2 ROSRNS60)
- 703 apoe)

{Wﬂp( &F 1d,.) = "gﬂx)

Kl Lom (90, 9+¢) = app(e 9 )eapp(af)

H,19



Dehnhitm o} ovxmg)v\? n Gk
%’Ww\ f\M\UHY FrEx ©C— D

B eodh 2 eth{E, awrFz :CoD i€
fr. ﬁw\ohnr:

X F(z, %)
cw FZ2 | U 2 \(/ F(“z-:“)
\ X ) ( flz.X')




' ' Cﬂt :
'wh AT I, - IN
D?qgwmﬁimﬂ?g T Ex € — D

tov eadh %lgail [,

' odmml
Tl7\L A
Cw F ; I Z ) (AAYFZ' IS ' {
V\ZFQW?\&J‘\W?MN\MSQ GOW\pOV\ﬂ{\\ ﬁk >< € dﬁ) C S
‘m

Fzx (@ F9x
QONY

F(“%X\ Eloyide) | F(ziX)
\

> CU\-Y-F‘\%.’X C\A 0 (A@

.2



Ttowe to dhedk tremt

wf o E— D’
1S {r U\V\\o‘udb rﬁAV\U('aY‘ G:E— ID

'H\ o\\‘ /V\O\l(.O—.S
EXC~F>D

Gxid g | /
n;q:x C e

owmide In (ot (eeru % ).

.27



