L. Odle
Rey

\ B
20
eA .

+ Leicnt

Muem}\a 0

M &S



















































































































































Examples of Categenes Y s ek
QAn ‘F‘LI\CHOV\ T

| .Rflexiv{ -|S$0 O Vv |

| - I \< '
I transitive
|

y So(§e8)=(se8)e§: exc




















































































































































































































































































































































































































































































































































































































































































































































































































































































G (s, K)
Flxe) . 5 —

/ 7

Xo * / -

\ - & (F(K),K)

7

%

eq F)-K & Faa[K/ai])

E:=

K|F® | & (£,4)

































































































































































































































































































































































































































WHAT IS A CATE GORY'T

- A ‘H\wv\a oj: " typed Junctions®
— "Hyped functions”

* posser idsnHhhes

% ore Composable

# Compost assadahvdz,

— nmark: objexkj 0~ “rccowab‘-tﬂ jVWV\ ‘H'\(
i denhities
— re,garO\ the algove Very 3ACF/MAV\*}V.







































































































































































































































































































































































































































































































































































































































GenetA Defiradion of Ca‘hgwj (B
— See slide Jov s¢ks5...
— Colledian of objecks A,8,C ...

" C(AB) =
iF | A~i—aB}

Collecbion o-r- N\S"PMSMS ffsreac\r\ A'B
o S&HSM'\ﬂ arnciomns thak o\.t.flvw. Qa
Ca‘"egwj































































































































































































































































































































































































































































































































































M ore Eme\cS o dentitie,

’t’ - -V\‘ —Frwsi—lﬁuitﬁ;s

: N \ N W om

“OPPW‘b— of O \192-3>....
15 Oc—|le—2¢c—3c— - -.

Cisomecphic bo .. 5-2 57|50

_cx)\( ) “iS“ a-CM"’jW‘?/,S‘bj(r,

*x T = X

% C(x,x') = {x}& x € x’

¢ < otherwiR
— Q= (X, ) whe

\d;x,x’e)(.x SPox’ & 'S¢
































































































































































































































































































































































































































































































































































































































































































































































































































































































A mm\oL 1S O Caﬁ\'eﬁch W\H\ ong objcct X
(Lisk(A) ++,02)

ink‘ GlAst(A) — ++4 oppend assbaamfz
_[]++1=’Q=l*+[] .

Moff.‘fsms






























































































































































































































































































































































































































































































































































































































































































































0-4\0‘. Mm 1S & CaJ\‘egav\g,(')

M, - M, e .'0(
L ok M‘Q
h(m‘).\“ (MZ) objec / B/ k |

T M

IS -
W (@) (h () Woh T~ >MT
K_

= hbW\OMb(PlMS'MS — io\M‘HM fﬁ).ncﬁon
Com poS-& 1S O hbmomcqm



































































































































































































































































































































































































































































































































































































WHAT 1S A FUNCTOR ?

- A mappiv\ﬁ be.-l'wew\ c¢+&3w\c5

Hhat pPreserven the (j.»-no\aqua()
shwetwre

— Maps ObdeCS +o obc'),uks
— Mmaps morphisms o Mmerphsms
— pPreoerves | dantities g( CGW\PoSi‘HM






























































































































































































































































































































































































































































































































Exomples of Functers
- F % Sk— Mm

A : Jast (A) FA
l/ + J{map@) l”
8 Lisk (8)  FB

— F (;AA) = Map (ida) = 1A list (a)























































































































































































































































































































































































“magg) 7 lisk®)

5 /r )3 o 1 \“:“P@
- Wc(n) /ﬂ
ﬁoF sfa - - 23 Ust(c)

o) “‘0’(’(3°f) -

Eq”a,_jl-—’; mop (jo‘f) Lai,ay)

= [ (9¢f) a, , (9ef)a, ]
= L9 (a)), 9(§(a))]
= mo..‘)(g)ommf(f) Cai,a.7)

® v














































































































































































































































































































































































































































































































































































































































































Geneak Defirition of Functv F:C>D
- A M/ FA

1A MFA
— 1 58 -8
7 ) = H/’ \F9



































































































































































































































































































































































































































































































Example of Natwh Tonsfavmation
— w2 F — F

— speagicd by rev, 0 FA—FA

— S\Ac\r\ Hnad' iy
FA — FA
y tﬂc,“z) — qu-i“lj
Fenal) | | [ |¥

A \L Lfa, )Fal) —> [fa.,fa I‘J

ef

FA St g — > ER
Ms















































































































































































































































































































































































































































































































































































































































































































































































lidr ﬂgf"O\FA (Box)A de5
F = - __—/3>\$
m FA— GA="> HA
ol
C = sD |[Ffe |&F® l“f
\lv v v
v P8 —6R > HB
C — object‘-s F, &) H ...

D _ Mmorphisms o, 3,7, 9 ..









































































































































































































































































































































































































































































































































































































— O assocaatve
- o 1d wnitary






























































































































































































































































































































































































































































































































































































































































































































UMNMSal P(S“)L(‘HCS : S‘\'ruc‘\m W“Isomorph.ism
¥ X, 3!

ITx: A — T

Ix: X—>71

g( Via a
ngmehical
Mﬂumm‘\’

T2T












































































































































































































































































































































































































































































































































































Exemple of Binovwy Product of 5,8
A= c{_l.‘l‘} B‘-: if, C} C-= {d:(‘}

/-\<—If—-ﬂ><8 T B

<2.57

1S The
LIy

MorphMsm

Such +hat
® @





















































































































































































































































































































































































































































































































































































































































































































































































EXMPU_ a'F Bina—;ﬂ CDPrbdMC,t -f AB

A—"* oA+ Bs 3
“ {24 S, ¢ © (<, 62

1S 'Hr\e,
E«»r&]
« | Moy k‘"""
sud\ -H'\a‘\‘

2% .
(< A)(5) = case§ of T ( : 3





























































































































































































































































































































































































































































































































































































EXM?LO. O‘F B’ma—fj CoProo\uc‘\‘in Ppe,Se/C
Xt+Y = {(x;\) , (9,2) \ ICE X, jGY}
\‘A Exc:























































































































































































































































































































































































































































































































































































































































































































































IV\V&S'\TA‘Hhﬁ AO\}MC‘H°V\S | —‘ R

o. naharad biéﬂcHN\

C(—R+), D(L=,1)2 ¢°PX{D——73¢

04 iSoMorpﬂvsC w\ S:d:([‘?x[D 0

Hhere ore natural ‘\‘TMS‘ﬁYma‘honS
3 (ney 2 T(A,RB) =——= D(A,B): im)

suchthat =




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Examples of Adiunchions Jst 4 U
— WN:Men —> Sk & Jask

fana. ) List(A) A o
g v |3
v \LJC v v
J@y. 3@ M UM ()

F(Cai,00])=f(Cad+Cod) = f () £ (1) = F@)f ()

% f([m,dzj) = ;F (Ca.,asz = gbij
















































































































































































































































































































































































































































































































































































































































































































































— [\ s Sk T Sekxok o] AT

(x.4) G z

AC /__\151.
Ife\ (Zfaﬁ) JN\ j/ ('—5)_
v (f
('“'A"M XL) (A | 8) M ('F'\.BW 2,32)

‘WGO Mﬂ-) A/FA 1%8

($.9) 1 y) = ($,9Y) = (Ta= <F9 o, Tge F929)
- (_WF\" _C?Tﬁ x)—[r3° (5(9\3) >0 (‘Fnﬁ)(’(ﬂ) ::_({—(ﬂ_)_(x(iﬂ_—;gbu



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Examp\L of A\gdor& oan A Homomorp\vim\
— TakRe & msva1d (M,b)e)
— é\l——al\/\ b: Mx M\ — M
Defing F (=)= 1+ (= x=) and nete
Céeib)
5 M

L+ (MxmM)
* e

- e
b
(m,n) F > Mm:N
Ce,b)
f\na s the FM 7M 'S o a\jdﬂfa

















































































































































































































































































































































































































































































































































































































































































E.xamp\.t of A\geﬁor& oan A Homomorp\vim\

— Similoerly (S,3,2). Then § : M—S
1S a h°Momchlv'\SM &S O s a
hmomwphSM o-F oA gedoras

— homomor?hiﬂv\ M edA S
x Q(e)= €
x B (m-n) =0 (m)-0 (n)




































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nabw oA Numbers as en Taatah A\Jefpra

|+ A
\+ [N Cz,s) 17701]\] ]jgﬂ
T n > N+)
1+-F I ?(n-tll‘)= f
1/ b Fon——s aGm)
X+ — oC
J+h —Z—= X

_ N
- Ex)‘P] by preperties of |+ X






























































































































































































































































































































































































































































































































































































































CASE STUDY

The Mand Yoneda Lemma

— fordetails see slides | .

P\U\s...


































































































































































































































































Fa

ClAA) - > C(A,8)
.\ig'r 7@A£dﬂy
C (m,idy) i b, (;\h\)om C(m ,ide)
Vidﬁ"ﬂ\l—, >P&(m)// 4
C (G, A) (e > C (6,B)
m + 5 (g (m)
Clmid | | Samen [ € (n,ide)
/,
MmeNn | — f)j P&:(mon) (h)\V
C (&,A) & >C (¢, B)

0 0 (t]) e Q: LA = C(-8) nat.+rens.

0l = Oy ()=

&






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CASE STWDY

A ccc con be defined n tecms
of om ad}MC‘HOV\

— fordetails see slides .

P\U\s...





































































































































































































































































Cartesion Closed Ca‘fcjmf\e S

— Fora.mj %,C Here 15 B2 C and
evse (B2c)xB —= C

— Forony F:AXB—>C there is
AN A— (B=>C) Wi iq e such that

AxB f~—?C

M xd ®
n e l / A is the

(85c)xB curcying ot £








































































































































































































































































































































































































































































































































































































































EXMV\PLQ. O'F Sik_

— e :(@ﬁ)C)xg———%C

— I F:AxB— C define
Af: A—> (B=C)
& — /)\b,j‘(a,b)

— EXERCISE chedK &



























































































































































































































































































































































































































































































CASE STUDY

Recursive Mpes con be modelled
by imtial ahgeloras

— Jsv details see slidas, P‘MS...




























































































































































































































































T Wustrahive neotes Ve gxllﬁégks
— Toke D= K.(Ir\‘\'x‘bv\ﬂ:) \1/«

| Ka (Tt # D) i,
— F 2 Sk —> Sk defined fom D
X = (Zx1) +(Z%X)

\
' corn plex defimbion ua the sldes. ..


































































































































































































































































































































































































































































































































































































































































































































































—Def\'\e. Iﬁ{E'E::D}
— Then FT——=T is inHal

N defiriton i nthe slides

— Koug\nlj $peak4‘v\j
(fo\.) -+ (ZXI) < > T

(z,%) 1 > K (z,0)
(E)E)} >K1_(11E)

N\Mil'.lr\-\- ‘?WWMTQZ











































































































































































































































































































































































































































































































































































































































— iniHaliy by example

(2x1)+(2+1) ——> T
(% E)l‘—'? z(izE)
(%13*) - > K (2.0) T
= I I §
v 'FK(%m:FK(z ©)
\L(‘Z‘,ﬁ* — V> z I
(z fe)l—> @+5E) V
(Zx21) + (2% X)- > X
F=Lmz>+ ]

Take X & 7





























































































































































































































































































































































































































































































































































































































































































































































































Hemee if 5 = Ko (3, Ko (4, K (2,0))
)drwn e \r\w\l{

F(3)=3+4F Ko (&,K (3,0))
S+ "l""le (3)0)
3+ 4+ 9

S+17
15¢eZ (= X))















































































































































































































































































































































































































CASE STUDY
Co\\rwiJrS- Bmi\o\mj IMH&\ A\gJoms

— for dekmls see shideg

The end ....
JK(I_C)LC.)

C












































































































































































































































































































