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<0 Ad A
HFo fL8aa
14 1p
HEC =24 37 FERAE O|RO{HRULCE CA f Br)
1. CHatel @l Ob(C) \ lg
2. CHAH @ € Ob(C)oj| CH3t gof %,
. o — J
CHAF o Ol A CHAN K| 29| AbAte] B QI C(a,b) lc
3. CHAt a € Ob(C)of| st B=Q idy € C(a, a)
4. CHAH A, B,C € Ob(C)of| CHSE ApALQ| SHA

f €C(a,b),g € C(b,c)—go f€C(a,c)




CH&ah A

o
CiAH(object):
@27} 2he Chate] 2Rl2 Ob(C) 2 BB, AL B
Ob(C) o YIAE Cabo|2} Btrt, A=dom(f) B =cod(f)
Aol 2o
At (morphism):

Al-JC\)I'f € Hom¢ (A, B) =
HET = Atdte] 22 Mor(C) 2 HI|5HH,

f:A— Bg} B7| 87| & StC},
Mor(C) o| 9IAZ AAFO|2} Bt}

AHAE map, arrows2t 1= SZIC}
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Mapping: operates on elements

Elements with
defined structure

Category

Objects (e.g. sets) with defined
morphisms (e.g. mappings)

Functor: operates on objects and morphisms

Qategory

E.g.

“best friend”
alice
sam
eric
“what best
friend likes for
breakfast”
tea coffee
juice
water

kurt
bob
®
stan
earl

“likes for
breakfast”
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o| A, B,C € Ob(C)of| cHsf ,

A2 8t M(composition)O|2tl SHH,

AL BY% oM poj chsh 2ol AR

X|:(hog)of=ho(gol[f))
‘(fola=1lpo f=f)
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Functor: w39 i Atojo ApAt

def. &Xt (Functor)

HE cB2E HZE pIHX|Q| functor F: C — D=

Tt 5 JHX| HIO|E|E thAI7|E REO|Ch ar— F, a
1. c9| 2t Cjat X € Ob(C)ofl chaf
po| T4t F(X) € Ob(D) 2 LS AlZICt, f F if

2. CO Z AR S X — Yo Chel

DOl AR F(f) : F(X) — F(Y) & tfgAlIZILCt. b —7 Fb

Ch 0| CH22 Cte & =S at=Es|{of i}
1. (ssatat gzx) Flidy) =idpx)
2. (AMfAel 8t H=E) F(go f) (9) o F(f)
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def. X}HHS} (natural transformation) cf) xpedMd =A
M 0] Q19| O] A a — b o Chaf

Z co|lM p2=2| FIH2| functor | A )
CHS diagramO| w&t7Hs St

C—G>D
N

F(f)
7} ZOIHCIT SR, F(a) —= F(b)

J/ ¢a \L ¢b
Functor FOAM ¢ 2LZ9| XAtHHS2 G(a) ), G(b)
H=co| LAt a € Ob(C) 2} ZOZI HZ= p o| ApA
¢a : F(a) - G(a) §,¢bOF(f):G(f)O¢a

rot

o] mel{¢4la € Ob(C)} 7} 9IC}. 7t M Elett.

Th Ol A S 2 ThEel AtAE =S TEDHOFetLt.

—



S84 SK|

def. & (isomorphism)

HE CcOolM £ Chy X, Y € Ob(C) 7t SYo|at= 22
A X = Vop Atdh g Y — X 7F Zxfstod,

fog=idy

f o| odA}Al-o|.=l_|- nk<is

I_

Ct.

def. 5X| (equivalence) F~@G

2719 = C, D7} M2 EX|2t= Z

C—a——>D
« -

of FIHe| XAHAS A
¢: GoF =ido
Vv: FoG =1idp

7t ExeICh= Zo|Ct.

A2, F749| functor

cf) 2zxHal Xt Sx|(natural equivalence)
vi F= Gl RASK| A2,

W2 09| 2 oAt a € Ob(C)ojl che

Vol o ME Va2 HAY Vo' E BE

{va'la € Ob(C)}

= GOlM FREO| XtH tHEto|C}



CHElS 2 2 0} solution

Ctolo{ a2 & 10: https://www.youtube.com/watch?v=9VNW7NHwnuM
S



st 7haE Q =R A atoazsse) wrLaey
)
sHalE{ A =o| ti=: Ham
AL Hek TQ9iol gixlet 4= SRS S
_ %
LR P=T Q'c')’lgl FIXIet 25 Legendre transform& functor

L :Llag,., = Ham,
(z,y) — (p,u) hak (Q, L) — (T*Q, H)
* e of: (a(t), (1)) = (a(®), p(2))
A
\y M=%l ZH0|M Legendre transformo| 70|
S u/ . | | Of functor= HF SX|E EL}.
/' Lag,., =~ Ham,,




“f(z) € AQIzp?” Zte
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L= C7t =c|Z0|L.



K| 2.9

P=TQ — A=C(P) nausdorft

Top 7hghc*-cof
2= with 1

zreP +— evy:A—>R

b sou(f)=/fdu

B={z:f(z)cA} +— xB




A= eSS P, SE|FE2 7teti+S At

=
O
B

C*(P,C) g= A=C*(PR)

N
4>
g

in]

NOH o =2
I

= ME o € Poj|A stLtel 2t f(2) 2 JtEIct,
X

A
20l pairing2 Ct21t ZC

07|M z = AEjo| 1, f = S2|Zko|Ct.
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L7} pairing ev, € Homcag(A, C)

E:PxA—C

S DHE Az € Poj el B, CH2 3 22 AHMO| YofEICE
evy,: A—C

eve(f) = f(z)

[EtM 2f def 2z = S22 i AN AZEtH C=2 7= Bt Aldts ZFstrt

=
LR

T —> evy,

OfCf.



£ TP, o] Yue 2| Yristel Mye0|E22

C*-CH+E0| A H5t= stateOlLCt.






0| 252 X|7} Eo 2Lt L2717 2t= AER
B ={(¢,p) € P: H(q,p) < Eo}

O|XE HAHAE & AL}

8 A2
BAC=BnNC
BvVC=BUC

~B=P\B

xB:P— 0,1}
i) = 1, z€B
KB =0, a¢B
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Brolesn S Boolean =Hg
Com];ad- ngufﬂ'g)t * o
B= von New mann B

P=T'Q — A=C(P)

zeP +— evy:A—>R

b= el = [ fau

B={z:f(z)e A} — x»
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