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= ReCALL=

A QATEG’QRa\C
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Yxest.
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= ReECALL=

A QATEG’QRa\C
CONSISTS OF:

(@) oBTECTS. g

LO&ICAL/

E) MORPHISMS
() M CATEGORICAL

H“M«eO‘;Y)
VX;‘( eX,.

) idy X=X
FXe,.

() 8‘? W y
V5 WY
3'-)( - \l .
SAT(S Fa\vdcv
ASSCCIATIV(TY
(\Mz)‘s = ln(:\-f')
(AN(TAuTvA
i&x‘?’:‘g, 3i°\)<=3
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= ReCALL= WHEN ARE TWO CATEGORIES (oVSDERE) The SAME !

A QATEG’QRa\C
CONSISTS OF:

(@) oBTECTS. g

LO&ICAL/

E) MORPHISMS
() M CATEGORICAL

H“M«eCY;Y)
VX;‘( eX,.

) idy X=X
FXe,.

() 8‘? W y
¥ $ WY
3'-)( - \l .
SAT(S Fa\vJGv
ASSCCIATIV(TY
(\Mz)‘r = l«(g—f')
(AN(TAuTvA
i&x‘?’:‘g, 3i°\)<=3
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= ReECALL=

WHEN ARE TR0 CATEGORIES (oS DERE) THe SAME?

A QATEG’QRa\C
CONSISTS OF:

(@) oBTECTS.
(5) MERPHISMS
H“M«eCY;Y)
VX;‘( e,

) idy X=X
FXe,.

() 8‘? W y
¥ $ WY
3'-)( - \l .
SAT(S Fa\vJGv
ASSCCIATIV(TY
(\Mz)‘r = l«(g—f')
(AN(TAuTvA
i&x‘?’:‘g, 3i°\)<=3

HOW DO WE MAVE ONE FRaM
CATEGoRY To ANOTHER-?

LOGICAL/
CATEGORICAL
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= RGCALL’sL/\

A FUNCTOR
V. F:¢—D
(Rese.,
CONTRAVARIANT)

CONSISTS OF :
WFOIe D ¥xet,
() Flq): F(x) > FCy)eB

Rest.,
Flq): Fy)— F(X)eB
Vg-x—%( €®.

RESPECT(NG:

\\)ENT\T3 £
CAMT0EED MARPHISHS

WHEN ARE TR0 CATEGORIES (oS DERE) THe SAME?

HOW DO WE MAVE ONE FRaM
CATEGoRY To ANOTHER-?

ok
¢ Jdet

LO&ICAL/
CATEGORICAL

AN MHTIC
CATeGoRIES
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= RECALL%'L/\

A FANCTOR
V. F:e—bH
(Rese.,
CONTRAVARIANT)

CONS\STS OF :
WFO e N VXxe,.
() Flq): F(x) > FCy)eB

Rest.,
Flq): Fy)— F(X)eB
ngx—a\( €.

RESPECTING:
lDENTlTa £
CAMTOSED MARPHISMS

WHEN ARE TR0 CATERORIES (oS DEREY THe SAME ?

HOW DO WE MAVE ONE FRaM
CATEGoRY TO ANQTHER.?
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= RECAL,LEL/\

A EANCTOR
V. F:¢—D
(Rese.,
CONTRAVARIANT)

CoNSISTS OF :
WFe B Vxet.

() Flq): F(x) > FCy)eB

ResY.,
Flq): Fy)— F(X)eB

WHEN ARE TR0 CATERORIES (oS DEREY THe SAME ?

HOW DO WE MAVE ONE FRaM
CATE 6oRY O ANOTHER-?

Vg-x——)\{ €.
RESPCCT (NG
\\)ENT\T?S %
(AMROSED MARPHISHAJ
: T EMBEUH (NG :
F"‘Y : fromg, 09y ) = thomg (FOQ) FLY)) ) 41 Flg) B ) () S
F FATUERC: | FEWCC: FFt\LUa PATUHERC| T e58. SARY :
By 3.9 | By 303, ¥y Bay B ¥XY | Yyed,Ixet >\ =F%)
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= RECALL,%L/\ WHEN ARE TWQ CATERORIES (OVSMERE)Y THeE SAME ¢
e
HOW Do WE MavE ONE FRsM L= N
Af“’;‘%ﬁ 8 CATEGoRY o ANCTHER-Z q 0
(Rest
CEMRAVAR\AMT) \/;\W%
CoONSIETS OF:

(WFOYe D Vxe..

e,

O

Ve-

o o — R
(L) Flq): FX) > Fey)e B ) \J\
ReESY.,
Flq): Fy)— F(X)eB
Vax—\ e %, A NATURAC TRANSFN
0 N ' (RESP., N ATL |SOMORPHISM )
RESPECT(NG i F:’ i
(oaNTITY, 4 T T
CAMTOSED MARPHASAS T A
F/

, T emBesy(NG: Fo) > y)
Py o 0GY) =4 FO9) 7)) 4 ®g) | o e ||« P2 e
FEATHRIL: | FRML: | TRy PATHFUG| T ess. SaRd: g T ey
Fx,\‘ (NT. VX:Y Fx.\‘ SURY. N Y FX.\‘ Bld. VX]Y \I\(GBQXG’Q 3.\{“-—'\:()<) \H‘—:)(—)YG‘Q
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WHEN ARE TR0 CATEGORIES (oS DERE) THe SAME?

( )

Now SoMe ANSWERS

=

=
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T. TSOMORPHISM O0F CATEGOR\ES %, D CATEGoRIES

G AV R

ARE SAD To BE
|SoMORP HLC

IF I FaNCToRS
T:¢—D §{ &8
SWCH THUAT
GT = Tde

¢ TG ="14p

WRITE G =B
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

C A R EXAMRLE : G = GROWP
ARE SAD To BE GET: [G-Mod = Rﬁ? (6)
|SoMORPHIC

IF I FaNCToRS
T:¢—D §{ &8
SWCH THUAT
GT = Tde

¢ TG ="14p

WRITE G =B
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

C A R EXAMRLE : G = GROWP
ARE SAD To BE GET: [G-Mod = Rﬂ? (6)
|SoMoRP HLC
F 3rmcTers | | Tr GmMed — Repltr)
F‘QHB 5? G’S—ét (V D~ GVXV-%\]) \—4(\1 ?V Gt 70(\,(\'))
SUC THAT Vee Qi \\IT:%\JW]
Gt = 'Io\ﬂ
£ T&=1dp
WRITE G =B . Rey(ov) ) Gl

(\I PO EICAN Cxxv—e\l)
Vec, @7 HFSM
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

€ AV R EXAMPLE : (= GROWP
ARE SAD To BE GET: |G-Mod = Rep(Gr)
|SoMoRPHIC
(F 3 FanCToORS T G- Med — Repl&)
= ACT(ON = = GRAWR thhmom.=
T:¢—D §{ &8 (V > GXV‘%V) — (\1, \N ’0‘\—(\'))
o \
SlAC\-\ TUAT VQ %\N\b\fcsb(\'\”‘r) ........................ SH \\JY:"‘)V\T
&E = Tds, P - @m Lgptov)
& T&=14dp P(a)g(k\(\r) ‘3”(9(‘“\("))
WRITE G =D I RQ?(CV) > G-Med

(V) p: G— L) o (V, By Gy — V)
Vec Qc))\r HFS(\Y)
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T. TSOMORPHISM O0F CATEGORIES

%) D caTEgoRIES

G AV R

ARE SAID To BE
|SoMORP HLC

IF J FaNCTORS
T:¢—D §{ &8
SWCH THUAT

GT = Tde
§ F&=p

WRITE G =B

EXAMPLE : G = GROW?
GET: |G-Mod =

> Rep (&)

Rme (G)

F'- x— Mod

= G(Kw? tomom,.=

— (kL(\I))
SH N—\

Ve OAD\Y

?Qs\m\(\ﬁ = (S\Ab\r = gb(\w\r)
plg)puh)es) = ‘sv(gﬁk\(\f) )

= ACT(ON =

V) GxV =V ) W, b+ G

T Re?((?v) > G-Mod

(\I , pe G GUYY) 1 (V) By Gy — V)
(30’ \-—9()3(«)

Vec,

Ckeck F'F = I"\Gr-m& % FF'= IA@(&)
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

WPGRADE OF
Y AWD EXAMPLE : G = GROWP EXER. l.\so
ARE SAD To BE GET: |G-Mod = Rep(Gr)
|SoMORPHIC
IF 3 FANCTORS T &~ Md > Rep (&)
= ACT(oN = = RAUR thomom,=
F:¢—ob & &:D—% (v v GxV V) \—%(\I,w G— )
c '
S‘ACH TUAT VQ %\N\’D\Tcsb(\'\b‘r) ........................ SH \\JT:"AV\T
GT = Tdy, ?QS\N\(V\ = (3 >y = gb(kW)
§ TG =14dp P(&)PMW): gv(gﬁk\(\f))
WRITE ¢ =B £+ Rep(o:) > G-
(\I PO EICAN cvxv—e\l)
Vec, @, 7)o FSM

Ckeck F'F = I"\Gr-m& % FF'= IAK@?(G\’)
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T. TSOMORPHISM O0F CATEGORIES

%) D caTEgoRIES

WPGRADE OF
% A EXAMRLE : (= GROWP EXER. |13
ARE SAD To BE GET: |G-Mod = Rep(Gr)
|SoMoRPHIC
(F 3 FANCTORS T G- Mod — k(&)
= ACT(ON = = GRONT thomom.=
F:¢—ob & &:D—% (v > cvx\v—%\l) HW,\N G— )
e > N—V
v tor || e Tl
GT = Tdy, ?QS\N\(\!'\ =@y = gb(kw)
§ TG =14dp P%)PW")’ gv(gﬁk\(\f))
WRITE G =B £+ Rep(o:) 5 G—Mod
EXERCIRE 2.30° Sfow — (V ) P C— G—LL\I\)H (\I Dy ¢ (R’X\l—-”\l)
G-Mod = Rep(&) Vec, @ HFSM
= Rep (G
* (RG-Modk ckeck FF = Tdg pud & FF' = Tdpyte
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T. TSOMORPHISM O0F CATEGORIES

%) D caTEgoRIES

2 RG-Med (V) p: RExV —V)

WPGRADE OF
% A EXAMRLE : (= GROWP EXER. |13
ARE SAD To BE GET: |G-Mod = Rep(Gr)
|SoMoRPHIC
(F 3 FANCTORS T GMod — Repltr)
= ACTON = = Gam tomom =
F:¢—ob & &:D—% (v > GVXV‘%V) — (V, \w — GUY))
c —\
SUCH THAT Ve - goee) SH \\Jm%w
GT = Tds, eﬁs\d(\r\ = (g"h\r - gb(kw)
$§ Tk =m5 P%)P(\,\“\r) lsv(\)(k\(\r))
WRITE % =B ' Rep(&) > G-Mod
EXERCIRE 2.30° Sfow — (V ) P C— G—L(\I\)H (\I Dy ¢ (R’X\l—-”\l)
GP—MGA N R%(G(L MG, 3R frlsn = VQL Qt)) v HFSWS
> Rep(e&) ~ (v, -l — €ty

Ckeck F'F = I"\Gr-m& % FF'= Tfiaef(c()
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

Y% AL R CONSIDER FdVec /R EEeDm

ARE |SoMaRPHIC IF | lake A = FlL SWBCATERDRY OF TdVee
3?%@—’&  &:B—% ON 0RpeCTS t\kemjweN
>

GE=TAy & TG =Tdp | | TERUARS TdVec & A ARE The ‘SAME’ A

WRITE G =D EVERY) Tb. VECTOR §iaE (5 = [ T8
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

% AV D
ARE (SoMoRPHIC (F

IJT:C—8 & g:R—%
>

GVF"IA(, & FT&=1Udp
WRITE ¢ =B

CONSIDER TFdVeo /R Te®

TAKE \ = TWCL SWRCATE &oR g OF TdVec
ON 0BYeCTS i(“lemjv\eN

RERUARS TdVee & A Are The ‘SAME’ As
EVGR‘}} TD. VECTOR SpACE (§ = [ ™ a:zk;’/
TRy :

T FdVee — £ G A —>Falec

@‘MM“\\I \kQN — “L@V\-

N = [k
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T. TSOMORPHISM O0F CATEGOR\ES %, D CcaTeGoRIES

% AV D
ARE (SoMoRPHIC (F

IJT:C—8 & g:R—%
>

CVF"IA(, 4 T =1dp
WRITE G =B

CONSIDER TFdVeo /R Te®

TAKE \ = TWCL SWRCATE &oR g OF TdVec
ON 0BYeCTS i(“lemjv\eN

YERUARS TdVee & R ARS The ‘SAME’ A
eve&v(} TD. VECTOR SpACE (§ = [ ™ 6:2&;
TRy :
: FdVee — £ G A —>FaVec
\ s (25 N e (13
tere, Ta(k®™) = FCRE) = K™

BUT GF(V) = G(IR®M ) = [
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T. TSOMORPHISM O0F CATEGOR\ES %, D CcaTeGoRIES

% AV D
ARE (SoMoRPHIC (F

IJT:C—8 & g:R—%
>

CVF"IA(, & FT&=1Udp
WRITE ¢ =B

CONSIDER TFdVeo /R Te®

TAKE \ = TWCL SWRCATE &oR g OF TdVec
ON 0BYeCTS i(“lemjv\eN

RERUARS TdVee & A Are The ‘SAME’ As

EVGR‘}} T. VECTOR SPACE (§ = [OF ™& a:zk;

TRy :

F: FdVee — £ G A —>Flec
V= (20 e 1

tere , Fe(R®) = FOESY) = K

BUT GF(V) = GURS*™™) = @ 2

- FdVec + )
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T. TSOMORPHISM O0F CATEGORIES %, D CcaTEGORIES

% AV D
ARE (SoMoRPHIC (F

IJT:C—8 & g:R—%
>

GVF"IA(, 4 T =1dp
WRITE G =B

CONSIDER TFdVeo /R Te®

TAKE \ = TWCL SWRCATE &oR g OF TdVec
ON 0BYeCTS i(“lemjv\eN

RERUARS TdVee & A Are The ‘SAME’ As

EVGR‘}} T. VECTOR SPACE (§ = [OF ™& a:zk;’/

TRy :

F: FdVee — £ G A —>Flec
V= (20 e 1

tere , Fe(R®) = FOESY) = K

BUT GF(V) = GURS*™™) = @ 2y

=V
- FdVec + ) L/

WILL WEAKEN NaTioN) OF “SAMENESS .
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T. TSOMORPHISM O0F CATEGOR\ES %, D CATEGoRIES

% AV D
ARE (SoMoRPHIC (F

IJT:C—8 & g:R—%
>

CVF"IA(, & FT&=1Udp
WRITE ¢ =B

SKELETON oF
= Full SWBCATEGORS

Skel(t) oF
on §0CLASES OF 0bj(G)

CONSIDER TFdVeo /R Te®

TAKE \ = TWCL SWRCATE &oR g OF TdVec
ON 0BYeCTS i(“lemjv\eN

RERUARS TdVee & A Are The ‘SAME’ As

EVGR‘}} T. VECTOR SPACE (§ = [OF ™& a:zk;

TRy :

F: FdVee — £ G A —>Flec
V= (20 e 1

tere , Fe(R®) = FOESY) = K

BUT GF(V) = GURS*™™) = @ 2y

Y
o FdVec % ) L/

WILL WEAKEN NaTioN) OF “SAMENESS .
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T. TSOMORPHISM OF CATEGORIES %) D CATEGORIES

% AV R
ARE (SoMoRPHIC |F

IT:C—B £ &R
>

GE=Tde & TG=Tdp
WRITE ¢ =B

SKeLeToN ofF
= FUW SABCATEGORS

Skel(t) oF G
on (§oCLARSES OF 0bj(G)

CONSIDER Fdl\ec /R FEeD®

TAKE S\ = L SMBCATERDRY OF TaVec
ON 08TECTS | [ uen

YERUARS TdVee & SA ARE THe ‘“‘SAMQ ! Al

EVGR‘} . VECTOR SpACE (8 = kO Fov\azr:;

TRy

T: FdVee — & £ G A —>FhVec
Vs (20 BN [0

tere, Fa(R®) = FORSY) = K.

BuT GEQV) = Gr(lk%‘““‘“\‘\ _ @Y Ly

Y
- FVee # e

WILL WEAKEN NaTioN) oF “SAMENESS .
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T. TSOMORPHISM OF CATEGORIES %) D CATEGORIES

% AV R
ARE (SoMoRPHIC |F

IT:C—B £ &R
>

GE=Tde & TG=Tdp
WRITE ¢ =B

SKeLeToN ofF
= FUW SABCATEGORS

Skel(t) oF G
on (§oCLARSES OF 0bj(G)

CONSIDER FdVeo /R Flew
TAKE S\ = L SMBCATERDRY OF TaVec
Skel (\\lowm ON 08T€CTS { K™ Juew
PERUARS TdVee & R ARS The ‘SAME’ A
Eve\(vol T. VECTOR SpACE (§ = [N ™ 8:*%
TRy
t: Fdee — o £ G: A —>FuVec
Vs (5 N o
tere, Ta(E®™) = FCREY) = K
BUT GF(V) = G ) = [ 4V

Y
- FVee # e

WILL WEAKEN NaTioN) oF “SAMENESS .
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L. TSOMORPHISM O0F CATEGORIES

%) D caTEgoRIES

% AV R
ARE |SoMoRPHIC (F

IT:CoB £ &R
>

&F‘IA‘Q 4 FT&=1dp
WRITE ¢ =B

SKELETON oF
= FUW SABCATEGORS

Skel(t) oF G
on (§oCLARSES OF 0bj(G)

EXCR., 2.3
Skel(€) 2% © Skel C8)=T,

CONSIDER FdVec /R FeD
TAKE S\ = L SMBCATERDRY OF TaVec
\\ _ DN
kel (FdVec) ON OBTECTS U™ Jnen

PERUARS TdVec & X pAre The ‘sAme’ Al

EVGR‘} . VECTOR SpACE (8 = kO Fﬁ?\éir:;

TRy

t: Fdee — o &
Vs (5

tere, Fa(R®™) = FCREY) = K

BUT GF(V) = G ) = [ 4V

Y
- FaVec ¢ e

WALL WEAKeEN NoTion) oF “SAMENESS'...

G: A —>FaVec

e |1
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T. TSOMORPHISM O0F CATEGORIES

%) D caTEgoRIES

% AV R
ARE |SoMORPHIC |F

IT:C—B £ &R
>

GF=Tde & TG =Tdp
WRITE ¢ =B

SKELETON oF
= FUW SABCATEGORS

Skel(t) oF
on L§0CLASIES OF 0bj(G)

ExcR. 235
Skel ()2t & kel ()=

CONSIDER FdVee /R EEe®
TAKE A = TWL SWBCATEGDRY OF TaVec
\ _ DN
Skel (FdVec) ON OBI€CTd LR Jnen

PERUARS TdVee & R ARS The ‘SAME’ A

EVGR‘} . VECTOR SpACE (8 = kO Fﬁ?\éir:;

TRy :

t: Fdee — o &
Vs (5

tere ) Be(E®™) = FOREY) = K

BT GFQV) = GRS ) = [ 4y

=\
. Td\ec 3 ,& L/ -

WILL WEAKEN NoTioN) OF “SAMENESS.. Equ.

G: A —>TFaVec

e 1
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L. cQuVALENCES OF CATEGOR\ES

% AV R
ARE |SoMoRPHIC (F

IT:C—B £ &R
>

GE=Tde & TG=Tdp
WRITE ¢ =B

€, D CATEGoRIES

SKELETON oF
= FUW SABCATEGORS

Skel (&) oF
oN (§0CLASIES OF Obj(e)

ExcR. 25>
Skel(£) 2% © Skel (&)=,

CONSIDER Fd\ec, /R EED

TAKE A = TWL SWBCATERORY oF TdVee
Skel ('\;o\\lﬁc,\ oN 08TECTS { K™ nen
Fr FAVee — & £ G A ——FVec
\ o [(2Em T
tere ) Pa(E™) = FOKEY) = K
BuT GF(V) = Gr(\k%‘““‘““\ _ @Y Ly

2\
;. FdVee % ) / N

WILL WEAKEN NoTioN) OF “SAMENESS.. Equ.
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L. cQuVALENCES OF CATEGOR\ES

Y AWD D
ARE EQWVALENT |(F

IT:C—B £ &R
>

GF=Tde & F&=Tdp
WRITE ¢ =B

€, D CATEGoRIES

SKELETON oF
= FUL SABCATEGORY

Skel (&) oF
oN (§0CLASIES OF Obj(E)

ExcR.2.5>
Skel(£) 2% © Skel ()=,

CONSIDER Fd\ec, /R EED®

TAKE A = TWL SWBCATERORY oF TdVee
Skel ('\;o\\lﬁc,\ oN 08TECTS { K™ nen
Fr FAVee — & £ G A ——FVec
\ o [(2Em e
tere ) Pe(E™) = PO = K
BuT GF(V) = Gr(\k%‘““‘““\ _ @Y Ly

2\
;. FdVee % ) / N

WILL WEAKEN NoTioN) OF “SAMENESS.. Equ.
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L. cQuVALENCES OF CATEGOR\ES

Y% AW
ARE CQWVALENT (F

GE= IA(, & FCV“ UB
WRITE ¢ =B

3FAB 6 G~

SKELETON oF G
= FUW SABCATEGORS

Ske((e) oF G
ON (§0CLASIES OF 0bj(G)

%) D CATEGORIES

GF vcf
INATURAL
|SOMORP HASMS : \¢ & AL “’N
/ &, CQWAS\-WVERSE" Ef' Es
OF F
CONSIDER Fd\ec, /R FED

TAKE ,A UL SWBCATEGoRY OF TdVec
Bl (Favec) O O8TETS [ Juc

ErcR.235
Skel (6) 2% © Skel(0)=T,

£: FdVee — J & G0 A —>FaVlec
V —> ®0hm‘k QV\’ “LQW

KERE, F&(\k@"F FORS™) = K

BUT GF(V) = GCR®M™ ) = [ 4V

2\
- Fd\ec ¥ 8\ Lﬁ N

WILL WEAKEN NaTion) OF “SAMENESS”.. Equw.
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L. cQuVALENCES OF CATEGOR\ES

% AV R
ARE CQWVALENT (F

GF= IA(, ¥ FCV"' UB
WRITE ¢ =B

IT:C—B £ &:B ——e‘(.

SKkeLeToN ofF %
= FUW SKBCATEGORY

(Ske((f;& oF
on (§0CLASIED OF 0bj(6)

€, D CATEGoRIES

Exer.230
Skel(6) 2% © Skel(C)=1

s Ve # )

A QF Py

INATURAL )

7 |SOMORPHASMS : \0 & & 8 “’
‘_[Af' 'Io\B

CONSIDER TFdVec /R Te®

TAKE ,g T SWBCATERDRY OF TdVecy
kel (Favec) N 087CTS [k e

£: FdVee — + G A —>Fa\ec
\, —_ @0\”}\\\\ %V\, “L@

tere Fcr(\\a@"b FCOR®) = K

BUT GF(V) = GUR™™Y) = \@"“3““ +\

= 1
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L. couvVALENCS OF CATEGOR\ES ‘Q,B CATEGORIES

% AV D
ARE EQWVALENT |(F

Gt TA(, & FCV”IAB
WRITE G =B

IFL—D & bt

3'\] G;F Fcr
INATURAL N
|SOMORR H\SMS ¢ \¢ l\' )\ £ R “’
‘LAﬂ To\%
CONSIDER TFd\ec / R FIED

TAKE A = TWL SWBCATERORY OF TdVec
ON 0RJeCTS L\kemjweﬂ\/

T: FdVee — £ G: A —>Falec
\J lk?)d‘mh\ “SBAUF—Q “Q?W-

here, B&(&®™) = BOREY) = K
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L. cQWVALENCES OF CATEGOR\ES

% AV D
ARE EQWVALENT |(F

GE= TA(, & FCV”IAB
WRITE G =B

3ﬁ%ﬂ&x<%&atff

%) D caTEgoRIES

F: FdVee —
\ s 2

“ TdVec = )

3'\] G;F Fcr
INATURAL N
|SOMORR H\SMS ¢ \¢ l\' )\ £ R “’
‘LAﬂ To\%
CONSIDER TFd\ec / R FIED

TAKE A = TWL SWBCATERORY OF TdVec
ON 0RJeCTS L\kemjweﬂ\/

£ G: A —>Falec

e 1

tere , Pe(®) = FORSY) = K
£ GF(V) = GUES™™) = [ 2y

Copyright © 2024 Chelsea Walton




T. cQWVALENCES OF CATEGOR\ES

% AV D
ARE EQWVALENT |(F

GE= TA(, & FCV”IAB
WRITE G =B

SKELETON oF
= Full SWBCATEGORS

Skel(t) oF
on §0CLASES OF 0bj(G)

%) D CATEGORIES

3 . G{F Fcr
INATURAL N
|SOMORR H\SMS ¢ \¢ l\' )\ £ R “’

‘[Aﬂ To\%
CONSIDER TFd\ec / R FIED

TAke A FULL SWBCATERORY OF TaVee
S\(e\(\:cl\lec,\ oN 0BTECTS | K™ Jen

ExcR. 235
Skel(2) 2% © kel ()=

£ FdVee — @ £ G: A —>Falec
\ s (25 S N
tere, Ta(E®™) = FCRE) = K™
£ GF(V) = GUES™™) = [ 2y
“ TdVec = )
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L. CQWVALENCE OF CATEGORIES %) D caTeGoRIES

cae \:Gr
o A B InaTuRAC )
ARE EQWVALENT (F SOMORPHISMS : G 3& % & R “
IPLoB & bt | “Ti T
S O e
(kf: rIka. €£ ..... iEG%F‘TK;*E§ (ZC)FJEIFDEEF{ f:dﬂde;; //kUFNECD

WRITE G =0 ||T1ake ,g FULL SUBCATERRY OF TAVee

SKELETON oF S\(d(\:cwu\ oN 087€CTS { K™ Jnew
= Full M\BCATEGmKa— £: FdVee —> % £ G A —> ExVec
Skel () oF G B din Y N
oN (§oCASSES OF obd(c) =k L

- en) _ N _ (e. Y0
EXER. 255 tere, Fe(E™") F(lg )= K.
Skel(8) 2% © kel ()=, £ GEQV) = G R A Y,

kel () =% AQrpgS . FdVec = )
€20 © SkelCt) = Skl®)

Copyright © 2024 Chelsea Walton



L. CQWVALENCE OF CATEGORIES %) D caTeGoRIES

&t T
N INATURAL R N
ARE EQUMVALENT (F | " ISOMORRISMS : \? A&}‘Q £ 0 d&]&
IFCD & Gd—% | Thy, T
............ a
GES Ty, 4 Fc<~1:o\5 /\A ——— —
WRITE G =B

LIKE TWo STRMCTURES ARE THE SAME
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L. CQWVALENCE OF CATEGORIES %) D caTeGoRIES

&T FGr
N INATURAL R N
ARE EQUVALENT (F | - |SOMORRHISMS : \? d&]‘ﬁ £ N &&
IF4oD & D% | Thy, T
........... %
GES Ty, 4 Fc<~1o\5 /\A ——— —
WRITE € = B 3 MUTAWY INVERIS STRUCTIZE MAPS
BETWEEN THEMN

¥

LIKE TWo STRMCTURES ARE THE SAME
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L. CQWVALENCE OF CATEGORIES %) D caTeGoRIES

&T FGr
LA B INATURAL R N
ARE EQUVALENT (F | - |SOMORRHISMS : \? &]‘Q £ N &&
IF4oD & D% | Thy, T
........... %
GES Ty, 4 Fc<~1o\5 /\A —— —
WRITE € = B 3 MUTAWY INVERIS STRUCTIZE MAPS
BETWEEN THEMN

¥

LIKE TWo STRMCTURES ARE THE SAME

¥

3 A BIJECTIVE STRUCTARE MAP
TROM QNE To THE OTHER-
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T. cQWVALENCES OF CATEGOR\ES

%) D CATEGORIES

% AV D
ARE EQWVALENT |(F

GF = I&Q & FCV”IAB
WRITE G =B

G{F \:Gr

‘&l&*&t&&v’
10\{, Io\B

/\A

3 thAAwa INVERYE STRACTIARE MAPY

INaTuRaL
7 |SOMORPHASMS ¢

-

A CHARACTER\BATION
N TerMS OF ...

BETWEEN THEN

¥

tome () — th g E ), FCY))
4 F(g)

Fiq
F PATHRLC: By NT. ¥xY
FFMLL: Ty Surd. ¥
FRMCLy PATHFC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)

LIKE TWo STRIACTURES ARE THE SAME

¥

3 A BIJECTIVE STRUCTARE MAP
TROM QNE To THE OTHER-
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T. cQWVALENCES OF CATEGOR\ES

% AV D
ARE EQWVALENT |(F

3F =8 & D%
(%F > Tde, & TG=Tdp

GF FGr
¢ sr ¢ £ 8 i&'”
Io\f' IO\B

WRITE G =B

Fiw “VMQFKN)‘—%+hH45GquF%Yn
4 F(g)

F PATHRLC: By NT. ¥xY
FEwee: Fxpl SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)
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T. cQWVALENCES OF CATEGOR\ES

Y AV R THEOREM =5 ‘;\qué FPA\THERLC, E8S. SKRAECTIVE
ARE EQWVALENT (F =8 FANCToR F:4-B

3F B £ &:B—%
G(F T‘Xfl & Ta=Tdp

QF FGr
¢ lb ¢ £ 8 l&‘”
IO\{, IO\B

WRITE G =B

F;w HVMQFKH)‘—5+hH4QGWXDF%Yn
4 F(g)

F PATHRLC: By NT. ¥xY
FEwee: Fxp‘ SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)
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T. cQWVALENCES OF CATEGOR\ES

% A B

3F b & &

GcF

ARE EQWVALENT |(F

B—%

G(F I‘Xfl £ Th= U&

FGr

% l&w £ 8 l&‘”
IO\{, IO\B
WRITE G =B

THEOREM

=8 & FANCToR F: o8

‘;\Fm,é FA\THERL ) ESS. SWRIECTIVE

v (=) SAp DE:Tde, S 6F ¢ ¢:Ee S The
Clam: T ¢ FIAL«U’}S FA\THFRC AND ES3. SuR.

4 Fig)
F FATHERC: Ty N3

F €8s J0Rd:
\“(G&) 3’)(6% 3.

F;N HVMQFKH)‘—5+hH45GKX)F%YH

Yy

FEwee: Fxpl SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

ke,
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T. cQWVALENCES OF CATEGOR\ES

% A B

3F b & &

GcF

ARE EQWVALENT |F

B—%

G(F I‘Xfl & Ta=Tdp

FGr

¢ l&w N l&‘”
IO\{, IO\B
WRITE G =B

THEOREM

P E\‘Fmbbé FA\THEIL , ESS. SWRIECTIVE
@=8 FANCToR F: 4B

CLAM: T (8 FRUY FAVTHERC ADD €SS, SURS.

sy
ThkE Ye& . TweN FG(Y):Y’\( = F 83.Jur].

4 Fig)
F EATHERC: Fx,1 (N7,

F €8s J0Rd:
\“(G&) 3’)(6% 3.

F;N HVMQFKH)‘—5+hH45GKX)F%YH

Yy

FEwee: Fxpl SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

ke,
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T. cQWVALENCES OF CATEGOR\ES

% A B

3F —b & &

GrF
\é jbf( & A
Io\{,

WRITE § =

ARE EQWVALENT |F

B—%

G(F T‘Xfl & Ta=Tdp

F&
“N

Io\%

B

THEOREM

P E\‘Fmbbé FA\THEIL , ESS. SWRIECTIVE
@=B FANCToR F: 4B

CLAM: T (8 PR FAVTHERC A ESS. SURS.

Now V3=X—->X’e‘(. , GET X —25 X/

THIS MPUIES T 18 FAITHFWL By t 9 4 g

q— F(g)
F EATURRC: Ty N3

F €8s J0Rd:
\“(G&) 3’)(6% 3.

F;w HVMQFKH)‘—5+hH4QGWXDF%Yn

VX,\(

FEwee: Fxp‘ SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

ke,

GE(x) — GFKX)
GcF(f3)
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T. cQWVALENCES OF CATEGOR\ES

F PATHRLC: By NT. ¥xY
FEwee: Fxpl SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)

€% AN B “THEOREM - JFUULY FAITHFRL, €S SKEIECTIVE
ARE EQWVALENT (F =8 FANCToR F:4-B
TG ~ -
3 =B ¢ @b M=) SAy DF: T, 25 6F & PiEG D Ty Al
(%F > Tde & Fa=Tdp| ClaM: T FALA FAITHEUC AUD €SS, SURd.
GrF Fcc
% lb t & 8 “‘”
-IAﬂ IAB Now v a;‘x7—6 ){’G(f, ,(%ETT X ) 5 )(/
WRITE G =B THIS (MPLIES T (s FATHFIAL ‘5"1}% 2 4 e
§— Fg) &ela) § W |
Gy
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T. cQWVALENCES OF CATEGOR\ES

F PATHRLC: By NT. ¥xY
FEwee: Fxpl SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)

€% AN B “THEOREM - JFUULY FAITHFRL, €S SKEIECTIVE
ARE EQWVALENT (F =8 FANCToR F:4-B
T:G— ~ -
3 =B ¢ @b M=) SAy DF: T, 25 6F & PiEG D Ty Al
(%F > Tde & Fa=Tdp| ClaM: T FALA FAITHEUC AUD €SS, SURd.
GrF Fcc
% lb t & 8 “‘”
I"\ﬂ ES Now ¥a:iXoXet | GeT wa,o*xx
WRITE G =B THIS (MPLIES T (s FAITHERL o, t 2 4 e
FX'Y HQM‘('(X,Y)——H\\MB(F(x)F(\[)) [F(S) F(a) :) G(Ha) @ )] GF(x) — GFKX)
4 F(g) 93 kelq) (IF |
GF(3
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T. cQWVALENCES OF CATEGOR\ES

% A B

3F b & &

GcF

ARE EQWVALENT |F

B—%

G(F T‘Xfl & Ta=Tdp

FGr

¢ l&w N l&‘”
IO\{, IO\B
WRITE G =B

THEOREM

P E\‘Fmbbé FA\THEIL , ESS. SWRIECTIVE
@=8 FANCToR F: 4B

CLAM: T (8 FRUY FAVTHERC ADD €SS, SURS.

4 Fig)
F EATHERC: Fx,1 (N7,

F €8s J0Rd:
\“(G&) 3’)(6% 3.

F;w HVMQFKH)‘—5+hH4QGWXDF%Yn

Yy

FEwee: Fxp‘ SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

ke,

SWAPPIN G # WITH Y = G (S FAITHFRL.
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T. cQWVALENCES OF CATEGOR\ES

% A B

3F —b & &

GcF

ARE EQWVALENT |F

B—%

G(F F‘[A‘G { Th= 148

FGr

¢, jb ¢ + A l&”
IO\{, IO\B
WRITE G =B

THEOREM

P E\‘Fmbbé FA\THEIL , ESS. SWRIECTIVE
@=B FANCToR F: 4B

CLAM: T (8 FRUY FAVTHERC ADD €SS, SURS.

q— F(g)
F EATURRC: Ty N3

F €8s J0Rd:
\Ql\(eﬁ) 3’XG‘Q 3.

F;w HVMQFKH)‘—5+hH45GWXDF%Yn

VX,\(

FEwee: Fxp‘ SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

ke,

SWAPPIN G # WITH Y = G (S EAMTHFRL.
TAKE W: F(X)—-) F(X’ )es\f
BuiLy 3’ X s G F(X) ——) GF(Xx’) <iKL) x! e,
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T. cQWVALENCES OF CATEGOR\ES

$ AV R “THEOREM - ‘;\qué FA\THFLL ) ESS. SRRJECTIVE
ARE EQWVALENT (F =98 FaNCToR F: 9B
F q ~J ~
3 =0 & &b ?F/(%) SA‘%a?{'-T—o\‘(,ﬁ GF £ ¥: = L 'gse\‘:',:)'
G:F > Tde & Fa=Tdp| ClaM: T FALA FAITHEUC AuD €SS, SURd.
QF T
~ & &@&
Y‘d&f‘ A
Io\{' Tdp
WRITE G =B
Fx.\( omg (6Y) Ao mg(FOX) FCY)
4 Fig)
F PATHROL: By 3. ¥xy SWAPPIN G f WITH ¥ = G 1S FAITHFIRL.
FRMLL: By Surd. ¥xiy TAKE W: F(x)——) F(x)e S\f
Fﬂxua FA\THFULlFx,1BlJ. ¥xiy | BlLy o X B s GFX) ol GF(Xx) L x' €%,
T €88 30Rd: TeN GE(R) = 6Lh) . G FMTHFUL D F(g)=h
V\(GB) Ixeq s Y%F(X) ‘3) ) (a) B
£ (S Fuce,
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T. cQWVALENCES OF CATEGOR\ES

% AW R “THEOREM - JFUULY FAITHFRL, €S SKEIECTIVE
ARE EQWVALENT (F =8 FANCToR F:4-B

3F 8 & G:R—%

(%F 2Tdg, & F&=Tdp | CLAM: T FRLY FAITHERC A €SS, SURS.

&F FGc

¥
%/pn N “N TME el Then FG(Y)-,?Y = F ei8. Jurd.
Ef’ Ed Now N¥a: X X'et | GeT Xm”‘ffxz

WRITE G =B THIS (MPLIES TS FATHERL ¢XL~_; 2 %’R "
[‘:(3’ HE) = GFY) - 6rG)

FX:Y “-QM‘(,(X)Y) '—H\'M&s(\'-'(?() F(Y)) GF(X) — &F 0(,)

a F(g) = 37 kela)
G (
T EATURUC: By (3. Y)Y SWAPPIN G WITH Y = G 1S FAITHFAL. )
FFMLL: By Sued. ¥y TAKE Wt T-(X‘) - Fx)e B -
-

FFuw(} FA\THFULin,1BlJ.VX,Y BuiLy 3 X > GF(x) ———9 GF(x) = X' €%,

F €35. JMRY: TeN GE(Q) = 6{h) . GFMTHFUL = F(g)=k
V(b Ixet 5 \2FK)

£ F (s FueL
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T. cQWVALENCES OF CATEGOR\ES

% A B

ARE EQWVALENT |F
3F D £ D>

G(F F‘[A‘G { Th= 148

QF FGr
% l&w N i&‘”
IO\{, IO\B
WRITE G =B

THEOREM

P E\‘Fmbbé FA\THEIL , ESS. SWRIECTIVE
@=B FANCToR F: 4B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

q— F(g)
F EATURRC: Ty N3

T €88 YRS -

F;w HVMQFKH)‘—5+hH45GWXDF%Yn

VX,\(

FEwee: Fxp‘ SURY. WX
FRMCLYy PAITHFIC: By B3 ¥xy

V\(Gﬁ) Ixet 5. Y%F(X)
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T. cQWVALENCES OF CATEGOR\ES

% A B
ARE EQWVALENT |F

3F b ¢ &>
G(F IA‘G £ Th= IA&

GcF /Fcf\_‘
‘(,bet £ &\&D&
Io\{' Tdp

WRITE G =B

THEOREM

“Q:B —

‘;\qué FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

W) TAKE T4 8 Fuusy FATHRAL ) €85 Surd.
T €55.0URD D WeB 3yt 5 FEy)=
1

p

LABELUNGr s Gy ) = K
ABE LN

tome(GY) — thmgE) FeY))
q— F(g)

F;w
F PATHRLC: By NT. ¥xY
FEMLL: Ty Surd. ¥y
FRMCLYy PAITHFIC: By B3 ¥xy

T ess. JnRy:
\Ql\(eﬁ) Ixet 5. Y%F(X)
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T. cQWVALENCES OF CATEGOR\ES

% A B
ARE EQWVALENT |F

TG0 & R
2.
GF‘-}I&G & FQ;U&

THEOREM

“Q:B —

‘;\qué FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

q— F(g)
F PATHRLC: By NT. ¥xY
FEwee: Fxp‘ SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

T ess. JnRy:
\Ql\(eﬁ) Ixet 5. Y%F(X)

/G(F\_‘ /Fc\ T ESS.SURY D \}\lGQ 3%“1?(4 3. F(%\()/};\‘
ORC @
Tdy, pr.\ ,
qu.a FAMTHREAL = ¥ 30 e L
WRITE KQ = B 31 merpuism Q—(\()‘—‘-) &(y') €%
Ry fomeQaY) — taus(F09,Fy) #a)
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T. cQWVALENCES OF CATEGOR\ES

% AV D
ARE EQWVNLENT |F

ITC—B £ &:B—>%
2.
GF‘-}I&G & FQ;UB

&E T

THEOREM

“Qt:% —

‘;\ﬂm&é FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

T ESS.OURY D WeB 3yt 5 F¥y)
i

2.\‘

F PATHRLC: By NT. ¥xY
FFulC: Fxp‘ SuRg. WY

FRMCLYy PAITHFIC: By B3 ¥xy

T ess. JnRy:
V\(GB) Ixet 5. Y%F(X)

N N I 1
AT N ) -~
A TA
I{' ) FFU\LLQ FAMTHEAL = ¥ 3'-\{—>1’e8
WRITE KQ = B 31 merpuism Q—(\()‘—‘-) &(y') €%
Fx.\(‘ trome () — th s FX), FY)) wa i)
4 Fy) cassienpenTs 1 ) make A Funcror 6 B ot

BH &(9)

* J NATWRAL 3oM P: F& = Tdg

* J NATWRAL (soM @:Tdg = GF
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T. cQWVALENCES OF CATEGOR\ES

% AV D
ARE EQWVNLENT |F

ITC—B £ &:B—>%
2.
GF‘-}I&G & FQ;UB

&E T

THEOREM

“Q:B —

‘;\qué FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

T ESS.OURY D WeB 3yt 5 F¥y)
i

2.\‘

FFulC: Fxp‘ SuRg. WY

FRMCLYy PAITHFIC: By B3 ¥xy

T ess. JnRy:
\Ql\(eﬁ) Ixet 5. Y%F(X)

o' N 1 i
LA 64y) =¥
d Td
. ) FFU\U«G FAITHFAL = ¥ 3'-\{—>1’e8
WRITE KQ = B 31 merpuism Q—(\()‘—‘-) &(y') €%
Feiy? romeliGY) — o FOJ ) NEED To Sttvin) 6a)
41 Fly)  Asstennen s | gﬁ) MAE A FanCTOR Gt ot
F EATHEUL: Ty (N3 ¥y 3" o) TCF FAITHFUL

* J NATWRAL 3oM P: F& = Tdg

* J NATWRAL (soM @:Tdg = GF
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T. cQWVALENCES OF CATEGOR\ES

% A B
ARE EQWVALENT |F

TG0 & R
2.
GF‘-}I&G & FQ;U&

THEOREM

“Q:B —

‘;\qué FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

FEwee: Fxp‘ SURY. WX

FRMCLYy PAITHFIC: By B3 ¥xy

T ess. JnRy:
\Ql\(eﬁ) Ixet 5. Y%F(X)

- o T ESS.SURY D \#\le& a%1e‘(a 3. F(%\()c_\‘
) R " i
LA 64y) =¥
A TA
I{' ) FFU\U«Q FAITHFAL = ¥ 3'-\{—>1’e8
WRITE KQ = B 31 merpuism Q—(\()‘—‘-) &(y') €%
Fx.\(‘ trome () — th s FX), FY)) wa i)
41 Fly)  Asstennen s | gﬁ) MAE A FanCTOR Gt ot
F EATHEUL: Ty (N3 ¥y 3" o) TCF FATHFUL

* 3 NATWRRAL SoM P: FG = TA9 WITH COMPoENTS ‘l{,

* 3 NATWRAL SoM € Tde = GF
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T. cQWVALENCES OF CATEGOR\ES

% A B
ARE EQWVALENT |F

TG0 & R
2.
G(F‘-}'I&Q & T="Tdp

THEOREM

“Qc_'g —

‘;\Fm,é FA\THERL ) ESS. SWRIECTIVE
FANCToR F:9 B

&) TAKE T -0 TuL) FATHEAL ) €3, Jur].

FEwee: Fxp‘ SURY. ¥xiY

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)

- o T ESS.SURY D \}\(e& a%1e‘(a 3. F(%\()c_\‘
) R " i
LA 64y) =¥
A TA
I{' ) FFU\LLH FAMTHFAL @ ¥ 3-\{—)1%8
WRITE £Q = B 31 merpuism Q—(\()‘—‘-) &(y') €%
Fx.\(‘ trome () — th s FX), FY)) wa i)
41 Fly)  Asstennen s | gﬁ) MAE A FanCTOR Gt ot
F EATHEUL: Ty (N3 ¥y 3" o) TCF FATHFUL

* 3 NATWRRAL SoM P: FGF = TA9 WITH COMPoENTS ‘P\,

* 3 NATWRAL SoM € Tde = GF

WSIN G- O PO ENTS ‘Pé;n ;f=oq__9f:G4:CX)

¢ FFV\UUa

A THERL
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T. cQWVALENCES OF CATEGOR\ES

DETALS = EXer 23¢

% AV D
ARE EQWVALENT |(F

IT:CG—8 & R
2.
G(F‘-}I&Q & F&'.:-T.As

THEOREM

“Qc_'g —

¥ &) TAKE T4 0 Fhug FATHEAL ) €55 uRJ.

‘;\ﬂm,é FA\THFRL ) ESS. SWRIECTIVE
FANCToR F:9 B

FEwee: Fxpl SURY. ¥xiY

FRMCLYy PAITHFIC: By B3 ¥xy

F ess. SuRy:
V(b Ixet 5 \2FK)

- o T ES5.3URY = W eb I e . ?(%\()c_\‘
N N " i
e e £ ALS 64y =¥
A T
e ) FFU\LLQ FAMTHFAL = ¥ 3-\{—)1%8
WRITE QQ = B 31 merpuism Q—(\()‘—‘-) &(y') €%
FX.Y‘ trome () — th s F ), FCY)) wa i)
4= Fly) - Asstennen s | gﬁ) MAAE A FanCTOR Gt ot
F EATHRUL: Ty (N3 ¥y 3" %) TCF FATHFUL

* 3 NATWRRAL SoM P: FGF = TA9 WITH COMPoENTS ‘l{,

* 3 NATWRAL SoM € Tde = GF

WSIN G OUPSN ENTS Py - FO)— FGF() § T Fi

A TrraL g
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T. cQWVALENCES OF CATEGOR\ES

Y AN §

GF

\é ijc( & A
IO\{,

WRITE G =

ARE EQWVALENT (F
3F —b & &%

(%F > Tde, 4 F&=Tdp

FGr
“N
’IO\B

B

THEOREM

P ’:\‘FMLA FA\THEIL , ESS. SWRIECTIVE
@=B8 FANCToR F: 4B

“TOWARD EXAMPLES —

CwT OWT B‘%
SETTING ?euyu (N
AFEINE

Chxyy.)n ] EQUAL To O 1~y €Ty

SUAPE [N € O: AL —— Com Al
K O(x) =

BC Chq) ) %]

IDEAL oF
CooRDINATE PGUXLS
ALGERRA OF X | peeminG X

a— F(g)

T €88 SRS -

\“(G&) 3’)(6% 3.

Fiq “VMQFKN)‘—%+hH45GquF%Yn
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