s Review : Momald affme taric vaseties

o Pwjeckive tore varieries

. P H_j congtecti on
-~ Affe come
~ Afle ple.ce.s

Lattice polytopes

. SMoot i o

Normal
- affme Pieces
. Slu'.'wj 1 Normal ‘pﬂm

Fang amd morma +ovic Vaueties
—  Exawples

— Ot - Cone c:owes?mmg
= Orbit cClosure,

~  Ejwivariant wmaps

= Bﬁow-w.‘)

KAIST 4, riLe NoTE



* Thee constructions °F aff. tovic var's |

L. fite latce pts ¢ e sh=fm, - me}eH=7"

‘ Ya = Zaiski doswe of gy (To)

e Tyt Tz ">
'“‘=-HT;J""'!:“) =4 (‘Q\: ""J"I;'“‘
* Qe Br B ( Tw B4 < C \ 0t )

)

L. Towic ideal (‘.Pﬁ'me. deall &uero&u\ Bj binow.ad s ) ‘
i (°? Cly, -, x1)

O—#L=le.-1{v-—-rﬁf—->H—>o |

w -
| L2080, &) ol
‘ st Zilm =0
\

Sewuq 4= Lo-4- | e doeN | ®is easy to show
aat- )’(‘Q"' - 2i- vamishes owm ek |

AAAAAA— No Commen divisor ‘
WAg swmil.
(‘.'Fw (ﬂ!‘:"ks) ~ 4 = 4 )

|
. Affe Sem'\q\c'-? (P, qen. cheliam Sewiqp . ) }
av looks ke N |

Fr $i= N defue QLT[ X @ CmeC

b Cm=o exept
\ 3
W/ ,)\{Vl K = me fuke wi's

Taen Sch[53 = Yok KAIST . e noTE
(- CLx,%1=Y CLs1 s&. %k X'~y kere= T )




Sheet Date

« Cones d Mormal off. tovc van
Thm, V= Spec @Y Te woemal #fR & s Sodurcded

(#: e SS™M | £ ko omd kmes | Hen me§ )
e ™

Thwm AM) Sadwrated G{P.SBM‘Q.P S = oM ) a st ceonv .

(G’D\'—Auvv\i; /Qﬂ-’\.v—ov) P‘Jme ‘

¥ 0= camels) i) T Aew - MNze§ = Ng
nes -

\%4
= { meM, : <murzo Yuer| dusl come

Then { Sumihive ) 7 Mownal, @, tovic van = (U uhere
Uge -= ste..QEG'v(\H'_\

e @ s sworh R U sweori,

fun?\lc:.a&. ;ﬁl Ue = othold

*TLe £ T=Hunae B wmed

T T |

T e T = {mead¥ :<muy=o Y

-
oude \-&M'S‘ta.j

dtu-e».slm

uet 1‘

e T:Rc mw‘)\"-sw.. Beh.:aen V= %ea.cs..l

* ?5;\/;"‘?\/; g fome iff ‘P(TN\ ‘E.T“L 2. q'>\_r L e

~ D s QP&MIMT !

KAIST A4 FILE NOTE



CCs.l — T o< (NDe = sk \-d‘.cn.ro\y. |
/l /-l 1 Lex 35 NN, TNl‘E’TN;
ema e | B

M) (R Ua-, STy .

¢M‘*‘°'H&)

— ‘
o R ?5“1(-0?) S.da
Ex. Faes TLar =Ng - @ NN

(T=HmAT) Q=T Ta=T
Ug 2 Vs (e T'aM ={¥am -m)
w
tm  (Tavertng m)

~r CLTaM] = cf.l‘.c‘-’rmlxm

Pt

Manzevo Pts of X in Ve,

T=q
\N
i Ue=C
L T Ug = Y xyp€Ue  YHol = CxC
|
O, = CxC
Uru:d’“d

KAIST A, FILE NOTE



‘. P‘Q_;echve toric  vauieties
|

N Pwle.dwe = \&ﬂ%-—n off?. Le, 3:*’3"\ A = {Ws,---.ﬂh{

L E] <M
T — @ e Crjot = ¢
ko
\ (]
| () ?
| T,\ Xk 1= Zasskl dosuve f{l
| o = Tnaage |
¥ Qew X , TTGOUoL is caded the affce Cone oven X

)(

‘ T P"’J onstruction. @ = CIX] =§°Sd

|
Pﬁjs==§pcs;9ﬁ~&&mm ot

ik 54-‘-? tuer V(P\i =g
Nete ow Boj |
(ex. B a=<By ,tuen P=<h,~fny )

- Br acS , st VCa):szeij.s : a\_c_-‘pll
i

my Zauiskl "’Y"\"{‘f o Pw\‘s L @ V@) is cosed .Vagx.

(Hw: How dees a closed Pt
(aoL khe 2 )

¥ Pro&ec-’tw-e Nullstellewsqa t 2

| i
| {dowé subval s of [; 2‘ -y { hm& vadicall dqnht
|

KAIST . rienOTE



i
) = ([ pd [P 1 P
g ?u.::&"l g
(bs) > Lt& {:J-‘.;\- : “L_sa-l‘ 5‘1 ]
» B = 1o,4,-d{
o d

¢ = =

+ 7 [f 421

¥ X = XB (same carwe)

)

FdmYa=a & YazXa , bur dimTyc i %G Ky,

Prop (TFAE) (@) Ya is aff. come R Yot j i
by I'G. s hm%engm N
() §m\,-»-,ms} is ly'aj M wue hv?«{\m—e
ot~ uwtm-.mﬂ O
(& FueN omd kez,, 54 <umr=k

&Y )
W€ty L= ker (mymg) 2 L2, L) = Ly -4 L -
- % —X
FINE & Zlwmi=o0
| g |
I :\muoj @ L. () =0 B Vel |
& L) KAIST

\; FILE NOTE

€ ow space of (i, - ms)



. A _ - ' ] S
Re L= Z = M9 o  feasor @ owd 4oke He dual :

€L —3 My
U= {Uuwmy
&

Ar : Coluwm  space  Cowtalss ( | ) t.e., (‘.)eszf

3 i
4 e Ng 4 dwmuy =1 Ute—t,;&.

(3] AfRe covers f KA - Fe A= IM, Mot demte by
| 4

X!J..-zxs 'H“e Md,m‘\i_
© Sev Ui:= é[x‘,---. X1e®  t Xido | |
Pmp Xaqho, = Y,g; Weve ALz A-wmy = '{ws-fm:_ ‘1“«"13ﬁ

L () - ¢

m M- \'ﬂ"‘“‘:1
t = [oMe, - XCw] = LE -8, ] ]
B £ “
R = U X4 O\ V.
| o XA m: . veatex
| o Cowvl(A)
| L#&gt— J = twdex m{-oP Mﬂczs_c_fl_,"',sl(:"l,
' % - - A\
ETS U: ¢ u; -ﬁrmede—x. YAV ua
Bl AR il B . W COsa= Clsid
i ~3 Kkm: = ?KJMS L k= ZK_; fL’ :
| SN DY SN N — _— ] | i O .| L S JN Pl N s (N - ]
e f K3mim) =0~ B KiFR ST K.;t@;“%:fh
~ M- €L 2 X3S Ciiaver



™y
“
) —r
(s.8) —y [ &5, o8, £

‘X*GU, ‘SEJ@:@'S*]{ EC&

=C (- CLsl= er¥l)
. Sw'ﬁmlj X?\(\Uq. =

¥ Note : Xﬁ is novmall ('.‘ Smouth) but ot
ije.;taudj Vormall (Why?) *- Hw

‘ Latvce fo{y\u‘w.s

Giem P = Cowld)aMy | We have a faer presecdation

P = { "Mer_ \ (m.u\:‘l?- -aF ; B Facer &

; B yzZ—| X fward facet wormal
X Z - Q

=X~y T~

Defn P s STw-P(G-x ® P has dimP+ L vedtces
S.'i‘w?llcl.& & b‘p\ro?er face s a S'\"n?\.gx
SW'T-QL P v U&dex tS Cm& T evaetly

du

np  facats KAIST

A4 FILE NOTE



- Bx. ( mon =~ Mormal )

We want +v defie %P;;)(P(\H
T cowld e too ' swall
- PAM + . +PAM < KPom kel |

g

K
Petn. P is mowal f k(pom) = kPaM
Uefj wfﬂ" ‘F P Gueny veuex V o P,

S‘f,v = IN(PAOM =v)Ye ™ s sodumded |

P = Cow (o e e eret3e,)

= paM

|
|

Rr 2POM = Cow (0,2e, 3¢5, 2t 3eattey)

w
f k
Greares * 1o % Fledt Theat i
A T
2(pam)

v levx Cp) = Csue(P*{"l) = HRKR

P s vomal @ cPYOMXTZ is
Sanemhé hj ekes of- Wt 4 .

KAIST A4y FILE NOTE



Theorem . () &P - is momall B IR drp -
L Fix moc P vexex
)
Fik meM o kme Spu, = N(POM-wo)
“  Neeld -tanm meS\,m
let km = = GQu - (m'=Mme) amd Lt dedl ¢t kdZ 3G,

w'epam |

F kwt Kdmo = Z Q'+ (kd= T A )Mo € kAP

s : (’,‘Sumos— w&k—:Kl)l
4 “oms= T (M~-Mo) & SP"‘“'
= W '
ol
‘hormq.litj wsed

|
E“"‘)’ onP StnooHe = U"‘j qm.?,ﬂ,g,
|

Conjecture (Cda) Swoote = Mormal <@SMPV°J )
| 2 ? M.nowwi&

5 —‘3\‘-&. VM'\E..U a? P

% Assume that P i very am-?Qa_ amd P(\M:imb---‘ms}i

Thwm For wmi @ vedex | setr gy = CmeLP(\H—'%:.)VQ. N
Then Xpay O UL = Ug }

L




_ Q: How afftee Pﬁces 1y dee.—me,-._? ~3 vomal Faa

Liﬂ;r- Q4P amd GZQ:: Csne(uF: @.(F)g"’\lla
fce

T Tpizy @ ¢ F fae P PY s o fam

cllectine o cowes 44

ant &€ . ‘
H o W - TAT = TEZ '
Exoma?.ﬁa. 4 ‘
R |
v w T e \
( 6 |
i a
[y
3 4

S\

PWF' lee VEwW = Vvedices f P, Denote Bj Uv VusP

oord . Chants G»V_,W so that XPM,‘QUV':UQ
Te0Ty T .
= SeClo, o4
=G; e QA : Smalest S&e covtainiag Vv, w ” ?;‘
er
by ke X Ve @Lovamy Uay |
| e |
X Ve CLay, am]l P Ug, |

\
\
\
Xpar O Uy N Uy = Spee COY c\rﬂxw_

v (4%’ seriqrout  GOAIFTS ZSVowr)



\
* Observation PWKP&MWME?QM‘ML\GMLE
Somie  abstract 4mwac Md .

| L_é] Pnyect'ies °P KP
|
i Tawm @ XP s normal

® Xo s paj. romal R P s mormal ‘

T (TFAE) @ Xp Swevtle

Lb} ZP Smea

© P Sweetly




=3
[T Fams omd mowmall Horc vaxeties /n‘” offfne cover
1 M wa (.\qh-:\-hi
Gureras Pm of foc vaneties © (absiads, sepanaied) vasay X
Containing Ty aa Zaiski open swsets 5 T.P ededs X

Reln A {'an S n N‘R s a 'ﬁh'd-e set o? 5*‘.cx-m+.?cl7.cms

st
« 0e3 amd TLKT P TesS,

+6,Tes F TAT LT, T

* Quen T30 , get Ur. Gue Ugand Ug adq Ugnr

This Ques  om abstract vasety Xy .

Pt

open w Uq &iut

Tom @) XS‘_ is Mowmal towc Vantety
® ¥ peMy c Ful dw' faltice plptope |, then "if =K‘,
() (g«.t.mLhtro) E\Mbj numal torc vaa omes p«m a faa

€a
| = \\ Nzi‘
)
EREC) CIERSSARrSY
| Z (IR
€, }'_'_ = §M5 fﬁ‘oj PN?‘- Subsets OF ‘&J.‘..eh{i

N
e Xoz2 P (v x= Z, )




m
<
>
~0
F
~
0
=
N
£
L
5
{]
>

D Y ?Cmas 34:\. ‘oj prope. Fubsets of §V~,-—~,un\1(

~ Xg = P Qo ).

Pefn (@) = : Swoetl, tF °q- - sweotla
hy Z STwplc«..ai ¥ v e su?\‘\c. ‘ol
@ |gl= U ¢ Syeot of &

TES,

d) S 12 C.UW-?\W EF Ii" = N‘l

Thw, @ Xg Swooth P 5 Swani

by Xg pt (wrr dagial top) ® T :complete




- [2) Ovbie - cone cowesfmch.e.

! i Reca.t\ N - Qar*ﬁce °9 d'hﬂ-w S\-&iwv-?
i ~ ueN o XN @) sy
| T SRCER
Compute b X
t20 ’

(l.l.o)
Cl o.o)

%

(OJLI)

Ex.

| U a % 2
| (0.(.8) AN® = [,t,+1eP

(Lo.y)
0.1.0)

(i)

Pop. €€ Ng  SF.cx. rat. poly . cone

- Ueg 182 _é:‘-;“ }‘:(t) exisks Tw U
-or&fsc——vmeg |

e m}m:j R ued , then the It s te ety f 0@

CKU i O('C) : bownes

ax o0
cUe = U 0&) « Owir w2t
TLI |

(fxd‘ P . V(‘t) = O("I.’.) U O(Q') O(T) U swallew
. -~

KAIST w15 note
A 11410 AN L1



How 4v descrike V() 2 Ex.

G"‘t
| T
! * Clhamder latsice °P 0@ is T OM _{E—,
| T
f < ™ =
e (dwar) N =¥ Nig):= N by
T

[
| €fn--('c)(\N

=
Qee S\-na('c)ﬂ{'c? ;'C<<r'}

Thwm Sha.l‘l:) 5 a fa @ Nt‘z)m & )(' )= V()

bio - (t.o.0)
‘ S (0.1.4)
‘
| (.'.04) i (01 o)
(l\\) T

fane msw\-‘:j 0? fane  max . d' L cones
What & V(o) & Xy 2




I'ttmduct«.m 'l"o leco'r's

Pefn X @ Trred. Movmall vasety

@ Pime dtvuor DEX is a codim & Tred. Sdvan, S X|

& Divix) is o fee dbeliaom qruep qererated by dll pame |
divisors . An el D= S a:Dl i Divlx) s clied We o
Sup®) == U Dz o

Gto

\
Considew Q) = § Hauﬂ% Lins defucd on e open Subseteg %
A |

"le:hm Led ‘Q‘ >
« Ifp X= Spec R, ten QAX) : Red of fractiam of- R ‘
* I Vex , €)= CU) ~ biakiowal mvastaut |
i
Por @ prime divisor Pex, one com defire. {
OD B aK)* ——y T discrete. valuakion
« howmo ,

¢ ey T win (90 Viy) |
C- 9e) iz 00 )

¢ OP‘F) = ouder OF M‘t\f\iws OF -F on D
. be d\ qen b >y D \V(&)
Wi iy not Jivisikl }
B OMJ -P d‘ ‘u ; § hot e !y S » 1

)=k ( kro ~» BE2oew D
Ko /m).{l is ‘\Ao\‘ AQPLA.AND W?ole.o@nA*K

K=° ~y noudkene ucm\sk
AIST . o Q
e subset- & »




Nohe E""Q“B. Vo is defimed a5 folows

GX,D:" {956-.@()() I @ s defred om some opew. LEX {

i % UOD+R @
Ex. X=$pec R Anns
" - open in D (hene dense )
20,,=Rp  Fop. Op "R (9:K=7 Dv.
i i 2 xR : v0zZei=-R

Glled DVR )

. OX.D = GU,UC\D ( veduce +o affeme ases )

g (j-x.;b = RP

Aiie NELEB., & s PVR
™ FRP . m‘?ﬂﬂﬁ& T RP 3 en (RP . M? ) 2 NQ&&%M
&3 locall dowsain of dim &

Nesthuariam ( Thwa Rp :PVR & hormall & wp Prucipal. )
K A

_ ‘—i’*“"f‘fﬂv <8y
Fop. Br feasd, Tpi=o fr al bur fn.wany D's,

_(
L ler viex sk £ois defed o V. & Ui (D)
XNV = DU - UDy U hiquer codie cpubs
~ ~
Codia 4.

~7 pBYE o oy i PD; ! I

KAIST Aq FILE NOTE



| Defin  For {\-G((x)*‘ divif) := E.ODIF)-D is cled q P\*Tmfea.[ dauisor

e D) = ey Pequd F e BuOd

b ap |
Dw(.)()/ = C4(X) class qrovp « PArE (healy eqluv,
Div,(x) ?. (0)=[E] € CAx)

s De DTV(K) is  Caxtier iF aorsn cover ‘Ur_\ a? ) N

Note . 0) dwirzo & Re(O, )

ol . = dzvtfa)lu_ Br sowe fre @ We can jlo,

(U

local, data, fir ©. e D= Z a0

DZo &» QZo (effeckve) ~ p{u = 5 a;(o;_n_u)

D ¢

Gy diviRy =0 & fe 650 |

KAIST 4, rie noTE



C‘om‘».ﬁnj cL
Tam R:UFD amd X=$‘£L(R). Then CAlX) = o

L7 ® b pime Pwlk) , D=WI(p for some prime deal D
o codim L A> p=4fy ~ iy =

e Bx : cuM =0 .

Thm X: Moemall Qiogpen 0 X, Di---Dy - iwed put o
==y A\U

@ ZP; 2 CAlX) = cyv) =10
¢=l

exact
Ly Sur] b = ZQ;D:'_ ¢ Dw(v)
~S Dz = q;-p_;' e bwx) s+ D[u =D
exact: R Debwl) st P =dudy|,
~ (_P—Az.vt@ﬂlu =0 ~ D-divhe S ZD;

~ P
| Ex. Pl = Cu i}
v D 0
Z< oY = CUP) = c%} o
:-s“u\-:)

- ® Oy > 0 | Hhen ooy = divi®) Bor sow Fe C(F')

”‘? dxvl@)l —0 ~3 F howhere V“‘s\“’*ﬂ ha\
111 = IO L

T . X = Swaowbte - Canst KAIST
% P\CGC\ = Cﬂ'(’() i a:: o



([0 Computing CO(Xz) amd Pic (xg)

o
Recall ] -
H——?PZDP—’ Cl(xf.)"’@ﬁ\_"" g i

."m‘l-a v (M) = ‘?'.('M.MP?DP

Wen Jugh Sps’ Ng Note of (s dual wiap of
ZDPH N
) e G =< Com@ (dei~-ex. @
Ev.an-? C der 5 €x) De . “e
\ A u-v
decal 3= ¥
a
= ZDf—‘*wa’
d © d =t . -
) ~y o(=( ) --C.Q(uq.)--zcL
-1 | o |
E‘WP\( Fo )(:[P“
6= Z L ST o ~ad)=z

KAIST A4+ FILE NOTE



Fom mow on, we dende by Dcvm(x'i_) = ® D,
lee O (X3) & drlXy)
T (0= ) M > Du_(Xg) = Piliy) 0 et
' ey ”'ud > é‘upi spams Ny
L Stmilan 4o C4's @ase

ProP Pl.C(Ua. =0
Lo (idea of peof ) Pik D= £ad, Taw. Casher

. We ij asuwme PZo (b a.:w—.\j dTv(‘ka) Ty Meg“ﬁ'
amd K770 )

. Pk pe 0@

e Minimal okt

~ PG—D(, e awy pe Tw)

o
e/

tlec UeUs @ gpen abd of p st bl o= diipy|,
for some € QW) . Since ’ efectiweness “; fe Clul

I Ue\V =\V('F;_,"-‘-F|‘) " ’Q'dﬂ‘“ﬁ h= & A ,
=W W

Clwl = CLe’an] L2 £ e e

See divi| =0 d:vte.u,“;\z o]

| -2 We may assame fc CCdaMl=R

~r divi®rze KAIST |, e vore




(&) :

(#)
Ay
o &vl@) = ZQ(P)D + = JebE
Pt E+D, E

W =
diu[@)lu = D\U = %ae.(ocou)

M

nen -ewfij

z, 3 Q,lf

e Q?(P) = QP L. HP 44

oo dwviBmzd

* et (U, 0 (-P)) := {#e Q) - t=0 or d
\..—-—V_V

3 =1

e R
’udml 0(’- R ' D s effectne)
Mso T i3 Ty -Tv. S B Tu-v. )

N Le®CX
dlzy ow showd dueclk Haat

Cle¥anl = &C X

7‘M¢=<r"nﬂ

R =X B oMy wie dwv;{“ )79
o do(xy| 2 Dl = dub| - L
v ) », _p

o
M~ 4= 2Qe- _‘-F-'-. \N'?\W.‘b Haat —-(Q] + o

o

~ lee VSO $& dwlF)=0 le.

: mm‘:\d S

D |

B 7P .
( contatnig p)

M@s-—DZol(

V-

\ L]

ow U
ﬁrsme."

Nouwhere Varishiy

~f
™ . KAIST
Then peved g FU's )\- Aw\@)lv

un
v



o Conclude ot (X “) = - L

ZP (w«c.u\p DP

Q.E.D

Ev. Previous exa»-?\e T = one (de-en ey 4o

CQ =
ey T By Defa  De Divlk) s @~ CGasker ¢
Pc.r..(() =
a) © KD € CPiviK) for sowe ke—Lm
R'OP (TFAE) v Weit s Caskier Q- Cacker !
obiows ) Pic = C& Pic € € Buite dex
= X

5. Swestly X g,.._?\uxak
(Q)=3 @) Swmovte abfe_ = ?ra(.R) . RIVUFD |

~ B = W) Brsome &R = CLus)

~ D?= divi@) |

W@ Pitue) = CUU) =0

-~ M—-& ZP ""Cﬂ-}@"b
]\ PET L ¢
‘m.ﬂ

mpE I <m.u()7De

SERATAL Cpact R Z-bacis of N

pE TU)

KAIST A4 FILE NOTE



Tom (TFAE) lee D= = QP - Wel ditior

) D« Cactier
® Be Vaoes = 3 Maet™M st {m,‘u\,‘:=—a? (-’-»b(seam\

) ®r Ye s “ t o
S ‘tum?% uhem T R4 2L ‘

= cL-.u(’k'M"'J\u n the prof

@er (by We have seeuw Huat D(U
- o~ |
@‘pi&.w;"

or
«)
Br some Meo ™

Defn {m,.}réi T called Coctier dadw,
lec PEMp : Rull &l lathice potyiope
= f’\mehl& \ <wmuey 2-Qe ¥ faer F \

PmP DP s Catier wir. Castier data §v :\m.’sax,‘gpzl ,

:

( <V'uF7:—aF &_UMFQV) a0, .wmaX, dl'l cone

* Question : If— D Eo O'PDE ;e may delf e

PETA)

PD b~ { 'MC.—H;R

|
|
<muy®-a, } l
|
|

Is i+ a PO\YﬁF,E, ( oen T wwtle)n-_z No :Seme,m&

KAIST

Ay FILE NOTE



A} , Mstead 0@ Mﬁ-ﬁ Po\ﬂ*o‘)e.s , We Mteoduce the %‘Lu.aza Notion

Defn. Gven fm =

w N .

@ f: 1zl = R S“RM‘P\“\ B ot O lnesn om el ¢
Gy ¥ s inkeqral f P(IR\AN)S Z

wre N

Desobe by SHZ) |, sH{z,N) ser of sup. fins (Tt wek N) |

h:sr.

Tom lee D= 'a;_a?pp Castier Wi Cartor dda. {Wg}

@ Defe Fy:(xl—

R

Uur» <meuy f uea

Then ‘fD & SF (= ,N)

® @, = —~Fpo(U) so tatr D= 3 -Fy)D
o o PB eezuyb 2

© CD;\,TN( Xg) = SF(=,N)

L @ b) Obvieus

Péi.u)

¥

b = bop

Py (Xz) = ® TP, — sF(z,N)

(Nete $wo %, 3mE3 Contter dadw R D.E
Hhen Jml + mE § Cadter data R Dt E

18mo 3

f¢

o RD )

is neckwe by (

KAIST

\\‘

FI

LE N

OTE



Then ‘.Pl "
- ./\nea.-u wm? on TON ’r\:-?__
" Ng : spam o it
Fle = <M, ¥ for some Wmee™

“ |
M/ Tat
‘ i 4 {Mn-‘a © CauMer dak |

| L
for D-—% T by |

Erm.rwv?le- _ (Cc»-f\e-%e Xg but \&U\f\—?mjeﬁ\‘twe)
P;CKL= o .
Gonsider the be with vockices (-1-.1,::.\,-.:.1) 2 N.R=IPE \ ‘
Replace (L) walh W= (123) | we |

Geb o Lo witle, & Bediadik comes

Take amy PeSF(ZN)

 * Adding some 3(0&:1.(3 lFrean fn Titegral wnt N, we
fw assume
Plw) = FPlu) = Plua) =FPug) = o

Some rplafions @ UsrUg = UstUp  av P(Ug) = Plug)
Uty = UetUy  ~s Pluy) = (Uy)

UstUy = Uy +Ug ~ Puy) =TFlye)

4fiup=5Fua - o

 But, B w9y s

W say !
Wy —r217 2t HUn = 3UxtS U KAIST , riknoTE
Uy 11 =1 ' Pft_(\(i,) = o o

Hy =1 € =



— ~ e — :
| @ SL@“‘-P oP- a divisor ‘
|

Pebn . A Struchue shweal a)‘. quwe{"j)(isde‘%fdb

Ox(u)m{q)e@(x) & ¢ rsde&dmui

¢ s wlaa
Ormutatiwe ﬁvﬂ e {U mﬂ
wWatle 4

((# dcvqblu Zo )

Lﬁb b= ZQPD (S Dw'x Deline Ox(,b) s\mq_ FO’K-—MbMe_
Gw)(u) = feasd’ | (& +0)| 2o | v it

hqu?-j < wesy 5';"‘?9"- P‘&U
alntj D
PWF, I DB , then Oxlv) = Ox(E)
(D= E+dwi )

dwlP}-t-D = div(f)+ E-t-divfs)
= divifq) +E |

B - 'F-i (Sormavphisva {2

Section spaces

RDF OP) : coharenst SU-G‘LF' of X
X = (iUu. , Ug - affow (Uu."'-Sk:e‘.Q..)

Sk 7(U¢) = g“ gv* Smj\Rgg wodul e Hag
i qen

KAIST A, FILE NOTE



Now we oowe bak to deric would | lec D= ZQ?DQe [);\,)(2

A 14}
Fop. M(Xy, O 1) = ® C-X
divix 1 +PZo

| L) Fr fe F(Xaao&(‘?)) , |

i . w (. D2 T i tha daulf .. 1
| dviI TP 20 Twplies Hhat  dui \TNz. o (- feciv)
| *7 M (Xg,0x (™) € CMM]

. r'()(z , Oxz(m) is Ty ~Tveriamt

(Tu-rep.) QLE.P

| Considor He set { we™ ldcv(oi“)+oloj ‘
‘ % (<muy  + a,) Do ‘
epual +o Pbﬁ M Ldeve i'

PD:'= {rmeHR \ {m,uP7+QeZ,o }

| Ex let D=ab*b. (aez)
‘ |
| |
"X‘t‘l\/?.-' Q. ! i
Y =i |
| X2 O
| -YyZ o
| Uy=(0-1) . |
iz
Hirzebraad S‘-u-po&e. fH-a‘ P /—\— +-— o
; = 1. L D Q=2
. P = BT 6T | — —
QAL ~~ Pp > Q

not QoMrice V\MeKNS \, FILE NOTE

'Q=1HW



P=ymeMa | <mug>Z-ac |

~~y We Get XP amd DP'—'- ZQFDF

(a =
) PDP P
b = o
» T (%p, O (bp)) Spc\f-\l X
More geveraly = (xg O (») =D .

meRN™

[Fre bundles QM& Castier divisoes )

|
o Fom Caatier 4o ltae bundle @ (ot {(.UE,Q-L))‘ ol dada |
il A |

— Y, |
\ &'\C—E d'\'vl‘(-’i.)\ = CLTN\%\\ - b[ DlU\_ d: (("')\U:_ ‘

i viav; VRV

AW(-&/%) =0 ow U.‘.(\U_S , ©€., &/{!J : U;(\Uj = Q*

=3 |
U . ~ - !
| oo 'ﬂuls qives < \C&kum& \'na.? . .
| Uiau; x g | — ULC\Uj x QC
i Ol Ol
| T I O O O I O O UJX C = UxC |
hede G ° Ak = B, KAIST

, NOTE

~y qives a lE Sl _"



. Cm-sey L amy me budle £ Tndwes o |
;- lomlb frae sheaf- of rauc -L”

-
| Wl sk Fuan x OK(Uu.\
AAAAA

Space o? secttons °Q— Ud.z@
B

= Op + sheal o(l seckiows of [
I-P L= P‘D l; ten O-L = Ox(p) - \

Stme nNnotiews B, thesremes
Sigpase X :cawt\v-‘te. . Dt Cavkier |, L :=0x(m) |

b . @ D ba&e,vi*—%ee gs VP&')(J 3 a\ohﬂﬁ seltion s€ O m(x)

| / st. s o.

|
P, : latice o = J Ll
b S > X = P(H(x o)) is well—defued

ky D is very amep Lo -fpp s am @Ahedi'-j ‘
@ D s armp Le. £ &Dasve:jam.fkn_ for B wo |

ZP=Z' ‘

dy Ky i= 'Z;D\,, (every Qe=1) & ambi- camomicak

CL:\J'uor L

le) )( ) F’qu \P ‘()E _ ;S qu?l!_.




\. DtVtS“‘S on Xi.

. (:)e ZA4) ~> O'(r) ~3 V(r)= azt;) o~ F—Tme Ao | W‘*\( .

- DE’
I 12 meM™ | ’)(m :(@')“—-\C*Ci_ C is a rational {)-\n an )(i.
Howo O & 2 = U
+p chu.{-e DPVX) . CXANT 3 Df) )

| P\r’n?us"d':m J(,(’)F) = MUY 2 Slow s by exonple a |
|
- L% Ewwdk o Consider T T Po?enKa ( amy & et O

| wite Uuab, ¢ )

| nmcive |
ue P M T-bastis

@=Uy, €2, -, €n £ N

Wi - Wa Jduwal basis .,F M |
CLE"n Ml = €lxux!, -~ xa' ] & Up‘:@x@)n“‘
UfODP = 03x (€ '“” +o Z-;M Wil
‘ Tn 8.-0({:_)

1? *nzxfl""Xv?Ma then

x?r(w‘?‘) = Q= dmuYy |

Cor div LW)—-%(M “p7 B,

| Tam M-—?c@ZDP—a i) 2 0 exachs

tovus Thv &isors Nd/ﬁ%bo
oCw) = Ay
A(soJ o (S T‘n" : ?((3 Ki. har Mo tows ch,m—

- dlmyze & <upmT =0 Voo -

' 34D, > @) & el @ faay




