et V be anm ivpedutible proje chive vaviety of dim ~n

Fix Ay, o A e Div(V), omd dein

- OA) @ 0O (A) wd X=F(E) LG, ()
Than dim X = =V

{d.q_a_'. Cl’bDOSt A('S So 'hn.q+ [Ll [nous iw‘w:.sh'hj Le_[/\a-Vfov.

lemma: Lot X=P (&) as above.
(i) Ho <®,X (L)\ = @M ﬂ:(@" (‘\vo oo+ a,,A:))
(i) Oy (1) is ample &> each Ajis ample o V.

{m O, (1) is it & each A wd

W) Oy () s big e Gphor i+, A, 18 big b som
a0)"')ar € /7_30

(v) Given meN, @,(QMS IS bage point free & (mAi[ is bop.f.

HBr ecach .

PL Sketch:
_(_Q Com check Ho(gx("-“= H® (Skg>, () Mllows easily.

((() + ((L(.) L llow Bowm propertes of- ample ¢ el vl (Su chapher ()
A PoslT_)




(W) Assume  cndition  ow Al-s holds.

val

Ltz

Claim: H:é(a,,,...JGr\( 28, =k ad 3 A is ‘oijEEC'kP

—_—

Bor some C 30 amd all k330,

PL oh Claim @ Considur ¢ IRHI - NI(V)R defined
(boy..sbv) =2 bA;

Bij (v)gN'(v)lR 1< awn Optr LomVeX (Uwe, S0 (‘r-'(\%ij(\/)) (s GISD,

The ndihon on Twe Ais = (f’-l(Bij(V“ haa wonemply intergechion
w/ e fivet ovthomt

= Each  F-simpley A{—"EZ?‘.’:'&,%‘EO} SR meeks (P-lBij(V)
/

in a s:.+Atu£ posifive umam o ke <01° Lqual pro portion P to P
enhre SimY)L(X Por watlh t.\

v

Tor ke [N) # -pointsin AT (HP)E C/-kk, n k.
Thus, vag Vo(ﬂlz\fj) Hov k>>o) # /Z-pviv\*S in AL EF’C/ ]ak)

which  wag 'h«,( L[aim.

—Tl«usj ih (l\l = C ky 0f the summeands avaj,oloa\ §LL\"\'U\/\3
oAt lol'd divitor ¢ ovp

Eyeveise. Use Tuisto conclud that W) 2 " 4



k>>0, omd fwur ©x<” IS b"j.

Exercise: Pove converse of (iv)

O Lt T X =V he P projechion,  omd
PGVJ FP :-ﬁvi(P)) x € Fl’- MWL[«M{

(o)
W (©0 (mA)) = H(s"E)
i |

Ho((t)GCMAi\kf\ — ( " !Q

1 A llows
Tuis ig H°<®(M)IF ‘j bate dhamac
hohzew, sinee _ P
L‘:ol'hdaltjnn?:b:;u?'}k ° F)\\Sil’l(eﬂ 6("‘) i$ j’oL“/l_’j
o S'ukd'v.vh'LM- H (6 (m ,(‘> I, on i.; QP’—

| £ @(IMA;\} 15 \or;{: Y Ai, P f s Surd'c.c‘h'w.)
5o WO (Sy(w)) W@ ) ¥ xe X

= Oy (w) g LP-P

Now suppose p i€ abase point of S (mA)) (wLo6)
Thm  f is kot surgechve  In fact H°(@©(MA1\>
|
@ ma))

1S Jﬂ’\k Teryo map.



Thus, we canm thooe e p W/ all but firet "Loordinate "

e omd Ho(&)d (W'A(\\ ) Mgmw&ﬁ@ﬁ l'!o(OLm}[’x\

)

is twe 2e10  map.
= W) o (0]} e e Ty

Alm) i ot hopf i Tis case. 1

Gxamhhi et V Le a smouth FVOd{.L'HVL curve of geinus aBIJ

Lt A,-= P)a. diviewr of dmjlru O o
Al: A y a A[v{CDV o OLLéVLL a>0

So X = [P(@V(P)@GV ((AB) is o buled suvfece

Thamn P) A ave hed amd A is L)l-j) {0 6)(( '3 g lonj 4
17\1 Lermma .

Anohan
eXawP\L ol ‘Oij el but hot -P.a, <i.e. hot Scm)ampl;) :

Take P wonhrion  amd  azdegh >>0

T [—{o(é\/(kF}y =0 V k. Co, bxj e l-zvnva\)
®x<l‘-§ i¢ not J\OL\auj g,w\wac['cd

Thue Oy (1) (s not semiample, G it can't be {4

In ot we cam check Tuig divectly -



Lt R = R(@,0)) = ® I (O, (1)
Tun R= H(5ym <@V(P)®®V(Aﬂ\
Thus, we com Tuink of R a5 a bigraded ving:
Set Ry, - 1@, ((P+iAY) = R &Ry
Them  for k21
Ry =BG, (=P + A)) € R,
This is nonzero, sinte A has large degree.

But o a,b st atbs k-l a0 Lsg

Ra ® R =0 Sv

) 1 b,0 J

Roke, Comsists of  minimal gewwators ok R o each k, 5
K is hot -F‘n'ml"l‘&]g W&hd'

@ [n Twe above replace P w om o¢-trvaom divigor
T H(S())FO ¥ K, but

Q(k) is bpt <= k=0 (wmod &)
Lo Mo N(6,0)
2\

Stwi-jwup
Whave B(k) r1s
b.pf.



In fadk, e base heus will bhe a gechon

Eveny port ow V is a hare point of @V(kP) hut not of O (A)
o on e fiher T v will he a bare point of & (k)
Corvesponding e tre quohent  1°( €] Y= (@ (P )
(asin Toe prot of e lomna).
© Moving bare poiut"

Lot gunirg ot \ = [J P o% 0, MWJFWSI'MJ A =#
‘F\)\r om e 5{6:-\/.

Thr, 0x in @A@x (k\f hos @ fixed componnt fov enveny
k=] . (e
\Gx(“\‘ =F«[M)

Whwe My i Tac wmovihg pavt (ie. base los contaihg
ho Aiviﬁur&>) omd F is Twe sedhion covrqpov\dibj o 6_95\,@’).

For each I"—Bl) et Yp € \/ t he tne unigue  point St
Y = O""YP X
T o k"?':lj LA"'#: IJJ’.

EszciSe_i BS [Mkl = 2k € F) mPo'uvr‘- in F over !3,‘.



@F (See Cubkosky, Srinivas 93)

J

/—_\_,_/—‘\/
e

@ B'l% line bundle w/ avbitravily small yolume
Aquin |t gnus  of V=1 Fix xeV, a>0
Lt Ao=(l—°\'\'x’1 A|:'7(
Twm  boho thA, ((bot b)=bya) x
k
s, B (S0 = OB (9 [(k-1)7])

b (D (kb)) {H’“ for kb (1] 0]

0 ohwmwise
o 1 (@)= ks (kea) s k- (2]

- Bl — k
=Y “(L(%»)\U\
=L:;“£+O(}< =1L:+O(M

7 =
ocymptohizall, i
ko

(%)

So VD[<®X(I‘W= [\';w k% —_—_i_-.

e wlume an e avlgi-l—rah'lnj gyqu”[

Cxample " Rodud of am <lliphe e



let € ]o—eag/zwwv«l e”iyff’l'c wrve omd VT EXE.
Lt P , Pre V= E be e fwo Fm'av_d-fav\g

ONef cone caloulahion:

Fix PeE. Twm dufine 1n NI(V)HL
o[0Pvxe] 5= [exdry] £-[2]

Amﬁm,\al

smd  Ky= 0, < J*- J'(d"+}<\,}=23-2 = 0.

Thus, if §=af+ra,fi, Twn Zaa,= Jko)s\, WLOG 4,=0

Bu'}' [ - J-S:_Lf O\.L-_F.;L =az) v ‘h,\_,_ ‘H\H-L C[aggeg Gve [lln

ind pomdimt | anl, infok) Py gpan N (V\$,

Rimk: Since V ic ahelian | amy eblective curve is wif,
so NE(VY) =Nt (V)

Claim . o eN‘(X\'R i< mf & (20, X h>20 fu some ample .



P oot Claim: [£ D is ih-l-{jral owd His ampe omd ('M-cjm\
<t D H>0 amd D*>0, tum for

n>0, D = efHechive.
CU(L R-R fo WV{—QCKB

_nnufl 'f'akihj “VMH‘S, i twe Second S‘}‘a'{'{wm'f' l/\D(OlSI °(EN_E(W

= Nef (X)),
Dﬁ"i% L\Lay, 0

So, in pavticular, 4ol h=F + £, +8 € int NEWY=tmp (V).
Tam  o=xfi+yfetzd S wf

‘—‘[dlz XY t x3 +Yye 20 ond

Toh = %ty +2 20

That ic, NeF(VVEN' (Vg is aciveular come
rib

“)Clﬂ'kvﬁ 's (onctruction W/ \/ = ExE

Chooﬁo_ D) H aw\P[z ih'l'-tjkal divicavs € N'CV)R (almgiv\j hoﬁhbh)

st e bay in l\}[<\l\m {_W\ma‘i'iv\j Hom D in Tue dive chow
o —H meds twe boundary of

Poim"‘. D ~H

N <f£ (V) at om jyrahowal

H \ 07[/1/14 4 A



ie. 6 = qu{-{:lb—'{-'[‘l is M'Fk#@
= gw\a[b_q‘f' VOD‘F‘ U@ <b_ {" H)l

(<o ot choites vt O and H  will lee ivyabiow al 6‘.)

APP["J Cu'f'[-(osk'j's toh¢truchon uging
A=D, A=-H

Thor L”(@X(m=i%h”(gv(aqu\
l'F —-dl—-<°_‘l ran \D_dH f%amp'e) So
W (O, (DgH)=x (&, (iD-j1)) =7 (iD-gH ) +1 -1
T G 1‘& he genue
kod’aw.o\ ":’{_“\‘/ L
(b = (iD-gH)"
|£ il > e, T iD-y H ¢ N_E(VBJ% It has ho cechums.

o (@ ()= 2 T AD-{H) (Ldeo o koo

_;_'jd:;_ => ;l>,:‘:—l>
L
e ] . 1

=D 7 (iD-(k-1)H)

l_>“_L6_




RHS = Riemann Sum (W/ AN 7‘\:‘_w
for an 'lnjregral of f}(x\:(‘xb“(l—'x\ HY_

Thus, ‘l‘alcl'hj Twelimit ac b =0 of both Sids, we get

Vol <®X ('3) : 31_%('“ d

[+0

Since I_-*l; is ikka‘h‘U\AulJ e woluma will  be ivvational A moct

choices o D oand H.

E xplicit example o+ D, H:

Lt D= f +f, H=3f, ¢35
Thow 6 is twe smallest oot of
st = (D-EH)"

- D -2tDH + 4"
=9 -8t +[FL"

Soe sty =0 = {=’5'Z"l_5 :Bo—=§_;‘/_?

4 (1) = (2D ==V H)"= Dt -2 (1= DM + (-0
= 9% - ¥ (x-x"’) + |K(l-2x+x1)

= Wax" -Gdx+1%



= wl (@xm)ﬂf' ATxt- 54 +18) da

\+6

= 1355 —3F
— ~ 0. 3(145



