
 

Inversion of adjunction

gu
no components in

common

Recall X sta is a log pair

5 integral normal divisor

there is a unique divisor

Diffs d Sot

K t St B Isna Ks
Diff CI

2 f Y Sy De X Sts

Set f Sy S f Dy D

texts D Kytsy toy crepart

f Syfy Diffs D

f Kst DiffsCD Kg
t Dylsy

3 if D effective then

Diffs D is effective

4 generalize to the case s is not

normal i vi s s the normaliziati

Correct by keys p2

L



PIP let X B be a get
Kpzts

Pair then TEAE
K 2poib

D LX D pet 2 LD normal 3 LD is
a disjointed
union of

PI 1 2 comp

f Y X a log resolution

ty Kx bypit

Dye f D by plt fA7 E

effective f exc

S LD Sy L By

f Sy s

Oyl su E dy E
Etsy Fractional

f part

Sgt E LDy t TAI Ky t Ht

Y HH tht A key
A I A

by GR vanishing R'f OyLSyte O

f dyCE fads Etsy
O

Il



Il

Q b c E effective exc

Ox Os 9,4 fads Else

Is f surjective
isomorphism f d n

2 3 by def 3 1 by
computing disc

CI suppose CX D is dlt

SELDS in component write D St D

ther s is normal

Pff s l c D t ED is dlt

Lemma 2 43 I
not Q Cartier

F D EDITH1
ample

so X St CI e D TED IS d.lt

but LS 1 I c D ten S

S is normal by the previous prop



trop let X Sts dog pair S integra

normal Then for every divisor

Es lying over there exists a

divisor E lying over X set

ACEs S DiffsCD or E X Sts

I IIdis die

discrep centers
X Sta

PI
f Y SytDy X Sts crepart

log resolution

f Ks t Diffs Ksyt e Is

Suppose
that Sy is disjoint from

f D then all divisors we're

dealing with are f exc

take a sequence of blowups of S

St Es appears as a divisor on this

blowup blowup the same sequence of

subs of 5 but in X this gives



i 9
a divisor EEY set Els Es
sit Centers Es _Ese

discrep coefficient for a divisor

appearing on Y

Kytsytsy 1q Ksu HDT lq
Da

GI Easy adjunction

1 if X sta is plt in a nbhd of S

S Diffs d is klt

2 if X Sto is lc in a nbhd of S

C DiffsCD k
shokwov

Thin Inversion of adjunction Kollar Kavakita

The inequalities of discrep above

are therefore the statements

of the Cor are

MMPwiths caling



X D but pair H be some ample

K tDtH pet
K tDttH o for c El

kx o

t bef threshold

kxtdtt.tt 12
0

fer some extremal ray
R

texts negative extremal
ray

if t O

R
X Z the to external contactia

Dztt Hz _WLcM X Dt Mfg

if 0h is small X _flip

it OR is divisorial X 2

if 0h is a Mori fiber space

X D title WLcµ so KytdittiH



is ref
tz t tz net threshold

LCM Xi DittzH 1B image of external

contraction of R

Kx tDittzH R

technical points Need some bigness of B

to guarantee that R is 4 neg

extremal ray

Xz WLCM Xi DittzHyB
WLCM X D tzH B

i

Os Ct et at

each step of MMP occurs

at coefficient ti and produces

wLCM X DttityB
Termination of Mmp finitess af

wLcµ for

with scaling sttH
as C C o D



plflipsy pre limiting shokwon

Def let Xp pet pair 5 LA

si integral a pl flipping

contraction is a depth flipping

contraction X Z s.t

s is 0 ample

suppose Z is affine

existence of flips Rtx K tD

D StB B M

O HOK mkxtB HoH m tytstB

Hols whkstDiffsCB

Res R text RLS KstDiffs Bl

ShoKirov Suffices to prove

image of Res is f g

Rs texts



Hawn McKernan MMP dim n l
existence of pl flips

MMPh pl

ftp.snshokwMMpm pl flip.sn flips

Existence of minimal models for

vwietiesoflogg.cn4peBCHMBirkar Cascini flacon McKernan

Th f x D B Q factorial

pdt pair projective 113 suppose B

is f big Then ary Mmp with

scaling terminates

let f x D B as

above suppose either D is big

and fytD is f pseudo effective

01 K tD ist big then

1 X D has a good LTM AMB



2 if Ky 1 B is f big then

CX D has a LCM MB

3 RCT K tD f mtytl.ms
4210

is f g

Pf sketch

if K tD D f big

K tD Te D 30

D Dt ED D is big

X is Ket

K tD Elite tb

Ky HS Mmp K t b MMP

but how D is big so by

hint lump with scaling terminates

X LTM BIBI b c k tD

B
X i pseudoeffective



2 t 31 in the case K tD is big

is just the bpf

3 in the case D a big

txt D text TB A ample

D LX B htt

Kitts B Ample

in the bpf theorem bpf
models are
good finite
generation

to


