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Finiteness of B- representations :

Theorem 1.2 : '

projective Jlt pair IX.4) s.tk/x+L

is semiample and is a ② - divisor . There exists me tilt

such that the
image of the B- representation

pm : Bir CX >
D)→ Aut (Hi IX. ②✗ lmckxt ↳D)

is finite for µ divisible by me



Abundance for Slc pairs :

Theorem 1.4 : Let CX.LI ) be a slc pair
.

f :X → S projective morphism . n : I → ✗ normalization

N*(Kita ) - ☒ +It D- , where D- is the double loan
.

If 1×51-5+15 is semiample over S ,
then Kx+D is

v
semisimple over S .

Corollary 1.5 : Let IX.a) be a ② - factorial Jlt pair .

which is projective over a base S
,

and T := LLY
. . where

is a D- divisor . Suppose that :

CH Kx th is nef over 5 ,

(2) (Kitts ) /Ti is semi ample over S for each component . Ti ET.

(3) K✗td - EP is semisimple over S for some ② -Jin Pbo

wroth svppcp ) -- soppt and Eso sufficiently small .

then Kx to is semisimple over 5 . ✓

Corollary 1.6 : (✗ it ) is slc f :X → S

a projective morphism s.tkxtd-a.sc , then

kxtd~o.so.VN/Aim:hxtdsemrsmpleouer#



Log canonical stratification :

f- : IX.d)→ 2- crepant log structure

kxtd~f.ca O -

S :* (Z.X.LI ) EZ the union d- all si-dimensional

Ic centers of f.

Seb Si CZ ) : _- S? CZ.X.IT/Si-iCZ,XiDL

Si CZ) are locally closed subspaces of 2- of pure dim 8 .

2- = Lt is:(Z )
, Sjimcz, CZ) the open

stratum
.

The union of the Si CZ) is called the to stratification of 2-.

(2-15) its boundary is BCZ.S-di-ZISsm.cz > CZ ) .

An k center of (Z ,
5.*) is the closure of an irreducible

component of some stratum of Si CZ) .

Lemma: Si CZJ are unibra.ch and BCZ , 5*1 is semi normal.

Ty irreducible ☒ c- AT -- AT
Umibraneh + semi normal <⇒ normal



Lemma : of :(Xidl → 2- Jlt log crepant structure

and CZ
,
-5*1 the to strata . TEX to center

.

y w- z stein factorization

ft :-(→ W is a crepant log structure
.

like)

Si (W ) = to
- ' (si Cz ) ) for all i.

Definition : CZ; . 5*0 ) be two stratified spaces .

A finite morphism re : Z.
→ Zz is said to be

stratified of the following equivalent conditions hold
:

Csi É Czs ) - r
- ' Csicza)) for all i ,

lit for every component Wi;
C- Siczi ) . its image

R (Wi;) is 2 Component of 5 ?CZz)
.



Definition ( stratification of lo origin ) .

CY
, 5*1 stratified space . is of to origin if the following

conditions hold :

CH all the strata Ei CT ) are umibranoh
.

(2) there are crepant structures f- ; : CX; -4.)→ Z;

with Ic stratification CZ-j.SE ) and a finite ,

surjective , stratified morphism to: Hj CZ-i.si# I → G. 5*3.

Remark : f :(Xia ) → W is a crepant structure
,

YEW union of Ic centers
,

So CT ) : - tnsicw )

the seminormalization of CT, 5*1 is of Ic origin

Definition ( hereditary log canonical centers )
:

(Y, s* ) stratified space of
Ic

origin .

The hereditary to centers of CT
. 5- I redefined as follows.

G) WET a Ic center WnT→Y normalization
s:(wn ) = I - ' Csi CTD

.

Then CW"
, 5*1 is

.

a

hereditary Icc
.

(2) If WIT , then every hereditary Ice of CW"iS*J is also a Hla of Gas.) .



Remark : Each Hlcc (W!S* ) is a normal
,

stratified space of log canonical origin .

and comes with

a stratified finite morphism 2 : CW , 5*2→ CT
, 52

Gluing relations ; te;
:(W; .52 → 6TH ) finite

set of bloc
. Z.ir : Wi→ Wi stratified isomorphism .

RCTI IT on geometric points at Y generated by
the relations Ri cut ~ Ricci,-↳ Cwb tf w→ tliwi .

The geometric quotient is a semi normal stratification IX.5).

Theorem : CT
, 5) stratified space oj-lco-mgin.LI

and RCTI a gluing relation on Ct
, 5) . Assume that .

the Rcts - equivalence classes are all finite .
Then the

geometric quotient : ✗
u

g :
CY, 5*1 → (Y/RCTI , g-☒5*1
+1N - HN

HSN → HSN .

exists and (Y/Rct) , g-☒S* ) is a stratified spzceoft.co#nf



log canonical stratification :

N : (✗ ,S* ) is CN) if each strata is normal
.

SN : Both X and BX are both

semrnormzl.HN
: X is (Nlt Ri ✗

"
→ ✗ stratrfrable t BCX" ) is t.HN )

HSN : ✗ is GN ) & R :X
"
→ ✗ stratrfiable + Bah ) is CHM

Remark : A stratification of Ic
origin is HSN .

Corollary : CÑ ,ÑtÑI le
,
I :D

"
- D" involution

.

Assume É maps
Ice of CÑ

" ,DiffEnÑ ) to Icc 's
.

and RCTI → Ñ has finite equivalence classes
.

codimension L

Then , there exists a term.name/pm~s-
+ at moot notes m

CX.li) with

normalization (I / ☐ +D- it ) such that
.

Cs ) ( IT ,
It ⑦ , E) = CI

,
Tt D- ie ) and

en RCFJ = red ( I xD )



Towards the proof of 1.4 :

g-
: I → I induced by k×- + ☒ +5.

*
10h02) : I→ F.

F- LIL

image of D
"II .

Dni - normalization of ⑤ .

K×-+Et5

D
"

# → x.hn#.s*FanJs.-T .

Chef H satisfies (HN) and CHSN ) .1
I → ye:Ae

\§✓
Armi F→→F generates a fink

relation R→→I .

It suffices to check this finiteness over

generic
points of strata V0 of Si'T

.

We must cheer R✗sÑ C- 7- ✗ FEE is finite
over 110×2 , z = generic point of f-UH



Proposition : Minimal Icc 's are birational
.

2-→ Ñ- v
Bir T
z

.
-
¥7
I t

source spring

Theorem : Let REI ✗ I be the relationgenerated
by F → I - pi : Spri GT ,x!d)→ sit

be the induced finite morphisms . 2- i; = alg done of
the
generic point of f-Gli;) .

Then

((pixpi )" (RA (sit ✗Sit))×sIi;) nÑ°xÑi;°×szi;)

is contained in the graph Ug PLAID for all

ye Bir ( Zñi; , Diff z?yd) -

Proof of 1.4 : By finiteness of B- representations ,

Ug Icxgll is finite .
hence R →I is finite ☐ .



Proof of Proposition 1.5 :

Ti comp of F- Lot .

Kii 1- Iii = kxtdlt.is semisimple

1-← I-Ii Ti

By Thm 1.4 Kiki is semiample]

Bs Cm 116×+4 )) . moot be contained in the support of T .

mlkxtl ) - T = cm - i ) (Kx +d- epjmmpk
✗ + a - CT - Cm - 1) EP)

← •it

Kottai 's injecting : R' f*O× (marital-t ) → R'f- ClxcmArnab

f.f. ②✗ Cmlkx to ))→f.foot Chart +4-D

1 I
llxcmlkxtl)) -→> Ot Cmckttlt ))

( £
semisimple over S .

semisimple along T
over Sr ☐



Proof of 1.6 :

Tbm 1.4 → Assume CX> a) is 1C

Jlt mod
→ Assume Glad) On - fact + JIG .

F- Ldl

(Tilt ) is sdlt .

CK✗ +d- ET ) - MMP with scaling of an ample . over 5 .

if it ends with a MFS then we proceed inductively .

It ends with a minimal hotel ⇐ every comp d- T is verbal

✗+4 me 0 on the general fiber .
I klt on the general fiber .

IX.d- et) has a
gmm

over the general fiber →
(Xi - ET ) has a

gmm
(X' id' - et 't over S .

(✗
'

il
' ) is 1C , ☒✗ ' th

'

Eso.

- ET
'

semisimple overs .

cxt.gs,
CHUI → CX'Ll' ) Jlt mod .

f- µ•T
'

, KHJ = rpptd .

I
I

'

is a component 1<14 .

**.

""✗ - - - → X
'

k-zetd-i-so-K-itd-isemicmpk.cn
1.5 → hrxdtld semisimple
→ Kx '

+ semisimple} 0AM
→ text semisimple ☐ -


