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• F - Sings
= Sings of char . p

> O

defined via Frobenius

F - ray , F
- rate

,
F- pre , F

-

inj-n.tt
today

• Sings in MMP に minimal Model Program)
= Sings appear ing in the Process of Mmpnn

fundamental Tool in classifying
alg 、

varieties

These Sings are defined

in terms of read of Sings ( char . 0 1

E
.8 .

Terminal
,
Canonical

, log termind

log Canonical 、
、竺 )

today

P ヨ
Connection between F - Sings and

Sings in MMP

F - reg く ) lt
,

F-parento



F - Sings 2

( R
,
m )Noeth.locddomainofchar.poq.pe
R た = 1兆 Frac (R ) が ER } つ R

Assame NP is a f.gr . R - mod .

( F - finite )

Def

(l) Ris F - Pure R い R 名splits.ie
、

GS an R - mod hom

に 4:12名 > R 1 冖 1 )

(2) Ris F - regular
⇐7 0 年 に e R 、

ヨ
q = pe

R ↳ R た が吨
spktsasanR-mod.fm

(
心 ヨ
で 呟 → R c

'会い ま )
(3) A same R is Normal and Q - Goran

renren.net

RC WRC Free CR )
ヨ re N

, 0 年 FER ,



Wが i = (WI 陜 = 主 R 3
も
reflex ive huMacR ideal

,
X ER > o

T (じ ) i = Amon 0
*では
まもなく R test ideal

Z E Hた (R ) Submodulo of HI (R)

Z e 0
*では
Hdm 両 0 キ を ER ,

c a
'など
fぼ だに) = 0 in HIM

Where Filth (RI ) Hh (R ) Frobenius
Action .

Basis Properties

( 0 1 F - ray ⇒ F - Pure

( 1 1 R is Fireg き て ( N ) = R

き て (a
'
l s a for た

(2) If 入 EM

⇒ て (ど ) って (al )
(3) If a a B

⇒ て (ど ) c て ( 1が )



lem If Ris F - Pure , 4

0キヨ J < R , JCT ( J
は
) 10 く を 《 1 )

e.g 、

(l) (恥がいい人だけで)が、
z 、 ( P キ 2 )

is F - kg 、

(2) R 二郎 (

x.Y.ES/x'tY'tZ)cxyzlRisF-pure#PElmod3AssumePElmod13M:
= ( つし 、 は 、

Z ) < R

Then I ( MY = mけい」

In para . i (MM = M
,
Tim

'
ヽ = IPM

Sings in MMP

R = (4 [ ki ' Xn ]/f ,i, fr )| ( x.in ;Xn)
Assame R is Normal and Q - Goren

.



元 : Y ) × proper but morph ism
5

"
W . Y Normal

Spec R (e.g.ms。1 of Sings )

Ky 、
kx Canonical Air of Y , X

R is a - Gov → でKx is defined
nine

Q -Weil divon Y

Ris hlt また
、
VE Prime divon Y

(k) ord E ( K -𠠺 Kx ) 7 - 1

G < R , X ER > 。
( Z - 1 )

We on define the Multiple ideal

J (R.dk R Similarly
Then f (R . R

'
に R Ris lt

N. B .

These def Make Sense in any char .

( even in mixed char . )



Reduction modulo p
6

R = 4 [X ,i , Xn] /( f ,i , fr )
M = (Xi , Xn ) < R

Assame R is Normal and Q -Goran

Coeff . of the fi EZ

Rz : 二 Z ( x ,i , Xn]/( f ,i, fr )
Mz に ( X ,i , Xn ) くRIPEZ Prime

Rp : 二 Fp (Xi 、 ×川( I , i,II

Mp に Mz Rp

Compare Sing of Rat M and

Sing of Rp at Mp

fi Spec Rz ) Spec Z Hat
II !

I T ヲ ( P .I
genetic pt



Xp - f' ( p ) = Spec Rp 7

メ、 != ft (き ) = Spec
で「"水

f.i.fr/SpecR=flathasechangeofXz
known result

(l) ( Hara- Watanabe
'
04 )

If Rp is - Goran F - kg at Mp

( resp . F - pore ) for Infinity many p
一) R is lt ( resp .

k ) at M

(2) ( Mehta ・ Srinivas
'

97
,
Hara

'
98 )

If Ris lt at M

一) Rpis Q ・ Goran F- ray at Mp for
almost aM p

(3) ( Ma - Schwedt
'

18 )

A same Rz is nomd and Q -Goran
.

If Rp is Q - Goran 、

F - ray at Mp
for a Single R

→ Risk at M
-



Thin I ( K .

Sato - T )
8

Assame Rz is Normal and Q- Goran ,

If Rp is Q - Goran .

F- puteat Mp

→ R is learn
for a Single p

Thin I Can be reduced to Them I
'

Than I
'

l A , MAI Complete Normal Q -Got , halting
of mixed char . Co . P 1

兆 MM NZ 0

If A
a,
is F - Pure of char . p

→ A is lc

Def ( Na - Schwedt

( A , MAI as above

A Q - Gov → A < WAC Free ( A )

ヨ re IN
,
0 キヨf E A

wが 二 字 A



0 年 gem.no N 9
At : int . closure of A in Free (A )
U坊 は

ないかはFAmyoBf
ば

BCM test ideal
噪 (A)

「 A

nnnnr

ZE HG (A )
SubModule of Hhy

Zeo。
持の

def Hy (A)
⇐)

ヨ
B int . Perfectoidbig CM 肛 dg
ZE Ker ( HA (A ) 7 Hdma ( B ) )

× fなど
Def ( Sato - T )

0 キ C A ideal
,
X ER> 0

TB ( A 、
ど ) い た 意がな ( A . 8方

Important Properties
(i) TB ( A 、

ど ) c 8 ( A , al )



(ii) ( Restriction than )
10

Assame 版 ,
is F - finite of char. p > 0

→ i ( 脳 ,
0 名、P ) く あ ( A ,a" 制

Thin I
'

follows from ( i )
、
( iil and Lenin

Q
.

Page 4 ,

In generally ( A , m ) Noeth 、 halting

NEM NZ0

名 , is a - Gor 、

A is Q - Got
.

What if Rie is NOT Q - Got ?

Thm 2 ( Sato - T )

Suppose Rz is NOT nec.IQ
- Got

.

( weassumep.is Q - Got )

If Rp is Q - Got
.

F- regat Mp

for a Single p
→ Ris lt atm



1 1

km

In the Proof of Thru 1
, We use in ( Rz )

But
,
in Thru 2

,
Since IN is NOT Q - Gov .

IB ( Rat is NOT defined
,

We use での ( 4で は、がけ
ーー

の instead
.

S 。 far
,
We discussed andmetre deform

of F - Sing .

Next
, We discuss geom.deform of F - Sing .

Detonation Problem in CA

( R.MINoeth.laduring
NEM NZ0

If R何 Satisfied El ,
does R satisfy ( II ?



De formatin Problem in AG
に

f : X ) T proper Hat
II

(D is a DedeKind
,

Spec 0
domain

T 7
「 closed pt

ら を genetic pt

If た i = f
'け ) Satisfied El

does ×ぞ = f'は 1 Satisfy (I ) ?

Assame ( R ,ml F - finite Normal focal
domains of char . p > 0

0 = たけり た Perfect find of char .
P 7 0

Known results

(i) 哆 , is
Q - Got

. Erg ( resp . F- Pure )

や R is F - kg ( resp . F- Pure )

( Singh
'
99 )



(ii) As same R is a -Gor
、

1 3

%4 は Q - Got
. Erg ( resp . F- Pure )

→ R is F - kg ( resp . F- Pure )

( Aberbah KatzMan - Mac Grimmon
'

98
,

Polska - Simpson
'
20 1

~7 If X is Q - Got .

Xi is Q - Got . Frog ( resp . F.ph
→ X、 is F - kg ( resp . F - Pure )

Thm 3 ( Sato - IT )

Suppose X is NOTnee.Q-Gor.hu
t Xz is Q - Goran .

Xt Q-Gor.F.mg ⇒ と F - kg

Ren In dim 2 ,

F -kg ⇒ F
- rate ⇒ Q - Gor

、

Thus
, if dim Xi = 2 ,

XeF - kg ⇒ X、 F- kg



( in the case
,
Q - Got of X, is 14

AutomaticaMy Satisfied )

So
、
2 - dim F-reg.de form in AG Sense !




