ASCENDING CHAIN CONDITION FOR F-PURE THRESHOLDS

[ 3 PN

BEE. RECEMZEIIG S AR T T L2017 I28WT, fHHOKRE 5 AT RS o7, HETADREERR
&, MEE=SE, EEREREAICE# AR L LI £

A

RO R EORFR A T 7))V O R SOE X 2 BUEMZIE» 282 LT, FHBME (F-pure
threshold) AAE X NS (EH 1.9). ARTIX, ZTD F MBMERAD 2 TEAABESEM (ACC) &
SIWARME 22T WS HEREENT 5.

12T, FIHME LT, BEACETA2EANLRHBOEZZ2EE L TV, 2&ETIE, TEH
DBERHTH S, B0 TOMEBBMZBITS Mt D ACC) IZDOWTDETHEEZBNL, FTOHE
EH 1 28R 23. 3ETIE, EEHOIHOR CEER&E %5729, Ultraproduct (2 DWTH#EFL,
ZTOB_OHDEEHMTH L ETH 2 28RS, 4= TlE, EEH 1 DHHOT A T4 7IZDOWT 5D
DATY T THRL 5.

1. RSB O E %

ZDETIE, AMTHEOIRERDI IATHS, i Ff, 58 F LA, log canonical, kIt DE# %
B9 5.

L1 N ETIIERICENZHESR. £9, MUNETIVEGRIZEN T~ ORENOEHR D SEHET 5.

k2 ERERONRBEMAR, (X,A) 2k Eoxted5. 2F0, X ik k EOERREZHREATHD, A
EZFDLED R-KNFTH>T Kx +A D R-Cartier L2255 5BEDET B, f:V — X ZIEHNARK
SRR Y D5 OBIENEEE & L2RE, YV EDO R-HNF Ay %

Ay = f*(KX + A) - KY

WZEOEDS. 72770, Ky 1%, ¥V EOEERTTH-T, fHRRBERESTIEI Ky & —HT5L51
EFOTHL.

EE 1.1. X (X, A) H kawamata log terminal (BAF klt) (vesp. log canonical 1c)) T 2 & 1%, {LED
ERRBEZRRA Y CEBOBEENEEN f:V — X IZ2WT, Ay DFTRTOFRED 1 Kl (resp.
1T ThdIerED.

EEDNS, kit 51X 1c THB. 72, (X,A) D log resolution g : 7 — X % —DFE L 72,
(X,A) DKl (resp. lc) THBZ k&, Ay OFEEMTNT 1KHE (resp. AF) THBZ LWFAMETD
LZzenmonTsED (FlzE [KM, Corollary 2.31 (3)]), Rz X ALEAIOR, X (X,0) ik kit TH 5.

EOBEEOLLZLE, Kt ®Rlc L WoBRED Y T A, MUNETIV TS T LEEITT SHH
WEREBNS 2 S ATHY, £—AT /NTFEOBREERZILOLTILORWVEEEZFEL TS
D, BAIZEHIERICEERRRETH S,

BABEMZBWTEHERT 7=y 70—212, KNFOEEFHNHS. X 5N kit i (X, A) 125
Uklt WS WHEZE-72FEFTAZDURES L THADHEMEIT DL VWS FIETHS. ZDLI %
Wi E T ORI, MREADI IAVRENIBEEZZZDITHATHS.

T 1.2. (X,A) Z1lcxf, D#0% X FLOAR R-Cartier 235, ZOK, DD (X,A) X8I}
% log canonical threshold 1ct(X,A; D) BEARTEE 5 :

let(X, A; D) :=sup{t € Ryo | (X, A+1tD) IX Ic} € Ry

¥RIZ, log canonical threshold D T 7 IVARIZ DWW T H RIBRICEERT 5.
1
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& 1.3. (X,A) 2REEAEKE LoX, 0£aCREZATTIN, t 20 2EHELTS. ZOF, =D
(X, A, ab) 23 klt (resp. lc) TH B &IE, EEOEENEES f:Y — X TH->7T, a-Oy = Oy(—F)
L73Y E® Cartier ¥ F BFETELEIRHBDIZOVT, YV EORRETF Ay +tF OFTRTOHF
A1 Kl (resp. BAR) &5 2 L% 5 5.

1T TNDEED, kit ®lc &\ o 2B IE—D 0 log resolution THFHANIE+HTHS. 28, a=0
DOHEE, (X,A,a) Tkt THle THRVWENRTEZLIZT 5.

EE 1.4, (X,A) 2REEUEE EDQ1lext, aC REATTNETSD. ZOK, 0£aC Ox D (X,A)
IZ81F % log canonical threshold %

let(X, Aja) :=sup{t € Rxo | (X, A,a") I 1c} € Rxy.
CEOEDS.

BB, (X,A) Ble THRVWEHER®, a=00KE, let(X,A;0) 1IZ0THEEMRTE. £/, A=0
DI, let(X,0;a) ZHIT let(X;a) & BEL.

FRE L5 (X,A) 2T 5.
(1) D %0 THRWAS) Cartier T DR, let(X,A; Ox(—D)) =1ct(X,A; D) TH 5.
(2) BU (X,A) Akt 22 51F, let(X,Asa) =sup{t > 0| (X,A,a') i klt}. TH 5.

1.2. EFHORER. EEBIZBWTHEIE 21T Z L 3IEFIZH L WD, 7Jux=y X5 4&%
FUMZHERZEH LU TV 22BN TH 5. KT, 1o, kit, Ict 2EZX2RbVIZ, FTTEHEIND
Mg P, M FIEALL, fpt EWoe 7R ABEKBIZEVEBINLIMWSTESBMI TNV Z L
T, BWHEMPHETE S Z L%\,

REEEMp>00D8, F:R— REZ7JURZURAER (rc RIZDWT, F(r):=rP) £T5. {f
HORMMEEM CEROHARK e > 01220WTC, MIZFC2BUTRMBEEARLIZHD%E FCM &
ML ZBEE UCTIEM = FEM THEHDT, ZOMNBIZE>Tme M IZRIET550% Fém e FEM
tELL RV EFP-AEREIEE, FORERNEZ2ZETHS.

AR, RIZHIZEES p>0 D F-AEA— 2 —FHEEHE 35,

ER 1.6. F-EREWIIREIX, 2L DHBETHRIILTWS., EE, RO DODEGEIZIE RIZ F-ART
B3 ENMBIZDES.

(1) R PEL2E EARBENERE DK

(2) R b — X — 2 BRI CZ ORIAED FAT RO

£ 1.7 ([HW02], [Sch08]). A % Spec R EOAER R-KT, 0#£aC R, t€Rsy £ T 5.

(1) (R,A,at) B FMTHDLIE, H2EARKe>1 2, H2HE0maca™@ VI RH-T, R
TEEE LT o B

E

R — F{(R([(p" = 1A]))
ro—  F¢(ar?)
MDRNFFE LTHRT DI L2V,
(2) (R,A) MR F EHITH D LIk, TEDTLcA0e RIZHL, H2ERKe>1 L, HBIH0L
a€altP =V 3% 5T, RINEEL L TOHS
R — F{(R([(p" —1DA]))
ro— F(car)
MDRNMFFELTHRT DI L2V,
a=RM»PDt=0DKDO=2f (R,A,a") DZ & ZHIZ (R,A) &EL. HIZA=00DK, BIZ IR
PR FIEA 2, TR F ) LIRS, £72, a=0 ORHIHEICH F ERHITHE FHITH RV EHR
T3, EENS, MFEARSIEH FHiTcHs. £72, RPVENOR, RIEE F EHTH S Z L2
5NTWVWAS,
kit & lc ZIEZNETNROVHIEAHEEEZXSNT VDS, 7 XIFRD LS RFEEVH SN TN 5.
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8 1.8 ([HWO02, Theorem 3.3], [Har98]). (X = Spec R, A) % EAHONREPAK E Loxe 956, Z
DIRF, RKIPEEL.

(1) (X,A) »8 F #7251 e

(2) (X,A) 2% FEAIZ 51E Kt

(3) dmX =2, A=0,p>5Thd4H6IX, W FIEAE kit iXFE{HE

F-—M%iZ, kit 238 F ERNZEETIZZARWDS, mod p BIEOEEKTHIELTWA Z EAH ST W
% ([Tak04]). lc &@i F#IZ2WTH, mod p BEIGDERTHIGEL TWSEEAS L FRINTWS. £
Dz H, 0 TKlt THRWEEWZIEDS /A T7IV] LIEENE A F7EE, FERTHE
FEHITRWEAWEZ TIPS THES T TV (i) ORIZE BWEBMESTI ST W5 ([ST14]).

EE 1.9 (RA)ZBFAMEL, 0£aCREATTINET S, ZOWK, a® (RA) IZBIF5 F
%

fpt(R, A;ja) :=sup{t > 0 | (R, A, a") 1&8 F#i }
ZEDEDS.

(R,A) 28t FRITRWVE® a=0 DR, fpt 10 &WRT B, F7/2, (R A) »E F EHIOBE,
fpt(R, Aja) :=sup{t > 0| (R,A,a®) I& 58 F 1EH] } TH S ( [Schog]).

BRI, REREEAD.
EE 1.10. (R, A)ZEELTOEDELUT, a,b CREFHOATTI, 5,6 > 0%2FHELT 3. (R,A,a'b?)
N FMThELE, HDe>0,HB acall"V 2 H2pcolsE VI RFEHELT, HE

R — Ff(R([(fe—l)N))
r — FZ(abr?)
MRIBEE U TART LI L2\,
i F ERIOBEEGH S FRICEHRTE 5.
1.3. MEA T 7. B F FATHRVWESEVWEEIPEITTNVTHIHUEATTIVEEHT 5.

frE-E % 1.11 ([Sch10, Theorem 6.3]). (R, A, atb®) ZEFE 1.10 DAY £ $5. ROITFTNJIC RN
(R,A,a'b®) IZBL T F-compatible Th 5 13, FREOERE e >0 LAEED ¢ € Homg(FC(R([(p° —
1A])),R) iZ2WT, @(F¢(Jalt"=Dlpls®* =Dy C J bz ed 5.

Z DK, 0T\ F-compatible 1 77 VOHFT, GEBRIZOVWTRNDA TTIADBEHETS. Z
Nz (R, A, atb®) OHIFEA T 7 I (test ideal) LI, 7(R, A, alb®) & EHL.

a=05L<IEb=00K, HESTT7MI0OATFTT7IVERNRTS. b=R, s=00K, 7(R, A, ab*)
% 7(R,Aat) &L

HE 112 (R,A)d") W FEAITH S I L L 7(R,A,a") = RDPFEHETH 5. KT, (R,A) MR F IF
HIDKE, fpt(R,A;a) =sup{t >0 |7(R,A,a') =R} TH 3.

R FAEMRA—X—EHERET DL, ROEHERT Kg 7%, dualizing complex Z i TE&HR S 1
5. (BIZWE[ST17, 2.2 8i]) R EOER Q-+ A 2 Kr+ A %730, (R,A) % log Q-Gorenstein
LW (B, ZOMWHEIX dualizing complex XEHERT-DELD FiZ L 570, )

& 21, R DPIERIDOKHIN (R, 0) I log Q-Gorenstein TH 5.

i 1.13 ([ST14)). (R,A,d}) ZEFHK 1.7 DD L $ 5. FHIZ, (R,A) & log Q-Gorenstein LAET
%. ZOWRRDPRILT 5.

(1) fFRD s> tIZDWVWT 7(R,A,0%) C7(R, A, al).

(2) BE2EHe>0DPFELT, FEDt<s<t+ellD2WVWT, 7(R,A,a%) =7(R,A,ad).

(3) BL, FED s <tiZDWVWT, 7(R,A,0°) 2 7(R,Aal) BEDVDLE, teQTH5.

HFE 114, o@D (3) 27T LS5t % (R, A;a) O F-BkEEE (F-jumping number) & FE.X. {F
H 112 &b, (RA) »& F 1EH] log Q-Gorenstein DI, fpt(R,A;a) 1%, (R,A;a) OE/ND F Bk
BThb, R ER5.
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Bz, HES T TNVOEARNLEED > LA THEDONE ED%RZEIT 5.
fHEDA, RIZZEAEE EORIHHER k[z),...,24] &L, A=0,BL. ZOH,

F.R=®\R- F,(z"),

72EU, A=) B0 N <p—1%R38TDONeN 2ES. %7, 2 =1 ...a:;‘d €ER
L9 5. ZOW, RIMBHERM Tr: F,R — R %, F.(o}'...2)7") BANOHE L LTED 5.
8 1.15. R=FK[[z1,...,24)], , bC R ZF 01T TN, s,t €Rso &7 5.

(1) ([HT04]) a DERTOMEEE | &35, t > 17251 7(R,a'b®) = ar(R,a"16%).
(2) ([ST14, Lemma 4.4 (b)])Tr(F,(7(R,a'6®)) = 7(R, a*/Pa®/P).
(3) ([Tak06]) T(R? (Cl + b)t) = Zu,vER207u+v:t T(R7 aubv).

2. ERER

2.1. = 0 DFITHZE. log canonical threshold (2B ZIERITFRWARMEEZ FRL TWA DA, AT
D Tet D ACC) TH3B. ZIT, HREE (I,L) PEHEEM (ACC) 2T 2k, I NOEED L
FH () neny D5, THAKEV N THIZ 2, =2,01 ZWZTIEE2 VD,

EIE 2.1 ([AFEM10]). 280 ONRBEAMEK E ZEEL, n>1 2HAMETS. ZORROES LCT.®
X ACC 2 AT :

LCT:® := {lct(X;a) | X I& n IRGGIHFRLRIK, a C O).

ZOEMIE, b Shokurov ([Sho92]) (2 & D ZDEIAFHEI N, £ DEFIZX DAZEI LT
NTE7.

¥7z, EROEHMBIEHE I N2, Hacon, McKernan, Xu 512 & 2 KigX [HMX14] OHT, £
—ALESNZIETH ACCHKILT B Z &AVREN, B0 ICBIT S Tlet D ACC) I358IP 2 WA 7=
£/, let D ACCIE, WHEBEEMIZE T4 DERMELMSBERLTE D, BURIZEIERIZEE LR
EHCH B ([HMX14)).
2.2. KD EEE. Blickle, Mustata, Smith 512 & > 7T, EH 2.1 OELHILE U TRAFRI N,

F18 2.2 ([BMS09]). k % FEBONBEME, n>1 2HARMET5. ZORROES FPTI® | ACC
79

FPT® := {fpt(R;a) | X =SpecR &k LD n WL T 7 1 V%K, 0 C R}.

fpt 1X Ict L&V, WEHEDOE LTI LI LR, TDd, 0 LI BRsT7 To—
FRRELRDL., ZDD, ZOTFRIZ2IRTDGETT S RBIRTH > 7-.
AREzBIT—2HOEHIZIRTH 5.

EHE 2.3 ([Sat17, Theorem 1.2]). EOFAILEL W
FEEE, pt ZBROBAERHMEDOE LTS EL 2B E5DT, LRDOEMRIZRDOEEHN SRS,

FEEHE 1 ([Satl7, Main Theorem]). k % EFBONREBEAR, n>1 2BRE, R=Kk[z,...,2,]] X
SHBERE T 5. ZOWE, ROES FPT(R) 1 ACC %H67-7 -

FPT(R) := {{pt(R;a) | a C R}.
HR 2.4, B [Satl7) T, o —MWRKE, 72 A RICKREMEZHFLZHEEEAO THEE
DEREZLTWS. [EffE ERKICFEH IR [Satl?] 2 TEL 723\,

3. ULTRAPRODUCT IZ DWW T
ZOETIE, FTHOIEHTEELRZE % R 7 ultraproduct IZDWTEH L 5.
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3.1. Ultraproduct D EZ.

E&E 3.1. NORZES%Z P(N) &5, 4 CPN) MROMEE TN THMT & E, non-principal
ultrafilter & IEZ,

(1) EEOERES ACNIZDWVWT Ag4

(2) Ac, ACBCNZRSIX Bed

(3) A, BeUXolX AnB el

(4) FEDACNIZOVWT AcUBULLIEN\Acu

Zorn OFFEIZ X D, non-principal ultrafilter I3/FET 5. UM FZDE 5% U %2 —DFEET 5.
EE 3.2. {Tn}men 2HEOOKET S, ZOW, ERES [[, Tn CFAHEF ~g 2RTAS :
(am)m ~su (bn)m & {m €N | a,, =by,} € 4.
AT} D ultraproduct ulim,, Ty, %
ulim,, Ty, == (H Tm)/ ~u -

IZE O EHTS.

(am)m € [T DED B2 T A% ulima,, € ulim, T,, LFHEL LTS, &me N TELADE
B fr T — Sy BEZ SN E, B ulim,, fn @ ulim,, T, — ulim,, S,, »%, ulim,, a, —
ulim, fm(am) CEDEES. TEHEAELLT, £8TDOm TT, =T & LK, uim, T, DI L%
T eEEZ, T D ultrapower LIEI,

wE-E#& 3.3 ([Gol98, Theorem 5.6.1)). w = ulim,, a,, € *R ?%, sup,, @, < co X inf,, a,, > —oc0
BT EARET S, ZOR, REHIZTER w) e R B —2EFET S

ERED e >0122VWT {m e N||am —wo| < e} € 4
ZD wy % w D shadow LWL, sh(w) &h<.

3.2. Ultraproduct OXEHEIE. ultraproduct 132 < OREBHEEZHE D Z L BH SN T WD, FIZIXIR
N HRIZHERTE 5.

W 3.4. ETDOm TT, P& &35, ker([],, T — ulim, T),) 1FERE [],, T, D1 T 7T
HY, ulimy, T, 121 [], T, ORIREE UTREGEMAAS. BIZ, ®TD m T T, WK (resp. Hif,
R, RBPA, EREE) 6T 58, ulimT, 35 TH5.

& m T R, 8, M,, % R, ML 32 &, ulim,, M,, 1FBERIZ ulim,, R, NMETH 3. Kz,
am C Ry, WXL, ulim,, a,, (EEHRIC ulim, R, DT TT7LVTHB. FIZ, (Run, M, ky) DIEFTERD
B, (ulim,, R,,,ulim,, m,,,ulim,, k,,) ($EOCRHAEE 5.

1 3.5, ultraproduct %, < DHFEF— X —HIXEZRV. e 2E, R=Fk[[z]] & U7z, FTER
(*R,*m,*k) & 272 & &, ulim,(z™) € Np(*m)™ 7RO T N, (fm)™ £ 0 TH S, Krull DR ZEEH &
D *RIFA— X =T\,

EE 3.6. (R,m,k) 23— X—FFERE U7z, £D catapower % * R DFIRER
Ry :="R/(Nm ("m™))
TEDD. £z, *‘mDOH%E my &EFL. (Ry,my, *k) XEMERTH 5.
WOEMIZELD, Ry 32— X —BITR3.

EH 3.7 ([Schol0, 8.1.19]). (R,m, k) %S — X —@HiBE LT, ROBKEIALE — R 2EET
%. ZOW, XOFEMAPELT S ;

1%

Ry R ®r(*k).

BHZ, Ry 54— X —RFEICH 5.
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ulim,, frn € *R DB % [f]lm € Ry £EL. 72, 477V ulimy, a,, C*R B % [a,]m C Ry &
=<,

Bl 3.8. R=k[[x1,...,zq)] £ UKE, Ry = ("k)[[z1,...,24q)] THB. &A= (A1,...,Aq) N ZD
WT, 2= att 2yt BT B f = 3 ena amaa € RISHU, [finlm = Xy enelamalma® € Ry T
H5.

ROMBITEZD STBIZREDS A, Ry TOATT7IVCETME,S, R OERED A 77 LIz
TR A BICEE LK E A R T

& 3.9. (R,mk) 22— X —JFFE, a,,b, CREATTNETSD. LU [am)m C [bn)m C Ry &
T2, EEOERE N ITDOWT

{meN]|a, Cb,, + m"} €4l
3.3. EEHE 2.
EEE 2 ([BMS09], [Sat17, Theorem 1.5]). R % F ARIEAIEFE, {an}m & ROEDA T 7 IO

95, ZOR,
sh(ulim,, fpt(R; a,)) = fpt(Ry; dso)-

T2 Ll 113 (3) MlAadbEd L, HEELIZRBELONS.

% 3.10. R, {am}m ZEEH 2080 & T5. ZOK, $ U lim, o ipt(R; ap) BFET B2 51F,
ZTHIIEHRETHS.

ZDRIE, FEM1OIEHIZE W TEERAE 2R,

4. SFHOT AT 4T

ZDETIE, EEHOGHOT AT 1 7 28RS, LIV, EEBOTEREE L AREd > 1 ZEE

41. & A= FEE. £7, FEHOENTEEL RS, &I AZEETS.

E&E 41. aCREATTIN, t>02FEK M>12HRET 5. (af, M) D5 A 25723213,
fpt(Rja+mM) <t bz eed 5.
{am}men ZAFTLVOBE TS, ({an},, M) D&M A 2724 213, BWEMED m T (af,, M)
A BT LT 5.
WE42. 0AaCREZATTIN, t>0 2EHETE. ZORRIKAL.
(1) FEDALT TN Da 20T, fpt(R;b) > fpt(R;a). Kz, H Ut <fpt(Rya) ROE AR M
IZDWTH (af, M) 135 A 27 S 720,
(2) fpt(R;a) = limy—oo fpt(Rya+mM). BHZ, £ U fpt(Rya) <t o, +AKREW M THIZ
(al, M) 135MF A 277,

W 4.3. TREOHARB M >0 1220 T, ROEE FPT(R; 2 mM) X ACC 2i#7-7 :
FPT(R; 2> mM) := {fpt(R; b) | m™ C b C m}.

Proof. B, [Sat17, Proposition 4.1] {2 & D, M OAIKFT 2 AR N B EFEEL T, FPT(R; D
mM) C (1/N)Z TH b, FZ ACC %iili7= 3. O

ER 4.4. 1 TTNVOBZEME ADBLT S LW, FEHEZRET S E2HHTS.

FTEEHERET DL, 1T TIVOME {an}tmeny THoT, Fl {fpt(R;a,)} HWE EHHE 25 X
SEND. ti=limy e pt(Ryay) EBL. ZOK, HEULHIZERE M >0 PFEELT ({an}l,, M)
D&M A ZW-T L, FEIEPNDS. FEEE, BOFI TR HZ, LEDm T pt(R;ay, +mM) <t A
Bsre LT kv, —7, @ 4.2 (1) 225, lim, fpt(R;a+mM) =¢ LK 7T 5. LA L ZNiE, Prop
A3IZFETH5.
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UEDEZRIZEY, 526N TTIVORIZSUTEHM A 2B IEEE5BERB M 22 h 3
E, ETHNEINDS. ZOLD R R FEHIEAODOFEL LT, HU catapower 23E
Bd 5.

BIRE 4.5. GASNIZERHL >0 L ROAT T NVOWE {ap}m WL, o = [am|m C Ry 25X 5. B
L, H5EKBM > 025U (al, M) D5 A 27297251, {an}t,, M) &M A Z2HTHh?

BRI o ZOMBEDFERIFIEL BV, ZTZTUTOHITIISERM A %, LD catapower & FHMED
BROWRATESHMA TN Z 2 HET. BAERWIZIEK, UFTH5.
(1) 4.2 8T, &MBZEHL, &MB= &MA27RT. (fE 4.11).
(2) 4.3HiT, FMFECEEZL, &M C= &MFB2RT. (A 4.16).
(3) 44 8T, MDD ZEERL, [F&MHED = M Cl £V ERICEBIL 26a#E 4.20 2157
(4) 4.5 8T, Tas = [am]m THRMA D BEALT NI, HRMIED m THRMED 2FNT 5] 2005
b7l 4.22 ZRT.

BRe o, [&M4D = & Cl & Tay, TOZRMD = MEMED m TOSRMAE D] IFHIZEL <722\,
(FERE 4.21 4.23). [Satl7] TOEBEOFIHIZEWTIE, INSDEALT S X D1T, KD L4484 CDE
FITHEAMNRBEERET Z L CHEEL TWA A, AETIEZOWMTIIIBE AL LIZT 5. F7z,
D E &M COEREZMBIEL2D, FEROFMZTRIEL72DIT1E, ThoilabEsE TSR
T AXEHBOERLEENKETHS.

EIEHOEMERER, FIR, FEPIE [Satl7, 5 #] 2 2@ 230,

42. 4B = KA. A ZFESRHITEMELLUT, £MB2EHELEZWV. &MBo#r250
&, B2 RT L THE. 41 F TN aC RABGEZSNEM, pt(Ra) 1, t— r(R,a") &SRS
EDEXSNBEME Ry — P(R) 2R3 THNS. &F A 2E2 25102 OEEEEELT,
(t,5) — r(R,a'm®) I & D 52 5N BG4 (Rso)? — P(R) 2 EA 5.

EH 4.6. a,bC REATTNETS. ZOK, (R;a,b) O F #i%8iE, (F-pure region) FPR(R;a,b) C
(Rs0)? ZIRTEHT 3 :
FPR(R;a,b) := CI({(t,s) € (Rx0)? | (R,a’b*) I8 F #l })
= Cl({(t,5) € (R0)* | 7(R,a’b®) = R}),
727U, C1T, 2—7Yy NMiMHIcET 282 KT 22 L &3 5.

5l 4.7 ([Pér13, Example 5.3]). R :=TF3[[z,y]], a = (zy),b=(x+y) £ T5. DK, FPR(R;aq,b) IZ
1D &S REE L5 (&0 FMZRKIL [Pérl3, Example 5.3] 2 2723V, ) ¢

A+ (&1 N Y

FIGURE 1 FIGURE 2

4

—%, Rg = Clz,y], a = (zy),b = (z + y) [T DWTHEBRIZ log canonical region LCR(R;a,b) :=
(t,s) | (Ro,a'b®) ld1c} & X 5. X = Spec Ry DA TOBERIZLD, (X,a,b) D log resolution H°
Boh, ELFHEIZED LCR(Ry;a,b) CRZ AH 2 DX 51225 Zehbhrb.

# 4.8. ETEF L7z log canonical region LCR(Rp; a, b) 1%, —#HYIZIE log canonical polytope & I
IENLCT(Ro; a,b) LEPND Z DL\, ZOHFHRET 538D, LCR WD TH rational polytope
12725, Z X loc canonical & WS ME 23—DD log resolution 721} THERAIAETH 5 Z 1T L T
W3, —J, EOFIMPRTED, FHEEIE polytope 1213725, fractal D & 5 MBI 5.
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E#&E 4.9. aCRZEZATTIN, M>0%2HARMET S, (at,M) 5M B 23723 L IJIRMPRILT 5 Z
LedB:ICR2 %, HED —M T (t,0) 2BEDIEME UK, INFPR(R;a,m) = (.

5l 4.10. il 4.7 LUK, Ry =Clz,yl,a= (zy),b=(z+y) & T5. £LFEHt>1 2EETS. Z
Dt ZBOMEEA -2 L2 HEME 1 £ T5L LOR(R;a,b)NI=0 Lohrb.

R =TF3[[z,y]l,a = (zy),b = (z +y) DHEIF, M1DLSZ, HBOERAPHRD THRVE, 54
Uil Zsigin s e 25, LAL, BIZIZIROESICT5 L, EDt>1IZDW\WT, (,0) %380
E M= -3 DEMRIFPR(R;0,b) ERXDLRNVI EDDND :

£, ETOEAB > 01220V T, Eifly=—z+1 EDH
3"—1 1

3n 7 3n
#Z%. [Pérl3, Example 5.3] &0, P, & FMBEBOBEFIIMEL TEY, FIEEOGALNA
T QER?2IZDOWVWT, HULHEn BFEMELT P, <Q %51F Q € FPR(R;a,b) & bh b, /2L Z
T, fEED P = (2,y),Q = (2/,y) IZDWVT,

P, = ) € R?

P<Q¥s<a poy<y
LEHT S,
G, EROER > 11220WT, & (1,0) 2@V HE -3 DEME [ & Uk, INRL, DEREDONQ
X, 5 nlZ2VWT P, <Q %Zi#i7=9 DT, INFPR(R;a,b)=0 TH5.

oy // ' /R
b
Y xe

8 4.11. aC R 21T 7, t > pt(R;a) 2, M >0%2HRKELTS. ZOH, (af,M) TSR
f BOSEL D NLTUE, (ab, M) 135MF A 2729,
Proof. EOFEH e > 012U, I CR? %, f(t—e,0) ZBEVEHE —M OEMHETS. £MEB L,

FPR(R;a,m) D287 MERS, HDEEKe >0 PEFEELT, I.NFPR(Rja,m) =0 & TE5.
—H, 115 (3) &b,

(R, (a+mM)'—%) = > 7(R, a"m™")
u,ER> 0, utv=t—¢
Ths. UL, utv=1t-cBBFEED uvIZNL, & (u, Mv) € RS, E 1. EORBZDT,
(u, Mv) ¢ FPR(R;a,m). L72A%5> T 7(R, a*m™?) C m.
UEXY, 7(R(a+m)i~5) Cm THY, 5M A ML a

4.3. & C = &4 B.

ER 4.12. —fMRIZFPR OBFIZT7 77 XVINREMS 28O0, #1410 D55 {P,} D& ST, 5
FAEMNRIDEVEHIE TS5 Z L2354 B OHTH 5.
LOBIDE P, = (20, yn) Oz BIE 2z, 1%, 10 3ERHA
1= 2
- =1 Si

DOn+1HHABEZT VB TEZEDIMZ S 2\, £, y B
yn = Ipt(R, a®;b) := inf{y € Ry¢ | 7(R, a""bY) # R}

ThoT-.
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ZOBRIEDOTHRECEEHZ LV, T ¢ EEMOEENLSEHL £ 5.

EE 4.13. t€R>0, qu>27nGZ T 5. t@q;ﬁ@%k@g LT, IRD_DEEHT 5.
(1) (g == [tq" —11/q" € Qxo.
(2) t9 = Ttg" =11 — q[tq" " —1].
g BEEENT OB, ZTh (), RO 0 £ 8L,

RO RIAHEAITRTEY, ) 1Ft D ¢ EEBAD n MiiH%Z, (), 1% ¢ EEFD n+ 1 FHH A% )
DETHELEDTHS.

Lemma 4.14. t,q,n % EO@EY 2§ 5. ZOK;, IRWKILT 5.

(1) 0 <t < q.

(2) FEED n<<0 Tt =0.

(3) t=2ezt™a ™.

(4) (thnq = ngn t(m)qu'
T 4.15. (al,q, N) %M C 2h=d 21k, RO nec Z IZ20WT IRORFERANH-ZINEZ
bl I

fpt(R, am+1a;m) > fpt(R, alma;m) — N/g"

W8 4.16. aC R ZAFT), t>fpt(Rya) ZHME, ¢>2,N>0 2HAKL TS, ZOK, HL
(at,q, N) DM C 27297 61E, t,q, N DAIHIFT ﬁ’?’%ﬁ M DEFELUT, (of, M) D%t B%
W77
Proof. Iy C R? %, & (t,0) 2@2MHE —N OEMETD. £7/2, E8M n e Z ZOVWT P, =
(n,yn) € FPR(R;a,m) %
Ty = (g Yn = IPt(R, a®";m)

WWEOEDD. £, Qn:i= (x,y,) ZHEM]) LEM2 =2, ODXRETS.

G, ZMECEVEED N Ty <yYnt1 + N/¢" THD. —1i, 21 <z + (1/q) KEET B L,
y;’LJrl =y — N(@ny1 —2,) <y, — N/¢" THS.

ZOW, EREDOnIZ2W Ty, <y, (2FD, P, idly KOETIFE) THS. EE, > pt(R;a)
BOTHAREVnIZOVWT 4, =0 RDTIDHy, <y, THB. BT, BL ypq1 <yl B

Yn < Yny1 + N/¢" <ypi1+ N/q" <y,
PAE & D IR RES.

tDREHEBTHDZIERTSE, H1410 DLSIT, 5K (40) 2BV EHEPEADER] TH-T,
TRTDOQelINRE IZxL, B n MH->TQ, < Qt?& Eoenb. ZOEE -MI, g N
LtDATKIFELTENSD. O

44. D = £ C. LOFHTEHELEEMECIREMEB LEST, n 222V TORMENETR T
Sl moTW5, ZORMNEDABIZBEL RBE5ENENSEHTEEMD TH 5.

# 4.17. (a®,q,n0) BHRMD &= T L1
(R, am00) = 7(R, al*)ro+ra),
Wil hsI LT 5.

[F-BREE D BERNE ) &0 DS FRLOMEIZE D, a,s,¢ ZEE LUK, T2RE W, THIZEMAED
(=9 AVAC RN

R 4.18 ([ST14]). FEDA T TV a EEBDER s> 01220 T, $50<s <sPMFELT,
BOFEHM s <t <siZO2VWTr(Rat) Ftickod—&. Kz, +AREVRIZDOVT, EIZ

»7-(R7 a<5>n~9) — 7'(R7 a(3>n+1~Q).

RIZEMED L& C OBMRIEIZOWCER L 5. £, THEBIIMEERNMNU & \W O SN RHEEL» S
BHEUES.
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Lemma 4.19. p 2%, t € Qs £ T2 LIRMKIL.

(1) 2R a,b BH->T, p*(p® -1t cZ

(2) HB2EREe>00H->T, g=p° & UK, q(¢g—1)teZ.

(3) (2) D qiz2WTt D qHEREFAD n 7 H D IIEED n > 2 T,
Proof. (1) 2 HRE s,a>0&, p LEWIRZERE r > 0I12&oTt=s/(pr) ENTF 5. HRE
(Z)rZ)* OLi%E b &T5E, pP =1 (mod.r) bbb, e:=ab b THLE. (3) HDHARK s
Z2OWTt=s/(ql¢—1) &HFE TS, sz q—1TEHZZ LT, BARa,l TH>T, s=alg—1)+1 &
1<I<q— 17z ENd. 20N, t=(a/q)+ (1/q(q—1)) £72Y, TOREEDn >2 Tt =1
Lhhs. O

B 4.20. t € Qoo ZHHEE L, g =p° 2 qq—- 1t €Z %22 L EET S, 1 :=t2 LT
s:=ql/(¢g—1)€Qsg &BL. a,b CREHIFEAT TN LTS, HARBng % (a°,q,n0) B5M: D % i
723 &kHEB. ZOK, qng DARIHEEFETE2HAB N DFIEL, EEOBEHAE > ng +2 1ZD20VT,
IRDREXDEAL
fpt(R, atn+ia;b) > fpt(R, aPma; b) — N/g™.
Proof. N = g™t 2&M%2i-T2 %2R, % n T, vy, = fpt(R,allmab) > 0, ¢, =
[qn0 Ly, /g L e B ZOWE, v, <), <yn+(1/q" o Y ThHB. K, 7(R, a<t>"vqby;) Cm
THhb
sDEFZELD,
a:=q"""(t)ng — (S)nosq
XHARETH D, FHIZ
a=q"""")n+1,q4 = ($)no+1.q
b= L TW5,
Z O, @ 115 (1), (2), KOEMED 25 &,

7—(1-{7 a<t>n+1,qby;+1)
) (P (Rt V)

_ 'I‘re("*no)(Ff(n*no)aabqnfnoy:,,+1T(R, a<5>no+1,q))

= Tyermmo) (e Tno)qapd" OV (R, alsrno.a))

— Tyen—no) (l;a*tf(n—no)T(R7 PR ORPIR y;+1))

— 7-(R7 a<f'>n,qby;z+1)~
U7 oT, yn < Yhyr < Yns1 + N/ O
IR 4.21. ZOFEHOHT, bR T TNV EWSEIFINT Z BN TERW. —F, & CE2EL
72DIZIE b DEBFIZ m E ANDBETH D5, LOMENSEBIZ RM4ED = FMEClI PEA5D
TR, FER, [Satl7] T EoMmBE L FHUDGFHAER L 512, Fff C L5/ D OEFICHEANH
RIBIEZEREL 7-.
4.5. 00 C Ry ICRTBEMED = A T 7D {am}m T DEMHED. Hf2IZ, £fF:D & Catapower
DOAHMIZONWTEZ S,
8 4.22. s> 0 2EH, ng >0 ZHAR, FHEHZEHAARE MIZOWT, a, CR ZHIESAT 7LV E
T3, HiZaw = [am|m C Ry £35. ZOK, U (aS,q,n0) D5 D 2H-T2561E, FARK
a>0 L, MRES T, CNBFEL, EED m e T, ITDOWTRHIKIL ¢

7(R,al)m00) C 7(R,al®)mo+te) + m?.
Proof. @ 1.15 (2) & [Sat17, Proposition 2.10 (5)] (2 &k b, RTOHEARE n T
TRy aldne) = Tl )
(e (Emalt™ =),
[(Ry a3 )]m € Ry

m

I
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THAHIZERT DL, ME 3.9 hoiES. O

TR 423, LO@MBEICENS A TT7LVOAERRIE, #ED VB V. 20740, la,, TOEED =
5 {amtm TOERMED) AURE N0 TR, 2O implication & AL ¥ 5720121, 5D D
EHEEFHODUBET 2468, H 5.

[BMS09]
[dFEM10]
[Gol9g]

[Har98]
[HMX14]

[HT04]
[HW02]

[KM]
[Pér13]
[Sat17]
[Scho10]
[Schog]

[Sch10]
[Sho92]

[ST14]
[ST17]
[Tako4)
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