ooooobpooooo
543 0 19850 13-52

Sharp FROBHEEE

%ﬁg.)i o jé’ Ll_\ F%‘——' ( Yoichi Aoyama )
BA -+ XE 4% (OFP ( Shiro Goto )

Dualizing Complex @ &1z > v T o Sharp FRITHL T
EESTHZ LTS5,

23 dulising compler 1 PAL THEREEL T 2D, duls
xing complex DR LSBT X 5D THHN, 2 27Tk Shaph
DRI > TRRTWL 2 LTE, £ BLE 2D
BAVWRYIEX—9-E>31+0Th3t0r T35,

Definition CLI6, 1. cf [13,V.821). R &€E ¥ §2. RWEED
Mk I=-nsI"o>T 2% BROXBERLITLERD
dupliging complex THA LT D

0D I fwnded

(D)  HQ) AmER fr Vi

(D3)  I' injeclime Rmsdule for Vi



14

(D4) 12 E 0 R-10E O baunded complop X' at. HX) AT
RppVi gL, BREEIE 0(X51) s X = Homg(Homg (
X, 1), I (Lis, @t guadi-iaomorphism (guism . 8)
ThA.
(01, (02,0 O T T, (DA ERO D FUETH B :
(D4) BRLEFUE T) 2 R = Hme(T', 1) (LI6, @) A guiom
Ths (L6 E6I)

dualizing complexd’ & & 31018, RO BRF~RAT DD,

(L3, V. 831, L6, @61).  SpecCR) Wk T, 3" & R 0 dualizing
omplex e 35, BHt, FERMBEP ¢ guiom: I'— JHGP
(L 113 SARfE fumelsr) 2 BE 5 5.,

R & AR T O Goendiin B, I' & R O mimimal injeclive 2w
Wlisnx I 118, I'IZ R 0 duakzing complex T & 5 (L6, 3 M),

2t @I =, Do ERE (BRI KR 0 injeclive smalips) €
WOBRIEHEL TVWE. 2oBES 0% fundumnbal v E
2. W5,

Definition (LI, ¢1.N1). I"&A DD, DD YXOOBEHMEF



1o

s, fundamontnl dualipimg complon T HBLE >

(b5) &rI'= 3Dy ECHA)

(W@WMWQMW 14 zﬁwhzmg G&mplex‘t‘&ﬁ 3.)

(L, 3.61). du,a,lizing complex & T WL, ¢ I 0 rdulion

b % fundvmonted dunliging complon ¥ #H S5

dualizing complex WHE S B LD O T A RMEY LT, RIEX
LEnbH KTV B,

(013, v.8100, Li6,3m w01, [T, 35)1, [12,3D]), ABKT
O Goanoliin & 13 dualizing complex. & # . Gnin.iny.zuael. B % % )

R>StRERMB TSt ARENRWEHECTLZEOLI A,
SOYE RN dunlizing complex. I € ¥ TIX, Homg(S,1°) 1t S @
duelizing complex T %75 ,

R 4" dualizing complex I* & ¥ T, RIXI Cep. RIXT) X duslizig
osmplex J° . guisi: RIXIQ L (uip RIXIQ I') — g NEET B,

IEBERMELL T,

(L3, V. 8101, TIN). RA dunlizing complex & % TF,
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dmR<00. RE alnuy. foumad fibuiz 3~ T Gownaluin .
Gor(R) = { e SpecCRY | Ry Gownaltin} 13 spon. ATk R-alpebra
W dualizing complex € # 2. 35 TR i acceptnble .

Faltings x Ogoma L& - T du,alz‘zing complex NEARTBLED
ONE+RRBNECHELTVWEN, S TREBRT S0 T
[41 g [ISTERTTRIWN, REHI X 551302 OH%
InTNWA,

S TEBRL dulizing omplex EROEE S X D L FII,
AR T GouniingR 0 FRIRAZILE 5 TV BT duslizing
omplex tH2) KEBLPREOCIETHENE VWKRTE B,
(141, U151 O BEENDBA) % LT Coon-Dnacubey B 03
BB IOBREENITHRENSRTHA(LBE3D), X2
Sharp %L NEEFRLE, B3,

(SC) Sharp ¥48 (L18, +.91), B R v dualizing complex & HT
¥, R I3 Gounatiin R0 ??EPEM%T%Z),

FTRBANEL DI, ChnTnacouday® R xd LT SOWNE
L e F&<mbntns, (U, @) Chnhamulay <
EVHRARSITHAL I TVEN S A, ABTRAN
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ﬁuﬁbwwééﬁﬁézzu#éo%%ﬁzm5@nﬁé
RENLZATESLCONELW S ENHAATEHRL L, 2
WIE7WT, ROMNMEOAERTTEI W,

g, (AL#)RdRLBHRSSE, BHLE ™ TR,
A & duolizing comlex. Dy & ¥ TIE, comsnicol module i & 8 >, B
Ka= HO3), 4=min{i|HDR#0}, T 425135, Ccunonical ot
oWk D8] 021 &288) 3£ HAA = Homy( H*05), EM4n)
ThB, T2TREHIYIIWERROEY THB, |

(1L1) A(HeA)<w fr i#d Ox 2, RPIEMETH D -
@) AR GounlinBORBRETH 3,

b A0 Mza\zg complex WA B,

©) Ao conenical madule 1% 555,

(5) d=/0r*, RREEHD:
(@ AR GouniinIE OEBRETH 3.
b A0 dulizing omplex K4 33,
) Ao anenial medulew rt < 3.
@ A=A W Gronin it 5.
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(1) d=20vs, RIBMETHS .

@  AYGoundunE OEBRETHS,

by A o dunlizing complex N £ TS,

© A0 cononical medub N BEAEL, A— AW Gunslin T
b5, - |

& HEO Ml EAER L, M O anonical medib A%
EF3.

(2.) GDA&AMBLELEONELINE, ~BOBHHT
RIEFTLEOREL L,

(23) d<4nxz, Aoduwlszny mz,ozeva\“a%&#mi
A@Wk@ﬁﬂﬂ&? H35.

GBI dzsnvs, AR i) T, dpth Az d-/ 4 > depdh K
23 &5, A0 dunlizing ovmplex W% £ 3 1F, A Grondliin
EOEBRBBRTH 3.

R&R, MEARERRIAEE, Ni:YOFISWME, dnM<
Wx g5, AshiM={peAssM)|dmRz=dmMIxvE<. M
DN=Qn---n0t ¥ REEEBOWBIRE T, dnMa=dnMy
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&> (sigd ([s4st) &HHOYLTBHYLE, UN=Us(N)
=n-n@g tH< (—RAILRIZD) ,

81. ZOBTR, An LHW)<owo fe i+d e3hE Y
x(ginile focol cokomalsgy 'HHXE . FLCY#T3,),
BRXNE VYRS (202 e ERTE, U=UaO
¢h <. ARFLC & 51 Us Ha(R) T 5.

(H) Theorem; ANWFLC ThdcE, RIBMETH D :
(W Al GoundiinsR 0 EBRE T DB,
(b A0 dualizing complex B AET 5,
© A0 caneniod medule W& & B,

QW=>M=>0O - BROBTBIER LX< AT S,
© >0 E—RI AT LE W, (L5, 86 Example 21, (1.9))

Proof of @ =), I" & comenical madule Ky @ min. ing. 2usal.
YU, K=He(I, I=I/kxb<. BATE VR il @ 12
U, (Kaz = Kp, (L2, 4.3 T AR Cobon-Macauly T % 50 5
J'=usD EAR) i< i, J6=0 fon (2 d X% B, (4 Suz61)



dz20cs, dathkn =2 £D5 K'=0, K'=0 Th3. compln
NELF 0>K >I >J 20X VEREH ~—>HI(1) >
HEW@) = HYK') = HI) > HT) = HY(K) > - €458 5. HAT)
=Ka, H(1")=0 for (%0, H'(K) = Hi(ka) e Vi, H(K)=0, H'(K)=0
Th 265 HWI)I=Ky, H(T)2 HE(Ka) for (>0 T8 Ao L9,
(5] & 0 HIK) ABRAR o isd TH B0 5, HT) ARAR
Bri<d-1 ThH3, ELE 0 U—> A sE Hm(Ka, ka) = (e
(B) =0 IS Homa( , EBA0) EFER S # TRAF 0 X = Hiky) —
EWm) =Y =0 &4% 3 ( X=Homa(GRacR), EAmM) , Y = Homy (U, BAm),
Ut Ghn(h) BECATRTHENE, XYY $%5THA.
JE = HEIT) 2% HE(Kn) — EG) 1S X ) BAR J*' - E(Wm) & Sk
By 2T D'=-0—> D=J° = --- — D= g — p = E(Hh) > 0
Y35, HD)=HW) fri<d-l, HED)2 X, HYD)=Y T
BB, £ TDIRONODO)EHLL, A 0 fndumntil duo-
lizing compbox T d 7,

L=/ nXE, dpfhkn=/ EDE5K=0T5H5, 227 0>
U > A — Homa(Ka, Ka) 0 XV B2 3 0> Hm(Ka) = EWm) > Y
=0 (Y= Homa (U, E6m)) €42 5. L<w £ 45 f(N<00 TBH 5,
2ERAEF 0 Ka = J%=HE) = He(ka) > HT)=08® 5, 1
5> CJ°EMm) ER/B, ¥ I T D=0 D" =J° - D'=EfHw
>0~ XT3, HOD)=Ka, HDI2Y T Y, DA O funds-



ol duslizing compbx <85, QED, for 0>

GB>Q ORI LK O Lemme RS FTHDH. XHEHAH
wnsondiliomd alhong d-avgumce (u. 4, dAYE 5 ) OEHRDO
—2NRABTHAB,

(1.2) Lemma(Ce,coml). A®ACT dpthA>0 ¥ T DX,
WE K el % T Reos T RAH) = G Ooon-acaulyy e & 3 ¢
ORNBETS, £HRILT3E.

Proof of B30, dpthA>0 0BE, Eolemma T3 OK
Sl FE XD, RARE A LARERRED S duding comlex
t¥ 5, Ghnhocaudy 25 Goonulein® O EEIRAR Y £ 3,
BT, At GumdiinB0ERRETH S,
lpfA=0 DA, ASO=UnT (EEAMEY, [ wkF)rd
B, Ny 13 dulizing complox £ 5, Hal¥0)=0, Ha W)= Hin(A)
ri>0ThADS, TTLARLESYX Y (ounbinB TEER
OEBERG TH B, A IZmlinin &5 5 Goumalin B HES O
FRBBTHSD, 22T dimR=dmS = n zmm{2,d} ¥ L
TX\WN, P ROS>ApeAT XL B=9/A) xd5, BRE
(k-9 -FARRTHUBTH ), ROTERAK EAED,



0—>B —> R®S —> ROIYB — 0 (&)
v V b

0 —> A — MM — Ay — 0 &%)
I(MpD<w THB 85 ROS I BLABRERIMBLLY, B
BF- 9 -ThHE. #->TBR H=Y"00) LA idal S
DNRTEBHETH S, LOEARIEY HAB=0 i+, n,
Heu(B)= ROSE (R x AMK) E5 5, [3,11d Y B RS & ans-
nicel mauh e L TB 2. 5T ©>0) 2w dpth >0 0 35
&Y, BUGrpdunBEORBARETHY, AtXtOTaA,
Q.ED. for @

(1.3Corollary. =30 x &, AR cononical medule &
58 THIE, AR Gounabin® O FERET D 5,

(18 Corollary. d=20¥ 3, RREMETH S
W A0 cmoniced medule N BEES B,
b AU B GoumlinEOERRETH S, (F 02,020

] R 7 Coom-Tnacauly BT &I L TR, cansnical medube @

% 2L X fomal fibe © Gounaloin X NEVETH S X W 4o b
1 TWA(6,63)]) &, Ohon-/haculay T &V IRE S BB O

/0



T2
<O

ENKILT B, W3,

(15) Proposition, d=/0xz, RREHETHE .
@ Al Gounbin RO EBRRTH 5.
(b AD dunlizing complox NEET B,
© A0 anwniced medule N&#E T B,
@ A=A & Goenlinit T5 3,

Proof. /ZZBHBRFC THA45, WebeoOI
NOKFNEBETDAH. O>DRE< WAL TVE., D>B
EFRED. RRXY, ADKR TR L EAD) A = & FAP)
T®%3. Ao fundymontad dualiging complon D' = 0~ (B EWP)
> EA@) >0 kv B, ;00 EWP) = (9 ENR®A |, ERf=
EWmapR = EWmTh 54 5, A Lo omplo 1= 085
= EWm >0 ¥ I'9A 2 D' woompl k435, SO E IR

A © findomontel dualiging comple e 5, QLE.D.

2R B1 X canomical module 0 % £ 1 TIREAET, fovmal
fibre 0 Goondlim .0 Kt EMZ SRENDDH. L L, opui-
dimmaimel e =3I FBTH B, EWDERTHARL, dulzing
Complex D/ f12BAL TAE Faltings-Qumaft E ERAN TdH

//



<.
| s R
(1.6) Lemma (4, Lemma 3 wd 51, [15,3.70), BR35 o AT

& 5% 0 pull-back diogram <, P4 onls, VA finile 550X
55, R Cup.S) D fundemontad dieliging complon I (uap.3°) &Y
K E U T Homp(T, I') = Homg (T, 9 o0 complened €L L TWA
X353, 2nxE, B fundymontel dudiging complix DT
Homg(R, D) = I° . Homg(S, D)= J" a0 complons £ 30/ T4 O N
BETE, BITABAROY 2R, R SR dulking
complox & ¥ T, B & duskising complon & ¥,

(17 Proposition. =2 0 &, XKEBETHE :

@  AWQ GouonalinE O ERBBTH D,

A O dunliging complox % # S 3,

© A0 canenical medude NEE LT, A=A A Gounadiin
"Hons,

& ABOM X FA) TR, Mr O consniced medibe
NEEFS.

Proof. @020, X 4BE0XTTHRITHILRE
{bhTwB,

/2



©>@ : dinMc=2 0 x ¥, HmBh Kt Ak O camsnicd
module T Do dmAr=7 &5, AMx > PR A Gounaluntd £
NE BRI, XV, dmA=0 &5, BH D, |
Q=>W: ADW=UnI (2 LNYI 2, (D&Y A
& Goandiin AR ROBERGOH D, 5> TU=045 LW,
V2035, dnArs/, AL & consnical medule. € 3 - 2
5 Gowndin RS OERBRTH 3, (L U5) 22 Thnk
=dimS=2 X L TX Ve P:ROS>AMON XU, B=P'A X
$5, BRE(X-5-HRARTHNETHY, XRoIJREME
BB, 0> B — ROES — RSB — 0 (E4)
V ig |

0> A > AUBM — AUt = 0 (R4)
ROYB = Wun BARANB BT HB0 5 RIS % 2Th
), MoTRRX——HTHB, &- TBR U=t
KibdedBH2LXRRBHECHD, Ml BBHET, R
Art e S>Nmrlktlonle b4 5, (1)L Y B dur
Lxing complex % £ S B, ENT AKX HR(BI=0, Ha(B)=Hr
ROSBY BB AL T D25, (L)X Y B Goaonaliin R 0 & &
HETHY, B> TABEITHA, Q.E.D.

(18) Corollary. d=20x =, A® cunonicl module 4%

/13



du

L, A eguidimmmoionad Cie.YReMinA), dim A = dim A) )
28561, A GouninROERRETHD,

Proof. #EB 0l @A) LB, dnA=0%5, Ao
canonical modulet % £ BT X 13 BBE A, dmAk=2% 5, Homy
(A, k) & Ale @ camenical medude. T & B . dimAk=/ S5, P
tRDB l*R TR ESHEDL TS, 2=PnA ¥ <,
FEW, 20 Th B, A equidimmalonal £ 05 3 €Spec(A)=Spp
(kn) < Kz 2 Kng, BP S Ap 00 comemical medube it 2 5 5. (02,
amwd4.3]) Ky, Ap = Ka, T Ae/php i slinian 4 5, [2,
2112 X Y PoaApld Goumstin T 3. - < Al — AR 13 0mr
dlunt TR Y, UDITKY A 0 caonsnicel medub A A4S
B, -TtUmOmmTL, x&EB/5, QED

(9 Remark. #HEOER N2z WL, NXTBAE
T, canonicad medule 134 % S S8, dualiging complip 13 K 7 U
Ev, ¢onvdd, (df[51)

(LID Remark. 2% el X AR L A & comsnicad

medu NEAE TS X, X fomak fbedr 3R T Gonain T
hB2YX, DB ERERISY A duliping complait b .

14



452 ¥ M5 Tw A, (LI5, 5.5])

8. Zo®HTR, BAEILRLGONE LV Y ER
FIL1E, Jomwo R (SQERELTEVIY, Bw, R4
PTOEFZIL R, CONE LW Y, (EHL X D,

(2D Lemma. dm<n Z3B5EILxd L, SOKE L W\,
dm=n, )& 58RI A L, (LEEL W,
—= dm=n 2 ARAELL, SO ILELW,

Proof. B & dudliging ompln B >N R EBHFEL 35,
FEREZBENHIIE AssB)=Assh® 2 L TX VI 39
%5, B>(0)=Ind (I=Up®, BLAMEN Y 45, 5 B &
Gounsln BT R OERBR CHB L LEL D, dmBr<nk
A5ERE Y GrudinBFIRSHERRBTHAL, 22T,
dmR=dimS=nx LTI\, PROS>Bt®BF x L, C
=B H<, 1LNOPofhOERCBERIZL T, Cld duske
ing complex. SR ONKRTAFETHSICNRD, I Ass
(O)=Assh(O) DD, %57, CH GranshinIR DERRE L
SHEBEXHITDHE, HIT, Ass@®=Assh(B) ¥ L TX W,

/5



A ERNVBIAILEVYTD, ITRNALEIXIEXY, de
liging complex & ¥ b GounduindR ® %%ré]iﬂi&mc 7 skrtx%rfrf?i
BT Ass(B=Assh(BYX L 2O B4 TH, BRI BIE
TR, f>T dpthBp=1 dimBp>/ x4 3% el 03,
NB)={2e Spec(B)| dipth Bp=1, dim Bz>1 '} ¥ &<, X=Cobn(B™
(K3, k2) € 5 <« (Ass@=ASSh®YE' 4 5 Kea 13 0), (12, 0.D)
2<AB & 518 dopth Bp=1, dopth Homg(Ks, Kp)p 2 2 %0 6 dipth Zp=0,
BPH AB)C Ass(R) T B, o®=muxidimBy|pea®} Y H<,
CBY>/ TH B, &7, DB={3<A®)|dimBy=0®}, K(B)=AB)\
B Y 5L, TIIRNAEFHORT OB ¢RNITBBEY
D, kOB ELL B, A>/TBB, dulizsing complex t ¥
KT 2REOBHEBRIIL, Ass(R)=Assh(R) & B L ¥ I1E,
LHpRN<0 T B, > T, EBEF X LB\ 3 T
Xty (B2 0 o VRO XE 26 ONEETH, RER Y,
BAo) K. Goundin B RGOERRBTHA. dmG=nx L
T\, B— Bpas, G- %B&B)M % (b preduct &€ C v
EKE C=B"CT/'B BUsB), 0>C— BOG = Bljyxp) 20 T
\G/' BYL), BxB) o
(LD @ Prof OB BRI LT, C | dualizing complex &
BOnREBAECHHI LA, &£ AsC)=Assh(©) T
5, BRCOEFRBEL S, C I GoundliinR 0 ERRE

/6



PEV. BEX ) CRETEW. T AQ#P ., P<EO
ke Y, t=dnCp=aO)rH<, BOXYYEFEXY t24 Td
B, 5, (Blpae)p=0 LFDY, Cp2B 2 G T'd BN G 13
Guundlun 2D 5 Co2 BT H A, - TPBEAB T PBaX X &
B, WIS OB, #Bp T FR, &> T (Bl #0. dnBios)
PYB<, dmBp=dmGp=dmCp=T+/ ¥ 5D, dmCp=t &Y
rti=tza>/ &b, B25 00> E0G>Blpap)r >0
LBWVT, dpthCp=/, MG’P=T‘+I 22, dath(Blpee)p >0 T'd
Ai b dypthBe=/v ), PBEAB L LA, f>T XHIBp
0 L5, HPceP>—>HE<Br/er) BERTH D, RIT BOBEAR,
NETABRTDOLDOZYERED., P2QeSpec(OT BXBa/xp, #
ERALONBALEYTE, ¥R B> TH B, UlxB)
DRELY, %6A$Ba(36/x3g)\ Asshy (By/xge) VB E T B,
SOXE dpth Byg=/ T dimbBy s dim By < dimBy=A T'HY §ax
Ed5 FEAB X B, P> T, dimBg=/T" %eAssh%(Bq/mQ)
& -7T, Fa. ®IZ, J(By/xp)<w Tdhd. #-> T,
Hp(BCBeAg)=0 X & ), Hp(Be/xay) = Hy (Be/poxpy) 13 B4
Thb., EOERCEDE T, HiEp) — Hp(Bmcm)p) A ¥t
THBEIYN¥AB, IS, BLF 0=HIABpxs)p) = Hi(Cp)
— Hi(Bp®Gp)= Hi(Bp) —> Hp(Bhpeemp) (HaGr)=0 T'HB) &K 1,
HACp)=0 185, 211 dpthCo=1 oA TH, #>T, B

7



skgELE.  QFED.

RE4RTTEONE L WS Y ERTOTHAIN, 401
OILRADEXBTBOBESI-HEL TE<RENHS0T,
FFYENERNZZIZF A, |

O DRemark. QD TEH>FRCOBILY HIE Xt £
AERTHX D, FLC OBBLI, YAXK L L 2N,
HLSANBPTX - - RiTwa d7 & L3001, %
DBENTA -5 —% @, 00 2%, ioal @,001> X3 Reed
BER, puddigX il t N e$5%, HiR)=0 (19,520 T,
[<p<d T3t L [HIR]; =0 fon i<2p,0z0 (19, BT TH A,
#>T, RO d-/ RIAL O Unnomae BAER & 1T HHR)
=0 for pHdtl (N @R O puded i X idel ) ¥ & 2 (19,00.6)1),
£5T, Uxdlx LT =@, 0% Y FIEX N2 v AH B,
RS BFIINTA-9-RX, e, tHAkstt
Wt =0t xO CINEIVWLE OEETDH A,
FLCR LEAOK [QERTTIN,) |

(B, #1,..., #a) L X BB Rhtyu=---= b7 (=R H) &
DD YFH., H=tn-nfaXHL . 5, dplh Byy>0 fon i~
A, JHE) <0 L itn CRES B, (HE2H 6o

/&



o<
ol

@H,;(%)T'bé) X, ., €N &, BLIZXL By OINT

A-I-RICEARICY D, LUk, F=Ct x)* X LA
v &, &LERU R(Bry, FBr) A Cofon-nacoulay 1= & BRI
FAKELXAB, (0 E, RBEF G Gl Tnacudny ThHA,
3T, B, 7)) & Mfru=-=fu,h3¥BHECS
B, dipth By, >0 for izl d, J(HEB)<00 o b# dim B (#t=u1q)
&> WY, idul F < VE =7, RBEHD Ohn-Tnacauloy

CEBbDNEESE,

(2.3) Theorem. dimAs40x %, A dualiging compledt
AEINE, Al ComlinBORRRETHA.

Proof. d=dmA <2851, I TITRAILTNAE,
=30r Fl, 0D @NILVHED, d=¢2F3. Q1)
L&Yy, ARRT®HAE, xLTXW, I51I20DkXY, A
N ALC TRVWIRBO F P LIV, CMA)={ReSpec(A) | Az
CobomsInacuday 3 & spom 24 & (doal T4V U T Spec () \
MA=VR) ¥ & B, ANQT mrFLC Db ffa=3 TH3,
HIZ VO RABABESTHD., 2sVONHFIIOWT, dmAz=3
Ap R dualiging complvr € ¥ >0 5 M(Hp,(Ap) <00 T'H B,
-7, FEERF aex T, a.ﬁa,}g(A;Fo 2 V32 e\ 1o}

/9



CE2BHONKEAETE, ALQTHB 85 As (Aaa)=Ash(AiA)
T A > C = Hingga(Kaan > Kipw) £8 Bo ([2,080)  dim Ge=
3 ¢ Ve Mux(0) T, C 14 (S0 (02,3.21) & > dualiping complon &
Bons, 222 0.0 0Pwtod B3 &9, CIld Goundiin
BGCOERBBTDHS, 22T Mx(@={¥(@| #HeMux(O}
(VRG—>C), dim Gy=4% for VVeMx(G) X LTI Ve A
CY G¢HC LK 3 fibupuodut € BrH<, BAXG<’ >C
0—>B>ABG—C =0 24 v
SITOEHYERILT, BREIZTAAETHDHI LA
5, 7, B duliging compln € B2 & 7ED. A
Gundamantal ducliging complox & T'= 0~ 1°= > 40, &
NDET=0>0">>7“>0 xFB5Y, Hm(C I HmgC,)
R 12 C O fundamontel dualiging complx T'& D, Hmy(C 1%
=0, Hma(C,9)=0 Th 585, C ERBFEL b 00 BRulz2fk
UTEZOLETERBRTHA (cf [6,@6L,0ILA2, CREBM
) 2 XY, Hm(C )= Himg(C, ) w comploass T B XA
5B, f->TAOLX Y, BE dualiging oompln & ¥, RIZ,
BoiATEVE Ml Ploxd L, Bpt\ Colon-nacauly T 5 2
X ERXD, Cp=0 &5, BpxApe Gp, Bp2Gpk HX LN,
BoxAp . T3, (=0 EW5AMAp=0xcd D PAILYLE 5T,
LOYYVEXY Ap W& Clmhacauley T &5, G#0 e L, dm



Cp=r ¥d<, TOCE dmBy=dmAp=dim Go=r+/ T 43,
0sF<2 THA. F=0./0c E, AxCREIZQT G K Gounddin
EDND FAF 05 Bp > Ap®G— G =0 &Y Bp 4 Gl
hocudoy T B LNAS, F=20xc ¥, BRICLEORE L
XY dpth Bp 22881 B, @Hy (=085 Hy e~ Hy (ofasy)
BERTDHD, Avsp & 2K T T Ass(Arpay) = Assh(Ava,) T D
25, L(Chn(Ashap > Cp) <00 X 3D Hy (Cohn(Aaliap>Cp) = 0

ThB, BI Hy(Arha) — H ((VRBEHTHE, LOEHY
ENET, Hy(hp) > Hp (PN ERTHOZ YRS, 5T,
BRI 0= My () = Hyp (Bp) — g, (Ap® Gp) = Hy (Ap) > Hpg (C)

:umgﬁhoéﬁ,&M@mew@ﬂbézZﬂwéo

Y- T, AsB=Assh(B)A A, BRACTHA, (LDXY
B3 GownaliinR ORERE TH 3. A&B@ﬁﬂ@ﬁ?%é
NS, FH&B/B,. QED.

§3. FCRRATLATOBABOBALE, COO
EULVLVIYRRSEOER, YXNERSOBmAICERE ST
NEC2AHEALLE >TVE W, BL, ALBREEAHERY
DYHAZLNHENT, ZOFTRELIL>VWTEL TS
SEV, STTORBIS, ULL-BPIOERNERBTDHS,

2/



MBBHDIT ROwm-> 2RE L THMEEDS,
(F) A& findomontal duoliging csmplre D=0~ D~~~ 0 &
&, | |
) dz5,
) Al SL) TdAB.
(9) ARFLCTAWN,

BN Lemma. Ho=0p i>2. JHO)N<®. dm HD)=1.

Proof. 39, Homa(H0), E®m) = HEL(R) T B2 X & B
RBUTHL, dpthAzd-2 205 HD)=0 o i22(zdmA-
dpth A) T B, G d b, ATE VAW FIL>0T
dimAg ~ dopth Ag € [ X 2 Y, HDp=0T&H5B, (D; it Az 0 flr
dumantal, dualiping complin) B> T AHDN<WT DB, dim AR
225 2% Wl 1> T, Ap I GolonTnacauly £ 00 5, H(D)
=0 ¥ %), dnH®)s /| ThD, ABFLCTEND S din
H'(D)=/ & 155, Q.E.D

Cﬂ—

S.DLemma. Haka=0 fr i#2,3,d . Hik)=HAHD)),
HaK# 0. 4T, dpthka=2 23 Tdh - T, dthka=3

S dpth HI(D) >0 & KDY Cohon-Thacudoy .
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Aoef. ks HO)TH B, B= (D7 DY), Z'= k(D= D),
H=HO=FB Y B<, RO 4720582 NEKA :

) 0> K="= B'= 0 @ 08 >F'— H'= 0
@ 0>X—=D-B—>0 @ 03B 0
FIT HO)=0fni>2 £ 15, F&F) (5) 0 B> P~ ~3D* >0
WD, D=aP EBHED 5 Hmw")wﬁmw T, B4
AN XY HiKo= HEB) Vi, D'z ,® EMEH 5 E22
B XY Ha(Z)=0 o i#d-2, HRHE)= EGan), B> T, A(H<o0
THADA, RENGBX ) HaBY=0 fn i#/,d-2, HiBI=H?
HEXBY= ERi)s Hi(D)=0 fnVi 55 | BAFIGIK ) Hu(®)=0
fuita,d-l, HYR)2H*, HER)=EMe) o dmH'=/ ED5B, &
BIX Y HaB)=0 fo i#1,2,d~ , Hp(BYHLH), HEE)S
Hn(H)#0, H&l(Bh= Em), 2B X » 23 &485,  QED.

Spec(AIN CM(A) = \J Supp(HH(D) = Supp(H'(D) T B, %2
T il 0T & V= SpecNCMA) , TH (D)= 0 foni#0 (I THM
SO iFd) XELXIRX D, dmM=1 T, VO AR
56065,

(33)Proposition. XOT A,..., 0T, KO OO EHLE
FHONELET S,

23



30

) Q@ BAONTA -9 -2O—BFELT,
@ @, 0 Oh, COL-2IEEA TR E LT,
) @,y 13U AdF on AT DA,

Proof. Htae=d-/ OHBDE, X OT X, Xt T R 2)
=~/ XEBREDNDHDH, THISHELEMNMERLET, A
G THENE, X xe BOYHET, O E, AR
Loyt 012/ L T, XYL X b @ e HE TS, VNG
XL, ARGIT dnAz=d/T'd50 5, AR FLC TdHA,
- TILAMIKXY, EHOoONEL LT PhLEIND
NWIXA =9 —RRBwdd-3)mAg oo VREEVONIG T B S, &
=X (Usley d), Y= (hi,o, YD ¥ B <. BATE VR idnl R
&¥B, 220 EHIE H YL 45H5A=0 Vb, te>0 T
b5, 320 &5 4, /yd_, 12 w4 d-5lon Ax T'HAH DB
[9, AT XV YAsH (45 ag., s AR=0 e Vi, gy >0 T
&D. Pe>T LYHE . 45 A< Vb, td, >0,
=¥ =t d-Nc <, AROBER G, tey>0 2 ),
L=H @ e A € <, L=@h.,as?): ﬂ«tf'/‘V(a,*',.-.,adgﬂ)
T A(YLI< 0 THADD, WL < Ha(Wah.,089) = HEA) (d
@, THEA=0), THEA=0E DB (@, 0l S YL STYL
=0, [,60112 XY G, 0B usd-7lsmnATDHS5. (F
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OeERELFILGIMIX v EdHA L (AL H@an>or
43D, MEHEHE CLEPL@ERET, (RED B,
Ass(A)=Assh() T &3, (U541, 03,11 3 A, AR alinay
b5, TARSITEHSIRE-TVED)  QED

KO A, ..., Ud-p & D@, MM EHLIXDCYLY, F=
(..., Ad-1) X 35< 0

GhLemma. () Ualle,..., @) = (G2, 08 0
(2) Supp(/'/,(a:,.-~, Qs A)) = V(O .

Proof. () (@, ee)=Fin--nFe &R5EZR ] }RT
mAr =2 < isd (IsA4sDLEBHNDCFAE, V=% ¢
B, BRI is4THD, A<istr F3, dnhAy>d-27,
Oz,..., 01 1E Ay OREXERIZITHHES, Ay, IE Ghom Mecudoy
TEV., T R2030, 0 < pra<ist ¥ E5EHN>0
k¥ B, Qe Qi B UALFEDSE @, 00 0 = (o, 0d): 0,7
= Ao =DF = UG, 0ds) .

(2) ReSupp(Hi -, 03 A) EX DL, 3, 0T, Qe
-1 BAgDIET X =5 - RO—FTh->T A ERNTE,
1 > TAR I3 Ghn-Macanday TE Ve IS B2, R & X O

25



Rl 35, dmAp=d-1T, Qo Qi EROIFTX - 9 —

RUdd. A3 Ghniacuwdy TE VS Q. der 13 Az-EE

AATE W, RIT, M, 0k Az)#0 T, V@ < Supp(H, (ay
e A) xss,  QED

3hLemmo. dthA=d-/ o s,
dpth ky=3 <= Hipta,-, 00 Mm?wwclag/ .-

Proof, L=UaCCeteYas, .., 00> , B= Aoz, eap), C=AUa
(o i) L EL, BRAOSLSB>C>0 &1BD, L=02-0)
00 1) = 1y O i A) BINS dimL=/ . dpth B=/ £ 5
dpthL=/ . CR2RETGO=0LHDS, CHACTHE,
2 AF 0 Hu(L) > Ha(B) > Hn(C)=0 &18D . &/2 O Ffmi-dual
¢, B.CYLT, BEA0>C—>B-L-0&5D, LI
| R Ghon-thacoudyy T BB, LHXDTDAD, Hul® = Hyy
WTH 3 (), CHEAW) 5, B=HD)GAR, L)<wo TdHD
25, dpth kn=3 < dph HD)>0 < ¢/ =0 < C G-
hacaudsy (cf. 3.2) ¥ 43, Q.ED.

(3.6) Corollary.  dpthA=d-1 v dpthka=3
&= Nay,0en (on-hacaulyy
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Prof. L,BCRGHOIef CBL Y35, JHREX
0—-)11;“—» il——a‘lcﬂ[ﬁo (ﬁ’%) £9, G 0 B2 5
1—>L—B—>C=0 ®2 0L — B~ >0 €18 3,
Bug = Aa,-,0e1), Gic = Ala)+ Ualta-,0sy) TH B,
=1 BBX Y C 1’2 KT Cohon-Tnacanday T Gac & 1 KT (shon-
hocodoy T DB, LSBT dpthB= ] £A D, dpthL > 0.
1 dpth Bag >0 .

&t LT dpth 508> 0 £ 05 dpt{L>0, dpfC>0 £ 45
Wtk B>0c & O dpth A= d-/ €18 D. Hd~> Hn(B) I3 B KD
Bo HaB2HER) T GHER=0 KD 5 HuB)> Hi(Bh) & B4
THB. HIT Hall)> Hn(Bes) BB ThBS., BEF) 0=HbLE)
= Hal5<) > HnlL)= Hn(B6,8) X Y, Har(Gac)=0 €485, #.-T
Ghyc B 1 R 7 Colonhacudey T, C 1 2 K T Ghnhacadey T B0
Kz, BHXY) dpthka=3, Q.E.D.

(3T Lemme. dpthA=d-/ ¥ 3Bx, HED .., CreA
l:% b a]/ al‘ C-Zalj"‘/ ad‘/—.cd'/ al 13\ (’f), (U), (“) g?fﬁ/&é 0

Froof, A=a., bisa-cia (=2, d-1) X B, by be) =

§TDY Ath, bi)=d-1 5B, f~T, NDILHES H T,
S AP @EX V., BATEVEMlREY D, 220 &
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5 18 Ayl G- hacauly 758 B Hi(bto, BEE5 AR =0 fin Yt 20y >0
TdHB. F20EHIE G, bi)p=FRTHHH B [T, (T.OO
SQAITX Y by biy B WA dBn g T B, BT $halib
AEAN=0 Vb, >0 (L9, BAD) . BRI A@HGEBE5A)
<O Vet >0 o ML ML A = B bdd ) be "/bf: b CAGE
BEOT dpthA=d-1 THBEND, FHOE BN S HIAG .
b,(.z'Z)):o GV, te>0 ¥ 5B, ﬁé—fc [9,(3.4)]1- L9,
biyo by 13U 4 d-Flon AT BB, Q.E.D.

R=RA, )= 8%, N=mR+R, ¥ <,

(32) Theorem. dpth A=d-/ v dpthky=3 & 513,
(#d+] 12U HERIZABARTH B,

PFroof. 4% oA%keaBa k33, [10,00030]1X 9 Ak
YEEBDHBATMAZE 236 Otk Aa 35, [12,33)]
12 XY AR duliging compln & B 5 A— A 1K Gruondun BT H 5.
R->T, A, @M O)EMREL, dthA=d-1, dath kg =3
THB (= KagA. £12,41) 3£, ALdriMYLT
XA AYND, Ul RALBVTEO@OWERLT. R
=RAGA)2 REARR LEAEFRTOHASDS, RIIHULER
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ERLERX V. 5T, A BRREEHAY LTX W, R I die
Uzing compb £ % 5 dim R = d+ | . VeeMin(R) T'dHHD 5,
P2 EOERR oal P#N 1258 U Kot Goninacaulay T'd 5 2 X
eIV, PNA=RYEL, 22HMDOLE, 2% 345
3 Rp = RA3, 74T, I O, Gdv ® X ) F &Y Coonhacus
5 3,(f Q2) PRFE DL Rp= AfTIT Ag A (ofonTncaus
WERD, XV, p=m Y35, PER,THH. @)=
@42 .., g NGO D 5 Ry =T, g T) T Y,
PP QST prsemi Y55, PP TY L TX\W, t=072T,
R=RCLA1, B=K, P=PR Q=PnB ¥ &<. @2mB ThA.
R=BIt, 41T, tRBLAKABITHE, X~ T, By Gl
hassulig < R Glonuacaudsy , THEDD, Bk A il M 2
#BIZX U By & Glhacaly T HHZCESLIEX Y, B=
R, = ALYgt2| xeq®] = ALXR | X e §l= A[%4,.., %01 C A,
MANREERAR T HABD S M=mB + (G -C2 )., Uiy, - CL)B 2
AR C2peeey Ci €A XL B b=, bi=0i- G i (I=2,,d-1) X B ITIE
GNXY by bty RAOGOVEFE G, FeB, b, §=bifi t bf fo+
b fy (i, FEBYX T B, F=¥r Hi=TAr (X, xR nig + A
NYET D, bt b bwx=bix+hbX+-+hx nA,
RIS X € (b, boe)i BONG = Chayor, bis DFT ([9, 0.2 0nd (13)]) X &
O Xy=b¥ytthy Yo, K eE" X B TS, I by (-B4m) =ha(Xet
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B+ + b GG+ B2) T X b ¥ € (Cbayee, BN = b, B (L9, (1.
MM XL Y, X=bYmthGr-+ht, Hef X ED B, $E-5T
F=Xhn=b Yt 1 b Bffpet 4ok B Bt v By by Bl bbb 1S
B-ERIZNTH B, RIZ Blo,boh,.. b8 = AB)+ UaGa,..., bdr) E7RE
2. A= Bbsh,  h/p)B WERHTHBZZYLREALDED B,
(B, bbb/ ) BOA = (bt Up(hs,.o, ba) & R E XX W XeUp(hy,
) EXB, BANX Y X =hXe++biyxd) XE T B,
X > T x=bohydavshish Xdy T B+ Up(ha,.., i) S (b b, 4B
W B, Fetbh, . MhIBAA EX B, S=bt b ft-—r by,
fi=XAr (xeg™ nEYARNCE T S, bldulnte v 5 5 =
WXt Xt b Xy i A F=001 By )BT DS X = b+
oot by Yoy (Yo Yt €GP X E F B, BT A=Y+ b Ot b)
ot by O+ 53) T F - Bl € Chapees, i) s B = Cbayns, bi): by = Upbay, bit)
(L9001, BAM) X &), (B bsh,A4)BnA S )+ Un(err b)) B
B, B5X Y Ao, b 13 Ohinthacanlsy T D ), Ab)tats- )
BEITDHA. W>T B, by, be/b)B A Golon-acaudoy T
HY, BubtrThHA. Q.E.D.

B9 Remark. Xk o Proof MO, (31 HBZ360Y
ALBRTHAS. |

30



45

(310) Theorem. A o dualiing complintr 25 5 4 5.
AS (ST, dpthAzd-1, dpthky238 51, AL GranslinR
NRBERETDHA.

Prof. d25, dpthA=d-/ x LTXV, TOYE, dptlky2
3EMNS ARFLC T4 W (cf. L1, Lemmatl), 58T, AILT) @),
NG EMET, QNOBERTY L @, 0y, BXGBHDE
MCOR, Ne&ERB, BDIRXY Ry K dualiging compbn &
2 FLCERFETHAH, #>TANITXY, Ry i Gotnaliins®
NERBEKETHE, AR OERBETHI0 S, THER
5. QLD

QINRemark. (1) dz26T, AT, A dullging
omplp N EAEF DL TH, TOXE, AN puasi-Gownddin Ge.
A& S, AR GounslinT'h 3. | |

(2) d=57T, AN (ST, A dualiging complox 8% 73
5x 95, 2OXE, AN puai-Goupaliing 51, AR FLC T,
1> T oumthinE O EBRRETHB. &, A8 EH Goundin
THALIIBRHL L, |

Proof. (1) A& Ghniacadoy T HBZr EE2 R XN, (GE
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>C, dualiging amplon D& O KDYV 1T foumal b A (Sda) &
BRINIEIV) A=A, A non Ceowdnacauly €375, B
O Froot X Y dim Homg (H(A), EB0) < / D5, dipth ky< 3, (e
[(Llemmal), ~Z&, Ky2 AEAD dpttky2d-224. F /.
) ACTEVCTE, S0BE, FLCS Ay Ghnhacuby
L VReSpc(ANHG T, ANQEDS, dinAz=4, dpthAz=3 ¢
B5R Ml FNEART B, ABEEND AL T ptlka=2 X
55 (U Lemmat]), ¥ T34 KyxApotb, FA, BKIZFLC
THd, (22371 Oobhwf o HEIMAYBATIW.) £
ST ANILX Y AR Gounsbin BOERRGE T HAE, [T111X
) 5K BucksBoum THRBRTER (B,70) T HiB)%0, Hi(B)=0 for i#
3,5C58600NDB. A= BXKg (dhalipalion) ¥ FH 1, A RIK
FBEHEE D CELRIDY, Goongdiin TS, Q.ED.

GIDRemark. nz5, n-2sa<n, 25¢<3 $5HEROE
B4t 1ixdlL, REBETRBAEBANEAETS : dmb=n,
dpth B=4, (Sn2), non-FLC, duligingcomplntt e, dpth k=t

3 WO, QL F12IE, GOLEFZEAKILL 2
XHOTHA,

32



45

X |
17 Y. Aoyama : Or th dpth and the prajective dimmsion of the camoni-
col modude, Jopan. J Math,, 6 C1980), 67~ 66,
[21 Y. Aoyema : Some Basic waulia on comamical medules, J. Math.
Kyoto Univ,, 23 (1983), &5 ~ 74, |
[31 Y.Aoyama and S.Goto : O the andsmonpism. 2img of the cams-
nical module , Preprint.

[41 G Foltings : Qu Cainlong dualisivender Kamplone , Math. Z.,
162.Q1978), 75 ~ 36,

[5] D.Ferrand and M. Roynaud : Zéwt foomellos dun ammosns, Jocol
reslhiian., Ann. Sc. Ec. Norm. Sup. @), 3 (9T0), 295 ~ 371

[6] R Fossum, H-B.Foxby, P.Griffith and L Reiten : fhinimal inje-
medulea, Publ. Math TLHE.S., 45Q4T5), /73 ~ 2/3.

[T1 S Goto : On Bucksbaum +impd,, J. Algebra, 6TC1980), 272 ~ 279,
[87 S.Goto: Blawing-up of Bucksbaum wings, Commutative Algebra: Dur
ham 1981, London Math. Sec. Lect. Note Ser. 72, Camb. Univ. Press, /40~ /62 ,
[3]1 S Goto and K.Yamagishi : %M%WMMJ&JWC{WM
with, applicalions ts modules MWWW@, Preprint.,
(10T A Grothendieck : Edsmonts & psmalnie. alpibrigue, T (pumidte

pantie), Publ. Math. LH.E.S., 11 C1961).

33



45

[11] JE Hall : Zondamontol dualiging compliand for. commulaline rasthnion
2mpd, Quart, J. Math. Oxford (2), 301979, 2/~ 32,

(121 JEHallond R.Y. Sharp * Jualiging complenes and flit fomemarphisma
of commulalive hattlpian vinga, Math. Proc. Camb. Phil, Soc., 84 (1978), 37~ 45.
[13] R.Hartshorne : Autiduot ond dualify, Lect. Notes Math, 20, Springer Verlag, 1966,
(141 J.Herzog, E.Kunz et ol. : in faroniochs todul aimus Goinhacuulay-Rimps,

Lect. Notes Math. 238, Springer Verlag, 1971,

(151 T. Ogoma : Enislince of dualiging complennd , 3 Math. Kyoto Univ,

24-(]‘184—) 27~ 4%,

[16] Rxsm.wwwmﬁawm]ﬁmmw,
Math, Proc. Camb. Phil. Soc,, T8 (1975), 367~ 386,

[IT1 RY. Sharp: @ commaulatine Aeathnion sing whick passonsed o doaging
complorc i acceplakle , Math, Proc. Camb. Phil. Soc., 82 Q91D), 197~ 2/3,

(181 R.Y. Sharp: Zeecessany condiliona fbe the sniadomee of dunliging com

ploraa in commulalive dlgedra., Sém. Algebre P Dubreil 1971/, Lect.
Notes Math. 140, 2/3~229, Springer Verlag, 1978,

[ 197 N.Suzuki : Cansnical dualily 5o Bucksbauwm medules, Bull. Dept.
Gen. Educ. Shizuoka Coll, Pharmacy, 13 C1984), 47~ 60,

284.9 TR
.10 T4, 18 IE

34



47

B X0, d=30¥ 12 amwnicl medule N4 £ 1
SVWTHRLAIIN®DN T, tHER LTS ELEL,

(ADLemma. A0 cnsnicol modie 0% A3 5 35, 04
B d-1 (dz/) 0 il THXIE, Mol Gonahin BOERBE
b B,

Proof. PR g idul+ah T ah €24 60y L, 2=PnA
YB<, PEAM2C T RR=d-I1ThB8 5 FeSuplke) Td A,
(f. 12,090 X - TU8) Ol 0 dmffe=l D3A 0 HH ¥ IR
LLTEHEESES. QED

Faltings KL B REBA R FLNOT, XN ERNTHL. HL,
Z2TURELOR, ITANVEROGZELTTDHS,

(ADLemma(M,Satz2). R&%®, L& %xnilx(, R
N BB TREEL TS, T0xE, RO dualiping complex
NELETILE, R O dubping complon % 4 5 5.

(A.3)Propsition.  d=3 D e =, A 0 consnicad moduls it 7 £
U, A8 spuidimonsiond Td 54 51, Al Gounalin B O EH
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BETHAD.

Proof. 23X 9 A duliging ompbox 0 % £S5 x kE 2
EXW, 20 £OIRRADL XY Mo o duliging cemphy %
EFEAZEREEI V. BEILXY VO =4/T TH55,

Wo © dullging combp it 5445 2 EFEZBEXV . dmAu=d &
25 A o csnicl medula v B & F B, (Kyy= Ky T 3. .12,
D) HoTU=0 LTI W, AL (L3RI Y X Ve (S
TZVWC LD, HeBEndalkg) ¥ &<, [2,32712X Y, HEA
tSLARERAMBEDIRLEBHET, TRTNEL
F il ES 3T, Kt (HBY 2 HO comonmical modile Cie.
VReSpecCH), (Kalg & Hp @ comsnicel medule) T, H It ) T B, P
STUNOPwfof QD CRBROEET, HO W@Wwﬁm
IT I'=@EMH) 85 ONEETEZYNND, Z={oeA]
QHSAl LB <, ARG TE Vw5 [2Pwfof 4.211ICX Y ft2=2
TH5, ADXY Nz i3 fundamntnl ducliging oomplpc J° (38=0

fr 1#2,3) 8. Homy(th, I) ¥ Homgy (g, T 1S 3 12 Wiz @ fundumanl
ducliging complon T 5. (2.3 O Froof ROFHRYL BRI U T, Homy
(H2, T) = Hompy (Hir, d°) 00 complppa 80 ¥ 5, A= H X Ay T 5 Cf.
[153.2) 45, (1.6) 12X D A O dualiging complon v % % 5 B,

a.ED.
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ADCondllary. d=3 0¥, REEMETHS :
@ A0 mﬂwmxdmﬂdcdw\“/i%/ﬁ:#éo
b)) AU & GoondeinBB N ERRB T H 5. (cf, [2,.120])

(AD)Propsition. d=3 wr &, REEMETHS

@ AR Gomdiin ROERBETD 5.

®) A 0 dualiging compbn B &£ S A,

© A& el o FA)ICxd L, Ao consnical meduby &
% ES 3B,

Froof, o= &ae X v.(cf. 2.3) A>0)=UnI (£
FAREID) T B, (MBI X ) AU O dualiging compln d %%
35, dimAr <2 T, MOAE ORI REIRT ansnicnl medule
£ 5, MO duliping omplon A FA T 5, (. LD 20),
a5) A=A M ESD (OICX ) E8EHSS.  QED,

(A.6)Remark. (1) U5, Bample 2112 X9, 43k 7 (SR E
BT, 4R ORARRI anonical medule € 328, dualiping
ompl BFEA L LD, $ORDHAB,

(D) 2RTRBHERT, pmal fhre 133~ T Goundliin T &
ar, cononicol meduh R&E LI, $ON DB, (cf. M Nogata
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Local Rimpt Bample ) $6>TIE, 3RTLAMET, wnsnical
module &R U, fovmal b % GoumluinT &340, ducliging
ompl 3 AR LE L, 00D A,

2941112, 36 74

English Summary

A ring will mean a commutative noetherian ring with unit.
We consider a conjecture of Sharp on the existence of dualizing
complexes. For the definition of dualizing complexes, we refer
the reader’to [16,(2.4)] and [18]. A ring of finite dimension
which is a homomorphic image of a Gorenstein ring has a dualizing
complex and a Cohen-Macaulay ring with dualizing complex is a
homomorphic image of a Gorenstein ring. (cf. [18])

Sharp conjectured the following

(SC) ([18,(4.4)]). A ring with dualizing complex is a homomorphic

image of a Gorenstein ring.

In this note we treat the local ring case. In the remainder A
denotes a d - dimensional local ring with makimal ideal m and

denotes the completion. For the notion of the canonical module,
we refer the reader to [14] and [2]. We have the implications:

A is a homomorphic image of a Gorenstein ring = A has a

3¢
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dualizing complex = A has the canonical module

our main results are the following.

THEOREM. Assume that Hi(A) is of finite length for i#d
Then the following are equivalent:

(a) A is a homomorphic image of a Gorenstein ring.

(b) A has a dualizing complex.

(c) A has the canonical module.

PROPOSITION. Let d=1 . Then the following are equivalent:
(a) A 1is a homomorphic image of a Gorenstein ring.

(b) A has a dualizing complex.

(c) A has the canonical module.

(d) The natural map A -~ A is a Gorenstein homomorphism.

PROPOSITION. Let d=2 . Then the following are equivalent:

(a) A 1is a homomorphic image of a Gorenstein ring.

(b) A has a dualizing complex.

(c) A has the canonical module and the natural map A -~ A is
a Gorenstein homomorphism.

(d) Every factor ring of A has the canonical module.

THEOREM. If d<4 and A has a dualizing complex, then A is

a homomorphic image of a Gorenstein ring.

THEOREM. If A has a dualizing complex, A 1is (Sd_z), depth A
>d-1 and depth K > 3 ( K is the canonical module of A ),

then A 1is a homomorphic image of a Gorenstein ring.

PROPOSITION. If d<3 , A has the canonical module and A 1is

equidimensional, then A is a homomorphic image of a Gorenstein ring
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COROLLARY. Let d<3 . Then A has the canonical module if

and only if A/U,(0) is a homomorphic image of a Gorenstein ring.

PROPOSITION. Let d=3 . Then the following are equivalent:
(a) A is a homomorphic image of a Gorenstein ring.
(b) A has a dualizing complex.

(¢) Every factor ring of A has the canonical module.

REMARKS. (1) There exists a one-dimensional local domain which
does not have the canonical module. (Is1)

(2) There exists a two-dimensional local ring which has the
canonical module but does not have a dualizing complex. (cf. (1))

(3) There exists a two-dimensional local domain B such
that every formal fibre of B is Gorenstein but B does not
have the canonical module. (Nagata, Local Rings, Example 2)

(4) There exists a three-dimensional local ring B such
that B has the canonical module and every formal fibre of B
1s Gorenstein but B does not have a dualizing complex. (cf.(3))

(5) There exists a four-dimensional local domain B such
that every factor ring of B has the canonical module but B

does not have a dualizing complex. ([15, Example 2])
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