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Verma DR WIicH>WT

LEHERFHZEE FTH @ — (Ken-ichi Yoshida)

§ 0 Introduction

OEDF T, (A, m, k)IFCM local ring & L.

k=&t 7 5,
D& E, AP minimal muliplicity (CM with m.m )%
o Lid.

v=e+d—1 CZCZiZ, v=emb(A), d=dinA, e=e(A).

ML T AL EEET o

Definition(0. 1) (reduction exponent)

[,J]#%A®D ideal &9 5,
J 21 @ minimal reduction &9 % & &

r;(D)=1nf{n=0 | I"*'=TJI"}.



r(I)=1inf{r,;(I) | J: 1 ® minimal reduction}.

a1 @ reduction exponent & WMESS,

A®D ideal 1 %MEIELALE X,
S=A[It], T=A[It, t '], G=gr:(A) &HB,
F/7. M=(m,I1t)S, N=0("'"m, It) T&HB<,
IDEE, RODEHIICHEIRT 5, (T,GbH)

S:CM with n.m. <> Sw:CM with m. m.

Verma ¥, SACM with mn. ZBS5IE. AbZE 5, £7-.
TACM with mon. T I 2 I=m,I=m? I€Sm*OWVWTn

DIESIE, AbEDITHAEIEAERL, ROBLWAEHL K,

Question
T:CM with m.m.=> A:CM with m.m. ?

hiF. FEDORTTTELL W EA2RT,

§1 G(DACM with n.m. &7 %4 ideal ITDWT
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Lemma (1. 1)
(A, m, k):a CM local ring. # k = oo,
T (A)=ADCM type. TD&ZE, D Ei}EHE,
(1) A% minimal multiplicity =¥,
(2)m?=Im (3I(¥)I:m® minimal reduction).
(3) 3J: AD parameter ideal s.t. m?C 7.
4z (A)=e—1.F7F. AT R LR
AP RLRTHRWEE, (1.DMB)DJTIEm®D ninimal

reduction 278 %,

Definition. (1. 2) (G. Valla)

(A, m,k):a CM local ring. # k=, y I=m.

I:stable<= 1%2=JI1(3J:1® nminimal reduction).

ED KD ideal A, GZCM with m.m iIZ9d S50 %
EZZ 5,
Theorem (1. 3)
(A, m, k) : a Gorenstein local ring , #k= .
Vieme b, 6=6D, M=aG+G.. §=R"(D),

N=0"m It)LEL, D&z, RIIFEHE,



(1)G(1):CM with m. m.
(2)m?<c1, Im=Jm, I?=7I.
(3J: A®D parameter ideal. s.t. JS1.)
BT RKRDOVWFNH,
(7)I: A®D parameter ideal s.t. m?c 1.
({)m~1 m?<1.
X 542, 12 parameter ideal T/ N iE,. b IEME,
(MOm?<1, 24/ =e(D) -1

2L, D= Q)D[E1MEMIZIE. Gorenstein T A&,

Remark (1. 4)
(A, m, k) :a local ring. # k = o,
\/—I:m G:G(I), M:IHG+G+CE:J5<O

ZDEE, e(G)=e(D).

< Theoren® i HH @ HEBE >

(D=> (2):
I® minimal reduction J= (x,, -, x4) ZHL %,
Gu:CM with mm A0 56, X1, -, X«® 1initial ternm

DHEBET S ideal ] °iF. GiIcEB8 W TM®D nininmal
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reduction 4 L. M?=J"M.
BRI LB L T,
m?+I1=1. Im=Jm+1? 1J+1*=1%,
Som?CcCI, ITm=Jm, I?=7JL.
(2)=> (1):
=71 7ZA 6. enb(Gu) = A (n/T4n?) + A (I/nI).
/2. G CM.
e(Gw) =e(I)=e(J)= 21 (A/D)
m?CI, Im=Im7AZd» 5,
emb(Gu) = A (n/1)+ A (I/mD) =4 (m/Im)= A (n/Jm)
=AA/)+ 2/Im)— A (A/m)
=e(Gu) +d—1.
WZIZ, Guid CM with m, m.
LI'F. A% Gorenstein &9 5%,
(3)=> (2):
1A% parameter ideal DOBfIZ, I=J L4 niF kL,
Iid parameter ideal TH W& 9 5,
I=J:m (3J:A®D parameter ideal) L &EF %5,
Casel :m?C J Ob%

Lemma(l. 1) 5. AW CM with m. m.
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AD R LR THKIENIE., JIEIm®D nininal reduction
WK AsEh6, mCl:m=1...m=1T,. o.k.

Case?2 : m*X ] OF
J#Fm*+JCI:mwWwA, I=J:m=m?+].
A(/D)=1Kd>56, 1 =T+&), xem?\JEEXE 3,
vaeImz i 5%,
a€J:=(x(, ", x)EH 6, a=Yaxi(aEA)EEF,
al€ ANmd& RE,
1€ (X2, xa) +ImEL DY I=(x,, -, Xa,x) +Im.
NAK»S, I=(xy, . %0, x) &0, REICKT 5,
Sai€Em (vi),.ImEJIm...Im=Jm.
A, m*+Im=Im=Imwxz. m*SIm... m*'SJm?.
SI2=mtH+IJ(mi+ ) =J(m2+7J)=7J1I.

(2)=> (3) - EH,

X 5z, i parameter ideal TH W& T 5,

()= (3):J< 1% I ® minimal reduction &34 5,
A3 Gorenstein WX, m=7J:1I, I]:m&1.
SDAWD=2WUITm) - A0/ Im)=e(I)—1— A (1/J:m).
SoI=J:m. oI~ m.

3)=> (4): & & Ftk, QED
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Corollaly. (1.5)
(A, m, k) :a local ring. v I=m.
G(I):CM with mm.=>T=R’"(1):CM with m.m,
Pr>N=C""m, It)T, K=0C""Jt)EN LEL &,
NZ=KNT, KSxid NSy® ninimal reduction

Example (1. 6)
(A, m, k):1%&kx5C Gorenstein local ring. # k = oo,
[:A®D ideal, v I=m.
G(DACM with mn. EEDIE, RDBFETH 5,
(Dr(m)=0(A:D.V.R.OEHE), I=m, m?,
(2)r(m) =1.
OI=md ., €dD nininal reduction, 7 (G)=1.
@I=m?, . T (6G)=3.
@I=J:m=m?+J(3J: ADparamneter ideal.
s.t.e(J)=3>e=2.1*=J1), = (G)=2.
@rm)=20, %, I=Jm=m?+]
(3J:m® minimal reduction; I?=JI), z (G)=e— 1.

i1z, G (A)IZ Gorenstein.
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§2 Vermad® R\ & EH] LR

Z?D section Tld, D 2-HoDRWICEAL T, &EW
KBe52 5%
Question(2.1) (J. K. Verma ; Comm. in Alg.17(1989))
(A,m, k):a CM local ring. # k =c.d=dinA > 0.
[:A®D ideal. 2D & &,

T:CM with mon.=> A:CM with m.m. ?

Question(2. 2) (C. Huneke;Amer. J. Math. 104(1981))
(A, m, k):a Gorenstein local ring.

I~J&_§—éo
DEx, R(I):CM=RU):CM?

Proposition(2. 3) (Question(2. 1)izxt4 5 X #FI)

(A, m, k):a CM local ring. # k = o=,

J:m® minimal reduction s.t. m*S J. I:=m?+].
ZoEE, G:CM with.m.m. 2»>, T:CM with m. m.
Fio, r(m) =20 & i2id, 2D &5 ideal | BHFHE

T 50, ABHIZ. CM with.n.n. T W,
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Thn(1.3) D (1) => (2)F. —MRITIEEKIL L 78 W,
Example (2. 4)

A=k[[X, Y, Z %11/~ (X? XY, XZ,Y*-YZ,YZ-Z%,2°)

1Rk CM, 1 (A)=3.

J=(W), m=(Y,ZWVNEbB<,

CDEE, JIImD ninimal reductionT., m?*<EJ.

m?+J#J:m. EEE, m’+J+*m,.

I=m?+J&EHBCE, GMIIECM with m. m.

Proposition(2.5)

(A, m, k):a Gorenstein local ring which is not

a RRL.R. $k=oo,

JZm® minimal reduction & L. I=J:m &&<L,
r=r;(m=3 Xix. GUAACM &{KRE,

D& E RO,

(1) T i3 stable, e=-e(Gu).

(2)Gu:CM with m.n.<=>r=1, 2.

3z Gw)=1 (r=1)

=v—d+1 (r=2).
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Example (2. 6) (Quest. (2. 2) DX H1)
(A, m, k):a Gorenstein local ring. #k= oo,
d=dinA =2, GAA):CM, r=r(n)=zd& 7 %,
J Zm® mininmal reduction & L., I=J:m&HL &

I~mT. R(MDIFCMEA, R(m)FCMTHK W,

Example (2. 7)
A=k[[t" t" t°]], m=(" t" t°).
(b,4)=1, b>4, c=3b—4.
DEE, AZCM, ¢ (A)=2.
I=(t*t?" t)&EECLE, m~ 1.
G(I)ixCM with m. m.

Gm)=k[X,Y, 2],/ (XZ,YZ, Z2, YDIZT CM T W\,
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