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Noetherian operators of positive dimensional ideals

and hypersurface singularities

FTHR R AE S — B AR S !
KATSUSUKE NABESHIMA
DEPARTMENT OF APPLIED MATHEMATICS, TOKYO UNIVERSITY OF SCIENCE

HRRAREDE AR ASER B — 2
SHINICHI TAJIMA
GRADUATE SCHOOL OF SCIENCE AND TECHNOLOGY, NIIGATA UNIVERSITY

Abstract

An algorithm for computing Noetherian differential operators of positive dimensional ideals is
introduced in the context of symbolic computation. It is shown that an algorithm for computing the
Noetherian differential operators of zero dimensional ideals can be generalized to the case of positive
dimensional ideals by utilizing maximally independent sets.
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K% C Ok 35, n MOZERE z1,29,...,7, 2L, n HOEBOEMIER v = {21,...,2,}
t55. Ei, AR a TREBDT 2L VIEEE 0., = 55 TRT (1<i<n). IOLE, i£;T
Txj = w4k, 105 = 0juy, 0;0; = 0;0; BUDALE, i = TIAT=vVDORAED 0,25 = 2,05, +1 B
KDL D., KARED n ZEBZHEALROR TR Klx1,...,.0,) % K[z] ¥ L, REE Kx] &3 2WM1E
MEB%

Dx = { Z h,g(m)(?‘ﬁ

BENn

hs(x) € K[x] }

Y35, k2L, 08 =00 00, B=(B1,....B,) ENVTHB. ARTIE, 0py,....0,, EXAL DTV
RLE LTS, ICKz]Z2ATF7AeT5E, VIIZT OREZERT 2.

EE 1 ([7, 8, 17])
WEATTN2 QC Kzl L, ZORATTNVVQ Zp 32 (572b5, Q& p-primary ideal TH
5). COLE, Dx BT SHMRMED Y1, o, e BB, KEWILT L OBHFHET 5

he K] B QIBTRSE, ¢i(h),Ya(h),....0e(h) €p £735. T, ¥i(h),da(h),... . e(h) €Ep RS
he Kz) & Qg

E& 2 ([7, 8, 17))
AR 1 2 i7e T2 HIREURM A EF R 2 4 771 Q DRE—1EAE (Noether operator) & I,

WA, X —VERZRHEH X ADF [20, 21, 23, 24, 25, 26, 27, 28, 29] 1< & D FHEMERE DAL S
3, WMo AER, REAGHRCBOTA X —ERZOFAE N FmINTW\W3.

e 3 ([13, 14, 25])
BRTEHELA T 7V QC Klxl 2L, VQ=p2T%. ZOtE, QDAX—AEHEDESIE Dx TR
Kz]/p FOFERRITTRY FAL2ER 72 5.

AT, @ 3 THRANAE Klz]/p EORZ MAVZERORIEEZ Q DRE—{EBREE LU NBy T
KT LS5 T 5.

EIE 4 ([13, 14, 25])

BRITCA FTNE L= (f1,....fm) CK[2] 2L, Q21D 1DDHELEL FTVRDE T2, $72, p=+/Q
&L, NBg C Dx 2 Q DAX—AFHREIKRET5. oL, RWBIIEHE € NBg lFRDSEM % i
729

(i) v(f) €p,i=12,...,m.
(i) ZHARTRE [, 03] = Yy — 20 £ T DY, [, 24] € Spany,),,(NBg) £ 725,

B9 = 091+ 0% DEREI o = (ov,..., ) € NI H LAY - 2 N ECTRET S, 2o
E, WO 1ERZE
Y =cad®+ Y cd?  (cg€ K[z]/p, cg#0)
a>-B
WBWT, 0% % op DFEEEE W ht(Y) TERL, co & ¢ DEBEGEEE W he(y) TRL, 0° % ¢ DR
FREIEE WS, v OEFEEOES R LL(Y) TRT. /2, £E TV C D, IBWT, ht(¥) = {ht(¢)] € U},
LL(W) = Uypey LL(Y) £ 5 3.



JEIEF - B LT, (fiify&Eiiz) 22 —1EHREE NBg 23RK® 2 /7L [14] TEEBN IR TV 5.
ZOrE, 2 X—AFHROSEIH L ERIEZ, T4 () KD RO ODRE T e BBH IO 5.
Je72L, ZIZTEE i BHERNARY M vk

e =(0,....0, 77 0.....0)
b

x5

Bz % - 235, LA 770 Q O = P U THli#y a0 X —1EHHEIEZ NBg £ 35, %7z, ¢ € NBg,
ht(y) = 0%, 9% € LL(y) £ $5. 727FL, a=(a1,...,a,),8=(B1....,0p) €T 5. ZDLE, KIK
URYASR

(i) &1 <i<niZBWT, L, oy > 1%561F, 9% € ht(NBg) £7%2%. 727L, a—¢ =
(Oél,...,Oél‘_l,Oli—l,OéH_l,...,Oln)ENnTZé%.

(i) %1 <i<niZBVWT, dL, B > 1%456F, 0°% € ht(NBg) ULL(NBg) &% 3. 771,
B—e =P, -, Bim1, i — Ltig1,....0n) EN"TH %

bL, =0+ cpd’, (cg € Kz]/p, cs # 0) BRX—MEAFETHB Zepibriud, £5 &0,
a-f

9o+e: 78 ht(NBo) ISR 3 2 ATREMED S b, [WIC 05+ 5 LL(NBg) 1SS 3 2 iIBEMEA 5 5 2 v 23
5. 32X —AEHRZHET IS, R 5IXEHIHE R 2 n[ReED3 D 2 i &, (KREIH X 72 2 AR D%
fix525%.

%6
R5eMUEErT5. dL, 97 ¢ ht(NBg) THHUZE, LD I € NV IZBWT, 97+ ¢ ht(NBg) TH 5.

R 6ICED, XHIHIOMAI 2D T DMK, ki mUdH iz’ 1735,

4D B L1, 2R —EMBEHAHNT 2720123, ZATT7ABRRELRE, ¥YaXoel 77V
DIREEDHZA 77 VRGN (1, 12, 18] TN IR TE D, WROMRL LR LEISEL B o1 5.
X 14 TEELBICE DN S A X —AFRFZGET LT X481, EuXkoid 77 VOREDH#ERA 7
TNVRIREAT 0 718IC, ZRENDHRA T 7 NIIHIET 2HERA T 7LD X —AFHZELEZRDTVS.

FILIUVXL 1

AR F={f1,...,fm} : EOXITA T 7N (F) DEEE. - : HIEF

H73: {(p1,NB1), (p2, NB2), ..., (pe, NBy)}: (F) ORFHER AL 77 A0H (F) = Q1N Q2N---NQr &35
YE, VO, =p; T, BELFTNQ, DX —NFHRILIEKN NB, TH 5.

1. {p1,p2,- -, pe} — (F) DFRATTNARREATD; (V(E) =p1 N Npe)
NR « 0;
2% p; (i €{l,....0}) BT, MLTIHERSL T 7LD X—AEHREFHT 3.
HT < 0; LL < 0; NB «+ {1}; (JcsEIEHOMEM, KBEHED A, #5HR)
P 1
21 DL p £ 0% BIX, ¢ SEHEDEMZS HC Z1ER L, LL(g) 205, 3 LWKFEIED B4

LC 2{EKT 5.
HT + HT UHC; LL «+ LLULC;



22. 3L, HT=07%5, NR % NRU {(p;, NB)} ICHH L, 2ITRE3.
2-3. HT 726 = 1T L Ti/NHE 0> 23R L, HT %2 HT\{0*} IZHEHT %;
24 =0+ Y g0’ ¥FB. TIT, cp IREEHTH%.

8B €eLL
2-5. AR, w1, [V, 2], .., [0, 2] ZAEIL, 25D Spang,,(NB) &7 5 ¢z o b DS
(—KR) 2195, £z, O(f1),0(f2), .., 0(fo) ZRIEL, TObdp, KRBT E7DD cs 725
DG (—XK) 215 5.
2-5. 2-5. TRoN— R EH LIETHRE, cs7ebZ2RD 3.
RPTFELRFIUL =08 L, LL % LLU{0“} EFHH L 2-1 .
FRDPTFETIUEIRE v ITRAL, o=¢ L, NBZ NBU{¢} ICEHL 2-1 .

ZO7NAY RLTE, RS T 7VOERITIIRERN. FX [3, 4, 5, 6] DFIETIE, ¥BELTT7L
DERTTOREL T2 D, FHEIEII R B 5.
ART, 73V XA 1 THIERSE

{(ph NBl)? (p27NB2)7 LR} (pvaBf)}

ZATTIV(F) DRE—RBL WS, T, (F) DERDRLFE T2 Z e TE D0, AL IHER
DIRE D BHERAL T T NADEREZL L EATVS. @il [14] T, (pi, NB;) 225 MG s 2HER L 7707
DERTTEFHET 2 HEDREINTWAS. 22T, ERToFHEHEIC OV TIZdRRZ W,

AR A T 7LD R —FBNX L. Ehrenpreis 12 & o THIS 4172 multiplicity variety i.e. {(V(p1),NBy),
(V(p2),NBa),...,(V(pe),NBy)}, EAREMIIF T TH 2D, *X—1EHBZHARBOXIR L L TR
MHIA LW, 1 TFZILDREZ—REBL WS 22T 5.

7Y XL X, AFROEEIC X D EHEBERES X7 4 Risa/Asir IZFEEINTWVWS.

1
F = {32523 - 9264272423 810t +22y+812223 — 24322 +-3y+8123—243, a0+ 924 4+272% — 2 +27, 22 — 22 +6}
ET5. ZOLE, RADTOT T LXK, KDL (F) DFX—1EHRXREEZH T 5.

{((32% — 152 + 19,y + 223 — 5,27 — 23 + 6), {1})
((320 — 1823 + 28,y — 2% + 3,22 — 23 4+ 6), {1}),
((325 — 2123 + 37,y + 223 — 7,22 — 22 + 6), {1}),
((z% = 3,y,22 + 3), {— 5203 — §220,0% + Bwz?0? + 222020, + 420,0, — F35220, — 2420 + 9,

—%2283 + gxzaxaz + é—?z@z + 02, 85, %xz@z + 0y, 0y, 1})} )

3 FHRO-OHDE(H

HIETCatam L e B nXoiA 77 A DA X —KBl %, [EXTTTHRRT % & SEELI22 DX, KOS
EETHS.



E&E7

ZRHOEERU C{x1,...,. 2o} AT TN I OHESETH 2 L1E, INK[U]={0} D EERWVS. 51T,
UM TOWIMVEGYIE, U OHVESGTHD, 20U ZEICELWVDRS {11,...,2,} DEDIE
Gb I OMESICE DT, BREmEADDOENS.

AT 7 NOMKMES DA T LY XLEFH SN TED 2 OFtEKARS X7 253 hTn
5. DUF, K(U) 228U 2 OAHERKRE 3 5.
EE 8
ICKx| 24770k l, BROEEZUC{2,...,20t 2L, Y={21,...,2,\U T 3. ZDLE,
KU)[Y] DA 77w I DR (extension) 1€ &%, K(U)[Y] TIRXEXoTERINTAT T LD
ThHb. 2, JEKO)[Y|DATT7AE LIz E, K[z] D J D#E¥I (contraction) J¢ 1%, JN K[z]
DZETH5.

4 F 7 VOILR K ORI OFHE 703 ) X 40%, Becker-Weispfenning [2] TR XA TV, A4 77
WEHERA TT VLT, XAWDILDOZEHARCASNTVS.
WeE 9
(1) pC K[z]) 2FA 77, U%kpRIEL LIMAMNES, YV i={2,..., 2, ]\U T 5. ZODk
E, pPRKO)Y]THERATTVTHD, p=p* titd.

(2) Q C Klz] ZHEZE A4 F7AL L, Uk Q2L LIMAHTES, Y= {20, \U £F5.
DY E, QXKUY THEEAFTTLTHY, Q=Q Lis.

RD 3 ODOMETIE, U C{z1,...,2n} &L, Y :i={1,...,2,\U & T 3.

™ 10 ([2, Lemma 8.91])

ZHU CTOEEFEZ - 2L, JC KO)[Y])| 2477V, GZ = IZHLTDJ DL TF—HKL T
3. 7L, BRKU) 2% L G Cc Kzl ¥ 35%. I C Klz] % GhoAEREhs4F7L0EL, =
lem{lc(g)lg € G} €3 %. 12721, Ic(g) € KU EZHERN g DEHEFITHD g % K(U)Y] DIt AL
7ebDOLTE ZOLE, Jo=1:f® k5.

##i78 11 ([2, Proposition 8.94])

=%2Y >Utkhsd7uyZHEFeL, I C Kz| 2477V, G%Z = ZHT57L 7KL L,
f=lem{lc(g)lge G} £F5. 7272, Ic(g) € KU THD g2 K{U)[Y] DLt AlLzbDrT5. Z
D&, [°—]:[%rh3.

& 12 ([2, Lemma 8.95])
I=(fi,....fr) CK[z] &L, g€ Klzg] 2 s e NZI:¢" =1:¢° ZllilzTdDLT5. ZOLE,
I= <fl7"'af’r'7qs> N (I : qs) ’C‘\%é.

LML, T:¢°=1:q¢® %ZifilzF s PBRONIZ, T=(f1,...,fr,q¢°)NIC L5,

4 FER

T, R THER L0t TTADR R KR E, EXOTC LT3, 4 F7 LI nErX
TLTRWEEE, [ O EEEZAWTE Xt bE21T5 22T, Mifiox X —1(EAROFHREZ #H
TB5IeD DKL v eird. T, EXCHELRES T 7LD X —1EHROFIHEEICOWTHEM L,
Rz, [ERTEA T 7LD R —=REDFHHEIRICOWTIARN S,



4.1 EXRTERATT7IOXRI—{EBARDHE
WEAFTNEZEAREPEZ DI ERRICT 5 28T, RABEHILD.

EE 13

EXRTCHERA TT7V%E Q = (91,...,9-) &L, U C {z1,...,2,} & VQ = p C K[z] DRARIES
YVi={21,..., 2, \U T 3. 2O &, ANhZ{g,...,0} CKOY|ELT7AIY XL 1%2FEITTS
&, BATTNp RS TTNQ DAX—EARP 428 {(p, V) DI N 3.

HEI LD, p=pcTHD /Q=pTH2DT, VIiFQDAX—EHHKL}RE. ¥/, pliZ KU)[Y]
FTEERITTHVRA TTATHDHZDT, YRR LT ATV XL 1IEBTHETL {(p, )}
EHNTE. Thbb, I2FRHICEA T 7AOMKHNESEZRD T, FiFiTHENLE7 L) XL %A
T2 T, —BITHERA TTNDOX X —MEARERDZ N TES. 22T, VQ DKM
BRRDM, HEL T 7L Q DMAMVEATHRUTHS. 4.2 I THERAS T7 LD “ERITEFHEE
IR —EHBREHET 2 HIEERBN T 5729, VO ITEH L.

ZIZT, THADIIE, MR F7ATERLL AR, T7LTHEZ e 2BWHZS . 22 —1E
FERDBIE VI DEATFTTADRCENZRZA T T p & T DEBIT fi, ..., fm BT IV, Lz
WoT, EXTCDHED 7 NATVY X LDANDZHARES FIIHER AL T 7 NV DOERITTH 2 0BT 70,

RDTZNATY ZLDANE, ZHNESF & /(F) DRA T 7ADRCHN B BAKITDRA T 7L p
C, p BB TAMAMNESU, YV i={z,..., 2, )\U LHEIEFL Lz, TIT, RRKXTOHEL TV
e L7EEE, (F) #¥BRXote 322D ThHs. (F) ORBEZDMTHNBZERL T7LQ (72721
VQ =p) DAX—ElZENNTE. 3BAA, RS FT7ILOERICE AN LT RER .

TIIVXL 2
Noether_main(F,p,U,Y, )
AN F C Klar,....2,], p: J(F) DFA F7ABRTIFONIRARITDOEAL 77,
U: p BIRLZMABNIES, YV {zy, ...,z \U, =: JEIEE.
H7: (p,NB): NB WX (F) ORMERSRTHNZHERZ S 77 Q (7721, VQ =p) DX —1EHFH
BEGIN
@ 1; HT « {0y, |x; € U}; LT « 0; NB < {1}; (JcsHIEDAM, EBSIEORM, F55R)
while HT # ) do
8“%HT#6>K%LT%¢@%%H;Hﬁ—HﬂWﬂ;w+a”+z:cw@&wﬁiiiﬁ)

9P €LL
E <« 0; (—XXDRI557)
for each x € U do
Eq « ST [, 7] D5 Spanye(iryy1/p (NB) £72% c5 1B DR (—KH) 2K 2;
E + EU{Eq};
end-for
for each f € F do
Eq— (f) D p CHIBT 27200 cs 25D (—X) 2Rd3;
E + EU{Eq};
end-for
/KR E R IRE, o5 2BERD B X/
if 3#3.— R E DfR%ERi72720 then
¢ < 0; LL + LLU{0*};



else
o« % P IRAL L72dD; NB <« NBU{¢};
end-if
if ¢ # 0 then
HC « ¢ 220580l 2 F; HT «+ HT U HC;
LC <+ LL(p) 2 5¥1 LW NMEFEIHO M %2 /ERK; LT < LT U LC;
end-if
end-while
return (p,NB);
END

ZD7NTYXLIEIRET, ~fERITDA 77 NVD 3 X —AEHRKBA 2R T 2RI Ebh 5.

Bl 2
F = {212 + 928y + 27x%y? + 27y + 2, 2% + 62ty + 22 + 9y%, 2} C Q[z,y,2] EEZXB. TDL X, (F) i
WRATTALTHY J(F)=(2* +3y,2) TH2. HLHIIZ, ZAUIERXILTIIMNZ 23D 5.

1. (z* + 3y, 2) OMKIEEE {y} RO T, Qy)[z, 2] TE (F)IZ¥RXILA T 7L TH 5.

2. (Qy)[, 2]/ (a* + 3y, 2)) [0, 0.] LTHEX—AFHRZFHAT 5. (F) 13 Q(y)[z. 2] LTERXITLHRDT
TATY XL 1 TEHEARETHS.

DY E, KQ)x, 2]/ (at + 3y, 2) ETORX—{EAZREYL LT
{1, 0.}
PBNG. KL, 0, =2 TH5.
3. Thbb, {1} BZDEE, WEAF TN (F) C Qla,y, 2] DX XKL 75 5.

R T T7NDOARAEARZFHET 27077 MEGa [4] THRN SN TED, FHEERKS X7 4
Macaulay 2 [9] IZFEEZINTWS. Macaulay 2 ICEEZINTWS 71TV XA AZAETHA LT TEL 7
7Y, ki, HimBLXUOANDMERAL T7LDAKELT2bDTH 5.

RDHNZE, Ak D Risa/Asir 7107 T 2 Macaulay 2 D717 7 L DHNDLLIEE A 5.

ZIA f = 2% + bty + 1023y + 1022y3 + 2222 + 5oy + 2zy2? + 223 + 9% + 4?22 € Qla,y,2] DY 2
EAFT7 T = (5L 6L 6L 28 s, covE, Vi=(r+y,2) THE. TITE, 9= 4,0, = 2
&9 5.

Macaulay 2 DX —{EHZBEZHET 27075012 J 2 AT 5 eXphahs

{17 627 aaca axaz» 637 3y6§62 + 283, 32»
(—162y* — 36)0; + (240y® + 540y)030, — 1620020, + (4860y? + 1080)9,02 + 4860y92 } .

K TELNETLITY) ZLOHETEIRTH S.
{1, 02y O, 0205, 02, Y020, + ;af, D3, yoi + 15y2020, — 30y0,0> —3063}.

WEDHNZHS 2 2, FT’erD 71TV XLADHITIE Macaulay 2 DZL L D > > 7L ThH 5. Macaulay 2
DHNFTTERIEDIEA TV S, FAxDFHEETIE, 2 X —1EHROEAD Dx THRQY)[z, 2]/ (x+y, 2)



FOABRRITTARZ FAZERICZ 2 WS HERZFH L, FHREMEITIRICKRS I 2 TORBLTWS.
FThbb, BADTZ LI ALIXEIL, T= 70T MLVERMOREED D5 X5 ICEHE
LTWADTIHERENHBZNE WS FERH B, F/2, G [13, 14 THEFAINATHWE LI, T’AD
Risa/Asir D70 27" Z A%, Macaulay 2 D712 7 A X D [EFIIHE.

4.2 ERTATTZILDREZ—REDFE

Y rXItA 7 7 N DERD IR K FIZDE IR WD, IEXICA T 7 0V DHER I IR A 7306
BTk b, IEXIEA T 7D R —REDFHEICIX, ¥R FERRC, HRRICHY T 2R, 771
D3R —NEHBOHENRE L 1250, 28O 7Y XA 1 CTEHEREFIEE2 2 23k, ek
5, AT T7NVOREDHRA 77 N RIEHERTFORA 77 VIEHBE LW 6 TH 5.

EE 14
ICKx|ZATT7AEL, I=QiNQaN---NQe % I DERDIR, Q; 1 FMERA T 71T 5. NB; C Dy
PR A TN Q, DAX—EAFZLTB L &,

{(\/@7 NB1)7 (\/@7 NB2)» ) (\/@7 NBZ)}
Z I D3 R—EHHERBLE W, Noether(I) TERDT.

4.1 T, ¥EEAL T T7NDAR—AFHBOGEIEDEN ENTVEDT, ERDMEGIHE L%, SR
DIRD AR —VEHREFHETE2I 8 TAT7NDAR—RFAEFZ I ERETH . Lo Lo, #HE
ORI HFIENAKRE VDT, T2 T, 74TV XL 1 bR, HEEDMERTICR R —RBLZ A
THRHEERMFNT S, 72720, 2Tz 51, £ TT7IVDIRKDHEA 77 VIR (1, 12, 18] T
MAINTED, RS N2 LIB0SHE oI5, ARTRET 25 HIETE, 204 77 LOR
HEDOZEA TT7NVDRERDZ D7 L) XL E2FHT 3

EH 13 e 7Y X4 212k, J(F) KEABRATKITOREAA T T pr,. .. p, G ZUEHR A 5
TNADAR—AEHZBIFHEIGETH 2. Thbb, HIFHORKDaAX Y MIHE L1

I= <f17"'7f'r7qs>mjec

THBDT, I DHDHEEAETHEZ I AL THS. £oT, (fi,...,[fr,¢°) CFREDEIERED
BEER, AT T7TNLORR—RHEB/Z e TES. dL, [ KHNIERS T 7OAEENRN T Z 5
D35, HERKTFOERE (fi,....[r¢") XH DI EBHIGATWS. [10] % [2, Chapter 8] IZHF D
TWBA F7NVNDMERNGET NIV XL EURNT A T 7 NDAR—REEH[E e TE 5.

FZILIAVXL 3
AN: F={f1,....fr} C Klz1,...,2,], = : HIEF
#73: {(p1,NBy). (p2.NBs),..., (pe, NB)}: £ 77/ (F) O & —FRH.
BEGIN
Flag < 1; NR « {;
while Flag =1 do
P« /(F) DFA FT7ADREATS;
Pmaz — PP ORKIITDRA T T NE 1DL 5;
U < Prmax ODWKRIIES; YV« {21,..., 2, }\U;
M « {p € P|dim(p) = dim(p,az), p DKM LS UY;



if Y =0 then (RAZXITH¥EO)
Z«+ FPILNAVXL 1% AJ) HTET;, (FEATTVOEEG PIIRDTH )
NR < NRU Z;
Flag + 0;
else
while M # () do
Pm ¢ M D5 1OEIRT 2, M« M\{pn};
NR «+ NR U {Noether_main(H, p,,, U, Y, =)};
end-while
g« Y>Utk237uyHEFT (H) DL 7F—RKG 25HL, KU)[Y] kTG %
EZBERBORNAETERD B ;
if g 2VEE then
Flag + 0;
else
s+ (H): g% = (H):g° &2 5F5Ns ARE;
F e {FU{g}}:
end-if
end-if
end-while
return NR;
END

MRS A —RICHE— 21X S nie®, 2 X —1EHEE NV TRl it e 3 2 Bicid s X —1EH]
£ RDTRHHH U 7RI B A DR ENC e . FEETIE, “(FBA T 7N, FX—1EHHK, X
MVARE) ZHIT5 X5 LTWwS

Bl 3
F = {23y? + 423y + 423, 2%y + 42’y —1—455 y}CQ[x Y| BEZD. L, 0, = 2,0, .:8%“6‘2625.
covx, JF) 0f4FT AN \/F Nyt LBB. COLE, 200ELF I () ¥

(y+2) DRILB 1 TH 5.

1-1. RRIICDRA T 7N LT (2) ZBINT 2. M ={{(z)} THH, (z) DMAHMIESZ {y} TH 3.
Qy)[z] ET(F) 3wt TH % DT, Noether_main &b, {1,9,} 5.

1-2. x >> y 87235 (F) D7V 7F—ERE {(v® + 4y* + 4y)z?, (v* + 4y + 4)23} ¥ 725, Q(y)[z] TE
, FHEFRHORNAMETE g =y(y+2)2 8RB, (F):g° =(F): g TH5DT, FEREZMHZ
F._FU{y(y+2) 9 5.

2-1. IREEDFE AL T 7 VR
(F) = (z,y) N (y +2)

TH5B. WAKILDRA T TN LT (y+2) B#IRTZ. M = {(y+2)} THD, (y+2) OMAMAL
EEE {2} TH 3. Qz)[y] ET(F) ZE¥RXILTHSDT, Noether main XD, {1,9,} 21%5.



222, y>a kb (HY DIV 7 F—HKIT {23y + 423y +423 3 +49% + 4y} £ 25, Q2)[y] TEZ, 5
SR DR NAETE g =23 £ 8%, (F):g®° =(F):gTH5DT, FEEEMWMAF:=FU{2?}
55,

3-1. RIEEDZEA 770k
(F) = (z,y) N (z,y +2)
THYH, TRXRTX¥aXTTH2. 7LIVRXL 1 2EHTZ L

{2, 9),{1,0:,02}), (2, y +2),{1, 0, By, 020y, 07, 070, }) }
2155,

o IIT, BT NTEMILTEREX—RETH B, ((1,y+2),{1,0,,0y,0,0,,0%,020,}) I
MIST 2HEEAL 77 ML, ((y+2),{1,0,}) ICHIET BHERA FT7 LR BRI LR NDE. HERD,

(zy+2)NQly] = (y +2)
THDY,
{Lazﬁyﬁzayaai»aiay} N (Q[m’,y]/(az,y + 2>)[ay] = {Lay}

5. y BT 50T EEZNE, (v,y+2),{1,0,,0,,0,0,,02,020,) 1%, ((y+2),{1,8,})
YRELTH 5.

FERE, # [14] DFERZHWT, ot TRT L,
{((z,y +2),{1,00,0y,0.0,,07,070,})} = Noether((z*, (y + 2)?))

THY,
{(y +2),{1.9,})} = Noether({(y +2)*))

YIRB. ((y+2)2) C (a3, (y+2)2) BOT, fH6N7 {((@,y+2), {1.0y, 0y, 0,0y, 02, 020,})} ET&
FTH5 LIPS,

BLEED, (F) D3X—FBIZKTH 3.

Noether({F)) = {((z), {1,0:}), (y + 2), {1, 8,}). ((z, y), {1, 0:, 02 })}-

5 [HRERINDIGA

f=a3 4y + 18+ oy + 222 cQlu,y, 2] £ T 5. TDLE, f=0TERINSEMANIFFE S ZFE

D, A X—EHHEZ T %532 < 2 F noether I {gix %, %} EANTEERDEIITRKD.

[1086] F=x"3+y*z"2+y~8+xxy 6+x*xz"2$

[1087] noether([diff (F,x),diff(F,y),diff(F,2)], [x,y,z],1);

Prime ideal [262144%z"~10+1235857%z"8-141120%*z"6+6970536%*z"4-186624*z~2+9902736,7717925
01963917376*y+330501747900416*z~8+71900207059830770*z~6+338978054705806881*z~4-86127605
07600888*z~2+971192182923972756,771792501963917376*x-330501747900416*z~8-71900207059830
770%z"~6-338978054705806881*z"4+8612760507600888%z~2-971192182923972756]

Noether ope. [1]
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No. of elements 1

Prime ideal [z,9%x-64,3xy"~2+16]
Noether ope. [1]

No. of elements 1

Prime ideal [z,y,x]

Noether ope. [(-1935360*dy+1935360*dx)*dz"2+dy "~ 9-96*dx*dy 7+896xdx*dy ~6-10080*dx"~2*dy "3
+(26880*dx"~3+645120*dx"2) *dy-250880*dx"~3,dy ~8-224/3*dx*dy " 6-3360*dx "~ 2*dy~2+8960/3*dx"3,
-20160*dz"2+dy " 7-840*dx "~ 2*dy+6720*dx"2,-360*dz"2+dx*dy " 5+120*dx"2,dy~6-120*dx"2,dx*dy "4
,dy~5,dx*dy~3,dy " 4,dx*dy"2,dy"3,dx*dy,dy"2, (-dy+dx) *dz,dx,dy,dz, 1]

No. of elements 18

FAT TN X R —NEHZOHDR 3 OHNTIATVE. WE, f=0TERINSZBEHHEEZEZTNHED
T, 12H 220HDEA F7LDFEMIZ f =0 LiZiZRwD, 3 OHDEM [z,y,x] BFET 3. 22
T, HWHEINTOVAEHEORZ, FEMADTINF—HERLTED, FEATDOINLF—HI18TH3
oA —AERFEL DD 5.

[FItkic 71 7' & noether 12 {f, %, giy, %} EANT AR S.

[1088] noether([diff (F,x),diff(F,y),diff(F,z),F], [x,y,z],1);

Prime ideal [z,y,x]

Noether ope. [-20160%dz"2+dy”~7-840*dx"~2*dy+6720*dx"~2,-360*dz"2+dx*dy 5+120*dx"2,dy " 6-12
0*dx"~2,dx*dy~4,dy"5,dx*dy"3,dy " 4,dx*dy"2,dy"3,dx*dy,dy "2, (-dy+dx) *dz,dx,dy,dz, 1]

No. of elements 16

OIS, FHETOF 2V FEIZ16 THEZehrX—EHZEILOD)PS.

IR —VEAEI SRBRADERENHETES IR, 22T, FRETDOILF—HeF2)FH
WOWTEGEFITHEN LD, FESPEAZHEN TV 258 MEZRFLDTr T T 2FHI<

RIZ, g = 2° + 5xty + 1023y? + 10223 + 2222 + bay? + 22922 + 222 +9° + 9?22 € Qla,y, 2] EEZ
5. g=0TERINZEHMMANIL 1 KTTORE R ZHD. {%ﬂ%, %, %g} AR —AEHFZEZHET2a~< YR
noether ICAN T2 REH T 3.

Prime ideal [z,x+y]
Noetherian ope.
[1,dz,dx,dx*dz,dx"2,2/3*%dz"2+y*dx"2*dz,dx"3, (-30*y*dx-30) *dz"2-15*y " 2xdx "~ 3*dz+y*dx 4]

No. elements is 8

FREDER : =2 +y=01C%>THBD, TOEMBRTOEREEIN S TH S I ehrx—1EHEILLD
5. RN, 20X S RFRAOERLE RN, B2 EEE Tk L, 2oUkiXhiziT
fitr 217528, A X —1EHZRZHW2 &, YT 20803720,

I &2 —{EHRX, il DR R T ICRALD 2 e T B
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