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An algorithm for computing generalized integral dependence

relations in a ring of convergent power series
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Abstract

An algorithm for computing generalized integral dependence relations, in a ring of convergent
power series, is introduced. It is shown that generalized integral dependence relations,in a ring of
convergent power series, can be obtained in a polynomial ring. The key idea of the proposed algorithm
is computing ideal quotients in a polynomial ring.

1 ELC®HIC

Integral closure [11] & Al B G, MRECRM, BEMCB T2 HARNLETH Y, £/, 1T 7IVIINT
% integral colusre ¥ integral dependence relation IXFFSEMRIZE WTH EELRZLHZHET. UL
BHS, RFBRTORE 7L I XA EL /IR I T hin.

AR, FHEEHIZE D, PURFERREIR T O integral number X integral dependence relation % &)1z
kDB T VT ZLDBHRENBAENTWD (7,12, 13]. KFTHE, U7V —A47—2 &L, integral
dependence relation % §iiE 9 % Z & T generalized integral dependence relation D& EEEAL, T 5T
FOHFETN T XLERBAT S, TATY ZALMBOHL 3257 4T 7IZZHABETOA 7 7 VRO
HThb.

Generalized integral dependence relation D& & U TR &5 b-BBOHERH 5 [1, 2, 3, 12].
Z DISEFFE 2RO BIHIE O p-constant deformation (233 % A4 O FHE IR IR EHFBR IS
WTO VT F—REZFAWEHIELORATH S Z EWTEDHEIZ L Db D, REEEFIIMNEL -
b-BB DRI IE BRI R O L ifFs b,
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2 #lFE B

ZIZTH, ARMTHWSEBPHSEMNAL, AROHMEZ RS,

X % C" O O OBBERE, Ox % X TOEMEHD BT, Oxo % Ox OFEMICHT 5 stalk £ T 5.
STHOZIHR f1,..., fy € Clay,. .., a0 D X (2B 2 LBEEDFEROAN SR DRDLONEX SNtz
T5. (F5bb, {reX|fi(z)= = fi(z) =0} ={0} T 5.) WREHEE Ox 0 =Clz1,...,2,}
BT fr,.. . f WERT 51 FTNE Ty £ 8L, £/, HZHRBClry, ..., 2] KBWT f1,..., fo B
ERT 54T T VR T LEL

EFE 1 heClay,...,zn} B To L integral L3R ETZTHRE r & a; € T (i = 1,2,...,7) DFET
5L ETHD

B +a k™ +ash 2+ +ar_th+a, = 0. (1)

ZORE h D Iy & integral dependence relation £\N5. (1) WD L DHI/ND r % integral number
(reduction number & [FfE72H) LS.

Samuel multiplicity %K 2 7T XL (9, 10) WS Z & T, h? Iy L integral ThH 2 0%
HETHIeNTEZ Mo nTNWS.
YRIZ generalized integral dependence relation % €9 5.

EFE 2 heC{ar,...,zn} & Lo Lintegral £ U, £ € N%& h D Lo 2T B integral number, k& k < £
RHHEHBRBET S DL E,

bh* + arhF Y+ ash®* 24+ +ap_ih+ar = O.

Ehitzd b e Clan,...,on} a; €I (1 =1,2,... k) PHET DL E, ZOX%E hD Io LD generalized

integral dependence relation £ \N9.

AFEOHMIE, 2 THRRNSNZba1,as,...,a ERDDZT NIV XLEHEZDZETHS.

3 Generalized integral dependence relation DFtH

ZZTIE, AFEDELERTH B PURFEMIBERD generalized integral dependence relation DFFH 7 L
TV ZXLEHENT 5.
WE, he Clzy,...,zn}  Ip L integral THH, £ integral number Z £ £ §5. h D Io LD

generalized integral dependence relation
bh* + a1hF Y 4 ash®* 2+ +ap_1h+ar =0
EEZXDL. L, k<lfbeCl{ay,...,an}a; €L (i=1,...,k) THB. ZOXEeERTD L
bhk = —a hF~1 —aohF~2 — . —ap_1h+ ak
b, Thid

bhF € (Toh* ' + T2hE=2 4 - + I5 ' h + I5)
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EERDLIENTESL. Tabb, b T TIVE

(Zoh* Y + Z20F 24 4 I5 T h+ Z5) : hF
WET sz eiinmd. UF,

Ty o= Toh* P+ T3RF 2 o 4 ZEh + TE

b

FHOBRLY, AFRETOATTIVE I, : h* ICFRET 550 2%, h ® Io | generalized integral
dependence relation 0 h* DFREELS & 725 Z &b h 5.

ROFEHFEFAT 2. C" DR O B ERONBIRATIRED Y —H% HY,) (Ox) £ LT, Il &
DEAINDREWBATaRERY —HHOESE

H, = {4 € Hfo)(Ox) | g = 0,Y9 € T }
LhHobT. £, RENRBIAED Y —HOES W HL, = Wy |y € Hy, } Dta BT 58a%
Annoy . (W Hz,) = {g € Ox 0|9 =0,%) € h*Hz, }
LhobT. ZOXE, WAMD IO
WBE3bel,: hF < be Annoy, (R Hz,).

REWHAT 2 RE 0 Y —HOES Hr, IFERIGENT MVEMIZR S ZEPMonTES D, X7 MVZEH
DOREAFRTLH 7NV TY XLEFRL [, 6, 16 1ICXDHNINTWD. F7z, Annoyo(hFHz) 31 T7
VEigh, ZOATFTNDAR X — FEER, REMWRBFTasEn Y—HOEE Hy, 2RHHTHZ Ik
DHBETHZEMNARTH D Z L HHX[4, 5, 6, 16] THRRSNTWS., T72bE, hD Iy L generalized
integral dependence relation ® h* OFREERD DA T 7V Ty : h* OIEITFRARETSH 5.

Wz, A Cloy,..., 2] KEWT fi,..., fe WERT 24T TN JIZOWT, IROLIHABITDA

FTIN I #EXB.
T = JRFTE 4 TR o R R

ZorE, HHEABCley,. ..z, TOA F7VEE
Qp = Jy : K
EU, QpitkvFE I nZ2REWBFraRERrY —HOELE%E
Ho, = {¥ € Hib(Ox) | g9 = 0,% € Qi |

Ehol,
Ann@x,o(HQlc) = {g € OX,O |g¢= 0,vy € HQk}

LTBH. ZDEE, RO LD,
R 4 (1) bEIkihk e bGAnnoxvo(HQk).
(2) w€ Qr: (b CClry,...,x,] < ubhf € J, CClay,...,zn].

ZOHEELY, HULZHABIIBEWT wbhf € Jp BHIE,
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ubh® = c1h* 1 4 b2+ e h 4k

b, e PWEETHI LTS,

BRR L2 X 22 b EREBAT 2 RER Y =232 Z itk kD oh, v 34 4 LV LHEABT
DAFTIVEQy: (b) ZFHTHZ ik BoNnd. £72, [ubh®, Ji] © syzygy MEED 7'V 7 F —BJE
EHETDE, ubhf e J, DT, BTE-RODVEHLRD R MRS LT F—HEDOHITIZFIEL,
FTORT MVERMDZ EIZED ¢1,c0,...,0, B1FDIENTES.

ZZTHL, u(0) #0751,

bhk+;clhk71+_—czhh72+~-~+lk-1h+:ﬂ:0
u u u u

vy, S TL, THHDOT, IWHFERIEBIO generalized integral dependence relation 23135115,

Generaliqéed integral dependence relation % k&b 3 Z & 34N, FFERCTOMETH 523, REWFEAR 2
RER V= £ VT Annoy , (WFHz,) DAR Y K — KB E R BOFHBIE, TR THHERBTRD
R TER T EMHLTEL.

Hg, ¥ Annoy o (Hg,) IZ2\WTIRDIR D 3D,

WRE 5 (X h D Ip Lk integral number £ 35, TDE E, IRMPEKD LD,
(1) Hg, 2 Hg, 2 -+ 2 Hq, = {0}.
(2) Annoy o (Hg,) € Annoy.,(Hg,) € --- € Annoy.o(Hg,) = Ox 0.

DEDEHREEFEDHEDPIRDT VT ALTHD.

7I)L31) XL (Generalized integral dependence relation DETE)

AA: h e Clay,...,zn], F = {f1,...,fs} CClzr,...,xn], hi& Io = (F) € C{z1,...,x,} L integral.
J=(F)CClxi,...,zn] £F 5.

H:{(1,01), (2,v2), ..., (4, v¢)}: integral number ¢ % T generalized integral dependence relation % sKé
5. v ERZ MVTH Y, k=i D generalized integral dependence relation % & & 7.

k=175 integral number ¥ CTIRZEVIRT. L« 0;
1. Qk = ']k : /Lk ;&;ﬁbéo

2. Hg, = {w € 1) (Ox) | gw =0,V € Qk} Bk b,

3. Annoy , (Hg,) DAR VX — NEEG 2RkbDD, G={1}75, kA integral number THH, ub=1
&l, A7y 76

4. GMoILbE LD, Qp: (b)) DEIKU C Clay,...,z,] ZRDD.
5. u(O)#0 &b tu% Unrsed.
6. [ubh®, Jg] @ syzygy MEED 7'V 7 F —HEAFHE U CTHE BRI DVER L RDRT Mo kLB,

7. L+ LU{(k, [ub,v])}.

return L;
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Bl 6 f=ay+y% h=uay F {B:c ay} el, J=(F)cClz,y], Zo = (F)joy CC{z,y} £ T5. C
DEE, TILTY XL k=126 integral number £T, h D Io L generalized integral dependence
relation %K 5.

ek=10DtE, J;=JThH5.

1: A FTIVE Jy o (h) C Cla,y) DEEAGRT 52, Q1= {2%y} &5,

2: N N VEE] He, DRI {[ oy L a2y

A }} Y.
3 Annoy o(Hg,) DAR Y X —REEIF G = {22y} %5, by =22 by=y & T 5,
40 Qu:(b) & Qu (b)) DWISOEEIXH ST (1) &4 5.
5ru=1275%.
6-1: bih, 55, 5L @ syzygy MEED 'V 7 — L1 {[-4,774,0], [0, -x"4-6%y"5, 44y*x"3]} £ 5. (&
WEEERFEY 2 > y.) LT,

af
A2 4f
—dzh+y =~ +0 —y—O

5. (-4 FERLD, -4 TEEEHLEMEE, I TRLTERY. )

6-2: £7z, boh, gﬁ, %5 D syzygy IEED 7'V 7 F —FJKIE {[-24,-x"2,4xy*x], [0,-x"4-6%y"5,4%y*x~3] }
L%, (BUREEFEREEF > y.) ULdioT,

of of

_ BN NN

24yh + (—x )61' + (4zy) By 0

2135,

o k=201, Jp=Jh+J%=(%n5Ln (5% (50)(30). (3)2) To 5.

1: AT TIVE Jy o (h?) C Cla,y) DEEZFHAET DL Q= {1} &4 5.
2: NJ MVEM Hg, DRI {0} L7425,
3: Ann(Hg,) = (1) £ 9, integral number (& 2 TH 5 Z LW 5 LD o»d

4: h?, lh,ggh (gﬁ) ,(i)(%{i) (55)2 D syzygy MEED 7'V 7' F —HE I

[[96,0,-16%x,y"3,0,0],
[0,4%x"2,0,-y"4,0,0],
[0,24*y,0,x"2,-4*y*x,0],
[0,0,4%x"2,0,-y"4,0],
[0,0,24%y,0,x"2,-4*y*x],
[0,0,0,x"4+6%y"5,-4*y*x~3,0],
[0,0,0,0,x 4+6%y"5, -4*y*x~3]]
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LB, Ulhio T, . 8
12 —167) =L 3 (=L
96h° + (—16x) 9 h+(y )((9.7:

135, Tabb, o= (-162)% € To, = (*)(3)? € T3 £ 5

=0

Ths.

ZHIC, integral number £ TD generalized integral dependence relation %135 Z L T & /=,

BIT f=adz24yt+2% h=y'2, F={5L, 5,5y &L, J=(F) CCla,y,7], To = (F)(0) C C{z,y, 2}
EghH. ZDEE, TITYZXLIIHRD b D Io L generalized integral dependence relation %K 5.
ek=10¢%, J=JTh5b.

1:

6-1:

6-3:

: RO RVER Hy, DL {[

AT TN Ty (h) C Cla,y, 2] DEEEFHFET D& Q1 = {22, 2%, y} 5.

1

A A
TYz z?yz xyz?

1
x2yz

LI N ]} A

8: Annoy o (Hg,) DAR Y X — REKIF Gy = {2%,y,2°} 5. by =1 by =y, by =22 LT 5.

CAFTRE Qr: (b1), Qu: (by), Qu: (bs) DEEEHS AT {1} THB.

cu=1&75%.
b1 h, %ﬁ, %5, %ﬁ D syzygy MPED 'L 7' F —HE 1%

{[-3,y°4,0,01, [0,2%y"5,-z*x"2,0], [0,-x"3-3%z"2,0,3%z+x"2] , [0,0,-x"3-3%z"2,6xy"5] }
L%, KoT, generalized integral dependence relation
of
-3 Zh 407J =0
e h+yi (50
5.

: boh, %é, %5, %f D syzygy MEED 7L 7 F —H K 1E

{[-6,0,2,0],[0,-2%y"5,z*x"2,0], [0,-x"3-3%2"2,0,3*z*x"2] , [0,0,-x"3-3%2"2,6%y 5] }

L%, Ko T, generalized integral dependence relation

—6yh + y‘%%) =0

135

bah, L, G5, 5L @ syzygy MBED 7'V 7' — i 1%
{[-9,-y 4%*x,0,3*z+y"4], [0,-2%y"5,2z*x"2,0], [0,-x"3-3%2"2,0,3%z*x"2] ,
[0,0,-x73-3*z"2,6%y"5]},

kb, Xo7T, generalized integral dependence relation

af of
0,2 a4 4, _
9z h+< ly(ax)+32 82> 0

135,
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N

e k=20r%F, Jp=Jh+J? = (5Lh, 5Lh, 5Lh, (50)2, (30)%, (5D)%,(50) (%), (BE)(5h). (8D (BL)) &
B5.

10 AT TIVE Jo: (h2) C Cla,y, 2] DREE Qr = {22,y,2} TH 5.

2: N NVER Hp, DI {[ .7,-,71;2 L zjyz 1} L%,

3: Annoy o (Hg,) DA R Y & — FEJEIX Gy = {2?,y,2} TH 5.
4r AFTIVE Qo : (b1), Qa: (ba), Qo (by) DIEEIIHH S 2 {1}.
5ru=1275%.

G-1: ARV X —=REE Gy WD 22Dt 22,y i, k=10 TIZEFABRBESNLTVDEDT, TOMFKRA
IZ h R #MT D Z & T generalized integral dependence relation %135 Z &M TE 5. Ko T, KEMW
WEHRRBBIZ R B0 2 DEEDHRTHS.

6-2: zh?%, Jy @ syzygy MEED 'L T F —HEN S E RO VWEHDOH DI
[-54,0,0,0,0,0,0,-y"3%x,0, 3%z*y"3]
&b, ULzhoT, generalized integral dependence relation 1%

—54zh% + (—zyg(gf)(gf) +32132(%§)(g'§)> =
Enrb.
e k=3DL ¥,
Ty = Jh2+ JPh+ 5= (502, 8002, 802, (50)2h, (5E)2h, (5)2h, (BE)(BE)R, (BEY(G)h, (5E)(5E)n,
(G0 (BD2(5D, (Bhr2(5D), <%><%§>2 (3L)(5Ly? JEDNGEIEE), (B3 (Bh)2(5D). (BEY(BLY% (8h))
kb,

I: Ty (W) DR Qs = (1) L7 5.
2: Ann(Hg,) = (1) &7%b. L7 >T, integral number (& 8 TH 5.

3-1: W3, J3 D syzygy 1 5 EE— LN HERD H DIE
[324,0,0,0,0,0,0,0,0,0,0,0,0,y"2%x,0,0,0,-3*z%y"2,0,0]
Thd. §70bb5, generalized integral dependence relation &

324h3 + (zJ (—)(%) — 3y%z (57/) (5{)) =0

%%, ZorE, 2305 -3y L)A 5 e T TH B,

A

ARG HARF MR SR A A& HFUE (B) dEEFS 15K17513 & Lg% (C) EH S
15K04891 DIk %21 CTH D £ 9.
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