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F1TFTIVHEDORN
Qlz1, ...,z : FEHE Q LOSHAIR (Q[X] LB&RD)
I:Q[X] DAFTI.

— A F T IV I D radical DFEAF 7 V53 (prime decomposition) &, RDOFEZ TN TITH
(W

Qx| o 477V 1]
4
(17710 0-K5Et]
4
[ 177 10 radical {t]

U
IO RIC radical DFEAT TNV \ﬁﬂ

177D 0-Rit R ‘
I ® Maximally independent set U \2x¢ L I = IQ(U)[X \ U] : 0-KTEA 77 v &, QU)X \ U]




EDORFTAFTN. X I =1 NQ[X] LBWL &2

VI = VIeen/Td(I, f)

ZWlcTEHERA f ROLNE.
NP A K % K=QU) LBWT, 177 NME Kz, ...,z,] = K[X] £ 0-RTTOHTH 5 &
EZD.

0-RT1 F TP ILD radical 1k
Kz, .. zr] EDO-RTAFTNVIIHL, &i=1,..,r W TINKw] =1d(fi) &% b D
—~EREERN fi BB, OB, KNTER 5.

I »¥ radical & €T f; * K LB

KB AE EORB R
K @ successive extension %2 5. K = K(ay,...,a;) s.t. pi(a1) = 0, p2(ar, ) = 0,...,

prla1,..,ar) =0
K LT K[z] @ square-free ZIHR f(z) 20T 5 L I3FIRER

H = Kz, ..., zr, 2]/ Id(p1 (1), ..., pr (21, ..., 2+), f(2))

EROMBGE L; ~NDEHIH L5 25T ELFAMBETH L.

(A) » H=L1® @ Lm
L RIEE L; DY Kz, ..., 2r, 2]/ P; (P 1 maximal ideal) T5 2 Hh,
K(z1,...,z.)[2| P = Id(f;)
EEIL & K(zay oy 20)[2] DEER i 1, f DERTFT,
F=fioofm.
BIRBROSE (A) 13, %D FEMUE Norm %2EHE L, BESHTUT IV,

Norm(f(a: - :3)7 (&3 PP aT) = Id(f(m - ﬁ)vpla"‘spT) n K{I]

72721, B X K @ primitive element

0-%t radical 1 FT7 DR T T VHER
LR, I3 K[X] £ 0-KTC radical 177 VET 5.

I DEATFTTVHR PIN..NP. %2 5. 22T, P i3, K[X] ® maximal ideal. Z#id,; K[X]/I
DD

(B) K(X]/I = K[X]/P, & ... K|X]/P.



P52 5Tk EEME
X (A)(B) % BIABIT, KNELD.
| 0-°KJC radical ideal @?ﬁf/fi“"}”)l/ﬁﬁﬂ

§ AEMICELC

[REdEAE LD BB |
Klz1,...,z,] A7 7V I @ primitive element Z ZNF FROBDOITIEFICEVFE.

4
B 21, ..,z BAEIEE R 72 L successive factorization L7213 %) DETERIEHA LV,

Successive Algebraic Factorization NFEA 7 7 I 3EANDICH
Klz1, ..., ] ® 0-KIC radical ideal I % successive algebraic factorization % J&f L CROME A
57 V53 algorithm 3B 2 b 5.

(DI NK[z1] DEETT g(z1) KD 5.

(2)g(z1) ZBRFGHEL g=91- gm. b S (|

I=1d(I,gi(z1))N--- NId(I, gm(z1)).

(3)T T Id(I, g1(z1)) 25,
a1 % gi(ar) =0 FEHRZERNE T HRBNEET 5 &, XORFBAHEY LD
K[zl )ty 11]/161(1’ g1 (11)) = K(al)[a:?’ ---amr]/jl‘ﬁ:al .

Iey=a, 2 I LEBZETE, LI 1T, K(a)[z2, ..., 2] D 0-&KJC radical /1 77NV ThH 5.
(BT, I N K(ar)|es] DELTC h(zz) 2B, (h 1, o1 2B O—ZHSHX )
(5)h(z2) ZACHIEKAE K(ar) LCEESHT 5. | |

h(zs) DFEETF hi € K(oa)[z2] 12X L, ho(az) =0 * ERFHANFHF ORI o B L, £

X R R ORIEIATR Y 370

K[wh veny zT]/Id(I, T (IE] )a hl(ml 3 :L‘?)) = K(alv 02)[333, L) x;l‘]/Illl—'—'al,Iz:ﬂZ‘

IN% 23,..., 2, LY IBEHE, ROBLHRBROEANOGHI R ONL.
d
K[X]/T = P K(ain s @ir)
i=1

72721, d = dimg K[X]/I TH5.
{Qiny o, Cir Yima, . DEBZSERNLY [ ORAT T VEBIVEIETEL.
&%
e Successive Algebraic factorization (¥, Anai, H. , Noro M. , Yokoyama K. (1995) 5.
o HEHE LD A7 7 LV ORASERIL “Linear solving and Hensel Lifting” (2 & o TEIERAIZEHHE.
(B¥:#F2IF4T [ Generalized Shape Lemma @ Hensel HEBIC & 251 ] 1995.11.21 HU#HT)



10

o AEAE L ABILAE LD GCD §E(Z, Chinese Remainder FIf§ 5 L 305N

2.2 1d(P,s) TEENBAFT VOEAFT
N

FR : TII&ARIL ICLBERAF7IATIVTY XA
Theorem R DA T TV I £ZD separator & S1,...,S, ZMWA. £ 1 123 L, Q, = IRs, N R,

i =Hses,~ s, LBE ki % (I:s¥)=IR,,NR ZWil-THREETA. I' = Id(I, s, ... k) &
ELE

(C) I=0,n---nQg,Nnr,
AR ID. B, I’ = R 5T dim(I’) < dim(I) DWW FRPAHEL D LD,

Definition E®D5# (C) % pseudo-primary decompsition LIER. 72, £ Q, % I ® pseudo-

primary component, I' % pseudo-primary decomposition ? remaining component &[5,

Corollary /I’ = \/WO n m

Theorem pseudo-primary ideal I (231, Q % I DME—D isolated primary component, f %
extractor £3A. k % IR;NR = (I : f¥) 2Wi3TEHRE I' 477N Id(I, f*) L5
Q=IR;NR THH, DENVEYILD.

(D) I:Qﬂ[’.

I, I' = R »AH T dim(I) > dim(I’) H’FR 5.

Definition I % pseudo-primary ideal, P % % ® radical &3 5. LD Theorem @ decomposition
(D) & I b @Q @ extraction &FETF, I' % extraction @ remaining component. & If-5.

Corollary I’ = \/Td(P, f).

Special Prime Decomposition of Radicals

pseudo-primary decomposition ¥ 7213 extraction DANAFTN V 2R 5.

radical VV DEA T T NVHIRE, —DODEAFTIV P Il—20EHE f #MATDDOTERENS
AFT N IA(P, f) DEATFTTVARIIZETE 5.
U

|Id(P, f) DWDFAT T VR %FIA.




Procedure (E) PrimaryDecomposition(I,d)
Input: A positive integer d and an ideal I such that dim(I) < d.
Output: A set PL of isolated prime divisor of I with dimension d.
begin
PL—{}, ]~ 1
U « the set of all maximal strongly independent sets
modulo I with d elements
for al U in U do
If U is not a strongly independent set modulo J
then continue
P* « the set of all prime divisor of I computed in Q;
PL—~{P*NR|P* €P}NPL
H — a Grébner basis of I with respect to a block
order U « X \U
f = lem{HCu(g) | g € H}, J — 1d(J, f)
return PL
end

Mathematical Background of Specail Procedure

Proposition EATFTN Py & P CHEFEFNLEWV R DEE s S LAF TV Id(Po,s) # R D
isolated prime IZZ&TRITHFE L € dim(Pp) —1 TH 5. ' '

Lemma I % RDATTNEL, T D isolated prime DPTHADRKTZFHOODE P £ §5. ¢
b &, EED admissible order < I2fFWT, £TD P BT 5 mazimal strongly independent set
U it, £72 I 123 5 mazimal strongly independent set 120 7% 5.

Remark KDL, Procedure (E) DINFED LS ERL TS,
(1) BEBEE LD 0-KTeA F 70 prime decomposition DEELL, I O isolated prime DIEEL
THEZOND. -
(2) HERIEUE LD 0-KTCA 77 VD prime decomposition 1%, T L TORFTbRE.
(3) Remaining ideal J i3, 3% strong independent B & ) DPEMEPDLDIZHNE. £DF =y
71243, B order 13T A Grobner FEEAFER 5.

Implememtation of Prime Decomposition

RONRAE V5.
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(F) VId(I, fg) = \/1d(I, f) N \/Id(1, )
(G) VI=+\/(IR;NR)N \/1d(I, f)

Implementation of the General Procedure
I % R DEED ideal £ 5. (Qu:=Q(U)[X\U].)
(VA (F) RU(G) 2BV, ROBE AT TNV J; 2518 5.
O VI=vhn- -0V,
(ii) J; ® Grobner BEOETOEHRIE R LOSERE LTHATHS.
(iii) J; 1289 % maximal strongly independent set U; 2% LT JiQy, NR = J;
(2)& J: W23t L, £TD prime component ZRDBEIZLTERDS.
(21) Qu, D O-RTXAT TNV J;Qy, i LED radical J; ZFHET 2.
(2.2) J! @ prime decomposition % EET 5.
(2.3) & P/; 1x¥ L, R ~® contraction P, ; (P;,; = P,; N R) %&1#7 5.
o% Pj i3, ROFEATTNVTHIOVT = PiiN---N Piy,.
(3)P;,; PHTHRS% component X MY EX <. (component P;; BRH % L DML ) »iE, P
5D component Py ; REILEOGHIE )P THETE )

Implementation of the Special Procedure

Procedure % & ) ERHIIZT 57291 decomposition (F) % flAiks.
Pre-Procedure: 52 bM7zAFT7 NV [ IZ(F) #@AT 5720V =vhLn---nVI, 2% I
D Grébner HENETOERKIL R DFHAEL LTBMER B AT TV [ 251HT 5.
Procedure (PrimeDecomposition(I) (special version))
Input: An ideal I such that every isolated prime divisor has the same dimension.
Output: A set PL of all prime divisors of V1.
begin
PL — {}, d — dim(])
Z « the set of all ideals obtained by Pre-Procedure.
for each J in 7
if dim(J) # d then continue
if J is prime then PL — {J}UPL
else PL «— Special Prime Decomposition(d, J) U PL
return PL

end

Remark RERHIICIL, IEFIZE C DBIT pre-procedure decomposition T TIZ prime decomposi-

tion 2% o TWA. BHE example 2 EIF 722 TOHNIB VT, pre-procedure TEBEEN/A 7T

12



Vik 1478, FDOHIHD 142 18 (96.6%) BT TILEAF TN Thol:. Thbb, ZLOBEID
procedure 1%, NODHEATTVHEND L ZATRT 5.
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