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Abstract

A Grobner basis is a system in the field of algebra that captures the favorable behavior of ideals
generated by polynomial sets. When investigating the ideals of a given polynomial set, computing
its Grobner basis can often lead to solutions, making it a useful tool. Consequently, it finds applica-
tions in various fields such as algebraic geometry, discrete mathematics, statistics, and cryptography.
Therefore, research on algorithms to compute Grobner bases and their properties not only impacts
algebra but also contributes to the advancement of applications involving Grobner bases. One specific
focus of Grébner basis research is on polynomial sets known as semi-regular sequences. Polynomial
sets generated ”"randomly” exhibit characteristics known as generic, and it is expected that such sets
become semi-regular sequences. Additionally, it is believed that semi-regular homogeneous polyno-
mial sequences satisfy the Moreno-Socias conjecture.

This paper introduces an algorithm to compute the leading terms of Grébner bases for semi-regular
homogeneous polynomial sequences proposed in a previous paper. While obtaining the leading terms
of Grobner bases typically requires complete Grobner basis calculations, the proposed algorithm
computes only the leading terms, allowing for faster computation. By restricting the polynomial
sequences to semi-regular homogeneous ones and assuming the Moreno-Socias conjecture, this com-
putation becomes feasible.
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HIKDISHNEORIBICH B %2 52 %, Grobner BJEDMZTNGO—D & LT semi-regular 51| L I N5
ZHEASDDS. T VAL ERENTZZHERFNE generic EFEHINAFPEZRD, 20O X 5 G IHAS
I semi-regular 51| £ 7% % C EDTHRENTVS [1]. FT7z, semi-regular %7 RZIHFIE Moreno-Socias
TR DRI TEEEALNTVS.

T DXL, i [2] THEE NIz semi-regular 727 RZ LRI D Grobner JEED S RENC 3BV 2 5cHi
HZEHT 57V XLZHNT 5. Grobner BEDFETHIEZTF 5101 Grobner HEFTHEZ 9 5 05H
HBM, WRERINT)IVTY XL Grobner JUEDEFHDOHZTIUNT 5728, RIS TES. G100
T B RDLIEAY % semi-regular 722 RXZEAFSICFEE L, Moreno-Socias PHZIRET ST & T, TD
AR AIREICIE > TV 5.

2 i

kAL 9%, R%Z k7&K, x1,.., 7, ZEBETHLHERIRE T, ZROMTREINS ROHE
FEHIEX SR, Ry 2 RO d DHIFEROES LTS, HIHNAt,ue RICBALT, tHuZdlDY)3
EELuEHRLT D, t DXL deg(t) £FiT 3. R OHIEHRNFITIZEXREGTFEERED A - TV
%59%. LA f ¢ RZHKT SHIEAOHPT, HEAEFIC K2R KOHEENZ LM(f) L &Kild %
FCc REZURINEL, FHIERTZAT7IVE(F) £EidT%. ICREATT IV, GC REZIAD
EELT S, TED f € RICHLT, LM(g) |LM(f) £%% g € G WRASEET B L & G % I D Crobner
HE L PES.
& 1

[1] I ZFERATTIV, LHER f c ROXKEE d LT 5. TEOERE e > dIcBVT, k385 R
(R/D)e—q — (R/D. TNV 7DEE, fid R/I LT semi-regular &5,
2TDi=1,....mIBALT, fiMR/{f1,...,fi_1) T semi-regular D& &, FRZEZI{f1,..., fm}
& semi-regular %) & LS,

d>0%BHBETD. LT, ICRBEFRATTINVEL, F={fi, . fuy @A T7IVI ZEKT ZHERE
I ET B, I ERD KD ISERT .
Ip={fel|fidXxEdTHX}U{0}
Hilbert BI#4 & Hilbert ##Z XD X 5 ITEHKT 5.
EE 2
FIRIR R/I @ Hilbert Bz RO & 5 G E L TEEL,

hR/[i N — N
d — dimk(R/I)d,

BI¥ hpyr ZFAVT, RIRIR R/I O Hilbert f8 Hp/r(2) ZROX S e LTERT 5.

Hpyr(2) =Y hpyi(d)z”.
d>0
E& 3
Yorgaizt iFa; € Z THIRENBHEE TS, Doy aiz’] BRDESIICUTELNBZEIN {b;}is0 1<K S
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{f1, s fn} BFRZHESSNT, f; OXEE d; £T 5. {f1,..., fm} D semi-regular TH2D T & &, KHK
DD LIZFAETHS.
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[1] J C RZHIEBXATT7IVET B, JIZROFEMZT=d & &, weakly reverse lexicographic ideal & W5
E7ED minimal generator m € JIZH LT, m/ > m HD deg(m') = deg(m) Ziililzd m' € Ri&dm/ € J.

ROFAEIE Moreno-Socias TAEEMEX LS.

TiE 6
[1] F & generic ZFRZHAINET D, [=(F) &L, J=(LT{)) £F%. TDO&E, JII weakly reverse
lexicographic ideal T®H 5.

LUF, O TIE Moreno-Socias PAMIELWT EZ{E L Caizitid b, 95 &, fw [1] DEH 2
M5, generic B RZIHRTNE semi-regular ZFRZEHAS EFMETHS. DX D, semi-regular SN T
RIS T Z2RET 5.

3 Grobner EEDGIEIEBZHFHITS7IVIV XA

a3 [2] 1N ZRARBOTREAIE (MQ 1) Z2 Grobner JEEGHRZ W TR < 7V 3V XL 7%
FEREL TV, @ T, Grobner BEDSIEOIHEAB T2 7NV TV ALERERELTWS. L
TR 7 AT ZLEHC[2] D7 VTV ZLEEELET VT ZLTHS

Algorithm 1 Grébner FEKDEEAE &R OR 77 )L TV XL

Require: #%8(n,m

Ensure: Z8 D% n O semi-regular ZZFFRLIHAIN F = {f1, ..., fm} DEIE d O Grobner FJE DRI
{Ld}dzo EFDH {Ndldzo

: Hryry(2) %7 (di = deg(f:))

Lo+ @

d<+0

: while HR/(F) (Z) 7é HR/(LT(F)) do

By {meMy|m¢(LoU---ULg 1)}

Ng < #Ba — hgy(ry(d)

Ly + {BiDIEFHARKENHMND Ny}

d+—d+1

: end while

: return {Lq}a>o0, {Nata>o
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3D T VA X LOMREZ HRILRIC K DD Tz, semi-regular HERZLAFIN G2 bhic L ZiC,
Z D Grobner FEDF MO FBIAT /213 Z DRZFHRT 5 L 2RMBEROE L U, £ DOFIRI 2 L
%. g 57 )VAV XL RO 3DE L.

FiE 1. FEY T b Magma Z{#i ] U= G EEUA LD Grobner JEEG A
FiE 2. G T b Magma Z {81 U2 A7BEIA Fior 0 Grobner JEEGHAL
Fi£ 3. CH+TOIEEC KB 3507 )V XL

WERDFEE LT, FE1 &FE 2 T Grobner REFTEZ 9 % T & T Grobner KD S RE D SCHHIH &
ZTORZRDOTWS. Fik1 TIEREAL UTHEEERZIEHL TWaD, THUIBEBIERE D LEIENH
WiehTH D, MERADHTE izt DOEEHRT 2720 TH 5. Fik 2 TRAMREKZEIRL THa D, —
HRICHIRIAD A En#Ic Grobner FREEZFIETE, ZHUE Magma TERMETH D, FREEHSGE LTS
fo. BMEICH U CEHERI & A ) 82 i Uk,

PRI U7z IR AR BN T > X LS5 2 51Tz semi-regular 72 22— RERZLIEHST, ZOE
BOEE n, ZIHROEE m £9%. XD 3DODDEATDOLIERS & FHEEEBIHH L.

en=m-—3
en=m
en=m-+1

FHEEER T Intel Core i7-10850H@2.7GHz ® CPU & 16GB ® RAM D HE#&EHH L 7=

F 123 FETE LMEDRA S5 ERBOLE DR TH D, £ 4,56 IZFTHELUIZMEDRLSMHHAE
VIROIRDERTH 5. GHHRIFHN, fH Uzt BolilR, £z 7S L k54 —1—v K,
RIEA TV MEHAROFIREZRE 2 TH/T I T DRI T 05, FIEIR, AeVHHEESICTFES, F
#2, P11 OB TROVERMISN TS,

AIEREICEAL T, n & m DENMRKEIVE EREFENNRNTHE L hbhoTz. MEDZ AT
n=m—3 CRRTE1 &TE 3 ZHIEET % & T3 3 135 170000 f5EV. FHERRE & EH U 3B Eh
THIDRIED % A FII IR TE o 7zh, MOMBED X A P TIIEESZRIEDRIADZ L3757
MHbond. Fik2 &FE 3 2T % & FE 3 DAY 270~3000 f5H. SEIEH L7285 X—XIC
BOTRUEDX I BERETZ TN, o570 2 BOEROBNAKELE3I1ZE, DED, HED
L < 7513 EFE 3 DHEERIIRE L E 5.

ABVMARICELTE, n&mDENPKIVECRETIEDMNRNTHET N bhot. Tkl L
T 3 BHFR LI TE R o 720, Fik 3 IIERIMICHT A2V 80w, T2 & Tk 3 ZLEE
T5&, Fik 3138 120~400 5 A BV EHENDZV. ATUMHREICEL TS, SREEHLEZ/ST A—
ZICBVWTIRUED XS BEREASTD, I T0h5bh B0 ZROBMNKELXBIFE, DFb, I
FENEL {72 %12 8Tk 3 OLUIBERIIKEL K 3.

TFE 3 DVEHTE ATV AHEE Grobner FEEFTEZH 91T Grobner BEDLIHEZ RO TWBEMNDE T
H5.
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5 7IV3dVXLODIA

38D 7 IV X LIE Grobner JEEFHHZ W1, Grobner FEEDEHIEHAFIH T 2 C ENAETH S
728, Grobner HEKDOEHIAEZ IR LI2WEE T, FHET 2 MEM semi-regular L XZHZG S5 EIC
ENTH%.

Grébner EEFIHRICBNTE, 703V XLOHDTEDTH S {Ny}aso WEMATHS. H5KEd
@ Grobner HEFIEZEDTVB LTS, TOLE, BERE > TWERE d DIEDOED Ny H—HL
TWVABIGEE, DBOFE TR d OREDOBERIIRE LSRN &h 5, K dDFHEIKAI TRV &
Wbhh%. T Hilbert-driven 7LV XL [3] DFALITH 2D, {Ny}aso ZFRICFTEL THBW LA,
Hilbert-driven 7LV 3V XLDFHEXICBIT 52  OEEZLE L ENS Hilbert FEDFIHEZEL T &N
TEBHDT, EHICHETES. &L, X d D Grobner FEHFE TRIE & 5 2B OBRBETH > 7215
A GEHET 2 S ZHEAMNS T 0 KN ENIRWIEE), B2 EAXDFHEZE 91 Grobner BEKARKE 5.
ZDXIIEFERIET 256, FA4] OHEZZEEENRIAD S, FisC 2] Tid, FEONMSZ MQ [H#
ICBRET 2T &C, ZDXIRAENREBRINCHHL THEYD, Grobner HIEFTEDE#EILICHEIIL TV 5.
Fiz, IEERATTIVOFEICE L TIE, Grobner BEFHOBHE T GHET 2 LHADIEBIEE S F
T, &, {Nalaso D 0 THEVIEKD d £C) i@ TES T E&HX 2 ISR L TV, PG
Rk EDZIEAIRTH S T L EHRICEREN TV S, ARE LEOZEARTIEILTLEELL AW
W, ZFOLEOZME L BIHERIEHY 2] IS LTV 5. J2BE, ARATH > THEDOEEBI Ik
FF NIRRT VIR Z D (HEOFR 01X DI WV) 29 570 TH 5.
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