ooooobpooooo
646 O 1988 O 93-108

AFIHRIRE 7 B = R 5 2

IN-V f'T'"A““f B H‘UJ io Kako)

FERFHETHFE A —5B (Kazuo Kishimoto)
flg%jiﬁﬁli§énb tiA#E (Kiyoshi Yamamoto)

LBRFTHE “#E®iE Kenji Onaga)

MELEHMBILE O ERKEL>—F T, BELBLwTH, 8, Y9 v 208213
CoklT, *FXIR0HF0EBLRoT w3, Z0OXIRER»S, EEEO
ETEEEE, ML Y oSS APoRBEIEE 2SS BED 27 LoRE.
REEFHASNTER, LALESS, IA60FBRATHROFEREZMALT. &
TR 770 ~F 2M260THY  BRELVRECILED DU BELELH DM,
FEOHEMPITREARVIBEELRIVAZEVIHIBRTARERY AT L TH -1,
COLINRFREMLREL . BICELWRE2E2 DI RENTP LT LI
OPREEPLBEEEHTL 3 ,

VMERAZORFOMBEREEZELZE S AL L0 - TREMZBECERL >3 2
EpmeshTvs, EF-BRHEOzRCER >z o, FERCLoT 2
OBEEZPNITYXIIVvIICKRKDBZ ZEMAREERZ, 2tk HANES 25 L4
(REDUCE) 2Hui, RMEOCBERES 257 LEROAHIZ20THNRS

PEEIRRE ¥ i3 — s,

FH2EOBERT2EREBG, SaonnRE2l-TREL2HE <2
CWIHBRETHBH, o TRYUEENEEEE DN S,

ER BRI 2R BB ERETIL
AVNZA =5%6ﬂtﬁé¢®tb Brzont:geB3MH2HEL

DZHoOBE2ACCERIZITL EEL2E2 S,
B2 BB BR T3 . Bl a VYR 2 2HOTUTE 2 248FRE, NHRESE
ERFREHALCEEOADERTH S, FRMAEE L PHIRZ2MACEREOATERY

e
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nrogElx, 2CHEMElgETH B, RIS, ERRErL TR, FERTE I LS

D&HTRBL, FEXTEINZREFLEZoNZH, I TREARFOBEOAHIC

RoTEZL%, {-oTHEI, EErxnrEg2REFBRCERLEERIC, 208

BAPHA EEHREZHAL L OATRL ZEPHAELBZHET 2 2 L ROTGE3 5

AR ZOREERICKDB ZLICRETES,

DRAFLOEEE LT,

1) fFEREOAD e FEANOEE
Aﬁ*ntﬂ@%#»%%a%%&ﬁiﬁﬁb&ﬁh Wi+ 3.

2) FEIREFERXOEHHIC s REMBEE
WMEEE  FHBRARCEEOA TR v o kv, ErhHERXo0K
Bzigiz>., chicid, FTHEIFEX» SEZHMEHEHEL., BIAE 1R
REFEA2EH T2, BonABAN., “RAEEX2RZICEL LT
BE>52hEh2¥EL, IR TOINIZORZEDZ,  oMExic, &
UHBROBZEHET 3. tuﬂ%?&uﬂﬁ\ﬁﬂxﬂﬁaﬁgﬁ%o

3) {FEFIHEOEHK - '
MAIEE s P AHRTEISNTOIBEIHERAOE» S, ﬁ@ﬁ@wﬁaaaw
HFEH2ERL T2, T6E. COFBEEH., SroncPEicdL T=E
%”WE&UKOO ~

&3,

1. FEEEOAD L HEIAOLS

PRI, AL BN (22 TUS, EREMANSE3) KHT B RMED 5
2%, BARPE., EERERETZ LT, @HBEREZHNT,

® o ix=Py, y=P:

R tLix+Lzy+Ls =0y Li2+L:2=

F & P x—=Q1) *+ (vy—Q2) *—Q:%=0

aﬁﬁv%ao,9zfumm%vu\gxnwu:m%@iﬁ(ﬁm<Pbpa\
B (L, Lz, La) o AE (Q1, Qz, Q3) O#iT) TERT2, FERHE
&\;ﬂéwﬁmﬁmﬁﬁﬁfém CTHETB e TEYXNS, ERMuRE:L
T v



ON (5P, ERL F-IHEHEQ)

EPAEBRLI-INEQO R CHE I rET,
CENTER(&EP. HEAQ)

MEQOFELHEPTHZI L2 ET.
PERPENDICURE (B #RL .. &L

COOERPBETCHE I EEET,
PARALLEL (E#L .. B L2

s G)'ﬁ%’ﬁ?’ﬁ\‘?ﬁ'@ HBILRET,
ZHRELTCWS, o, Z4HMoESL 5 2 2 BEEDISTANCE: —>0EHFOKTHE
%2 5% 2 BAHANGLEZ IBL T 5,
INEDOWREPL, EHF2TIS, HLWRECEB2ER T2 2 LLEEET, i,
<vREBowEg> : : = PREDICATE yh&EEL (&, . . . )

BEGIN
HEZANEE, ;

HEgOES:

PRI DR
PRBEI A DFCE: 3

END;
<Bi¥rowE®E> : : = FUNCTION BS#% (M4, . . . ) s
BEGIN

HE2%DES . ;

ERIZFA DL 5

e
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RETURN BS8#oofE ;
END;

DTV EYIATERING, HFH2E, SPIIRIZHQOERESLTHB L 0I5k

EETangentid .

PREDICATE Tangent (P,Q,L);

BEGIN POINT A.B.P; AROEE
LINE M,L; YEBROES
CIRCLE @ SHOES

ON(B,Q) s CENTER(4,Q);
ON(A,M); ON(B,M): ON(B,L); ON(P,L);
PERPENDICURE (M, L) ;

END;

CEETES,
KRR 2172 SBIIE. 2> RCONSTRICTTHET 3.  Ihld. ROX 3124

KT B,
CONSTRUCT (Tangent (P,Q,L),L) s

E-BEE, FRIFGOEETH ). BB, RAMRBE S ERT A s BB 0BT
THB. FAOREOELS AT OEBE. BOEETsE3., coavwy Fiolb,
EEEEOAS - BT, EXBEALEAL, IBEAERTER T2, 2L,
eSS 6, EIHBERXEIT2, Fad, SALBFEx2LoMNTE EI, HA,
B, CHEZAFPOEEZ2B T IO>RACL2RKkD2lE2Z %125 &, FRZGR,

PREDICATE Triangle(4,B,C);

BEGIN POINT A,B,Cs
DISTANCE (B, C) =DISTANCE(A,B) 5
DISTANCE(C, &) =DISTANCE (4,B) ; -

END;

kv, HFETriangletH A 612, Fio, TOFETT, SCE2RDB3ILHahik
zont-BEEchY . o7, S

-4 —



CONSTRUCT (Triangle(A,B,C),C);

CHERBESETEY NS,
hbr s, HERR, SAOEEZ (A1, A2) HFrEL,

t

(A1-B1) = + (AZ-B2)%,
(A1-B1}2 + (A2-B2)%

(B1-CHH2 + (B2-C2)°®
(C1-A1)® + (C2-A2)°

ZHREAEC L, C2Iton TR EET RS,

2. EIREGEAOREKIBRE

BT AERORZREMNICRKRD 2 iR, FTEHME2BEELC—EHoFER2E
L., 20B2L By sBcicnd, FEE2HETBIPIITIIL
LT,

(a) WHEE
(b) —mEEE
(c¢)  GroebnerBEEIZ X 2 ik

BHISHATWS, IITRR, BLIHEENDLEEbN B GroebnerBEZ AW
FISE->THERTE S,  GrocbnerBEDFEICH W T, BHROEFL UTHEAE
FBEES L, Bon3HEOMMCRILT-EHOFBEAPEEINE., WH-T, T
DHBEXNZEE, Inzfml rthk (EKRE) 2 ET, BYOHEXN2BI TR,
L L., HEREF OHEICEGroebner KK 2 W T3 1L OFHRI Z 0BBROMER O
WY BHELKEL TWB 0, BECI-> WA B HEREA»H»Z ., —BCE
RE-FHEAME2HOLES S, FERESRECES,  Morituguld, nBHOHER
T b, ERB-FEXEE 2 VTS N Groebner BREICHL TRB 2T I 2 &
Wk, FURBREDOL L CROBBE®EI L sTwWd32 2L,

{hi(x1),x2-h(x1),x3-h3(x1),:. ., xn-h(xn) }

T, BUREFERI T ZLO0AT, MOEM (G22,...,n)iconTidE

-5
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Shi-fx, 2toFERICRATRIZETELNS,
PILITVZTL1 x;-hix)) & 2BEA 25182 (Moritugu 1987)

%input: GroebnerEHJEG ;

%output: p = x; - h(x1);
M := deg(h:(x)) - 1;
for k:=1:M do px := NormalForm(G,x:");
NormalForm(G,x;)+do+dip1...+dwpn = 0%dx(k=0,.., M2 D THEL
p = x; +do * dixy + ...+ dux™s ‘ :

return p;

Z 27T, NormalForm(G,D)ix, f2EECTENL -3ERL2ET.

3. HEKXOFHHIC L3R BOMK

DEZSRARCHM T2k, SCTEHZERTIMPBL T3, HERKS
=OATWTH2 L1, ZEAICEBE (2 o HEREF I HREHRE) g
Br2R2MAMUTBONIRELT-REAFICF CRBIBETEZHEShE WS
ZeTHhs, HEAT=0»REMcEchrz e, HEAOGlois# (f =0
DR{a,az,...,a OBBREEKOZTE) PEBTH»Z L IFETH»Z I EHRIN
TW%, CITHGHIBTHZ LT, BHOBOHRH

1 = Go§Gi & =+ &G, = G, 2EL 1 UHE
BHoT, 1=01,...,r-IeHL T

D GH G OEESBHETH B
(2) Gi+ i/GEP7—RXNVEETHZ, HD, £ToORICHL TTBEERMBEY O,

PO Z->TOREEE2 LS,

Ureio T, EIRPEORIEE & THERD 6 2 NS T 3GaloisB 2k, 2 DGal
OisEATMTH B HELTHETES, L. GaloisHOMRIZGBIEM SN T L
BHETIE. ~ROZEA TR RROEMBE»H>TL E 5,

-6 -



pOFIE ZGaloisBEOHRIZ L5 2 L L

22T, HBRADPFELHIBOATES S 2
F TBlock®# EXT 5 .

TrsPlIT) T %2rmT. ZhiZl,

&8 O = {ai,az....an) EZ2ICVEAT2OHBLEREGHSZ S
Nk, FEO ceGioL T, B)=Bor 0%z L OBHEREBZBloc
kEMER, BUEZOAH»HRZESE QL FHCHBZBlockTad . 20
LA dBlock 2 BB T 78 v Block (Block of Imprimitivity) & FEA,

T, 7Oy 2HWUT, 709 Y 2AEET 3 X5 %GaloisBOMOT S MG T 2 ¢
FRAPEFHoATHEE S 2410, FEAOREn I Z20ME (n=2Y) THH,
DT AL2 (1 =1,..,00BlockziE->. LichH-o7T, ZHAI )W Z O—Ra% T
L ik EcEBRGET S L, ’

f{x) = (x-a) (x-g; @) x-gz(a)) .... xO2RUNLEDOHEF)
R Texs, 22T, —RAFoER2ETH ., FL2RALOBHETE
SESERZORMILT2OMETHSZ, ZH5TRVWEGCE., CoRBRIFER
HoOATREEZ W,

Nl % 1IN

gilgi(a)) = a

225 KD3E {a,g; (@)} BYasx2070v 2T, IO,

(x-a) (x-g;(a)) = x% + hi(@x + h2(a)

(L LZROBHAETFEFTE, Z0REEh h2 LT IV | EfE2KE

LT
T3E
(1) h,(@ =cek
(2) hz{a) =c ek
(3) hi@@ =b h@ +¢, b,e &k

4) znlSogs

DA->DEEPEZ NS, ZOARARVIOIHS>OBHICITZNAFTHN,

99
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M z=(x+e)x
(2) z = (x% + e)/x
(3) z =

x2+cx)/bx+1)

LEL ZETHBAM )0 2B 2n2ROFERICER NS, ¥ 5E, b,c

BEBEOERTHY LN - THEXDGaloisBIz X 3R L TFET, Z0XK

BRI, eToTovrIcEBLar6TH2,. MEI4ABEHOBEE T, I OB

KK EVBlock 2T, 4AROBHAF2HE I, 2hApB¥ L4070y 2 2R T,
F . :

g;(gi(gi(gs(@)))) = a, g;(;(a) # a

Thnid, {a.g:(a),g;&:;(a)),8:@®;(@i@))} PHAZX4n7ruy 2z, Iin
b SVE - x4k % '

x* + hi(a)x® + hala)x? + h:(a)x + hala)
Lok ¥, &h; (a)ﬁiﬁfwéf‘(%%b:&‘) .

(x* + b1x® + bzx? + bsx + ba) + h(a) (c1x® + cax? + cax + c4)
tiéﬂﬂ&f‘. N ¢ 5%

z = (x* + b1x® + bzx? + bax + ba)/(c1x® + c2x® + c3x + c4)

PBL 2o BRREAZCE T A3nAROFBRICERYX NS, LITREBCITS L.
HLYA 20709 7 2> THEBRTERVLVRER. COoRBRRBELFRBOA TR
ARV EHETE S,

DIV THmOAER 2 Mo NOGB 21T 0., BRI ZRAOFE
KoMicE e hINBcHhs LHETE S, T HoERlk, 8oncz
RAEBR2HE, CoB2BHRRARALTHONIH>WTRL Iz -TELGNS,

TITRLU L, AR EORBSBOFREEET ¢H Y, Lenstradd lattice® {F
> EREABROP VT ZL2EFRTAIABRORKOZERBH cEITTE 3,
Lo LBB s, J VL& KR EORBSBEOP LIV TLciE, ARBROREN
EHL Tnh-DROZERNZERSBL 2T 03 7n 57, BEOHERTI3KRARR
PERTHY, JVEBEOP NIV ZL2HRITZILERNDH S,

— 8 —



4. PFEFIROHERK

CZ?@‘E%ﬁﬁk$ﬁ$%%<ﬁ#ﬁﬁﬁﬁﬁéMEEiﬁﬁﬁ@E@H)NR\

T 3 FIEOBRIC oW CRET 3, causld BARREC LT,
(1) L=1ine(P1,P2)
::ééﬁxﬁﬁ@ﬁ%\%wﬁﬁ&La?%o
(2) L=parallel(L1,P)
SP2@Y, BEHL LICTPITRERL 2H .
(3 P=in;ersection(L1,L2)
—oNEBLICL20XEEZPET S,

(4) P=circle+(P1,P2-P3,L)
(5) P=circle-(P1,P2-P3,L)

ﬁPl%@b&b\:éPz,PB%@%E%OﬁﬁPZ—P3é¥%E?%

Mzigx. 200 ERLPXHL3EEP LT3, OB HOTET S,

B circlerOBAIE. &P 345P 2 2 0 EENAT VBT LAOERD
kxnfeEAL. POBAIE, REOEBEON IV EHEMT S, circl
e-DB/ICE, ZOFETH 3, :

(8) P=midpoint(P1,P2)
EP1EEP20OHDLREPET S,
O 6-HORECHERFEZELT S,

Ko, cnEOEAREL MY T, HUBREE PR FRIRIEERT (K
1) . |

101
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(1) C=4+B

C = circle+{A,0-B,0x)
2)C=4-8

C = circle-(4,0-B,0x)
3y C=Ax%B

P2 = circle+(0,0-B,0y)

L1 = line(y1,P2)

L2 = parallel (L1,P2)

C = intersection(L2,0x)

(4 C=4/B

1

P1 = circle+(0,0-A,0y)
P2 = circle+(0,0-B,0y)
L1 = line(x1,P1)

L2 = parallel (L1,P2)

= intersection{(L2,0x)

i

(5 C=v&
P1 = circle-(0,0-4,0y)
P2 = midpoint (P1,y1)

= ¢ircle+ (P1,P2-y1,0x)

22T, 0x,0y,xl&ylidzhnEFn, X#, YH#., X#@$ELBURSOSLY#HERERX

DEEET . KRABHPBROBOMAFEE L FHRLe cknTrnd, 2ol
repso T EOBERICERT C Lic X > T, FFRIFIRIHBREES .
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() B0 ’ (b) B<ODIZE

B1.1 C=4A+B OfH

() B<0DHE

(a) B>0QE4&

K1.2 C=4-B o
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M1.3 C=Ax*B offH

\\y ,}5 Py
—] .

A 0
gL, ~ERL
(a) B0 (b) B<0DIEZA & Py

K1.4 C=4A/B X

N7

s =
2L,
Zs L,
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®1.5 C= & offH

BN BT REZAKOERMEOM i, EAEAORE,

(sart(3)x(A2 - B2) + Al + B1)/2
(sart(3)%(Al + B1) + A2 + B2)/2

1
C2

1]
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(sart(3)x(A2 + B2) + Al + B1)/2
(sart(3)=x(A1 - B1) + A2 + B2)/2

C1
C2

¥z, ZoR»OEREFEEZ2RDZ, T, BAOKETH»Z., SA, B2—E
INEDBELETEIZ2HAT 2 FIRIUTOLS25835 .,

L1 = parallel (Oy, A)

P1 = intersection(0x,L1)
L2 = parallel (Ox,A)

P2 = intersection(L2,0y)
P3 = circle+(0,0-P2,0x)
L3 = parallel (Oy,B)

P4 = intersection(0x,L3)
L4 = parallel (0x,B)

P5 = intersection(L4,0y)
P6 = circle+(0,0-P5,0x)

COFMEC L0 BAOXEE, YERIZNZTNHF0-P1,0-P3cELLNE. T
HEBOXHEE, YHEEZEIZNZFNHES0-PL,0-P6THELSNB, LIETHESATEPLP
3P4, PN TRCOXYEZE2RD ZEHFIR2SEAOBE» SEHT 2, —&H
OOCLZFz ey, ZOEMFEHEZTTLUTOLICE S,

P7 = circle-(0,0-x3,0y) ;sqrt (3)

P8 = midpoint. (P7,y1)

P9 = circle+(P7,P8-y1,0x)

P10 = circle+(0,0-P9,0x) ;sqrt (3) A2

P11 = circle+(0,0-P3,0y)
L5 = line(y1,P10)

L6 = parallel (L6,P11)

P12 = intersection(L6,0x)

P13 = circle-(0,0-x3,0y) ;sart (3)
P14 = midpoint(P13,yl)
P15 = circle-(P13,P14-y1,0x)
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P16 = circle+(0,0-P15,0x) ssart (3)B2
P17 = circle+(0,0-P16,0y)

L7 = line(y1,P18)

L8 = parallel (L7,P17)

P18 = intersection(L8,0x)

P19 = circle-(P12,0-P18,0x) | }sqrtisjt(gz—ezy

P20 = circle+(P19,0-P1,0x) ssart (3) % (A2-B2) +A1

P21 = circle+(P20,0-P4,0x) ssqrt(3)%x(A2-B2) +A1+B1

P22 = circle+(0,0-P21,0y) s (sart (3)x (A2-B2) +A1+B1) /2

P23 = circle+(0,0-x2,0y)
L9 = line(x1,P1)

L10 = parallel(L9,P23)
P24 = intersection(L10,0x)

Ukizxo, 870-P2ATEx 5Nz, EAKRCL CC2OERFIHLER s, 2
o, ZHHOBIC-o>0TH, JAETH»2,. CCTOENFIERTERBS2EL S A
TVB. FAE. sart(d) OERFEZEHEAATG, |

AN ECOXEE, VEETH B0 22 R LOHH20-(1,0-22¥5, <
nok o ECORETRL, |

L100
P100

i

parallel (Oy,C1)
circle+(C1,0-C2,1.100)

kb, HPIO0OTHE R 6N,

CITRB3 LI, TOVRFLL-TERSISNZHERFIEE, 230, TRZL O
KBS TWE, CONEBHS2EE. BEl hrFHEzEATE LR, KO
BECHB, Fh, BEIEICE. ZOFECEV. EBEOEEEITR SFORTRANT 0 Y
SHEERTBEIBIAFLE2ERT 3, ‘
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M.Moritugu: On solving a system of algebraic equations by using Groebner basis
IR IR SR ZEE 612 (1987) pp.25-37
FRAERA, I : EXHBEROS 3 BOREIC T —REE - BHANERIC X 3
BRI - BV L BT RA O,
BIETAARE 520 (Wf59) pp. 1-22
R EARR, SHIES : 2HED 28 - B EEERE Y 27 4,
BWMNEFREI IE (B 1 F&E) 2ERx (HIMe1-10)
pp. 1673-1674 :
TLHRKZ2bzZav Ao roE, (HFE=3K) HRXE (BEN39)
Ty e Fh Tz UTY o BRKEEL, 2, 3,
(BRMEER) ERXE (Hfn34) : o
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