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—F. mk(a,b,c) &y kK3 DAR—ZE ) I 7OV (19,1°,19) DEHRA T
TIVET B, ZOKE. pr(a,b,c) IZE423 DD k[x,y,z] D Q) ZIHATH
XD, TOGEDYYRY v T - ) —=RABRIZDOWTIE, BxmliFs
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D3 DG TIERWIGEIZDWT, R(oe(7Tn = 3,(5n —2)n,8n - 3)) 8
=R =BREBRONI DRI NT, T2, kK DEBDPETHDH75
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TREINTWD, &k, FLIX. Ry(pk(a,b,0)) 1%, Kk DEBAPETH S
o, WA —X—BRE 50T RV L FHEL K,

—75 Cutkosky [2] 1Z, ¥ HR VY v 7 + U —ZAB Ry(pe(a,b,c)) 12, %fr]
FHRERMNT 217072, X %, EHAMT EHFZE/] Proj(k[x,y,z]) DIF S
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T2, IRDZ EWEANLT 5,

FER22 up)=2%&9%, ZOWK, plFEEXXTHD, [EEDn T L
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(2) p(p) =3
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o u=1THDHGE. c=s30+3b L7 BIEEEER 53 WEHET S, Lo
T, c>3b g3,

e 11 =0THBGH. degf DENEDNS, sa=8c <b+5cThHb,
J:OT\ 3C$b7b§fg$6m5o

e u =0 THBHA. degf DER/IMENS, sa=8b<5b+cThb,
YoT, c23bMB5ND,

o 50 = 02IRETHE, th = upc TH5H, b, c lZHNIZELDT,
(b,c) = (up,t) 725, UM, cldalbREWVWZ &, rid8 &
DREWVEZINS L2 WI EIFFELTWS, 0T, so=01F#KZ
D 278\,

o uy, =0 THBGE. th=5a TH5, a,blTHWVIZERDT, (a,b) =
(t,s2) 705, ZOKE, 3b>c2 51X, 8h=degg <3b72DT, ¥
JGEHEL S, oT. c23bM 565,

e 53 = 0%IRETHE, uc = tsb TH5, b, clTHWIZELDT,
(b,c) = (u,t3) 785, UL, bidakh REWnWZee, uld8 &
DREWVEZINSZWIZ EIFFELTWS, £oT, s3=01F#KZ
D 278\,
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N5, degg <3bTh b, FBRIZ, 3c=ma+b &5 X5 HARE m M
FAES D720, degh DE/INENP S, degh <3¢ TH 5B,

ZZT. degg =2b%{REL Tdegg IZIEHT B &, 2b = sya+6¢c M5
5N5, LU, ZOEMENS, degh > 6 DMEFSNTULE W, degh < 3¢
WZFIET B, FARIZdegh =2c 125 degg > 6b BESNTLE W, FE
PELS, t=1Lu=1&2EERoR\VWIehs, LELD, degg = 3b,
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c< gb N AIRVASR gb <c< gb DOHIPHTIX, f, g, h 1% negative curve &
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. . o e 8
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9
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LoTZDEGE, HE215X0, Rp) IFr—X—BIEZLn»%5, YL
&0 c=3b mod 8 THBEGEITIX, f, g, h DT negative curve 3 H 5
L35, RR(WDFA—ZX—BTHDZ EHiHI N,

1 8 - .
o 1 7% negative curve TH 5554, b, ¢ 1 §b <c< §b &S BERD
Hb, - KWbigThHbdrZ e3¢ <a+b+clIFAETHSDT,

1 1 ” . 1
§b<c<§b+40)%|3“C“Ci—Kﬁ‘blg’G‘?ﬂ)\ §b+43c<§b0)

#iPHTIX —K A big TRWVWE NS

e g 7% negative curve TH D54, b, ¢ IE %b <c <3b2\VS RN
BB, K Hibig THAZL Y3 <avbrc BRETHEOT,

2b -8 < ¢ < 3b DHIFFTIX —K A big TH Y, gb<c<2b 8 D
[ TlX —K D big TRV E D15

100

x/3
x/2+4
85x/9
9%x/8
0 H 2.8

60 H

40 H

20 H

33 ¢=5b mod 8 DIFE
a,b,cl¥, AFORMEZT-ZLTWBHET 5,
e min{a,b,c} =a =8 TH 5,

e a,b,clI2DOTONHWIZETH D,
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e c=5h mod8 TH5, #>T. 5c=b mod 8 TH 5,
W32 D2 ODEMIIFEIETH 5,
(1) %b<c<5b
(2) p(p) =3

S HETHB. ¢ < %b Erlde s 5h Y u(p) =2 DEMENE R 7T

S5h<cZzRET DL, HEHABBnPFEL T, c=5b+8n £ES
ZEeMkB, ZOW, up)=2THB, FRRIZ. 5c<b E2IET S &,
u@P)=2Tdh 5,

Wz, up) =275 ¢ < %b Ehltcssh LB LERT.

o s=1TH3A%5E. minja,b,c)=a=8THHDT, ZTNIFKLID X
AN

e t=1THBGE. b=sra+5c LB IEEEER s) DFEIET D, £o
T. b>5chEonsd,

o u=1THDHGE. c=s3a+5b &7 BIEERER 3 BWEFAET D, Lo
T, c>25b 8o b,

e 11 =0 THI5HE. degf DE/INEDS, sa=8c <b+3cThb,
£oT, Sce<hbhEons,

o u; =0 THD5H. degf DEINENPS, sa=8b<3b+cThHb,
£oT, c25pDEoN5,

e 5o = 0%IRETHE., th = upc THDB, b, clTHWIZELDT,
(b,c) = (up,t) 7%, UL, cldakbh REnwZre, rlEs &k
DREWVEZIOZWI LIEFFELTWVWS, £oT, s2=01F#Z
D 272\,

e, =0THAGE. th=50aTH5, a, blTHNIZFELDT, (a,b) =
(t,50) £72%, ZDWE 5b>c725lX, 8h=degg <5b72DT, F
EHREL S, oT. c>5bhF6N5,
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e 53 = 0%IRETHE., uc = tzb TH5H, b, clTHWIZELDT,
(b,c) = (u,t3) 785, UL, bidakh REWnwZee, uld8 &
DREWVEZISOZWI LIEFFELTWS, £oT, s3=01F#KZ
D 272\,

e =0THDGE. uc=s53a TH5, a,clTHWIZELDT, (a,c) =
(u,s3) &%, ZOWKE, 5¢> b7 5L, 8c=degh < 5c DT, F

EEL B, koT. c< %bfﬁ%%?héo

MEXD, éb <c<5bk up)=33FAMETHS I LW RINT,
FIEAA#R
AR, pu(p) =3 THELGEITDOVTHEZTHL,

=8 3.3 (degg,degh) = (2b,5¢),(5b,2¢) TH 5,

SEER 5. Sh=na+c &5 EHRE n WEFEIET HD T, degg DE/NMED
5, degg <5hbTH B, [AKIZ, Sc=ma+b &5 HRE mPEET S
DT, degh DFH/IMEN S, degh < 5¢ TH 5,

ZZT, degg =3b EME L Tdegg lZIEHT B2, 3b = sha+Tc DEF5H
N5, UL, ZOFMEPS, degh > Te DMESNTUE W, degh < 5¢iZ
FIET B, £72. degg =4b LAREL Tdegg IZIEHT B &, 4b = spa+4c
DEONDE, LRPLZOXDNS/ENDG 4(b—c) = s5alZD2\WT, AiliX
16 DREBTHBZ D5, AUL 16 DEHTHEZ W nnbd, £oT,
52 132 DEHMTHLHDT, 2b = S—22a +2c 20D BARBURBO RHE S
TLES, TN, degg DER/IMEIZFETH S, &> T, degg = 4b Tl
NZ EDSGE S Nz, [FRRIZ degh = 3¢,4c EIRELTH, FENED
TUES, 72, (degg,degh) = (2b,2¢) LARET B L. 2b = s2a +2c
D2c=s3a+2b 7> TULEV, FEPEL B, (degg,degh) = (5b,5¢)
CIRET DL, sa=db+4cDEONDZD, 3b+c&\WVD, KD/ 7Zs
%5‘2.5 f1,uy @%ﬂﬁ‘ﬁ@j—ékb\ %EVC%%O

MEXD, (degg,degh) = (2b,5¢),(5b,2¢c) DME 5N 5, EEIEE S

£ 5T, (deg f,deg g,deg h) = (b+3c,2b,5¢),(3b+c¢,5b,2¢) TH B &
BRn5b, T T, fH negative curve 72 L ARET % &, Vabe > b+ 3¢
F7-1%. Vabe >3b+c DD Vo> TW5, LALINIEa=87DT,
0>(b-c)+82F7E. 0> (b-c)2+8P2RE/ESNTUEWV., FEM

14



U B, £oT. flnegative curve TIE7R\, F7z. g »' negative curve
THDERETHE, b cDANBZZAIZL D, hHinegative curve DIEH
WIRET 2 Z ks Z LIZERET 5, &> T, hdinegative curve T
HEGEDAEEZEZNITR N,

o (deg f,degg,degh) = (b+3c,2b,5¢) DiGE. BRI

sa=b+3c
2b = sya + 2¢
Sc=s3a+b

tﬁj"cll\éo
4. h % negative curve EfRE L TW5728, Vabc > 5¢ £V,

8b > 25¢- - (%)

MWD >TWB, ZOR, b>3¢c THBDT, 2b—2c > 2(5¢-b)
X0 s0a>2s53a. £oT sy >2530F605,

oM 2Nt 5 82 ma RO R. r=5
up + uy 5 13 S3
THW%, FXDOXN-IKT m@%Ai AsNZ2IZEENDZ

IZHERET 5,

\
2 - \ % + ¥ .
iy
O
3+ \.\+ —
\
\ E
\

FoTZDEGE, HE215X0, Ry I3x—X - N5

15



o (deg f,degg,degh) = (3b + ¢,5b,2c) DEH. BIFRAIL,

sa=3b+c
5b=sya+c
2c = s3a +2b

Lo T\W5B,
4. h % negative curve E{RE L TW5728, Vabc >2c £V,

2b > ¢ (%)

MWD >TW5b, ZOK, Tb>3¢ THBDT, 5b—c>2c-2b
J:US2a>S3a\ JZOTS2>S3fJ§f§“57}/L5o
1 t+¢ 5
g2 _ZNFB 0 0 kg, wEI R, r=2
Ui +up 2 13 27 83
THWS, THOHINEBEEOESIX. AMNZ2IZEENSE T
CITHERET 5,

X2 ——
2 X - -
5*)(/2'4 .......
'7*X/'6 —_—

FoTZDGEHER215LD, Rip) IR —R =L nP5,
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MEXD c=5b mod 8 ThBIGEITIX, f, g, h DHIZ negative curve H*
HBLTBHE, R(p) WA —X—ERTH DI EMIEHI N,

1 .
o (degg,degh) = (2b,5¢) TH D %E. b, ¢ IE gb <c<bl\WSEFBA
N b,
o i 1 8
— h 7Y negative curve TH 5% E. (x) &0, b,c6i5b<c<—b

25
EWVWIBERDR DL, KD big THDHZ e S5c<a+b+clk

FIfECH %D T, %b <c< %b +2 DREF TR —K 7% big TH

1 8 . -
UN Zb+2 <c< gb DHIPHTIE —K D big THRWE D5,

- g » negative curve TH B4, 2b < Vabe £V, b, ¢l %b<
c<bEWHOHEBRVHD, -K D bigTHbZ L& 2b<a+b+c
XEMETHBDT, b—8 < c < bDHPHTIE —K 2big TH D,
%b<csb—8®%ﬁ’ﬂi K #big TRV HH B,

o (degg,degh) = (5b,2¢) THAHHE. b,cld b < c <5b &SR
nh 5,

— h 7 negative curve TH D5 E. (xx) £V, b, cldb<c<2b
WO BEBRBH B, —KDbig THBI L 2c<a+b+cld
FfETHBDT, b<c<b+8DHFATIZ-K A bigTHD,
b+8 <c<2bDHPHTIE -K 2 big TRWE DD,

. ) 25
— g M negative curve TH B, 5b < Vabc £V, b, cl& ?b <

c<ShEWSEFEN DD, — KW big THDH L L 5b<a+b+c
ZFMETH DD T, 4b-8 < c < 5b DHIPHTIL K Dbig TH

25 . o
UN gb <c <4b -8 DHIPHTIL —K 2 big TR\ E N5,
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100

75
X/442
8%x/25
x/2

X+8

2%x
25*x/8
0 L O

40 H

34 ¢=7b mod 8 DIFEH
a,b,clI. AFNDOZEMEZ2HTZLTWD T 5,
e min{a,b,c}=a=8ThH 5,
e a,b,clI2DOTONHWIIHETH S,
e c=7b mod8 TH5, ->T. 7Tc=b mod 8 TH 5,

ZDT—ATIL deg f < b+c WKL LTWB, £oT, deg f <a+b+c
ML HDT, —K IEbigll/2d, > TI D7y —ATIE, mE2.10 £
Y. negative curve DIFEIZEED 5 T2 Ry(p) I — X —Bi 7 5,

BAR, u(p) =3 72 5HiH*, f, g, h D’ negative curve & 78 5 504 % Gfi
N5,

B34 (RO 2 DDEMIFFRETH 5,
(D) %b <c<7Tb

(2) up) =3

18



S HETH S, c < ;b Ehlde s Th Y u(p) = 2 DREEME S R

Th<cZIRETE L., HEIIFABEnPFHELT, c=7b+8n & ES
TNk, ZOF, up)=2THD, FARRIZ, Te<bZIET S &,
up)=27TH5,

Wiz, ) =27 51 ¢ < %b $hldc>Th BB L ERT.

o s=1ThH5%E. minla,b,c}=a=8THAHDT, ZNIFILIH X
200,

e t=1THBGE. b=sra+Tc LI BIEEEER s) DFEIET D, £o
T, b>TchEonsd,

o u=1THDHGE. c=s3a+T7b &7 BIEEBER 53 WEHAET D, Lo
T, c>2Tb WG 3,

o t1 =0THBLGE. degf DER/IEDNS, sa=8c <b+cThHbB,
FoT, Te<bhEons,

e u; =0 THBHE. degf DER/INENS, sa =8b<b+cThHb,
EoT, c>2TbhEoNS,

e 5o = 0%IRETHE., th = upc THDB, b, clTHWIZELDT,
(b,c) = (up,0) 7825, LML, cldakhREWnwZ e, riE8 &
DREWMEZINSBWI LR FHEL TS, £oT, s=01F#Z
D 278\,

o U, =0 THBLGHE. th=5a TH b, a, blTHWIZERDT, (a,b) =
(t,s0) &%, ZDWE, Th>c725lX, 8bh=degg < Th72 DT, F
[EWEL B, £oT, c>2Tb W fFoN5,

e 53 = 0%2IRETHE, uc = tsb TH5, b, clTHWIZELDT,
(b,c) = (u,t3) 785, UL, bidaLh REWnWZee, uld8 &
DREWVEZRSRWIZ EIEFELTWS, £oT, s35=01F#Z
D 27\,

e 3=0THAGE. uc=53a TH5, a,clTHVIZELZDT, (a,c)=
(u,s3) 785, ZOWE, Tc>bH 51X, 8c=degh <Tc DT, F
N | N
JERELBD, £oT, < ?bﬁ‘@bﬂéo
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BEXD, ;b <c<Th i up) =3 EAETHSBZ LRI NE,
STARHE
BUF. up) =3 THBEHAILOVTEZTHL,

B35 u(p) =389 %, ZOWE, (degg,degh) = (2b,7¢), (3b,6¢), (4b,5¢),
(5b,4c¢), (6b,3¢), (1b,2¢) TH 5.,

FEBA 5. Thb=na+c &5 BRBn BFIET HD T, degg DiE/MED
5, degg <ThTH 3, [AKIZ, Tc=ma+b &5 HRE m BEET S
DT, degh DE/INMENR S, degh <Tc TH B, b+c L8 DEHADT,
deg f=b+c THDHILIZERT S, ZTIT, TH21M5, t=1+1,
U=u+uy THHZZ2HWB &,

degg = 2b = sra +6¢c DI, degh =Tc = s3a+b
deg g = 3b = sra + 5¢ DFF, degh = 6¢ = s3a + 2b
degg = 4b = sra + 4c DI, degh = 5S¢ = s3a + 3b
degg = 5b = spa + 3¢ DI}, degh = 4c = s3a + 4b
degg = 6b = sra +2c DI, degh = 3¢ = s3a + 5b
degg =7b = spa + c DI, degh = 2¢ = s3a + 6b

nEoh b, FIEAA#E
f Hnegative curve TH 2 LIET B &, b, clFIETH D Z LITIERL T,
b+c < Yabc

b*—6bc+c? < 0
(c—(3+2V2)b)(c-(3-2V2)b) < 0

EoT. 3-2V2)b < c < 3+2V2)b DHIFHAT f ¥ negative curve & 72 5,
e (degg,degh) = (2b,7c) D¥E. BfRRNIL.

sa=b+c
2b = spa + 6¢
Tc=s3a+b

Ll oT\W5,
=D — 2. %b ce< %b DI 3,

20



1 N .
- 3-2V2)b<c< gb@t Z. f W negative curve TH 5,

N . P 1 N
- g M negative curve LIRET D &, 2b < Vabe £V ¢ > Eb AN
. . 1 1 . .
LNd N, Tl 519 <c< §b Zim7 X720 7280, g ld negative
curve & X722 578\,
. ) s 8 N
- h % negative curve EARET D &, Te < Vabe &V ¢ < Eb M
- 1 8 . .
"ons, £oT, 719 <c< Eb D#iPH T h I negative curve
ThH 5,
o (degg,degh) = (3b,6¢) DL, BERIZ.

sa=b+c
3b = spa + 5¢
6¢c = s3a +2b

Lo TW5,
1 3 -
D — A%, §b <c< gb DIz 5, Z O#EIFHIX (3-2V2)b <
c<B+2V)hIZEENT WS 2, f ¥ negative curve £ 725,
o (degg,degh) = (4b,5¢) DI, BARAIL,

sa=b+c
4b = sra + 4c
5¢ = s3a+3b

Lo T\W\W5,
Z D — AL, %b<c<b®ﬁ§&iﬁl%o = OFFIE 3-2V2)b <
c<B+2V)DIZEENT WS, f ¥ negative curve £ 755,

o (degg,degh) = (5h,4c) DHE. BRRNIL.

sa=b+c
5b = spa + 3¢
dc = s3a +4b

o T\W5,
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Z D — A, b<c<§b@5%c:@:50 Z ORI 3-2V2)b <
c<B+2V)hIZEENT WS 20, f ¥ negative curve £ 725,

(deg g,deg h) = (6b,3c) D&, BERAIL,

sa=b+c

6b = sra + 2c

3c =s3a+5b
ElRoTW5A,
D — A%, gb <c<3bDFIZRZ B, ZOHMIXB-2V2)b <
c<B+2V)bIZEENT WS 2, f ¥ negative curve & 725,
(deg g,deg h) = (7b,2c) DIE. BRI,

sa=b+c

7b = spa + ¢

2c = s3a + 6b
Lo T\W5,
DT —AIE, 3b<c<TbDHFIZHKZ 5,

- 3b<c<B+2V2)bDE X, fhHinegative curve TH 5,
. 4 .
- g M negative curve EIRET D &, Th < Vabe &V ¢ > ;b iR

. 49 ” .
"Fonsd, £oT, ?b < ¢ < 7b D#iPH T g 1% negative curve
Th b,

— h »¥negative curve L{RET B &, 2¢ < Vabe £V ¢ < 2b H¥ 5
HNBEH, TNIE3b < c < ThZHTZZ7\\ 725, hinegative
curve & X722 578\,
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100

X7
8%x/49
(3-2%sqripx
X3
80 |- 3%x/5
X —
5%x/3
3%x
(3+2*sqri(2)*x ———
49%x/8 ——— |
74x

60 |-

40

20 |-

f 73 negative curve £ 7R 255 1F, s IFWS L THEREWHEEZ L BH I &
NHED 72D, HE215Z2HVWT R,(p) MEA—X—BRTHDHILERT
Z XL\, g, h »negative curve TH 5L E 1L, FE 215 2HWT
Ry(p) WA — X —ETH 2 Z LDHENDSND, g hinegative curve TH S
ERET DL, b c DANERIZL D, h ¥ negative curve TH 2551
fRET 5 eAHRD, Lo T, hdinegative curve &R B GEDA%EHE
25,

h 7% negative curve & 72 % D&, %b <c< %b DHETHD, T DI,
b>6cTHDDT, 2b—6¢ >6(Tc—b) £V, sya > 6s3a. LT sy > 653

NEOSNS, .
11+t
oM 2 0TB 5 N2 cohz, #M211%. r=7T

U+ up 7 13 S3
W3, FHOHIZINZBFROESIX, MNZ2IZEFNE I8 IER
35,
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T T T T
6*x/7 ——
-6%¥x - - - |
2%x-8 - n
-10%x —-—-

"Delta_7.bt" + ]

o = N W b U1 O N

-1 F “\ + + + —
\

2F ho+ e # .
‘|\

3 N AR 1
1

-4 - -\‘.|. +* -
"

S .

6 - Lk i
s

-7 [ LR 1 1 1 1 1 1 1 1 1 1

-1 01 2 3 456 7 8 9 1011 12 13

XoTZDHE, HE215L0D. R IZX—X—IZL D05,
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