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SEBEKEMNT S THENERT

BHY A4 RARE
(LA S S BREER, WICERE 050091)

B E BRI ANEREE, GRAXTILAKNAREREE MK, B—4 G- 24 (8
G- #it, 2k G-GDi(v)) RE—1FE (X, B), X X £Z2E K, WIAR, B £ K, $F
HWT G HFE FAXY) MK, 88 K, #BEURTFHAE B A MRAP. KUEEMRT
SEKBHT 7 8 7T AEMERH R

Xitin el BEERE, @it FRERT

1 518

v A BERAE K, & o SEERN—AERE, RERRNARAZESRER A
KILABE. T A EREBBE K, s, ne B—DUTFHE:

1) At = X, ¥ XGRR) FRFER X = ns

2) Ve e X,y € X;, M i (v,y) EARAFHI K, EUAHHA.

%G RE—AERMAEE, PTB G- kit G-GDi(v) RF—1MFH (X, B), HH X
BZEE K, WIAE, BRK, ©5G6 EHN—LFE (K4) mER, #F K F
BEDBFHIE B X PMRA . G-GDa(v) FERLEELHE

v >k, Av(v—1) =0(mod2e), - A(v—1)=0(modd), Q)

Heb kfle S84E G TAKAHE, Tdh G HEAERNEXART
MF—ANEREAE G, B A E t T Ay, on TAFRETFAS G RAMKH
R TR, WKLY $ROEIET {28 G-HDA(T) = (X, H, A), i A £

HIHORAE, X = U X RIS, # X R X MRFZN n R,

Ho={X1, -, X} BEARGHHORES, 07 HFVRHFREOHOR. E@%, 7 #id
HIEHE R nPink - onbe, BER 0 KAE kA, ne KA A, o ne KIRE
km A 24 A =10, #5 G-GD(v) Fil G-HDA(T) HFHITHR A = 1 AT E .

X TR EESE, EFERFE ZOUR. SR GRS k<4, [N
TRELEEBRTSN, HE=58, RIFLPFARHETREEH Hr=68, 34
T3<e(G)<6 HA=1MFAELHE; (47 NEABRT G) =78 B A>1MFH;

A3C 2002 11 A 12 BikE). 2004 £ 10 A 20 HKEHESR.
* WFAREIFEES (10371031 ) FAILE A RRIFEES (103146 5) FHBIRA.
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BiE, [8] XXt e(G) =9 MR TR T AMOHE. AR SEREN-LA-LtLE
BB BT AN, XREEFU T+

d d g d
e
e e g
¢c b a & c b a ¢ b a
f f f
G2 GS
C c b
d
b a g
e e f
G5 Ge
c g
d
b a
e f
G7 GS
f

(0]
a
0

d d
b a b a
f e e
Go Gio
XN BIELHE A
Gl : (aa bv c, dve’ f(c),g(a)), G2 : (a’? b> c, dyea f(c)vg(c))v
Gs: (a,bc,d,e, f(c); g(e)), Gy : (a,b,c,d,e, f(c); g(b)),
Gs : (a,b,c,d,e(b); f(e); g(b)), Ge : (g,a,b,¢,d,¢, f(a)),
Gr: (a,b,¢c,d e, f(c); 9(d)), Gs : (a,b,¢,d,e(b); f(b); g(b)),
G9 : (a" b7 c, dve(b)v f(d)vg(d))? GlO : (avbv c, dae(b)7 f(C),g(d))

I DBRAMF (+), RATFBRUT B & EER: G-GD(v), v=0,1mod7,v > 7;
G-GD7(v), v=2,3,4,5,6 mod 7, v > T.
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2 BA5|E
SIE1 X T EEH net, A 51,8 &ﬁﬁﬁ'ﬁfiﬁ@ G, HFE G-GDx(n), G-GD;(et)
B G-HDj(e'sp), 1 <kSLMEnwTRA 51,0, 8 MERHEL S, IFFE G-GDa(et+n).
ina &n_kglskxk ép Z XIt,Q—— U (SkXIa:k)v E:EP ,PIZet’ 'Q':

1<k<l

n, |Sk| = sk, i Sk BB, 1<k<I HEHM, FEUTHRERT (Viel, je
I, 1<k <.
G — HDx(e's}) = ((Ze x {i}) U (Sk x {3}), {Ze x {1}, Sk x {i}},Cijn)

B G-GDj(et) = (P, A), G-GDx(n) = (Q,B), M|

BUAU( U )

1<k<l, i€l j€ls,

BT PUQ LB— G-GDa(et +n).
51 2 XMTEHANE G, 1 <i <10, WHFELTRHRE R
(1) G-HD(4'™), (2) G+-HD(7?), (3) Gi-HD7(t'7'), t =5,6.

I (1) G-HD@ATY., REeZHWEKAERA Z3U (ZU {z,y,2}). DITFEX4Y
od 7:
e @ T 1,5.30)2@),  Gs:(3eT,1,0,3(D); (D),
Gs:(2,%,1,1,0,3(1); z(0)), G4:(2,2,3,0,%,1(3);2(2)),
Gs: (1,1,3,0,%(1);2(3);2(1)), Gs: (=,1,3,0,%,2,2(1)),
Gy : (z,3,3,0,%,1(3); 1(0)), Gs : (z,1,1,0,3(1); w(1); 2(1)),
Gs : (2,1,1,0,3(1);y(0); 2(0)), Gio:(1,1,3,0,%(1);2(3); 2(0)),
Hrp

y WF (i=1,2,3,4,57,10, j=0,2) K (i=6, j=0,1)
z WF (i=1,2,3,4,57,10, j=1,3) 5 (i = 6, j = 2,3).

(2) Gi-HD(7?). 54 ¥ EI SEBCA Z7 U Zr. UL FEXY mod 7 #%:

G::(2,3,1,6,0,4(1); 2(2)% G;:(2,3,1,6,0,4(1); 1(1);
Gs:(2,3,1,6,0,4(1);0(0) G, :(2,3,1,6,0,4(1);3(3)

Gs : (0,0,6,1,4(0);4(6); 1(0)), Gs: (1,0,8,1,5,2,2(0)),

Gr: (5,4,6,0,4,1(6);0(0)), (3,0,5,5,6(0); 4(0); 2(0)),
Gy : (0,0,5,2,6(0);4(2);3(2)), Gio: (5 5,0,6,4(5); 4(0); 3(6)).

(3) Gi-HD(t17%), t > 5. 5842 “ BRI SERA {zo, 21, -, x1}UZr. EE G 8]
HEET 2- Pelalty, BMIRASECUMERAMEMERSRHE AR 2- 16, FEEHE
hinE B AN <5 <t AEEMY =7 KRBT XAEH ¢ MEXYA mod7
Rk TR AR — A ERYE NERSATHES {zo 21, 21} KT, THE
EE SR Z0 T), BEHIERRAP o BT 1B (Zr F %), B~
A TR ER ¢ MR

S| 3 XF >4 K1<i<10, HHFE Gi-GDr(n) J G-GD,(7t) ML G-
GDy(Tt+n). TiMF n=18%1<i< 10, EEHE G-GD(n) B G-GD(7t) WAFE
G-GD(Tt + n).
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i MABIE L @ e="7, 10 s AHE 4-7. B5I1H 2 g AFFRHn =8
B n WRMH SR RIA. FXE, Yn>7Hng{9,10,13,17} bif, HTEn=4r+Ty
EA B R

n c |y| ¢t | XEMBIn>T

4t t [0]t>0
4+1|t-5[3]t>5 9,13,17
t+2|t-3]2|t>3 10
A4+3]t-1]1t>1

M9=4+5 10=4+6,13=6+7, 17=4+6+7. BJ5, H8=4+4 M5 E2H
1), Q) BEMT A=11, SiBML '

3 NMMMBHFEFENE

5138 4 NIFFE Gs-GD(7) Hl Gs-GD(8).

I B Gs HAEMESMN 1,1,1,2,2,2,5.

(1) # Ge-GD(7) 4, Nl 3 KAMM. Had SRR REER 115" 2% &
RAKPMHREN SN ESHA o, b, WA T HEA:

)o-6)

BHHTEATH, B Gs-GD(7) R
(2) # Gs-GD(8) fr#E, M 4 MXAWAL. S AMER ALY 11235, 215 f1
1251, W RA MR SN R4 a,b,c, WA T HRYA:

102 12
310 ‘;_12
011 HER
11 1/ \° 8

CEH—fMa=c=4,b=0 %SEHN{4,B,C,D}uZ,, Hth A B, C,D BRI K 125!,
Zy PAMERN 1'2°. Bk, SMRAP _BAMBELHN Z, P A HE Gs 4T
W, X E 2x4=8 K Z, SRIMED B 2, BF 6 FRERG, WFEHER
pearin Gg-GD(8).

SI138 5 RFEAE Go-GD(7). :

T B G FAMERRN1,1,1,2,2,3,4. & Go-GD(7) e, M 3 MXAMRK.
By SR RBEA 2147, 124, 112130 28 1 32, i ELA oAb BE BN 09 5 I N B Bl

A a,b,c,d, e, WIH WM T HELH:

0 2100 a 9
1013 0 b 6
0 010 2 cl=13
11000 d 3
11111 e 7

EHM—MRa=e=0b=c=3, d=1 W=EAMEEH 124 §5K 29,2, TEAER
K 11213t B B A+, — ALY 28 B oo, MIZA KA DI N
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z  o© r oo ¥y o0
T ) z

* Y ¥ 0z ¥ T
* * * * * *

AR EXPEHT, KR (o072} SRE {x ) ZRMAFBNGEEIH
B ¥ Go-GD(7) RFfE.

5138 6 AFHE Go-GD(8).

i B G PRIENHIN 1,1,1,2,2,3,4. 3 Go-GD(8) 7, ML 4 XA L.
5515 SR B R, T = 1123,112141, 1941122131, 2231 3141 1 1132, R AER T (¥
REANHEC N(T), T4

N(1123)
1132001 N(1'2141) 12
3101200 N(134%) 8
0001 11 2 N(122131) | = | 4
0110010 N(2231) 4
1111111 N(3141) 8
N(1132)
AL 15 A IE SR
N(1123) 22220010101 0111
N(112141) 01 0201122334120
N(134%) 3 22 243322110213
Na%223hy|=]0 1200 1021 3 24231
N(223%) 1 0004322110010 2
N(3t41) 11 2000000000111
N(1132) 1102001010100 G00

(1) X4 N(1*2%) > 2 W HEARGEAE. B/ b, I G ) 1° 55 2° SAORH4E, #
N1'2®) < 1. TR, FixtNisE 1 -4 AAREE.

(2) M N(1'214Y) + N(134Y) = 4 i}, WP AEA ab,c,d, T N(11241) = m, J]
a b, d B EEK1° SMBERE =m+3(d-m)=12-2m. i a,b,c,d BIFIANZANE
R ILAE AN R ARG 4° AR, Hp 2o~ 4 H m &, 1°~4° AL 6 -m
%, HNUARAR 4° SALEETA a,b,c,d, # a,b,c, d G HET F IR 84 (BIXF
BT 1° ~ 4° [B)3H10) 1° SATEFE 6 —-m Ay, THAK 6 —m PREHEN 1° s I
FEEF B 44 BIXRT 1° ~3° JAK) 1° A0 EL. HR, BAFR: 6-m<4,
Bim>2 F& m=051xMEE s -7 AMAHFLE

AEEEHE ¢ 4> 12213 BUAMTTEE. B EH MR 1° SN ENHR4-(6-m) =
m—2, X t MEPENE c(BFESE a,b,c,d EH) RHBTRENE =M 1) HPH1°
EHEHEET A, i) WA 1° SYEHELRY; i) BN SaWEHRELRTT. #
Heb ) WRHERATRER. B b, FHRHERD 1° SLEN « EEM 4° 'SR
a,b, ZHELE 2° AL B o EEN 4° (B AN o, WEHEE 3° SMER « B8 1° L
BEFAAGREJ(RZRA 4 NESDAH ). T,

YUm=208, m-2=0, REEEERL ). #LAHt=0;

Wm=30, m-2=1XFt>2, t PEFLE-NTEBER D REEt<y
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Bm=48, m-2=2. T t>3, t PEPLHE-IBUEE i), Rt <2

XHE, UUEIRENA AL m =234 B IE 8 — 12 I AT

(3) 24 N(1%41) =3 B, B=/4 a,bc WRFRBEET (RAMWEN) KHE—ERX
SHEFLH 273" KA o WAEER: o 8ZHW BTN OUR B 7 B e — — ol

H ERZHE M ME— MR A ERT N(1%4Y) = 3, N(223') = 2 (55 13 A friE.
(4) ¥ N(1%4') =2, N(1'2'4}) = N(314%) = L i, DUF 30T B B 7 A D ok T i
(RBEXT, Hf a,b5c d R0 AL ERK &)

AHEBEEE 12213 RS o, WAHERR: « HZHETRIMUE LibEmE R
B4 FIME— B ZHE. BPTARME—MERT A XSTRNF N(134) = 2, N(1'214!) = N(314}) =
1, N(122'3') = 2 {55 14 HMARTELE.
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(5) ¥ N(1%2'3%) =3, N(3'4') = 1 B, [NAH T EPTRM =R HETHE (RIHR L
T. ®P, abec5d R0 R EREH):

a b ¢ d
b c a
d
c a b b ¢
c
a b c d
b c T a
d z
c T a b a b
a c
a b ¢ d
b c T a
d T
c a z b b

B, IR 11214 B A = AT REYE. AR « (UTRER Lt/ AT R i)
7 BIME—B R HE. TR SN N(1223Y) =3, N(3'4') =1, N(112'4}) =2

#5515 HBAFFHE.
ZEt, BHUE ()-(6) KWitETTR: £WAUEKN 15 AMYAFE. B Go-GD(8) i
A '

513 7 TFFHE Guo-GD(7).
-EE E GlO q:)ﬁﬂggﬁ%ljﬂj 171’ 172733 3) 3. % GIO'GD(7) ﬁE, F__\Lﬂa 3 /l\IZ:éE.mﬁE
Bt m R N AR 3%, 112131 f 28, WA R=MAERK A BN 85 R4 a,b,c, W

BT HBEA: 0 o
3] (¢ 3
1/ \¢ 7

B TRATHE, B Gio-GD(T) NEFH.

4 ) =1HK/hHrEaE

3138 8 FAELTRIRIT G-GD(v):

1) v=T8HFLI<i<T;

(2) v=14,15,21,22, " F 8 <i<9;

(3) v=8,14,21, %F i = 10.

i LUFi GD(7) BBUASE (25 x Z2) U {oo}, IR AL MFTFIER A (3,-) 3
3. %+F GD(8), MBS LE Zs, KALELETFIH. X FHEM GD(v), X v A7 (BifB)

r—l\l\.‘JOO
e
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M, HIBUSHE Z,(5K 2oy U {o0)), TTIX 41BN By B SR K 418 (e v — 1) 7.
G1-GD(v) : (a,b,c,d, e, f(c); g(a))
v="7: (20,21,00,00,01,1:(00);10(20))-
v=8: (4,1,0,2,6,3(0)5(4)), (3,1,7,4,6,5(7); 2(3)),
(2,5,3,4,0,7(3); 1(2)), (2,7,6,0,5, 1(6); 4(2)).
Go-GD(v) : (a,b,¢,d,e, f(c); g(c))
v="7: (1o,01,00,00,21,11(00);20(00))-
v=28: (5,2,0,3,6,4(0);1(0)), (7,3,1,5,0,6(1);4(1)),
(0,7,2,4,5,6(2); 3(2), (2,1,7,4,3,5(7); 6(7)).
G3'GD(U) : (a’) b1 2 d’ €, f(C); g(e))
v="7: (11,20, 0, 21,01,00(10); 00(01))-
v=8: (2,54,1,0,7(4);6(0)), (4,0,3,7,1,6(3);5(1)),
(4,6,5,0,2,7(5); 3(2)), (7,6,2,1,3,4(2);5(3)).
G4-GD(v) : (a,b,c,d,e, f(c); g(b))
v="7: (20, 11, 00, 01, 0, 10(00); 21(11))
v="8: (7,3,0,1,52(0)4(3)), (61,7,0,4,5(7);2(1)),
(3,5,6,2,7,4(6); 0(5)), (0,6,3,1,4,2(3); 7(6)).
Gs-GD(v) : (a,b,c,d, e(b); f(c); g(b))
v="7: (21,00,11,01,00(00);10(11); 20(00)).
v=8: (6,0,41,7(0),2(4):500)), (6,1,5,7,2(1);3(5); 0(L)),
(5,2,6,7,3(2); 4(6);02)), (1,3,4,5,6(3); 7(4);0(3)).
Ge-GD(v) : (g,a,b,¢,d,¢e, f(a))
v="7: (10,20,00,01, 11,00, 21 (20))
v=8: (0,4,5,7,3,2,1(4)), (1,5,2,4,3,0,6(5)),
(3,6,4,7,1,0,2(6)), (2,7,0,5,3,1,6(7)).
G7-GD(v) : (a,b,c,d, e, f(c); g(d))
v="7: (21, 01, 00, 11, o0, 10(00); 20(11)).
v=_8: (4? 1,0,2,6, 3(0)7 5(2))’ (27 4,0,5,7, 6(0)1 1(5))7
(2,7,1,6,4,3(1);5(6)), (1,2,3,7,4,5(3);0(7)).
Gs-GD(v) : (a,b,¢,d,e(b); f(b); g(b))
v=14: (1,0,3,-2,4(0); o(0); 2(0)).
v=15: (1,0,3,-2,4(0);7(0);2(0)).
v=21: (1,0,3,-2,4(0);7(0);2(0)) x 7, (9,0,10,1, —9(0); 8(0); —10(0)),
(—10,0,9,1,—8(0); 8(0); 10(0)) x 2.
v=22: % v =21 RFFHMEXHN 10 HH oo, AEM (2,00, 10,0, -10(c0); 3(c0); 1{o0)).
Go-GD(v) : (a,b,c,d,e(b); f(d); g(d))
v=14: {(o0,-2,3,0,4(-2);2(0); 1(0)).
v=15: (5,-2,3,0,4(—2);2(0);1(0)).
v=21: (57 -2,3,0, 4(—2)y 9(0)’ 1(0))? (Sa -2,3,0, 4(—2)) 2(0)7 8(0)) x 3,
(57 -2, 3v 0’4(_2); 10(0)7 1(0))7 (5> _27 3, 07 4('—2); 8(0)’ 1(0)) x 2,
(47 37 1, 07 2(3)7 _'8(0); 8(0))a (37 1, '_'9a 0, 10(1); 9(0), “10(0)) x 2.
v=22 ¥v=21 PE-PEXAFN 9 RERAIDRAP K 3 BKA o, BEM

(9,0,2, 00, —2(0); 1(00); —1(00)).
GIO‘GD(U) : (aa b7 G, dae(b); f(C),g(d))
v=28: (1,0,2,5,3(0);4(2);6(5)), (4,0,5,7,6(0); 1(5);3(7)),
(7,2,3,4,1(2);6(3); 5(4)), (2,6,1,7,4(6);3(1); 0(7)).
v=14: (1,0,2,11,3(0); 00(2);4(11)).
v=21: (~9,0,8,1,9(0); —1(8); —8(1)), (1,0,2,~2,3(0); —6(2);6(—2)) x 2,
(—101 0, 9: 1, 10(0)’ —1(9); "9(1))7 (170, 2, '_21 3(0)’ “5(2); 4('—2)) X 57
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(103 07 67 _1> 9(0)1 _4(6)7 5(_1))
5 A=TH N BHE

SIB 9 FEUTEEI Gi-GDr(v):
(1) v=9,10,11,12,13, F 1 <i < T;
(2) v =9,10,11,12,13,16,17, 18,19, 20, % F 8 < i < 10.
E W TFLUUTWE GDr(v), 2 v A5y (Fi8) 88, SEHECY Z.(8 Z,—1 U{oo}), T
XA H BT R XA v( v - 1) B,
G1-GD7(v) : (a,b,e,d,e, f(c); g(a))
v=9: (_27 2,0,4,1, _3(0;; _1(—‘2))7 (174707 —4,-1, 3(0)) —"3(1)),
(—47 *2»0, 27 -1, 1(0)) —3(—_4))7 ("'4’ -2,0,1, 27 _1(0); —‘3(—'4))
v=10: ¥ G1-GD:(9) HXAH g BHUN oo, FHEM (—1,-2,00,0,1,2(c0); 3(~1)).
v=11: (27 1’0737 -1, _3(0))4(2)) X 2, (—‘17 —'5’07 57273(0)74(—1))7
(_17 4,0,—4,1, 5(0)7 —'5(~1))7 (-1: 1,0,5,4, 2(0)) _4(_1))‘
v=12: )[% Gl-GD7(1l) %-IZZHFP g EiHX?b o0, #ﬁ’ﬁbﬂ (2, -3,0,00, —173(0)35(2))'
v=13: % G1-GD,(11) H XA g BN 6, 3850 (0,3,6,1, —5,~1(6); —3(0)).
G2-GDr(v) : (a,b,c,d,e, f(c); g(c))
v=9: (—45 -2,0,2,-1, 1(05’ 4(0))3 (_37 -2,0,1,2, —1(0); 3(0))a
(-2,2,0,4,1,-3(0); -1(0)), (—3,1,0,—4,-1,3(0); 2(0)).
v =10 : ¥ G2-GD7(9) BI=NRAP a HHUH oo, FHEM (2, -2, 00,0,1,3(c0); —1(0)).
v=11: (2,4,0,1,—4,~3(0):5(0)), (—1,~5,0,1,~3, —4(0); 5(0)),
(—2,3,0,1,-1,2(0); 4(0)) x 3.
v=12: % G2-GD;(11) BIANKAF g BHEUA oo, HEM (1, —4,0,00, -1, —5(0); 4(0)).
v=13: ¥ G>-GD7(12) ZXHH g HHA 6, FEM (1,-4,0,4,-2, —6(0); 5(0)).
G3-GD(v) : (a,b,¢c,d,e, f(c); g(e))
v=9: (-2,2,0,4,1,-3(0); -1(1)), (-3,1,0,—-4,—1,3(0); 2(-1),
(-1,1,0,2, -2, -4(0); -3(-2)), (-3,-2,0,1,2, ~1(0); 4(2)).
v=10: *g G3‘GD7(9) _ﬂ‘ﬁmjl\lzéﬁpp g &EX%J o0, #‘iﬁﬂﬂ (—4a ”1700’2’07 —2(00); 1(0)>
v=11: (=2,-3,0,1,~1,2(0);3(~1)) x 2, (1,5,0,4, ~1, —5(0); 2(~1)),
(-2,-3,0,1,-1,2(0);4(-1)), (-1,-5,0,5,1,2(0); —4(1)).
v=12: )}g G3-GD7(11) QIZZHFF' g A oo, FREm (275) 0, oo, “'174(0);3(—‘1))'
v=13: % G3‘GD7(11) %’B:éﬁ.qj g i&mﬂj 67 #%'{\bu (27670747*27-5(0);3(—'2))'
G4‘GD7(U) : (av b7 c, d,e,f(c),g(b))
v=9: ("'1’ 17 0> 2, _2> —4(0)7 3(1))a (—'3v '-27 0) lv 27 _1(0)7 '—4(-2))’
(——2, 27 07 4’ 17 "3(0)7 —1('-2))7 (4> 170> _47 _17 3(0)7 2(1))
v =10 : ¥ G4-GD7(9) &£ XAH g BELA oo, FFHM (3,4,00,2,0,—2(00); 1(4)).
v=11: (4,0,2,-3,~1,3(2); ~2(0)), (5,0,1,~1,2,~3(1); =2(0)),
(5,0,1,-2,-3,2(1); 3(0)), (5,0,-1,2,-2, 1(~1);4(0)) x 2.
v=12: ¥ G4-GD7(11) FRUH g BECA oo, FHEM (—2,0,4, 00, ~1,2(4); —4(0)).
v=13: % G4-GDr(11) £X4H g BELA 6, HIM (-3, -6,0,6, 2,4(0); —4(-6)).
G5-GD7(v) : (a,b,¢,d,e(b); f(b); 9(c))
v=9: (_27 07 17 _172(053 "3(1)74(0))7 (—270, 1v 2a —1(0); —"3(1)73(0))3
(27 Oa 4a 17 '"3(0)1 3(4); —1(0))7 (LO, *4) _1: 3(0)? _2(—4); 2(0))
v=10: ¥ G5-GD7(9) HXAA f BEHUA oo, FHEM (—4,0, 00,3, 1(0); 2(00); 4(0)).
v=11: (4,0,1,3,2(0); —4(1); 5(0)), (~2,0,1,5,~1(1); —4(1);2(0)),
(57 0,1, -2, 2(O)a 3(1), 3(0)) x 3.
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v=12: % Gs-GD7(11) FEXHH f BHCA oo, HEM (-5,0,5, c0,4(0); 1(5); —4(0)).
v=13: % Go-GDs(11) A KAI f A 6, VRI (—4,0,5,1,1(0); ~1(5); ~5(0)).
Ge-GD7(v) : (g,a,b,¢c,d,e, f(a))
v=9: (3,1,0,-3,-2,2,~1(1)), (3,1,0,—3,-2,2,—1(1)),
(4,0,-3,-2,2,-1,1(0)), (~4,0,4,3,1,—2,2(0)).
v=10: ){% GG‘GD'?(Q) %Kéﬂqj g E&EK%J 00, #‘?ﬁ\f]ﬂ (1700703 47 27 —27_4(00))’
v=11: (4,0,1,-1,2,~2,3(0)) x 2, (1,0,~1,4,2, —3,~2(0)),
(4,0,1, 4, -2,2,~3(0)), (~2,0,2,-3,1,4,3(0)).
v=12: % GG‘GD'((ll) %B:ZE.EP g Eﬁlﬁljﬁl o0, #ﬁﬁﬂﬂ (47_071’—'37007_2’ 2(0))
v=13: % GS’GD’T(ll) %B.Zﬂq:‘ g i&mj@ 67 #%‘\ﬂﬂ (_470747 '_2a —67 172(0))
G7'GD7(U) : (a,b,c,d,e, f(C),g(d))
v=9: (7,3,0,1,4,2(0%;5(1)) x 3, (3,2,1,0,5,7(1); 8(0)).
v=10: (7,3,0,1,00,2(0):5(1)), (7,3,0,1,4,00(0); 5(1)), (4,2,1,0,5,7(1);8(0)), -
(7,00,0,1,4,2(0));5(1)), (7,3,0, 1,4,2(0); 00(11)).
v=11: (5,2,0,1,9,4(0);3(1)) x 3, (4,10,0,1,5,6(0);2(3)), (3,7,0,4,2,5(0);9(4)).
v=12: (4,2,0,1,7,10(0):00(1)) x 3, (7,0,4,9,6(0); 1(4),
(9,4,0,1,3,7(0); 00(1}), (6,3,0,4,00,5(0);8(4)).
v=13: (9,2,0,1,5,8(0):7(1)), (9,2,0,1,5,8(0);6(1)), (7,11,0,1,2,4(0);8(1)),
(9,2,0,1,5,8(0); 4(1), (7,11,0,1,2,4(0); 11(1), (7,10,0,6,11,5(0); 1(6)).
Gs-GDr(v) : (a,b,¢,d, e(b); f(b);g(b))
v=9: (I, 7,4,5,007); 2(7);6(7)) x 2, (1,5,4,7,0(5);:6(5);3(5)), (1,4,5,0,7(4);6(4); 2(4)).
v=10: % Gs-GD(9) §f _ XA+ 6 BA 00, HEMM (3,00,1,0, —1(00); 4(c0); 2(c0)).
v=11: (9,7,4,5,0(7);3(7);6(7)) x 2, (9,7,4,5,0(7); 2(7); 10(7)) x 2,
(5,3,4,2,003); 8(3); 7(3)).
v=12: ¥ G5-GD7(11) Bf X & 6 2 A oo, B (3,00,1,0, —1(00); 4(00); 2(c0)).
v=13: {(3,7,9,1,0(7);2(7):9(7)) : g = 5,8,10,11, 12} U{(2, 7, 5,6,0(7); 3(7): 4(7))}.
v=16: (1,0,3,—2,4(0); 7(0);2(0)) x 5, (1,0,3, 2, 4(0); 7(0); 00(0)) x 2,
(3,00,2,0,13(00);4(00); 1(00)).
v=17: (1,0,3,~2,4(0);7(0);2(0)) x 4, (~8,0,1,~7,2(0); 7(0); 8(0)),
(15073»_2’4(0);8(0) ( )) (1 0 3,-2 4(0) 7(0)78(0))’ (8’0a3,—2’4(0);7(0) ( ))
v=18: ¥ Gs-GD7(17) BRI PNRA P 2 K oo, HERIM (3,00,2,0,15(c0); 4(c0); 1(00)).
v=19: (1,0,3,-2,4(0); 7(0); 8(0)) x 2, (1,0,3,~2,4(0); 7(0);2(0)) 5,
(2,0,8,1,9(0); ~9(0); —8(0)), (2,0, -8,1,9(0); ~9(0); 8(0)).
v =20 : ¥ Gs-GD7(19) BiPA PN X L) 8 BH oo, HIM (2, 00, 8,0, —8(00); 3(00); 1(00)).
Go-GD7(v) 1 (a,b,c,d,e(b); f(d); g(d))

v=9: (3,5,4,7,005); 2(7);6(T)) X 2, (2,5,4,7,0(5); 1(7); 3(7)), (6,7,4,5,0(7); 3(5); 2(5)).
v=10: (3,5,4,00,0(5); 2(c0); 6(c0)), (3,5,4,7,0(5); 2(7): 6(7)),

(6,7,4,5,0(7); 3(5); 2(5)), (2 5,4,7,0(5); 1(7): 3(7)), (3,00,4,7, 0(c0); 2(7); 6(7)).
v=11: (3,2,5,1,0(2);6(1);4(1)) x 2, (4,2,5,1,0(2); 6(1):7(1)) x 2,

(5,3,7,0,6(3); 1(0); 4(0)).
v=12: % Go-GD-(11) Rt XAl 3 MFE=ANXAPH 4 B oo, BIRM
(3,2,0, 00, 1(2); 4(00); 5(c0)).
v=13: {{a,0,7,11,8(0); 9(11); 12(11)} : 1 < a < 6}.
v=16: (5,-2,3,0,4(-2);2(0); 1(0)) x 4, (5,-2,3,0,4(—2);2(0); 00(0)),
(57 -2, 3?074('—2); 00(0)7 1(0))7 (007 -2, 310’ 4(—2); 2(0)1 1(0))7
(5,0,1, 00,2(0); 4(00); 3(c0)).
v=17: (5,-2,3,0,4(—2);2(0); 1{0)) x 2, (5,-2,3,0,4(—2);2(0);8(0)) x 3
(57 —27 370>4('—2); 8(0)7 1(0)) X 27 (4) 3a 1,072(3); —8(0); 8(0))
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v =18 : ¥ Go-GD(17) IR XAH ) 8 MPE/\NKAFH 4 B oo, HEM

v=19: (5,-2,3,0,4(-2); 2(0); 1(0)) x 5, (5,~2,3,0,4(-2);2(0); 8(0)),
(5$ _21 37 Oy 4(—2)) 2(0)! 9(0))7 (27 17 _87 0) 9(1)’ 8(0), —9(0)) X 2.

v =20: ¥ Go-GD7(19) FE—ANXATH 8, B ANXAFH 9 FsE/\ANRKLAPK 2
B4 0o, AIRIA (1,0,8, 00,9(0); 2(c0); 3(c0)).

GlO‘GD'T(v) : (aa b7 c, d7 e(b)v f(C), g(d))

v="9: (6,4,2,3,0(4);1(2); 7(3)) x 3, (7,4,2,3,0(4); 5(2); 6(3)).

v =10: % G10-GD7(9) WM A XAH K 7 REWRANKAFH 6 BIHCA oo, HEM
(3,00,4,0,5(c0); 1(4); 2(0)).

v=11: (5,4,2,3,0(4);7(2); 6(3)) x 2, (6,4,2,3,0(4); 7(2);8(3)) x 2,
(9,4,2,3,0(4);6(2); 7(3))-

v =12: % G10-GD7(11) BN XA PR 6 FE=, WAXHBHE 8 A oo, BEMM
(1,0, 3,0,8(c0); 9(3); 5(0)).

v=13: {(a,0,8,11,7(0);10(8);12(11)) : 1 < a < 6}.

v=16: (1707 2, —273(0); _5(2)’4(_2)) x 3’ (1’07 2, _2v3(0); "—5(2); OO(—Q)) X 2,
(0070’ 2; ’“2’ 3(0)) —5(2)’4(—2)) X 2» (21 o0, 1,0, —1(00); —5(1);6(0)))’

v=17: (17 0,2,-2, 3(0)7 —6(2)v 6(—2)) X2, (1,0, 2,-2, 3(0)7 _5(2);4(-2)) x5,

v =18: 1§ G1o-GD7(17) BIZAXA K 1 FE/\NXAPK 8 BUY oo, HEM

v =19: B G1o-GD7(17) B LA XA, HEM (-9,0,8,1,9(0); —1(8); —-8(1)) H
(—9’ 0,8,2, 9(0)1 _1(8); "4(2))

v =20: % G1-GD7(19) H155 3,4,5 NMXA ) 1 FH 6 PXAFH 4 B o0,
AE (3,00, 1,0,18(c0); 2(1); 6(0))-

6 £if
FBE 1 F1 Gi-GD(v) & v =0, 1mod7, H
{,vzz W 1<i<TH,

v2>9, M i=28,9 Y,
v>8  ¥Wi=10H/f.

i M 1<i<TH, 51 8HHT G-GD(T) M Gi-GD(8). i, X FHr & v="Tt+7
Mo="Tt+8, t>1, 25 (6 t BITH) RS 3 BIRTEH.

Mo =8,9 B, B|H 8 /T Gi-GD(14), Gi-GD(15), G;-GD(21) M1 G;-GD(22). i#
M, T FNEo=7-2t+14, v=7-2t+21, v=T-2t+15 flo=7-2t4+22, t > 1, 535
(%% ¢ 3 )AHb) RS2 3 B nT 4540,

% =10 B, B|H 8 AT Gio-GD(8), G1o-GD(14), G1o-GD(15) Fl G10-GD(21).
T, T o=7-2t+14, v=7-2¢t+2,,v=7-20+8Mv=T7-2t+15 t>1, 5
S (% ¢ 3 IH) RAISIE 3 B Al B 4.

BIE, 518 4-7 BB T A Gio-GD(T) M G;-GD(v), i =8,9, v="T7,8.

B 10 XMEE A > 2, FFE Gi-GDA(7) Ml G;-GDa(8), B 1 =8,9,10, j =8,9.

i BEXAE A > 2, BREERAEE mn 18 X =2m 4 3n, MATRHHUTHE:
(1) v="7BELEEE (Z5 x Z2) U {0}

Gg, A=2: (01,00,00,20,10(00); 11(00);21(00))m0d (3, 2),
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A=3: (00,01, 11, o0, 21(01); 10(01); 20(01)), (01,00,00, 20, 11(00); 21(00); 10(00)),
(01,00, 0, 21, 11(00); 10(00); 20(00)) mod (3, —).
Gy, A=2: (11,20, 00,00,10(20); 01(00); 21(00)) mod (3,2);
A=3: (20, 10, 00,00, 21(10); 01 (Oo); 11(00)), (21,01, ].0, 09, 00(01); 20(00); 11(00)),
(20, 21, oo, 01, 11(21); 00(01); 10(01)) mod (3, —).
Gl(), A=2: (11,20, 10,00,00(20);21(10);01(0())) mod (3,2);
A=3: (11, 20, 10, 00, 00(20); 21(10); 01 (00))mod (3, 2),
(21, 10,01,00, OO(].()); 11(01); 20(00)) mod (3, —).
(2) v=8 A=283/f, BUAHE Zs B (Z3 x Z2) U{z,y}, XN mod8 B mod (3, ).
Gs, A=2:(5,0,1,2,4(0);3(0);6(0));
A=3 : (11,00, ,01,9(00); Lo(00); 21(00)), (¥, 01, , 11, 21(01); 06(01); Lo(01)),
(2,00, ¥, 20, 10(00); 01(00); 11(00)), (20,01, ¥, %, 00(01); 11(01); 10(01))-
Gg, A=2:(6,5,2,0,3(5);1(0);4(0));
A=3: (20,21,$,00,y(21); 10(00); 11(00)), (20,1’, Yy, 11,01($); 00(11); 10(11)),
(21,¥,00, 11, 10(y); 01(11); 20(11)), (11,01, 2,00, 16(01 ); 21 (0p); 20(00))-
T2 T 1<i<10,24v=2,3,4,5,6(mod7) H v>7H, {HFEE Gi-GD7(v).
E Y 1<<TH, HEHR I MFE G-GD(Tt), t > 1. M5IHEIEGHT G-
GD7(n), n€ N ={9,10,11,12,13}. #tm, ST v="t+n, t >1,n e N, 53 5|NH
513 3 Bier45 A,
M8 <0 < 10 I, BYEE L HIETE G-GD(Tt), t 2 2. Ti3H 9B H T G-GDr(n), n €
M = {9,10,11,12,13,16,17,18,19,20}. #fi, X FME v=7-2t+n, t > 1, n€ M, 4
SRR S B 3 B AT,
IR 3 I Gi-GDA\(v) & Aw(v—-1)=0mod7, v2>7, H (i,v,A) # (8,7,1),(8,8,1),
(9,7,1),(9,8,1),(10,7,1).
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DECOMPOSITIONS OF )k, INTO THE GRAPHS
WITH 7 POINTS, 7 EDGES AND AN EVEN-CIRCLE

GAO YiINzHI ZUO HuluAN KANG QINGDE

(Institute of Mathematics, Hebei Normal Unwversity, Shijiazhuang 050016)

Abstract Let AK, be the complete multigraph with v vertices, G be a finite simple graph.
A G-decomposition of AK,, is a pair (X, B), where X is the vertex set of K, and B is a
collection of subgraphs of K, such that each subgraph is isomorphic to G and any edge in
K, appear in exact A members of B. In this paper, we have completely solved the existence
problem of G-decompositions for ten graphs G with 7 points, 7 edges and an even-cycle.

Key words Complete multigraph, complete muitipartite graph, graph design,
holey graph design
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