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Abstract

As a special example of the candelabra systems (CQS), G-design is the extension of group divisible
designs (GD), which plays an important role in quadruple systems’ construction. With application
of Stern and Lenz’s result on one-factorization of graphs, by direct construction, it is given that the
sufficient and necessary condition for the existence of the G-design with three groups G, (3, r,4, 3)

isthat Ar’=0(mod12).
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KA,

T

XERASternflLenz2< T ERF BN L0, B EEGER, BREF=AAN6-®ITG,(3,r,4,3)
MRS BESM: Ar?=0(mod12).

KR
e®it, WER, MAERRT, 6Bt

1. 53|

B A, m,r, kA4 IR G- (e N G, (mr k1) )2 — D =Ja (X, A, B), Hrbr X2 — A mr
JeRSE, ARIELX BRI, B X S TR R — A TR IR, X IR A, A FgTERM4,
B Mt XA, WEOMNERAc A, #WA|A=r; QMEEBeB, MA|B|=k: GQEEAc AL
EEBeB, #A|ANB|<t; @XNT XHEMtLTHET SEEAc A, WR|ANT|<t, W THLFE
HTBPANKA. A=10, G, (mrk,2)iLNG(m,rkt).

Ht=20f, G-i&it G, (m,rk,2) B2 RFEHAMA A3 HBIHE GD Bit(ZW[1]). *t=3 k=40,
G-#it G, (m,r,4,3) AN 0 Ht 5 B DU JC 5 CQS, (r™ :0) » Mk £ DU 7 F7E VU JE 52 Fe 21 4 24 7 22 1)
YERI(Z WL[2]). Mills [3] [4], Hartman [5] [6]#51 1 G, (m,r,4,3), f35] 7 —L45ik. Hm=21, %%
G, (2,1,4,3) FEIEM TR MBS AFSE: Ar=0(mod 2) (ZW[4]). AL E m=31F, G, (3,r,4,3) MFLE
e BAVGH G, (3,1,4,3) FAAEIFE P U BAE A2 Ar® =0(mod 12)

S B e vt B 18 T TH ¥ 4 R ARG 2 AR (1R 7].

2. FEHIR

B 2.1 G,(3,r,43)FIEMBLERMR: Ar® =0(mod12).

WER: G, (3r,4,3) A 3r M, AFM=JCRELA r(3r-1)(3r-2)/2 4, HrbREmBAEX A F
4 r(3r-1)(3r-2)/2-r(r-1)(r-2)/2=r*(4r-3), Tfﬁﬁ/\liéﬁaﬁlﬂl/[\:ﬂ:% —A=JudEn
Txl/\EQEEP FreL, GA(B,r,4,3)EPEI’J]:ZH§§Uj/1r (4r-3)/4, i, Ar*=0(mod4). Pk xZ¥it
T EM A, BEA x A = I R A (3r-1)(3r-2)/2 4, HA R AEX AT MA
(3r-1)(3r-2)/2—(r-1)(r-2)/2 =r(4r =3) 4>, HEA=Jusrl BB 2 X4, T— XA HER x
AR ITCER S E =AY, BTL, Ar(4r-3)=0(mod 3) . £ EWisE, W13 G, (3,r,4,3) FEIEM LB A
& Ar? =0(mod12).

LR G, (3,r,4,3) FAAE AL ZERAT A 73 FEEAN T LR DUARE T

1) r=0(mod6) H A>18%

2) r=0(mod2) H.r=0(mod3) ik

3) r=0(mod3) H 2 =0(mod4) 5k

4) r>2 Hr=0(mod12) .

HNIEG, (3,r,4,3) fAAEMFE 1, AT EE 1-H TR IA KA. 8 G RRAN g ik, Hai
é%jj{OlZ g-1 . Wu<v, B G HLe={uv}EENv-uflg-(v-u) /M g—". EATCK

e={u,v} 2R D, (u,v) B D(u,v), HEIZ

D(e)=D(u,v)=min{v—u,g—(v-u)}-



AKF, F

MTAEM—ATFED {12, 9/2]} (|9/2] FFAKT /2 ME KB, #A1E LG (D,g) 22—
AME, HaEN{0L2,-,9-1), WEA{{uv}|D(uv)eD}, HEEHHEERET DKL,

KGH—ANFEH WREET GIHARA, WHANGHARTE. WEEG K MERTEH 2
1-IERE, WFRH 2 G 1 1-BF . WRE G Ml Rm e FELE 1B 1, WFK G fFrEm 1-B
TForfg, SRR G Al 1-HF4k. FIEAISIEK E Stern Al Lenz [8], FRATIEH 3 WM H ek 2 3, b
ged ({x, y}) Fm x 1y WIFR A L%

512 2.2 (Stern 1 Lenz) st D % Atk d {45 g/ged ({d, o} ) 2L NE G(D, g) 47 1-H
Tk

3. XEL®

SIE3LUIRG, (3,r,4,3) 1L, W TEEIEREs, G,(3r,4,3)1 1.

EB: K G, (3,r,43)MENMXAEL s f5, HIEG,(3r,43).

HSIHE 2.1 454513 3.1, NIEEEL, RAMRFHELLFUFMHEE

1) 2=1Hr=0(mod6);

2) A=3Hr=24(mod6);

3) A=4Hr=3(mod6):

4) A=12 Hr=15(mod6) -

5[# 32 %r=0(mod6) i, G(3,r,4,3) .

WEH: r=6n, ICHITREIMHSEX =Z,,xZ,, AA: {(xi): xeZg} (ieZ,).

XHAB: {(xi), (x=6j-3i), (y.i+1), (zi+2)}

(XY,z2€Zy,, i€Zy, jeZ,, x+y+z=3(n-j)+i—-3(mod6n));

{(xi), (v.i)» (zi+1), (wi+1)}

(512 22, EG({1,2,3n}\{6]+3: jeZ,},6n) (A7 1-HF M, L {F,F, R} 2
G({L2,--,3n}\{6j+3:jeZ,},6n) ) - T4, {xy}eF . {zwjeFR 1<k<t, ieZ),

5[# 33 % r=3(mod 6) I, G,(3,r,4,3) fF1E.

WEH: Br=6n+3, ICHHBRITHMEX =Z5,,,xZ;, HA: {(xi): XeZg:} (i€Z,)-
XA B: {(xi), (x-6j-3,i), (y,i+1), (zi+2)}

(X,Y,2€Zg,5, 1€Zy, jeZ, |, x+y+z=3(n—j)+i—3(mod6n+3))EE 4 X;

{(xi), (x—6n+3,i), (y,i+1), (z,i+2)}

(XY, 2€Zg5r 1€Zy, x+y+z=i(mod6n+3))EL 2 X;

{(xi), (x=Li), (y.i+1), (zi+2)}

(X,Y,2€Zg,,5, 1€Zy, x+y+z=6n-3+2i(mod6n+3))EH 2 IK;

{(xi), (x=Li), (y,i+1), (zi+2)}

(X, Y,2€Zg5r 1€Zy, X+y+2z=6n+2i(mod6n+3))EE 2K;

{(xi), (x+6n=3,i), (y,i+1), (y+6n-3i+1)HX ye€Zy,5, 1€Z3);

{(xi)s (x+d,i), (y,i+1), (y+d,i+1)}d € Ze \M0EL£(6]+3):jeZ,} s XY E€Zgsr 1€Z,)e
513 34 X r=0(mod 2) i, G,(3,r,4,3) 1.

B wr=2n, WITREIMREX =2, xZ,, HA: {(xi): xeZ,} (ieZ,)-



KA, T

XA B:{(x,i), (x=n=j,i), (y,i+1), (z,i+2)}(X,YV,2€2Zy,,i€Z;, j€Z,, x+y+z=j(mod 2n));
{(xi), (x+d,i), (y,i+1), (y+d,i+1)}(de{1,2,---,n-1}, XyeZ, , i€Z);

{(xi), (x+ni), (v,i+1), (y+ni+))}(xyeZ, , i€Z;).

5[# 35 X r=1(mod 2) i, G, (3,r,4,3) 1.

WM @r=2n+1, WHFERIMSEX =2,,xZ,, HA: {(xi): x€Z,,} (ieZ,).
XA B: {(xi), (x=2j-1i), (y.i+1), (zi+2)}

(XY.2€Zy s T€Zy, jeZ, 4y x+y+z=n—j-1(mod2n+1))EX 4K,

{(xi), (x-Li), (y,i+1), (zi+2)}

(XY.2€Zy,s 1€Zy, JeZ,, x+y+z=2n-1+j(mod2n+1))EKH 2 X;

{(xi), (x=2,i), (y,i+1), (z,i+2)}

(XY.2€Zy s 1€Zy, x+y+z=2n-1(mod 2n+1))EE 2 Ik;

{(xi), (x+d,i), (v,i+1), (y+d,i+])HdeZ,  ,\{0}, X yel,,, i€Zy);

{(xi), (x+d,i), (y,i+1), (y+d,i+1)}deZ, ,\{012n-12j:jeZ .}, X Y€y, i€Z;)
{(xi) (x+2,i), (v,i+1), (y+2i+1)HXYy€Z,y,, 1€Zy)

SEHE 3.6 29 Ar* =0(mod 12) 1, G, (3,r,4,3) fE1E.

WEBA: h5I3 3.2-35, 4iATIE 3L, WHG, (3r,4,3)FIEMN K.

54513 2.1 FIEH 3.6, FAFRNA I FEL R,

B 3T G, (31,4, 3)FEMFEN LI Ar® =0(mod 12) .

E&WE

E 5 H ARl 5L 40 H (11171248 A1 11371207).
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