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Optimal Block Designs for Complete Diallel CrossV

Kuey Chung Choi?) and Young Nam Son3)

Abstract

In this paper, optimal block designs for complete diallel crosses are proposed. These
optimal block designs are constructed by using triangular partially balanced incomplete
designs derived from symmetric balanced incomplete block designs. Also, it is shown
that block designs for complete diallel crosses derived from complementary designs of
triangular designs are optimal block designs.
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1. A Z
o] wHlj(diallel cross)A YL HE(FE)Y SFTAYNA A F(inbred line)e] F3H2% EAL
dAFsted ol g§HE #AA7] A ¥(mating design)elth, AE tE FHAHQA EAL zte pF9
ZoAZANN A Z2aAES A FRAFY ZHE (L) YT 4 8 AP ol &5

e A2 g wdg Fg izl g9 @A plg ZaAFe Yukzite E(general
combining ability: gca)S Bl 37l $3 HA ojHwwAYE FAs=d AU Griffing(1956)L
nol mWel 4712 deje] ¢hd o) el (Complete Diallel Cross: CDC)AI 8-S Aosiged & 4
FAE n.=p(p—1)/2<) CDCAEE 18t}

CDCAlM HF EEAYE TAse Uyd did d+2 Gupta®t Kageyama (1994)=
Preece(1967)¢] A#¥ #8 By EEAYE o]&3M £5 CDC AYE T4 LHe A
Aatged 182 59 B59 At 2 ANEE 08 B ¢y ESAYE ol &3l I EE

1) This paper was supported by grant No. K970087002 from the Basic Research Program of the Korea
Science & Engineering Foundation.
2) Professor, Department of Computer Science and Statistics, Chosun University, Kwangju 501-759,

Korea.
E-mail : kjchoi@mail.chosun.ac kr.
3) Researcher, The Research Institute of Statistics, Chosun University, Kwangju 501-759, Korea.

- 65 -



66 Kuey Chung Choi and Young Nam Son

B 2 (Partially Balanced Incomplete Block : PBIB) #8& 01%‘5}01 CDCﬂ]Q% =
WS A e g =3 252 4z PBIB Age2RE FAHEE 5 CDC AgL 240y
A ek ol A, =02 ASAE EF CDC AL %—iﬂ@,&i 5]*—1 AgYLE AF3IA
t}. Das, Dey 12] 1 Dean(1998)2 Dey 5(1996)2] L& FHAAAAM A;#0%0 FFdAE B2

CDCA &o] FAoz HAHA o] 57 3 2UE AASAH.
B Apgqaye ERJ Z4E e dA ¢8 E 9] EE(Balanced Incomplete Block @ BIB)
Agozre 4zt PBIB Ad S 4A #4848 + Jdue AHEE ol &3l 4t7+s PBIB Al¥&

Ay FASA #nAM HH CDC EEAES 743 YHE AAd =% oA BIB Alge=s
HE fFE=He 4249 PBIB 711]3]-4 of (complementary) A1 8-& o] &3t HA &% CDC AY<L
AAste BRE AT

2. 8% CDC A g9 +4

AFo o]&HE uAe wHiE B2 @7 kS Y BEEo A sle oA xw A Y o
3+ 23 (Singh? Hinkelmann, 1995)& o}z ¢} o] Aol g}

714 Y nx1 BF g dEolm pt WAME, 1,2 BE 247 1d ax] HEE YEd
o E 3, g=(g1,82,..,8) % B=(B1,82,....8:,)' S AZ p/he gea EHAAE S ble] &
SEHUEE dehls 4, 4% 22 37 expst ax b gead BE dgsts AGPLol
2L e HFol 0, BAol AU uxl &3 F AEojoh,

28 QDAM gea¥E g& FASNY NG ArYP Ce g3 go| Adwnh

C=(cy)=G-~+ 1T 2.2)

A718 7, E A 2RATY 9B F oy, KG=1,2,...,pF 29 (4,09 9E F T o
G=(g;,)e WANBEZAN gy=r;, g;,=7r;, Kj=1,2,...,p 02 I'=44,5 pxb 24
T - B ”]Eaga° Lt o}

CDColA EZ23 Ago)] 9A 353 EZ(Complete Randomized Block : CRB)AIEY o (2.2)
of Au AL of el (23)7 Zo] XFEHE F Ui

C=rp—2X1,—p""'],) (2.3)
7t v=p(p—1)/2,b, 7,k A, A} 22tE PBIB AF-& ol §sto] BEE CDCE FAsE A%



Optimal Block Designs for Complete Diallel Cross 67

] 22 _4 x-]iagaﬂ o) o],aHg]. 7‘-0] Eg%‘_\:}'(Dey 1996)
C=6I,~p7"J,) 24

A7)M G=k" p(p—2){A, +(p—3)A, /2} oIt}
et B v=p(p—1)/2,b, 7.k, A,,4,0 23 PBIB AEE CDC A E23 Aoz

o] &% uf e EF CDC Alge E8AA eE (23)7 (24)8 o] &3t ofgiet Zo] & &
P

o Var(g, — g;) crs = 6/{H{p—2)} (2.5)
Var(g:— &) rais

47ty PBIB A8 dAstel 8 CDC A8S T48Ud Dey $(1996)9 Wiz dzj
54 Z4E 7 uA BIB A ¥ Oi—rEi 2424 PBIB A8& AH it ¥ £5% CDC A
8-S 7= W2 okde 4 21(Dey, 1986)& o) &3t}

A 21. 923 2 24E zE g% BIB A8 D EAgda &t
v =p(p—D2+1=0b",r =p=Fk" A" =2 (2.6)

a2e8d A DA od shrtel EAB
2 749 A8 D otde #& BF

dEg g, o AYs Egex gE BSve
3

PBIB # #e°] €t}
v=p(p—1)/2,b=(p—1)p—2)/2, r=0—-2,k=p,A1 =1,4;=2 .7

flel 4e 212 o]&3td CDCY £53 Aoz DE 74 L2 ¢lo) D'2HE Dg vz
T =% CDC AYS 74 5 Uk
Das 5(1998) Dey 5(1996)%) B8 & RAANAM obefe} 23 =
2 CDCY £23 Agoz ojgatd A M B2 CDC AYL A& F Y2 BY
=3
Hp—D(p=2A; = bxldk— p(x+1)) (2.8)

A7 x=[2k/p)E 24/pE WA W= Y E A5 E Yeharh

Das $(1998)8] @l wet Aol 212 o188t 78 AY D: x=2 olv 28)¢ VE3=
2 DE °1§% 2% CDCA¥E FAd HHAYolm (259 ¥8 CDCARY 184 A4e
w4 1o 9. B2 218 o8 FAY A 2% CDC AL THHE AL A o
A5 ot 2k
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QA 2.1. p=6%A B, BT S =16=0b", 7 =6=£%", 1" =2 D'& FA3W oo} 2L
EEE 2 Ago] drh

{1,2,3,4,5,6}, (2,5,7,8,9,10}, ({1,5,7,11,12,13}, {1,2,7,14,15,16},
{4,6,7,8,11,14}, {1,3,9,10,11,14}, {2,3,8,12,13,14}, {3,5,8,11,15, 16},
{3,6,7,9,12,15}, {1,4,8,10,12,15}, {2,4,9,11,13,15}, {4,5,9,12,14, 16},
{3,4,7,10,13,16}, {1,6,8,9,13,16}, {2,6,10,11,12, 16}, {5,6, 10,13, 14, 15}.

D'sl #5 FelA o stk AeE 1607 W o] % LaA o
g De B47 v=15,6=10,r=4,k=6,4 =1, =214 clejs} 2& 2
%

g2y A 7
A7

2 9]
z

Wt

e 2

o
=

{1,2,3,4,5,6}, {2,5,7,8,9,10}, {1,5,7,11,12,13}, {4,6,7,8,11,14}, {(1,3,9,10,11, 14},
{2,3,8,12,13,14}, {3,6,7,9,12,15}, {1,4,8,10,12,15}, {2,4,9,11,13,15), {5,6, 10,13, 14, 15}

HEANAR E&A

N[ﬁ

AollA 7+ Do BEEANA 157 AHelfs Ztzto] 1579 A2 o2 wulg
7} 10)8 A olefe}l e B2 2zt A EEZ CDC Aol 7AHHULY.

{(1,2),(1,3),(1,4).(1,5),(1,6),(2,3)}, {(1,3),(1,6),(2,4),(2,5),(2,6), (3,6},
{(1,2),(1,6),(2,4),(3,5),(3,6),(4,5)}, {(1,4),(2,3),(2,4),(2,5),(3,5),4,6)},
{(1,2),(1,4),(2,6),(3,4),(3,5),(4,6)}, {(1,3),(1,4),(2,5),(3,6), (4,5), (4,6)},
{(1,4),(2,3),(2,4),(2,6),(3,6),(5,6)}, {(1,2),(1,5),(2,5),(3,4),(3,6),(5,6)},
{(1,3).(1,5),(2,6),(3,5),(4,5),(5,6)}, {(1,6),(2,3),(3,4),(4,5),(4,6), (5,6)}.

e 22. 279 R4E 7t 228 PBIB A& D9 9(complementary)A 8¢ D} 34 o]
Re oldfe} 22 B4 E 72t 7Y PBIB Al#ola o]F o] 843 ES CDC AL K0z
A< Agolrt,

v=p(p—1)/2, b=(p—1)p—2)/2, r=(p—2)0p—3)/2, k= p(p—13)/2,
1 =(=D(—5)/2+1, A, =(p—2(p—5)/2+2. (2.9)

Zz9. ()BA DREY Do BEFEL FEE vy 2 DeE DY o AFolmz
v=v=p(p—1)/2, b=b=(p—1)(p—2)/2 ol® Do BEE3A7|7} k=polBg Do EE=7
E  k=y—k=p(p—3)/20It}
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Dol A deje g 67 & o, o)A DAA e EFe Ytz b— e EFele o
et @omz Doj wEL y=h—r=(p—2)(p—3)/20] €t

A A FahaA Ade doe F AIE 82 FE DAA o7F HEUZ g YEUA &
Av B2 ov WERYA ¥ g% YdEhdE &5 47t y— A JRolERE DM o, EF HE
A = B2 F= p—2r—A;)— A0tk 2eBR g,87 DelA Al UehuE B2

F A =b=2rtd =(p=2)(p—5)/2+10] BT} TAAAZ F AR FABA) A P9
5 Art 25 Dol YedA @t BEe Ft b—2r+4, ol22 DAME o F st
Ay =b=2r+4, =(p—2)p—5)/2+ 2N B2 gt DAM dee Hye A

(i=1,2) FHaAd Qe A + we B =o-1% 2w A= r(k-Dsl 27

of sl n =2(p—2) olT ny =(p—2)(p—3)/27F AT}
PBIB A& phol oaid AA=ZZ k7 DA o1& Fa7l AsiA ot (2.10)9]
b, (i 7, k=1,2) A7} (211)(Dey, 1986, p.196)& ol &gttt

Py =Dk, Ribk= ;D Zlﬁ§k= n;—8;, (2.10)
A7) A §yE i=jold 1o]3l 4=j o] 0 o]t}

(210)9] 5 WA} Al A Ao ZRE p ph+ nph= n; nolth o] A (211)E o) &34
phE F8e ph=20p—4)7t Ak phE 2100 WYS UeiA pE FEE

P=[p~z »—3 ] 2(p—4)
YL p-3 (0—-D(—)/2) 2(p 4) (p—4)Xp—5)/2

ojt}. mald Do o AE DE (29)9 42 2 a7zt PBIB Ago] Ao

(i) DA x=[2k/pl=p—3°12 p(p—1(p—2) A = bx{dk—p(x+1}e] BAE 3
2 DERE FAHE B2 CDCAYE A3 =AY du)

Al 22. Al 21414 D9 o AY DF oj&ste] HH & CDC AYL FAHH e 2
. WH DERH EF7 p=15, b=10, r=6, k=9, A, =3, A, =43 D] B2 o}y
s} zr}.

{7,8,9,10,11,12,13,14, 15}, {1,3,4,6,11,12,13, 14,15}, {2, 3,4,6,8,9, 10, 14, 15},
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{1,2,3,5,9,10,12,13,15}, ({2,4,5,6,7,8,12,13,15}, {1,4,5,6,7,9,10,11, 15},
{1,2,4,5,8,10,11,13,14}. {2,3,5,6,7,9,11,13,14}, {1,3,5,6,7,8,10,12, 14},
{1,2,3,4,7,8,9,11,12}

geo 2xel Auze] 15749 M2 T WS YA/ ojsh 2L BF
% CDCAIF o] FAHT

o
W
s
B
2
]

{(2,4),(2,5),(2,6),(3,4),(3,5),(3,6),(4,5), (4,6),(5,6)},
{(1,2),(1,4),(1,5),(2,3),(3,5),(3,6),(4,5),(4,6),(5,6)},
{(1,3),(1,4),(1,5),(2,3),(2,5),(2,6),(3,4),(4,6), (5,6},
{(1,2),(1,3),(1,4),(1,6),(2,6),(3,4),(3,6),(4,5),(5,6)},
{(1,3),(1,5),(1,6),(2,3),(2,4),(2,5),(3,6),(4,5), (4, 6)},
{(1,2),(1,5),(1,6),(2,3),(2,4),(2,6),(3,4),(3,5),(5,6)},
{(1,2),(1,3),(1,5),(1,6),(2,3),(3,4),(3,5),(4,5), (4,6)},
{(1,3),(1,4),(1,6),(2,3),(2,4),(2,6),(3,5),(4,5),(4,6)},
{(1,2),(1,4),(1,6),(2,3),(2,4),(2,5),(3,4),(3,6), (4, 6)},
{(1,2),(1,3),(1,4),(1,5),(2,4).(2,5),(2,6),(3,5),(3,6)}

& 4+ e HAH¥ EEF CDC AgES AAg Holg, o] Ho AAI"  Series 29 ~ Series 89a+=
Raghavarao(1971)2] th# BIB A 82 Uell Design T44, 762, 783, 785+ Clatworthy(1973)
ol 2t7+d PBIB Al ¥S el

(X 2112 26)9] 242 2t did BIB A8 o22H SE5E D9 DE o) g3t 74

BIB #¥ DE °]&% 22 CDC D& o] &% 2 CDC
Series| v* b* »* B A|Design|p v b v k A A |Design|p v b 7 k& AL A
29 (1111 5 5 2| T4 |5 106 3 5 1 2| 744 (5 106 3 5 1 2
47 |16 16 6 6 2| 762 |6 1510 4 6 1 2| 783 |6 1510 6 9 3 4
81 {37379 9 2| 78 |9 3628 7 9 1 2 9 36 28 21 27 15 16
86a |56 56 11 11 2 11 5545 9 11 1 2 11 55 45 36 44 28 29
89a |79 79 13 13 2 13 78 66 11 13 1 2 13 78 66 55 65 45 46
3.428&
2 =FdAE 4% 258 Ze gy 78 B GHEES Agoziy 44y RE 0¥ &
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guEE AGs A 7T & dde FHE o8t 42¥ PBIB Age AASA du wt
2 HA BE ddojdud) AYE FHse Hye AMYY. £ EPETE 2= BB AfL
ZXE f#58 443 PBIB Age o AYE E5AYOR o] &AL wolx= HH X CDC A
3 A & UASE 20 AAE HHES SdolduuA ol ST E?E e dA
Ty B EEAHS 7Y & donl olgmiY &F shdoldunA Yo AEAAI T 1
o] & FAH HH AYE A AT F Avke FHE HAZ Uk
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