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ABSTRACT

A Study on Block Designs in Diallel Crosses

- with Missing Observations -

BY Lee, Jang-Jae
Advisor : Prof. Choi, Kuey Chung.
Department of Computer Science and Statistics,

Graduate School of Chosun University

Diallel crosses as mating designs are commonly used to study the genetic
properties of inbred lines in animal and plant breeding experiments. Suppose there
are p inbred lines and let a cross between lines ¢ and j be denoted by
(i,5), i<j=1,2,---,p. Let n, denote the total number of distinct crosses in the
experiment. Our interest lies in comparing the parents with respect to their general
combining ability(gca) parameters. The complete diallel cross(CDC) involves all
possible crosses among the p parental lines with n,= p(p—l)/?. Sometimes p
tends to be large resulting in a large number of crosses, and it becomes
impractical to carry out even one replication of the diallel cross. In such situations
a partial diallel cross(PDC) may be used for carrying out the experiment. The

patial diallel cross(PDC) is often used nCZps/Q, s <p—1, distinct crosses where

s 1s the constant number of other lines each line is crossed with.

Diallel crosses in completely randomized designs have been discussed by several

authors, e.g. Kempthorne and Currow(1961), Singh and Hinkelmann and



Kempthorne(1963), Hinkelmann(1975), Singh and Hinkelmann(1990). Optimal block
designs for complete diallel crosses have been considered by Gupta and
Kageyama(1994), Dey and Midha(1996), and Das, Dey and Dean(1998). Singh and
Hinkelmann(1995) gave efficient block designs for partial diallel crosses using
partially balanced incomplete block designs. Orthogonal blocking of partial diallel
crosses was considered by Gupta, Das and Kageyama (1995).

When a complete design is used, situations sometimes arise when one or two
observations are lost for some reason not necessarily associated with either the
response or the particular lines involved in the crosses. Here, we investigate the
effects of missing observations randomly scattered throughout the design, on or

two observations missing in certain classes of CDC designs.

Consider the situation where t crosses scattered throughout the initial diallel cross
design become unavailable for analysis. The number of distinct configurations of ¢
missing crosses and the properties of the resulting designs will depend on the
particular diallel cross design under consideration. The line effect comparisons will
depend on which crosses are lost, the number of replicates of these crosses in the
initial design and the number of crosses common to the blocks affected by the
missing observations. In the paper, we derive theoretical results for the loss of one
cross from CDC designs based on nested balanced incomplete block designs. We
consider the losses in efficiency for a range of such designs and show that, even
for these CDC designs, three differences need to be determined. there are several
situations to consider when determining the variance of the differences between the
pairs of line effects. Different variances are given for pairs of lines consisting of :
(1) the two lines in the missing cross (2) one of the lines in the missing cross (3)
two lines not in the missing cross. These are listed for a wide range of CDC
designs belonging to this class. For other CDC designs, we evaluate the average
and maximum variances of pairwise line differences numerically to explore the
effects of losing one or two crosses from the initial design. The efficiencies of

these comparisons are listed for some of the examples of CDC designs given

- vii =



previously, and it is show that, although overall these designs are fairly robust to
losing observations, some specific comparisons may be seriously affected by
missing data, particularly in the PDC designs where some crosses do not appear in

the initial design structure.

In this paper, We studies robustness of optimal block designs for estimating
general combining ability(gca) effects against loss of observations in diallel cross.
To illustrate the process of examining the effects of losing observations from a
diallel cross design. we shall consider the situation where crosses are lost from the

optimal CDC block designs.
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e olgHE Aot AR thE FAHA 54 e pF A F(nbred

A wlg (), i,5=1,2...p8F T @ ,
]

adl (complete diallel cross)Zl &S w53 Zo] 47h4] A 2gow 7383
Alz=" 1 on=p CLE L1) ol A A A )
J2=)) I =plp+1)/2 © [E 111 1A oz

Aze I n,=plp—1) : [F 1.1] oA S A

o
b
o
o
™
s
Ao
>
>
N
N
El
=

>~
[>

Aze IV o n,=plp—1)/2: [E 1.1] oA i4S A

Alze®l I I, IVE RE 259 ZuA%S wwsitsE ouz o5S ghdol Wi
2 kil

w2} gk 53] Griffing2 A ¥l (half diallel cross)@t a4 o1},

Azdl Ivel wu FAA QR welE FESe A@she ol vt
gstel Azw IVE @7 ol@mule stk Griffing®] A28 VolH 2mAFe &
p7h FbSHE mule) SE A8 Fbshed eg Sol, p=5elw 10719 A= the

}
wul7h EA s p=1001H 45709 wujrt EACE o]ef o] FuAF 5 prt
AA W dgsfor & AR e uwf T g 2A FrhstEE @A A A X

@ 47 oo,

l&
o\-}lr

222 4R olHun o EF3}
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=31 ol

A

e

(1) 2+Z+3 PBIBDE o] &3

=

Agarwal¥ Dasv= A9 213 A7 210 293
E5 ddoldunE AASA T

Ao 21 ¥ n-ary UAAL Ve AHEE EEa7] K

o

omm FAHEG o 7 Az wEiE R

o] 7] A my& A A7 A B2 vebs 85l

e 21 Wek Dol mF

=p, b=pp—1)/2, r,=p—1, k,=2, \=1

zt= BIBDolH p(p*l)/27Hﬂ &5

~

il

B B - B_, B B, o DBy B2
1,2 1,3 1,p 2,3 2,4 2,p p—1L1,p
ey D7y B
v=pp—1)/2, b, r, k, A 1y p]k (i,j,kz 1,2)
of AeHEE DY EF5o= AW S

2 2= 479 PBIBDY 2 $olE D,

V=v,=p, B=b, R:rrozr(p—l), K=2k, Azr—i-(vo

&, DiellM Aels FuAEel siEEa, Dol Ags avjel s

_13_

’l—lr A= E 1] T J

3 A7+3 PBIBDE ©] &3 73 ¥ n-ary

BN el Eol wjA e

=& FFola

A~

2t AdE ved 2o add 5+ Utk

—2)B3) +piz A)

FH
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Al 210 os) AAE HANS dHE n-ary 5 f Aol o] fapdlel A o

Var( g])—202/(R T—;)
olty. A7IA, @& A TuAEol P wu] EAAY TS Ui, S

Bk 5= Y ini= RK— A(V—1)¢] th(Hinkelmann, 1975).

oA 2.1 [& 22] ¢ 244% PBIBD(2)E °l85te] n-ary €5 Sdoldunjs A7
st 4H7h3 PBIBD(2)7F 24

v="0,=10, r=4, k=4, b=10, \,=1, \,=2
1 _ 2
Ui

210 o8] BeT e wE v =5, r,=4, k=2, A =12

(% 2.1] BIBD

1x2 1x3 1x4 1x5 2x3 2x4 2x5 3x4 3x5 4x5

Ho
1o
o0
os}
)
1o
e
Jhu
o
™
0o
Do

o] A7+3d PBIBDY A= thxsH
=16, k=8, A=25, S=

6
Hawj s AA & ¢ A

o
=5
Do
w
el
B
i
Mo
5

Q

)

<

e
Jhu
e
rN
o



[¥ 22] 473 PBIBD(2) [E 23] n-ary &2 7 o] unj

Bl 2 10 6 7 Bl 1x3  4x5  2x4  2xb
B2 10 1 2 5 B2 4x5  1x2  1x3  2x3
B3 7 3 8 2 B3 2x5  1x4  3x4  1x3
B4 6 2 9 4 B4 2x4  1Ix3  3x5  1x5
B5 1 9 10 8 B5 1x2  3x5  4x5  3x4
B6 5) 4 3 10 B6 2x3  1x5  1x4  4x5
B7 8 7 4 1 B7 3x4  2x5 1x5  1x2
B8 3 5 7 9 B8 1x4  2x3  2x5  3x5
B9 9 6 1 3 B9 3x5 2x4 1x2 1x4
B10 4 8 5 6 B10 1x5  3x4  2x3  2x4

[£ 23] 9 n-ary 5 gdojHunje] dutxstsao FAXE=
28— 25
g9,=Q /(16—4— 1 )=Q /1125

o3, T AMEFFAE k] A(g— g0l NG BAL

Var(g,— g;)= 20" /11.25, i+ j

(2) BIBDE o] &3

iz

%35

=

2

2 o] T a uj
Agarwal®} Das(1990)= Agarwal®} Das(1987)9} AL W o2 BIBDE o] £ 3}¢]
Griffing®] 47}4 e} zZ+ztel dis] n-ary E5 Sdoldun] tixde AA G

2 Ao A= Griffing®] B Vel dial n-ary 55 @dolduwnwE dAstE WHS

Ho

Fo Aol wrES e, 3 AT MR gE A
s Sledl kA = A B4R Ze BIBDE Fv @ o2 BIBDE &
7]

G V=p 2% F B=b ALl 0@ u
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S8 o

g 8t7]

=
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ToR

)

vze]

X

el

o

o

iy
e
o

0|
NIl

pt g+ 9]“"@"‘6@71

Y;jl =

B
rJ

A

gl

JJo
—~

)

j

pilg

¥}o] 31 €l

Ho

9 TAA Bl A g9 FHAA

o
‘Z‘#O
o)

X

jze)

wjr

B
e
!

2}

ojuf @, 2 iMA AT o]

o]t}

H
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ol

FaL,

A 2.2 [& 25] ° BIBDE o459 n-ary 2 @A oW
v=b,=6,r=5, k=3, b=10,A=1
g stw Ae 210 wed ged 2o u—=4, r,=3, k=2, A\,= 19l BIBDZ
[¥% 2.4] BIBD
1 2 3 4 5 6
1x2 1x3 1x4 2X3 2X4 3x4
22g [Z 25] o U 257k (v, bk, n A)=(6, 10,3, 5, 2)2

V=p=4, B=10, R=15, K=6, A=21, §=27

i)
m
Mo
5
Q

ry 55 gdodumE AT & 3l

[ 2.5] BIBD(6,10,3,5,2)

B1 1 2 5
B2 2 3 4
B3 1 2 6
B4 2 3 5
B5 1 3 4
B6 2 4 6
B7 1 3 6
B8 3 5 6
B9 1 4 5
B10 4 5 6
whehA wE s e mabe] 47
gf_(%/

[ 26] n-ary &5 ol
Bl 1x2 1%3 2x4
B2 1x3 1x4 2X3
B3 1x2 1X3 3x4
B4 1%3 1x4 2x4
B5 1x2 1x4 2x3
B6 1X3 2X3 3x4
B7 1X2 1x4 3%4
B8 1x4 2x4 3%4
B9 1x2 2X3 2x4
B10 2X3 2x4 3x4
27 - 21 )= Q. /8
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N
N
W
D
)
e
b
e
2
°
2
=
=
i
X

skol gk = Qhol A € A9 dol E7lsd AYES =tk Singh &
Hinkelmann(1988)2 n 7l wuj& A= 4243 vs #3d =49 E5AIS o8&
sto] 2 ddolWmu] AL FEPck 2} ojEo] AT wES Ao
Hj o] mkiol ety E R SuATS A2 Azste] @A g el ulu] vkRo] e
Us HAAGE Fudrh o7l A AAe s HAAAGE ARE #d E48 E57
% (nested balanced incomplete block design)g o]&3tH, <ol wujolA] wx T

Mol wrEel EAse ARAE FEa] A AP AR BE wwe F5E
dehiE nle weE AeE e Rel ke pAY FaARES AR F
& thg, AA gAY Wl AN BF 277} 201WA | o]
@4 ogle Bl BSAY, Dol AY ool Awsel drkw bl 25 el A
o A e @4 oMzt Hul o Ae] AA Aol H7 AsAAE AN p

7} ggtu] B2 3e] sojo} ).

(1) A%8 g 2ZAFo] o] &8 FAoAd A

Gupta®} Kageyama(1994)2] == t]xlole] tjsfA o} AWt De AE &
p, 55 £ b, 55 A7) K =2k A9 wE £ r& 2FEE 2 BIBDolx, DS

5 a7 k=2, T9#A 4 )\, =19 BIBDZ 3t#h. Gupta®t Kageyamai Dol A

wH DY EFol TEE A AES wwE kF3sto] A A (Preece, 1967)% £ 53
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@ gdolMa = Hho] B¢ nATh 2aALY F prh EF EE Aol

B AGAD 1, 22 PRI, oA AAR ARAD 1, 271 AH B ghlol

D AZFAL 1 p7t 50 A4S

27122 (1,26}, (2,2t — 1) {t.t+1), mod(2t+1) &3 Hoz AQstd p=2t+1
Aol 2mABNA B 57k 2A+1olWA 2 B2l ¢ mulk EAHE AL

F¥ 5 A

A 2.3 p=7% A9 fHolHun] A
p=b=2t+1=7 t=3, r 2
= {1, 6}, {2, 5}, {34} mod(7)S <=8 Ho=z AN ol [29H 21] 3 2

B
=
= AgE 78 F Ut

o
f
-
oX
ﬁC)L
g
A
dlo
_E,
i
i

= g

22 1 23456 7 EEER

w21 [xor ok x x x| (1 6), {2,5), 3, 4)
Beo: [x ook ok x x | (75 (1, 4), (2, 3)
vegr [ xor ok ok x| (g 4y (7,3), {1, 2)
B2 [ ok x ok x| (53) (6,2, (7, 1)
we 5. [rox  x ok ox x| (49 (51,67
wE 6 [F F ok o x| (31 (47, (5 6
g2 7: [ x x x x kx| (27) (3 6), {4, 5)
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Lo
o2
rE
A=)
s
i)
[t
~
X
o
°
-
oX,
i
s
=
o
o2
oL
=2
o
s
M
%
N
N
olf
o,
o~
D
0
<5
=
aQ
=5
e
(EVR
o

2) AGAL 2: prt BHFA AL

it

A% DE pMe Aels ztoewA Ay w57t p—12 AFoelet a4, 59
717F 2013 A=1olHA Dujel A &H o] %= w3 7Fs 3 (resolvable) & =]
E=ZA8 D,o] EA4%v(Singh & Hinklelmann, 1990). o] A& D & o]&43d 72 &
Zo] p/270e] wujr} JEREA p—1749 B2z gdoldun AYLe e
o] A H

{(j-l—l,p—l—j-l—l )HlOd(p—l), (l,p)’j: 1’2’...’%_1}

ol 7|4 pMe SUAZE

rlo
=
=
N
&S
n
=3
fr
p
>
(it
EY)

X,
Qﬂ
=)
—

M
o
Do
Do
e
o
mh
flo
v
ot
o
4
oX,
i)
-

A 24 p=6 4 W ddojAuME T4

o)
A
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S sPnse A s 123456
(14), (23}, (06) {25), (34), (1,6) 2= 1: [*x * » * * |
200, (34}, (16) {31), (45), (26) 2= 2: [* % x * * |
(31), (40}, (26) {42), (51}, (36) 2= 3: [*x * x * * & |
42), (01), (36) (53), (12), (46) == 4: [* * * * x * |

(0,3}, {1,2}, {46} {14}, {23}, (56} E=

5
(21 22] p=6 & v &3 7tsd o3 =91 E52 o] &3 SxdojH ] A2

AGAL 13 AGAL 25 o] g3t FAT ol AFo] FAH A Ao
H7] Y e dnrzdsee » 2
ol Al Eakol AdA o v}, hdo]H A F o] F A% F A A (universal optimality

)& W) A AP C o hew e 2AS VWESY Ak

E oA (LE A9 dnzse)e Bael HAx
3]

A 2.2 SdolH izt A HAAGe] =7 AT =1,

a) ARYE C 9 puert Holojof gt}

1 ' _ B, _
b) ARHA C = 9(4—51,,1,, )ol ez FHE oo} g},

2

1

714 I ¢ (pXp) @94, (]Z,—Elplp/) c s g,

BOEERES

ARAL 13 AGAL
of TAH HAAL] Arke AMEo] tgd o] T4
al

(i) A" Ve ol unjol A A

o
QL
g
5
Q
rlr
S
dlo
_E,
i
o
=5
ol
it}
A

Tii:O o]‘:]' Zoqﬁ_isg\?é 0% o



p. p
:erm_k—lzzn?l (2.1)

ALY ALl AGAE 28 o] & AL o (binary) Al Y, = (WA EE YEG
y4 y4
G i) WEFE 1 EE 0 omR Yimp=Yimoln 74 BEd K =2k7e ¢o]

b
AelHez Yn, =2k 7t B}, 28og QDAL ey 2ol zddT)

i=1

tr(C) = 20k— 2k ' bk (2.2)
=2(n—0).
o] 714 n=bke A FolA uwwje] F FE e
a2 bo} ko ol FoH g mE o AFoA (2.2)29 Fol A U=
oue) A tr(C)= A7t €},

(i) b} k7F Folxl ol X (binary)Al Goll A AR PH 2t 84+ b5 2},

b
_ —1
Cij_Tij_IE k nyny
[=1
ARgd C 7 A 219 20 ()F WFE7] AL ¢ BE 0,

dA o ek A F ALl AdAL 25 ol &T A2 A%

8 Dol D& ol 4@ Afdolmm ¢i=j) et 2

i,
Al
o
T
o
=
g
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i
X
rt
(E
lo
[-'E
I
o
PN
rlr
BN
ax
e
N
o,
=)
=3
=z
)
ol
o
-
oX,
_c‘){_r(
v

AGAL 13} 25 o] &3t 7AT HH ddodAFelA Sd4n EF5AHS o] &
SAo| Mo AHEEHA A=

— (S FATA B RS T 5 vk

gu B2 o] gd Aol MmN FRALS e 2,

g
¢

PP

C=M\—k \)p k' (Ip—%l L)

Ao guAgPe] dws GPAL T o 2o

~ 2 ko?
Ve —q.
0m9) = o)
At g EZAFo vE E4v BEEAFE o4 dxloldun] Ao dwir}
EEAAVTE e E 284 AAE 058 2o
p/he Aot BE2a77 K =2k AR #HEYH B2 30] EAstaL, o] A3

o] B2 277} 290 ¥ Bov B2 AYL yEATU g=A0lB® D 9 D, o

43l A& 1 &A A A (efficiency factor)

rlr
O,
dlo
_E
i
)
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p(A—kX\,)

€ — m (2.3)

& ANp—1)=r@2k—1), A\ (p—-1)=r& wHZHsmz 23)49 a4 <

9 Aol 2k<p OB e<low, 2%k=pY u e=1lolt}
ademe ANAG 20 AAADNA FEAAAE lojmw, AYAL 29 LESo|

BE S A dudE 5840 Aol YEvA Fe
(2) A72t% PBIB= © 43 @doldun) 47

# A7 AGel A FuATFTY F p7t SUFstH wwjo F= w435 SUkgt dF

Zo] p=5o|W Griffing ¢ Al IVlA 10719 #wj7} A3, p=10o]W 45%

fl

o uwfrp EAFT. wkef S5 08%l0] syl of wrlE AgE (HFee &4d FEI
E =273 (randomized complete block design)< AdA o=z AHsH TuA%FY
71 AL AEm QxR Ae] AXA P, agnz 92 EA57] e 4
53 EEAYRYE 0AE Y F dv AEAT Edv] EEAFS oo @
o ol E 5o HYES wHE Fete ¢ 290 E5AEL ol &ste Aot 1
gy w27k Age HHA e SAH 5S4 #AS Zeud olyd HIuw e
E&Ao Bs FE dorF ofF AAs A Fuh. L olfrE ES4Y] EZA A o
W wHj A e RAo] EFoA e M Ee wHjrt YEhUE SRt eE ESo UE
s ZuAlEY S oEsy] wWEeoltt ayum oW AN F2 AYS
A7) s E EET 7ol Q79 =4, Preece (1967)7F A A g x| EH 73 & 99
ESAE S o] &3 A3V AFelAe HA E94v] EEAES e HAAT. 7]
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1 EE BYe oA dwtzdey Zavts udetan, S A@deY mde 2l
A ALl AT W E ojHafel A BaH] EEAYE 4] A FE #IARE o) %
shAIRE, Wb, SEa dwEYeE Tavs e R fREe Ade

Qe 22 25 v=plp—1)/2,b, 7 k A\, ,F ZE 428 PBIBDS d,ol# a3, 4
Oﬂ/ﬂ ﬂﬂ% /yél' (i7j)7 7’<.77 27]:1727api 3——}—7]?1":]' _‘l:‘ ii‘j/]oﬂ W’aﬂ"i a:f%ﬂ#(s
L =y, =86 £ a=0,08=y £ a=6, f=vold F A (a, B} (v, )=

A AA FkdAel dvar sty a2EA o F oA FutdAel giva g

T b, &5 A7 k A e rd E535% ddojdul o

2Rl ds AAE & vk

A 25 p=5% w & FY Bou AN o gate] dHolWmE LA 9
Al p=5 v=10, b=15 r=3, k=2, A, =0, \,=12 t}&3} e 444 AL x

& 8k},

e

2748 A E

=1 o

[ 27] p=5
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]
Lo
=5
=2
=
Ry
(i
24
AC)
il

(34), 35), 4Btk [& 2719 #4248 AL olgatd AH Do 225e
2ol A4 HT

i

Jfu
N

[(1,2), G4, &5 2: [(1,2), BB, == 3: [(1,2), (45)],
[(1,3), CA], &5 5 [(1,3), 25], 5 6: [(1,3), (45)],
[(14), 23], 5 & [(1,4), 25], 5 9 [(1,4), 35)],
C L5, 23)], =11 [(1,5), (24)], =512 [(1,5), (34)],
C123), (49)], E=14: [(24), (35)], =515 [(25), (34)].

Jfu
.
S

A R R 1 A
Ju

g
—
w

of ANomyE oWMaAARS AF ADe (A 2 AnE ;) (=)= o)

=
Askel T & gdew, dF Fol A WA BEe (1s2sh G el 2T

oAl 259 o] 4t7¥ PBIBDE ol &34 A€ E=she fdolwmnfe] HJu Y
e
C=r(p—2)L+rJ—k 'NN’ (2.4)

714, JE BE dart 18 pxp #8, N=(n;

Ho7h g Bol7] A&l mxAY 218 AFSeH

)= pxbl Mz Polt) tr(C)7}

BzAYY 21 A23 PBIBDE o] &3le] AA 5313 bdoldunjo thafja tf

%ol 4w
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i}n% =r(p—1)+{p—-1)(p—2) )

i=1

p
N nng=r+p—2)+3\+ (p—3)N,, i =i, i’ =1,2,-,p.
=1
REgdE 2127 Angdde
_ -1
C=0U,—p " J) (2.5)

A<
o] a1, A

0="Fk "plp—2)\+ (p—3))\, /2
ojth, C¢] dwtadl PP

o3, RE dutzg S 7k gulo] ug =4 B 207 /o)t

Ce= ¢ g doelny, 28far A\ =092 473 PBIBDE o] &3t AAR

21(2.5)¢]
53k Sbdoldun) AfS Dt std, D= bl =53 MY &5 275 e

~

=rp(p—1)—2b (2.6)

4 @269 WA FAe wx

o

g 2.1 &
welA Kiefere]l mam A =09 473 PBIBDE ol 43 =3¢ ghlol s
A4 vl o},

o

WeEn, 5F5E n=0, 19



e
rN
-9
ra
=
=

AgoNA FFA FFS wA= 2709 FAAT W F(nuisance
A7l fF AYSE F-d Agolg s, oA F WFE Ze
A E o A o] d A (heterogeneity)S EA43l7] ¢33 dutAel BRFo AFdozA I
<9 #HA P-d AF AT Latin-square A (S A2 ) o] §3 A
A tH(Singh & Hinkelmann, 1988). Zejy o] Ao = wHlE A2 53 o
ZF A7 RE g3 Ao 3 HA YElYE Latin-square Al¥ S o] £33 7] W&ol
e E 292 st T o] AATE Gupta ¢ Kageyama(1994)

ZA) 4 & 4 (universally optimal) =274 &S Preece(1967)7} A Al g+ A&
H 54182 ol &4 =R Gupta ¢ Kageyama(1994)7} 152 =woll A F A
& FEd7] fste] o] €39 Kiefer(1975)9 A4 HAAH & wHete

ALSE AU A} v I or FAA HAAHNS UHoe vy 22 HA Y
gAY ALS AATH. A WA=z wujel e wmbESrE 120 371 AY AE
(series)= AAstaL F HA= o] A Ade] CDCE o] &3 Uv =5 e
© BEyse BE A HuE ded o] HA AF daE R e A

3 ©

AAs) vputo 2 zhzbe]l wH|o] A ukE 37 291 Ao o)A

<
o]
]
o)
=
=
<
o

rr
o
o)
Rl
=
=
2
lo

it}
&Y
oft
A
e

D AH - AL =gy H44

rl
td
ot
rlo

LA 57 1T gl B glel D i ol o] Ao

e o] Aelgr)

Y=pl,+A g+A,B8+A;v+e€,

i onxXl @2 gk WEol pe AAE, 1,2 EE 927 19nX1 MHE U
Aok w8, g= g ditz@ed EFER ofFolzl d¥Holn, e g9 ¥
5 23S dutde duE, v A9 4 85 23e dEde 99H, 4, ¢ ¢

o H&3E (nxp) AD AL, Ay ¢ fol ddte (nxg) AH B2, Ay ol o
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Dy EF AL xR L= A wF plel ARE zte

A,
D, D& FAG AkE 1 @ AL A H(row-component design),
L0, & FAG dvrs 193 4 A2 A F(column-component design),
1 , _
Ay=r— NN, A8 pol ARy,
419
1 , _
A=r= NN AR pel Auda,
p
1 , _
A=r= NN A Dl Arae,
1
Q=T-"~NB: A ppir 249 At 9,
1%
1
Q=T——NR: A3 pelr =48 A= 9y,

@
Q=T-—N,C: AN pAA 2AE AU el

1
QA e 7 Aeel WEEE e QuEen Nt A9 Dl QA BDoln
No M= AR p, pel AAaEdn 7v Ade @ Meeln g B9 g

WEolx Re Ao F WEol: (= Ao F wWEelt

Aeld AolE AYL ol gatel @-d Al ArAA(D)S F& AFEANL U

By e 2o
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A=A,+A—-A4,

o] 7] A
Q=+ Q,~ Q.

o]jl

ool - AdelA B HEANE $d S5 Adolmw Aug

L

AN
N
rr

1 '
A,=r——N,N,
a,

B ¢ B9n Adong Andde gy L)
1

A= G-—NN,
9
ol o},
npxeto 2 kol nujol A b=19 D, AFe ARPAS Tt b2 2}
1 /
A=r— ™
419
o ss
s/lp‘

7N, G=A"A=(G)), G=ry G=s= Y m,

v

ry AR A ) (7)) W S

st /A EEAE] WA JEE & 05, 5= (5,8, s,)

o]t}

ek ol F-d Ao ARPA(A)2 thFI o] FHE
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SS

A= G- NN, ~ NN, +
a5 q sl

p

Gupta®} Kageyama(1994)= Azl 7} p, 59 4 b, A2y w54 r(dA), 18
K=2kel B2A3% D2 wgste 7} 224 ke wo7t YEUYE
wj 218 oS AlE DU A" EZ9 A7t 290 7Y

EARE FAN AAYL VB BEAY] EAFL B Y

duo K
I
Lo
o2
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(1) Varlg,—g,) = Var(g,—g,) =0.30°,
(2) Var(g,—g)=0.750% i=12, j=34
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ARE Bov FY BEAYozrH FHHE AH 2% ddojdun AL D,

ol A ArPHPe Awkg AYPE ¢ = F w, Do F FuAFY dutxFw

_80_



[: 31] ¢ 719 AFunE 2zt HA CDCAE Do 584
No Y 7 b £
1 4 6 3 0.835
2 5 10 5 0.855
3 6 15 5 0.868
4 7 21 7 0.877
5 8 28 7 0.887
6 9 36 9 0.879
7 10 45 9 0.889
8 11 55 11 0.899
9 12 66 11 0.901
10 13 78 13 0.889
11 14 91 13 0.911
12 15 110 15 0.914

i 32] 7 e AFunE Ze HA CDCAE Do 584
No Y 7 b £
1 4 6 3 0.813
2 5 10 5 0.832
3 6 15 5 0.853
4 7 21 7 0.861
5 8 28 7 0.875
6 9 36 9 0.874
7 10 45 9 0.872
8 11 55 11 0.876
9 12 66 11 0.887
10 13 78 13 0.903
11 14 91 13 0.909
12 15 110 15 0.915
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