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o 2w BRdel AUe A3 Aok TAA APNIEY 2FS Below HoiHy 2eys
(blocking)+= AT E 7He] Wo|EHE Fol7] 3 o]85+ AF7IHLE 9t AFAAE
o Belsh AReIA TeiH BE AeEel @ B AuwnEel Aoz WAHE 499 @
H]EE 7 (randomized complete blocks design)e} B3 Ue] AL 52| 7} v|A 3R} 3= A

E9 R} FL H2o E4nEZH A (incomplete blocks design)E 1234 Btk AFGHE

=
o] Egslel dHE thge dA E BAo] #38F =2]7} Cochrany} Cox (1957), Hicks (1973),
(1971)3} Milliken?} Johnson (1984) S|4 & 4= Ut

A S0 o]AA o7 03 ZR A< 1*_4 28317 Fesh} B3y Adke)o] 27} ulws}
A SR QY 48 TR S8 4 gt e 279 B 0 AuAs BoEe
A "ot B EHAAZ Youden W4, 85 A7 (split-plot designs)u} WFE-ZA A7 (repeated
measures designs) 52 A4 5= ot AFo|A wE=EE BE AHEu|urt 5L
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Yates (1936)°l &3 27E #3E
HE kN ARFE 238} o,
Foll A Uehdtt o A=

oA AW vehdT) O]Eﬁ’} B
275 E oA B, b, t

b7} EGelA 7 ﬂﬂOﬂ st dAESe|th. 7E
ATE e AelE 2stal 4 A
UER A gketh Al 74 A2 59379 &
*plfé‘ N7AE BIBAA =+ BIBDE U}eldt}t. BIBAA

3

2 1% g9

HAAE S35l =49 279 EY EA (intrablock analysis)olA] T

< AAst 1dA FAH ] ¥
< Y4F3l Roluar 3]’1:]' Aol ot 2k=
39 713l =9I S-S AHE 4 ok

dr o St

qe AP avel el RE hu] (contrast)o] FHgHEC]
= Zd¥eg B Fs) Al7w o] BA0] oo} At} B £4

Yis = p+Ti+ B+ € (2.1)

oltt. yiy= jHA EHA A Aol thet A5gke] TA s B9 etk pe AA e o
B3 ri ifA AelEdeltt. g jiA BYEnE ey N(0,07)9 #2E w2ty 714
g} e N(0,0%)9 28 w2t FEex Aol E3anel e R M= Sfolgta 7}
gk o i =1,2,---,t oAl j = 1,2,--- ,boltt. 2P EEEHAA ] fFee 2 2
BIBAAY 5A45& Wt Jou myvtegs sopsh 4 gty BIBAAS SA4E vehlis 9
d& HAAYPY (incidence matrix) oz}t et WAYPH S No& YepH N2 t7]e] A& vehd
= B o7he] B GolA iR A7t s Yol Wsks 3] ny; o Fdelth BIBAA A
niE 0 Bt 1012& nf; = ngolth Fd NN’ t7) A5 t7) E& ZHeth NN'S d4ES vy &
UERE vy = 22:1 ng; o1l vy = 23:1 nignig (¢ # k)olth. BIBDO] Aol vy = rolil vy, = A
(i # k)olth. wehA
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NN' = (r=\NI, + \J; (2.2)
oty o714 I+ FedLoln Ji= BE 9471 ¢ x 1 AP delty. NN’ Fg 4
INN'| =@ ="+ -1DN) =@ -N""rk>0 (2.3)
ol 5t BIBD«] EANEE FAF 4 gtk wEkA 7453 BIBAAE o] 83te] 39 A5 &
o A (2.1)0] 7HEH S W B

B>

_1}, o

=ju+XaT+X28+¢€ (2.4)
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y= 2717} n x 19 FZHE oty 7)A n=ri=bkolt}). X+ I7|7Fnx (1+t+b)Q ZPPH0]
o X X = (3, X1, X2)2 749 28FLolL v & (u, 7, 8)22 4% HEelt) j= B 9
47119 nx 19) Aoleloleh, pi WA BFL el Raolth X1 2717} n x to] 2 24l
o ARGl i ] A ERER FAY DALtk Xok 2717k 0 x bol 2 B5ME el A
cagolr). pi b7) BHENE el Queolry. BRI 2AHRL HE SYow A
5171 w2l )% el RoAEE

A (24)% olg31o] Aol oI Belr) £AL £olal 2712 Bk AL B yE B9
3 X20] 213 (projection) & y, 2 % W,y = XXy FAHULH. 1A XX X2l A2
g Ho] X = Moore-Penrose?] 4wt} 3E (generalized inverse)< L]—E]—»HE]— 2838 X7 A
HEAL G, X3 XaZ FH9E PRIVI02 2L X2 AR G20l 43R0 G2
N33t A he Xy 02o) AR TE1 5t X1 omo) AGARED 4T e Xozol A

K

1>
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e oz T 4 k. o= "47‘%9] e Z 7oA A o] Bl EAdo] e uf A5 A
Ao HE HEHS I3 BT ¢ = PHE Awdle] = EAESER o]$HE oudith

BIBDe] &8y B2 93] 2ge] A A4 (stepwise procedure)S ©]8317]Z s}y ©
A X FEPHA j2 AGE A BHAL jEY AMGE AT B4 A (24)2HEH

y=in+e (2:5)
A =Y AR AU A (25)9) AFoRTY T j2o AL 4,7 F )
Gy =di=3i"y (2.6)

2 Ak poll WE WSS /5 yE FRATE yolA jEo ALY 11]9]?1
T or = (I —jj )y= FlA j2o A jpel Aushe Hanga

k,Q
rkﬂ V“
>
of
o,
s
o

r=I-jj )X28+e (2.7)
2 ARUT rg A (27)2) ZRAL (T jj7) X228 A9S olBoel jash 429 AILEE 7
STk ol BelETe] GYS WA Bt A EIE T NG £ APPACET y - g ol F
B (I—jj ) X229 A5 oml3ha 9tk 4 (219 AROzHE (I—jj ) X228 AL Xapeh
il
Xop = [(I = jj ) X218 = (I -5 7)Xo|((I - jj~)Xa2] 7
= X22X2277' (28)
2 PR o, Xoo = (I — jj7 )X 28 YeRdTh Bofl 2 WSS ' X202 X 0 r2 TR 9
¥ S ENA Aaded ARE A k2 EHWMEHES UERATh rollA 4 (2.8)9 X B Al
25t ;ﬂ'-]'ﬁ—ﬂﬂé rot T v = (I — X220 X oo™ )r2 Tty £ &} 7048 Helans 73
71 fgt mygo=w

ro=(I—X2X2 ) —-3jj )X1T+e€s (2.9)

S o]g A "tk (I — X22Xo2 )(I — jj ) X1 & Xpiolg 7 7139 232 txaae] #59
B oroE RPEPY X FEFLEESA 5ok Xool ofs A4 A FEFNer A AT T
oo A9E T3] AT RIS HolEh A (20)9] AGezRE TAAE A9L
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leﬂ' _‘T—;Ia
Xip=[I - X22Xo2 )(I -7 )Xu][( — X22 X227 )(I —jj ) X1 72
:X11X11_'I”2 (210)
2 ZaA & X1 = (I —jj° — X22 X2 )X olth 7o W& MBS v X1 X1 re® T
ALk of ML BT APE AT AESL etk 4 (29)9] AFozvE F
AAE AAMEE rrolet FH v = (I - XXy a2 Tk A (2100141 (I - jj~ —

XnXa™ — XnXu )& X, 2 el of eof M2 353 X, X, roz 7ok Az
AAEEF y'yE WEL A0 me JeAFFoR Yy

YYy=93i y+7 XeXn r+rXuXn r+r X, X, (2.11)

2 Foj7|u] o) BIBDeIAY Be) 43} 9X3kn 9132 HolE

Ni

ow AAEHOE FAUNEE T A3 FAA ALl Aol 4 3 o) 2AWE e
=[(I -7 — X22X2 )X1] (3.1)

= FRATh 7o) B PR U7k FAASREA he 2R RS Aol e T 247
o] ol HaAFH Aol B9 (invariant) Q) 7HE FAFOA & 5 Atk B Uo] FAbs
ool o 42

U=U[I-35 — X22X227)X1] [(I - i~ — X22X227) X 1] (3.2)

£ UEA7I Y vFe E9Fer & & Aok o, 12 1] ARe ze A dHe 1 =

(I, 12, -+, 1) o]tk WISt LA} S BE Aol £85 A Rohe 2] A3 dAMA: 4

HAe 5o vas 758 "k tﬂrﬁW Ae)E] g A ojd Lol £ 7HE I

st e FES fE 2o AA oty BIBAANA F27FsTrt A9 M) Ao tigt of

H] (contrast) & &S] AFTTE Ferhsde Btk v AEd 3 vjus vehle &
q

Ur = b+ lam + -+ Ly (3:3)

otk 1) B B ulmelA YL, I = 09 W Wi hul AYErh Ursk 2485 Ao B
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A (rank) k (< t)91 ngxqi](nonnegative definite)PBolng X1, X119 ZFHEES p,, p,,
..7pka]__]_1?j e i A (11’12’... 7lt)“‘5

l=rip, +7r2py + -+ + 7Dy (3-5)

2 AT & r (1= 1,2, k)& A4olth

4. B EHAZY of

© g BIBEAE ©]&% At5olth. AEe] & t = 403 E] &
=301 ZF A& EYo|A r = 33 B8t} webA n = tr = bk = 129]

28t Montgomery (1976)2] 55 Ueldt}. g o] wksA| 7l J3S
Al S

Table 4.1 Balanced incomplete block data

Block (Batch of raw material)

Treatment (Catalyst)

1 2 3 4
1 73 4 - 71
2 - 75 67 72
3 73 75 68 -
4 7w - T2 75

A s B E8dA ol nz ﬁﬁﬂ‘ﬂg‘rﬂll)‘éﬁééﬂl?;% UER 2 gtk R EdmEg A &
AL A (2.3)04 AME |NN'|9 3k 92 gt B3y 42 93 2oz 4 (24)E 7}
gt 23] aAE Ao W 4] (2.5)9 AFeRE BY j, = jjy = 72558 FIch
yE j=o) Aol g WEFL iy = 6307501tk 'y = 631560122 y/(1 — jj )y = 81=
Tl Ak @AE Aol T A GACA A (2.7)9 2¥E /MY (I - ji7)yE FolAE
Z2pE rS A = (0.5,0.5,2.5,1.5,2.5,2.5, —5.5, —4.5, —0.5, —1.5, —0.5,2.5)' & 733
th rg X5 BAEE (I - jj )X229 A2 4 (2.8)9 XpoXo rZ A4ED 1 2
(1.167,1.167,1.167, 2.167, 2.167, 2.167, —3.500, —3.500, —3.500, 0.167, 0.167,0.167) o] T}. A3 7}A] <]
AYAFE r'X2eX2n r = 552 AL E3ayE A Aejads 73] % A A
FgryPL Al (2.9)0th Al (2.9)9 roE THEW ry = (—0.667, —0.667,1.333, —0.667,0.333,0.333,
—2.000, —1.000, 3.000, —1.667, —0.667, 2.333)" 22 F3|Ac}. 234 (2.9)9 AFgozRE TaHR|=
A X e X1 X1 re® AXE T 2GS (—1.417, —0.792, 2.208, —0.292, —0.042, 0.333, —1.250,
—0.875,2.125, —1.292, —1.042,2.333)' 0|t} 75X 0 X0p 1o & AAE = XA7HA 9 AZAFTL
22752 P Ah AYEIAE o] FANEE 78 T 7 = (—1.125,—0.875, —0.500, 2.500) >
2 7

LApgRe tiet FAAFEHLE A (2.9)9] AP RZHE PR = JIAHE 9] WHoE FHI
th o] e rir = 3.25% AtArh RAAF TS T8 v/ (I — 45 )yolM EFE ) 2 AFT
' X200 X oo~ v} A E| 3ol wWE Al T/2X22X22_"'2% il okoic s =

A g APdrzr FANSTTE AGE Bzl E¥ade] A HE Aadeg As
PP X029 AE Yl A9 E S X1 X1~ OlEE Aglgde 79 7S UEhE

Table 4.19] £k B AANA A = [0 = 22 P ol U] 4] A7} 2% T3}
J
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AFdREe X1~ X otk Table 4.19] AEEA4E {3 234 (24)9 Aezr HyY F3iA=
X1 Xus 7aEd

0.75 —-0.25 —-0.25 —0.25

_ -0.25 0.7% —-0.25 -0.25
X X = (4.1)

-0.25 —-0.25 0.75 —0.25

—-0.25 -0.25 -0.25 0.75

olth. 4 (3.3)9] U'rolld I'S (1,-1,-1,1)& T2 o] I't2 lirolgt TH 7 — 7 — 73 +
otk lir7h 33707 A A (3.4)7F wEE ook drh A (4.11)& o439
(1,-1,-1,1)X 11~ X1 AN (1,-1,-1, )2 FahAch wabd re 5T S &
F Yrk @ no] FATEEEA ] #AALe U 1 = (1,0,0,0)02 Hoke] 15X 11" Xud A
ge}. AR MElE (0.75,-0.25,—0.25,-0.25) 2 FOJA B 7 0] 27534 ded & 5 ATk
FAFs T e X1 Xuo IFHEHE o8&t 74 + Atk X1, X110 Sobd g Al

- kL -
g2l AP TRAEELS
0.000 0.866 0.000
~0.809 ~0.289 ~0.106
Pr= o407 [ P27 | o280 P27 | —0.648 (42)
0.313 ~0.289 0.754

2 FolAth Al A S FAFEAFCR ¢ = (1,0,-1)2 ]8T HHE Lol Fab 12

l-=p, —p;s

0.000 0.000 0.000

—0.809 —0.106 —0.703
= — = (4.3)

0.497 —0.648 1.145

0.313 0.754 —0.442
2 FolAth. Lre) 2A7PsAS 4 (349 LX1 Xuold 598 AfuEz FojAne 247}
58 P4 Ye HolETh Table 4.19) 280l v A4S Montgomerys) A8 A3 528 23}
£ RolFn gl Aldo] 2Rk aael Bl ARolE f-851 ol8d 5 U8e wolF: Ytk
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¥ 4 9ee BED Utk FAASULE TN A8 PHoR OAE By Aol A Folxt
A ZIAE ) ASYD] TRWEE ol g3 PHL AT Yk WFle] BE mYo) v
W 94 BRAL R e Pk AL 7R S84 Montgomery (1976) A= o]
g B3l PAAOR HolF: gtk £, Aol FA/ R FAT BEelE EFHoE ol
B 4 Yrke FolA 2AH FAPRIE TR Aol 7t 93¢ HolFTh
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Abstract

This paper deals with a method for intrablock anlaysis of balanced incomplete
block designs on the basis of projections under the assumption of mixed effects model.
It shows how to construct a model at each step by the stepwise procedure and discusses
how to use projection for the analysis of intrablock. Projections are obtained in vector
subspaces orthogonal to each other. So the estimates of the treatment effects are not
affected by the block effects. The estimability of a parameter or a function of parameters

is discussed and eigenvectors are dealt for the construction of estimable functions.

Keywords: Eigenvectors, estimability, intrablock analysis, projection, stepwise proce-

dure.
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