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SEL v Agolth p+ 27 SRAGAEY GOz FFHI] A% PHL ALF AFEE T 2
WAL o8 otk NS, ALF AFTS BEY ABINE B 238 AFL

FAFG S AT oItk A (21)04] poll WE AFTL AL A BAHEA
4 (21)9) 2239

o

y=iute (3.1)
< 2k80 AFAA R(p)E 7k 4714 R(B)= LAt 022 4L A% AlgPols 23y =
e o] ME 74 UEITh R()E Ba()o] mE AN B4 (reduction in sum
of squares)°]z} L2} R(u)e p7F TIFHA 4L 28 y = eollA9 LXAFE y'yolA w7t £
T A (3.1)Y AFgorRE AR S A% MAAFY RSS(u)=y'y —y'ji y= M Fo
2 FRAE 714 7= 79 Moore-Penrose?] dwkslH 932 (generalized inverse)<& LERE
2 R(p)=y'ji y= 7ot o] &2 puo ALHE j29 AGd 9o st AR T A st o] &
ssjet £

Rw) =v'y—Wy-vii y)=vy'y—RSS(n) =y'ji y=ssj (32)
otk an ol WE AFFE A (3.1) ¢ F7HE By
y=gu+Xiou +e€ (3.3)
& A5 AFAA LAEANS 2879 S JFAAFE RSS(p, a1)S T3k ool W AlEE
R(oulp) = RSS(p) — RSS(p, o)
=@Wy-vii y)-yvy-v[G X)), X1) y)
=y'(3, X)), X1) y-vii y
= ssl (3.4)
oltt. apdl WE AFFE 4 (3.3)0 ceE F7IS By

y:ju+X1CX1+X2CX2+€ (3.5)
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=y'y—y' (G, X1, X1) y) - Wy -y (G X1, X2)(4, X1, X2) " y]
=y'(G, X1, X2)(4, X1, X2) y —y'(4, X1)(4, X1) "y
= 582 (3.6)
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otk ol e AFFL A (3.5) apd F7HeE 2
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ojtt. ERYE (XX~ —jj ) X122 Y2 (XX~ — i ) XuJ[(XX™ —jj ) X1 (XX~ —
jiT)yelth (XX~ — jj7)X1]& Xuolgt T2 4] (3.12)4 on & F33H7] |8k AF9E 7o
ALY A ELE X1 X1 otk Xo9 FEE Ftez AMdS 33 H3 XX yolA j=
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X (Jp+ Xia+ Xoaz+ -+ Xpap +€) (4.7)
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g RS
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olth Xa3 = (XX —jj —X11 X1 —X22X2 r11) X328 T X332 AFY2 X33 X33 122y ©l
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Te-np-0Y = (XX" —jj" = XuXu — = Xe-ne-0Xe-ne-1 ) Xpap
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A1%E AFe

YXX y=v35i y+yXuXn y+y XooXoo y+y XssXss y+- - +y XppXpp y (4.10)

2 Fa A EAES A 98 o)E oA v QT vy ZIthi

E(yQy) = Eltr(y'Qy)] = tr[(Z + pp')Q)] = tr(QX) + tr(1'Qpu) (4.11)
oty T yo BAFEA PP B =07 X1 X1 +05X2 X'+ + 02X, X, + 021, E T A
W pe yo] BEHE |t 4] (4.10)o04 ywX 11 X1y 7t
E(y’Xqul_y) = tr(Xllel_E)

= U%tT(X1/X11X117X1) + UgtT(Xz/XnXquz)
+J?2,tT(X3/X11X117X3) +
+U§t7“(Xp/X11X11_Xp)—|—0’§tT(X11X11_) (4.12)
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oItk o714 e FPAE AL ES] T dErhE B (wace)olth. tr(A)E BHAY A9
BH4ES FolT At HEPLY 1) t(A)E A9 A% (rank) 2 LA BT y X2 X222 A1)
%2

E(y’ngngfy) = tT(XQQXQQiz)
= U%tT(XllXQQ.XQQ—Xl) —+ JgtT(XQIXQQXQQ_XQ)
+05tr(X3' X2 X200~ X3) + -
+012,tT(Xp/X11X117Xp)+O’?t7‘(X22X227) (4.13)
olth. y' X33 X33~y 7ItHEk-2
E(yrX33X33" y) = tr(Xs3 X33 )
= UftT(Xl/X33X33_X1) + U%tT(XQ/X33X33_X2)
+U§tT(X3/X33X337X3) +
+0’I2,t1"(XplX33X337Xp)+O’€2t7‘(X33X337) (4.14)
ojtt. y/prpr_yQ/] 7152
E(y/XPPpriy) =tr(XppXpp %)
= oitr( X1 XppXpp X1) + o5tr(Xo' X ppXpp X2)
+ o5tr(X3' X pp X pp~ X3) +
+ UitT(Xp/prpr_Xp) + UthT(prpr_) (4.15)
oty o2& A AR AFT (I - XX )y 7|tz

E((I- XX )y) =c2tr(X:' (I - XX )X1) 4 o5tr(Xo' (I - XX ) X>)

(
(

+ oatr X' (I-XX)X3)+---
+optr(X, (I - XX )1 - XX~ )X,) +ottr(I - XX"7)
=oltr(I - XX7) (4.16)

oltt. p+ 1709] WA R$F 23l ﬁ ‘E‘Wﬁ@.% o]&sle] EaHd ol st FAXE dA HArt. o]
213 Alo] 71t zke AAkelr] Y8k S Hartley (1967)2] 343 (synthesis)o]2} gtt}. Hart-
leye] SHAME ol-Balo] BAGES AS b

—

5. k5.9 o

BT PR BAMES 437 fI5 A5 o2 AL 9 yoll 4TS = F 8Qe=
A8} BE 714%t Aol ol8E = ZF 89 £EE0] £EEY BTN dYE 2Tt 7HE
5]-1‘/} Table 5.1 291 a1, az, az©|al 80 A9 M| =59 by, by, b3 W 0]E9 2

Fo|A PR AFASE YER

Table 519 ARZ B8] 98 23

sEshs ER A2 o3 2t}

y=jp+ Xia1+ Xoaz+ -+ Xsaz t € (5.1)
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Table 5.1 Unbalanced two-way data

A B by bo bs
ai 8,10 12,9,10 13,15
as  14,16,18 7,9 15,17
as 11,13 9,12  11,8,12

AZIA, a2 891 A9 Aoz FE9 N 23959 FEHEH, ax+ 89 B 492 FEH A ¢
Fa29E9 FEAHL as+= A9t BY 13 2E-E U= SEEHEY HEE HErT

FHEHAA (2.1)9 BAHEER FoIX & 07, 03, 037 072 FAHFY] 8] 480l =9 PHE
8372 sit) A (4.12)25H

E(y' X1 X1~ y) = 1401 4 0.285714305 + 4.857143035 + 207 (5.2)
£ 97 drt 4 (4.13) 02 HE
E(y X22X 22 y) = 13.7142905 + 4.64285705 + 407 (5.3)
S 7otk 4] (4.14) 2R

E(y' X 33X33" y) = 9.071429073 + 407 (5.4)
S devh T83 4] (4.16) 02 HEH
E(y'(I - XX )y) =120.° (5.5)
£ derh BARRY ASYEE C7 Fu EAARAEE et T2 9714 1E (0f,03,03,00)
ojth. AFFHEE ¢t Tl & W X1uX11 vy, XX v,y XX y,y/(I — XX )y) o
ot AEWor BAEEE S5 18 g AS YE w¥ed
14 0.2857143 4.857143 2 " 36.28571
01
0 13.71429 4.642857 4 44.83929
Cr= o | = =q (5.6)
0 0 9.071429 4 : 77.6131
g
0 0 0 12 ; 35.83333
Oe

ot AFAAY F & 57=-0.34519884, 02=-0.05214219, 05="7.239064172} 0> = 2.98611083E A
Al Htt.
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FEPROE AYBLE T 6 0187 F AL el Ak BAFY vy BT o
& 2YATPYAT BFE 7109 S Ftol Fs1 o

2 otk Teh} WEedd AgHon Ba
He FAFHY B ALF AFEE Tohe BaEAgon myel £A7 ALl

AFIE ke A2 olg3e] TIAL LT A B BRL Foo] dolAth AT BA
o) 4@l REFNEE L] o) XX yE ©AEE SFEUE] AL B (stepwise
procedure) & TA A% =933 glrk. E&, BAGRY A4S 787 A% Hartley] T8 7
AL gAY T2E ol ZA A AEHT Ak
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Abstract

This paper deals with a method for estimating variance components on the basis
of projections under the assumption of random effects model. It discusses how to use
projections for getting sums of squares to estimate variance components. The use of
projections makes the vector subspace generated by the model matrix to be decomposed
into subspaces that are orthogonal each other. To partition the vector space by the
model matrix stepwise procedure is used. It is shown that the suggested method is

useful for obtaining Type I sum of squares requisite for the ANOVA method.

Keywords: Projection, random effects, stepwise procedure, Type I sums of squares.
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