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§1.1 2tk [al LAY
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K&, WX AL HBEE Y BE, EXFEEEEARAY]. W AR
Ffomioe R R . BB TR ESSE. HH X FrRFEANSE, Y
FORMRIPRE. ARBTRAM, —Bokid, 2 X KE, Y BHiE TR, Hlt X REE
FEHpRE Y. X, SR AR Y 5RE X ARANRR, EERRRRR
HARSHRARMRES, T2, KRR, e Mk, £F
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IR LABAR, Y BEH PR A —# g h X AU sy, Bt X iR
B, m f(X). FEFSHL T, XADRECR B LRI S R U Er, B
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X Bo M p1 BARMBEL ANl HERZRINFZEHE R (BRI
) BB, EREERIIRE, 08 e XL e fENRENLIRZE, RATHERH
ZOREMHE Ele) =0, H B() FRMVERMHE. T, RIGH

Y =5+ 51X +e. (1.1.2)

TERXAMEAL A, 58I o, ERUE—TEFHEZLRTRE. HI, AT (1.1.2) A
LM RIS BT 7R, 2T “EIH” —iAfdise, BT8R mAFRE.
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X e; RN HRENLIRE. HT (1.1.3), RHE MM EH T GOSN EiTE)
LATRE] Bo F1 By BIfETHE Go, Or, FFENHCAN (1.1.2), FEBE FHRET e, 153

Y = fo + Gi X, (1.1.4)

2 LB EIHES, WHRAZREIERE. XE 2k HFERAXPEIEES
ST R n WORIEHE (20, ), i =1, ,n TRIFH.

B 1.1.1  FERERIAMS AR — N EENE, kB EL 4 H
JERERETR ? X 4RIV AN B A 3, TRFL %N E L EE 7B RA
MARES SRR, B X FRIHE (m), Y FREE (k). RIMERY 5 X
ZMAARIAXR (1.1.2). 7EXEIRE ¢ BRBT B X 24 FraRmkE v
WHEEZ, flmsEEE, REI8R, KTREZO%. BT HETHEHISE 6
il G, BFRF M T RE NN S o AEE v, i =1, ,n BEXR (1.1.3). A
R G I T LA 1 Bo A0 61, —FIBFFRLE 2, & X — 150 fE 4 A 1L,
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FATAT LA S B FIB
Y = —40 + 0.6X, (1.1.5)

XANEREEFRE—ERE LR THRES SENHEIRR. 88 X H—1TE
WRAE wo, BATAT AT X B A Y {H yo = —40 + 0.6z0. FIANFEFH 5 2o = 160(cm),
N (1.1.5) FTRAR XTI yo = 56(kg). FATHR 56kg B Fij& 160cm M A PRE
BT, XV, X — 5 160cm B, FATHIM &0k E AT N 56ke, {H
Thr b, BMREATRES A 56ke. FIREH 56kg £, ATREH 56kg 4>

Bl 1.1.2  Fi1HE, —MAFRNESEERSETEREEVXR, K
VORFEHERE (/=R ES%) REAEHENT, AE S EnfAgasE,
MR REERIRSR L. HXHE—FHEER. EARNTHEPHRX
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R, A X RRTEEMXKEREER, Y BRFEROHER. RELE—
BRI B B0 (2ayyi), i = Lo on, RAIAYEENEEA (1.1.3) , BN
Bo = 1608.5, f1 = 20.1, TJEA55 25 ] )5 B 2%

Y =1608.5+20.1X.

AL EHELERERN, T & X SEN— A, w8 ERA B
20.1 ASBAAL. RIEH XN g AR R, ARAARFTREA 0 B i 2 m 3 B iy —
AEERE. FHi0 X, HEETER, Xo HEHXA DS ROTUZENT
A A AR R LA B A

Y =By + 51 X1 + B2 X2 +e.
FIRE, RIS T 8, WS Y R DM 8, 0 = 0,1,2. fREAf

T
Bo=320.3, (1 =184, [,=0.2,

MF A2 Lk | 5 757
Y = 320.3 + 18.4X; + 0.2X>.

WX A2l AT RRFATAT AR H, 247587 X0 eSO 1B X0 S hnet, 7y
B RGN, BN D SRR AR, T SRR N 1 A, R R
18.4 ANBALL. T4 & SARFEAE, XN SR — 4> 3L, AR A
A 0.2 AL 4R, TESLPRMAF, FHAREN LR E T A REHA 2 &
ZRPEMAFENEIERRR. RTX—A, FHESLEEATR.

TESERRIMEE A, N R RN REERE, IRTEZR TS TALE
By EEE. BREEER Y Mlp -1 EHER X, -, X ZTEAWTRR:

Y =0 +b5Xi+ -+ Bp1Xp-1te, (1.1.6)

XREZ TR EERAL, Hod B0 AWEIL, b1, -, Bp—1 AEIHREL, e HREHLIR
#.
BRBENIXT Y, Xu, -+, Xpo ZEATT 0 WM, 53] n HWLME

Tily "y Tip—1,Yi, Z.Zla"')na
EMEXRRRX

yi = 0o+ xinfr+ -+ Tip_10p—1 + €, i=1,---,m, (1.1.7)
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XH e; AXTYATREYLIRZE. SIEEEILS

Y1 1z 0 T1poa
Yo 1 mor o0 Top1
y = . ? X = . . . ?
Yn 1 Tni ot Tnp—1
Bo el
B1 €2
ﬁ - . b e - . b
ﬂpfl €n

(1.1.7) EE AT s B

y=Xp+e, (1.1.8)
XHE y R nx1 WM EE. X hnxp SR, @R BOTRERE. X T204%
BIERAL, ARiE R 8 Bt WEHFAESTEMEERITWE X, H
AT E. JUER, A gyl “BBsE . (Hal HarkvE, U
A B HEZ . 8 ARSI E, HA G FROAFEIN, T 61, B
REEARE. T e Ry nx 1 EHILRZERNE, HHEAZE, B E(e;) =0. RT e &
FH s

(a) RETRAHFIT2, B

Var(e;) = o2, i=1,---,n,

(b) RZRBIAAE A, AP
Cov(e;, e;) =0, i£j4, 4,j=1,---,n.

WH L LSRN Gauss-Markov R, FATVHIE, — MRV R Z2%]H T %
FEL S B UE R R A RN, BIRIE (a) BOK e F72, WHZZERARIK
HIWRI s e E TR SR S — . XA BSRA R B ™7, 15—
BT, BIOTRGAREA N Var(e)=07, i = 1,---,n. & (b) FFH TERAF KM
ARG, FESLFR B HoX MR IR A 5 2 -

FA (1.1.8) fil Gauss-Markov R G 7E—#, A fjiEHZERN

y=XpB+e, E(e) =0, Cov(e) = 0?1, (1.1.9)
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XL Cov(e) RnFENLIAH e WEHITZ M. (1.1.9) BLERNTLUS BRI B EA 1
LA R AR

TE—BSLBRMBH, Var(e;) =o02,i=1,---,n. XH o? A[REANEHE. Xif
MR 1e] bk B R 22 [ R B T E BT R

a2 0 0
0 o2 --- 0

Cov(e) = o ’ . (1.1.10)
0 0 o2

TELT TR, yi,y2, - yn RARFLETAGHRE n DARBZIRRNE, E
AR AR RHT . XSS S AERZE TN b, B RETR H AR, — Pl i
LY H AR R RZ AN — B A B, B

€; = pe;_1 + &, o<1,

EEF' Eiy 1= ]-7 e, n %Zﬂjﬁ%ﬁ%%mﬁiv E(El) = 07 Var(ei) = U§~ iZETJ.

1 © SOnfl
o? @ 1 "2
Cov(e) = 0 —6902 ’ (1.1.11)
<)07171 <)07172 1

LRI R A LR B AR, o — A AR AR R, (HE Y
Bl 1.1.3 TEZLFEF, FLH Cobb-Douglas A= EECH

Qi = aL’K?,

XH Qr, L F1 Ky 235008 ¢ SFEPE, FHRARME SRR, o, b T c HSHL,
TE LB I A AR, 152

In(Q:) = In(a) + bln(Ls) + cIn(Ky) .

B
i

Yt = ln(Qt), Ti1 = hl(Lt), T2 = ln(Kt) ,

ﬁo :hl(a)) 61 - ba ﬁQ =cC,
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XA AR A B AE A 2 RS R 2, HEMERIEA TR —14
G, HEREARE Y BBNHEKEEHE/AN. XA EHR A B i w5
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X (w6, y:) FREE AR L, hRBBESERREELR. Wi, BHEHE
SCER SR X e, LTS Y Wi TR, X 580718 R B,
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FAiX 1078 A z; EHYFEATHE z = 68 Jxf, 1 1078 4> vi K FHEH
g =069 Ff, XU, FREETHMT 1357, AHRSXEREE, &5
FHFEA o, LT T EEREN R =+ 1, {5 Galton W{TAIRFFE IS4 S
WRARRE. fRBL, MRS 72 3Pa GHER, WTPHSE =068 EiF),
AT LTS EACH 71 ef. REARBIFHAN 724+1=73 Fe~F, i AL
FHEMT 1%t Rabk, FHCEFEN 64 BF (BEE, WTHER 2 =68
BER), AL T &R 67 B, SEHTHAN 64+1=65 Jfml T 2 96f. X
PRERBENFN, BRET —D—RE: B S s#a F¥E = 68 %L
F, MADLFRTE SRS TSR P SR, k2, ST 85 © =68
P AR, AL TR S ek e TR P &5, Galton X iXA—H4h
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—iAl. i EdE, TUHAEHILTERE Y 5008 m X MEKRXER
Y =35+ 0.5X,

ERE-FEL, MR XFELFNEITEL. YR, TEREIHEZA
BT ST 5 Enk A A B SR R P B B OV Y — R IR I 0L, X2 1)
XK R, AWM. FHEY RZAAERWELS, BN EARETF
FE. U (1.1.6) =X (1.1.8) =X (1.1.9) FRALAERNEHEA, FHAUX MRSk
HEEH, A—EteY. H “EE LMANHAEA, LR BLESTTEE.

§1.2  J5ZE AR

TE L5 [ L B BLEL T, B S iy 5 A8 i — BRI T LA & i S0 1,
PRI Rg A B & FoR F AR 5 {2 M A TE RO R, AT TR
FIFERBEINIARRE, B H R SRR, XA EEERREMSY LS
7, P ARE 0, 1 BAME. X PMEARLE A AN e 2 B RN KN —F1F 1
LR, B WERRSY AT Ege T2 LMo 2508, BrRix i, Al
ReX PR RLAR A 7 20 TR, FE— sk, X R LA il e AR,
X R B B i BRI — D T SE 22 HER L B A R

) 1.2.1 432 (one-way classification) FEL

RAERN B R =R 26y 7 F BRI BCR, 298RS N Y. RIKEATR
FIXCE 2k, BR AR HIE B C AR =Frh shii—Ffh, B AR HIE R AR
MRy, HALERBIHM s HEEEN. RERENEFHAEHE » A
IRA, i vi; AR @« M58 5 AW AR 580N RAE, W yi; ATRARA

Yij = 1+ o + €44, i1=1,2,3, j=1,---,n, (1.2.1)

XHE p RO, o FRE | PR, e FRRBENLIRZE, HIEN 0, 77
ZHFHRE, DL E AR

TERXATEF, BATVEXBHHER (BFHET) REG—4, B, EF=1,
AN B, B = A SR T KB “AbTE, RLRL (1.2.1) BRI 23 A
B (SR NR T ZMTRA), XREANBN A 25 X—PMEER. HHREEC
T, B (1.2.1) [5G



.8 Fom BRI

Y11 1 1 0 0 €11

Yin 1100 €ln
I

Y21 1 0 1 0 €921
aq

= +

(6]

Y2n 1010 €2n
as

Y31 1 0 0 1 es1

Y3n 1 0 0 1 €3n

My, X, 88 e s 33FRm B i A e g, N ERSRL R AT A
y=XpB+e. (1.2.2)

XA BT 5 # R RAEA (1.1.8) BX LEe—H, IIAFRPE, MRERTE,
WITEE X IR HAEIR 1 AT 0 BAME. BREE—FI4h, it X myfE—3xt Ny —
Fheih, RSN FREMLERZ 18U 0, MR AR B AX AR AR T 80 AR %
FIXT A ARRR . WU, Bt X PRIITER 2, > 1) HER T MR SR
RREMNGCHEBMFES S BSFEN, £ (1.2.2) F, BB k(X) =3, B
INT X WIFVE 4, BATPRICTHE X ZFIERRRY, XJ& T Z i Blny — e .

) 1.2.2 B4 (two-way classification) FEAY

BREAE—IR AT L g, SEma ™ i B fhs Y (AP HER Af B. KRR
AF a DMKV, BEBAH L ADKF. Ly FRERR AWSE i HKF, BEB
WIS 5 AZKFE AR 7 s BRI EE. W gy AT

yU:N"_aZ"’_ﬂj"_em, 7;:17"'7047 j:]-a"'vba (123)

X p 5B, o ARR AW DKFRY, 5, ARER B SR j 1K
TR, e ARENLIRZE. O5IM) 1.2.1, BI#EE MM M0, AL (1.2.3) AL
B (1.2.2) MBER. XA EBEEIES.

FEHLIX A BRI RATEX (1.2.3). T TEAR TR AL 52 5 1 61
T RBE AL O NS T | #E =R R 22 Fl, TERTARFEZ BT, SEREFT/
90 B DA 328 18 5 A SR AR (R 22 R, AT T LA IX =l N P A i A
GRS S PR e R HPIRES, (ERARMERRIE ] T 324 iy L3 L IR R BE A —FE. A



§1.2 J7Z2ATiA 9

T e MRiX —BRIG, AR A 0 st o s T/, Bn 5 B, fER—/het
AR A E—F. TESERm B, EXFVNIRFR N XA (block). SR)5 FEA:
—XHF AT H/AME, FRARR RIS, A =fUNE R B, Rttt
MRAS =R T, LXK ARTER, N XHAF, FRvNEZRER—
TSR, A v TR § A RKAFE @ Fi/NR AR T /)
Freg, W oy, A (1.2.3) MHR. XE o B2  Fli/NE (BIAGHE, treatment)
B . By 556 § IR, R BEAIL X 20 B 1A i — 1 4 o) AL

ERE B, RAR—MREEMMES. b T EEERNEREHAR, il
FE—MF. BRERIA o MLZEML -85, BAEBELEX o FLZHMm
& My RS « LML § Bk, oo B« B0, R4
Yij A RN g =pt o tey, i=1,-, a5 =1, -+, b. XE—AH 4 RA
AL HRE, WRBITEH b fREZRMENWEE, TR2HMIZHEX b GiE&H
ZFEZIEHE. X GERAMA T XH, XBFy; BATRARRA (1.2.3) BEX, H
W3 2R BRI

IERH T ERER, EERITEEER (1.2.3) FROFMILK AR, FH4
o T B; 43 ANZFRA PR A X Y. FE—ABOL T, KBS AR SFE
FRf. BATEBDGERAELIEZY b, MXAXNMERWTIN, EEEHR T H /N
HriRz. 45, WA, fE—ShEEs, KAV W& 0H.

Bl 1.2.3 B 38 HAUN A [a] 43 A AR A

EF 122 1, BER A MIEER B WS EARINE. BEAESERX v, =
pA i+ B +eip H, IR AR« DAKFRMER B S KPR vy B5TEE
i + 05, BRA KRN Z M. B2, TE—HEBRME,, XA AL
B, FlmrEf Tiks g, HFHRER A BRWEROVINRE, FR B Kb
KEH1, PRV R R R Y BT — AR AR . AR — A4
KFHG (1,5) BE c Kik%:, X —DGBRE

yZJk:M+az+ﬁ]+’YZ]+erka izl)"'aa7 jzla"'7ba kzla"'vc’ (124)

XH i FRAER AWE i DKFMEE B S j DKFRSER. B HEHR
KPTHEHE AWE i MKFHIBER B WS j AKTR gy WERE TR, AR
M 6; WIRIRARN, WRZH T — M. A THRFEERIL, HITHE o FRAEER
A RIS« DA EROY, FIEERR 8; AR B W5 j DKF-H EROY.

TERIRL (1.2.4) B, XEZE AR B WEFOKFEHE (,5), EEMREEE c,
XAERIRTRR A AR (balanced model). TESEFRIKGH, o TFFELEEA,
BlamR g IR HiRE, R (Fh) SET:, B4 O S B UK T AL
FIE3RAS B SR S5 N O AR SE, X B AR R ARZL A JE P45 (unbalanced model).
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) 1.2.4 =432k (three-way classification) FL7
EEARMERES, MEREFE A B C ZAEE, BNIRKTFESHN b, c
WRENZ R R 3 HAUY, R4 A i S E 7T 43

yijk:l:,u/"_ai"i_ﬁj"_’yk"_eijkl, i:]-v"'vav j:]-a"'abv k:]-a"'vca l:1,"‘,d,

R g, 0 Ay S BURE R A W5 i AKT, EEBIWE j AKTREE CH
%k AKTRER, XFEHKTAS () k), REELREAR d, HHER
T, WEMKTLS (), k) REEEREH noe, EIRBHLE, WERRE
ST

AR B, H— RT3 (latin square design), BATAZER W
SRAPRBIEL FHERIT Y, THRM 0 AT S S — k. S
FRFIE S 0 AFEFG T IR 0T Y R T BRI R T S
My, THe, BRECWRIT ). FARHER T AR AR, BT Ir .
m,

A B C D
A B C
B C D A
B C A
¢ D A B
C A B
D A B C
S A= A BT 7
*®1.2.1
HRL
1 2 3
E] 1 AW B®) o)
ES 2 B@® c®) A6)
H 3 c™ A®) B

A= T A UZHE =R R M. fln, 858« TN TFRRBPMESE
KA, 5 HIMETFEFCHE j KF, FHEEFE A B,C 5% N T HFH
BI=AKF X e, BATHAED 9 Mk, R 121, 4 ki = k(,j) FRRbE
L2 1 fE—FRE B ES {(6,)) 14, j = 1,2,3} BIRG {A, B, C} f——B, Bilin
kos = k(2,3) = A. B yijr, BRERR. &, W i, J, ky KT HORMIE,
A ai, B; My, MAFRERE. L0 SR 0,5, ki KT TEIBY, ERFER


hml
放置的图像



§1.3 By ZEoprasl S11 -

HRRELT, BATAERESE
Yijki; =p+o;+ 55 +’Yk7‘,j + €ijkijs 1=1,2,3, 7=1,2,3,

B —A = 4 AR

XtFJE =AM, G5 RE 1.2.1 FlEE MRS, X HARIER ] LR
y=X3+e WA, BATEDVGEE ZMOXMFHF. BIRTEMEXFRRZE, Mk
B, BOtEE X 560 121 —#E, BERITER xy JB0 M 1 PIAME, FHFEE tk(X) /b
T X #5I%, B X SRR

§1.3 W7 Z oAl

WANTELHIE, LAEEIER P R AR R EBUESE RN T &
T X WK vy FTBGEZHE. MR EZrEE S, ARRRERERT, Bt
M X WK @iy RBEW 0. 1 WAME. BUER AN S T J7 Zo A N2 B
PR IRTR & AR R H AR R B A RN SO RO R . B PR Ay
W, —H#ALL0, 1 DO TR, AW R T ROESE. B UEE
H1 07 22 50 M AL AR 2 P [ A AR i 5 4R R B T

HATH— 2Ly ] TR 5 | X R, B ik g LR RIR IR /N, I
VLN HE AR B (/N PR B it S JE ) SR EL BRI AR AE SR, X —4>
BRI 2RI . AT TR S o BT EERER RS, HoR R Y% 2 i 7EAH
R T, HE, EX RS 5B/ MEVIREREARR, TTREMAERKERR—E
M. T IHBRIX R, AT DORE RO, H— R PR B — R N R
. HEAFAFRETZ], TELFR A EIEMGERKFMERK. H—FIrEE, Bk
/NERIIRREE RSN T BR B, X B JE P T 2 0 M Br B A ey [ . 7EX M) 1L,
R LA R, RREE T, SO ES . INERPIRRE R F hiK R
MELMB R PR T RS Y, PROTEE R (SRR ), EIEES A .

B11.3.1 KA RE PRI HEALECR, HEMERRE =, 2%
SRR AR T/ MERI IR RE, 0 vi; HWRSE @ RIS j g Ry AR E RS N,
il Yij Iy )

XA R —E, o NRT, o NS 0 PRERIZEONY, 2y RS @ Ff
RIS j SKIERIMIH AT, v AR B A R BIEEREL. ey BOBRBER H s
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RPAL. #Hd
Y11 1 1 0 znx e11
Y12 1 1 0 212 I €12
)= Y13 Cx-= 11 0 i3 5= a1 e €13 ’
Y21 1 01 znn a9 eo1
Y22 1 0 1 zo90 y €929
Y23 1 0 1 o3 €93

A (1.3.1) BAEX
y=X3+e, (1.3.2)

ORI 7 5 [ Ry Zerk BRAR (1.1.8) MJ7 2ol (1.2.2) TR A Logse—
PR OERRRRR BOTEE X RS IT R A 0 B 1, RS IC R N BGESE
{H, BWAMEHIBRFR G I7 Z AL, e — PR pR i AR .

Vo7 Z o MR B AR R 2 (AT AR AN 7 B M AR A Y — ol “TR7, (HEH
XX PR FAFEER. GEIFHErARIN, EIEHS R R AR
TR NAERTARZE IR, BRI EERBH AT SRR 0 —ErEhRE
I, B HER, XTI Z AT BA B DR T B iy, X Fh
BRI St — Whor 2o, BA LR 2R, BRS8N AFEE
R A R UL, ST RBGER, TERIT 2T TR T I AT Y
M, b LE Rk, BIEM M —BI7 20 i 45 RAR R A b 7
ZO TR ST oA, TRATH RN B TSR A B AT

§1.4 RS RUN AR
TRA BNy & — BB A
y =X+ U6 +Us&o + - + Uiy, (1.4.1)

Hety oo x LRMEE, X Knoxp EREITE, 64 px1 FEHIHSEE
B/, WREEMY, U R nxq CHETE &4 g x L EEHLITE, FROVEEPLAL
B, —fBEAR B

E(£Z) = 07 COV(fz) = O?Iq,a COV(gi,fj) = Ov 1 7é jv

k
E(y)=XB,  Covl(y) =Y o?U;UL, (1.4.2)
=1



§1.4 JRABSHA 3.

o} BRRITES R, HIL, AR (1.4.1) K720 .

TR (14.1) W, S5 — TRV R & @ EWEILRZM R e
Up = In. M TFREHVEAE, HOWRBUEXHRSE B e 2581
fETtARS:, FHFXTBEVLEY. & #E4T T .

Bl 1.4.1 WSR-S A

WA MLETE — R, 75— RN o /I E] S goue ) =
HILE, BT o A, A v TS « METEEE § DAMILE, W y;
A[FEHN

Yij = B+ a; + G5 + eqj, i=1,---,a, j=1,---,b, (1.4.3)

KL op R85 0 AR, CRIERENLE, REERY. 5 W AR
BRI b A AR R ATBBI RE b ANA. TR4 B tURAERERLEY, &
AN, PRI (1.4.3) SR ROV, XRTE §1.2 RATRHEM M 4
MR, (ER, AR TR 08 R MOTE R IR I ] A A L EE RS 5
BORIAG b A AJEBENUIAS, X0 6 BURRENUE R, TREXHER T, T
RREHUBR. ARRLAY, U (1.4.3) BEIRIR A BN MR,

Thompson ¥ Z85F5% T L& 154 7 B0 ok Ao o B . (BRS04
SR R A 7 T S R R BRI 30 s FTSMIBARRER (1.4.3) 19
Wk, MBEMN, o B GRENIY, TRESHL. 6 B% ) RMaM
BB, TR R AR, BrLA e RN, TR 6 JEREUE.

M LT R ATAT LB, — B 58 B RN R 0, R T
BFFEHY B AR SRR 73 I X AR BER LR, 5 2 80
FRELEY, R

BIEE Y A RLMET S, BUR (14.3) TS AL (L4.1) MBR. iT

!
)

y= (yn,-~-,y1b,~-~,ya1,-~-,yab)

X ab x 1 .
X=0w ' Lol), U=1.0L,  v= (o, -, o),
5: (51’...’@7)’, e = (6117"'7611)7"',60,17"'76(117)/7

Ht @ R R Kronecker e (WA %), 1, 378 nx 1 [, EMPTFAILR
o 1. BEeE, B (1.4.3) 2SR

y=Xvy+UB+e.
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— BN SRR BT A RELBS AR AFSRE , Var(s;) = o3, Var(ey;) = o, U
e L P I 2 R

Cov(y) = oqUU" + 0°Iap = 05(Ja ® 1)) + 0* I s,

S g, = 1,1, 02 il 02 RIS,

] 1.4.2 Panel Z{{ERLAL

XABEREH B RETTRET . BRI N MK (DA, KE,
WA, s, EREXESE) #T T T A2, W EEE TS A

yit:xgtﬂ+£i+5it, i=1,---,N, t=1,---,T, (1.4.4)

Hodt yi FRE @ DR ¢ DRI RINE TR, o0 J& p x 1 BRIAE, EX
B T8 i NMRTERTZ] ¢ i — 20 H BRRE, & R DRI IMERY, e J2HE
PLIRZTT.

MR ATH B 2T AT HE T, AR DX ER N A1
P&, X N AR BRI BEALREAS, X iR R BEALAY,
i

y= (y11,~-~,y1T,y21,-~-,yNT) X = ($117"',$1T,$217"',$NT)

Uy =1Iny® 17, E= (&, ,&N), e=(e11, " &11, €21, ", ENT) -

AR (1.4.4) FT3RA
y=XB+ Ui +e.

WARARIL Var(&) = of, Var(eir) = o2, A & Ml ey AR, N
Cov(y) = ofUh U] + o2Iny = 0¢(In ® Jr) + 02 InT,
o2 il 02 BRIF A i,
PR (1.4.4) RN BB EIRZEZEM (nested error structure) FIZREAAL B4
WA R . A SR E .
TE LR A, an SRR AT [ O 2 iR, MIBIAL (1.4.4) ATLLRE A

yit:$;tﬁ+fi+)\t+5it, i=1,---,N, t=1,---,T. (1.4.5)

URETEOY. A WA REENLEY, FFEEB Var(\) = of, A HFEI & Ml e R
R, W U=1y @ Ir, A= (A1, -, M), MIFRATHE 0 AR

y=XB+U§+ U +e.
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SR, LI ] 6 BT 22 R
Cov(y) = 07 (In ® Jr) + ox(Jn @ Ir) + 02 InT,
og, ox fl o2 RITENH.
3 & —

L1 BR—UERELKER 1, p BRAR, RIS, FREENET » K, 53
MEEN v1,y2, - Yn. MRMELIFTREE RGIRE, BITTLUHAKR vi, i =1,2,---,n AKE
FIESEE N(p, o) B)—HREPREA. R B0 BoHE 2% R T X

1.2 BEAFRA T AR RS R R E. AR, LRI n 4750
REAATENR v1,y2, - yny, EITAIERERL A ERSE N(u, o) —ABE. ARG,
BENUHIBUY ne PFP2 SR EASIRE N 21,22, Zne, ENTAIBEREREHIESBEK N(u2,0%)

B —ZHEEAR, AT HEXITFHARMBOR, FELE p M pe, FILTERAMITEN.

(1) KX EBAE R SRR B X

(2) ZELRRIEF, MR 21,22, 20y BIERIE 1,02, Yy, BRKARE, EEANE
A RBEWRAR. TERIMNAEFREINNESBMEE AT TE. XNUCHENS
Bk EIESBE N(u1,07) Fl N(uz,05) WEEE, ALK (1) FHRRNRIHEEY %4
BEMBIE?

1.3 HAMWG U EFE R % 3 MR A R & B B R E S B0 yi1, yi2, 113
M yo1, y2o, Y23, H TGS ATREFEAEEERE LR, FERR X BHOR I R 228 B AU AI 2L
B, i82ZH o1 Fl ag, BRHX I BEARR BN EE 1 1 o, oo BRI

1.4 TFHBEARERR - BARMEER? WRANE, fEEETE YA 2 BRI
9
1
2

yi = Bo + Briwi, + Boxf, + Balnwi, + e ;

yi = e;exp(Bo + Bizin + faxh) ;

3) yi = [1 +exp(Bo + Przit +e:)] M2

4) y; = Bo + fi(wi1 + Ti2) + fae”it + By In(zd) +e;
1.5 HIBMTF IR R wo A

(1)
(2)
(
(

le:M+al+ﬁJ+61J7 i:1725'“7a7 j:1723'“7b7

HA g0, 8 WRESH, RMHIRNEGTE R RERA y = X8 + e , HE LB
X.

1.6 CHIBMT Mt AT YNSRI BT p TR m1 Al mo. BUA POX A S
B REREA ) 28, - 2 2, 2P, o 2 BRI, BT S
&, XSGR p TCHBIEE f (21, -, zp) FIGHRAE. ST —ANAB R AR BRE,
WRAEEHHI B EER f (21, -, zp) AR RTIGRORIEWN SRR R ™ K .
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BB R Y fENFAER, M Y MBUEN
o A, MEAEEN Y, j=12-m,
e {Az, XMW EERY P, =12, 0,
BB A1, Ao MEREPIARERIE, BT A = 1, A = 0. S35 RS 1 2 e ] U A
BT (T4, FIBIAHT I 0T AR AR M ] ) ) S 4. PTLASIE R, SO RERE ST A 5]
BB 2L Fisher HIBIS4T. )



FTE FEFELIMEANA

TESE—, BAITIHET R NRMEBRINRER, EERAWEESR, L
AR STHERT, HEREE T EEN LR, I TENREETHRE,
A B MR A SR B 1 — BT A% 1R,

HOVAKRBEFEEE A B, - TR m AT n IR A BRHK mxn HEE A,
N Amxn B0 A A FR A BFEERE. mx 1V BERRCNFIE, 1 xn MR
AT E. EASRENEL T, U H/NEFEE a,b,- - FRFIME, o0,
BRATI . HERE A BGEH rk(A). FRITRE Apsn BIXTAZITTEZM Y au A
AR, i8R tr(A). & A REEMHITEE, MEH A> 0. & A RRIEETFHR;T
M, MEk A>0. i85 A>B, FRA-B>0.1 A>B,#mR A—-B>0. Jtff
FRETHA, AR5 BT i S e o S

AR LHE IR« §2.1 LSS R B MERR, TG Hh AR 2R 1 25 AT iy —
BOHERR.  §2.2 ~ §2.3 SRR SGE . BRI BT . §2.4 BIREHMER A
EHERM —SEEHASER. REWT, THEH M Kronecker AL, 4 MY ] 1
3B B L T S R A

§2.1 2tk =5 [H]

KT ENEE TS TRE, AT ALREEEAHEERR, MEMRLHEZH
W — S EARZE R, FEGIHE 0T OUR FiHe n x 1 30 S\ AR KHE=
], EREM . Z4EnEas g E R

PN S o mE— MRS, BEX R INA oW iz ARG #
W, BI S FEEF A EZ MEE S 1, S FiE— i 5E 5 RH
37E S w, BN R INASS SR A, BORA G EM A IUESEAMER. idafk
nx 1 EEEHABMESH R, E—MEEZE. FE R, PHEH a1, 02, ar
B — VIR RE R LR A R B A

So = {x = Ek:aiai, al,m,akﬁjj@i%ﬁl} :
i=1

BGWIUE, So WRLHZM, A R, WTFZME. E¥ a0z, ar FEE n x k
M A= (a1,a2,--,ax), W So AJ3RA So = {z = At, t € Ry}, B A W&
KR T A 18], 1A So = M(A). BFGIEH, R, MiE—TF S EHERE RN
FIE R 220, WK a1, a0,---,ar A R, FHI—H R, HHFEAZ TR L
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B oar, o0, ap, 15 arar + - +agar, = 0, WIFRATEEA a1, a0, -, ap ELRYEFR
By ENFRENTELMETECH. R0 So H—HEMTCRM M a1, a0, -, ax
SR, WIFR a1, a0, ax A So HI—4HIE, k BN So BIZEEL, 2/ k = dim(Sy).
Xt R, ME, MEH eg =(0,---,0,1,0,---,0), i = 1,2,---,n H—HFEE, XH, fF
ei 1, VALTES 0 MLE. bk, R, (AR n. 18 L, = (e1,- -+, en) A n Br 8L
B, M R, = M(I,). & A= (a1,az, --,a), B = (b1,ba, -, by), WA FIEH

(1) dimM(A) =rk(A4);

(2) M(A) € M(A: B), FRl% by, j = 1,2,---,1 AIRA ay, az,---, ax WA
4, N M(A) = M(A: B).

X R, FHEEP DR o = (a1,02,--,an), b = (b1,b2,---,bn), &XEA]
BN (a,b) = a'b =37 aibi. % (a,b) =0, WFF a 5 b IER, WHa Lb. &
a PN SRR FRIESR, WK o ELTF S, 88 a LS. 5 (da)/? =
iy a)? Rindt o KB, 8K |lal. B S A—FEE, ZFSIEH

St ={x:x LS}
WRLHEZE, By S WIESCH M. B A Sh nox k &, 0 AL Rl R &0
A'AL = 0 HEABRBMRMEE, N
M(AY) = M(A)* . (2.1.1)
XP—RUEZEE S, WRAFTE b DFZM Sy, -, Sy, HRIMER o € S, A[HE—
EH

a=a;+- -+ a, a; €8;, 1=1,2,---,k,
WFR S K Si,---, S WWEFM, Ik S =510 & Se. HFE—FRE, MEEH
a; € Si,a; €85, 1% j A a; Laj, WH S K S1,---,Sx WIELERM, 12H S =
St S H R = S5 3 Ry WAE T S RAL B A= (A : A,
M(A)) " M(A;) = {0}, i # 4, N

M(A) = M(A1) @ - & M(Ay).

SR AA; =0, 0 # j, U

X80 S UE B B 28 e AR 4R~
THIJLAFE, EEEATRh ST AR
EI 2.1.1 IMEEEME A, ER M(A) = M(AA).



§2.1 Z&: =5 [H] -19-

WEBR BAR M(AAY) € M(A), BUATHE M(A) C M(AAY). F3zE, IS
r L M(AA"), B 2/ AA = 0. 55T z, 1§ 2/ AA'z = |Az|?> =0, A2 =0. TR
x L M(A). WIFTEKIE.
EIHE 2.1.2 & A, Hixm, W
(1) § = {Az : Hz = 0} & M(A) T2,
A

(2) dim(S) =rk —rk(H).
H

WEBR SH—S5RRIERT R R ER, BUE (2). A5 vk(H) = k, WAFTE m x m
A Q, % HQ = (Iv : 0). T5&

dim(S) = dim x: Hr =0 ) = dim Qr: HQx =0
H H

U, U,
= dim Xz (Ik O)JZ =0 = dim{ng(g): x(g)ht_%}
I, O

( .o ) ( A )
=rk(Uz) =rk —rk(I;) =tk —rk(H),
I, O H

He (U U,) = AQ, x(x(l) >’x(1)ﬂykx1[ﬁ§, x(g)ﬂy(m—k)xl[ﬁ

Z(2)

. EHIEE.
#id 2.1.1 % M(A) N M(B) = {0}, ] M(A’BL) = M(A").
B K
M(A'B*) = {A'z,x = B t,tf£ &)} = {A'z, B’z = 0},

WKER 2.1.2 RMRRSRM, A

dimM (A’'B*) = rk ( & ) —1k(B’) = 1k(A: B) — rk(B) = rk(A) = dim(M(A")).
B/
{i=k
M(A'BY) c M(A)),
T

M(A'BY) = M(A)).
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& BEAEHE.

§2.2  JSCHHIE

JSCGE R MBI ET LAIE B E] 1935 4EE Moore Y 44103 B WHEE—4
ik A, Moore F4n T YA 254

AXA = A,
XAX = X,
(AX) = AX,
(XA) = XA,

EXT ARG X R, TEIERY 20 Er, XRTT SGE LA IR AR
LR, HE 1955 4F, Penrosel® JEB T & LR T SGE A HE—1EZ
J&, TSGERRFRA BEEN AN EM. BETXARRE, AfHEE LA &0
BT GERR K Moore-Penrose |~ ¥, Penrose 3 HSGIER R T ) SGEM &M 72
HI R Z AR R,
YT AR R
Az = b, (2.2.1)

XHE AR mxn 55, HFE rk(A) = r < min(m,n). REFEH, Y r=m=n
B, TR (2.2.1) HHE—MF o = A'b. SR, Y4 A RAHESIRAANZ T R, &
(2.2.0) BRI 2/, il AR b @S R SR R FRAE (2.2.1) W2 SR E XE
(. Penrosel™ H5H, TERFSY (2.2.1) MRS, FrEEflny) G0 KB 2 L
T NIXLUE, 20 28 50 SRAUF AR 60 FARHIH, S TX ) iy
WS BL T KR SR, I B RX R SCGEMR e T AL T BRA (2.2.1) |
MR ERAE . FATIE XA CHICHE A™ . ARBIHE X Fiy™ SC3 B i S e 2R
P RARTN A, T SGHEREERTRA TS TEH 7T 258 SCHR [16].

2.2.1 M AT
EM 2.2.1  JEME Ay, — VIR T RAH
AXA=A (2.2.2)

HIRRE X, FROMRERE A BT S3GH, e AT,
T E BRI T AT BRI P A
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T 2.2.1 WARFmxnHE, rk(Ad)=r &

I, 0
A=P Q,

XHE PR Q 438 m xm, nxn WR[HRE, T

I, B
am=q P
C D

XEL B, C M D AiE 4 B AR R R .
WEBR B X N ARTIGE, WA

I, 0 I. 0 I, 0
AXA=A<=P QXP Q=P Q
(0 O) (0 0) (O O)
I, 0 I, 0 I, 0
— QXP = .
(O O) (0 O) (O 0)

kX

Bi1 0 I, 0

> = < Bu = IT .
0 O 0 0

I, B

TR, AXA=A+—=X=Q! ( ) P~ iR Bio, Boy Ml By /R

Ba1 Baa
.

#it 2.2.1 (1) MEERM A, A~ BREFIEW;

(2) A~ ME— <= A WA ME A~ =AY

(3) rk(A7) > rk(A) =1k(A~A) = rk(AA7);

(4) #H M(B) € M(A),M(C) c M(A"), M| C"A"B 5§ A~ By ok

2,

B W= RMENERE 2.2 K e UBE]. $4&HEER
B M(B) € M(A), M(C) C M(A) 4iik%E, FFIERFE Ty, Tp (15 B =

ATy, C = A'Ty, FEFTIERI BT 458, JEEE.
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it 2.2.2  IHME—HKE A,

(1) A(AA)~A 5= (AA)- BT E;

(2) A(AA)"AA=A, AAAA)-A =A.

B (1) B 2.1 J M(A) = M(A'A), BUFTERLEE B, 45 A’ = A'AB.
FR&, AAA)A =B AAAA)-AAB =B AAB, 5 (A'A)~ Fk.

(2) 3 F = A(AA)~AA - A FIR (R E S, FJRRIE: F'F =0. TJ&
F=0. —XBIE FETIES K.

iR 2.2.2 WEERIEFEE, DUFRIMNERZAE.

TN R A A T [ R e TP T S R R 3R R R A R T R 2 R A 4 T

EIE 2.2.2 B Ar=b F—MBEITRH, N

(1) ME—T" 3 A~ o= A~ b %Ki,

(2) FFRITRA Ax = 0 WA v = (I - A~ A)z, XHE 2 HEEHHE, A
AR E R —)

(3) Ax = b HyEN

r=A"b+ (I —-A Az, (2.2.3)

He A AR, AEEAE.

WA (1) mAHBERBE, EE o, 1 Ao = b #OM{E— A7, A(A7D) =
AA~ Axg = Axg = b. El] A7b jﬂﬁ@

(2) Bt xo K Az = 0 BAE—M#, Bl Azo =0, 4

xro = (I . AiA).’EQ + A7 Axg = (I . AiA)ZL'o,

BUAE—f IR (1 — A~ A)z BB, Kok, ME—1 2, H AT - A" A)z = (A -
AA=A)z =0, 8 (I — A= A)z K.

(3) AEBE—AN" 3 A, i (1) Rl = A7 ATRA Ax = b — DR
B (2) Hl 22 = (I — A~ A)z AFRFBRY Az = 0 WM. KAFFIREHE R4 M
FRLEM BB, @1 + 2o N Az =b B TEE.

EIE 2.2.3 & Av=0b HHELREFRE, Ho#0, B4, 4 A BUE AW
PR SCGHES, © = A~ WAL T 07 R 2 TR AR

B EHIH R A H—, BEIEWNE N AT, e =ATb H Az =01
i, XOFERT—EHEAIEE T, K2, BIEX Az = b BE—1# =0, BIFTE—H
A7 ff zo = A7b. 1 (2.2.3) I, FIE AW—D)" X G R 20, H75

2o = Gb+ (I — GA)z.
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B b # 0, BUBTETERERE U, 75 20 = Ub. 0, WH U = 2(0'b)~"W. T4
2o = Gb+ (I — GAYUb = (G + (I — GA)U)b 2 Hb,
Hift H=G+(I-GAU. BRiE H H—4 A~ L.

XA EIEE Urquart T 1969 4EHEH Y. B8 2.2.2 (1 (3) MIEH 2.2.3 44
THALKE T BRARENFFRR. £ (223) %, A~ ZEEMN, (-AA):zH
R MAEER 2.2.3 /1, A~ 272N, RIEEM. XHHRREAEETEZL,
Ui R ITE S HEIEN].

THEBENTTE SRR T . B RS B EER RN, RE RN
SRR AL P T HB N I BIR T A L. RSB He ) SGH 25 R

FIE 2.24 &
A A A
Aoy Agp
A3, A | A #0, N

—1
. ( A An ) ( AT+ AR A Ay An A — A A Ay )

Aoy Ago —Ayy  An ALY Az

# | Aza| £ 0, M
Al ATl —Apl A Ay (2.2.5)
—AR An ATy A + Ay An AT A AL
HAr Ay g = Agp — A21Af11A127 Ao = A — A12A§21A21~
EBA & AL #0, WFE

I 0 Ay Ap I —A A Ay 0
— A AT Ao Ag 0 1 0 A1

(2.2.6)
WRIEH T Agoq WIRTEIYE. PIURSAER:, AZHE

-1
A A I —A A A0 I 0
Ay A 0 I 0 Az —An AT T

B AT+ AT A Ay An AT — AT A Ay,
—Ap 1 An Ayl Az
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FH 5E 2[R R 77920 AE B 2 B 5 54
IR AT RTETE, ARFE B G, Xk, BITEM TR
FI 2.2.5 (SPBERER T ) (1) & AL FRE, T

A A B A+ AL AnAgy 1 A AT — A A Ag, (2.2.7)
Ag1 Az —A52.1A21Af11 A52-1
(2) %’: A2_21 T‘%E’ D-T\IJ
A11 A12 A7 _Ai 14121471
_ 11.2 11.2 22 . (2:2.8)
A1 Ago _A521A21Af1.2 A521+A521A21Af1.2A12A521
(3) #
A A
A: 207
Aoy Aso
nj
AT+ A7 A0 AS, 1A AT, — AT A AL
A — 11 114112499 144214471 1141124991 (2.2'9)
_A2_2.1A21A1_1 A2_2.1
By,
AT —A7, LA A
A — 11.2 1124412422 ’ (2.2.10)

—ApAni Al Agy + AjpAsi Apy 5 A12 45,

HA Agoq = Ago — A1 A1 Ara, Arro = A — A1 AS, Aoy

WA BATHIENT (1) A1 (3),(2) WIIERT (1) Z&UL.

SEIE (1). 24 A FAER,  (2.2.6) ROVKSL. TRRIEHI: B=PCQ, P.Q
A, W BT =Q'CTPTIGEMIBIEIE), B

Ay Ap T —A A A0 I 0
A21 A22 O I 0 A22.1 —A21A;11 I
I —A7 A A0 I 0
0 I 0 A, —Ag AT T
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XHE, AR T F5E:
JEUEXT £ 4

T SGE. A LT = ARSI, RIS ATIE.
FHE (3). B A >0, AF7ERIME B = (B © B»), i1

P ( B{B1 BB ) _ ( A Agp )’
ByB1  ByBs A9 Aso
MR 22289 (2), &
Asy AT Ay = BYB1(B,B))" BB, = ByB, = Ay, (2.2.11)
AnA7 Ay = B\B1(B,B))" BBy = B, By = Ay, (2.2.12)

T, R (2.2.6) FHEML, B

I 0 All Aqs I —A1_1A12 B Ay 0
—An Ay 1 Az1 Az 0 I 0 Az
(2.2.13)
RIS & ST SE 2 ARE Ik, e

All A12 B 1 —A;lAlg Ai 0 I 0
A21 A22 0 1 0 A272.1 —AglAi 1

Rrtb =FE AR, BIARETE. FIZRMIJ7 % AIIESS —fhaRik . &R,

e BER R T AE , BATIORBN ) G 0 A~ i—iar. BFik, &
FHy A- RIKK (2.2.7)~(2.2.10), WA A BT SGE. X — RIFAREN
HOVEHEINA. B ATERMERE LR T, OO EERYS A~ WiEHET
K.

ST AL 5 Az AEAESL A > 0 SR SHEE. T, th M(Ar)
M(A11) Fl M(AL) € M(ALL) FIHEH A1 AT Ae = Aig il Ay A A = Ay, T
&, (2.2.13) Biar. EHIMG, (2.2.9) #l (2.2.10) WAL, S
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All A12
'A = b
( A21 A22 )

# M(A) C M(Apr), M(AY) € M(AY), M (2.2.9) F1 (2.2.10) KAL.

2.2.2 M At

M EBHe s, —Muik G A~ BRFEZA. EXEFLZNH A, B
— AT EFFRAHAL, BERLEAT — I IR EI A Moore-Penrose | 3. A
BAVAHIERE X, RIFITIE B —EH R

EX 2.2.2 A NEHERE, #F X R TR

HEip 2.2.3 M

AXA=A, XAX = X, (AX) = AX, (XA) = X A4, (2.2.14)

NIFRHERE X S A #) Moore-Penrose |~ 3%, it A'. BEHHR (2.2.14) & Penrose
TitE.

5138 2.2.1(&F REDM)  WHFE A, BB v 188 1k(A) = r, NIFFTER
MIESTTHE Prsm « Qnxn, T8

A 0
A=P Q' (2.2.15)

ﬁ\:qj AT‘ = diag(Ala e a)\r)a)\i > OaZ = 1a25 e, T A%a U 7A3‘ yg A'A E/‘JE”E,;?E*%@]E*E'
BRI ATA XERREE, BOFETEIESCITRE Qnxn, B

A2 0
Q'A'AQ = .

i B = AQ, ERE

XLH] B WS B EAIESR, HET r MOIHBEREDHN M. A R n—r 4
FliE AR, TR, FE—ELTE P, E17
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T B = AQ, /8 (2.2.15). iF5E.
BWER ML A B AT RE.
FIAXAGIHE, AR AT,
T 2.2.6 (1) % A H4E (2.2.15), M

AL O
AT =Q P (2.2.16)

(2) MAEMTHGE A AT HE—.
WE (1) RAZEBERIE, (2.2.16) AL (2.2.14).
(2) B X MY #Z AT, o (2.2.14) FHAFRAEH
X = XAX = X(AX) = XX'A' = XX'(AY A)' = X(AX)(AY) = (XAX)AY
= XAY = (XA)/YAY = AX'AY'Y = A'Y'Y = (YA)Y =YAY =Y.
XHRUERA T e —HE.
R AT R— RN A~ HIG, BERTHEA A~ MEMERSS, EF T
PEIR.
WL 2.24 (1) (AN = A
2) (AT) = (A%
I> AtA;
rk(A™) = rk(A);
AT = (ATA)FA = A/(AAN)*;
(ATA)* = AT (AT,
B’ a H—IEFmE, Mot =d/|al*
#H A RXFRITHE, EWRR

3

)
)
)
)
)
)

X B SR E L T (2.2.16), N4
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BoE EERTERIR

MER 2.2.2 8¢ 2.2.3 Hl, XMAHAELMETBRH Az =b,zo = AT0 K. TH

S PR 13X A A AR IR

TEIHE 2.2.7 TEMALRHFTRA Av = b WRES, zo= AT FRER/NE.
SEBA | (2.2.3),Az = b (BRI EN

r=ATb+ (I - ATA)z.

]2 = (ATb+ (I —ATA)) (ATh+ (I — AT A)z2)
= ol + 2/(1 — AT A) 2z + 2/ (AY) (I — ATA)z
= |lzol|®> + 2'(I — AT A)%2 > ||zo|?. (2.2.17)

I (AT) (I — ATA) = (ATY — (AT ATA =0 Ml 2/(1 — ATA)2z > 0 SHMEEW 2
AL, TE (2.2.17) W, SRS <= (I — ATA)z =0 <= = = ATh. jEEE.

LREBATFTIHEH T SGE A™ M AT, W (2.2.14) 55— M2 2K 1 P

IO, HARFANTE AT LA RE SO 2 A2 AR — R BHE =T X
W TR SGEAE R MR B BT T B A+ Tz, AR RS B — 2 Y

Wi

T A A2 30K [16].

§2.3 Ry
B h RS 7 M\ AT RIS R, B MifE AR ) RS

B, BETEEE —EMMA. BT, BOEX TR TSN
W p) — B B BRI

EX 2.3.1  FHFHE Anxn TR A2 = A, WHK A NFEFE (idempotent matrix).
EH 2.3.1 FEEIIFIER AN 0 5 1.

XA LHIE IR 5, B

EE 2.3.2 XIMEEHHEE A,

(1) A=A AA T— A~ A, FI T — AA- FRERERE. $55), AT A AAY T - AT A,

FI T — AA™ HREAAF A

(2) = A FXPRARER, W AT = A

B B XA GHRAE (1), FIFEH 2.3.1 FfEe 2.2.4 Z (8), 32157 (2).
EH 233 (1) % A, FE T ir(4) = k(A).

(2) Apsn B5F = 1k(A) +1k(I — A) = n.
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WEBH (1) B rk(A) = r, MIAFFERE T RS P, Q, {3

@

e P, Q38 P= (P PRy), it PL R noxr BFEE, Q(
Q2

)ﬁéﬁPQlj@

rxn WHRE, T& A=PQ.. B—HH, B A% =A, 153

I. 0 I, 0 I, 0
QP = )
()0
ﬂ lel = I?"~ ﬁ)]tu tI‘(A) = tI‘(PlQl) = tI‘(lel) = tI‘(Ir) =Tr= I'k(A)(l) /T%ﬁE
(2) BB BRY. FLL, d A WRSFEEN, - ABFS FARGEL
W, &
n=tr(l,) =tr(l, — A+ A) =tr(l, — A) + tr(A) = rk(L, — A) + rk(A).

Bt sk, Berk(A) =7, M Ax =0 F n —r DERETCREM, TEITEI Y THAER
TH n—r PRIETRIIHERAE. B k(- A)=n—r R, Az=zFr &M
TEREIME, ENTRX TR 18 r DERMETCCHFEE. FRX n M
MELETR, T AMUT

BPFFTEm i FE P,

B A2 = A JEE.

EI 2.3.4 W Poxn AXREER, 1k(P) = r, MFERHN r 1 Apxr, #
P=A(AA)TA.

B (PO PR ERE, BUFTEESCH R = (R Ro), 75

I. 0 I. 0 R
P=R R =(R; Ry) = RiR| = Ri(R\Ry)" 'R},
0 0 0 0 R}
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XEFZT RR = I,. B4 A= Ry, BHEEE.

BAERIITRELBEMEALREE. % « ¢ R.,S H R, H—RETE
[|]. Xtz Yo

r=y+4+z yeb, zebt, (2.3.1)

WFR y Ko 76 S LEIESHE. # P hn Nk, HE—Y ¢ e R,,(23.1) &
My W y = Pa, WIFR P T S WIEACHHIE.

HAVHE, W R, WE—TFZEME S, FETLHAREIHEE A, 75 S = M(A).
FFRA, R S BEAS T IEACH M MR 7.

FIE 2.3.5 W AR nxm M, Pa N M(A) WIESEEE, T Py =
A(A’A)- A

iR 3] B 8K, 18 M(B) = M(A)T, MXHE— = € R,, HHH#
x = Aa+ BB, X o, 5 K& LRI . #KE X, Paz = PaAa+PaBj = Aa,
X—Y] o, 8 BBSL. WOESSARERE Pa WS T R

{ Pad =4 (2.3.2)

P4sB = 0.

R RS, M(P)) C M(B)" = M(A). &, TEERMK U, P, = AU. fRA
F—RE, JBUAA=A WHBRAZHAN, HEM 223 U= (AA)"A. T2

Pa=U'A = A(AA)")A = A(A'A)"A'.

XENHATHR 2222 (1) & (AA)7) Ji8—4 (AA). EHEERE.

HA Pa=A(AA)”A 5T SGEEFETSE, Bl BB M.

E 2.3.6 P HIEABEK — P AXHEERE.

BRI’ P O M(A) MIEABGERE, B L—@H, P = AAA)”A =
A(ATA)TA' SEFRIEIE. FIAMER 2222 (2), F

P2 = A(A'A)" AAAA)A = A(A/A)"A' = P.

DAEVEARIE. FEAERIE R 2.3.4. JEEE.
I 2.3.7 n W HME P HIERBEE < LS z € R,

|z —Pxl=inf ||z —-ul, ueM(P). (2.3.3)
SEEH SEIELEHE. EB ue M(P),ve M(P)" ity =u+uv, | u= Py.

lz—ul?® = |z-Pyl|P=|z~Px+Pz—Py|?
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= | (z = Px)+Pla—y) |
| o= Pz |+ Ple —y) |* +22'( = P)P(z — )

Iz =Pz | + || Pz —y) |*

v

| z — Pz ||? (2.3.4)

FGMAL <= Pr = Py, 8l u = Px. WEARIE.
FEo . & (2.3.3) MOL, BATESGUEY

(I —P)YPx—y) =0, X—Yz,yrL. (2.3.5)
MBGES:. R zo F1 yo, H453
2o(I — P)' P(zo — yo) = ¢ # 0,

ATPMRE ¢ < 0. A ¢ > 0, WBGHER 20 — y1 = —(z0 — yo) B v 8 o, fHAL
He<0WMEE. Wy HeE zo—y=-c(ro—w), Ific u= Py, N

lao—ul? = [z Pyl
= w0 — Pao |2 + | P(ao—y) |2 +2a(I — P)P(wo — )
= o — Pao |2 +¢2 || Plao — 90) |I? +2e(I — P)P(x0 — yo)

= |20 — Pxo ||? +€% || P(zo — o) ||* +2¢c.
B e <0, #H e >0 78/, Al LXFHIVMNFE. T2
I 2o —wl*<|l @0 — Po |I* .

X5 (2.3.3) FIE, XHIEHT (2.3.4). A (2.3.5) Xf—Y] = F1 y oL, ¥ M(P) 5
M(I - P) IER. $RMEGHER, 1k(P)+1k(I — P)=n. Jrbh, SMEE 2 € R, B
o

©=Px+ (- Pz, Pre M(P), (I -P)zeM(P)".

WX, P oAl M(P) fIERBE M. R

XA EBZIE [ IESCBE R B R v, BITEZRIE T2 18] M(P) WIBr A
T, HA o« WIERBEE Pr B« MR || v - Po || &8 XPERER/D
FeAl vt B A BN A

TE—RWARIFT, IERBSEERIN, 2, RUCHIERBOERE, XM RMHETE
T =AEH .

EIE 2.3.8 W P Ml P APIIESCEUE M, N
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BoE EERTERIR

.
W (1) RAESIE, TIELEME. Bt P R— 1 IEREGERKE, RyEEH

(1) P= P+ P, HIEARHE <= PP, = PP, = 0;
(2) 4 PPy = PP =00, P=DP +P F M(P) & M(P) EHIER#H

23641 P2=P. T2

PPy + PP, =0, (2.3.6)

Py oy R AEFRAFE (2.3.6) 152

PP+ P P,P, =0, (237)

PP+ P PP, =0. (238)

LEP A, SR (2.3.6), FE]

P P,P; = 0. (2.3.9)

FRH (2.3.7) #1 (2.3.8), 155 PP, = PP, = 0.

(2) FATHTHEH
M(P) = M(P)) & M(P,). (2.3.10)

ME—y € M(P), 771 = € R", {§fF y = Pz, T2

y=Px = Pix+ Px = y1 + ¥y,

XH y, = Pe e M(Py), i=1,2, HI\ PP, =0 FIHEH y1 L yo. EHEIEEE.

EIE 2.3.9 B P AP AP IESRESERE, N

(1) P = PP, W AIERRGEWE <= PP, = P Pr;

(2) 4 PP, = PP B, P =P P K M(P) N M(P) LHIIERRF .
e G, BATEEIES.

EIHE 2.3.10 W P A P AW IESSEGE R, T

(1) P= P, — P, HIEXREWE < PP = PP, = Py;

(2) Y4 P = P — P, FIEACHBGERERT, P ] M(P1) N M(Py)~ ERIESCH

W PR IE RIS T e 2 2.3.8, B i E RS ~].
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§2.4  FHEERIMEER S5 AFRX

AR X FREER FHIEE MR AT S IUN EEAFER. K A B nxn %
XAREE, FATH M(A), -, (A) Bn A WRHEHE. EABGIRIRBER, Wi
H AL A I8 @1, o AX N RHEESSALFRE A B RATERE M(A) >

An(A), FEFR Ni(A) i A BIER @ P RFAEE.

T Y FEZE TR AEE AR AR R

T2 2.4.1 (Rayleigh-Ritz) ¥ A & n x n X#REE, N

ﬂhgﬂA“—%A%=Ah

()mfIAI—(pnAgon—)\.

EBA 12 @ = (p1, 0, 0n), A =diag(A1, -, \n). XHMERE 2 € R, fFFFEME ¢,
f§i x = dt. B
P A VAL O

= —ZAwZSAlzwz—Al,

KHE w; =12/312>0, Y wi =1, HFHESH w1 =1, w; =0,i > 1 <
r = apr, FHH o HE (1) BiE

[ PR ATIIE (2).

HiL 2,41 IME—n BXTRTHE A = (aiy), BH A\ <ay < Myi=1,-

it 2.4.2 & AN nxn XEFREE, N

‘A ’
(1) sup Z7% = @)1 APkt = A1,
ng:o
71

x’!

@la=0
=1,k
(3) sup AL =fAp =),
/=0
it
4) mf0 x/‘? = YL Apr = k.
i=kt1,
TR 2.4.2 & AN nxnXHREE, B KR nxk X, N
(1) iréf sup x;f;”’ = sup “xA“ = cpk+1A<pk+1 = At1,
Blz= @ x=0
) f 2’ Ax f o’ Az _ 1 Ap. . — B
( )S]‘épBl/g 0 z'T (D/ln -0 z'xT Pn—gA¥Pn—k )\" ks

(k)

H O, @) 3R R @ = (01, -, 0n) WITHT k FIFIE k 1.
iR (1) 32 = @y, N

' Az y'Ay yilay
sup = su > sup _—

—_— /
Bla=0 T'T  Hy—0 Y'Y T my, oy=o Yi¥1
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/ /
- nhyn wf y1hy

1
TOH'(yp 0Y=0 yiy1  wi#0 Yy
EEP A = diag()\l,"‘a)‘n)a H = (I)/Ba Al = diag()‘l,"'a)\k+l)7 y/ = (yi yé),
yi: (k+1)x 1, TR

= Ap+1,

/

. T
inf sup > Akt
B Brg—g T'T

e 242 2 (1) 0,

' Az

I Per1APk+1 = A1
B BT CIEE.
(2) 15 (1) FtERiLS
/ / /
inf v Az = inf Ay < inf Yahayo

B'z=0 'z H'y=0 y'y ~ H'(0 y,)'=0 Yhya

LA LA
< Me wela
H'(0 y,)'=0 Y2Y2 y2  YalY2

Hep Ay =diag( M-k, -+, An), ¥ = W1, vh), yo: (n—k) x 1. B4

/

. T
sup inf < Ap—k-
B B'z=0 z'x

HIHER 2.4.2 Z (4) A

/

' Az ,

in =o LAY,k = M—k-
<I>2k)x:0 'z Pn—pHPn "

R SE A T 5 BE A IE B
THEE L E L T A PR RHEAR ) — e E ZURE
TIE 2.4.3(Sturm M EEH) WA K nxn FHRE, 1D

K AW ETF, T

)\i-‘rl(A?"-‘rl) S AZ(AT‘) S Ai(AT"'rl)’ 1= 172a e, T



§2.4 FHIE(EARIEYER 5 A% .35 -

WEBA RIER—AFERX, i g N A M THAER N\i(A,) B9FRHEIE AL RHIE
M, =1, KR 242 2 (1), B

aArx y'Ari1y y'Ari1y

Ai(Ar) = sup ; sup  ———— >inf sup —— = Ait1(Art1),
gia=0 T vr41=0 vy B py=0 Y'Y
J=Te i1 (g5,0)y=0

j=1,--,i—1

Hfy: (r+1)x1,B: (r+1) x4, XEWNHTEH 2.4.2.

! !
Y A1y Y A1y
Ai(Apq1) = sup ; > sup -
1/133/:0 vy Yr41=0 vy
j=1,i—1 "P?]-y=0
j=1,i—1
"A.x . ' Az
= sup /r > inf sup /r = N(Ar),

u?j/m:o xT'r B pigz=0 T'X

HAt gy = (g ¥ Borx (i 1), EHAHE.
T 2.4.4( Weyl EF) K AR B BH n xn WXTHFREE, N

Ai(A)+ A (B) S XN(A+B) < M(A) + M (B), i=1,---,n.
B # 2z =1, BRE
2’ Az + min(z’' Bx) < (A + B)z < 2’ Az + max(a’ Bx),
MRYEEHE 2.4.1 K
Xi(A) + A (B) < Mi(A+ B) < Mi(A) + \i(B).

HEE.

Weyl BEFRA N T A+ B BERAE . TR

R 2.4.5(Poincare HEET) B A HHFREE, P N nx k BHIER
¥, B P'P = I, Ul

EBA K P Y RANELK M P =(P:Q), it
P'AP P'AQ

H=PAP = ,
QAP Q'AQ,
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H, N HWkEWWIRFEL M. &% H, = PAP, H,, = P'AP, F|H sturm EHE,
#
N(A) = X(P'AP) > N(P'AP) = A(Hy) 2 Mg (i) = -

> Nig(n—t) (Hn) = Aiyn—k(P'AP) = Xy _i14(A),

B \i(A) > Xi(P"AP) fil X\;(P'AP) > \_i1i(A). UIEEE.

WX B AIERI A BT LAE Y, Poincare @ B ARG & Sturm & BT — 4
RIS A, {HJ&, BT Poincare &AM T R MR A RHER BT, B HAEN A
LR e ERE

T 2.4.6(Kantorovich AZER) W Apxn HIEEME, M >X>--> X\ H
A WIFREAR, T

Az -2’ A7z

1< <
- (x'z)? -

B AAAERA S Cauchy-Schwarz REEX (WAFAKTH) 1551,
IEAAARENX, Bk

Az -2’ A7z
(2'x)?

l ()‘1 + /\n)2
4 N,

1 ()‘1 + /\n)2 / 1 4—1 AL+ An )‘1_1 + A
- e Ap -2 A e < : n
1 raArTT A TS Ty 2

<

Hero'e =1. % Q HIELTHE, B A=0QAQ", A=diag(A\1 > X2 >--->),). 1T
u=Q'z, L& <

M A AT RN

/A . /A—l <
u Au-U (VAR B) B)

/ 2 / 2 —1
— A)u — A <1
”<A1+/\n T =0

Horbt w'u = 1 FUALETTHNFRAT, LR — 5 %, %] u

u’( A + N >u<u’u
MAA AN T

([ =4
As + /\i_l <1, 4=1.---.n
MAA  ATTENT T T
< (N =M\ — ) <0, i=1,---,n.

H BT AKIEE.

T8 2.4.7(Wielandt) % A N nxn IEEMHKKE, M > >N >0H8 A
HIEREE, NIXHEE X ERHE « My, &

Al_)\n

2
_ "Az -4’ A 2.4.1
A1+/\n) TAT Y LY (2.4.1)

| 2/ Ay P< (

HAFEEAC I o My, {3 (2.4.1) B AL
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A BAREMATI (|2 1= 1,y =1 BIEAEIEN (24.1). 8« My
FAE—RIRHEIE S i, 52 X

B = (z,y)' A(z,y),

XHE B Z&— 2 x 2 IEEXHREE, WWERFEES 1 > pe > 0. #RE Poincare &
#, ®&AAE

)\1 Z M1 Z U2 Z )\n (242)
A—I
| 2'Ay 2 ' Ax -y Ay— | 2’ Ay |2 _ 4det B
oAz -y Ay (2 Az +y Ay)? — (2 Az — y' Ay)?  tr(B)? — (2/ Az — y Ay)?
_ A o s _Amape (2.4.3)

(1t p2)? — (2 Az — Y Ay)? T (pn + p2)?’

XSG ALY HAXY o/ Av = y' Ay, H v,y H—IIRHEIER MR, (2.4.3) AT
GA

2 2
| ' Ay |? <1 Apape <M1—M2) _ (Ml/ﬂz—l)
'Av -y’ Ay T (i + pe)? p + 2 pa/pe +1

BURA N2 /e WIRRRE, 46 (24.3), 5
|2/ Ay 2 _ (A/Aa =1 =N
Az -y’ Ay ~ </\1//\n + 1) B </\1 —I—)\n> ’
(2.4.1) fHIE. &L o1 M o BT AL Al A, B A BFRHEIESSALRRE [ &,
MAEZRIE, 2z = (014 ¢a)/V2,y = (g1 — ¢n)/V2, FEML. EHIUEE.

Wang (EFMHE) Al Ipl'00) # Wielandt REF=MES 2] « M1y HHFEHETE, If
G T WSS AL

§2.5 MW JF

B A, B WA n BiXtPRBE, & B— A >0, B— A REIEERE, R AR
T B,idh B>AK A<B. fl, A>DBRH A- B HEEE BHRIE, X
PRI IX TG 206 2 T 51 -

(1) HixtE: A> A

(2) feidtk: # A>B,B>C, Wl A>C;

(3)# A>B,B> A | A=B.
X RBFRA Lowner 7. B AFFIRALE R DRFRERHAX MR, Bl fRH
A . Lowner i FFESETTH AT 1Z .
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EIE 2.5 1(FANE) B A, B AP n IR RREE.

(1) &F A>B, M XN(A) > Ni(B),i=1,---,m;

(2)#F A> B, M \(A) > N\(B),i =1,---,n.

BeAE R T Weyl 2 B B 58, HIEEEH 2.5.1 M g BRSO, Bk,

4 0 2 0
WA= B = - HCSZ BRI AT AR 40 T e
0 2 0 3

#ig 2.5.1 R A>B>0,

(1) tr(A) = tr(B),

@) Az B,

(3) rk(A) > rk(B).

EIE 2.5.2 &AM B HHEAN n TR, PN nxk R

(1) % A> B, W PPAP > P'BP;

(2) # rk(P) =k, A> B, ll P"AP > P'BP.

W (1) H A>BHEXH, MMEE 2 € Ry, H 2/(A—B)z >0, Th, X
FE 2 € R,

2/ (P'AP — P'BP)x = (Px)'(A — B)(Pzx) > 0,

Bl PPAP — P'BP > 0.
(2) & A > Brk(P) = k, WIXHERE = # 0, ATH Pz # 0, HHIMIERE
x € Ri(x #0), <

2/ (P'AP — P'BP)x = (Px)'(A — B)(Pzx) > 0,

¥ P’AP — P'BP > 0.
T 2.5.3 EA>B>0 N

M(B) € M(A).

JEBA ESEME XA A > B WEE o, o/ Az > ' Be. # x e M(A)", N
oAz = 0, FTiAH o/Br = 0, ik E 2 € M(B)", XEIEHA T M(A)*T c M(B),
FEIH M(B) € M(A). JEEE.

AERNTB I B ARRE. & A > 0, HFrERER X > 0, MFA
TR N BRSEEC. © K N RIS n AN BRI IE S AL RRAE ek 7 2 A
i

AL/2 — (/\}/27...7/\3/2)_
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E X
A1/2 — (I)A1/2(I)/,

BRAVE Oy AMPTOTRIE. H itk
(AY2)? = DA2D/DA2P = DA = A.

BR, A2 >0.
W A >0, MIARKMEER AY2 > 0. [Hi, |ATATLIK AYV? B%EFE, 82 H
ATVZE ATV = (AYH) LRI @ CHIEACRE, FTRAHEH

A71/2 — (I)Afl/2q)/’

Hr
ATV2 = diag(A\[ 2, 0 12).
EIE 2.5.4 % A>0,B>0, TGS
(1) A> B;
(2) M(B) C M(A), 31EEH v € M(A),2'(A— B)z > 0;
(3) M(B) C M(A),\\(BA™) <1, xXH \(BA™) H5 A~ Wik,

c
-
B HERE 253, (1)=(2), FHEIE 2)=(1). # z € R, A
r=y+z yeMA,ze MA?,
N Az =0, Bz=0. 1T ye M(A), BAITEHE
2'(A-B)e = y'(A- By >0,

Bl A> B, It (2) <= (1). THEITE (1) < (3).
RYEE R 2.5.2, 2.5.3, WATAMEUER]

A> B« (AHY2(A-B)(ANY2 >0, M(A) C M(B).

&

M = (A1) 2A(AN)2,

My = (A+)1/QB(A+)1/2_
FEEF] My = M2 = M, M(M;) = M(A), HIt M, Ha M(A) EHIESEGY .
T (AF)V2AAY = (AN)Y2 B My 5 M, B[3#e, BI MyM, = MoMy = M.

?:ZEII:‘ Ml jﬁ] M2 ﬁﬁﬁ%ﬁﬁ##?ﬁm% P15 Pn- Z:ge_.)qﬁ‘lﬂia I‘& P15 Pr yg
M(A) F—HARMEIESS TR, H A > X > -2 > A\ & Mo MW AFHMER, EEE M,
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5 BA~ FAHFEIMFEE, HBET M(B) C M(A), BA~ MFHMEES A~ BIEHT
%, HI A, N 28 BA™ BRHE(E. 12 o1 = (01, -+, @), A = diag(Ag, -, A\),
[
My — My = ¢1 (I, = A)py >0 <= A <1,
EMIE T (1) <= (3).
#ig 2.5.2 ®A>0,B>0 0
(1) # rk(A) =rk(B), W A > B 4 HALY BT > A*;
(2)#FB>0,A>BY4¥HMNY B >A5 A>BYHMNY B~ > AL
JEER  MEHE 2.5.4 H#ES

A > B <= M(B) C M(A),\(BAT) <1,

BT > AT <= M(AT) C M(B),\(BAT) < 1.

M 1k(4) = 1k(B), F M(B) = M(A), M(AT) = M(BF). 1T M(A) = M(A"),
M(B) = M(BY), ¥ (1) fE.  (2) 7 (1) EEER. E¥E.

MHER 2.5.2 #E—LHE BB SGHEENL, 3 AT 2 W0k [116).

THENZE A>B 5 A*> B> LA,

513 2.5.1 B AR nxn LI, M(A), o1(A) 73514 E B BRFFAERM
RRASFE, W | Ai(4) < o1(A).

WA o O A BIRSLT M (A) BYBRALRRER B, T

(M (A)? =2’ A Az < M\ (A'A) = 03 (A).

5 | FRARHIE.

EIE 2.5.5 WA BAWEIEEMR, N

(1) A2>B?*= A>B;

(2) & AB=BA | A> B= AF > B* >0, k HIEEIEEEL

WUEBR (1) B ERE 2.5.4

A? > B? &= M(B?) < M(A?), M\ (B*(A*)T) <1,

T M(B?) = M(B), M(A?) = M(A), \(B*(A*)*) = \(B(A*)*B) = (01(BAY))?,
FEEFIA>0,B>0,# 01(BAT) > 0. HIt M(B) C M(A), 01(BAY) < 1, k5|

251, F
)\1(BA+) S Ul(BA+).

HEH 254, A> B.



§2.6 Kronecker Jefl 5 m &Lz .41 -

(2) HA AB = BA, lUFTEIEACRE Q, 1% A, B BTt fg4k, BP
A=QAQ,  A=diag(\, -, ), A 2 0,i=1,--,m,

B =QAQ, A = diag(oy,---,00),00 > 0,i=1,---,n.

WA SIEN] AT B = BAY=QATAQ 20, (A7) BY = BH(AM) " =Q[(A)*A]Q'
>0, #
A= ((AN)TBY) = M(ATB)F <1,

M(AY) = M(A), M(B*)M(4),

FHIE AR > B*. JEEE.

TEHL 2.5.5 1, Z&fF AB = BA JRWLERMF. BHIRM, A>BHA—EH
A® > B? J{3L.

ST 7B SE AR, S T2 B SOk [50].

§2.6 Kronecker FEfl 5 A EAkizZ 5

AT RATERF R AR FRRIRIZA:  Kronecker el 5 M EALIZH, BEAITE
KRYEHR, ZIRITES XSGR AR EE AN AL

EX 2.6.1 B A= (ay) f B = (bij) 235K m xn,pxq WK, &HE
M C = (ai;B). X&—4 mp x nq WHKE, R4 AR B 1 Kronecker s, i
C=A®B,§

anB  a2B - ai,B
a1B  axpB - a,B
A® B =
am1B  am2B -+ amnB
X PR EA THIE:

(H0®A=A®0=0,

(2) (A1 +A2)®B = (A1®B)+(A2®B),A® (B1+ Bz) = (A® B1) + (A® By),
(3) (ad) ® (BB) = af(A ® B),

(4) (A1 ® B1)(A2 ® By) = (A142) ® (B1B2),

(5) (A® B) = A'® B',

(6) (A® B)” = A~ @ B, MILART—#E, NI A- 9B~ H A B W~



.42 . BT WA TISARIN

S, BRSBTS, 5] (A® B)t = AT @ BY. % A B #AWH,
(A B)"'=A"'®@ B~ L

T 2.6.1 &A BRI nxn, mxm B ITRE, M, a g,
B A, B HIFHEE, T

(1) Xipgj,i=1,---,n,j=1,---,m K AQB WL, H | A®B |=| A|™| B |™;

(2) tr(A® B) = tr(A)tr(B);

(3) k(A ® B) = rk(A)rk(B);

(4)# A>0,B>0,0 A® B> 0.

JEBH (1) i2 A, B B9 Jordan FRHETE 735N

A1 1951
0 A2 * 0 125) *
A == s A =
0 0 An 0 0 L

e Jordan 43, FEAEV[ W& P A Q, {18 A = PAP~Y, B = QAQ ™', fi| | Kronecker
TR, 5

A®B=(PAPT)® (QAQT!) = (P2 Q)A®A) (P2 Q)™

FTRA, X8 N, p N A® B METRIER, X

n

| A@B|=[A0A =] ]] s = (HM> (Huj) =A™ B[".
i=1 j=1

i=1j=1
HEE.
(1) 324% (2) AT (4), (3) AT H Bk & CE S .
ESL 2.6.2 -&Amxn:(alvaav”',an)a%x mn X 1 E"ﬂlﬁli

Qnp

ROREA R A LF 1 B AKUCHE U B, AR AR AR e o R 1) A
[ A2 B T AR
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(1) Vec(A + B) = Vec(A) + Vec(B);

(2) Vec(ad) = aVec(A), XH o HEG

(3) tr(AB) = (Vec(A"))"Vec(B);

(4) tr(A) = tr(AI) = tr(IA) = (Vec(I,,)) Vec(A);
()

(6)

(7)

tr
tr

5) % a fl b 43H R nx1, mx1mE, N Vec(ad) =b® a;
6) Vec(ABC) = (C" ® A)Vec(B);

7) B Xonsn = (21, -, 20) AFEVIAERE, H

Cov(z;,2;) = B(z; — Ba;)(x; — Bx;) = vy %
BV = (Vi )nxn,
Cov(Vee(X)) =V @ %,
Cov(Vee(X')) =X @V,
Cov(Vec(TX)) =V & (TST),

X T A AR BEALRE R
FATHIER (6), HAYEE RS,
W Cruxn = (cij) = (c1,-+,n), B= (b1, -+, bm), fKEX

ClnA CZnA to CmnA

AEle bj ABCl

AECJ‘Q bj ABCQ

CnA 021A Cm1A bl
c12A  cpA - cpodA ba
(C" ® A)Vec(B) =
= Vec(ABC).
AECjnbj ABCn
HH BT AR

§2.7 HH BT

TEGETHEE A, O T RGBS REIRBURME T, BNTH H T ZERUR R By it
{H, XRLE BN . AR LR, MM RUE — 2 TR . R,



- FE MR B AIN

XEIARTES | HAEMHEE. (2, RS, R BN A R4
RAMEWHEEEARREE, TR, F SRz, 295 —8w A
G50R, EZNAEE LISk [82].

B X Fnxm B, y=[(X)NXBH—PLERE, B4

Oy oy Yy
Ox11  Oxi2 0%1m
dy dy dy
P % ..
22 Oxa1 Oz O0%om
0
dy gy Oy
0Tp1  OTna OTnm 7/ nxm

PRy XX BT

BAERRAY, UTHEBEREME X F8 mn AR 25,0 = 1,2,--,n,j
PN Py WASE S - ¢

Hl 271 FazHHnxlEE, y=dz, N % =a.

Bl 2.7.2 B’ Anxn XIR, Tox1, y=2'Az, N g—z = 2Az.

B 2.7.3 WKL Xpwm BITCR 2y WABRTEY Xy, W

o] X|
0X

GRBGN | X |= 3000 i Xij M Xy FAET 2y R

EIE 271 WY M X AR m<n,pxq B, Y ENITR y; & X T
RHERE, Xou=uY),

ou du ()
ax‘%(ay>ij ox "’

Hodr (), TR SL 1 (1,5) T8, (V)i FREME Y B (i, ) IC gy
%@%%MaAﬁﬁmk%%w

6l‘kl 8yij Oy r oY i B,

= (Xij)mxm =| X | (X71)".

3.

gl27a Ll=%_ (%)j O = Y (Vi) 253 = 3, | Y [ (YY)
00, Hot Yia FRMEME Y WITER g FREA TR, (Vi) RR XA T
AR HE . X BRI T 2.7.3.

Y| _ 1 9|Y] _ —1y 9(Y)ij
@J 2.7.5 X — Y] 89X _Zij(y );j X -




§2.7 S BETHTE - 45 -

HATH Eij(m x n) R (i,5) TR 1, HRTCREAFTHHEE. EAKGERE
BRELT, WHERE m xn X MAXMLS, WA

oy < dy ) =3 Bym x n)aay , (2.7.1)

Bl 2.7.6  AAXBl | AXB| A'((AXB)~')'B.
WA WY = AXB, FIfW 274,68

8|AXB|:Z‘Y‘( 1y, 00, L AXE | S (AXE) )8(AXB)

0X - 0X 0X
1] %]

% d(AXB) d(AXB)
. XB)i;
vy z] _ . N — Al !

0X N < Oxyy ) = (awby) = A'By B,
TR
d| AXB|

=| AXB|> ((AXB)™')};- AE;B

(]

0X

(]
wJE— AT
D (A)yEiy =Y ai;Ey = A,
(]

ij

B 2.7.7  2WAXBl _ A/(AXB) 1) B.

XA LG I 2.7.5 F 2.7.6 HE .

EI 2.7 2 EH) WX MY 2HHKnxm,pxq @, A B,C D453
A pxm,nxqpxn,mxqfE (FTLUE X BRED), WTFIHAEEN

(1) dr —AEZ](mxn)B—i—CE (mxn)D, i=1,---,m, j=1,-+-,n;

(2) W ap Eij(px q)B'+ DEj;(px q)C, i=1,--,p, j=1,---,q
XH

8211 8212 8Z1n
ot ot ot
82’21 82’22 82’27;
0z ot ot ot
o= . . . , (2.7.2)
O0zm1  O0zZma 0Zmn
at ot ot

mxXn
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Zmxn = (2i5(1), ERHME Z = (2;5(1) X AL ¢ HIHET.
WEBH id e = (0,--+,0,1,0,--+,0), B e; 25 i HIEEN 1, HRIEREANF
imE. N E; = eieé.
HEEEE
¢,.(AE; B+ CE;;D)e; = ey Aeie)Be + ¢j,Ceje;De;
= e;Aepe;Be; + e;Deje),Ce;
= ej(Aexe;B + Deje;.Ce;
= ¢/(A'EuB' + DEyC)e;,
# (1) Bz, M
( )4

a.’tij

)kl = ¢/(AE;; B + CEyjD)e; = ¢\(A'EyB' + DE,C)e;.

1504 _ 8ykl _ %
6.13@‘ ki 6.13@‘ 0X ij’

(%) = e;(A'EuB' + DEyC)e;,  Xt—41 14, j,
ij

BEER (2). FREFTN (2)=(1). HEEE.
#i 2.7.1 & XY 558 moxn,p x q FRE, Ak, Bi, Cr, Dy 53508 p x m,

nx q,pxn,mxq R (ATLE X #7R%), T2 5% 2 e
(1) ;—Y = > 1 AkEij(m x n)By + >, ClE;(m x n)Dy, i = 1,---,m, j =

Tij

HiE, W (2.72),F

TR

1,--,m;
(2) 8(;)2” => 1 ALEij(pxq) B +>2, DiE; (pxq)C, i=1,---,p, j=1,--,q.
HEW] 52 B 2.7.2 ARA.

SR LRV — N EE TR, R 270 RATEE, Kk 5t %
Bk Ty, HAEREHIT, SRS, FEGERA T AR 25 ok %5
iR, HIH AL LB 5.

] 2.7.8

dln | X'AX |

0X
JEER  fKEEE 2.7.1, K 2.7.3 Ff) 2.7.5, 15
Il | X'AX | 1
0X - z; | X/AX |

= 2AX(X'AX)7, HAAXTFR.

O(X'AX);;
0X

-1
| XTAX | (X"AX) ™)y, -

_ gy -1y QX AX)
= zZ;((X AX) )= (2.7.3)



82.7 M META TR .

S}

!
IX'AX)  oX' (AX) 4+ X' IAX
O0xi; &TU s

mfHE s, Vg

= Ej;AX + X'AEy;, (2.7.4)

OXAX)yy

ax AXEj; + AXEj;,

RN (2.7.3), 183

%X/AX' = D _((X'AX) ™) (AX Ej; + AXEy)
i
_ AX[Z((X’AX) B +Z (X'AX)~1), By
= 2AX(3(]’AX)—1
B 2.7.9
% X(A+ A).
IEER

Pr(XAX) _ 5~ OX AKX

g
e o s

(2.7.5)

i

5 (27.4) BRI TR

IXAX) o, )
T~ E;AX' + X AE};.
ML Es, & BXAX"
T’J =E ;XA +E;XA,
RN (2.7.5) 1%
otr(XAX R )
% EZ:(E”XA +ELXA) = X(A+ A").
TEEE,
SRR 7795 AT LAIE R LA R 4528
%l 2.7.10
otr(AX B) _ AR, R atr(AX) o
ox ’ :
% 2.7.11
M ZAXB—i-A/XB/.

0X
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LHEETHEE R E X MR RIS H AR, AT, ARSEE X AR
MSZRITEOL. PR BRI, X AR, XE 2y = 2. MIXFEL, R
(AN 3T -2/

PATFig diag(A) = diag(ai1, -« -, ann)-

B 2.7.12 % X K nxn XEREE, N

ol X|
0X

B ok 222X e | X | BRI, 1

=| X | (2X ! — diag(X1)).

n
‘ X |: Z.TUXU.

j=1
T2
9| X|
=X
81'11 11,
a1x| 0X1 0
61‘12 = Xio+z12—— or o1 + — 61‘12 {x13X13—|— -I—(L'1nX1n] (276)

FH Xijw Bz IRTF (k) THRER TR, ¥ Xy HEITRAT, &
X1j = w01 X121 + 222 X122 + - + 2251 X715, 251

+x2j41X15, 2541 + - F 2o Xijon, J=2,-00,0.

[Ejil le,2k,j:27”'vnvk:1;"'7”%"—’::1‘ T21 %9%; ﬁ)]tl’j\

n n
Zﬂﬁlelj = Tg1 Zﬂﬁleljm + (5 291 JTERAYT).

=2 =
RA (27.6), KA1EE
0] X | n
8|x12 = ; 21 X151 = 2X12.
i o1 X| 9] X |
Oij =X 0xy; = Xii.
HEWRARIE.

RHXAGERAMG] 2.7.5, SLAF
B 2.7.13 B X AXERE, N
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Bl 2.7.14 % X RXHRRME,
otr(AX)
0X

A AHE R A, B A=Y, ay By, BiU
8&@4X)__§: 8mfAX' 2:19t <8AX)
_ y

= A+ A — diag(A).

0X — Oxij
MNX =X %K

<8AX) aii, i =7,

tr e =
" aij + aji, i # J,
ALK, B
ot
ra(X ZauEu + Z %7 + a/]1) ij = =A + A/ dlag( )
i#£]

AT LR 2 8 — LR A BT R

—EEREREAXE
y=J(X) %
o'z a
@' Az 2Ax
x| { XX,

| X | (2X 7! —diag(X™h)  (XXFF)
| AXB | | AXB | A'(AXB)™Y'B’
In| AXB | A'((AXB)™Y'B'
In| X'AX | 2AX(X'AX)H (A %)
tr(XAX') X(A+ 4"
tr(AX B) A'B’
tr(X'AX B) AXB+ A'XB'
In|X | 2X ' —diag(X ™) (X *#%)
tr(AX) A+ A’ — diag(A) (X XT#K)

$ll 2.7.15
O miaw = u(a 0250,
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Hor A(t) FHEE, ¢ AR

o 1 O1AW) JPGILE
8azj 8aw
|A |ZZ —0ij) | Aij | = |ZZ| A |
i<j

Aij | Oa; i 0a;
ZZ|AJ| ;tj ZZ 7 0Qij aJ
% —tr<A718A)

:tr(Af) at = E 5

2.7.7)

HA A~ = (a¥).

% 2.7.16 o4-1(1) .
i 1 O
o ®) ot AT(®)-
B W7 AWAT(H) =1, 8CH
OA(t) OA™I ()
7A L)+ A®) 5 0.
54
dAT(t) _A 8A—1(t)A—1 "
o~ Ty (®).

B B AT AT BEAR — T A AR R B Bl
BY FX A8 mxn, pxq®FE, HY BITR y; 7 X BIRE. il

dy11 dy11 o Oy11
8.1311 8.1312 8.131)(1
8y12 8y12 o 8y12

Y 8LE11 8LE12 &qu

X . . . ’
8ymn 8ymn o 8ymn
8LE11 8LE12 &qu

WHRY Xt X . ASET
0 oY \/ 0 oY \'
8)}; (V C(@x};) » Ve (3:31/2) ’ ”’Vec(ax};q) )

AR O Bk 2 - AR T, XSHRADITE.
#2717 #Y =AXB, N 9% =A®DB.
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JEER E R % = AE;; B, T2

Fir A
oY

ox = (4@ B)Vee(En), -+, (A® B')Vec(Epg)) = A@ B'.

.

HEY. X ABDYHRHnxmnxmnxnmxm¥ME NTHKY = AXBH

Jacobi {7511 HN
oYy

ox I=lAeB =AM B

3 & =

21 B A" HHRE AAT =0 HEABKBAERE, HEH:

(1) T —(A)~A B—A AT XE A~ RS,

(2) M(AY) = M(A)*.

2.2 (1) % rk(AB) = 1k(A), Il X1AB = X2AB <= X1 A = X0 A.
(2) WMl ABB' = CBB' < AB = CB.

2.3 ¥ S1, S2 A Rn WIPIAFZENH.

(1) FEH] S1 C S2 <= S{ D S3,

(2) & S = M(A:), Si C Sa, tk(A1) = rk(A2), W S; = Sa.

(2.7.8)

24 FHE A >0, %l B HMFRER, JEW B > BATB <= M (BAT) <1, B>0.
2.5 EH: XHERFERE Anxn, Xnxp, tk(X) =p, & M(X) C M(A), 1] X"AX > 0.

2.6 JIEBH Cauchy-Schwarz A~%E=:

(1) (@'y)? <a'w-y'y;

(2) # A>0, W (2'y)* <a'Az -y’ A7y

(3) % A >0, M (z'Ay)* < z'Az -y Ay .

2.7 JER] (Minkowski AN&R): ZHE A, B B n xn BIEERE, N

. . . A Ar
2.8 (1) §EM] (Fischer F4%): Bk A — [
A21 A22

[A] < |Au1]]A22] .

:| >0, HA A R, N
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(2) MIEZEKE A, Hinborfg, Ho An Bk, i
-1

4 A A

A21 A22

WEl: B > AR

29 WP RHMHFEFE Q>0,1-P-Q>0,| PQ=QP=0.

2.10 JEAI (A — BC)' (A — BC) > A'(I — P,)A, 3} HE W < BC = P, A, X&
Py A M(B) BIEREEFE.

211 (1) ® AW, =,y NFAE, 1
A7 lg . y’A7?

nN—1 _ —1_7
(A+$y) =A 1_'_:1//14714E :

(2) Bowe M(A), ye M(A), By A"z # —1 1,
- Az-yAT
1+y'A-x
& Aty BTG
2.12 R T HIHBL AR ME AT, EAR.
(1) (A£B'CB) ' =A"'F A 'B'(C"*+BA™'B)"'BA™!;
(2) (I + AB) A= A(I+BA)™!
(3) (A7 =B~ :A+A(B—A) TA;
(4) B rk(A) =1, WY

1

(I+A)_1—I—mA

213 # A >0, i=1,2, |Az] > |As], W tr(A7 A2) > m, XE m R A B

214 WARmxnfE, PQMAA mxm, nxn A[HkE UER:

(1) BT = (PAQ)" =Q'A" P,

(2) 2038 BT = (PAQ)T = Q'AT P~ RE, JHEMYS P,Q HIELMERN, Al

215 % Apxn >0, Buxp, Q=1— BB" iF#] (QAQ)*P, =0.

2.16 (1) B"A™ & (AB)” < A~ ABB~ W%k

(2) (AB)" = B*AT < A*ABB' #1 A" ABB* 3t#.

(3) #& Amxr, tk(A) = 7. Brxm, tk(B) =7, Il (AB)* = BT At .

2.17 # X W2 Penrose 77 (B (2.18)) 1 (1) I (2), WFk X K A MEKS ¥, it
K AL B A Ko
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He P,Q R, r=rk(A), N

A2 Q_l 1 B P—l7
C CB

XHE B, C RidE 2 B AR R R

218 # X & Penrose 2 (B (2.18)) & (1) #1 (3), MIFK X K A By&E/P 3]~ X
W, gk AP

(1) . AN = ATP, 4 (I - ATA)U, U {£5.

(2) T H A Az = b(WLARMIZ), % xo 1ff

||Azo — b]|* = inf || Az — ||,

WK zo NEITRRAI BN eM, VW 20 = Gb HR/N MR < G I ALY,

2.19 # X W2 Penrose 72 (B (2.18)) # (1) HI (4), MFK X H A fE/MERU™ X
W, gk A,

(1) iEm:. AUY = AP, + (I - ATA)U, U £3.

(2) ¥ Az = b HAHALHFFRE, x0= A0 FHKER/PMHFE — A~ K ADD,

2.20 JERAER 2.3.8 FIEH 2.3.9.

2.21 WA FIERRIEE Apxg, Bpx(p—q)» W2 A'B =0, IEHIRMERMIEEK S, A

STt —ST'AA'STTA) T A'ST = B(B'SB)'B'.
2.22 WHKE A >0, Xpxp, N=1— P, IEH]
X(X'AT'X)"X'=A— AN(NAN) NA .
2.23 B M(A)NM(B) = {0}, M(A) ® M(B) = R, iF-Hi:
P4 p)C =C <= M(C) C M(A).

2.24 BB P, P K nox n WIERBIERE, TER:
(1) —1< NP —P) <1, i=1,2---,n;

(2) 0< M(PiP) <1, i=1,2-,n;

(3) M(PiP2) <1 <= M(P1)NM(P) = {0};

(4) tr(PLP) < 1tk(PLP2) .

2.25 ¥ A, B &R nxn WK, k(B) <k N

N(A—B)>Nisw(A), di=1,--,n,

XEAE Nitk(A) =0, X i+k>n.
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226 & A>0,jEH:
k
(1) max tr(X'AX)™" = > /\;iHl(A) )
i=1

X/X=I)

(2) min tr(X’AX)7! = fj A7HA) .

X' X=1I)

2.27 ik AJEn BIXMFRERE, o€ R, B—CHIER, 42—-CREE D

JERA
A(M) 2 M(A) 2 A2(M) 2 X2(A) > -+ 2 Aam1(A) 2 A (M) 2 An(A) 2 A1 (M) .
2.28 ERAITFAISER:
(1) tr(ABC) = (Vec(A"))' (I ® B)Vec(C),
(2) tr(AX'BXC) = (Vec(X))' (A'C' ® B)Vec(X) .
2.29 GERATFAHESL

() 240 _ (4 ayx,
(m@%%£Q=AX+X%Q
®@¥%QQ:AX+X%,
(@QE%%£QE:4AXX%X.
2.30 ﬁmﬁax_1:X“1®X‘P

0X



B=E ZTESHH

ZIRIESSATRBEGH F P R AWz —, ERAFZARFEZEMmL
RAEIRPET, WL | ISt LA RAR 248703 SCRI e T B
TR HAL. AT HERRRITRZICIES T U R B KA, 2RI
R

§3.1 PHMR S I7 2 M

TEWR ZICIER AT ZHI, BN15e% R — BRI &
B X = (X1, X)) O nox 1 REMLIEE. R

E(X)=(EX1,---,EX,)

A X EE.
EIHE 3.1.1 & AR mxn  EMEHEERE, X A0 258 nx 1A m x 1 FEL
M, iCY = AX +b,
E(Y)=AE(X)+ E(b).

IEHIRAEGH, BAEEES.
n AEREALIT R X W E T 2 R e SCh

Cov(X) = E[(X — EX)(X — EX)].

XIE—A noxn XMFREE, B/ (i,5) TR Cov(Xi, X;) = E[(X; — EX3)(X; — EX;)],
Rl i =g B, B X, W7 Var(X). Brbh X gbhor ZRERIXT ATy X #5)
RIrE, MEAEXT AT AP BRI 2. EXHEA  # 4, Cov(X;, X;) =0, M
W Xs 5 X5 AR
G, trCov(X) = 31 | Var(X;), X B trA Rm_ 7 A Wi, BIXT AocEZ M.
EI 3.1.2 B X S nx 1 FENLEE, TSI 2R A2 1E E HXT PR .
UEBH RPN, THEHIERIERFIEEH. FIE L, IMERE n x 1 JEH
PLiTHE o, BIEHEPILAER Y = /X i, RIEENX, WITA
Var(Y) = Var(¢'X) = E[({ X — E(¢'X))?]
= E[(dX - E({X))({X — E(dX))]
= /E[(X — EX)(X — EX)']c

= /Cov(X)e.
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B Ao B AE T, TRM—YI o, At Rdrfiny. MRaEE X, X il B
Cov(X) J&BIEER. &HIER.

T 3.1.3 AN mxnPE, X Hnx1fELAE, Y =AX, 1 Cov(Y) =
ACov(X) A",

SEER:
Cov(Y) = E[(Y — EY)(Y — EY)']
= F[(AX — E(AX))(AX — E(AX))']
= AF[(X — EX)(X — EX)|A’
= ACov(X)A'.
S FRIEEE.

WX MY B30 nx1,mx1 VLR, B0 EREE SChH
Cov(X,Y) = E[(X — EX)(Y — EY)'.
TFIE3.1.4 KXMY BN nxl, mx1{@HLME, AM BaHN pxn, gxm

FEREPLA M,
Cov(AX,BY) = ACov(X,Y)B'.

JIEEA
Cov(AX,BY) = E[(AX — E(AX))(BY — E(BY))']
= AE[(X — EX)(Y — EY)|B'
— ACov(X,Y)B'.
FEHEER.

§3.2 B AY KA
BB X = (X1, X)) A nx LHENLITEL, A H noxon XTRRIE, NIREYLIA R
X/AX = zn:zn:ainin

RN X B AL A5 L BER Cov(X) 177E, FEXT X By A Aol — R B 1%
DT, AVEHEREMTENTRARX. MR X RAZTIESMMI, 4,
X'AX A=W, SORTER e
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T 3.2.1 % E(X)=pu,Cov(X) =23, N
B(X'AX) = 1/ Ap + tr(AY). (3.2.1)
W AR
X'AX = (X —p+p) AX = p+ p)
= (X =) AX —p) + W AX = p) + (X — ) Ap+ p' Ap, - (3.2.2)
A e 3.1.1, &7
Bl AX —p)] = E(WAX) — p/Ap =l AB(X) — p' A = 0,
TR (322) APE . =WIWHERFETE. KTIEH (3.2.1), HFHEH
El(X — p)A(X — p)] = tr(A%). (3.2.3)
EEE
E[(X = p)'A(X — p)] = Eftr(X — p) AX = p)],
FURREFSE R tr(AB) = tr(BA), FFACHSRENKB R F, EXER
E[(X = p)'A(X — p)] = Eltr(X — p) A(X — p)]
= Btr[AX — p)(X — p)’]
= trAB[(X — p)(X — p)’]
= tr(AY).
FEHEEE,
EOZEEFENH, ROV T - MREEMHT. X, EAEEET K
B (X — ) AKX — p) W EA S, SRIEHF LR T 3CiE tr(AB) = tr(BA),
M AX —p) 5 (X —p) WOLE, S5 FEHR B() M te() BIRIF. XFE—k,
R E[(X — ) AX — p)] BIREIESE AR T2 B(X - 0)(X - p)] =2 X4
S ALE Y SN R R sEAE 2 @Sl
IS 3.2.1  TEEM 3.2.1 MRIKEMT,
(1) % =0, N E(X'AX) = tr(A);
(2) & X =021, | B(X'AX) = (/ Ap + o2tr(A);
(3) & p=0,%=10 E(X'AX) = tr(A).
Bl 3.2.1  RIF—LELREIEN p, FER o Xo,---, X AR
B RERLREAS, KR AR 7 22

$% =

1 n _
n—1 Z(XZ B X)2
i=1
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WEE, XHE X =130 X,

B iLQ=n-1)SX = (X1, -, X)) BITELLE Q FRH X H—4
WAL A L, (EASTIEREEEE A 1) RRFAEITREN 1 o i, N
E(X) = pl,,Cov(X) = o?I,. Bsp

X =lvx,
n
X —X1=X—211'x = (1, - 211)x = ¢x,
n n
K O = T, 11, SR ARRSR, B 02 = 0,0 = C. T

Q:E]&—XV:M—XWM>XU:wm@xzxax (3.2.4)

N ER 3.2.1, 15

E(Q) = (B(X))C(E(X)) + o?tr(C) = p?1'C1 + o?tx(C).

BB
C1=0,tr(C)=n—1,
]
E(Q) = 0*(n—1).
(A i

E(S%) = o%

XA E] T e 4.

XA TR TSRS P iy — D E B ANE BRI BRI
A, REAS 7 22 B BRI 2 — A TR Ak

BAERNES B KB X'AX iy 2~

I 3.2.2 REEVAR X, i=1,---,n HEMY, E(X;) =, Var(X;)=
02, my = BE(X;—pi)", 7=3,4 A= (aij)nxn ARNKEILX = (X1, -, Xp), g/ =
(1, o), T

Var(X'AX) = (m4 — 30*)d'a + 20*tr(A?) + 40?1’ A% + dmsp’ Aa,

Het o' = (a11,- -+ ann), Bl A BIXF I TCA RS ] 1
B EEEEE

Var(X'AX) = BE(X'AX)? - [E(X'AX)]?, (3.2.5)
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HEM 3.2.1, B E(X) = p, Cov(X) = oI, #A1H
BE(X'AX) =t/ Ap + o*tr(A). (3.2.6)
B AEATH T B E BT (3.2.5) RIS —T0. B X'AX WEH
X'AX = (X — p)' A(X — p) + 20" A(X — p) + 1’ Ap,
KT, 5E

(X'AX)? = [(X — p) ACX = )] + [/ A(X — po))?
(' Ap)? + 20 Ap[(X — ) A(X — ) + 20" A(X — p)]
FApAX — p) (X — ) A(X — p).

47 =X —p, W E(Z) = 0. BRFAER 3.2.1, H78

E(X'AX)? = E(Z'AZ)? +4E(WAZ)? + (1 Ap)?
+2p/ Ap(o?tr(A)) + 4E[W AZZ' AZ).

THEHZEMTE EXFrEMENHE. |
(Z'AZ)? ZZ Z Z%aklz AVAYA)

B Z; Wb SLAE S Y i 25

E(Z:Z;Zy 7)) o4, Fi=jk=lLi=kj=Li=1j=k,
0, HE
ikl
ez = mi (St ) o' (z Py Z)
i=1 ik i#j i#j
= (my —30)d'a+ o [(tr(A))? + 2tr(A?)], (3.2.7)
i}

E(WAZ)? = E(WAZ - i/ AZ) = B(Z' Aup' AZ)
tr(Aup A) - 0? = 0%/ A%p. (3.2.8)
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&JE, Hik b= Ap, N
E(WAZ-Z'AZ) =Y 3" "biajE(ZiZ; Z).

i j ok

H
ms, % j ka

E(Z;Z;Z),) =

0, HE,

BT A

E(WAZ-Z'AZ) = m3 Z b;a; = msb'a = map' Aa. (3.2.9)

¥ (3.2.7)~(3.2.9) fEA (3.2.6), FR¥F (3.2.5) Ml (3.2.6) fRN (3.2.4), fHISE] T EIEH
450, EHIEE.

§3.3 IEZSHEMLIAHE

AHHEPLAE R X B R

1
f(x) = 5 e 232 (I7“)2, —o0o < < +00,
o

PR X HEAWE p, 772 o WIESHENER, i£h N(u,0?). B2 THE,
FATAT LA T 52 e
EX 3.3.1  Bon fEREHLIVE X = (X1, X,) BAHER

1
1@ = Gy

*é(%*#)'z_l(ﬂﬁfﬂ)7 (3.3.1)
ﬂ:qjx:(xla' )/ —00 < x; < +00,1 = 1,- nﬂ:(ula' "Mn)/ E%IEEE%E
B, NFR X K n Q’EIE*F@F}HLJE WA No(n,Y). EABEIREEWELT, %
fAEHh N(p, %), X8 p M1 S 25080 iS5
ATEIEN, HhWa3 v b X WM, S X whrZEg. 7
(3.3.1) 1, FIBIT oY FBEAMEE S RIEEM, dR S >0 A 22 g S WP
FARKE, 0 X0 K Ny R, Bl S = (32) 7L @ X
Y =%73(X — p), (3.3.2)

WX =S5y +p, TRY WEERECH o) = f(Sty+p) | J |, XE J A28
Jacobi 11412,

0x1 ox1
J=| L | =1 =
oz, Oxy,

ayl ayn
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M (3.3.1) 158 Y B B REL

X

EVHEIES AN B ERE. XRE, Yo MrENKGEESFTENEY
FEERBWER. TZ& YW M EMEEML, BHY, ~NO,1),i=1,---,n. A
A E(Y)=0,Cov(Y) =1 FAXR X =22Y +p KEM 2.1.1 fEH 2.1.3, 15
E(X) = p, Cov(X) = X. X5 T Fre fiE .

ME X 3.3.1 A LLEH, ZICIESHMITEH ERIENE o M2 S B
BaE. FEl, & p=0,% =1, e X IRIFHEIES A N(0,1), EREREE

EEEFWMTER |
fla) = ﬁe% Do

BHUEH, EM n DR o, 2, BRI N(0,1) BAHESSZ. & 3 3.3.1 ZHHE
REFEREOE LN, EREBRKDEZE S > 0. THERNGIHZITTIESH A
i 53— Tl .

EX 3.3.2 & X A n 4EFEVLE. EFEE n x r WA A, #1715
X=AU +p, XB U = (u1,---,u,),u; ~ N(0,1) HAHEMSL, p K nx 1 JEHE
Blrr, WK X IRABER p . T EKER ¥ = AA WEZTESHE, LA
X ~ Np(p, D), ZEARBGRIBERFEILH X ~ N, ).

XA SOE B R E SRR E SRAe AR N E (WSCHR [103], p.28), 2
JCAERS W] 58 R T AH E S B — TR S AT LS A R . 7
XAEXH, D ALSRIERER, B[] = 0, XBFHI AR T R IES . A0
SRR 2 > 0, MiXAE X HEX 3.3.1 BFMR. 43k, N (3.3.2) XRHEFEHIE
HIBATATLME X RN X =23Y + 4, XE Y, ~ N(0,1),i=1,--,n 3. HEIL
=, WRE XS MR BRE. & X 3.3.2 MUURELZ TCIESK E )34
SIESHEE, T HMRTEXME XL, BHHESZICIES T — SR,

B SC 3.3.2, ARZE Zy kB T THI Y 2 2

FH3.3.1 B X~ No(,Y),S >0, BHmxn{EEIEE, Y = BX ~
N(Bp, BEB').

WEEH X rk(Z) =, RIEBEN 3.3.2, FFFE n x r FFE A, rk(A) =r, X A[FER
A

X=AU+pu, AA =%, U~ N(0,I,).


wyl
放置的图像

wyl
放置的图像

wyl
放置的图像
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T2
Y = BAU + By,
FHE X 3.3.2, EHAIE.
XA RN, ZICIESHEEELETIT N IESH&E.
i 331 B X ~No(1,X),% >0,

Y =%"2X ~ N(S 2, 1,).

FEE, XHE X WiEsE LRI B ZEAMSE, HEed Bl p Y
HES A B, BHAERR 1L XMERRV, WATTUH— Rt E
SEARHE T EZARNFHZICIES MR 2 el E S A

iR 3.3.2 % X ~ Nul(p,020),Q H nxn ERKE, M QX ~ N, (Qu, o).

XN HIER A G, By,

AHERRY, oM EM. HEFSEFZWESHE, i EP#)s, 2
RS BRI M H A S ZRIES .

BERNER X ~ N1, 2),5 > 0 (HERBERE. & k(X)) =r <n, Q=
(Q1: Q2) A X WMAMEIERALFE M R MM IESL K, Q1 4 nxr #E, Hr A
XS B FHAERAFAEMR A1y, A, Q2 A nox (0 — ), Hon —r DFEX R THFHEMR
Z. it A =diag(A1, -+, An), W

Q/
asa- " 5o @)
Q’z

| @201 @i¥Q2 | [ A0
QyXQ1 Q5%Q: 0 0

Y = Q1 X,
Yio) = Q5X,
e 3.3.1, F
Yy = Q1X ~ Ny (Qp, M), (3.3.3)
Yoy = Q5X ~ Ny (@341, 0). (3.3.4)

Hi (3.3.4) #E15, Q45X = Qbhu, UIBEEN 1 MGL. XFMT Q54X — p) =0, IR
A1 s, B
X —peM(Qr), VIMEEN 1 AL, (3.3.5)
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B % = QiAQL BFEL M(S) = M(Qu). RITER (33.4) S0 T
X—pe M), WBEES 1R (33

HH, M (333) B, Vo) EREERIOY
g() = (2m) % | A [ exp{ L (o — QYA oy — @)} (337)

Ve v = Qy. |1 Q WIESCHE:, XAEHH) Jacobi 1741 | Q [= £1. X y) = Q'z,
M (3.3.7) 152 095 B R %L

f@) = em 5 (TI0) oo - 2o - wr@in @4 — )}
i=1
= (2m)" 2 (ljz\z) 71/2exp{ — %(m — )t (z — u)} (3.3.8)

H (3.3.6) Hl, (z—p)'YS (x—p) 57X 2 EELE, T2
(@ —p)ST (@ —p) = (2 —p)'S" (z — p).

G (3.3.5) A1 (33.7), RNVAEITFGH: % X ~ No(u D) xk(=) = W 2 — g
MER N 1 FAETZNE ME) N, BERFZEENEEEER T TP
Lebesgue | )

. —1/2
(2m)~2 (H )\z') eXp{—%(J: —w)'E (x—p)}. (3.3.9)

3345 LR p Khatri(3CHk [71) 1.

S E SR IAAR, BN

FH 3.3.2 B X ~ No(u,3), Ml

(1) %S >08, X BAHE (33.1);

(2) % 1k(S) = r <n B, X —p LUBERN 1 TN M(S) i, HIERT
2] PLEH B (3.3.8).

R X 3.3.2, RIMBARAS IR LR ESMIEHERI. RAEE N(O0,1)
A B
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iti=v—1, I4 X = AU + pu B4 SR 3L

Sox(t) _ Eeit'X _ E(eit'(AUer))

_ eit'uE(eit'AU) _ eit’,u(pu (A/t)

. ’ ’
_ €Zt/“6_t AQA t

o tlAAlE
=etrT T2 tER,.

B 0 R e — e B, FRNTHIE, FEALAR B 7 A7 i B R IE R R —
BiEn, TRBATEN T 40T & 2.
EIE 3.3.3 X ~ No(p, X) 24 HOCY ERMRHERECH

oz (t) = eit"“%, te R,.
EIE 3.3.4 EHAHEME p, hTEBEN S WV X RNZTCIESS
A2 AU SHERE M E ¢, /X ~ N(dp, dSe), XH ¥ > 0.
JEER MR E X 3.3.2 BREEMEN, WATRIMERE 3.3.1 S .
BAEIERA FE . BFREE ¢, X ~ N(p, ¢Se), MXt—Y t € R, H

@C’x(t) = eitcl,u,f (C/E2c)t2
s _ (C/EC)
Yerz (1) = 777 = u(c),
?%Fﬁmfﬁli X E@#%?Elgﬁ
9030(0) — eic/ﬂ—%.

HIEHE 3.3.3, XIEZE N(u, X) WAFEREL. RHE—MEERE, 1 X ~ N(u, X). IEF.

F OEX~NWL), UE>00, SMEEceR, Hc#0, /Xc>0,0 /X
JEARBAL R —IJCIERS AR R 35 8 > 0,1k(3) =7 < p, BIff ¢ # 0, ATREH ¢'Se=0. X
B P(¢X =cp) =1, X ZBLH—ICIESHENAR &, 5 E, SHMER c e M(D)4,
WE P(CX =cdp)=1.

B 3.3.1 ¥ Xy, X ANIESEM N(n,02) S F EEFEPUREAS, TR
AEE X = LY, X~ N, %)

Fg b, FHLX =X, X)) o= (2, L) M X =dX. k3345 X
IRMIEZS 3. HRGERHHENER SN, BEEEEIES.

PR ¢ =(0,---,0,1,0,---,0), W ¢'X = X;, pu=p;, Sc=04. TI&
HATE T L
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#I® 3.3.3 WX ~ No(i,X), 0= (1, ftn), X = (03j), W Xi ~ N(pi, 03),
t=1,---,n.

XAMERRY, & X = (X1,---, X)) o 4EIEB R, WEHE—SEBE
IERME (BFEREE). HRS R RBGEL, B X, X, HHIETE
B, X=X, ., X,) ROFEXFME. RAITTLZHBLXEHET, TEk
RHFEH—1

Bl 3.3.2 ¥ (X)Y) WG & EEECH

f(z,y) = %67%(‘%2“’2) {1 - m] , —oo<x,y<+oo.
BRXANRE_ITCIESHANEERE, T X MY MR%s ik N0,1).
Faz
mm:/'fxy

— —3@ %) gy 1 J[“)_____jﬁi_____e—%@9+y%dy
or ) 21 J_oo @+ 1)(y2 + 1) ’

Lﬁéﬁiiﬁ%&ﬁ@%ﬂli’ﬂﬁlﬁié’ﬁ z &y WATREL PSS IS ETE. T2

1 > —L(a24y?)
fi(z) = Sy e 2 vdy
1 z2 e y2
= —271-677 ,_6 2 dy
1 z2
j— 67_,
V2

EEAMMT [, e Ty =1

SE T X ~ N(0,1). 7€ f(z,y) kR, v,y WHIGISERRMFR, B Y ~
N(0,1) HLHLL.

BAMIFE B BILTEN. B X, Xa WA RN

RS P S |
e = 5 2 = 1= T '
(1, @) (2m)n/2 € ' L, (@? +1)

AR, Xy, X, BEEAIASE n CIES, EAFEFEREN Y, ATLHER] X, ~
N(0,1), i=1,-

Fﬂﬂ“&ﬂlﬂéﬁ %mIE*E’J:?_F B, SErtigiig oA, TR, T
FRoRAHT, BRI X >0, B X AabJe 1B E .

B X, 3 0T o3 B

X b)) by
x=| =" e T T2, (3.3.10)
X, 12 Yo1 Yoo
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XHE X, B mx 1R, S Hm xom HEE.
T 3.3.5 B X ~ No(, ), W X1~ Noo (1, 11), X2 ~ Ny (12, B22).
B X BRRERECK

Gy (1) = @ty - b, 0, -+, 0) = ¥'#1

t's1qt
2

WKEH 3.3.3 H1 X1 ~ Ny, X11), FFEAHE Xo ~ Ny (p2, Xo2), EFEIEEE.

FEE: XA EHEAW AU e 3.3.1 SEIEH.

EIHE 3.3.6 & X ~N,(u,2), W Xy A X M52 HIY S0 =0.

:LIEHﬂ &t c an t= (tllat/z)/v tl S Rmv t2 S Rn—m~ @x(t), Py (tl)a %Oacz(t2)
SRR X, X1 f X, FHMEREL. T2

Yio=0 << t'St= t/1211t1 + tézggtg
= @u(t) = pu, (1) Pu, (t2)-

FUR T 352 FEAL M RS2 Y HACY BTSSR R BSE T BN &R E
PRECAI TR, IXERIERA T HATHZE L, IR,

XA EPRZE T ZICIES AT — BB, A 5L 5 A FE M.

RMRTFHEAT FIER T, 2 Yo =0 BF, N (3.3.1) R[N

f(z) = fi(z1) fa(x2),

He
filen) = e H ) B ),
(2m)m/2 8142
falas) = 1 67%(3027#2)’22_21(3027#2)’

(27) (=) /2 | 5, |7
KL fi(a1) Al fa(wa) SPHIR Xy~ Non(ua, Sua) Bl Xo ~ N (2, Soz) B8
B FRA S > 0 AT D > 0, BIAR AR IE S0 0 I G A R AR 25 5.
Bl 3.3.3  _JCIESSMi
MWEMERGH BB BRI EHE, TCIESHHEN
1

2mo1094/ 1 — p?
1 (21 —p1)? 1 —pa \[ T2 — p2\ | (T2 — pa)?
-exXp 3 5 5 —2p + 5 .
(1—p?) 01 01 02 93

AHHK (3.3.1) BB, MHAE p f S 535000

flx1,22) =
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BN EZCIES BN ER RN T2, p BRMEXERE. BA 2| =
(1= p?)oic?, FFLAR TARIE & FI3, FATER |p| < 1.

Y p=0R, ¥ =diag(o},03), KEM 3.3.6 &1, W X, 5§ Xo AHEM, H
Xi ~ N(pi,02). RFXA I, RATMATUNE EREAGENEN. 2% p=05, &
H I 5 B T o A R

1 _ (11—;;1)2 1 _ (12—132)2
f T, T0) = e 202 - e 202
(21, 22) V2o V2moo

AL X; ~ N (i, 0?), HAERSL.

THEEATTE ZTCIES M.

T 3.3.7 X ~ N,(11, %), ¥ X, p, XA (3.3.10) f4FE, ML E X, = x4
B, Xo WIS R

XolX1i =21~ Np_m(p2 + 271 (21 — p1), X22.1),

XHE Boo1 = Too — B B Z102.

B 4
o I, 0
_2212;1 In—m

WA Y =CX, MY ~ N, (Cu, CEC"). FIA (2.2.11) 1 (2.2.12) 15

o1 — M1 211211 = 0, Y12 — Y11 (X1) B2 =0,

]
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Xo —E0 X3 X1 ~ Npom(pe — B 27701, 2o2.1),
X1~ Ny (p1, 211),
H_FMHEMS. 84 E X1 =2,
Xo ~ Np—m(p2 + 1277 (21 — p1), Xo2.1).

IEEE.
NIXA T8 B ATAT LASFAT 4 T BB 5

E(Xo| X1 =21) = p2 + X1 X7 (01 — p1) = (2 — Bo1 X7y 1) + L1 E77 21,

BIZa5E X1 = 21, Xo WSRMHER ©1 FERMEREL

M ERE 3.3.2 BEHT, |ATFLE, X1—p1 € M(Zn)(BMERER 1), 1 M(Z21) C
M(Z11), BrRA, S35 (xn — ) 57 XGE S7, MBI E. NEEAIERT, A
A A a0 AR

#ig 3.3.4 (1) Xy — Z1285,X0 ~ Np(p1r — Z1285u0,2112) HE Xo ~
N (p2, So2) AEIMSL, HA 110 =11 — 12385,

(2) Xo = Zo1 21, X1 ~ Ny (2 — o1 X311, Bo21) HE X1 ~ Ny (pa, 211) A8
B

§3.4 IESATRAY IRA

WX ~ No(1, %), Apsen HERFREE. A0 HIEHFR XAX R, £
R AT, 2R X'AX IR X2 434, FFHe X Ay — S E B .
PIF#ATERE © > 0.

EHE 3.4.1 (1) X ~ No(pr, ), Apsen XTFR, N Var(X'AX) = 2tr(A%)? +
4 A Ap,

(2) % X ~ Ny (1, 0%0), Ay, XFFR, M| Var(X'AX) = 20%tr(A?) + 402’ A2 pu.

B ()Y =S7EX, WY ~ No(S75, 1), BFRL Y BSMR M ER S, B
Var(X’AX) = Var(Y'S2 AL2Y), HEFIX IE S5

ms = E(Y; — EY;)® =0,
my = BE(Y; — EY;)* = 3.

M 2B 3.2.2, EAFEIE —KLHR.
(2) XJ2& (1) WHFERTEOL. EELIEEE.
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EX 341 WX~ Ny(p L) HEIERY = X'X AR EHBER n,
FEFOCSEH N =p/u B P 0, IWCHY ~xi - M A=08, FRY B4k
O X2 M, BN Y ~ 2.

FHE 3.4.2 2 OMMTEA TRMER:

(1) (AThntE) B Yi~ xp, a0 =1, k, BARERSZ, T

Y1+"'+YkNXi,)\a

XHE 2= n, 2= \.
(2) E(xp ) =n+A Var(xi ) =2n+ 4\
W (1) MR¥EE X AT, TiE (2).
QB Y ~ 2, WHREX, ¥ TTRRY

Y=X{+ - +X2  +X7,

Hf X, ~N(0,1), i=1,---,n—1, X, ~N(/\1), BAEM, T

E(Y)=) E(X}), (3.4.1)
Var(Y) = zn:Var(Xf). (3.4.2)
5]
1, 1=1, ,n—1,
E(X7) = Var(X;) + B(X;)* = {
1+ )\ i=n.

RN (34.1), SE—RKEERAFIE. EEATH S
EX?:3’ i=1,---,n—1,

EX} =)\ +6\+3.

Var(X?) = EX}! — (EX?)?*=3-1=2, i=1,---,n—1,
Var(X2) = EX} — (EX?)? = 2 + 4.

RN (3.4.2) FEIEHT T 55 AR 4518
B X ~ Na(0,%), 5 > 0, {E XA HUEH ZRA X'S71X ~x2 . Hk, i
YV =%"3X, Y ~ N,(0,1). TS

XX = (R73X)(272X) = Y'Y ~ ¥
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X IEAS TR — M AL, A T Y e .

EHE 3.43 W X ~ Nu(p, ), A XMFR, M X'AX ~ X2 4, &= A T,
rk(A4) =r.

WA SRIEFEME. W A RS MR, Hork(A) =, IKERE 2.3.1, A BIHHE
RHEREHN 0 80 1, TRAFEIETTE Q, 15

I, 0
AQ/( )Q.
0 0

AY =QX, MY ~ No(Qu, 1), 5 Y Fl Q ffts ik

Y,
v e ).
Y2 Q2
ﬁ\:l:'j )/(1):7“>< 1,@1:7“)(7’1. ﬂ:‘jEé

/ / I, 0 ’ 2
X'AX =Y Y=Y(1)Y(1) ~ X\
0 O

HA A= (Qup) Qup = /' Q1Qup = 1/ Ape.
FHEL B, B rk(A) = t. [§ A XEFF, BOEEESOTH Q, i1

A O
AQ/( )Q
0 0

EEF' A = dia’g()\17..'7)\t)' &{r]ﬂ%i—ﬁzﬁﬂ‘ )\Z = 1al = 17"'7t;t =T é\ Y - QX7 )I-IIJ
Y ~ No(Qu, In). i

C1
c=Qun= ;
Cn
ny
A O ¢
X'AX =Y’ Y =) NYF, (3.4.3)
0 0 j=1

FAEFLH A Y2 BHFE RO

; _1 i\jz
g;(z) = (1 — 2iXjz) 2exp { T 2]2'/\jo?} .
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AR SZRERLAS 1 2 MR AFE R B T ENTRRMER R AR, i (3.4.3) 13 X'AX
HRFAIE BR

¢ .
) 1 iAjz o
jl;[l(l —2i\;z)” 2exp { = 2i)\jzcj} . (3.4.4)

BATERIE X7, WHMEREL W ou~ X2, A= p/Ap, i u=uf +- - +uf, K
up ~ N(AY21), uj ~ N(0,1), j > 2. FIRIA R ERE, 15 u BHRAER L,

- iz
1—2iz)" 2 . 3.4.5
(1-2i2) QGXp{l—Qiz} (34.5)

AR, X'AX ~ X7, TU& (3.4.4) Fl (3.4.5) WiZAHSE. HEMFN T & LHA
B, N=1j=1,---t, Ht=r QLEMHEIE EHIERE.

HIL 3.4.1 I Apsn SRR, X ~ No(u, I), A X'AX ~ 2, BIHG x2 A
— AR, k(A)=k Ap=0.

It 3.4.2 W Ay, MR, X ~ N,(0,1), a4 X'AX ~ x3, = A FE,
rk(A) = k.

L 3.43 B A MR, X ~ No(1,X),5 > 0, F4 X'AX ~ xi, A =
wWAp < AYA = A.

FEFEL 3.4.3 RHEMERIEHE IESA R AR x? 240 8 el B S B TS
W R BV B R, TR A EAERA ST, L, XBERUEFIE * i
RAEH TR

$ 3.4.1 ¥ X ~ N, (CB,0%I),vk(C) = r. FIFHEL 3.4.1 ZHIEH, X'[I -
C(C'C)=C"X)a% ~ X2 _,.

FE b, BOREWERE A =1-0C'C) 0" BREE, KEM 233, F
rk(A) = tr(A) = tr(I — C(C'C)~C") = n — tr(C(C'C)~C") = n — rk(C(C'C)~C").
BEAA#ER 2.2103) 15 tk(A) =n —1k(C'C) =n —1k(C) =n—r. XH AC =0, R
PR 3.4.1,X'[I — C(C'C)~C'|X /0% ~ X2 ..

T 3.44 B X ~ No(p, 1), X'AX = X'A1X + X Ay X ~ X2, X' A X ~
X3y A2 >0, HAt X =/ Ap, A= p/ Ay T

(1) X' As X ~ X2y, A2 = ' Aap,

(2) X'AL X M X' Ao X FHE ST,

(3) A1 Ay = 0.

W B XAX ~ X2, HEM 34381, ARES, k(A)=r, T&, FEE
LITHE P, {E75
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E]AEAlvAzAQv?%

B 0

P/A1P: N By?‘XT,
0 0
By 0

P/AQP = s Bg: X
0 O

MBS X AX ~ X2, 1% A7 = A, T2 BY = Bi. BUFFTEIESCK: Qrxr, 1875

, I, O
Q'BQ =
0 0
ic
!
S’ = @ 0 P’
0 In.,

W S SHIEAKE, Hf#
S'AS = 5'A18 + §' A58

EHh
I 0 0 I; 0 0 0 0 O
0 I,—s 0 | = 0 00 (+] O I,_s O
0 0 0 0 0 O 0 0 O

I Y = SX, HCEHE 3.3.1, B YV ~ No(Sp, I). T4

X'AX =Y'S'ASY =) Y2,
i=1

X'4X =Y'S'A8Y =Y Y2,
i=1

X' A X =Y'S' 4387 = > Y7
1=s+1

HHh Y, - Y AHESSZ, L XA X 5 X7 Ao X M. BE X, X A X ~
2
ers;/\g’ 1
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(3) fHHE. EHIEE.

IS 3.4.4 18 X ~ N,(u, 1), Ay, Ao XFR, XA X #l X' Ao X #IRM X2 4>
A7, BRI EISL <= A1 Ay = 0.

JEER A A A=A+ Ay B A1Ar =0, FTHEH AsA; = (A14y) = 0.
E, B Ar, Ay RSEES

A? = (A1 + A2)? = AT + A3+ A1 As + Az Ay = Ay + Ay = A,

BP A F%, el 344, X'A1X 5 XAy X M H ST

WEWE. & X'AX 5 XA X MEMSE, W X'AX WARM x? 246, FHE
FH 3.4.4(3), Z5L154E.

FEPA EEREGHETF] Cov(X) =3 > 0 TEE.

I 3.45 WX ~ Ny(X), & >0, X'AX = XA X + X' A X ~ X2,
X'A1X ~ X2y, A2 >0,

(1) X' Ao X ~ 2, 5,

(2) X'A1X 5 X' A X AHE AL,

(3) A1X Ay =0,
HAr nii=1,2,3 EFOSE, AEHHHE .

HiD 3.4.6 WX ~ N,(11,2),2 > 0, A1, Ay XFR, X'A1X 5 X'A, X #R
WX A MIBEATMEY. <= A543 = 0.

TEXAHER T, OTER XA X 5 XA X #ARM x* 4. 55 bk, NF—
TRATLE L, XDFAETUSF.

§3.5 IERALTRAY AL A AL B IR S

WX~ No(u, %), A, B &R n BIXFREE, C 8 mxn FME. RIR R K
B X'AX, X'BX MR OX MEMIZESM. XS R B S8kt
BB o o A EE Y A

FIE3.5.1 WX ~ N,(i, 1), AR nxnXERMEE, CHmxniilgE &HCA=0,
N CX il X'AX A HE ST

MWEBH 1 A WIXERRYE, FIETERRMEIESCHE P, 75

A O
P'AP = , (3.5.1)
0 0
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X A = diag(Ag, -, A), A # 0,1k(A) = . ff CA = 0 A% CPP'AP = 0. X%

"
A O
CP = 0. (3.5.2)

Dyy Dy
D=cCP= ,
Dy Do
B (3.5.2) #f5 D11 = 0,D2 = 0. TJ& D AN

0 D
D= Y| 20Dy, Dimx(n—r).
0 Do

Bt P AT A3 : P = (PiiP), Py A nxr. P4

P/
CDP@DQ( I)Dﬁy (3.5.3)
Py
A O /
A=P P = PAP,. (3.5.4)
00

Y, P/ X
Yo PyX

BAR, Yy R Yo AHEMSL. {HE (3.5.3) M (3.5.4), F
CX = D\PyX = DY),

X'AX = X'PIAP{X = Y[ AYyy).

B CX HRBT Yoy, T X'AX JURERT Yo, BTk CX 5 X'AX Sz, @A
iE.

#3.5.1 B Xy, X, HEH N(0,02) WHEPLEEA, MIEEAHE X HieA
S = 5 YL (X - X)? ARE AL
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M, X~ N,0,0%I), N
X = %1/}(, (n—1)8* = X'CX,
X
O:Q—lﬂﬁ
n

BHRAE1VC =0, fEHE 3514 X 5 S% fisr.
*Eﬁ? 3.5.1 i& X~ Nn(:u,z)v x> 0, Apxn jyxﬂ‘%lgl; % CYXA = 0, )I-IIJ cX
5 X'AX FHE L.

YRR B 25 25 B SR ).
T 3.5.2 & X ~N,(u,I),A,BHE nxnXt#, HAB =00 X'AX 5
X'BX FHH L.

B i AB =0 K& A, B WX FRYE, SLA% BA=0, T/ AB = BA, §UFTEIE
LM P, A A, B FIEX AL, B

P'AP = Ay = diag(\", -+, A1),
P'BP = Ay = diag\\?, -, A@).
EE AB:0:>A1A2:0,EI]

/\El)ﬂkf)ﬁ//‘”ﬁ*/l\j@ 0, i=1,---,n. (3.5.5)
N
Y1
Y=PX= )
Yy

X'AX = X'PAiP'X =Y'AY,
X'BX = X'PA,P'X =Y'AyY.

R (3.5.5),X'AX 5 X'BX Frkifiy Y A EAFE, # X'AX 5 X'BX fHEM
3. EHARE.

XA B SN, Bl X ~ Nu(p, 1), A, B & n xn XFR, & X'AX
5 X'BX MHEML, N AB = 0. XA HIER ARG 23 T, T 0L SCHk [42] Al
(88], JE & M B B R IER A MEE.

#iL 3.5.2 WX ~ N,(1,2),Y > 0,A,B & nxn X FH AZB =0, N
X'AX 5 X'BX HHE .



.76 - BEE ZTIESSA

3 & =

31 B X1, Xo, o, X HMEMUAER, V=X, Y =X —Xi1, i =23,,n 30
X =(X1,Xo, , Xn), Y = (Y1,Ys, -, Ya).

(1) #& Cov(X) =1, He I & n BEfIEE, 3K Cov(Y);

(2) # Cov(Y) = I, 3k Cov(X).

32 (1) % X MY HEHHFEFEMWEEMAMYUER. %

Cov(X+Y, X —Y) =0.

(2) B Xox1, Yix1 8 BELETR, Cov(X) > OB Cov(X) JEEREHE), RABIERE Aun,
{575
Cov(X, Y — AX) =0.
(3) IR (1) A1 (2), SOMGHE G- AR XA B L2 B ol B — M T .
33 WX ~ Na(p, %), HHHERHY

f(x1,22) = k™ "exp {‘%Q(wlva)} )

XHE Q(z1, ) = 23 4+ 223 — w122 — 331 — 222 + 4, K pu F X

3.4 WHENARE Xo, -, X, HEMSL, BAEAMBE o M o2

(1) BXYi=X;— Xip1,i=1,---,n— LB Y; #{HR 0, 7K 20°.

(2) BX Q= (X1 —X2) + -+ + (Xn-1 — Xa)?, K E(Q).

3.5 JERAHER 3.3.2.

36 X ~N,(0,I),5U=AX,V=BX, W=CX,XH A B,C %} rxn ik,
H#H r, # Cov(U,V) = Cov(U,W) = 0. iEH] U 5 V + W 7.

37 WL Z1=X4Y, Zo=X =Y, & Z1, Z> IMSLIERTR, WUEH X MY WREIES
.

3.8 BWARMUBA Y = XF+e, E(e) =0,Cov(e) =V, HEEY'AY K o WIMWLIT (A
RAEHENURERE), A PO RAT 2512

3.9 X ~ No(0,%),% = (04y), iEH

X'slx - X12/011 ~ X%»

He X' = (X17X2)'
3.10 # X ~ N3(0,%), HrF

1 po»p

0 p 1



B = ST

W p E, B8 X0+ Xo+ X3 5 X1 — Xo — X3 MHEMMA.
311 % X' = (X1, Xo, X3, Xa) ~ Ni(0, L), iEH Q = X1 X — XsXa RERM X2 537
312 W X ~ 2, WEFT X RRRIERECK
tiA
1 — 24t

(1 — 2it) "2 exp( ).

313 W X1, Xa, -, X, MEMS, HERM NO,02), HEH X = ZX HQ =

n—1

2()@' — Xiq1) JHAL

3.14 % X ~ Np(u,I), iFAl AX 5 BX MEM. <= AB'=0.

3.15 W X ~ Np(p, 1), Q1 = X'AX, Q2 = X'BX, # Q1 5 Q2 M5, HA>0, B>0,
n AB=0.

316 # X ~ Np(u, ), UEHA:

(1) B(X —p)® =0,

(2) Cov(X, X'AX) = 25 Ap.

BT B Xy, Xa, o, X WHRE Ny, %) WHEBLEER, X=1 5 X;.
i=1

(1) 3R X Hyor A
(2) #EAA Cov(X; — X, X) =0.

(3) W E (ﬁ 3 (X - X)X —Y)’> -



FOE SHfEit

ELVERRI SRS AT, R/ gekdi B oAl BT
19 g wint, 2 EFAREER Legendre Ml Gauss 735l T 1805 4EAHI 1809 44l 372
. BEELE 1900 4 Markov JERI T /b g flith iy —Fh il R4, XBERNA
TEPT UL Gauss-Markov sE B, MTTBLE T e/ A MR S5 A1 ER
Op:Kive

AREW RGETHE A L/ TR, X T EWETAR, 572
58] SCHER [29).

§4.1  H/h it
AT LR AR
y=Xp0+e, E(e) =0, Cov(e) = 0?1 (4.1.1)

HIZEL 6 F o WG, X y R0 x 1WA, X H nox p BiRHH4ERE. 3
K px 1 RHBENE, e WEEVLIRZE, 02 HIREFZE, 0% > 0. MR tk(X) =r <p,
BR(4.1.1) K ERRLRIERAL, I, FROVIERRER AL RA1EIT8 8 Bkt

GBS FON R A T R/ Rk, HIEAR, 0 B EAE N I iR
Zhi e =y — X0 BFE/D, WREEHKETY

QB) = llel* =lly — XBII> = (y — XB)' (y — X)
EKEEN. B, ®OVViZ#ELK Q(6) M/ MEXK 6 Biflitt. EEF
QB) =y'y—2y/Xp+ [ X'XP,

AR AR (LF )

dy'Xp B X' X3

53 X'y, B = 2X' X3,
Ti&
9QB) _ oxr, 4 ox'xp
98 y :
AHET 0, 55
X'XB =Xy, (4.1.2)

PRZ A IENJ7 7.
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HHRmE X'y € M(X') = M(X'X), TRIENFRE (4.1.2) 2HAER. BIEE
P 2.2.3, IENITHE (4.1.2) BIfRA

~

B=(X'X)"X"y, (4.1.3)

M (X'X)" & XX WEE—A
AR R BN, FA1EE 5 HUREE Q(0) &, A BT &R s
# Q(B) HEIE/N. FHLl, MEE—4 8,

QB) =ly— XB|* = ly— XB+X(5 - B)|?
= |ly— XB|> + (B B)X'X(5—B)+2(8—B)X'(y — XP).

B B R EN TR (4.1.2), TR ERE=000 0, Tid IMRIERN, T2
Q(B) = Ily — XBI* = Q(B). (4.1.4)

WRFEE, 5B Q(3) EKEIE/N.

BIERA T —BEN, i Q(8) BRIE/BE 3. Ht, (4.14) 555

S, % EAYY

(B-BYX'X(B-B) =0,
i

X(B-pB)=o0.

ARAEEH, Y &HF

X'XB=X'X3=X"y,
BRRTEI T, 8 Q(8) KB E/MEM A K EN M = (X'X)" X'y,

rk(X) =p, U X'X W, Xe, B = (X'X)"'X'y, HE E@) =8, B § &

BT, X, ROTFR G = (X'X) "' X'y H 3 # &/ttt (least squares
estimate, fajic 4 LS flit).

#k(X) < p, W EQP) # 6, B B AR B WRMET. EdE—P, HERA
RAEAE B BT MG, $50 b, B px n JEME A, 75 Ay h 8 &R
Tolmfkit, BIER E(Ay) = AXB = 8, X—¥ 8 ML, WAEAE AX = I, {2
rk(AX) < 1k(X) < p = 1k(I,), KBS AX = I, P& BE, XREMERE A i
RAEAE. XFWY k(X)) <p B, 5 RERETMMT, HERITH 5 R
(. R, B, HOTTLEE 6 MRS o8, XS T al i X.

EX 411 EAEE nx 1 [ o, (78 E(dy) = ¢8 X—Y1 8 Bz, NFK <8
JE T fE R %L (estimable function).
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T 4.1.1 I8 BAEEE <= c € M(X).

UEBR B BRMGRE <= fETE anx1, (18 E(dy) = B, Xt—4] 8 BL
= d X3 =76, %Y B ML < c=X'a. IEE.

XA EEEREAN, # 0 aE el px 1 M c TR MX). T
&, Hoo,e Bpx 1R, 8 M as HEE, IBa, MEERDNE a1, 00, &
PEHEG -0+ az - BB TGN, 2 o Ml co HLRMETER, WAL 6
M chB REBMETERN. BAR, X T—PREBR, KRR HREZ &F
tk(X) = r PAMERE. Boh, MTE—THELR, ¢85 (X'X)” WEELE,
M. b, h OB MEMEYE, FTFTERE anxa, #1% c = X'a, TH2

IB=C(X'X) X'y=dX(X'X) X'y =dX(X'X)"X'y.

EEAFT X(X'X)~X 577308 (X'X)” BHELX, # 0 H5 (X'X)” Ktk
Tk, WEIEH E(dB) =d X(X'X)"X'XB=dXp =73, 818 H 3 Ml
TR, BRI T E X

EX 4.1.2  XAEEE B, B (B K B LS it

FTRURA (4.1.1), 30 X = (1, -, 2,)/, WA R SMHETE RN

yi = 2.0+ e, i=1,---,n, (4.1.5)

E(e;) =0, Cov(e;, ej) = {

Tl i =208, p= (1, pn) = XB = E(y), B} p AWM & y ¥ ERE. 2
& n MAERE, HHEFRE r=rk(X) MREMETTRA.
B LS fhiith
i=XB=X(X'X)"X'y=Pxy, (4.1.6)

XH Px = X(X'X)~ X' 21 M(X) LW IEAZBGEE. 7T WS E R 8 LS it
By M M(X) R IESCHRE.

XHE—TH R ¢ 6, BAREW LS fiit 5 Bie—m. (LR ETHRERES L
PR AG . b, FHid M(X)*E 8 M(X) IESCHhZEE]. % o'y h B H—
N FAwAGT, IBLIMERE b e M(X)L, (a+b)y BRE 8 W—DTMmitit. WHE
E(a+b)y=E(d'y) + E(b'y) = B+ VX3 = B. EHE—R, IMEELHERE 0,
BRI ZAET WA I D BOE =0 (1) —MEEA, XEERAAER; (2) R
H—A, XHBFE k(X) = n WHEE, BREE M(X)*E =0; 3) HLFEZH.
M B Ak, TEHZAET WA, T EB/NE PR AL TS mAG T (best
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linear unbiased estimate) DA Ffijic BLU {53, THHEHEFENH, LS it
BLU f#iit.

T8 4.1.2(Gauss-Markov EFE)  IEEAATAEE %L ¢/ 6,LS fhitf JB HHME
—H BLU flit.

S W CIE <8 o8 WM, LR BAN. JUE ¢ i 2R
N HSE

Var(c'B) = Var(¢'(X'X)” X'y) = 02¢ (X' X)" X' X(X'X) ¢
H 8 BRIAGYE, FIAETEIT I @, 575 ¢ = X'o, T2, FIA X'X(X'X)"X' = X/,
53
Var(d'B) = o2¢ (X' X)" X' X(X'X)" X'a = 0 (X'X) "¢
H—IE, ¥y KB ME—TRmMT, TR e MR X'a=c XFE

Var(a'y) — Var(¢B) = o[a’a — /(X' X) ]
= o%(d' — (X'X)"X")(a — X(X'X)¢)
= o*la— X(X'X) " ¢|* >0,

HHBESWIL — o = ¢(X'X)"X' < a'y = 5. EHIEE.

A BB EIGET LS MR SRS R g, i T B
ZIE g LS EHELIET AT Bt re, (AT LS f5it 241
LRHERUEL (4.1.1) Byt — Bt (U2, BT 20 2 60 A%, VB RFiRM,
LML T LS (IO AR, ISR A 5 b — B A 0 45 b,
LS MR — SRR HY, XA BN B AR

i 411 By =cf =L RABRTHREL ani=1o b RIH,
W = szmmﬁmm<aw Zm%—ihdﬂmwMMﬂmﬁ

?’El" 4.1.2 BB IS EW@A—I{E@?X m

Var(d3) = 0% (X'X) ¢, (4.1.7)
Cov(dB,d'B) = o*c (X' X)d, (4.1.8)

JXWV\TE E’JWE%‘@,TEE@ ?ﬁéﬁiﬁ%?ﬁﬁi-
BAERNIHERZET 2 o Bl id

e=y—XB= (- Px)y, (4.1.9)
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B e BRI EAEBAERRI — 1 M, ABICE TR R 4
BATEAEN. A5IEY, RAEA WL BE) = 0.Cov(e) = 02(1 — Py). #F 2
AT LU o 94T F A

= :Hy_XﬁW’ (4.1.10)

n—r n—r

XH r=rk(X).
EIE 4.1.3 07 & o WML
WA W1 - Px HREEE, TR

ee=y'(I - Px)y,
FIFERE 3.2.1
E(€'e) = (XB)'(I — Px)X B+ tr(I — Px)Cov(y) = o’tr(I — Px),
KEFAT (I Px)X = 0. F AR M I
E(@?) = 0*[n — tr(Px)] = 02[n — 1k(X)],

B B GIE -

HITEE, @R WK 57 K o Y LS it

XFERHEMA (4.1.1), HRNTE—PRBIRE MR e RAZITCIES M, TR
AR AR AL IE S AR, 2

y=XB+e, e~ N(0, o?I). (4.1.11)

THEENFRAEXMEET, LS AGTHRHER.

EIE 4.1.4  JEBLMERA (4.1.11), 8 /4 ME—FMEREL T

(1) LS 5t /B & &8 BB AR BUR M (maximum likelihood estimate, f&jic 7
ML &), H ¢B ~ N(¢'B, 02 (X' X)~¢);

(2) =252 Y o? iy ML A3, H 007 <2

(3) B 5 6% M HASL,
XH B = (X'X)” X'y;r = 1k(X).

VEER i p= X8, FI& p M o? BRISRREL

L(,u,a2) _ (2 )1£ 6—20;2Hy_ﬂ‘|2,
T)20™
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BOWE, W EHEON, 13
log L1, 0%) = — 5 logo” — =5 ly — y”.
XL o LS i = X0, ®fi1h
ly = Bll* = lly = XB|* = min|ly = X5|* = min ly - pu*
Th, XE—EEN o,

log L(fi,0%) > log L(, 0*),

El

- n 1 -
log L(fi,0°) = — = 10g02 — 5zl - fil|%,

76 62 = Ly — il BFEK. TR A= XBM 6% 5K p flo? i ML fhit.

MHAE—FfEREL 6, FFFE o € R™, f§if% ¢ = X'a. TJ&, B =d'X08=dp,
H ML R, <8 1 ML fhih o, EEF ¢F = o/ X5 = o/ it
PEBT LS it ¢B h ML fiit. XH ¢F = (X'X)" X'y h y BRERL, T
y~ Nu(XB, 020), lREH 3.34 51, B~ N('(X'X)"X'XB, 02 (X'X)c), {HLiH
JB BTG, AGHEH C(X'X)TX'X =7, T& (1) BHE.

(2) MEE—&EWEIE. FR PxX = X, Bl

(n —r)o? _ee Yy —Pxy
2

o2 o o

e'(I — Px)e
= T = Z/(I—PX)Z,

H 2 =¢e/o ~ N0, I). f T — Px (9BEMHKL k(I — Px) = tr(I — Px) =
n—tr(Px)=n—rk(X)=n—r, FHAEH 3.4.3, BIf§ (n —r)52/0? ~ x2_,.

KiE B 5 52 WA, HELERE ¢F 5 02 A RINIESTTE § 2R
ZRAL, R 3.5.1 8 ¢ (X'X)TX'(I - Px) =0, 45 7] EHEEAHERS. & BIEEE.

WIXAEEFANTE H, T AERE ¢ 3, BRY LS fhiHF ML {2 AHR #.
B2, MFRENE o HERART. BENRE—AET, REE ML it 62
=HWE, E(%) =""0? <o? PR LY, ML it 62 /.

TERTEI Y Guass-Markov EBEAT, BAHEN T AIER%L <6 9 LS At B 7
LHETMIF R Z R/, SR T IES LR, BTG T FRp 4R,

EHE 4.1.5 X FIESKERA (4.1.11),

(1) Ty =y'y M Tr = X'y AEEFTDEIE,
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(2) XHE—1]4d R &L 0/5,0/5 NHMWE—WR/DN T ELMmAEIT (minimum variance
unbiased estimate, f&jic 2y MVU fit), 2 F o2 BHE— MVU fhit.
JEER  XRMlpar B y B9BEERE B R ECR
1

1 ,
1) = Gy o {50 = X9 — X9)}

1

= mexp{—;—zyy‘F /Xﬂ——ﬁXXﬂ}

6 = — gk, 6 = S BRI HASE, W EATEE Y
1
(—m)F
BB, BT f(y) FR T HEOEM (R, HBHE

01
60 = ; 0 <0, 62 €RPS.
D)

RSk [26], p.59, EHE 2.2 K1, Ty =y'y M T = X'y WL

XHE—TTE B ¢, 5 LS it ¢ = ¢(X'X) Ty, REI % o® B9 LS fhit
32 = (Th — To(X'X)"To)/(n — ), ENEHRZEFSGTRIELR. F #7150
i, B#EETMmM T, #K Lehmann-Scheffe 3 (20 3CHk [26], p.58) LRI HEH,
¢3RS SRR B o MME— MVU fhit. & BEE.

SHE—FAHEEEL ¢ 3, XA EHA Guass-Markov EBI#SE . T B H LS fhif ¢
(o7 e h/IME, FiE MK BITET, AE BRI IE ST 4, AT LS
it B TEFTE I (RAERIRIEL M) oMM fhi+2eh )y 28/, i Guass-Markov &
HHIEHT B fERE T My 5/ ME.

Bl4.1.1 & p h—YIAREE R, BUHZA AR 0 K, EREC R v, yn
EHBATH G = X vi/n bt p, IAERIEFIAEIT 7 1967 RAE.

IR B RAURE, Wy AFRRK

fly) = 07 e TN X0 o (0, Ty + 0T ).

yi=p+e, i=1,---,n.
B HE AR Y [T X
Y1 1 e1
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Bk e = (61,~-~n,en)/ 2 Guass-Markov fRi%. ZGiHH G o B LS fliit 7 =
(X'X) ' X'y = z; yi/n =7, BIWLIHE WA EHE MR ER o 8 LS fhit. If
HM\ Guass-Markov EBEAHIE, TE v = (y1, -+, yn)" FIA LA R TC
fitke, y BAR/DNTZE. MRBIE S BIFREERNZITIESS 0, TBATE
i A, v REA R/ TE. XBERTENBRT v 1R v 5
P B R

4.2 Y E /D FRAG T

RAERIAL (4.1.1), 7E LT, BAVSH TGRS /8 f o? BEHETHH
LIREFAF B/ DT fith, HHR T BT EEAYER, (IR B it et
HE—8ga, BATHERW —E AL R/ _Fefhit.

Bz

HB=d (4.2.1)
R MHELMET R, o H hy kxp MO HHERE, B#A b, MH') c M(X)
Ti& HB & k MERMET R AfERE, d K kx 1 BEHME. &A%/ Lagrange 7
TPoRAAL (4.1.1) W R KA (4.2.1) /D kit 0

hi dy
H=| : [, d=]| : [, (4.2.2)
hy, dy,
MR (4.2.1) FTLIKE X
WB=d, i=1,k (4.2.3)

BT MBEAE (4.2.3) B9 k DNEAETR 686 Q(B) = |y — XB|? LEH/ME. H
T B ] Lagrange T3, #4450 s %L

k
F(B,0) = lly— XBIIP+2)  Ni(hiB — di)

i=1
= lly = XBII* +2X (Hp — d)

= (y—XP)'(y — XB) + 2N (HB — d),
HA A= (M, -+, M) A Lagrange e, X% F (8, ) KXt 3 0y S8, B

AEMNHFFE, 173
X'XB3=X'y—H\ (4.2.4)
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SRIGRAR (4.2.4) A (4.2.1) ZURMBESITRA, BN Bu A M.
B M(H') C M(X'), FfRA (4.2.4) KF 3 RARZH, Hig
B =(X'X)" X'y — (X'X) " H'Ag =3 — (X'X)"Hy. (4.2.5)
RN (4.2.1) 18
d=HBy = HB — H(X'X) H'\y,
i
H(X'X)"H'\y = (HB — d). (4.2.6)
BRE—AKT Ay WRHETRA. BN H WEN b B ME) ¢ MX), T£
H(X'X)"H' BETAET RgBEIe. SATIEE R k x b B RsER:, HT
(4.2.6) HHE—fF
o = (H(X'X) H')"Y(HB - d).
A AN (4.2.5) 155
Bu=0—(X'X)" H'(H(X'X)"H') Y (Hf — d). (4.2.7)

BAERANREW Bu B RBIEAR HB = d F 8 B/ . AR HBIEN
MW
(a) HEH =d;
(b) Xt—VIE HB =d i 3, ¥4
ly — XBI1? > |ly — X Bal>.
WA (4.2.7) 4518 () RARASRIER. A TIEH (b), BATKEH A ||y — X 6]
2
ly — X8I = lly — XBI>+ (B - B X'X (B - B)
=y — XB>+ (B — Bu + Bu — B X'X (B — Bu + Bu — B)
= |y — XB|> + (B — Bu) X'X (B — Bu) + (Bu — B) X'X (B — B)
= lly — XBI> + 11X (B — Br) 1> + | X (Brr — B)II. (4.2.8)
KEEMMAT (4.2.5) & MH') € M(X') SHITRER:
(B — Bu) X'X (Bu — ) = NH(Bu — B8) = N(HBy — HB) = N(d — d) = 0.
XA SR YL HB = d iy 5 #RAL.
(4.2.8) RFEW, W—YIE HE=d W B, A

ly — XBI1° > lly — XB|% + |1 X (5 - Br)I?, (4.2.9)
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EE B BACY (4.2.8) RWEZTNE FE, MR X0 = Xfn. TRIE (41.2.9)
R X G 8 X6, AL, B

ly — XBull® = |ly — X5 + [|1X (8 - Bu)|> (4.2.10)

24 (4.2.9) F1 (4.2.10), fEIEEI T 4548 (b).

FI 4.2.1 X TAMERA (4.1.1), 3% H H kxp 58, rk(H) =k M(H') C
M(X'), B HB = d #8%5, N

(1) By = B—(X'X)"H'(H(X'X)~H')"\(HB—d) }j  FELRHEL RN HB = d
T4 LS i, HBw N HB WZIE LS fhit, XH 5= (X'X) X'y

(2) # 1k(X) = p, W By = B — (X'X) "\ H'(H(X'X)""H')"Y(H3 — d) } B &
T LS i, XHE = (X'X)'Xy.

Bl 4.2.1  FERSCMHRH, XF2sh =4 R AL MR = T ABC =AW
861,02, 05 BEATUIE, SRITRES BN v, vo, ys, 1 THEEIERE. FTUS
XERIHEFFA, R R R 3R e

y1 = 01 + e,
y2 = 02 + ez,
ys = 03 + e3,
01 +0:+05=m,

H e;,i=1,2,3 FRMEIRE. BEEIHRE Guass-Markov %, Xtk —4
WA LR BRI, BB S R R

y=XB+e,
HB=b,
EEF' y= (ylay%yfi)/’ ﬁ = (01702’03)/7 X =13 I3 %‘%7% 3 Mﬁ"fiﬁi, H= (1717 1)/’
b= PR 4.2.1 AIEE 8 WARE/N RN
Be=0—(X'X)"H'(H(X'X)"H')"Y(HB —b),
Hei B = (X'X)"' X'y & 8 MIRAHRE/D_Fefhit, &5

Y1 1
~ 1,8
Be=| s _g(;%_ﬂ) e

Y3 1
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Bl 6 =y — (v +y2 +ys — ), i = 1,2,3 K 0, MLRE/N et
B, BATTRI R o BIZ93R LS fit T,

L Ly = XPul?
A n—r—+k

EIE 4.2.2 FEEHA21VRET, ESHEH HS=d £, oF & o® WTk
it
SEBA H(4.2.10), 15

Elly — XBull® = Elly — XB||> + E||X (8 — Bu)||*. (4.2.11)
L350 Elly — XB)% = (n - r)o?. Xt ERE TN IR 3.2.1, 1

E||X (B~ Bu)|”
= B(HB - d) (H(X'X)"H')""(HB - d)
= (HB —d)(H(X'X)"H')""(HB — d) + tx[(H(X'X)~H') "' Cov(Hp)]
= 0+ tr(o?I})
= 0+ ko?,

X 6= (HB —d)(H(X'X)"H') " (HB —d). TRENIEN T
E|X(B - Bu)ll?> = (n—r+ k)o® + 6.

SR, TESFRXE, H=d &, 6=0. EHIEE.

4.3 JT /D FeAht

FIHACN L, BOTTHeE B REN T2 A o1 T, B, FWLAF
TEEWFZ LA, HiRED T ZMEAENX 0°S, JFH S BERSRISH. &
I ASEMER B X REMIEETT M, o® HARMBE. TREATIHELMEE.

y=X0+e, E(e) =0, Cov(e) = 0?% (4.3.1)

ISR B, o® WATHIE, Hp 2> 0.

BT S > 0, BUEETE N0 IE XA S ST £ (43.0), 3D
G=xty, X=nix u=n"te NiEE

7=XB+u, E(u) =0, Cov(u) = 1, (4.3.2)
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XHAL A AR R T T
SR (4.3.2) B/ R B A LS 7, BIE Q(8) = (|7 — XBII* HyB/ME
M. S, f#

min Q(3) = min (y — XB)S " (y — Xp). (4.3.3)

IENT AN
X'STIXp= X'y, (4.3.4)
To&, B HILS AN
B = (X'271X)" XSy, (4.3.5)
R SCR/N T, F8l, 4 ¥ = diag(of,---,07), 0f, i =1,---,n BHIEF, X
B RmAl /D —SfefE. R (4.3.1) FIIRTIIS R U RRZ I T Z AR, T
LAEREL B AT ARSI BT, TR, MARAEL (4.3.1),¢'0 AIfERI B
R c € M(X). BATHR ¢/ 6° HAEREL ¢ 0 89 XE /D _Ffliit (generalized
least squares estimate), faiic 7 GLS {11, XFWH, 24 X Xt AEERT, B /6 FH]
FERE B B INALE /D {11 (weighted least squares estimate), faiic 2y WLS i
it Y k(Xxp) =p BF, B A, BF 8° 4 0/ GLS fhit. B AR (4.3.5) M7
Je i Aitken(1934) HHE4R N, FrlASCERAWAR /0% F1 g K Aitken flit. Xt
T Gauss-Markov X, 111G
EIE 4.3.1 ME—-AMEE I8, B HAME—R BLU fiit, HITER
o2 (X'S71X) ¢
B R c e MX') = MX'S7IX), MFEERE o #15 c = X'S 71 Xa.
T
Var(d/3*) = o?c(X'S1 X)) X'S I X (X'S71X) "¢
= o?c(X'S71X) e
W a'y K B BE—TmAGT, M c= X'a,
Var(a'y) — Var(¢'8%) = 0?(a’Sa — ¢(X'27'X) " ¢)
= o%(a'Ya—d X' (X'S71X)"Xa)
= (' - 1'Q(Q'Q)”Q'b)
= o (I — Pg)b >0,
Het b= %120, Q =3712X, Pp = QQ'Q)" Q. XMIEH T ¢ 8" W E5H/ME,
FREERT «= [ -Po)b=0<+= b= Pob < a =Y ' X(X'S!'X) ¢ <
a'y = 6% WE—IERRIE. ¢ WTEMIER DR . EHIEE.
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RIE GLS f# 87, AT I o B TmAG T,
=y X =y — X(X'TIX)IX/Ely = 57 (I—Pz_lx)Z_%y,
FRAFRZ M. A GUEH

i —
e’y le*

n—r

o2 = (y— X3Sy — XB)/(n—r) =

KB T2 BE 4.1.3, 5EFH 4.1.4 FIEPE 4.1.5, 7T LAEH]
FI 4.3.2 0" K o? WM.
T 4.3.3 Fe~ N(O,g22), (> 0) B4,
(1) XHAE—wfE %L /B, ¢ B* N B W ML &1, H ¢/B* ~ N('B, o?c(X'S7!
X)7o);
(2) 220" Wy 0% By ML ik, H (n—r)o®" /o ~ 35
(3) ¢'B" 5 0" MM
(
2+

4) Y rk(Xpnp) =p BF, B* K BB ML fhit, B* ~N(B,0(X'S71X)71), H
FHH ST

(5) & ¢/ WAk, M ¢p* KHEME— MVU it

(6) 0" A o HytE— MVU it

MR ZHE Cov(e) = 02 # o?1. TiHLAHTH Cov(e) = o1 TEERALTE,

RS T LS8 (X' X)Xy, XHE—3, ME—TAHERE B, BAVRA T HAE

T LS 4t B M GLS it 5%, FiE#RE LM, ME#HE BLU fiit. —

ML, B # 5, B LS A BLU i AR—E A4, XIEM Cov(e) = o1 14

BHARREM. F5, 4 1k(Xux,) = p B, 88 LS fiit 5 = (X'X)” X'y, i GLS

it 6 = (X'S7IX) XSy, BATEE 6 AT, ErEGS 5 R

5o

Cov(B*) = c*(X'271X)7!
Cov(B) = o2(X'X) ' X'SX(X'X) !

RIEEH 4.3.1, SLAPATHETS Cov(B ) > Cov(5*), B
(X'X)1X'sXx(X'X)™ > (X'y71x)!

XHE A>BENA-B>0, WXEY 8 T 5.
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Bl 4.3.1 BN —FE B IAEP D LR EXF — N o 3T T
ny Fl ng YWNEL, CIXEMEE TR vir, - ying A Y21, Yons . BENTE AL

yii = pten, i=1,--,n,

Yoi = ph+ ez, i=1,---,na.

F T P A SR 0 5 A 2 AR A SR 2 (AR R EE AN, O T BRI O B A

&. % Var(ey;) = 03, Var(ez;) = 02, H o? £ 03. 3t e = (e11, -+, €1ny, €21, 5 €2n,) s

m
o?I, 0 0I,, O
Cov(e) = e =02 ' =023,
0 J%Ing 0 In?

XH Y = diag(0l,,, In,), 0 = o7 /o3. BE 0 EF, N = B8, T& p W &/
& )
Z Y1i no
1
wt= (% +n2) z=19 +Zy2i
i=1

i
1 & 1 &
Yy = — 175 Yy = — Y2i,
Y1 nl ;y i Ya o ; i
1 ny 1 U»)
Wl = — = =, wz = — = —
Var(y,) of Var(y,) o3’
0w ATERE N
W= —g 4+ ——2—j
w1 + ws ! w1 + w2 »

B o R S I (B E R IACT4, EATEIAL w1/ (w1 + w2) AT we/ (w1 +ws2)
HE LR EME A RET ZMMERBAR, REFTERE, MERBDH, XY
HIBURE /DN
MR, WERASE oF M oo3, HIERREATE LR, SR X BLAE#
B, BATTUBIEME of 1 of BTt G092k, XS = M W0 e 7
Pl xo)n e ictzagiy|
Yi = pln; + i, i=1,2,

X v = (y1is -5 yin,)s Lo, A nix LG, TG CE BN 1. e = (e1i, -+, e1n,),
A Cov(e;) = 021, FrLA e;, i = 1,2 #i & Guass-Markov 254 W §4.1 4%
R, AI5E] o? By LS fhit

1 _
o; = m”yz’ - 17,/%,
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H o7 R i of, BERAGITHCA o, BRR p AR (two-stage estimate).
o AFEFEMARMSE, Z—FA17hit (feasiable estimate). T X RALTHHY
GEVHERORAE § 4.7 1B,

§4.4 BN _IRG—FLR
T e

y=XB+e, FE(e)=0, Cov(e)=c’%, (4.4.1)

IS (2] = 0, WIFRZAAL . 27 MR, W TR, B 27" NFLE, B
BN REE L B/ ME (4.3.3) B XHY Q(8) HeRAG 6 #yie/D_aefliit. 20 it
60 AFRLIR, FZGIH AR T X MRAER S ST, ' TIUM Ik
TEX Bl Ik, FR/YHER Rao BAHES W BN 3 fr S g il i+ DA
FE AR HE T BB AT ST AF 2 R . AT H iR X A Ik,
XETERAAE, FOh 2T RIETE, TR (4.3.3) 11 Q(8) B, MR
= s B S QM) BXH Q(B) = (y— XB)'E" (v — XB), FX e
H Q(B) HRT & SGE 27 AR, BORRM T CEREIRFRE Q(8), WM (4.3.3)
REEX, TR TAFERERE, — MO BRI T, EhE
7Y (4.3.3) B X7 FHEGAEM. Raol® Mg TiXAMWE. fbe X

T=S+XUX', HHFEU>0, 1k(T)=rk>:X), (4.4.2)
RIEE X
Q(B) = (y—XB)T (y - XP). (4.4.3)
A&/ME Q(B) K i /MEA
B = (X'T~X)"X'Ty. (4.4.4)

JEEBRAPEAEN, XME—T &% ¢8,¢6* A BLU it XALHRBEEM T
T X SIS R EE, SGEM T X REERT REE. EEH TXA
TR, 38 XA RAR O /D AR — i, 2 LT [90).

TE T W, B — LB FIEE g U FE L ER MM U
RMREH. B, —AREAEEER U =1, XEEKFK

k(X + XX') =1k(2: X)

Xt—Y] LM X #SL. FHAN, S 2> 00, AU =0, i T =3, (4.4.4) 53
BT (4.3.5). A TIUEW '8 24 /B #y BLU ffiit, SoikWIJLA 4 452
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BEE 4.4.1 X FAMEHA (441), RE L>0H 2 >0,y e M(D ! X) A
WM BEHRE>0,¥ S A S =LL, XHE LA nxt 5, t=1kX) =
rtk(L). it e = Le, E(e) = 0,Cov(e) = 0?1, M y AIFR A 41T B MAL B 1 e X -

y=XpG+ Le, E(e) =0, Cov(e) = oI,

TRyeMX : L). BHH M(L) = M(LL') = M(X), Z5RTHIEE.

S|3E 4.4.2 X (442) FFEXW T, BH

(1) M(T)=M(2: X).

(2) X'T-X, X'T~y fM (y — XB)T~ (v — XB) #EH)" X3 T~ B ILRk.

WA (1) 2 (44.2) WEEAMR. B ye M(T), M(X)CM(T),y—-Xp e
M(T), BRI H M(A) C M(B), Ml A’B-A 5 B~ #ig#Ek, ErHER
(2), FIFEUERE.

XAMERFEY, (4.4.3) g Xy Q(6) HEra& W 3G T— WIEEEIeR, it
WA LAERT, XHE—A %L ¢/8.¢/8 = (X'T-X)" X'T~y 5Py i H)

538 4.4.3 X TERMERA (4.4.1), AEREL ¢ 0 M — ATl o'y 4 BLU
flitt, BEACSERE

Cov(a'y,b'y) = 0,

XH vy AEHE—TmT, B E(Yy) =0.

EER B Uy R 8 WAE—Tem AT, W —RERRARH [ = a + b, MR
B Xb=0/0b T2

Var(l'y) = Var(a'y) + Var(b'y) + Cov(a'y, b'y). (4.4.5)

Hi (4.4.5), Lo PEM T RIE.

T A BGIEESRIE N B, B d'y 2 6 W BLU fhit. BHEE—A bo, W2
X'bo = 0, {54 Cov(aly. bhy) = d # 0, FEsik d < 0. ZRMK, HER —by {08 bo,
AR d < 0 B, b= aby B (4.4.5) Y b, N (4.4.5) K o #1 K=
Wiz, H—RIAHE, BT ao (I IR =T N0 S5 T P 5 2 FIERCUE. IR
lo=a+ ag by, BH

Var(lyy) < Var(a'y),

X5 a'y 3 BLU AGTHAETFE. SIEAHLE.
BAEIENT A P E R E .
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EIH 441 X TRMUEBE (4.4.1) ME—TERE 0 FH
(1) ¢p* = (X'T~X)"X'T~y 24 /B #y BLU ffiit,
(2) Var(d§*) = o2 [(X'T~X)~ — Ule.
B (1) B OB WAIAEME, KITETE nox L MR ¢ 5 ¢ = ¢vX. FA
X(X'T~X)"X'T-X =X, T/
E(df) =t/X(X'T-X)"X'T-XB=t'X3=73,
TAMMERIE. AR RAVYATIEE 4.4.3 SIEH] ¢ 6 FELME T M2 207 Z &/
W, XME—WERE X'b=0 fkt o, BF
Cov(dB*,b'y) = o*d(X'T~X)"X'T~%b
=o*(X'T~X)"X'T"Tb
= o?(X'T"X)"X'b=0,
EEEAMAAT X'T-T =X X'b=0. R§FEF|H 4.4.3, /* K /3 1) BLU {4
it
(2) BHeEER], EREKX
Var(d3*) = o2 (X'T~X)" X'T~"ST~ ' X((X'T-X)" )¢
FL(XTX)T) M T EABIA (XTX)T M T BB, TR
Var(d'8*) = o*d(X'T~X)" X'T ST X(X'T~X) e
BHT - XUX &R+ 2, 53
Var(d/8*) = *[d(X'T"X)"X'T"TT " X(X'T"X) ¢
—o*(X'T~X)"X'T-XUX'T-X(X'T~X) d.
BAM ¢ =t¢/X M X'T-T=X', EREWE—TEH
J(X'T-X)"X'T"X(X'T~X) ¢
= {/X(X'T-X)"X'T " X(X'T~X)" X't
= ¢/X(X'T-X)"X'T-X(X'T~X)" X't
={/X(X'T-X)*X't
= J(X'T~X) e
MR A 0, M =X M X(X'T-X)"X'T-X =X, 1%
J(X'T~X)"X'T-XUX'T~X(X'T~X) ¢
= ¢/X(X'T-X)"X'T-XUX'T-X(X'T~X)" X't
=t'XUX't =Uec.
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& BEAFIE.

# tk(X) =p, W B # BLU it 6° = (X'T-X) "' X'Ty. %5 X ARk,
X TR TR T, ZEXME T, WEChiheEmRE o= X5,
KR — AT R B TR p (R G, AR HIUEWIER BLU fhitHh

pt=Xp = X(X'TX)"X'Ty,

Cov(u*) = ?X[(X'T~X)” - U]X".

THRH#ELEE—NEA Z N AN EERRIEE.
HIL 4.4.1 X TFLRERBA (4.4.1), & M(X) C M(Z), NIXHE—T]fEREL /6,
‘B BLU fitH

= (X'TX)"X'Sy, (4.4.6)
Var(cd/3*) = o¢ (X'S7X) ¢,

FHEREIX SR SGEERETGE, Fl, 24 rk(X) =pif, g* = (X'S~X)!
X'S"y A B #y BLU flit, B8 ZMKN Cov(s*) = oc*(X'S X)L

SMEBR BECRAESAE M(X) c M(D) T, fE (4.4.2) iy U WBCH R, X
T =3, JEE.

WAIEE, 4 ¥ > 08, ME—FEEE 8, BER BLU {4

Clﬁ* — C/(X/Z_lX)_X/E_ly,
Var(¢'8%) = o (X'S71X) ¢,

5 (4.4.6) HHEE, RATRH, % |5 =0, HIE M(X) C M(D), S HAEMEH R
Y >0 2! rEMER.

1 FKM MX) C ME) BE—TfEE% 6 # BLU fhiith (4.4.6) 19
RO, (HEIFALE. Flin, FERERA (441) F, F X = (1, : Xy), XHE
1,=(1,---, 1), Bl n MERERN LB n M, Xo HEEMN nx (p-—1) HEE,
Y =1,—-1,1,/n, B} S A0, RS, ALK L, 1 S ARG
& YW XGE. dE R 4.5.1 ATRAHER, TEXEELE, W]l Eey LS Afit
HIEER BLU fh7t, A2 T1E (4.4.6) I X~ O 1, (HEHFKM4 M(X) C M(X)
HARAL.

T 4.4.2

o = (y—XB)T (y—XB")/q
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K o? WM, HA g = 1k(T) — rk(X).
iEBR EA
E(y— Xp")T™(y — X3)
= [T E(y — X3")(y — X5*)],
BEIWH E(y— X6*)(y— X6*) F¥IBREFTH S A T - XUX' R, B

AERR
X(X'T"X)X'T" X=X, XT T=X

(EE
E(y—XB")T"(y — XB")
=TT -T-X(X'T~X)" X'].

EBE T T (X'TX)" X'T™ X #RRFE, FAREENER: & A W FFE
e, T rk(A) = tr(A), EIMERME B, H 1k(B~B) =rk(B), TRH

E(y - Xﬂ*)’T( - Xp)
~T) — tk((X'T~X)" X'T~X)]

ﬁ
F\

[
= UQ[rk(T) tk(X'T~X)]
[

FEPREHE.
2 SHME—WEER CB, B BLU fhit ¢ RHETEL BRI o #YH
Bt G oo, BRI L XTI B Moore-Penrose |~ GHiARE:, AP
B = (X'THX)TX'THy,
Var(c'8*) = ¢ [(X'TT X))t — Ule,
0¥ = (y— XB)TH(y— XB")/q.
T, FBFRIRXEH S T WikEise, REEWHRE (44.2). AREITHER U =1,
XEF T =S+ XX R34 MX)cME) B, RU=0,1T=%, T&
B =d(X'STX)T XSy,
Var(¢'5%) = oc (X'ST X)) e
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%l 4.4.1  Panel A
RN T AR

Yij = Bo + i1 B + - + Tik B + i + €t
12172aaN7 t:17255T7 (447)

Xy TRE o DMRTERZ] ¢ BIE, =0y BAH « DMMELSE § HEE
BIERZ] ¢ WA, Bi,--- 6 FEFHEIERE, w BE o DERRUY.
WRX N AR N — AR SR BEALIRE, IR AR &R,
cir ARENLIRZE. RFTEW i F ey HEAMR, H E(eir) = 0,Var(ey) = o7,
B(jus) = 0,Var(us) = o,
g1t

Y= (yu,'",le,yzl,‘",sz,"',yNT)/,
X = (211, -, 217, %21, -+, Tar, -+, TNT)
=B, 0,
= (1, pn)s

!/
€:(6117"',61T76217"'762T,"‘76NT)a

HA 2y = (i, -+, wae)’, TR (4.4.7) FIUIE R
y =1nefo+ XG+u, (4.4.8)
Htu=(Iy@1r)p+e, 5 “ @ 7 RN Kronecker EfH. 2 5 KIE
Cov(u) = o1 P + 02Q + o7 InT,
Hd o? = TUIQL + 02,

Py =P—Jnr,
P=1Iy®Jp,
Q= InT — P,
Jr =171 /T.

THBFENTTE 8 BJLAETT, DEHRINTEBRE tk(X) = k.

5|38 4.4.4 (1) P, Q, P fl Jnr #REXREFME:, EBAH8 NN(T -
1),N —1 1.

(2) P1,Q Ml Iy PITHIESE, Bl PiQ =0, PiJnr =0, QJnT = 0.
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(3) PQ =0, PIJyr = Jnr, PP = PP =P,.
X B LSRR B SRR R M, (H TR S T 258 B IE B AR S R .
&5 o2 Ml o2 BH, N 6 BLU M3 A RR A

/ / -1 / /

2 2 2 2
07 Oc 01 O¢

o? = (0%,02), BRI EEHA

/ / -1
Cov(5*(0?)) = (X PQIX + X QX)

4.4.10
- = ( )

B, TESERRRA A, BA o M of BERKE, HIL 5 (o) FHFARMELA. X
A TA P FIAL B T 1 — RSB BIETRAS of Ml o IERMETE, RIFHIN (4.4.9).
W ACRRAAETE RO PG RS, BATEEREINE. B—FImk
JEFRAEE of Mol gefliit, B, LS fhit

B=(X'PLX +X'QX) " (X'Pry+ X'Qy) (4.4.11)
1 Within {51}
Bw = (X'QX) 7' X'Qy (4.4.12)
LA B Between {51t
Bs = (X'PLX)"'X'Pyy. (4.4.13)
H#E (4.4.11) M1 (4.4.9) H1, LS fEIHATLAEHURTE (4.4.9) H4 0 = o2, |
or =0 B4Ry, T Within {5711 Between fhTH B HAFMIME R — i, TEXTH
AR Y ] /> SRS — B A RESRAS.
MHIRY (4.4.8) p RIS Py AT Q, 153
Py =P X0+ u, (4.4.14)
Qy= QXS+ us, (4.4.15)
XH uy = Pruus = Qu. uy il uo WIBEEAZE, BN ZRERS 5N
Vi = Cov(uy) = U%Pl, (4.4.16)
Vo = Cov(ug) = 02Q. (4.4.17)

Fh P Q #ORTEME, FTLIX PR AR Fh M(PX) C
M(P), M(QX) C M(Q), BB HER 4.4.1 RS EH B A1 B 43 BIJE MALAL (4.4.14)
Al (4.4.15) RENM 5 1 BLU i+, X ERITEEEE (X'PX)" M (X'QX)
RIETEW, XELTFEARAN BRI, BASRIE, Bw M O Hthir 14
5%
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Cov(fhw) = 02 (X'QX) ™!
Cov(Bp) = o2(X'P,X) 1.

§4.5 LS ffiitayta et

BARTAMENE (robustness) X FhEE i BARES T SCkF HRE A, FEHMN 20
a0 20 AR IR Z BRI E X EM, H @t —a HE8 T 1953 44 |
G.E.P.Box S—IKHIBRR K. BN, F@HRieat il oe Tait 2Bl R
WA RAMMEREE. KRN, YBAR A A U NVEILES, AHRM ST
HEWT LA RO, Xi, AT IS THERT ¢ T X ANV B A T f . 1
m, AREFLILTHHEH, TRERAE - PEEWRBEE Cov(e) =01 £
AT, SERIT WS RE 6 1 LS A3t o5 J& BLU fhit. {HR7ERN A LRITA
AIREE R — LR E e e 22 X —Rix. FE L, WITURATLEIE, B
B R AR, HABEL A raii s, FWrR Cov(e) = oI ZEHRELA]
PiEZ. HIL, AIEER YR Covie) 5 0?1 MEREKITR, LS fiit
¢! B BRI ER FR i B S B R By, (EARZAMRIR, Kk LE a5
27 AR, BATHUL LS MR THhor 2@y, i, Rk
ZEE, BZTREIER, METHRARAREE, MAERMAR . &
flAE SR AR TR SR T = . a0, LE2Ea9H] =2 LS e THhor
ZRERA TR, FATH AW AT IR B e TRt BRI R i, sl BEmiE—5%
PR TR ZZ ST W R AR S5 5

MiZut, Taf@t Mg w2 B . Bk, gt sakh AT
fafdiit, RERREme. ERREBENFREEBEIIRITENREZSX. |
HEZdiad, 7ERME BV, @ Efert. EEEnHenss, R
DHE 5 2SS, i, ¥ rEhtoBEmmiae e, meer
KA FERIRR T WA SRR . AR R R, A R i e v
B, X—3 A1 FEITE LS M52 Ty Z R fafdd:.

y=z0+e, E(e) =0, Cov(e) = 0?3, (4.5.1)
XHE Y >0 B8 IME—FERE 6, BRI LS fh5i+8

dB=d(X'X)"X'y.
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BATHIE, 24 Cov(e) = o1 B, ‘B & BLU fhit. MERE W T ZH Cov(e) = 0°Y #
o1, BATAH ¢ K TiREM T BHEMX AL B AR, B ¢F 7352 BLU
i3t
df=cp, (4.5.2)

XH g i BV R/ RE RS (LS 4.4.4). TR & EE T XA
.

I ZHAnx(n—r) BBERn—r WHEFE, #E X'Z=0, XHE r =rk(X). F%
—fetE, PRI o2 = 1.

EIE 4.5.1 X FRERA (4.5.1) FIE—FIfEEE ¢6,(4.5.2) ALY HAY
THNRAMZ — oL

(1) X'SZ =0, (4.5.3)
(2) Y= XA1X/ + ZAQZ/, (454)
(3) £ = XDy X' + ZDoZ' + 1, (4.5.5)

H Ay, A, Dy Fil Dy AAREXTFREE, HEE X > 0.

WEBR (1) MKEHE 4.4.3, BATRZEER, 7ER (4.5.1) F, MERE b= Ztt A
EEmE, BF Cov(ds,by) =0. |1 B WHAEHER, TFERE o, fifF c= X'a,
[38

Cov(dB,by) =0
— dX(X'X)"X'2Zt=0,  Xt—Ylofit
— X(X'X)"X'SZ =0
= PxYZ =0+= X'YZ =0,
K Py = X(X'X)~ X/, i (1) fHE.

(2) BX X M Z PR EMIESRS, H R" = M(X) + M(Z), BHE—HRE
Ay, FETERERE T),To, i A = XTy+ ZTo. 11 S > 0 %1, FETE Quun, B8 X = QQ,
B QFEHQ=XU+ 20Uz, TS

Y= XMX'+ZAZ' + XA3Z' + ZAL X, (4.5.6)
Horif Ay = DU} Ay = Us U A3 = U US. K
X'SZ =X'XAsZ7Z' =0
= X(X'X)"X'XAN32'2(Z'2)"'Z' =0,
— XA3Z'=0 (R X(X'X)"X'X = X)
=Y =XMX'+ZAZ  (FIH (4.5.6)),
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ELERT T (1) A1 (2) 4
B)VHZWEXMI —Px =Pz =2(Z'2)'Z', TR 1 TFEH

I'=Px+(I-Px)=X(X'X)"X'+2(2'2)"'Z".
e RPN (4.5.4) gz, 15
N=XMA - (X'X))X' +Z(N—(2'2) N2 + 1
& XDX'+ ZDoZ +1.

XM (2) = (3). Sk, FIF I = X(X'X)~X'+2(Z'Z)~" 2", SLAIAT M (3) = (2).
EPEIERE.
) 4.5.1 REHEIMHFMEA (error uniform correlation models)
y=XB+e,  E(e)=0,

REME e T EERFWTERX

L p p

p 1 p
Cov(e) = 0 _ ,

pop 1

B AT A 507 2 o2, HArE W2 [ME MR MRS XM EM T HRE
H
Cov(e) = o?[p1,1), + (1 — p)L,].

R X WE—F4h 1, BB &3 50, NEsbpreE X Z e 1,2 =0.

TR G
X'Cov(e)Z = 0.

X FX AL, A —ATfE R % ¢ 6 1 LS 5314524 BLU f#iit.

EH 4.5.2 X PLRUAA (4.5.1) MAE—FHEE 6, (4.5.2) BOLY BAY
THN A Z — L.

(1) X = X B, X344 B,

(2) M(X) i1 X # 7 = rk(X) DMRHEREIKA,

(3) PxX NXHREE, HA Px = X(X'X)" X"

JEER (1) AR¥E (4.5.3),¢B K B By BLU ffii} < X'SZ =0 < M(SX) C
M(X) <= ©X = XB WIHENHE B.
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(2) BATEH (1) <= (2). JEIEH (1) = (2).
BN X R THER N BRHET R, X ¢ fRIESCH i

E=&+&,  HiGgeMX), &eM(2). (4.5.7)
RABIELBSEHE S, & B ¢ 7E M(X) EMIESCHE. B D¢ =X, 15
E& — A = (36 — AL). (4.5.8)
A (1) BoL, 26 € M(X), TR EXZAE#R
Y& — A € M(X). (4.5.9)

FA—HT, ()X'SZ=0= M(2Z)C M(Z) < XZ = ZA, S AR A. 1)
LEEITIE, ATRIER: S& — M\ € M(Z). 454 (4.5.8) fl (4.5.9) T4, & — &
=X& — Ao =0, Bl & = M. THE & HEARE, Nk ¥ AFEmE. Brik,
ETE M(X) EWMIEAHRGE & 838 R 0 80818 ¥ RHE &, WELEH—. &
E1,0 5 6n B S B n MAREIESSALRRAE B 00, e HEATE M(X) LRIESS
i, B

(M5 1) = Px (&1, 6n). (4.5.10)

A EIESF S e, mn FEIAE O RS X WRHE R, EEE] (&,-.6) FIE

W, A
M1,y 1n) = M(Px) = M(X). (4.5.11)

W, - e RA r AERMETESE, BEMTRE T M(X). XFHEY T (1) = (2).

Kadk, W MX) | 2 e DERERE &, 6 TR NIFFTERRE O,
X = (&, .6)C =QC K Q = (&,,&). TR EX = 3QC = QAC,
A = diag(Ai, -, A). T X'EZ = C"AQ'Z = 0, BIBLH]4F (1). TR (2) FHE.

(3) H1 (4.5.6), PxX XFF <= XA X'+ XA3Z' M <= XA3Z2' =0+ ¥ =
XA X'+ ZAoZ', BLBI (4.5.4). EFRIERE.

Bl 4.5.2 B REEHLALA

% S8 L oy R HEA LAY

Yij =p+o;+ey, t=1,---,a,7=1,---,b,
B WERB, o WAL, ey WHELRZE. FFA o Al ey WA
. Var(a;) = 02, Var(e;;) = o2, ¥EE B R R
y=Xp+Ua+e,
XEn=aX=1, U=1,R1,.
Cov(y) = c2UU’ + 0?1,
= 021 ® 11}) + 02 L, = 5(0?).
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RIEHE Z WEX X'Z=1,Z =0, frlh X'SZ = 0. fKEH 4.5.1, @BV p 1y
LS it i = & Y v = 9. /& p 9 BLU fhit.
2¥)

R 4.5.2, WA IRASNEWIX — . b, BIOTHFIEN X =1,01,
& ¥ WRHERE. BAR

YX = bol(1, ®1p) + 02 (1, ® 1)
= (bog +02)(1a ® 1) = (boy, +02) X,

B B GIE-
&g XTEEREEYUREL, o8 LS Mt =7, 2 p 89 BLU ffiit.

§4.6  PI A it

R AR WL o 1 y I HR T 2R Cov(y) = 0°%, BR T o ZAMERIESE
By, XIS/ ZaRIEAT R AT G R B GLS AT 2 s EL T A 1.
HAE—BERRME S, BT o, L BEEETRANSE, Lk 0. flm, ELEER
G RUAE X S RO R Z0 BEE R, TERTHF T, XX RS
MR T E, B—2, SREXESHLCMB, NS/ Rk:FA5RE1H
ZHH GLS fhiit, HAAXBAETHRaE TARMSE 0. F 20, WEKRE 0 ikt
AT 0, RIFTEEA Ry GLS At 0 10 0, Brssli it sy miss it
(two-stage estimate) B, R] 7] L H /D _Fefliit (feasiable GLSE).

AT H W R B AE TR IR, B A B DA AR A R 1] B AR R AR
HIHELPE RS, BT BRI ER TR IR, — A ] 2 A5 A
T mE. Kackar fl Harville® X3 ANl UMl T B4 et AR, 8T Ttk
IR —Me I 254, 535h, AT ERHE T AR T T Z R — Rk

7 8 — MR AR

y=Xp0+e, E(e) =0, Cov(e)=X(0), (4.6.1)

XHEy hnx 1WA EE, X Anxp it BHFpx1 REOSEHE, ¢H
nx 1 BENRE, 6= (61, 0n) HERMSEENE. % 20) > 0 X—H] 6 BT
i

BO) = (X'S7H0)X)" XS (B)y.
XHE—TEEREL 8, 24 0 BRI, ¢B(0) BB GLS i, 2 BLU 4.
IR 0 JBRAY, & 0 HEH—MEH, W ¢B0) MR <8 5. RNGIE
], 7E—E&MT, ¢B0) B 6 MMt
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HA15E5 ] — g

W W A—2H], EXME—y e W, Gt S(y) W2 S(—y) = S(y), WHR S(y)
Xty e W RERE. EXyeW, S(—y) =—S(y), WAL S(y) Xty € W K77 K%L
Xt PR (4.6.1), X —Y] y Al o, GiitiE S(y) W2

Sy —Xp)=S(y), (4.6.2)

IR S(y) RAEHARER.
BI3E 4.6.1 B u N—BEVLITEL, HAM 0 FIRAURNMARN, 08 w2 —u, X
g(u) B u WAFEE M g(u) BAMTET SRR RR
B R u L —u, TR g(u) £ —g(u), (R g(u) HAREL, B g(—u)=—g(u),
KR
g(u) £ g(—u) = —g(u),
KHEM T g(u) B4M A5 6T SRR, BIBHES:
KT AR AR L. T — 2T
Bl 4.6.1 (1) WHER S > 0, ZIRESMT N, (0, 025) H2Ke T A X FRHY
(2) BIERMESMIN (1 — )N, (0, I) + N, (0, 021), BRI B REN
1 1 2'x

_z'x
2

f(w):(l—ﬁ)We ”JFEWe 2

(3) HEIEER n IZTT t 504, ERBERECY
I(%te) 1 ,\ "
(@) ()2 (1) 7
BE p KA M o0 =18, ERELIT Cauchy 4.

T 4.6.1 M PEHERIA (4.6.1), [FiZ e WA ET R ARG, & 0=
O(y) & 60 —A i, By EESHEETRAEE. & 8 FE—TT1EE
¥, % E(CBO) e, WFAAET CB0) & ¢8 MMttt

EER BRIl BUETE o 15 c = X'o. TJ&

-~

dBO) — B = X (X'ETHO)X)"X'TT (O)y - X5
— dX(X'EYO)X) XS O)(y — XB)
= J(X'SHOX) X' (B)e.

M O B R AR5
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LT
dBO) — B = (X' HB(e)X) X'Sb(e))e.

-~

it ule) = ¢BO) — B TR O =0y) = 0c) B e MR, N ERXAGHH
u(—e) = —ule), Bl u(e) K e MZFEEL. FIAZIFEM, ule) BT IR AR
BRi, WO

E(u(e)) = E(c'B(B) — ') = 0.
EFEEEE.

[FF] § 4.4 § Panel #%], FEWFIASELATE. M TEEMY 6, 1€ §44 B
2 T UM EAS T, 3% LS At 5,Within {53t 8., Beteen fiit G5 LA 4 77
Z54 o2 FI o2 BAIRTHY BLU f511 8% (02). BIERN15IHEM 2 11T

7E Panel BIEIHEH, SREE X'PX M X/QX #URAHA. X T —MRIhi
[, XS AR . IHEAL (4.4.14) TR R Gy = Pi(y — X0p) 7
LIRS 02 B—ATolRfhit

s2 =) Py /n, (4.6.3)

XH
n=rk(P;) —rk(PLX)=N—Fk—1. (4.6.4)

FA M(PLX) C M(Py), Fl s 57 3G8 P TR, XIH P @R PRSI,
R e | FH—AT 3G, FIL (4.6.3) 1y Py Wi s BCl P, 1%

52 = Ty Pity /n. (4.6.5)

K, MR (4.4.15) FRE I G = Q(y — X Bw) AT o2 l—A T
ittt
s3 = (y — XBw)'Qly — X Bw)/m, (4.6.6)

Horp
m = 1k(Q) — tk(QX) = N(T — 1) — k. (4.6.7)

ASHETE BA 40 T 4 52
B3 4.6.2 (1) X'P X, X'QX,s? s3 #AH M.
(2) nsi/ot ~ xa,ms3/a2 ~ X,

B 38 02 = (02, 02), PEHRL (4.4.14) AT (4.4.15) BESEIEFIF wy AT g JHST
HEFT LA BLU 43t 8% (o) &K Bw M1 Bp 09 LI AL M S TB R

3(0?) = Wi(0?)Bp + Wa(0?)Bw, (4.6.8)
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X AU

B W\ 'Xx'PX
W1(0'2)2<—2+ ) 21 y

2
01 Oc 01

i

—1 ’
o= (£ 10) " X0y

-2
01 Oc

B=X'PX, W=X0QX.

2
O¢

TENH L, MR of Fl o2 BRE, XA LA RS20 B AT £l s A
55 BAE, XETAET 8 W—FEAhT
-1 ’ ’
= (2 W) (X0 x0)

51 52 51 52

EH s? = (s7,53). B
B(s*) = Wi(s*)B + Wa(s®)Bw,
i LS fhiar&A
B=B+W) HX'PX+X'QX).

FIE 4.6.2  [((s?) & B TG
i EN

-1 / /
B o= (giag) (Famr g,

2 2
51 52 51 52

FIFSIE 4.6.2 B9 (1) 715 E(3(s?) — B) = E(E(B(s?) — B)|s3, 53) = 0, IEEE.

AN BSE WGy 2. 1E TR e S, BEBE k(X) =po
WAl 0 BHTRENE ¢ = Ny MHuLm, XE N =1 X(X'X)"'X". s
fiIF, 0 2(0) = %, ]

5* — (X/E_lX)_lX/E_ly,

B = (X'T7HOX) T X'TTH(0)y,

BN 6 8 GLS fiit (e ¥ B416h) ML AGit. TEEMPFRE LA
B WY IR ZH 4 (mean square error matrix, {5t MSEM) MSEM(3) f]—25 8
EIPERR. BRI S M XEEER S S A IER T FEA S . A T AN A
HITE R, BATHX ZICIES A E L2 TUEHA.

FH 4.6.3 B e~ No(0,025), Nl

MSEM(3) = Cov(5*) + E(bb'), (4.6.9)
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b=(3— 5"
iEB  XHRZERE e FEO R

e=(y—XB)+(XB — XB) = uy +uy,

XH
w =y — X3 2 (I~ M)e,
usy = Me,
M=XX'S'x)" X'yt
5y
(5% I—-M
= e
U M
Cov Uy _ (I-MX(I-M) (I-MIM A A
Uz MY(I - M) MYM’
o An A
Az A
158 —F A

u
Y|~ Na0,020).
Us

FEER Ay =0, TERNTA
E(uﬂuz) = A21A1_11U1 =0. (4610)

A—ITH

MSEM(3) = Cov(8*)+ E(Y)+E(B—8%)(8" - B)
+E(B* - B)(B - B
B, HEIEH
E(3 - )3 - p) =0. (4.6.11)
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S}

Cov(f) = Cov(Ny) = Cov(N(I — M)y) = Cov(Nuy),
R G- 8 = X(X'SHOX) 1 X'S 1 (B)uy, 5 — = X(X'X) "' X'uy PhJ (4.6.10)
1%
E(B - B°)(8" - B

~

[(X'S70)X) ' X'S 7 (O)uruh X (X' X) 7]

(XS O)X) XS (0)ur B (uh|uy)] X (X' X) ™!

I
S |

BORAEA T (4.6.11), & FEIEEE.
L 4.6.1 B e~ N,(0, 0?5(0)), S(0) & ¢ WBER, H E(B) f71E, W 3
1B R mAG, B
Cov(B) = Cov(8*) + E(bY). (4.6.12)

g @%ﬁ%ﬁiA%?ﬁﬁyﬁth%Kﬁw,Eﬁ%@4ﬁ”§5
W T R, HAZIBE RN, TEE.

(4.6.9) Fl (4.6.12) HME T Q = BOY) FxR T At D0) 8 S(0) Bral
R R K. —A AR UR BB M R Q MR (HE
TE— AT, XR—MERMER . Toyooka Ml Kariyall®d HF5ET 6 Kz
S ORI

§4.7 OhITEHGE

TG ZEE T ER T, BESK/NFELMmMAT (minimum variance unbiased
estimate, fAliC A MVU fhit) X —EEM S, GIF2RAHFEZ NG S5V
HEMEZEZR, bz —2riEN MVU fiiteyHE e 8. ¢(0) ’—D Tl
I T(x) /& MVU ffiit, 4 B R E—T MG h(z) , F Cov(T(z), h(z) =0
XM—Y] 6 € 0 i, XH 0 ASH =N, HirwkiysitEiie rZ26R (&
BE SCHR [26]). XLV, — DA ERA R/ ZEYS B ERFN TR T
ARG, I, BEEEFW—DTMAMTT ho(x), BIR T(x) ZAHKH, A
Cov(T(z), ho(x)) # 0, W T'(x) FiAE EWHER MVU fhit. —DEZ WS,
IR ho(x) 5 T(x) BIFHIEME, ME—DE T(x) BB E/NTZRHH T RAG T
Wg? JeFiX—&, QUi R % ONERAR K . Raol® 53k Jr 22 Btk
¥ (covariance adjustment approach), ‘B F|f ho(x) 5 T(x) A, BIEATH
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FEAFETE, MEHEMBAIE ho(x) 5 T(x) WEHEASR, EWLH T() RAE

INITEBFR TSR Bl T RER, FE2RHERL BT T2 Fhgk it

B AR, IR, DA AR M AL (A5 P OT 22k O TR T

TR, ZBRSCHE [3)[17][18]. A7 1y H Hy=2XT 2B A8 T 1 Hh O 2 Bledt ik,
BANHE I Z2BGHIL T 9 R a0 2 2.

EE 471 KO Kpx1RKRHASE, T0 M T 25k px 1R ¢x1 5,
H E(Ty) =0, E(T) = 0. id

T Shos
cov| | = R IS5} (4.7.1)
T Y1 Yoo

B X > 0,512 # 0. MAELRHAGHI A ={T = AATi+ ATy, Ay Fl Ay KAEREHLIE,
E(T) =0 &, 0 BLU {3

0* =T, — X1255, Ts, (4.7.2)

COV(Q*) = 211 — 2122521221 S 211 = COV(Tl). (473)

IEBR ORPE EAY SRR R R, BN

SiE 0* AT 0 iy BLU ffitt. HESRBAR, EHIEE.

PITF#R (4.7.2) B XAl 0 A thir Z0Ahit, (4.7.3) R I 20t fh
Wor T BRI EE, WED T EEZERN 125, S EREAT T
Ty AT RIS R R. R S =0, WA M T ZHERE, X
BTy 5 T AR, B T WAt T (ME R, ABGRITE, 3¢
BRAA AR T A AR EE

FE1OEY >0, W Doy ATRERT T, XBHE (4.7.2) F1 (4.7.3) Hf B3
R Soo WAE—T % Xy, & FATIRMLAL.

Bl 4.7.1  LeiERENFHA

B — R A A BLR

y=XpB+e, E(e) =0, Cov(e) =0?%,
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Ry R nx 1 WMEE, X 8nxp WEITHEE, k(X)=pe R nx1 LR
#, ©> 0. RFFEH, B 1 BLU MR LS 418 6 = (X'S71X)71X/S 1y,
il B = (X'X)"'X"y.

MPAEER 471 %, BTy =BT = Z'y, B Z K nx (n—p) 5, WE
X'Z=0, Htk(Z)=n—p, N

coo| B (X' X)IX'SX(X'X)"L (X'X)"IX'SZ
oV = .
Z'RX(X'X)"! 7’57

B X'SZ £ 0, WAERE 471, WA FEBGEET 5= 8- (X'X)L
X'SZ(2'%2) ' Z'y. MR T 45

(X'S' X)X = (X'X) X - (X'X) XS Z(Z2's2) 7 7,

A 6 =0 XEEU, 58 BLU it 6 R Hor Zuckfit, ©RM LS fit
Lot — R Wy 7 E R R Y.

Bl 4.7.2  HLHEL R Lk E A

AN AR A

y=XB+e, E(e) =0, Cov(e) = 0?1,
HB =d,

XE H K omxp HilE, 1k(H)=m, H HB = d ZAMER, HABRERMG 4.7.1. B
B = (X071 X)TIX'S Ty, M B = (X'X) X"y BTy = 5,1y = H — d. fEARS:
X, HR =d L, FBE(Tx)=0.

T (X'x)! (X'X)"H'
Cov = o2 .
T HX'X)"! HX'X)'H
XX R T F T N e 4.7.1, 15281 ZuaiEE it

B =6~ (X'X)" H'(H(X'X)""H')" (H5 - d),

BEIER B BZ3R LS At (I §4.2).
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Bl 4.7.3  AFREALIEAH B AN AR B B 2t ] A A
% R 2 A T ALY

y=XB+e, E(e) =0, Cov(e) = 0?1,
8 &] PN
u=HB+ce¢, E() =0, Cov(e) =W, (4.7.4)

B W >0 ROMBME. & Ml e AR FEHLIIE S — T2, BiRAF
SBHAREZEE B M— M 5. f=F+e Ee) =0. BER AT4) F H=1
Bl EEHE ATLH, BT = 5,1 = u— HB, NIRRT ZEckf B EE
K 3°(02) = B~ (X'X) " H' (& + H(X'X) " H') "M (HB —u), X BBE o E51. F
FISEMEZ FIRSREAR (A+BCB) ' = A" — A" 'B(B'A"'B+C~Y)B'A™!, FifE
EH

/

X'y
0-2

ot = (BX

XL W R AT, EI, RATE TR TRy ZetEfhit.

ML =AFF AT LAE H, X F LA EEBAN LS ffit i &g H = A F#
B (ENTRE=FARFDRIER BEINER) AT LG =Fhbh Jr Z oAb, el
AR A AR

TESERRM A, S EARA, HEATREBEME X — it

S11 Si2
S = .
So1 S22

TE (4.7.2) W, 35 Sio Fl Sog B Sio AT oo, 157

+HW“UTyJ(

+HW*@.

0="T — S19S55 Ty,

RN B I B, — AN BN 0 LR mEE ? 7EX—JE e
BT SRR, X WA T AT TEE, RS 3 T 20 SOk
[29], p.101.

§4.8 ZITAMAA

BT 25 17 B i i AR i — AR | fln, W7 i iy 23— T
PERETEAR Y1 SIEAPREE R, AR X, X ZIAIWRR, SET — 1A
BY XZAALE X, Xpo WARMERAL (HE, SR LE, AMEEHs
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BREGZAEARMNE. G, SRR X & 2680 Y, -, Y, B
B, XA ¢ MEAR, XRAKMSIHTHEZNEERSZSHHE RGN
BARIMRIESE. 0 T UiiE 8, BATHELLARTIHE B — AR AR B BRI FR o —
TCERVERLAL, THE& 2D E AR W RAERIRIAR A Z e R, BRI i K e [H 28
B2 /DX BRI T R T IEAR G, HENTEEEFX M E 2B 5.

AL Z TR ERB S EAT T M E e, BTEN G oA e
5] &AL S — e AR [n] B A 7.

—f, BREWR ¢ MR Y, Y, Fp -1 DEHZER X, -, X ZE
KR, HY; 5 X, X1 BRERR:

Y; = Boj + Bj X1+ + Bp—1;Xp-1 + &5, J=1-q (4.8.1)
N TAETFRE Bij, X Y, Y, F Xy, -+, Xpoq /B n ORI, 1520508E
Yils  Yigs Tit, e Tip_1, i=1---,n.

BiTwE

Yij = Poj + Brjrir + -+ Bp_1jTip—1 + €y, i=1---n, j=1,---,q (482)
Eaedbiin el AR

Yir Y12 - Yigq
Y21 Y22 - Y2q
Ynxq: . . . :(yhy%"qu)v

Ynl Yn2 - Yng
1z -0 @1p_1
1 =z -+ @ap_1

X"Xp = 3
1 Tpl - Tpp—1

Bo1 Bo2 - PBog

B11 Bz - PBig

Bpxq: . . . :(ﬂlaﬂ%"‘,ﬁq)a

ﬁp—ll ﬁp—12 e ﬁp—lq
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€11 €12 €1q
€21 €22 €2¢q

Ean: ) :(El,EQ,"',€q)
Enl €n2 ' Eng

X LR AR « WARRATA R T ARROUN, AT S IAAR%, BN
B, HAMITERR S > 0.8 HRMBHEE, BT AEER. Y
B SR HL M, 0 R AT TR R o (SiR), 4IRS T — A
Bk [ k(X) = p. TR (48.2) B

Y =XB+c¢, (483)
eWIFTI R EAMR, BENEF, WITEEA 2.
BATFR (4.8.3) AL TCLRAEBAL.

BAETTE (4.8.3) HRASE B S Wb HEA Iy v 2 1 i 4 B )
IEFE, 8 (4.8.3) $4b h—JC R, RISV FARTH MR, S B M S #fl
it

R Vec(ABC) = (C' @ A)Vec(B), &

Vee(Y) = (I ® X)Vec(B) + Vec(e). (4.8.4)
[H %
Cov(yi, yj) = 0ijln, ij=1,---,q,

XH Y = (0ij)gxq: FFH Cov(Vec(e)) = X ® I,,, ZICERMERIA (4.8.3) L AW T —E
LRMERIR

Vec(Y) = (I ® X)Vec(B) + Vec(e),
Cov(Vec(e)) =X ® I, (4.8.5)

E(Vec(e)) = 0.

R —TC AR 25 A Kronecker FERREGHEIR, 6 = Vec(B) #y BLU fliHh
B* = Vec(B*)
—[(ToX)(CoL) ' Ie X)) IeX) (2o I, Vec(Y)
= E'eX'X)H(Z @ X')Vec(Y)
= (I ®(X'X)"'X")Vec(Y) (4.8.6)
= Vec((X'X)*X'Y),
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TJ& B 1y BLU ffith
B* = (X'X)"'X'Y. (4.8.7)
B =(X'X)"'"X"y;,, i=1,--,q,

A v a1 i

yi = X0 + &, i=1,---,q (4.8.8)
T LS At XAEREY: ¢ PEERNZ RN SEIR B 1
BLU 53R BAMN ¢ A~—JCERAERAL (4.8.8) 155, X — ORI (4.8.5) NFE
B 452 Z (3), WATPAER, Vec(B*) #y BLU 511 LS iR, Sz
Cov(Vec(e)) = X @ I,, To3k.

& GE],
Cov(Vec(B*)) =¥ @ (X'X) 7, (4.8.9)

Cov(ﬁjvﬁ;):(ﬂ'j (X/X)_l, Z.’j:l’...)q.
MIETHE S W, EX
Y* = XB* = X(X'X)"'X'Y £ PyY,
E=Y Y =(I-Py)Y.
N =55 E(x’Ay) = tr[ACov(y, z)] + [E(l‘)}/A[E(y)]’ %
Ely;(I — Px)yj]
=0y tr(I — Px) + B;X'(I — Px)XpB;

=0y tr(I — Px) = (n — q) 0i;.

E(E'8) =E[Y'(I-Px)Y]=(n—p)%.

55, #1183 2 M—4Tmb
1
n—p
IR — PR (4.8.3) H e BT REARMIERS M, WATLIEY] B* 5 ¥ #H
RS, $i9E b, FEESEEKT

¥ =

Y'(I — Px)Y. (4.8.10)

Vec(Y) ~ Ny ((I @ X)Vec(B), 2@ I,,). (4.8.11)
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(n—p)oj; = yi(l — Px)y;
= Vec(Y)'[Ei;(q x q) ® (I — Px)]Vec(Y),

XH Eij(gxq) F q WHEE, B (6, j) 6k 156, HRBAET. N (4.8.6) Ff1 LXK
1, (n —p)oj; M B* AAEIESHE Vec(Y) B IRBEIMZ R FHh
(IoX(X'X) ' XN (E@1)(Eij(gx q) ® (I — Px))
(2 Eij(gx 9] ® [X(X'X)"'X'(I - Px)] =0,

oy 5 B MHEMSL, HX— 4,5 =1,---,¢ #X, T&X* 5 B* M.
EEHEAR tk(Xnxp) = p BB 2 tk(Xnxp) < p, WEFE (4.8.6) H1, K
(X' X)~' AT (X'X) 7, M 5% = Vec(B*) EF i1
B*=(X'X)"X'Y (4.8.12)

WiE B #) GLS . Bt A AtE— p x ¢ i, WSHHEH: B fE—LKPER B
N o =tr(A'B). HHN

¢ = tr(A’'B) = Vec(A)'Vec(B),
AR (4.8.5) FIHERN, JeRECAT Al 24 HALY

Vec(4) € M(I ® X')
> TFTE Toxq, 1§15 Vec(A) = (I @ X")Vec(T)
— A=X'T. (4.8.13)

Th, MiE— A=X'T, AR E ¢ = tr(A'B) 1y BLU flith

©* = tr(A’'B"). (4.8.14)
T 5 TR, R (48.10) F Py = X(X/X) X' Bl Px = X(X'X) "X,
—REWHETH p BN r = 1k(X) B ERZESEKT, ¢ 5 2 B9

(LB v
FA] AR AL B 9k th W] 2 B — My 22 ST R A AL

(4.8.15)

Y = X, BX, +¢,
WATHIEEAMR, HENE, hTEMHR X,
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XBY U8 nx g FEHLIRMIBEE, X3 A1 Xo 238 nxp Ml kxq CHMRE, BN
n x q BRMSEE, KT c WRIEFEFAL (4.8.3). XRBE AR T H EY
AR, SR 2R (growth—curve model) 2 44.

FATZE WA - LA B 3 AR Y S B

Bl 4.8.1  HEYERAHER A RN FFIERE B A, FEPLER » B
/INABRBOREE. FERTZ o, -t X R/NE BRINZ e E. 758 « /AR
B p WORMER vit, - Yip, @ = 1,---,n. REARF H RAMMEZAAHEH,
A — KA B p GO EEA SR, B rEREA S(> 0). NIRRT, X
NRIAE 55 M B ] ¢ e RN k — 1 By 23

Y = f(t)=Bo+ Bit+ -+ Buatt 7, (4.8.16)

XL FTIH R A 2R, YR B RRAGTE Bo, 81, -, B, IREIZE A
KHHZR. UL ey 30 vy BT HIiRE, NIXTIRIEARE vi;, TATAHAE

Y11 Y12 o Yip 1 1 1 1
Y21 Y22 Y2p 1 t ty oty

=1 | BosBr Bre-1) _ _ . + (g45)-
Ynl Yn2 " Ynp 1 R TP Lt

ERA (4.8.15) BB, H « Wi

Bl 4.8.2  BRFEHYMBIR LGIARR. (B2, BRI m /l\é’éﬂfﬁi&ﬂﬂﬁ-
BB n UMA RIKE S E R M m A, FilA n H, n= ;m

LA —R, AERER] b, -, b, XHEE U BUAEHEREAT . 72503 1, XN
A — S e 2

Y = fi(t) = Bio+ Bat + -+ Buat"™,  i=1,---,m. (4.8.17)
0 yij 1 ATERTZ] ¢ X5 4 HIER 5 /DB BETIIIE, 512E T 51RE R

}/i:(yijl)niXp, ’L‘:l,...vfrn7
Y1

Ynxp = . )
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1,, 0 0
0 1, 0
X, = ,
0 0 1,
1 1 1
t1 to t
X, = P,
k—1 k-1 _
it oty th=1
B0 Pu Bik-1
Ba0 P21 Bak—1
Bpxq = . ) s
57710 ﬁml T ﬁmkfl
€1
€2
€= ) ) €i = (€5 nixps
Em

XE 1, R n A 1AM nox L E. RITHA
Y =X1BXs +e¢,
He g (4.8.15) KR
AR R T, (4.8.15) 2

Vec(Y) = (X} ® X1)Vec(B) + Vec(e),

E(Vec(e)) =0, (4.8.18)

Cov(Vec(e)) =E® 1.
M (4.8.18) AHEUEH], KAYEREL ¢ = tr(A'B) WEH FEBEAMFIE, TAAERIE T,
1%

A=XITXo. (4.8.19)
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# X BH, U B* = Vec(B*) #y GLS fi#H
B* = Vec((X]X1)” X YIS XX 271 X)) ™), (4.8.20)

S
B* = (X1 X1)” X{YS I X ( XXt X)), (4.8.21)
XA LA A IE B B 45 e R T
1E X BHIRMT, ME—WHE (4.8.19) #Y A, A[fFEEL ¢ = tr(A'B) #J BLU
Tt A
©* = tr(A'B*). (4.8.22)
HEHEE, Hk=q Xo=1I, B, B8 (4.8.15) ZNHA (4.8.3), M H (4.8.19)
(4.8.21) BEAS K (4.8.13) F1 (4.8.12). FIELAL (4.8.3) FE AR 2, 7E (4.8.21) 1, B*
REAH TAR. Y DORAE, (4.8.22) BUAFR ¢ = tr(A'B) iy BLU 51 7.
M §4.3 —HFE, TELM S AEHAGTE, BRIFTE (4.8.21) FHHEARTHUE &, BRIPIH
it

AHEIE W] .

T - rk(X4)
R WA o0 - ok(Xy) > g B, BERBERR 1 RIEE. B S AN
(4.8.21), 185

s Y'(I - X1 (X, X1)"X,)Y (4.8.23)

B=(X|X)" X|YS ' X5(X2871X4) ™, (4.8.24)
PN B WP GLS . IE—TMERE ¢ = tr(A'B), HPiAhit
% =tr(A'B). (4.8.25)
M e AT A AT T IR R RRES, B2 o WIRASTE, BI E(Q) = .

AT RATTUE 1, — R SH AT IR ik — R £ T
RAERIRL A T AR i R R B ST 3240 T . 56 T ISR TR NI, 1335 ]
2 3CHk [84] A1 [73].

AREEITR T RHERAL LS ATHi — AR, ST —Sift—L 78 Ay i,
LS AR RCR, FIAEVHE, MEHESE, RTABERLWEE, ANET U
W, HAE4H T REM X WX B GUi B SR BUIR A UE P B0k, s 2%

3 B o m

4.1 IR

y1 =01+ B2 + e,
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y2 = PB1 + B2 + ez,
ys = B1 + B2 + e3,

3
WEB > s Al <= c1 = c2 + cs.

=1
4.2 Xﬂ‘%‘lﬁﬁﬂy:Xﬂ+e7 €~ (07 021)7%‘&@ﬁ /81 _527 61_537 ) 61_510
P P
m‘,ﬁﬁ — X‘j'—‘tﬂ?%/@ Zci =0 E"J Ci, ", Cp, Zczﬁz ﬂ"ﬁi—f

i=1 i=1
43 XRMMH y = XB+e, e~ (0, 0°%), ¥ > 0. A" HAMEREE AS ) BLU 14
it, XE AR nxp (K. B By N AB ML GEW]

Cov(By) > Cov(AB).

XE M > My XK My — My > 0.
44 WMAHHEA gy = XB+e, e~ (0, 021), tk(Xnxp) = p, B = (X'X) ' X'y,52
= ly = XBII*/(n - p).
(1) 3k Var(c?).
QHA=T—-XX)/(n—p+2), #H5 E(y' Ay — o).
(3) WEBA, o' Ay fER o f—MMiiit, B o7 AEUMYETTIRE, B MSE (v’ Ay) < MSE(57).
4.5 HERI: BRERNARXREHRERSIA 61, -, 0 W p O, BRFRAE TR
B TR R ] A A

Y=0X1+-+06Xp+e

fetliid, X8

L A PRI R R 22,
Xi=9 0, w5 i IR B R,
-1, HE i FUEREER A,

Y FORPTIMARESE R, SREMBER AL, BUEHE, ARBAE, F2RiRE BRER
MR P HIEAER 22, T RSN — K EFTRAER AL, BHHT n ik, &
KPTINEIRETSRI R v, -, yn. TRAFEINEAL

Y1 T o Zip J61 el
Y2 To1 - Top B e
= +
Yn Tnl *° Tnp Bp €n

it X = (ziy), WAABKKFYE R, TREEITUNXMERGRER p YR ER
/817"'7610 B"J LS ,ﬁﬁi-l_ Blv"'7Bp'
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(1) §E# Var(3;) > 0% /n, i=1,---,p. FFHX i =1, -, p FE B/ MEM FEE SR
JTCE A £1, H X FERFIILIESL.

(2) WREBR AR, R TIRE (1) FEREEE (BIMGTHRIT72), BIEERR np K.

e —An M7 X AHTE R £1, HAEBFE TS, MK X 4 n B Hadamard [
e (1) Fm, 4 n>p i, B n B Hardamard BRI p ZIERCGTHE, WE Var(s;) K%
/.

4.6 XTRVEBA y=XB+e, e~ (0, 0°I)rk(Xnxp) = p, iEH

Var(ﬁi) > JQ/x;xi, 1<i<p,

X 2 FoR X W F. HESHOL < ziz; =0 XF—H] i # 5.

47 FHEFREHHA gy = XB+e, e~ (0,0°N),S>0. BB N XS XB=X'S"y
M. X—YIRMEEREL ¢, ¢ B HETMAH = rk(X'S™X) = rk(X).

4.8 IEMIGIHE 4.4.4.

4.9 1& Panel 4] (4.4.8) F, Wi 8 # BLU ffiith (4.4.9).

410 FMERMER gy = XB+e, e~ (0, 0%%), IEHE ¥ = XD1 X'+ X0ZD22'%0 + o
Hei, D1 >0, D2 >0, %o >0, MXTE—FMGEE 6, BRI BLU fhitR /6" (20). XH
B*(20) = (X'B S5 X) " X'S5 y. (R FIAHEH 4.5.1.)

411 XHAER A (4.8.15), UER

(1) KRB ¢ = tr(A'B) WG TREFAFENFAE Toxg 5 A= XiTXo.

(2) IERA (4.8.20) FI (4.8.21).

(3) ARZEMERAT BRI TR AR, WL RE o = tr(A'B), Pifhit
= tr(A'B) X o @FhiEt, XE B (4.8.24) & X

©p



FHE RxEEAETE

TE L —%, WATRGHITIR T — MR /D el e, 1MLl
b, AR X AR R R A S, XEmAERRGR. EET
BR. FIRFEF XA, AR B K e Bt oA e A et el & AT
WL Ly oA, [RIE, ATRTEAN R, AT T, RITHAZEREHEIR
ZRMNZITTIEE G, FENFFRET, RITRRED I TZEGERAEX 1. T
&, BATHETHe R LRy

y=XpB+e, e~ N,(0, o*I). (5.0.1)

BEA A, XT Cov(e) = o’%, ¥ E2UHIEE, A LEAErIE, B
¥ 7 ARIFERA, AT (5.0.1). AT HTA 2518 T LAZE 0 R X S E
Cov(e) = 0°%, ¥ 522 B A .

§5.1 ZMhfoknyrin

RAVEREN BRI LR LR R, KT R THEA (5.0.1) LK
RIERBLK. WHEVLE v IRIWSECH 0 € © WIERASARE, S ESH0R % M 5.
Hy: 0 € ©g Xt Hi: 0E0,, XH 09 H O l— T4, 30 L(0; y) WRUREE, 0%
0 iy ML i+, 0y SRR Ho: 0 € O BOLET 0 B2 ML fhit. T2

sup L(0; y) = L(6; y),

0co

sup L(0; y) = L(0g; y),

0€0g

ISR H e SR
sup L(0; y i
Ay) = 2€© ( ): L6 y)

sup L(0; y)  L(fy; v)
ASISH)

B, MNy) > 1, R L(0g; y) RFEBEELE, WEFIREA S v (ATREER —4
BERE, S47E A(y) HECKEE, W L(0m; y) AEXTEN, BPIRR B WG S REA 11
y BIFTREPER/N, HARM, T My) BRRHEZFRE, TRBUGRKNIELEIE N
{y: My) > o}, X c =AW TERARME,, 57T R8s
oM, EETRERDATERE My) BIEJARE G (y). Blin, A5 Gly) & My)
HY SR R B, MRS FHAION {y: Gy > o}, SXFEG BRI 1 AR 9 B Ho G
4 (likelihood ratio test).
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XFIESLMEA (5.0.1), FIBFFRAERBK
HB=0 (5.1.1)

MR IR, X B rk(Hixp) = m, M(H') C M(X"), Bl HB K m A AEToIH 7]
fheR . TELURR RS F BRI SEBR], SEhR i 2 B MBI AT A 25
AL (5.1.1) B R BeA % .

RIBH O = (B, o) WLIREECH

n 1
L0s ) = LB, 0% ) = () o exp (5ol - X617

K §4.1 M §4.290%, il

- (X'X)- X' o lly— X812
by xy, o= XA
b = - (XX) HHCOX) ) D, 6 = =Xl

B AEX SR ML AR08 ML i3, X BB, 16 6y FRT &

M H(X'X) H' Rl XEFERFERIMMRET tk(Hmnxp) = m, M(H') € M(X'),

WH(X'X)"H' 57T SGEERFEIRR, TRBEATRBR—A A8 .
XHUSREREL L(0; y) = L(B, o y) XFRLAIHRAA MR

. 2 -3 .
sup L(5?) = L% ) = (B5) =BT G
. 9 -3 .
sup me%szwmﬁﬁwz(lf) ly—XBul™  (5.13)
HB=0, o2 n
R
5 L ﬁa 2; ~ ~ n/
Ay = 7 GV ety (e xaal?)"”
sup L(B.0% y)  L(Bu,6%; y) ly— X812 )
HB=0, o2
ic

SSe = |ly — X%, R HAEZET I,
SSue = Ily — X Bu|®, FARBEAEL K HB = 0 FRIFRET I,

F= ”;LT (()\(y))Z/" - 1) = W (5.1.4)

B, F AT Ay) B Ay) B8R
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EIE 5.1.1 B HB K m DEIETCRMFAGRE, N

(1) SSe ~ o2x2_,., HH r = rk(X);

(2) SSme — SSe = (HBY(H(X'X)"H')"N(HB) ~ o’x3, 5 , HIEfhLsH
6= (HB) (H(X'X) H')""(HB)/o*

(3) SSme — SS. 5 SS. FHE M,
(4) ML HB =0 RER, F~ Fu oo
B (1) fERER 4.1.4 BiE.
(2) 38 Px = X(X'X)"X', A= X(X'X)"H'(H(X'X)"H')"'H, F|A Bu 5
XK (I —Px)A=0, H
SShe = |ly — XBul?

= [ly — X3+ AB|?

= |ly— XBI? +2(y — XB) AR+ B'A'AB

= |ly — XBI? +2y/(I - Px)AB+ ' A'Ap

=SS, + A’ AB.
HHh MH) Cc M(X'), Tl AA=H (HX'X) " H')'H. %%k
SSie = SSe + (HB)'(H(X'X) H') ' (Hp).

BEED (2) RIS, ET SSue — SSe WIS HB ~ N(HB,0*H(X'X)"H'),
rk(H(X'X)"H') =m VAKX EH 3.4.3 #EH.

(3) [z]jil SSe 5Fﬂ SSHe - SSe ﬂuﬁ%”%‘%ﬁ_\‘yg

SSe =y'(I — Px)y,
SSie — 8. =y X(X'X)"H'(H(X'X)”H') " H(X'X)"X'y = y/ By,

H (I - Px)B=0, fIfIEH 3.5.2 3.1§ SS. fl SSye — SS. fHH ML,

(4) & (1)~(3) & F o3Ati & X EHAMER. EEIEE.

FREHMRIE HB =0 AR RES TN B — 1P REH

(SSse —SSe)/m _ (HBY (H(X'X)"H')"'(Hp)/m
SSe/(n—r) SSe/(n—r) '

F= (5.1.5)

AR AR, MTA R BERAT a0 <a <1), & F > F ala),
WL HB = 0; % F < Fro (o), MR HE = 0,38 F,,, ,(0) 7
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HHEER m, n # F 20478 L0 o 2258 LURBEATFR (5.1.5) 8 F O F HitA,
PRX Y M S R F A

REBEWKT a0 <a<l), LHEH FEEIHEEE (power function)
Fry, n—r(a)
¢(ﬁ,02) = P(F > Fm, n—r(a)|Hﬁ 7"é 0) =1 _[ fm, n—r, 5(37)d37,

XE frnn—rs(@) BAREHBEN m, n—r | JEFOSECH 6 B9 F 4347 HIRER S E R
BB m Al n—r, XATERE KB TR OSE 0 = 0 2 (HB) (H(X'X) ™
H)"'Hf, HJ&E B iJaRs sk 5.

MELR ERTRIER: X458 1 KT o, ZE— @R d, F Rk —i
HBA B RTIEE, BB —E MR (uniformly most powerful test). & F-Aff
FRXA B R EFELR R FETFE o H#R, WIWERIERXE Wald 2t H
KX TR, AT 275 3R (27, p. 474 K 3CHR (38], p. 106.

T AR FFIR AR S AR5 [F] 8, X TR R IR ER R HB = d,
BHHAFRIEE. EBMEE tk(Hpxp) = m, M(H') C M(X'), H. HB = d
MRZE. F5Elk, WP K HB = d WAE—FFME, 120 =0~ 0o, ¥ 6=10+ 5 AR
AL, 15 2R

z=X0+e, e~ N, (0, o*I),

Hot 2 =y — Xfo. IR HB = d BHF HO = 0, RIS S AR 2
®.

it 5.1 XETHIASEFRK AR HO = d, ck(H) = m, M(H') © M(X"),
o

(1) SSpe — SS. = (HB — ) (H(X'X)"H')"N(HB - d) ~ 022, 5 , HerfrdEriny
K6 = (HB — ) (H(X'X) ')\ (HS - d) /0.

(2) % HB = d K2,

(HB —d)(H(X'X)"H')""(HB — d)/m

= ~ Fp, ner,
F SSe/(n—1) ’

(5.1.6)

XH 7 =rk(X).
JE, BATTRRT FRAHRAHENE. 3T F gt EREXFr Ss. il
SSwe, FhrHZ KM T BT AR

SSe = [ly — XBII*> = y'y — B'X"y, (5.1.7)

SSte = lly — XBul® = y'y — Bu X'y. (5.1.8)
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(5.1.7) RYIEHA AT B, TIE (5.1.8). A §4.2 41, B 7E{F HB =0 FHIZIR LS
% B R RRAL

X'X By + H'A = X"y,

Hpy =0,
Hor N BRI AL, A

SSue = ly — XBull?® = (v'y — By X'y) + By X' X B — By X'y
= Yy — By X'y) + B(X' X B — X'y) = (y'y — By X'y) + B H'A
=y'y — By X'y.

(5.1.8) T

(5.1.7) X B X'y HFRMSH 5 LS MG ENFBAR R X'y B
q, FRTHUETIR oy PRI SR X, X, AHERT
REMRERY TR 4T, PRV A (regression sum of squares, f&jid A RSS). XA
R F SRR T RUR, (T, (50— RS R I A A,
TARIT RSS(9) = F/X'y, Z TR % TURE SR TR, it
RSS(B1,- -+, Bp). TH& (5.1.7) LA E K

SS. = y'y — RSS(B), (5.1.9)

B 5% 277 M1 T P07 A 25 U PO AL ek, By, Xy BRI SRAA HB = 0
THENIF-I7M, 859 RSSy(8) B RSSu(Br, -+, Bp). MMH, (5.1.8) BN

SSre = y'y — RSSH(B). (5.1.10)

LEA (5.1.9) A1 (5.1.10), F SiitHt (5.1.5) BABR

(RSS(B) — RSSu(B))/m
SSe/(n —1) ’

TI& F it BEM TR T A% HS =0 ZJ5, B F B w2k
PLom, T m AERFHTH BB, FTERERE H6 =0 B fmsLr =2a 5
T, RTLRFRE I SShe M, BATEL W RAELERZMF HB =0
RN BJEARL, T AL — D T AR LR IERIRL, PRI h A fRBAL.
)R BIRLATA B2 R SRR S, FOR 22 07 M 45 T IR AL I 20 SRR 22 7
M. BRI 04 5.1.1.
$l 5.1.1 [ —HAER LK

F =

(5.1.11)
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BRIZHATNE L& Y MHERE X, X, AWML MEETE. 58—

HEECHE, AL E AR
g =8+ gWay 51(,1,)1%,;)71 + ei, t=1,---,n1.

Xt e — R, WF LR E8E

y® =80 + 8P e+ + 51(72,)1%,;)71 +e, i=ni+1l,n1+n,
HAFFAIRE e ML, HIRN N0, 0?). BIERMBIR, % 6X PR i
B EAE R Y HHAE X, -, X0 ZEPRBRRERNE e —F. WlEE
WA T R EZME, BR800 =47, i=0,1,p-1

XAMBEAET 2N S S, i, XEAEEE T U R — AR ER A
FE A B B BEE, YV RNMAFRSFMEIET R, MEAHE X, X,
JEREM AT A G N TEFIAMER . AR A FRATFr BB R 50 30 275 52\ Al A 27 48
TRt B R MR oC RIEPI DT A B LR AR 7284k, g iri &t 454 iy 28
fb. B, FEAEYIE R P AREZ AR AR LK, TR TIRIES R A5
P, MO —EHERR. Ak, REKXBESERAAEILD LR ERBH#ET. X
B, BT e B P HE R L T LB YRR B AR SE g = ARG, R ATk B
HEZEN DN LR EEERAEREER. BUNFFETZHRZ.

AT FErRENRRS TR, WATE S LS SR T

y1 = Xlﬂl + €1, €1 ~ N(Ov 02]711)7
Y2 :X2ﬂ2+62, €2 NN(O, JQInz).

HA S HEE EAT BN, ¥ENGH, EERm T

n = = ! h + “ ) o ~ N(0702In1+n2)'
Y2 0 X B2 €2 €2
(5.1.12)

RITERBRE N

ul = (L, —1,) S (5.1.13)
B2 B2

Heh H = (I, —1,). #id b1, B FIEAE (5.1.12) BEIRY LS fhit, N

-1
e B XiXy 0 X1 0 Y1
Bo 0 X5 X5 0 X Y2
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| (xaxyT 0 Xiyn | [ (X1X) ™' X(n
0 (X5X5) ! X5y2 (X5Xo) "' XSy
B = (X1 X)) X, Bo = (X5 X2) " X4yo. (5.1.14)

AR (5.1.7), [BRFRE VI

TR

SSe = vhy1 + vhyz — B X y1 — By Xbys. (5.1.15)

HTRAREA (5.1.13) THIFRETF-TTH SShe, AT BT $2 2 #1829 3K
A RN BRI TR, 4 (5.1.13) LR, A = G, WWENRAIHEN 8, AR
NJERAL (5.1.12), 153 2 fRiALAL

Y1 Xl €1
- B+ ,
MIXAERDRIGH) 8 B TELRE LS AT, Wt Raaid g, FEL R (5.1.13)
THy LS it
B = (X1X1 + X5X0) " (X{y1 + Xbyo).
WOF R 2 SR 5% 25 - A
SSte = yiy1 + yhy2 — B (Xiy1 + Xbya). (5.1.16)
M (5.1.15) Fl (5.1.16) 155
SSHe — SSe = B, X{y1 + 85 Xbys — By (X|y1 + Xbysa)
= (31 - BH)/X{yl + (32 - 3H)/X§y2~
L, APREITHRES R
F— (SSHe - SSe)/p
~SSe/(ny 4 ng — 2p)
AT 54 BE B RIAR. TR, BATTLIOMHERE 81 = 6 FEHRE. X4 E
HIKT- o, F F > Fy nyng—op(e), MIFELFAR S, BIA K B HEEEE A IR F] — 4
LAEENFHAL B, HATICAH T TR E — A2 B T LA,
Bl 5.1.2 WA IES SR EHSHRE
BE g,y up, Ao, v, SRR EESEE N(p1, o) f1 N(ua, o) 1y
fRIHENLAE A, RS HRRRE 1 = pe AT,
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ﬁg )I% Ul,"',unl iﬁ] ’Ulv"'7’UTL2 %ﬁﬁ%'&*ﬁﬂ%ﬁ=
uz:,u/l"_eiv eiNN(Ov 02)7 i:]-v"'vnl,

vZ:M2+en1+j, en1+j NN(O, 0'2)7 j:17"‘7n2
MR A
(75} 1 0 el
u unl ]. 0 ,Ufl enl
= = +
v U1 0 1 /"Lz en1+1
Uns 0 1 €ni+ns
T

u 1'r7, 0 H1
. ( ) | X . ( | ) | /6 i ( ) |
0 1,
v (n1+n2)x1 2 Ha

R rk(X) =2, Brld 6 w4, H LS At

G| M sy = | .
foo v

1 1 &
EarD DL I

X

th LR ERA, @ Fl 0 S50 0 Fl e B9 MVU fit
B HB = — fro =10, S8 =y'y—BXy=3,(u—u?+3 v, —0)? LA
B (H(X'X)THH) ™ = (G +55) 7" HUK (5.1.5) BEIFDRIG RS
(@ = 0)(5; + 55) " (@ - 0)
(i(ui — @) +325(vy = 0)?)/(ma + m2 = 2)

2

F =

_ nlnz(nl + no — 2) (’U — ’17)
ni + no ZZ(’LLZ _a)2 +Zj(’l)j —1_1)2.

Moy =g B, F o~ Fy oo, FMH, t=FY2 ~ty 10, 0.
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85.2  FLEMERAN A I EL A5 X TR]

XA BRI, WREHERE HB =0 1 F REEEER, XUt MNREE
WERMNARREZBRK HB =0. Wi, HOTHAREHE m AHFERE 6,0 =
L,m MEREFE, XE H = (hy, - hy). AW EF A LAE A
HIITIE.

5.2.1 E{SH#HEk

7% [BE AN AR

y=XB+e, e~ N, (0, o*I), (5.2.1)

X rk(X) =r. RX &= HB = (MG, h;,0)" A m DMERETCR LK%, Fr
Phtk(H) = m, M(H') € M(X"). it B = (X'X)" X'y, Wl & = HB & & i BLU f#
i, H
d ~ N, (®, 02V),
XHEV=HX'X)"H >0. RIEHEL 343, F
(®— )V LD —d) ~ o2x2,.

7, HREE ALK, X o® B LS i 62 = |y — XBI2/(n— 1),

(n —r)6? 9
T n—rs

HE & HEM. T2

(®—®)V 1D - D)

mao2

~ Fo. nr. (5.2.2)

BOHMEEN O<a< 1, &

b (@ _ q))/vj:(i —®) <F, n_r(a)> —1—a (5.2.3)

mao

Hh HB & m DEAETC RN A RS, MV = H(X'X)"H' > 0. #
D= {cp, (- )V 1D — ) < m&2Fy,. ,H(a)} (5.2.4)

JE—AHODTE © BIEER, 0 (5.2.3) KA TEE RN & = HB WHERHN 1 - o
R (5.2.4) EXH D K ¢ WEFBREN 1 — o WEFBWER. #—2, K o = Hp,
d=Hj, R’V =HXX)H A\ (5.2.4), BEWHRTE K

(HB — HB) (H(X'X)"H')"Y(HB — HB) < m&>Fm, n_r(c). (5.2.5)
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Feal, M om=18f, B0d h=h, EXTR
(WB—NpB)?<h(X'X) h6?F, n_r(a). (5.2.6)

EEE F A4S ¢ MiZERRR: [, = 65, L tar(3) NEBER
n—r Wt A LW 5 2R N (5.2.6) SEAFEATAEREL 18 HEERECY 1 -«
Y A X 1]

(18— tue (2o VIR . WA+t (D)o /FOTX) F). (5.2

EHE, LR Var(WB) = o1 (X'X)"h, & o /W (X'X)"h & 1B Hykifk
Eifh. B 6,5 = 6/H (XX) " h, ERKEER

(h/B - tn,r<%)6h,3, W3+ tor (%)%3) . (5.2.8)

HETHCH 1B+t (5)6),5

B 5.2.1  SRENSHHY E A ER K (B B B X1

P IESRIERAL (5.2.1), B tk(X) = p, BRIERB BRI SRR 16
(5.2.5) HE H = I, BARWERAKM M(H') € M(X'), # (5.2.5), REIBE B i
EREH 1 — o QRSN

(B=B)X'X(B—B) <p6°Fp, npl).
R (5.2.7), WEREL f(2) = '8 WWEFREN 1 - o KA
(+'5- tn_p(%)&\/x’(X’X)—lx, x/ﬁ—I—tn_p(%)&\/x’(X’X)—lx) . (5.2.9)

MIUTHIRGE, R fi(x) A fa(z) 235058 (5.2.9) XAy KA _E T R4
wikk, W24 x 78 RP WHBIET, R A (o, fu(z) 1 (o, fa(z)) 4350 H il
T 1 Lo, BT 0 I LIV y = 26 FAEH .

TR A, HEXEER ©, /8 EIEXHE (5.2.9) NBEER 1—a. {H
MFEA o fH, o6 FREIESHXM A XIE (5.2.9) NEBEREARTER 1 -, i
ST 1—o B, P f(x) =2'6 FAEMTE 1 F L PEIGBERENT 1—o. F)
RERFRX — MR, WAL X (5.2.9) hrik, BIHERRTE L A 1 523 LA T,
T e ) ]

5.2.2 [ENEEXE

TER — AR T, A B ZEXE 24~ Al Al o8 ROVE R B X a5 3 ( SORRIRGL X
1 4), T T A 28 P o ] s B A5 IXC T B 7 3%
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1. Scheffe [X[i]
51 521 BaMbHHnx1HfE, AgnxnEETE N

b 2
sup (a8) =d A .

b0 b AD

g|# 5 )\ Cauchy-Schwarz NEE, (a/b)? < a’A~1a- b/ Ab HEH.
TE (5.2.3) L © — @ MV AFIHFIFL 521 FHg o BT A K

l-a= P((ci> — )V — B) < M&2Fp, n,r(a))

& 2
= P(sumvso G < 6 e (0)
_ p(% < (M6 By (@))%, 34— b £0).

- P(|b'<i> CWD| < (P, ()26 H(X'X)™H'b)Y2, X—4] b # 0).
(5.2.10)
FLL=Hb, MO® =106, 0Vd =13, (5.2.10) XBF K

l—a= P<|Z’B —UB| < (MFp, nr () 26X’ X))~ D)Y2, X—Y] 1 € M(H’))
- P(l’ﬁ € UG+ (MFp, nr() 261 (X' X)~1)/2, 3 —H] L € M(H')).

UGS B LT e B
T 5.2.1  XFESKRWERA (5.2.1), & tk(H) = m, M(H') ¢ M(X'), T
X —YIFEeREL U6, | € M(H'), HEFERECH 1 — o WFEEEF XY

U3+ (mFy, nr(a)26((X' X))V (5.2.11)

S (5.2.11) W& Scheffe F 1953 4FRHEY, Bk (5.2.11) BHEKHK
Scheffe X[A]. ##5, % m = r = vk(X), MBNEFBTA T AERE U6 BRI RHEE
X Ja]

VB4 (rFy ()26 (1" (X'X)71)Y2 (5.2.12)

RIS,  Scheffe X[ A — A~ T4~ AT A e& B0 7] s X [ £
i, MRIEFTZAFERE S, | € M(H') BFEEFIX AT SRETFRMA L,
NATVEAE FOXT A BRAS AT Al s U4 R, X R A Scheffe [X[H], 5 H SR
Scheffe J¥EHI A, EEM THrA M EMHRAL (5.2.1), 3Bt FETCAEIR S, 1
FTE R
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2. Bonferroni [X|H]

Rom AFEREC RO, i =1, -, m BRI X A T 55— PR 577942 Bon-
ferroni J5 .

AR (5.2.8) MEA Wi EEFRECH 1 - o WEFXHE

~ a ~ | .
Ii:<h;5—tn,r<§)ah,ﬁ, h;5+tn,r(§)ah23), i=1,-,m.  (5.2.13)

BRI L, 1% WS BRI 1 — o B KB € Ly i = 1, -, m FBHRILH
R (B (5 R0 HARTR 1— o, —BH 1 —a B
HT L, B Bii =1, m ok m ABEILAHE, P(B) =1-a,i=1,--,m. Jll

P(ﬁEi) - 1—P(ﬁ E) - 1—P<0E’i) > 1—§:P(Ei) = 1—§:ai. (5.2.14)
=1 =1 i=1 i=1 =1

XANAREXFRA Bonferroni AEZ.
EWE; = {hB e L}, M oy = a, TR (5.2.14) 18

P(h,p e I, i=1,---,m)>1—ma.

24 m BRI, EAERE T F AT RN, A T SO — SR IE, —FhIMERTE (5.2.13)
Af# o 2 < B

A N ~ a N .
I = (héﬁ—tn_r(%)ahgﬁ, h;ﬁ—l—tn_r(%)oh;ﬁ), i=1,---,m, (5.2.15)

TR X E] I 5% b3 AR RIEE R T 1— 2, 4K Bonferroni A% (5.2.14), H

PRBel,i=1,---,m)>1—a.

B HFR (5.2.15) 2 Bonferroni X [A] 5, Bonferroni ¢ [X.[H]. BRI EfE R HHFT 1-a.
Mom KRR, - () WHECKR, TREDNXE [ HEK, X & Bonferroni X
[ — 6. 24 m RKEF,  Bonferroni X[H & &AGRZNV HME, X0 7] 1
I o SRegEHE X E], {HIET XA 1 FT 58 B R R

2 Bonferroni {1 Scheffe v AR, BWHEHTH T 1Z R,
E—fuiR, FENTHEE. R m E/PF,  Bonferroni X [HJZEHFLE. XFHFI7
TR R LR R Z ) A F.

§5.3 T

PRl B, BURX 8 n H AR (R, TIOIR R A [N A8 B By T RE B {EL. AR
—ERANAE, ELMERAEF, AZREERR-ARBR SR S22
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Proctr, TR A 405 T A 2 B0 E R B R I, ZER A TR IE AR
HRBIR R 2R AR, 20 —SBOGEBR IR, AR AR IERMoR%,
A 2250 BT REXT R B R 28 A BB MO S B A5 AT AT, T L, B ke 77
TEHR B — MRA B BRI, AAGTH—F#, B < B X e 5 2 47,
FATFETTe KB

53.1 =W
L1 7 S AR A LA T 2 A A
y=XpB+e, E(e) =0, Cov(e) = 0%, (5.3.1)

EXH y R LA, k(X)) =r, S ABHIEERKE. RERMBEBW m 4
oz = (Toit, - Toip), i =1, ,m XN HTEA R yo;, i =1,---m WE, HE
B yoi F1 57 50 BARAR R — PR pERIRL, B

/ .
yoi:$0iﬁ+€0i, 7’:17"‘7m'

KABMEEX, N

Yo = XoB +e0, FE(eg) =0, Cov(eg) = %%, (5.3.2)
XH
Yo1 Zoi1  ---  Zolp €01
Yo = : , Xo= : : , €=
Yom ZToml --- ZTOomp Eom

AFRATERE M(Xg) C M(X'). WEETRAIFIREEE 7T LU H X — R I L E
,&.
L. BT B 5 I s B AN AR AR B
HANEH BEBME vo 5P EEEE vy AHRK R EAHE, KXo Cov(e,e0) = 0.
HH E(eo) = 0, Frid—FiR HARARIOERZ, H E(yo) = Xof BIfEHHAER vo TR
m, RPH
ye = XoB" = Xo(X'S7'X)"X'S ™y (5.3.3)

B yo, XE 5* = (X'27'X)"X'S7 1y BN (5.3.1) Ry 4 iy GLS fig. HHEK

i T M(X5) € M(X7), BrlA XoB REAIEHFEH (5.3.3) MBT & Sl iy ik
ToR.
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T (5.3.3) A LA FHER:

(1) B yo SETCMBI. X H Tl -5 SR -5 B e B A A R
HME, B E(ys — vo) = 0, XAFE TRITAESRAGTHTR F e o mtt, B kgt
B A R RN A B

(2) # Covl(e,eo) = 0, U yg FE—VILAM Tl B A BA B/ MBI 77 1R % GE
BT 30).

XEREREREANE, BANERX L, yo WHINE v = Xo6* 5S8R
B po = Xof TEMRAL (5.3.1) THIE/N Mt pg = Xof* se2ME, HEN%E
PR SCHIAR. ABNGIEBRE 2 = y5 — yo, MMETHME d = 416 — po, FIHH
BT 2R, S LIEEX —A. A Cov(e,g0) = 0, BrlA

Cov(z) = Cov(yg) + Cov(yo) = 0 (S0 + Xo(X'E71X) ™ X)).

H—H
Cov(d) = Cov(ug) = o? Xo(X'S71X) ™ X|.
H, BH Cov(z) > Cov(d). XHERYZEFRIE T BB E yo AHFEHLAE R, TWHfh
T po HAERENLAE &
B, M X =18, B S RN 1 ACER, LS % 8 = (X'X)~ X'y Uk
6*, (5.3.3) A5 K
o = Xof = Xo(X'X)™ X'y,

AR T w .

2. BB RS Py SR BAEAR AR — RABT

R HAIMEE T yo 5y Ak, EHAERKELT, v 5y #ERA 2N
FASRME, EFARRAERT LA Cov(e,e0) = oV’ # 0 REEHL. X

Cov Y =o? » . (5.3.4)
Yo VYo

T F ATV A R X iR S A E B A A BT

W go = Cy 7 yo W—DERETRBEN, FHETET XBE J7iRE (generalized
prediction MSE, fajiic 2y PMSE)

PMSE(j0) = E(jo — y0)' A(Jo — o)
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RER go NS, XHE A>0. MWHEHE 3.2.11%
PMSE(%0) = E(95A%0 — ¥6 A% — 7oAy + yoAyo)
— BX'CTACX S + o*tr(CTACE) — 28/ X, ACX 3
—022tr(ACV") + B X[ AX B + o2tr(AX))
— B(CX — Xo) A(CX — Xo)B + 02tr(A(CEC! + To — 2CV)). (5.3.5)
HA 9o = Cy H yo BM—DTomIM, &K
E(Cy —yo) = CX B — XoB =0, ¥ —4] 8 ML <= CX = X,.
A (5.3.5), 12
PMSE(o) = o%tr(A(CEC + B — 20V")). (5.3.6)
B g0 = Cy KN yo WAET XTI T iREE LT RMEETIMITM (best linear
unbised predictor, f&ic & BLUP) , M FAELM CX = Xo T3K (5.3.6) fIg/)
H.
BUAEN A Lagrange 113K MR B AT 44 1 5 Bl ok 5
F(C,A) = otr(ACEC’ — 2ACV") — 2tr(CXA),

XH Apsrm APLIRFET. BIFERER S HIRG
AMtr(ACEC")

e = 2ACT,
otr(ACV)
bl G AV}

oC v,
otr(XAC)
=NX'.
oC

TR, X F(CA) %F O A KA, H4HNE, 85

NC'A=V'A+ XA/o?, (5.3.7)
CX = X,. (5.3.8)

H (5.3.7), 153
C=VS 4+ A WX'S o (5.3.9)

RN (5.3.8) HEFHE
NX'S7IX = A(Xo - VETIX) o2

B2 M(XG) € M(X"), Bl XoB i flieeidk, MOTREAHZA, HARA

N =0?A(X, - VETIX)(X'S7IX) .
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RN (5.3.9), 153
C=Xo(X'2'X)" X'S vy (I - X(X'271Xx)"X's7h).
TR, B3R yo #5 BLUP 4
Jo = Cy = Xof* + VI y— Xp), (5.3.10)

Het g = (X'S7'X) " X'S7y, BREATEN T DU E 2.

I 5.3.1 XA (5.3.1) A1 (5.3.2), & Cov(e,e0) = 02V, H XoB3 1EALAL
(5.3.1) FHIAL, W yo 7E)” XM iR ZEFE LT, BLUP K (5.3.10). £#4l, 4
V =0 K, BLUP % (5.3.3).

H#% (5.3.3) #1 (5.3.10), BATEE (5.3.10) 453 M55 32 th o B 1 5 5 50
BB B AHCET R B TN Ay et . FESERR R, FRAE VA X R, —F
W HAVRERRZVENEMfE T XEGRINRIEARERE BLUP, £#ETE
AN RELRER, (HERTET, AMEERA%L% BLUP.

WAL, m=1F— A EENFREE. FRNEIM yo = 200 +e, L

Y by g12
Cov = g2 ,
Yo o1y 022

Jo = 2" + 01,57y — X5

M yo #y BLUP g

5.3.2 [X ja] %l

iR KT 0, 4R — A DX T, {3 A TN 2 Y T A I 7 725X A X[ Y
WBER I BTS2 W E. 7ERLH b, et R AR fee g X (R) T000 58 o AT B i, 491
W, ELTESF, BAVEERAEB T —D AR i 8 B = E— BRI
B, e LAERORF, Bt EAE ™ i B O RE RS R R V8 1 — M 4k
Y IX.[6] P S 5

TEVFE KRB ey, AR/ EBREIRERNIESH 0, Bl e ~ N, (0, 0°%),
€0 ~ Nin(0, 0°%0). AFFSREIT, WBERV =0WEE, XV >0@EE, L
A 5 2 A A 1 77 9 5

TERZIESZMT, HlwE

2=y — Yo~ Num(0, 0*(Z0 + Xo(X'271X) ™ XY)). (5.3.11)

FRTH —F¢, Rk M(Xg) € M(X).
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1. Bonferroni % [] isF 77 X ]
WERE 3.3.5 41, =z WyorE

2=y —yoi ~ N(O, (o) + 2 (X'S7X)7w)),  i=1,-m,

K Sy =(00))i,j =1, ,m. al(i=1,--,m) K Xo B m MimEt. #EH, R
M, SHE S 6, voi E’JETW%%@@ 1 — o HTM X[

P(@if* = ta—r($)5(0) + 2l (X'S71X) w12 < gy

< @B +tnn($)6(0) +2H(X'BTIX)"3) V) =1 - q,

XH 6% = |y — XB**/(n—r), r =1k(X). N Bonferroni %, ANEFE] yoi(i =
m) W EEREONMET 1 — o [F BB XA
8"ty (5 )o (ol +2(XSTX) )1/2, i=1,m  (5.3.12)
2. Scheffe 74 [a] BT X 1]
FIH Scheffe %, TATHATLARE] yoi(i = 1,---,m) WIRIEH X E. &id
M =3+ Xo(X'S71X)~ X, A

2~ Ny (0, o?M),

FTh 2’ M~z ~ 0?2, B 62 fEMS, %
Mtz

mo2

HH (5.3.13) 5 (5.2.2) HREMHFINER, TN Scheffe 7 (W (5.2.10) 4b),
EEE

A (5.3.13)

P{—(mFpn, nr(@))/?6VIMI<U2 < (mFr, (@) 26VE ML, 3—Y)1 £ 0} =1—a.
BRI 1 = (1,0,---,0), 1, = (0,0, -+, 1), 5]
PA=(mFm, nr(0))26(01) + 2 (X'STX) ") V2 <
< (MFp, pr(a)V26(0!" + 2/(X'S1X)"2)V2, i=1,--,m}>1—a.
TJ& yoi(i = 1,---,m) Wy Scheffe Zl[a] isf X [&] T
2B+ (mFp np(a) 260 + 2/(X'S7'X) " 2) /%=1, ,m.  (5.3.14)

Zidr (5.3.12) A1 (5.3.14) |ATH LT 2
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EHE 5.3.2 XA (5.3.1) F1 (5.3.2), fRiX Cov(e, o) =0, Xo3 TEHLAL (5.3.1)
TR, H e fleo BIRMNZIEIES G, N
(1) yoi(i = 1,---,m) WIEMEREAMKT 1 — o iy Bonferroni Z [F] B 7 X 8] Ky

B+ tn,r(Qi)f;(ag?) F(XSTIX) )2 i=1,,m
m
(2) yoi(i =1, ,m) BEREAMTF 1 — a [ Scheffe 2w B HTM X 7] Y
2B+ (mFp nr(@) 260\ + 2/(X'S7 X)) 2)V?, i=1,---,m.

Bonferroni 2 [&] B B [A] F{ 7L AT Scheffe 7Y [&] Bsf X [a] T fa) 2 400 2 DA e 2
5.3.2 AHER H, HIEIRSRT £, (55), B Fun—r(55) A1 mFp (o) K.

Bl 5.3.1 —JCRPERIA

FZR—TCERMRAEL Y = 5o+ 51X +e. WH n AWEHIE (yi,v),i=1,---,n.

yi = Bo + Bz + €4, e; ~ N(0,0%) (t=1,---,n),

Y1,y AHEIRSL. 30

Yn 1 z,
nj
ey n Zz x; 7 Ny — Zz Yi
S Y, a? 2.0 @i
B ¥ LS fhitHh
B o Yy — Bli‘
5= ( ) = (X'X)" X'y = ( 3 (@i—3)(y:i—7) ) ’
B >, (@—a)?
i)

6% = (y'y— B'X'y)/(n—2).

RIEER woi(i = 1,---,m) SeHBR Y WAHMNE yoi(i = 1,---,m) VR
?D]U, {Eifé in(i = 17 e 7m) ﬁﬁjﬁj, H&H\

Yoi = Bo + Brxo; + €4, g; ~ N(0, 0°), i=1,---,m
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Y = Bo + Brzos, i=1,---,m.
RKEH 5.3.2, yo;(i = 1,-- -, m) B Bonferroni I [a] B M X [H] Ay

(zoi —2)* /2 .
)2) , 1=1,---,m.

(Bo + leOi)itn—2<i)&<1 + % + m

2m
T Scheffe 74 [&] B {0 X, [] A7

2

(&+&mMﬁwhmﬂ®W%@+%+ @m_m)ﬂua i=1,---,m.

S iy (o — T
BEREHBAET 1o, Hbhz=13" o

§0.4 LB

VR X fESMRUR SRR R, LR SR 45
B X WREGENER. ENERHET, RIMEE X BAEH,
b, AT, R0 T M 1 TR (B R ),
VErFIE X AES N TR BL RS R, SRR R . TR Kiefer
T 1959 AFE SRR, FURRE T HERE. AWM A PR M
SRS, WX —FUBUR AR T BB S0k [62], [100], [39], [49], [89] A1 [75)].

5.4.1 mILIIHEN
X T 45 78 Wy BRI 2R
Y =2'8+e, (5.4.1)

EEFI 1'/ = (xla"'axp), 5/ = (517"'7ﬂp)' &Eﬁi X E@mfﬁjﬁ (iﬁ%jgﬁ) yg Dv
MFER n AR 2y, o), TEX 0 s LRETIEE (B0d%) 52 n PUMEE
y' = (yr, yn), WH (5.4.1), FAVEATAGE]— LA

y=XpB+e, (5.4.2)

HA it X = (zq), -, 2w) - FrgH RS R D ki » ME
Ty, T, R X = (2, -, 2@)) BB FEEIFERIER.
BE n ZEER, REH BT it 0 Lrkmi

d = Hp, (5.4.3)
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Het H R om < p (EMFFHEERE. B X = {Xugp: MX) D MH)}, Bl X K
— Y & TR nox p BEEARAES, FRZh © WAfTFRIES. Frilx © i
— M RRB R RN X ik — X {15 © LS fiit & = H3 BAREMIGR
He. TEAGILFRE RO RAEEN.

1. A SARuEN

R X € X, @ §y LS flitth & = H(X'X)"X'y, B (X'X)” BERE
XK. WREH 3.1.3 515

Cov(®) = o2H(X'X)"H' £ 0?Vp(X), (5.4.4)
Ht Vo (X) = HX'X)"H'. MTHER mxm EEKEW, & § X HTiREN
GMSE(®)=E(® — &)W (® — &) =o?te(WH(X'X)"H') 2 0%tr(WVa(X)). (5.4.5)
FIAERIE X4 € X WHE
tr(WVa(Xa)) = min tr(WVa(X)), (5.4.6)
MR XA(TEW BXT) N A& —BBW =1, (5.4.6) K

tr(Va(Xa)) = )rpeir;(;&(vw()), (5.4.7)
H X (Ve (X)) R Vo(X) WE « MEEE. BR, A BRBEIHEE o i
PR ER B/ NTRTE, 8 A RRHEN R A R Z s/ MEN. #—2, &
rk(X) = p, H = I, M (5.4.7) ATHRH

(5.4.8)

2. B e
ARENOHARM Vel = 1) WA R BRI ' By LS £t
1o @I EN
Var(I'®) = o2’V (X)L (5.4.9)
KEH 2.4.1 15

max IV (X)1 = M (Vs (X)),

Ho M\ (Vo (X)) TR Vo (X) WEBCRFFIEE. HFE Xp € X HiE
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WBK Xp 4 B JRft. B, B RO & Abhir b B ER B
felyiit, BB BAMERLRR Uy 2 e B R (R MEME. s, %
wk(X) = p, H = I, JU| (5.4.10) AT

Mo (X5 Xp) = min A, (X'X), (5.4.11)

Hor A\ (X'X) TR X'X Y/ MFAE(E.
3. D sALHEN
HFAE Xp € X, 1%

Va(Xp)| = min Ve (X)) (5.4.12)

AL, WIBK Xp A D &ff. BA & {7 XI7#H o®|Ve(X)|, BT D BNt
PR B H/NEN. 2 rk(X) =p, H = I, M (5.4.12) AT H

X Xp| = max |X'X|. (5.4.13)

D EARHENIEFR A B BRI B/ NEE. 5 B, 4K §5.2 1, % e ~ N(0, 021),
o? B, M
(& — @)V (X)(® - @) < 0?xp(a)

N WEFKTA 1 - o WEFWER. TTLHESHEREERT c(o®x ()™
VIVa(X)[, Hert ¢ LG m HREFHE. TR, E—EWEFRKTT, ©WERF
MBS (Vo (X)| BUE K. HRFNIA BAEEF K F AR T, EE Bk
PRBBUNRYE, XA — DT BT T D Sy 2.

VA LA G309 =Pl UHE DR A W T HE, BRILZ A, B H ey — e,
TEHA——A 4.

5.4.2 BZREBLHFIT

TERLGRAE T, BAVH W OSSR EHEGE, TRE™ET T 2RE
Bt & X, 84

X = (Xl XQ)’ 5/ = (ﬂi ﬁé)’ (5414)

HA Xy Anxm B, Xo Anx(p—m)HlE 6 FmiinE, B Ap-—m
et RER—BtE, B2 6 BHEAINZ RS, WATBME L&

By = Fi. (5.4.15)
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XAYTFAE (5.4.3) XFW H 4 Ho = (I : 0), $EH ZRERH BT MBIA R LZ
— B R — AR R Ho BORFIRTE, BT ARG HE IRAIH 45 2.
A py FAGEE, KERE 2.2.5 f1 3.1.3, A1 89 LS vt K Ir 2R 5

B = (X{(I = Px,)X1) "X (I = Px,)y, (5.4.16)

Cov(By) = o2(X|(I — Px,)X1) ! 2 62V, (X), (5.4.17)
H Vs, (X) = (X{(I — Px,)X1) "' iR4% A BMRHENA D BRENRE L, Al
B TFEEEH.
EE 5.4.1 1 (54.14) WRET, & X H O = 5 WATTRITES. &
BAE Xa = (Xa, | Xa,) € X, HWER: (1) X, Xa, = 0, (ii) tr(X), Xa,)" =
min tr(X{X0) ™, 0 X4 HHOriRs R A Bt

WA 4 X = (X1 Xp) € X B, HKHfER 2.5.1 g BB, &

trV, (X) = to(X[(I = Px,)X1) " > tr(X{X0) ™!

> tr(X;hXAl)fl =trV3s, (Xa).
TR, SRR,
trVs, (Xa4) = )I{Ilé% trVs, (X).

KA RHIE X, EERIE.

EM 5.4.2 1 (5.4.14) WRET, ik X K & = 4 WATTEOHES. HF
T Xp = (Xp, : Xp,) e X, Hif@: (i) Xp, Xp, =0, (ii) [Xp, Xp,| = glea§|xgxl\,
W Xp K D ghikit.

B ME— X = (X! Xp) € &, fKHER 2.5.1 f1 2.5.2 U RGERE R, A

Vo, (X)| = [(X1(I = Px) X1) 1| > [(X1X0) 7

1 1
= > = |(Xp, Xp,) | = Vs (X))
‘(X{X1)| = |Xb1XD1‘ |( Dy Dl) | | 51( D)‘

M, HATH
|V51 (XD)‘ = )I(IIGHAIf ‘Vﬁﬁ (X)‘
R D Fefiin e X, & BAFIE.
K TIEMI T H R EHE, RAIFEM T 53,
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513 5.4.1 B Apxn = (aiy) > 0. 3 AR AT 53 HIFRIRIRIF B

All A12 All A12
A= , ATl= ,
A21 A22 A21 A22

nj

(1) |A] < |An||Aga| < TTiZy @i

(2) |4 2 gy H8B1, T2 =1

() An(A) <aj; < M(A), j=1,-

(1) #1 (2) AHEMNEEE 2.2.4 mﬁmfe 2.5.1 ffE,  (3) MR 2.4.1, BAEEE
K3

EH 5.4.3 1 (5.4.14) E’J@/TET WX N P =5 WAATROTERS. HHFE
Xt = (X7 1Xg) € X H Xy 2 (X0 Xy, -0 X)), WA () X7/X5 =0, (i)
Xi/ Xy =0 #4, i,5="1,--,m), (iif) X(*i)/X(z) (i=1,---,m) £z €D LikF|
RAME, W X+ [ A B, B &IA D &l

JEER (1) 32 X1 = (X, X2y, Xmy), HKTIFE 5.4.1(2) K@@ pRE, A

trvﬁl (X) = tr(Xi(I - 1DX2)AX1)_1 Z tI‘(X{Xl)_l

m 1 m . .
ZZX X ZX* X =tr Xlle) —trVﬁl(X )7
i=1 7 (9 i=1 7 (%) T (%)
Ap
trVp, (X*) = §(n€1r/{) trV, (X).
X A A FAl.
(2) #KBIFE 5.4.1(1) REFMBRE, &
1
X)) = (X{(I-Px,)X) > (X| X)) = —c—
‘Vﬁl( )| |( 1( Xz) 1) |—|( 1 1) ‘ |(X{X1)|
1 1 1
> > oy Forar T = Ve (X)),
H;LXEZ‘)X@) I 1X(z)/X(z) ‘X1/X1| '
Bp
|V51(X*)‘ = ?é%‘vﬁl(X)‘7
i X* R D FAl.

(3) #KBIH 5.4.1(3) R EHMERIE, H

A (Vs (X)) = M(X{(I = Px,) X1) 7' > M (X1 X0) 7!
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1 1 1

> - > - " "
)\m(X{Xl) - izrln_l_r_lm(X(/i)X(i)) erlm m(X(i)/X(z‘))

1 P
=——— = (X]' X} = X
e = XD T = M (X))

B
Al(Vﬁl (X*)) = glelr}( A1 (Vﬁl (X))7

W B mIHEX, (3) 3k EHIERE
iR 541 H X Xpy=ci(i=1,---,m) HHE, HER X" = (X7 X3) e X
ﬁ&;(ﬂXﬁQ:Q@DXMX@zO@#ﬂiJ=L~quM%ﬁ5A3%%
WAL,
Bl 5.4.1(Fp 7 Zo A BiAl)  ATH BT & — N B B 7 2 A i Al
(g 1.3.1)
y=1.60+ X5 +ya+e,

Ho X RAER 0 5 1 ZURMMEE, + REEFER n x 1 [k, FEEETHE
ERE o BARR .
MR 5.4.3, AL A TE LR A&

1'v=0, X'v=0 (5.4.18)

T, TE v WErA TREBUEH, K

max 'y (5.4.19)
BRRME. W2 (5.4.18) Ml (5.4.19) #y v Xt o SR, FINA A &, £ B
D EAR.

3 & &
5.1 AR AR EIHELR AT, SBERAL TR A K
y1i = a1 + Bz + e1i, e ~ N(O, 02)7 t=1,---,m,

y2j = a2 + Powzj + ezj, ez~ N(0, o),  j=1,---,m,
HAPAH e, eo; MEIMS. HHLE T I =B
(1) Hi: B1 = B2, Wik BIHELFAT;
(2) Ha: o1 = a2, WiFkEIHELSHEE;

(3) Hs: XHFA zo, an + Bixo = a2 + Powo, MELABIHERMEZT M (zo, yo), HF yo =
o1 + Bixo.
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52 WMAMMA y=XB+e, e~ (0, 021), HB HUGRE, H RHIFHEE Bu 1AW
pit
X'XB+H'X= X"y,
Hj =0.
PEBA:  SSme — SSe = 02X (Cov(N) A
5.3 Xt m PERMEAAL
yi = Xifi + ei, ei ~ Ni, (0, 0°1), i=1,---,m,
XE X O n x p PR, IEBIZREMRIX Ho: 8= - = Bm MIBMRRSGTHE N
(n = mp) (32, whOGX )y = (80, 00 (32, XX~ (52, X))
—1)( X2 v — X XX )
KEF n = Z Tvi, % HO %Eaﬂ‘ P~ F(m—l)p n—mp-
5.4 WHZEFMMHLE B — MR P 01, 02, 03 1 04, WMIEDFIN Y1, Yo, Vs
M Ya. WRNHRZE R VIESA, HEN 0, FEN o, BEMLE N FATNNE, 61 =03
02 = 04, FHFTEX MR RIS .

55 MRMHA y= X106+ Xofo+e, e~ No(0, 1), JEB: KB B2 = 0 FIRIAR S
N

F =

’

n—p FXy—4Xly _n—py(XX"-XiX)y
q y’y—ﬁ’X’y q y'(I - XXty
EEP X2 ﬂ Xl ﬁ’%ﬂﬂy n X Qﬂ n X (p_q) %%7 X = (Xl X2)7 I‘k(X) =D, /8/ = (/Bivﬁé)v B
HX'XB =Xy g, A XiXoiy =Xy W HY =0 HEM, F~F np.

5.6 WA PR

F =

I

yi = Xifi + ei, €i ~ Ny, (0, o°1), i=1,2,

er Fl ex MHEMMSL. X X: F B AT

. (673
Xi=(Xu:Xwu), Bi= ,
0

XE X1, Xoi 438 ns X p1, ng X p2 HRE, s Ml 6 51K prx Ll po x 1 W&, p1+p2 =p.
IERRIR MR Ho: 61 = 62 HIMMRILG &N

ot - R
D2 F
XE
=2 UiXa Xy = 3y X Xy — (2, 9iQiX2:) (0, X5:QiX2:) (32, X5:Qiwi),
=D viyi — 2 i Xa Xy, Qi =1 — XX,
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57 yi=00+biwite, i=1,---,n, e ~ N(0, 0?) HAHEI., X—UIRMEHE
aofo + a1P1(acar # 0), RIEHEEREHN 1 — o HIFEIRHEFX]E.
5.8 WHHARIEH L

y1i =B + Bz — T1) + eni, ens ~N(0, 0°),  i=1,--,m,

yoj = B2+ B(w2j — Ta) + €35, €25~ N(0, 6%),  j=1,---,na,
XH 7, = Zifbu/m, To = Zj xoj /na, BX A EIE R TAT B B A

y:61+ﬁ(m_f1)a

y = B2+ Bz — T2).
TE e1i, e2; MHEMILAISLET,
(1) K 61, B2, By BLU ffiit;
(2) SRILHZ& B ELTATT v &7 ERYEERS d /9 BLU fhit. Bl y, = 61+ 8(zo—21),
Yp = P2+ B(zo — 22), d =y, —Yp;
(3) 3R d MEFRECH 1 — o FEFXHE.



FRE  KiEO)FRE

TESRV, SHEME, RANTREHITE T — B e, A
B ORI = BRSO B T — SRR AL, In7ESS — RS 2
LRPE AR, J7 Z TR B 2 A, A B Se e 2k [l A AL

§6.1 fe/h_Fefliit

NE—BRINELFE, &6 p— 11 HERIERLME R IFHRR N — BRI
A
Y=0+MX1+ -+ 8-1Xp-1+e
MR EAE Y MIHARE X, -, Xpo #1777 n WL, B2 n AEHE (v, zi,
"7xip71)a71_1» 1, bﬂ]?ﬁj/@

yi = Bo + fizi1 + -+ Bp_1Tip—1 + €5, i=1,---,n.
i
1 1 T11 oo T1p-1
Y2 1 T21 oo T2p-1
y= , X = ’
Yn 1 21 ... ZTpp—1

HBRB tk(X) =p, ei(i =1,---,n) HAME, WEENF, HEXLITE 2 MG
B 2 [m] YT AL A
y=XB+e, E()=0, Cov(e)=o"I (6.1.1)
B Bo AFBT, Br = (Br,-.. Bp—1) HEHREL.
LRPE AR (6.1.1) VRN RFORAYERIEREAY, ROF H BT X W2 k(X)) =
Brih B oA mlAG R, H LS fhitoh

B=(X'X)"1X"y. (6.1.2)
3 BA TR
T 6.1.1 (1) Ltk EB) =4

(2) 7 ZB/ME (Gauss-Markov SEHH): XER p x 1 filk, /6K B HME—
BLU 'fﬁi+, ii% B/ = (BO?Bla o aBP—l)'
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(3) 6% = |ly — XBI1*/(n — p) A o BITMfETT.

FiE— R e ~ N, (0, o21), NEH

(4) B~ Np(B,02(X'X)7Y), HE5H B ~ N (B, 02cii), X ¢ Fom (X' X) 7! {948
(i+1) P foe, i=0,1,---,p—1.

(5) ¢ & /B HtE— MVU fi#t.

(6) (n—p)o2 ~ ox3_,, B B HIHMSL.
XBZER G §4.1 1975 5 8 FEHEL.

TEENEAT R, B0 T BEAERAE BT R B Br, BrLA ¥ T Bl B A0 W M4y
FH#ER. 0

X=@1:X), 6=(0,
HA 1 327R W 0 A 1ARE n gE50 1 E, MR (6.1.1) FE R
y=PpBol+XpBr+e, E()=0, Cov(e)=oI. (6.1.3)

TESERRY A, AR X EAE 0. R O R EREABEY
TE n YR R RUE R O s 4L, 3

Ty = %z:wg J=1-p-1
B HER X; 7E n Wik P RENEARTE. Wy TRER
yi =70+ Bi(zin —Z1) 4+ Bpa(@i, po1 —Tp1) +ei, i=1---,n, (6.14)
X
Yo =00+ 1T+ + Bp_1Zp-1=Bo+ T Br, T =(T1, -, Tp_1). (6.1.5)

FMEMILSRE (6.1.4), BIY

y=v1+Xpr+e,  E()=0,  Cov(e)=c>I, (6.1.6)
He Xo = (I - 111X, By oAbt s, & BAHER
X/1=0. (6.1.7)

AFTRETE, HATFR (6.1.4) Ml (6.1.6) 9o 2edth [T A LAY,
A (6.1.7) BERAE, XT A OALH LR T (6.1.6), IENITF R4

n 0 Y | ny
0 XéXc ﬁ[ Xéy 7
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nyo = nga
Xéj(cﬁf = X(/-ya

Sk g = L3 e BHSEAS 0 A 41 B9 LS fEEY

Hp

Yo=7,  Br=(X.X)" Xy, (6.1.8)

Cov 70 =2
Br

XA G, RO R IR A, H RO o A DR A XA L R B A
THEERAG, TEERE G BT AT AN B AL y = X 5; + e HEBH K
LS 2AKB) (6.1.8) 1350, I HX WMl SRR

TR FIBUZZEAENT, i (6.1.8) 45 HAY [T R %8y LS flit+5 (6.1.2) AH—2K.
Fgb, X = (11 X) fRA (6.1.2), R A PAEMRE AR (B 2.24),

—1
s " X vy | [ 2+ TEX) T (XX 1y
X1 XX X'y (XX T'E (XX X'y

XE 2 i (6.1.5) frE . LREJF p— 1 A5 EEY (6.1.8) B fr.
RELIEN] T # AT 4. B —r B

Bo=7— % Br =40 — 7 br,

FH

oS 3=

0
) ) (6.1.9)
X! X))

C

S R .
Yo = Bo + @' b1 (6.1.10)

B (6.1.5) MAXTRL.  (6.1.10) £ H T A AR BLRURTEE AR LR H R il 11 2 18]
BT A0, AR R R A 5 — e EAR Oy AR AL, 2

n
S?ZZ(xij_jj)za jzl»"‘vp_]-v

2 = L, (6.1.11)
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KARIA TR, W oy W 2 FOAFLL, BAERRL 55, XA TEL. 4
Z = (23), W Z BEEATFMIRE X oot UL AR AL S A B0 37 I,
AN g BT 0 TR

(1) 1Z =0,

(2) R=2'Z = mj)

8;8;

PRI (1) 2 UL fER, BRI ST R ZMEAZE. R (2) &0k
Fﬁﬁﬁuﬁ‘{&%)‘t’i’ﬂﬁ% ERAEEIT A EEEEREIERE, X W IINE

NEAE 0 ANBENUEEA. 84, R=2'ZWiE r; EEEIHETR X, 5 X
E’J#ZMH%%%I, HI, RZRBIEEZRHACKE, T r =1, X—430 i 8oz
LRI =, H—RH R ATUAHrEIE AR 2 R R, K27
— S B, EE AR T S AT REA AR, BUETE B R/ MEARTE, fadin
WEALTE 22 T AL A BUETE B A 22 5%, 38 X 815 R B0 AT HE A SE 1247

TWEEENE, WREEA (6.1.1) BEd i, NEirfEte, Ny 2%
A

Ti1— X Tip—1 — Tp— .
yi:ao—l—(“il)ﬁ?—l—...—i—(u) 271-1-62‘, i=1,---,n, (6.1.13)
S1 Sp—1

izg @o = 70, ﬁ? = Szﬁuz = 1a D — 1 Tfa 50 (ﬁl’ aﬁgfl)/v };ﬁ%ﬁlggﬂéita *ﬁ
A (6.1.13) FiJ&
y=aol+ 23 +e, (6.1.14)
AILASRHIE, a0 £ 60 B9 LS fit40 50K
OA[Ong B?:‘SZBM izlv"‘vp_]-v

XE G K Br B o DR BT B 25 18 5 RS B R

b V=060 +HX+-+ Bp 1 Xp—1.

Bl e Y =40+ 61X —F1) + -+ Bpo1(Xp1 — Tp_1).

oMb AR HELL Y = Qo + ngi(XlSl:m) +---F 52,17@(7’ 1=Zp-1) .

Sp—1

§6.2 [ )75 RN R B K B

YA VRIEHTE A BRI IEG 2 ENE R R, BT RS E 25 E
B\, B, T EBRE T RS EEMZE T HZRMNHZR
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Z A SERRRBOR R B ? — 5T, RNMTFELER T REER| LR EFHE, XEH
HBEW—J7H; 77, AT GRS, X e 577 R A B
K. F5bh, BOVEAEAEUFRFEA R A E BB TS MR e EIEE
hE, BOHSBCT AN EE R BEERR. A R AT IR X B L
6.2.1 EIVFFENEEMEEE
X T IE AL Bl A ALY
yi:ﬁ0+$ilﬁl+~-~+$i,p—lﬁp—1 + €4, €iNN(0, 0'2), 1=1,---,n, (6.2.1)
Frid B R BE AR, SR FraneHREES TS, Nk

Hy: Bi=---=0,1=0. (6.2.2)

M MREEIEL, XRERERNBEZNE: 20F 4 6 £ 0, URWITHE
i 0 MAFETE. HaEi, BITAA Y KERBTFESRE-METE X, 1
FRERMEMOB TRT A # AR Xy, -, X1 IR BHE R, XEWREEA]
BZWE: Ura G =0, IRATATUAS, MM TREMS, Pra B FE A
Y R R N B

BAR, B (6.2.2) B LFEH 5.1.1 F— IR H = (0,1,-1) Bk
¥, 3FH H=(0,I,—1) WREEH5.1.1 WM, SEH 511 41K F RS &
FIAESN AEX R, THRMITMAENFREE, ShiaRsitfnf@sae.

KB (6.2.2) AR (6.2.1), BE LA

yi=po+te, i=1--,n (6.2.3)

BHIEN K nfo = ng, T4 Go TEHAL (6.2.3) Ty LS fhith 65 = 9. H4E §5.1
HIZER: BT A RS EN LS S5 EN S BAw R AR, TR, B
X R 6 (8] U9 S5 T A
RSSy, (3) = RSS(Bo) = ng?.
i X AR AL (FEZ ), AR RS REE] (6.1.5) &1, [EIFF5 A1
RSS(B) = 4ong + B XLy = ny® + 31 XLy,

T2
RSS(8) — RSSp, (8) = 57 XLy (6.2.4)
TRAE §5.1 AR RETFHMET BT HRERH I, TR %
A%
SSe =y'y —RSS(B) = y'y — ny® — 1 XLy. (6.2.5)
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RPE (5.1.11), EEBIXNREWEE m =p— 1, TREINTUFIRERE (6.2.2)
MR e o
PrXey/(p—1)
SSe/(n—p)
BIFEMRE (6.2.2) BALES, F o~ Fpq nop MEEHKTE o, 4 F > Fyq, np(a)
B, BAMEL R R Ho, BNEEZ Ho.

TR, WRESRR, HREEXFERIK He: fi=--=0F-1=0,X
EEE, MBEWAFRZLERSE, EHZEY Y MEmEAEERMY. XHE
ATREE P FE L. H—, BRI FRERK, EmBEIER T H AR Y H—
SERIFEM, (HEERKMBANREM L, AR, X FELR, RITMEEI LS
IMRE, XAFENSHREN R LERAF, AR GRE T BB LR, Y
ML QAR RO R S, H U2, BIHAZEN Y M2 SR/,
XX FESL, WATRBERGEE Y XHiE 3 A R LR 5.

6.2.2 OARKKEZEMERE

(B U 7 R ) 2 R 0 0o e 1 U 7 AR A — AR R . A R AR S
Wy RRAHAE R, XERE R R Y KOs AR X0, -, X, &4
B E AR R R AR, (HUE, XOFARHERR Y IR I s fy A i, BISESE
FRESTE. FRERNTFREERRRBEHAY S, RITEFENFHERE
—fE G, BIXTEER (1 < <p- 1), BT

H;: B; =0. (6.2.7)

MR — R B (5.1.1) — R BRGS0, UM 38 5.1.1 7T LIRS BT B
B TR (6.2.7), FERAA H—F S MRS T Ik,
XA (6.2.1), B # LS iR 5= (X'X) "1 X"y. H4EEH 6.1.1 40

B~ Ny(B, (X' X)7H).

F= (6.2.6)

iE Cpxp = (ci5) = (X'X)~, A

Bi ~ N(Bi, o%cu), (6.2.8)
TI&EY H; ALY, )
Bi
0+/Cii
W 6.1.1, (n—p)6® ~ o2x2_,, B5 3; MEMSE, XE 62 = |ly— X3)1>/(n—p),
R ¢ TR E S,

~ N(0, 1).

Bi
Vet

t; = ~tnp, (6.2.9)
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X b, RRABER n—p 8t 0. SBEWKT o, 24 ] > tap(a/2) B,
BAEAFRE Hi, BT H,.

M (6.2.8) BATATLAE M, [EIH RS 5 i LS fhit 6; 7% Var(B;) = ocy.
SCERFEE (Var(5:))Y/2 = oy/e #7085 WFRHEIRE. BM—Miith o ver, B
B (6.2.9) FF4 il ¢ ARG B R EE A5 LS it 4 S HARMER S M AT
T

WRBAIZS R, BRFERE G = 0w, RAITRIAE T [ X; X EAE
B Y TCREMN, BT OB D E R . R A [ S B S
FRRRRIGE, BAEREE SRR B A K Y XA E
HAREFMEHE, AEERRERARNERBESAE, BHBRLSERININ v
T BE MWD, XA R — B T %, HRIXMTE M A, SRR
XY A BERE L. X R R R A i R, dsr At
HAS B M EGT AR, X T EE A R, RAOTEE T — 1 1ERgHE.

B 6.2.1 ML IR (B SCiik [85)).

F6.2.1 B T RS R —HEE, RPTER Y LSRR TS
RIFHE L, X RAR BRI ST X BRI R AT S i 5
RIRHIH;  Xo VW pHAE; X RAWBORE. KB H iRl —aiR
BHEE, BAR Y 5EAEER X, Xo Ml X WERXER, HMEET 7
I 1 A BRI E LR (3 6.2.1).

% 6.2.1 BB HHE

H5 z1 T2 T3 y
1 1.50 6.00 1315 243
2 1.50 6.00 1315 261
3 1.50 9.00 1890 244
4 1.50 9.00 1890 285
5 2.00 7.50 1575 202
6 2.00 7.50 1575 180
7 2.00 7.50 1575 183
8 2.00 7.50 1575 207
9 2.50 9.00 1315 216
10 2.50 9.00 1315 160
11 2.50 6.00 1890 104
12 2.50 6.00 1890 110
7% [R A R BIAY

Y = By + 51.X1 + P2 Xo + B3 X3 + e,
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ISAiE e 3 S IR VEES GOk

(Bo, B, Be, B3) = (397.087, —110.750, 15.583, —0.058)".

S EE AR EWERE, Bl He: 61 =3 = 03 =0. L5
B X'y =31156.02, SS. = 3486.89.

ThE, (6.2.6) 89 F St

B3, X!y/3  10385.33
F= cd/2 — =23.82.
SS./8 435.85 3.8

B o =0.05 &FFEE F3 5(0.05) = 4.07. K F=23.82> F5 5(0.05) = 4.07, T8
LRI Ho. INA Y X X1, Xo A1 X5 H—E KIS R.
H—Z B EH R B EERE. &iFH%

c11 = 0.49998, c22 = 0.05556, c33 = 0.0000011.

FHRYE L CR 2R 6 1 LS M E R 6% = 435.85, 2 5545 = AR5 R EO0 R [
ti {HI A
tp = —7.50,  ty=3.17,  t3=—22T.
M EHIKT o = 0.05, FFFIG t(0.025) = 2.3060. Xt i = 1,2, FH |t;| > t(0.025).
H, 7E7KF a = 0.05, Xf&—AEIHREA R, 8% 8 #0,i=1,2. Wik
2, BATA R XA B A X b 8RR B 5.
6.2.3 EHEXRH

BREEE Y SR E X' = (X, -, X, 1) MRENMSREMECR
# (multiple correlation coefficient), & A

p= (o, S o) ? /0y, (6.2.10)

Ty “rx

Y o2 o
Cov T =)
X Ozy Ve

FEY 5 Xy, Xp1 BERES AT IES AR FAET, FLHER (2 030k [42),
[84], p.164)

XH

o> SR L S8
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~ 1 ~, ~ R 1~ _
Yoo = =X/ X,, Gay = —X.(y — y1)
n n

SHH 02, Saw Ml 0oy B ML At 78 (6.2.10) A 6y, Yoo Ml G0y 108 0y,

a 1/2
AL BrXly
s (zxw = y>2> | (0241
PRNEEARR SRR, T (6.2.10) FRM SRR REL. — MR LT SCrT R RIE
Fritie i B A O RECE BRI B REA ), B, HATDERE KRR < B fl
“FEAS” BT, fE (6.2.10) F1 (6.2.11) SRR B AR FREL.
(6.2.11) BSME X, (i — 9)° AR Y 75 n YRR IR 19 K28 22 P07 A,
A
TSS = Z(y -2
Nid
RSS(81) = B XLy,
EREIERH O WEEFEFM.  (6.2.11) T

RSS(3;
= Ts(g !
Bl R BT ST B AL S B M2 W #F R =1, M RSS(3;) = TSS,
XU R AR B AR 2 e A B B SRR, BTL, Y 5 X0, -, X ZEE TR
B ESLR. M, & R=0, RSS(B;) =0, XHEHREZERY 5 X1, X1 Z
R R, MATLIREREY WAEE. B, Y 5 X, -, X, ZEBEAL
HERR. E—REAT, 0<R<1,Y 5 Xy, X, | ZIHE—EHRELR.
—f&Uik, RAK, BIY 5 Xy, -, Xp1 KL RBE AR, FIIEN
AL, RZEREIEFERS N —EER.

B2, XEREEBHNE, RIENENEFERR, AHLEREEZ RS
HERAEARNRZL. Anscombe XA R Y 5 X W& T WA, E11FHM
M RHY 5 X MRRAGRKMESR (SFICH 28], p.92).

(6.2.12)

§6.3 [ H AL R AY I

TERY 1B Y= 734 26 AL B SRR TR AR, 8109 (9 AR iy e e B e B R Y B 2
M. @, EMEIEAATE, ARG NEA g 2L e g R ed, Wit
H PSR A R BT RE A SCHy H AR RS R B IARAY, AR — Xt A
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VRN, AR AR T FR AR, SO,
Sk, TELMHRBIN OB L2 TR Bt eSS T, 36022 e
BB DT R T 5. TR 2 A S R S SRR A A A
B, LRI NS PR 4 T, 8000 UL AT IR 98 1
AT, UL, AERF SBT3 ARG A YRR L A T
SRBEE. A ERIRER R AT LA — BT, A s
B RN — Sk “Reth” (1 i T 48 Tk

6.3.1 TRIEEX MM

R RIB LI % TR, DI — YT AR A i v A At
o= 1A, 320 Xy, X, ENTTHEA R —RIE A AR TS, (2367
T 0 SIRBRS, AT

y=XB+e, E()=0, Covle)=do?I, (6.3.1)

XELy oo LI, X g nox p MFIERRBHME. BAT4%E X B —FI0T
REN L

RN IARIE L F AR B FRMEN, SHBR T AR (6.3.1) A — LU R AR BERE M 4K
/AR, AGERBEAER TR p—q THZER X, Xp-1), IE X = (Xg: X)),
B = (8, : B), MEAHEN—AFri

y=X,0, +e, E(e) =0, Cov(e) = o1, (6.3.2)

XEENAE X, FRETERI, X, M X 5508 ¢ p—q 3, By M B 535
TH ¢ p—q TEIESE
HFER, BATHRALRL (6.3.1) MR, AR (6.3.2) MIEMHAL 4K §6.1
FIHie A, fEEAT, EIEHRE S 8 LS A5itHh
B=(X'X)"'Xy, (6.3.3)
MAEIREALT, 6, #y LS fhith

By = (X3 Xo) ™ Xy, (6.3.4)

Xt B VAR B = (B By).
EIE 6.3.1 [RiFEHA (6.3.1) EH, N
(1) E(By) = By + ABy, XH A = (X! X,) ' X] X3
(2) Cov(fy) = Cov(B,)-
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EBA (1) K (6.3.4), 1%

E(fy) = (X5 Xo) 7' X B(y) = (X5 X,) 7' X5(X, 1 Xo) ( o )

Bt
. B
(1A | =8+ A8
By
FJ& (1) BiE.

(2) RIEAPR PGB GEAK (CH 2.24), F
X! X, X)X, : (X;X,) '+ ADA" —AD

(X'Xx)"' = = ., (6.3.5)
X/ X, X{X, —DA’ D

K D = (X{(I - Px,)X:)~". XH

Cov(f) = Cov ﬁAq =o%(X'X)7!,
B

Hef5 Cov(By) = 02 ((X.Xy) "L + ADA'). fH Cov(B,) = 0*(X.X,) Y, BrL
Cov(8,) — Cov(B,) = 0> ADA'.

K (X'X)~1 >0, FFlA D > 0. FJ& Cov(f,) — Cov(B,) > 0. AT (2) FEHIE.
XTRIMBE 0 A MG 0, thir ZERREN R TREZH, B4
R & iR 25 R (mean square error matrix, fijid A MSEM). & XA

MSEM(6) = E(0 — 6)(6 — 6)'.
FIRMIEHE 6.6.1 IEHTE, 515
MSEM() = Cov(8) + (Ff — 6)(Ef — 6)’. (6.3.6)
T 6.3.2 REAHBI (6.3.1) EF, N Cov(B) > 8,6 i,
MSEM(3,) > MSEM(3,).
EB Xt B, R (6.3.6), MREHL 6.3.1 7%

MSEM(8,) = 0%(X, X,) ™ + ABB A
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EEEF B, AFTmET, BT
MSEM(3,) = o((X.X,) "' + ADA").

X Cov(B) = 0?D, #4 Cov(f) > B Bt, MSEM(3,) > MSEM(S,). & Hf5
iE.

TR 1305 H A Tt 436 o R 25 Sk g T 0 4 S

BRBRANTHRBI A 20’ = (w0l wo;) MBLAEAEE yo E. BH

Yo = o' B + € = w0y By + oy Br + €, E(e) =0, Var(e) = o2, eHe N FHE.

i §5.3 1, FELBT, HATA do = 20/8 1EH yo WM, BImER - =
z0' B—yo. TIFERBAT, Al fo = w0/,8q YEHR yo HIBU, TR 24 = x0},8;—vo-
BAR, A2BA (6.3.1) IEF, BN jo ZTMmE, Bl E(z) = 0. THER B

FIE 6.3.3 [RiFAHA (6.3.1) Ef, N

(1) E(zq) = w0, ABr — w0} By, IXHL A = (X[ X)) ' X] Xy;

(2) Var(z) > Var(z,).

EER (1) B E(yo) = w0l By + w0t B, HEH 6.3.1, 3245 (1).

(2) KRB, €5 e AR, &

Var(z) = o?(1 4 z¢' (X' X) " a0), Var(zq) = 0% (1 + w0l (X, Xq) " 20),)-
FRAK (6.3.5), 17

(X, Xy) '+ ADA —AD

Var(z) — Var(z,) = o2 <w0/< )wo - xofz(X,’zXq)lxoq>

—DA' D
= g2 (Z'O;ADA/.%Q,] — 2inIADth + .’toiDZL’ot)
= UQ(A/ZL'Oq - xot)/D(AIZL'Oq - ZL’ot) 2 0. (637)
SEFRIEEE.
XA EEE SRRV, g0 ARSI, AGHIEE—FE, XE87

ZARRERIINGLS, FEHEHMII T RZE (mean square error of prediction,
faiid A MSEP). go BT J7 iR 2 & S

MSEP(jio) = E(jo — y0)* = B(z2) = Var(zy) + (B(z,))*. (6.3.8)
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T 6.3.4 BB (6.3.1) EH, MY Cov(,) > 8.4, i,

MSEP (o) > MSEP(3).
W RAK (6.3.8), 1%
MSEP (o) = Var(z).
RGBT SE R 6.3.1(1), H
(E(2q))* = (203 ABr — w018t)* = (20g A — w0) BBy (A'z04 — woy)
< (w0l A — mo},)Cov(B)(A'zo, — Toy).

EH Cov(3) = 02D, I:FI A (6.3.7), 1%

(E(,zq))2 < Var(z) — Var(z,),

PNIIES]
MSEP(o) = Var(z) > Var(z,) + (E(z,))* = MSEP(5).
B FIESE.

gk, BIAWMTLE:

(1) B2 RIER, ABR—r AR )E, " EAR R AR 3 A 1
B R E LS At ey or 20D, (HIEE AT —BO AR, HeakRe B2
X AR B ECS, WA RS R R AR o H AR B [H R 5000 LS Al ks B
P

(2) HLBALERFR, FIBERERN, B—Soef Wy, {HI000m2 7
FEWUN. BRI B 78 B R AR BRS0BS54 0 1
KRR .

B, e F B 23 A 23 A0 2 SR (W] R, Toie e I Bl H RE il A EE,
AT M A, xR 5 R A e RN RARKEOET 48 (I Cov(By) > B
RZIE) # HAE MR R GIBR A A, AT L e X —Erite, TE
14 28 9 28 B 2 B A

6.3.2 HEEBEFEN
G ER B SRR G, TR B A A B AR T ZFiE

VA AR B FRHEN, B ATAEXT (BT B A R B A AR TR T B, RJE A
B —A Bt B9, HARSBEEEMENEIE TR E T IT M.
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1. PR 2 FIAEN (RMS,)

FRETITA SSe WIR/NAIE T 8 SR G RE, SS. /b, HEHA
4. B« SSe BUNEIF” HIAREAE A EIE B AR R IERREN], By ERSEETA
BEPINGE. HL L, FEIERA (6.3.2) T, FRETFHFHA

SSeq = lly — XoB4lI> = ¥'(I — Px,)y.

WCRAERALA (6.3.2) "R ALHEIN— A0, WXV BOHEA X = (X, 0 D), NFK
VIR
SSeqi1 =y (I = Px,.,)y-
PR BEER B AR (BB 2.2.4), AHMEIEH Px,,, > Px,, B SSeqy1 < SSeq.
HT Bk BGE 2Ry A AR, — R WA RIS R AESRZE T TR SSe, LRI
Xt AR B RS . CFERE T RMS, B —fl, FsRET I
RMS, & XK

SSeq
- (6.3.9)

XH g KA (6.3.2) Btk X, 5% SEFR_E RMS, B2 (6.3.2) Tik
ZITEW LS it BHF (n—q) ' BEAZRMAEEINmAER, AT xR
ROy B AnRT I DR A5 . K RMS, #EN, #% < RMS, f/hEsr” 1 H A= T4,
2. C, #EN
Cp WENZHET C.L.Mallows!®O-BU 3 C, GiitiE, BRI A& &
FRHR. XWTIERA (6.3.2), C, GiitiE SOy

SSe
Cp = &2'1 — (n —2q), (6.3.10)

RMS, =

XSS, WIEMLAL (6.3.2) FHIFRZET-HM, 62 FEBA (6.3.1) F o # LS 1k
i, g AERAL (6.3.2) ®ITFE X, BIFIE K C, N, # « C, B/
HA T4,

ARG (6.3.10) M REVEIN TR : A0SR ek (6.3.2), IBAFATH § = X 0,
EWM y = X5+ e, N

d=E(j—E(y)) (7 — E(y))
R T XFHMEMmSE. RiE ZRAREAX (B 3.2.1) 515
d=qo” + B D73y,

XHL D {5 X (6.3.5) %, Bl D= X/(I - Px,)X;. &

d BD-13
Ly=—g=a+~ 7,
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M Ty SRR (6.3.2) BF, 16 n MK RPN S 8 — B ER, BERBRT
R (6.3.2) BIAFIR. X B

BBy =g+ BT

o2 o2

T
E(SS.,)

FE (6.3.11) H1 ] SSc, B E(SSeq), Al o TELBIAI TR 62 A8 o2, 153
(6.3.10). A[UL, O, SEitEEER Ty B—FHfETH 40,

r,=

— (n —2q), (6.3.11)

3. AIC #EN]

WARPRF RS T Pl S8 — M EZE R IE. Akaike T IMEIE
1E, 8 H —Fhd R — g BB B, #RO8 Akaike 5 E B EN] (Akaike information
criterion, fijic A AIC).

MP—MAGH R, &’ Y, Y, A—HEE, WREMTIRNEDNE £ 4
SERIBRL, XA RRR M B RAEICA L (Yr, -, Ya), T AIC HENE I #R{E
AIC Giit i

AIC = nLy(Yi,---,Y,) — k (6.3.12)
IR B RMBLAL AT HEN N T BE AR 5 A8 R i .
TEGEMLAL (6.3.2) H, RIZIRZE e ~ N(0, o21), W B, F1 o WILISREECH
L(B0r0?ly) = (2ro?) " exp((— 55 lly — Xofll?)- (6:3.13)
B GRS B, M o BIRKAASRAG 11537
SS y'(I - Xq(XZ;Xq)_lXZ;)y

o / —1 57 ~2 €q __
Bo= (0X) Xy, o= . !

RN (6.3.13), 15 ZIXTELIR B B K AEL

n

In L(B,, 52ly) = (m (%) - —) - gln(SSeq).
WY g TTRMT, M (6.3.12) X155

AIC = —g In(SSe,) — ¢-
e AIC HEN, AT LR B R RKMBIAL Sk, FTE

AIC = nIn(SSc,) + 2q. (6.3.14)
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TR, EJ5 AIC HEMIAZE R JEHE (6.3.14) IKF &/ H A BT 4.

Br T U LA ey = B BEHENISS, 307G 2 FhuE. 5] 4050 22 0 77 22 #E
N, FHBMFREZREN], PRESS ¥ENSE, FEMA——NG, FEAITTIRFIZ
SCHk [28] 25 =%

#l 6.3.1  Hald 7K 8155

B RS S

z1: 3Ca0-AlOz W1 (%),

xe: 3Ca0-SiOs W E i (%),

z3: 4Ca0-Aly03-Fe: O3 B & (%),

x4: 2Ca0-Si0s & (%)
HIRFUKTE, B—TUrBR g Y SXIMRs S/ e R, F 13 435
1, FEFE 6.3.1 .

# 6.3.1 Hald 7K;BEE%IE

Fe z1 T2 T3 T4 y
1 7 26 6 60 78.5
2 1 29 15 52 74.3
3 11 56 8 20 104.3
4 11 31 8 47 87.6
5 7 52 6 33 95.9
6 11 55 9 22 109.2
7 3 71 17 6 102.7
8 1 31 22 44 72.5
9 2 54 18 22 93.1
10 21 47 4 26 115.9
11 1 40 23 34 83.8
12 11 66 9 12 113.3
13 10 68 8 12 109.4

WA A A AR, R 15 AR AR ETH. X 15 MR TR LS
flTHAT RMS,, Cp Je AIC {HFITER 6.3.2 7. 3R 6.3.1 FILAEH, T4 {21, 22, 24}
XFRYHY RMS, Ml AIC {HA KB/ GRFPARETRR), B B 7 B
&, 7E RMS, HEMEK AIC #ENT, &ALTHEITN

y = 71.648 + 1.452z; + 0.416z2 — 0.23724.

BT {21, 22} XN Cp [HREFTA Cp [EF &/ GRTPABBETRR), TRA
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% Cp HENEFE AR TR, RUTHREEY
y = 52.577 + 1.468z1 + 0.662z2.

A0, FEARFREREEHBRAENT, SZHNE St HERFEWARAHEF.
HEREE {21, 22} XA RMS, WD, FrUk, GEEEE, {2} EREGK
AT,

# 6.3.2 Hald KiBEES# LS itk RMSq, Cp #0 AIC &

BRI A Bo B1 B2 B3 Ba RMS, Cp AIC
1 81.479 | 1.869 115.0264 | 202.55 | 95.9950
T122 52.577 | 1.468 | 0.662 5.7904 2.68 58.0033
T2 57.424 0.789 82.3942 | 142.49 | 91.6535
ToT3 72.075 0.731 —1.008 41.5443 62.44 83.6205
12223 48.194 | 1.696 | 0.657 0.250 5.3456 3.04 57.7252
T1T3 72.349 | 2.312 0.494 122.7073 | 198.10 | 97.7001
3 110.203 —1.256 176.3029 | 315.16 | 102.9394
T3T4 131.282 —1.200 | —0.724 | 17.5738 22.37 72.4360
T1T3T4 111.684 | 1.052 —0.410 | —0.643 8.2017 3.50 63.2900
T1T2T3T4 62.405 | 1.551 0.510 0.102 —0.144 5.9829 5.00 59.8197
Tox3%4 203.642 —0.923 | —1.448 | —1.557 5.6485 7.34 58.4417
ToTy4 94.160 0.311 —0.457 | 86.8880 | 138.23 | 93.2127
T1T2%4 71.648 | 1.452 | 0.416 —0.237 | 5.3303 3.02 57.6879
T124 103.097 | 1.440 —0.614 7.4762 5.50 61.3251
T4 117.568 —0.738 | 80.8515 | 138.73 | 91.4078

ROEEATRENE H A B R AR S E— S U, RFEEaitie (40
I TS SCk [28]). B RN, TG R — A 3 P A DU T X R [ Y 1 AR
P HEIT R, T X R A S R B A TR 2R, LA SR
WA, MHRZERBE MR —NMAEZMM . I, & —4 8 5007
BRFEAET BE. 25, AMIE&EH T IFZ2 R TR TR IT0 A8
7%, WEMRH AR T B AR AT R X SRR R R, BT
PR TR FAEENEEE, 15 T —PBiam PR EEAE — 20 T4 R IT A2
—MHARE, WA EEEERIZH (sweep operator) B Gauss {24,

B T8 TR A AT RE TR [ E FoR M PR BAM T k4h, EF —HAI
HATAE W RE TR M A BE RS, HP N K20 EITENZ L B E %
BRI RAR A A AR, WA — A — 5N, SIS 2 =R E 5T
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TR B EN. FR, SIIA—NHER, MENEEE 2L RN HET
ke, HERB NN BEN BN, DAIERS AL RSN T
FH, W BEE T L EIIAREIIAFER L. IR TRAHE 7T 25 SOk
[14], p.127.

§6.4  [a] 912 W

FERTEJLT, ATTIR T LvEREABAR LS fhit KR g m&, Y317 LiRid
W, FATERf T —2fRiz, H &R TEEMNE Gauss-Markov fRi%, B
RIRE e WER THIZM: (1) Var(e;) = o?(FH2); (2) Cov(es, ;) =0, i # j(R
FHR). BEFERATEB B e IRNIEDSE, B e ~ N(0, 0°). AfiTHRER, E—4
By e, 467 —MEBIEZ G, BEZREBRATNEBEREA LR X R, X
RN B P BB RS — A . B SR AR TRET N, FreR A
AREMBENSTrEMNM TR GRE) AR, ERXNER, XMarHa
TESCHR L BR Ay 3R 22 53 HT

B2 W BT BB 5 — DN BB, SR SN (a2 mm &)
HEKH R EEE, XFENBERFR R . ZERIEMrd, EARE Y WEE
v EAREYLE, MEZE X, X1 WBYE o) = (i, @i p-1)i = 1,---,n)
th LR W REIEI BT n 4. BRIOFEGHBEE (2], y) MRMSEHAE
WHE—ER R, (HXFEEmARRER K, X8, RIBEIMEE RHFEEEE —
EMTREME. ARITE, MR —RABIEX A T8 REEm, AT BRX
WHIEZ 5, MBS FRE R KM EE FIE R, XHER 1T A H i 5 AT
BESLH AR EIH RS A EAERR T B A S H A B [H H 2 WA FE AR R R
. EEXANEE, ATEMEIESHrE, G5B R RHEIRENSEE i 5 m
KN X ERS NZAAE B2 W AR SERR A 5 4 A

b, FEFAH —RMEERF, BT R AR EIEATEHEAN R, X
TR 2 i 9 5 1 . TE BN AT Y SR B A, el IR0, A Fr A e 5
SAEEHZSH R ERENA. FTERINTEX =07 A ATe.

6.4.1 FHREFNZXEE
IR A ] AL

y=XB+e, E()=0, Cov(e)=0o"I (6.4.1)

TE §4.1 |MELE X
e=y—g=y—Xp
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HIRENR, H g = X6, RV GE R, 6= (X'X)"' X'y K 8 7ERE (6.4.1)
T LS At W2RA o, 2, TR X # e M,

&=y — 3 (6.4.2)

R KRB B R 2. BAHE & BFRZE e B9—UWNIE, mRAT (6.4.1)
IEFRETE, ENIZEA e (—HR. B, WATTRGRS XL ¢; PILRHETE]
By — S T R SRR R By S L. ¢ MR AT I8 LT HL

FI6.4.1 (1) E(&) = 0, Cov(e) = o2(I — Py):

(2) # e ~ N(0, 021), Il é ~ N(0, 0(I — Px));

(3) Cov(g, €) = 0;

(4)1é=0.

TR B LA BB BT R R R, IR 841 FOCE R, LR SiE.

MEH 6.4.1 BATFEZ] Var(e;) = 02(1 — pi), X B pi K Px W i HEXTA
JC. AINEANHEGEER Y WERHPAMUIK ps AR, HIWERELKERE é &
NIEER. AL, 53

€i

o1 —pj; ’
HEF o RH, FAHAMET 6 = (ly— XBI12/(n—p)"/? R, BEIPFHEEA MRS

i
oVT=pii’
MEREEERRE, HETE e~ N©O, o®1) WRET, r SMIREE SR, A
W BRI, (ERAER A LT DA Bl oy vy AHE RS HARA N (0, 1) (F¢40
PRSI SCER [59]). T ZFR IR E E R EEARTEX A F R A R 5 2
HELHT.

B T LIEHA I SR RS, A Z RN M AR R E R 2 X,
MPINSRE, NHRIRE, WIKEF. AN 20 SCHR (28], p.95.

TSk E e AR R A A A, MBI & By B B AR B L i
T B 24 H AR ENE N IRE e; KRBEBUETHIL Y e HEARZ, HORTEREZR Y
REEIRE A 5 R PR —2, AT DRI e ~ (0, o) By &R — &
AafE . TEEMNCURUIUGHE 0 WBES, FEAERE r ARLIRHRE
[l Ay Bt v 5 22 L g EL A

B 6.4.1 SR GE 9 HBHALLR, SRR v AYLITHIRER. iR
e~ N(0, o2I) BOL, RIEHTE BT, ri SCRUEIRA N (0, 1), B OUAE EM Sz,

i=1,---,n.

i=1,,n. (6.4.3)

ri =
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DR 88 oy ATRAEULE R HBAR N(0,1) Wy —H R RREYLEAR. RIETEIES
SATHIPEIR, KARAE 95% W ri 7€ [—2,2) f, FAHEH 6.4.1(3), Y 55k ¢
AR, HMEEEMKE v = (r1,--- ) HREERD. FUEREZRT,
(Gira) (i =1, n) KEIEFETE R 4 BI7KTHF [r] < 2 KIPN, HARRIEME
F, WA 6.4.1(a), XETEHE SR e ~ N(0, 021) WA R—HHWMEIR, HATHAT
PHAABE e ~ N(0, 02]) 34 LIRAFER. ME 6.4.1(b)~(d) BRH T HTE,
Bl Var(e;) = o®(i = 1,---,n) KRR, HAE (b) BR TIRZER 9 B35 KH 8
fa. M (c) B BREEIEGHI, BIliRZET 26 g WK, EEE
(d) BARMERBAENG 6, RET MW/, WX FRERANG 6, REFTZEmA. B
(e) M1 (f) RHAREARETRESRIELRIER, BHRE e Z A SRR T —
NN EENE T H AR, KER AR, EREHE—LHBW. XF—F

“HER” FIREF= AT 2 MORREIR B~ BT OLIESE B2 Wi R AT, TER A&
WhEEET, MEARR—H, WREREIEF EENY.

X x x
2k ——— — x
X x X X N <
x X X X
___________ O e e e —
0 X X X x x
X X
X " x <
_2 ______ -~— - — = <
~
Yi Y,
() (b)
i
r
i % x
x kS
X x X X oy
%
. X XX " 0 x X XX
X  x X X x  x x
x X X X x
X x X
* X
¥ ¥
i i
() (d)
r; r;
% b3
% < .
X X x
x X x « X,
X x X X "xx 0 L X X x X
0 x__x?___x_;__ x X X x
Xy X X x
~
Yi Y,
(e ®
& 6.4.1

NTIWAFERAEMTIRE, AT LML E — S5z R flin, mREZER
SRR, A4 y1, - yn R T AHIERZ] t, -t BIRZSRLINE, U
FATATLARET ] ¢ SO 5 WA AR AR, 3 (i, ) B (6, m) HOBRZER]. U,
FATLAT LR RAS A AR B X 1RO BEAR AR, ANTF] Y SR 22 18 W] RE AN TR 1 BE 4R ik — 2
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AL,

IR ZEZET SRR ATRERY “BfR”, et BRIAMEARL, AT
BIXTRIEL “XHAE T 257, W RE AR R IV BE R AR i Y %t 3 AR B AU
LM R, AT T A AL B H 5 A8 A e 9 A8 ey IR, W X7,
B¢ X3 B0 I X X G5, 2 T HE U WAL f g YR IR I AR Hi g 38 LI AR T
B3 b SRR R A MR SRR B, B HSERRAUR, ARG R X, X3 RIAS
X X1 Xo, LGB SRR 72, = X7, 2y = X3, Z3 = X1 Xo, BB LM
EEER. MRRZER DR TIREFEAME, RITTUEBHAEITFE. E—~
AR AT e, (A5 R BRI SN T 2. BT LA —%
JE U FTEAE (S8 3CHR (28], p-122), {HAESEFR B i S B St BRSO i 44,
B — SRR AR, SRUE A TR R TR R, Bk
FAL LS A1t e F A LS flit, SEWEESiTiea T, XMk REz b
ETFHRAERERERAN, TEREG BT WRERE (o) F1 () WIEE, Mz
ST SERR R, IRIREFRIT TR, FAl, AR ER, EENGEAE
g (ANESRX A A 2 )5, FiEA T A AR EGREMKER,
HARZERMNIER, &7, MEMLE) BH—F 7 167 R 7, TEE0R R F14L
RHBST, XHEH I Box-Cox A, SOWFE T —17itid.

Bl 6.4.1  —/NFEIH T RIS R BEG, X PSS B ST T A
WY FTRFEHKZ™ MR EANZ LR (AL J8), X BARFEAZEA (H
fii: J0). £ 6.4.110% T 53 MREMEIE. N AR/ Rk, KRG Y 3 X —T
2L AE =y )

Y = —0.8313 + 0.003683X.

N 5% 2E 6 MILAME 9 WAIER 6.4.1 1, B 6.4.2 ZLL g, iR, 5kE e h
HYMp R EE. B EASAE L, RERNAL WA ZHEOTER-R, XRRETT
ERFH—MEK. FEXEER Y 2R, STk Z = Y'/?, BE2% 6
977

Z = 0.5822 + 0.000953.X.

THBHIRE €, FiskZ RNy 6.4.3, NE 6.4.3 F i, FRERCIAEME RS,
XRYIHNP AR GER. REAEIRERE SRR

V = 2% = (0.5822 + 0.000953X)? = 0.3390 -+ 0.001X + 0.00000091.X 2.



FNE

2 ] AR

o A 2T 4
.
A 6.4.2 A 6.4.3
+ 6.4.1 FREAHRAKLE

i X(7E) Y () 9i éi Z=VY £ &

1 679 0.790 1.669 —0.879 0.889 1.229 —0.340
2 292 0.440 0.244 0.196 0.663 0.860 —0.197
3 1012 0.560 2.896 —2.336 0.748 1.547 —0.798
4 493 0.790 0.984 —0.194 0.889 1.052 —0.163
5 582 2.700 1.312 1.388 1.643 1.137 0.506
6 1156 3.640 3.426 0.214 1.908 1.684 0.224
7 997 4.730 2.840 1.890 2.175 1.532 0.643
8 2189 9.500 7.230 2.270 3.082 2.668 0.414
9 1097 5.340 3.209 2.131 2.311 1.628 0.683
10 2078 6.850 6.822 0.028 2.617 2.562 0.055
11 1818 5.840 5.864 —0.024 2.417 2.315 0.102
12 1700 5.210 5.430 —0.220 2.283 2.202 0.080
13 747 3.250 1.920 1.330 1.803 1.294 0.509
14 2030 4.430 6.645 —2.215 2.105 2.517 —0.412
15 1643 3.160 5.220 —2.060 1.778 2.148 —0.370
16 414 0.550 0.693 —0.193 0.707 0.977 —0.270
17 354 0.170 0.472 —0.302 0.412 0.920 —0.507
18 1276 1.880 3.868 —1.988 1.371 1.798 —0.427
19 745 0.770 1.912 —1.142 0.877 1.292 —0.415
20 435 1.390 0.771 0.619 1.179 0.997 0.182
21 540 0.560 1.157 —0.597 0.748 1.097 —0.348
22 874 1.560 2.388 —0.828 1.249 1.415 —0.166
23 1543 5.280 4.851 0.429 2.298 2.052 0.245
24 1029 0.640 2.958 —2.318 0.800 1.563 —0.763
25 710 4.000 1.784 2.216 2.000 1.259 0.741
26 1434 0.310 4.450 —4.140 0.557 1.949 —1.392
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gk

i X(7T) Y () i é; Z=vY 2! €
27 837 4.200 2.251 1.949 2.049 1.380 0.670
28 1255 2.630 3.791 ~1.161 1.622 1.778 —0.156
29 1748 4.880 5.606 —0.726 2.209 2.248 —0.039
30 1381 3.480 4.255 —0.775 1.865 1.898 —0.033
31 1428 7.580 4.428 3.152 2.753 1.943 0.810
32 1777 4.990 5.713 —0.723 2.234 2.275 —0.042
33 370 0.590 0.531 0.059 0.768 0.935 —0.167
34 2316 8.190 7.698 0.492 2.862 2.789 0.073
35 1130 4.790 3.330 1.460 2.189 1.659 0.530
36 463 0.510 0.874 —0.364 0.714 1.023 —0.309
37 770 1.740 2.004 —0.264 1.319 1.316 0.003
38 724 4.100 1.835 2.265 2.025 1.272 0.753
39 808 3.940 2.144 1.796 1.985 1.352 0.633
40 790 0.960 2.078 —1.118 0.980 1.335 —0.355
41 783 3.290 2.052 1.238 1.814 1.328 0.486
42 406 0.440 0.664 —0.224 0.663 0.969 —0.306
43 1242 3.240 3.743 ~0.503 1.800 1.766 0.034
44 658 2.140 1.592 0.548 1.463 1.209 0.254
45 1746 5.710 5.599 0.111 2.390 2.246 0.144
46 468 0.640 0.892 ~0.252 0.800 1.028 —0.228
47 1114 1.900 3.271 —1.371 1.378 1.644 —0.265
48 413 0.510 0.690 —0.180 0.714 0.976 —0.262
49 1787 8.330 5.750 2.580 2.886 2.285 0.601
50 3560 14.940 12.280 2.660 3.865 3.974 —0.109
51 1495 5.110 4.675 0.435 2.261 2.007 0.254
52 2221 3.850 7.348 —3.498 1.962 2.699 —0.736
53 1526 3.930 4.789 —0.859 1.982 2.036 —0.054

6.4.2 RIS

ABRNTIT R B2 Wiy 5 AR, B ERALR Al s B A e R ma 1 2L
. AL, BAVETE—HILS. H ye), Xo M ew 2HIFRRMN y, X Al e HAIER
8 ATIRBRI RS R NRMERIEAIA (6.4.1) HIBRSS « ABARE, FRM
n — 1 AR R L0 B BRLL

Yy = X(z)ﬁ + €(4)5 E(e(z)) =0, COV(G(i)) = 0'2.[”,1. (644)
MR (6.4.4) RFIH B # LS MHEH By, M
By = (X X)) ™" X{iyye- (6.4.5)

REBIR, 85— By BT 5 i AEERXT E A REAE AR AN, (HER—4
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M, AMETEENLEZMA RN, TEZBEMERMEEMEE. Cook it
B RN &I —F.

Cook GiitHE L H
(B—Bu) X' X (B - B

P&

D; = L i=1,--,n, (6.4.6)

XH 62 = |y — XB|1/(n — p). ZEERATEETT L% D RZEEE « HEIEXTE
HRBAGTHREWMA/NT . FHEHESH — MR D fREAR.
T 6.4.2

17 pu .
Di:5<1_pii)r?, i1=1,---,n, (6.4.7)
X pi WHERE Px = X(X'X)7' X W8 i AEMATT, R ENTRE.
JEBR & AR noxon WERE, w flo ¥k 0 x 1 . FIAESR

Ay’ A1

-1 __ —1
(A—w)™ = A7 T e

H
(X' X)) ta2f( X' X) !

(X(n X))t = (X'X —waf)) ' = (X'X) 7 + T . (6.4.8)
X 2 o X WS AT, W EXmaa T Xy, R
X'y = X(oyye) + yiwi
LR (6.4.5), #M1H
B =By +yi(X [y X)) i — w (6.4.9)
B (6.4.8) £ i, 153
(X(yX (@)t = : _lpii (X'X) .
B LZARN (6.4.9), FIIFRZE E XAFE]
B =B =1 _éip” (X'X)ta. (6.4.10)

RN (6.4.6), FFIH 2 AT ER E X, EIEN] T BT EEm45iE.

W B EREAT, BT Cook SEitERY, HFFE M58 2R i Ltk B TR
TR AR E i, IECEOERE Px MEXT AT LT, A& —1Axee
RARHy LA T (6.4.4) FEATH.
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£ (6.4.7) H, BT 5 @ ToRMEF 1/p b, Cook itk Di B kAL
g, H o
B pu FERIRNRE, F pu BRTE | A o FiRRH 0 2= 120,
WIBERY. DI, AL P 20 75 o AR o R ERIR . 5 —ifa
Ko B, R — A RREE A o ORI, I ELX R R 2 AR SRR,
IRAE W TR . (S, B4 Cook it — AN LAKI & SREE I & B W AL
SEARRIMERY, TER ] L BB M S B A% 00 T 52 -

THERBEMEBG 5.2.1 BEERXT Cook Giitt D; FIERI K /NG HAE AR
1 5.2.1 %0

P =

(B=B)X'X(3-B)
P&

HARFBE W EERECH 1 — o BEMR LXEMMER 5, 08 8, 53
T Cook Ziit . HI, # Di=F, n (o), WRESE | 2EERARE, 5 HM
i By M B BET B MERZRECH 1 — o BEWERBA L. XBE, RATATLME
B T8 R R/NEIEN Dy R/, Dy XTI E(E BB, RE A%
SO A LD i

B Cook GeitHEah, Seit2 0 WA i f BEAR L T 2 Rl BB M =B 5eit
B fln, WEEHLLS M BRI Welsch-Kuh 5, B IEEUEXHRE M i
WIS AP Soiti, W Oy B R BRIy Z g, EBE M
HARHR S RS (3% BB R B /MR 0 15 B SR 4545, 40, BFRS 43R
SR B B S AT RN A. B T RSB S, X ERITA——N 4.

Bl 6.4.2 & HIIREE

# 6.4.2 BEHEZFMRM 21 AILEMDTE, Hb X HILROER AR
BAAT), Y FRIERE SR, X BB, AT SRR L R

FZIEHAEE y = o + X +e, o fl B # LS M4 51K & = 109.87 fl
B=—113 TRLEBEITHESE N V = 109.87 — 1.13X. £ 6.4.3 21 T HHEEDN
B XM s

< Fp, n—p(a)

%+ 6.4.2 FEHMRLE

Fa| = y Fg| = y F5| = y Fe | = y
1 15 95 7 18 93 13 10 83 19 17 121
2 26 71 8 11 100 14 11 84 20 11 86
3 10 83 9 8 104 15 11 102 21 10 100
4 9 91 10 20 94 16 10 100
5 15 102 11 7 113 17 12 105
6 20 87 12 9 96 18 42 57
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MFE 6.4.3 B, Dig=0.6781 &frH D; HEKHy, MHE D HYS Dis M
o4/ E, 5518 SR — M EIE AT AR R EE, XTI EE R
TR EARSNER. B, REFGERENDREGER, WRAR, WRIEFE
Bt A%, [TENFEHERE TR E.

*® 6.4.3 FHNHKKENISHFEITE

F5 é; i Dii D; t;
1 2.0310 0.1888 0.0479 0.0009 0.1839
2 —9.5721 —0.9444 0.1545 0.0815 0.9416
3 —15.6040 —0.8216 0.0628 0.0717 0.8143
4 —8.7309 —0.8216 0.0705 0.0256 0.8143
5 9.0310 0.8397 0.0479 0.0177 0.8329
6 —0.3341 —0.0315 0.0726 0.0000 0.0307
7 3.4120 0.3189 0.0580 0.0031 0.3112
8 2.5230 0.2357 0.0567 0.0017 0.2298
9 3.1420 0.2972 0.0799 0.0038 0.2899

10 6.6659 0.6280 0.0726 0.0154 0.6177
11 11.0151 1.0480 0.0908 0.0548 1.0508
12 —3.7309 —0.3511 0.0705 0.0047 0.3429
13 —15.6040 —1.4623 0.0628 0.0717 1.5108
14 —13.4770 —1.2588 0.0567 0.0476 1.2798
15 4.5230 0.4225 0.0567 0.0054 0.4131
16 1.3960 0.1308 0.0628 0.0006 0.1274
17 8.6500 0.8060 0.0521 0.0179 0.7982
18 —5.5403 —0.8515 0.6516 0.6781 0.8450
19 30.2850 2.8234 0.0531 0.2233 3.6071
20 —11.4770 —1.0720 0.0567 0.0345 1.0765
21 1.3960 0.1308 0.0628 0.0006 0.1274

BT EAR B, AT LRI R AR MR ATk, ETXE
AR R B AT AL, X TE R BRAAT. BT A AR
&, e MRBERBEE TR A R LR R R B — R
BrE, 82X BRI IZABR. ARAIIE, Bi%7%5 U B 2 i BE Bk i — 28R
TG T I7 3 LA AR /N TR SE IR BRI BRAR B S B 22 8 ] 1 7 7.

6.4.3 HRERRLR

TEREIE M, —HBRE (o], ) AERERIRE (& 5r) BHEHBIRR
BERIGZ, WFREGE 7 A, ABRRITHERER W S8 —Fia k.
FITERRE, BWAMEIESLAMARE IR ST T i B K

yi = x,8 + ei, e; ~ N(0, 0?), i=1,---,n, (6.4.11)
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K ei(i =1, ,n) AEML. MRS j AEHE (o), y;) B—ARHE, BB
2 FTRARRE A B M Eyy) R4 T ERIES 0, \TT E(y;) = o8+ 1.
SCRERL A T — AN

(6.4.12)

yzzx;ﬁ"’_ez, Z#]v
yi =2iB+n+ej e~ N(O, a?).

A REAL (6.4.12) BB FIE X

y=XB+din+e, e~N(0, %), (6.4.13)

B (6.4.12) FI (6.4.13) FROAMEFE LA I, ZHFIE (), y;) R A,
FM TR LRI H:n=0.

KT FHFENRRS TR, BAOTTEGHA HIEBER (6.4.13) F25 6 M 1y
1 LS fhiit. aralicix e flithy 6% Mgt BAR, Rk 9 =0 ML, 6 #Y LS kit
B 5= (X' X)Xy

T 6.4.3 XPEEBLMER G (6.4.13), 8 il n B LS {41514

1

L —=pjj

B* = By, n' =

€;,
X By HAEHEER A EIAHE (6.4.11) IR § AFIRFEEIN 8 1 LS {5

. pi B Px W% DEMATT, ¢ ANEA (6.4.11) FHIEE j PMRE.
i B, dy =g, did; =138 X = (x1,--,2,), W X'dj = z;. TR

P X
1 —1
* X/ X/ X/X . X/
- (X dj) y = " .

RIED PR RERK, UK pj; = o)(X'X) ey, B

g [ XX e (XX) i (XX) T (X0X) e
n* T lpjj ;(X/X) 1—117.7'.7‘

Xy [ B (XX) Tl B - e (XU X) Ty,
Yi _1*11%']' x;ﬁA—i— 1*11’”' Yi
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B ( B = o (XX) e )
Y
T=p;; Ci

FRE A (6.4.10), AFEAHLE.

XA EHGFRNT—MREZEA S AURERRNS j DNER ENE
B%, Rt R S EE B EIER R, BT REH LS e % T ROR A
FRIBRSE § AEARE, Frikisay LS fhit.

THEBNIYAEE 5.1.1, RRIGE H:n =0 WA, ERFXAENHE,
ARG n = 0 RN (6.4.13), [REIM LR (6.4.11), T

SSue = HAL (6.4.11) WIFRZEETH M = 'y — B/ X'y.
MR (6.4.13) { LI RFRZET-J7 1
SSe =y'y — B X'y —n*djy. (6.4.14)
R e 5.1.1 15

SShe —SSe = (B — B) X'y +n*dsy
H (B*=B)X'y+n (6.4.15)

= o B ey = Ty
XH & =y — o8 NFBETE j ARG E.
R 6 F1 0 @ BARRE R (6.4.14) 1EHE—LALH:
A €Y &Y s G
SSe =y'y 5Xy+1_pjj o (n—p) =p

Hrf 62 = |ly — XB|%/(n — p). RIEEH 5.1.1, FroRER LN

A2

SSpHe — SS. (n=p=115=  (n—p—1)2
F: 2 = 5
SSe/(n—p—l) (n_p)&Z_#@ n—p-—r;
e A
rj = 5
/ &\/l—pjj

SRRz, TRBATEW T T 4%
EIE 6.4.4 X THEHEBLERIEHEA (6.4.13), WRBEE H:n = 0 BAL,

U
(n—p—1)r3
b= e
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P, BRATREGR WM TFRE: HAEHW a0 <a<l), &

Fj=—— 2 > F 0 pi(a), (6.4.16)

MHES § AR (2f,y;) B AR, IPERTREMEN, Witk
(2], y;) TREARRH A, MHRFN AN Q. HENEXFHHROERERE o, F
FERATT UL E R IR/,

AR, ARYE ¢ 2 ATH F TR R, BATIATLAA ¢ 149k 5 i b AR %

i L
1/2
_pl2_ (n—p—l)r?
t=F;" = n—op—r2 ’
p—=T;

MR EH o, 4

a
It;] > tn—p—l(g)

i, FATELAR B H:n =0, APHES j HELE (o], v;) HRH A

Bl 6.4.3 (4] 6.4.2) XTI 6.4.2 Frisfie iy B KA, BAER TGS
21 HEHRHREFA R . R 643 FJ5—9 A HAHBIEX NV ¢ 5. XHLE
M, n=21,p=2,n—p—1=18, MHEEWKF a=0.05,

t15(0.025) = 2.101.

M 6.4.3 FeJa—F AT LUK A the = 3.6071 B XME. T, WATARE 195
LCIE PR P

$or b, e RRR R — MR ME. B, BATLAEEE R S
B, WREAE AR A, AU EH 6.4.4 kK%, WRAZAFHE A,
HATHAREN XA BB LB %, RS R FERRR. BRENTATUZ
ToR MEHAEEEE 6.4.4 #E B 2 RW AR REE, HRMBEERIER T KB
A L. AR ER B RUN TR, IR AT R TR 3
REFET AR R, AR ER R AR A TR, IR AT RS 575
RABORT ARG AR IE R AR A 70 . I, 7 8 iF S B TS
HBGEER, XX —T7 FE#E—2 T i 38 W 2B S0k (53] AT [54).

§6.5 Box-Cox A5

XN B ARG B E (2, vi), i = 1,---,n, HLELEIHZEEEHN, B
ITARNE & Gauss-Markov 254, FRATHLEXSEIERIL Y697 i, SCERIEEA, %X
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PEALHIE RO A T R 1) — P 7705 BRRHONER 2T, AV GsE 4
i Box-Cox 28, ‘B EBRF RGN —NSR, @ BERA IS5, W
B VR R BEE B HIER, SERIEH],  Box-Cox ZRHeXt i 2 PR EHE #2172
AR, ERTLAE] R SCERR R IE SR, XERRYERI T Z A SR

Box-Cox A8 X [8] I K 38 By 41 T AE

Yy -1

s AFD,

YW = { A (6.5.1)
InY, A=0,

XHE N B— RS Box-Cox ZHE—RA, UG THESH LM
B, EARBEES (A = 0), EBAS (A = 1) AP FRAS (A =1/2) F5%.
XHEAS A n AYE y1, -y, A ERARHR, 133128 HUR B 1

y N = @Y,y
BAVESERSHON, 15 v W
yN = Xp+e, e~ N(0, o*I). (6.5.2)

RO, EREA R RIS, (ARG TR o) 5 AR A
HEAERICLR, SRUIRAESI, 244 RS2 LA AL, R,
Box-Cox BHURTAL SH ) 945, SEIMFOREURE “GAMT", HItiE —
AT R UL AR A

RAVIBA BRI ARTE A, B O ~ N(XG, o°1), BRI EH ), 5 Fi
o BVRE Y

LB, 0%) = el (0~ X W - X8)} (653

L J A Jacobi 791

n n
== T

B, 4\ EER, JRAMB TS5 6 M o® BHEETF. L3, o) BHAMR
DRT B o? KL, SHETE, WLKRSE 6 o MR MRAETT

B = (X'X) 7 X'y, (6.5.4)

(M

F2(0) = ™' (1= X(XX) X = 288,00, ),
XTI
8Se(A, y ™) = g™ - X (X'X) X )y
XPREf LR B R



§6.5 Box-Cox A5t 177 -

(MY —n/2
58.(\ ) )) . (6.5.5)

Liax(}) = LBV, 62(3) = (2rme) /27 - (2252

B A B —TEREL. AR B B A, H na S o @ RIARL, RO
BRI TT EE K In Limax(\) BIBOCHE, X (6.5.5) sRATHL, Be 5 A To3ehy M
i, 7%

In Lmax(\) = _g nSS. (A, ™M) +1InJ

OV

y»
n Y n
~ 5 (Jl/n(I X(X'X)1X )Jl/n) = —Z8s.(, 20,
(6.5.6)
Horf
SS.(\, 2M) = 2N (1 — X(X'X)"1X")2W), (6.5.7)
™)
n o, Ny Y
2 = (Y, 2NVY = i
y
e A#0,
M= dIL w0 (6.5.8)

(Iny)(ITimy )7, A =0

(6.5.6) HAF Box-Cox ZHAEHHM_ESIAARKITE, XEFEHH TR In Lmax (M)
BB, RATHFBERBET M SSc(, 2V ByH/ME. BRBANTVRMER H
SS.(A, zN) KBIE/MEM A\ RN EER, EX—RALEN A E, B RTE
{3k LS fliHi AR, BAMRA SRR SS.(\, zMV). B SS.(\, 2 W)
KT A 2R, AR LR LR R L SS. (A, 2V) IRBB/MER A

BUEBATHE Box-Cox A5 Heity BB BIA 4 M T

(1) M A E, R (6.5.8) 15 .

(2) FIF (6.5.7) RHFFRET I SS.(A, zV).

(3) X—&FI )\ H, BE LIRS, BEMHNHRET M SS.(\, V) iy
—EBE, DL e, RN . FIEA TR, HRHE SSc(N, 2O) KF
B/ MBI

(4) R (6.5.4) Kt BV

B 6.5.1  7Ef 6.4.1 o, RATXTEAE Y ET TR, MY THAE
BBHO = 0.5, WAAFHIE, BOTTUGEL/EX N IEAER. £ 6.5.1
T 12 ARRE N EX R Z TR SS. (A, 2V, R BT E Y A =05
if, FRETHM SS.(\, 2N) KBS/, FHBATTLLELIHIAY 0.5 BETHS
¥\ f AR e
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% 6.5.1
A -2 -1 -0.5 0 0.125 0.25
RSS 34101.04 986.04 291.59 134.10 119.20 107.21
A 0.375 0.5 0.625 0.75 1 2
RSS 100.26 96.95 97.29 101.69 127.87 1275.56

§6.6 ¥y M A I

BT RS R AIE, BIHRE LS Mt A 2R, HhshE
B /& Gauss-Markov @3, ‘BARIET LS Mt fEL TG 128 i 7 Z 5/ ME.
Bl X —, LS e BRI A T EER 5 SRR A v A X BB
WAL, BEE B ANBARN CEER, AMIEREZHERIZLEEEHL R
HHA R REENH NS, 2N EZEREY, X SRR R IF MBS, LS
A BRI, Flan, AR 3 R TR e xHE R R R, AR
RP AR THER S 5 R 2hr B SO S & BRI R, A S R Y
R Z —J2& 5 A B 2 [RIFFTEE IR IR R, PR E LA (multicolinearity).
AT HATH T E SRR LS ATy s ma L K% 2 SR 2RI 12 Wrofn ™ B RR BE 1 B &
[] .

AT IR TR E, BA1ET EPEA — M5 bRt - ¥9771R2E (mean squared
errors, faiCH MSE), FHIHE B R — R

B0k px L HRMSBHE, 0K 0 f—MEH. © X0 mriREN

MSE(f) = E||6 — 0||> = E(0 — 6)'() — 0).
EERT A 0 GRMBBITE 0 BT RN, — RS RIZE R
W TR,
T 6.6.1
MSE(f) = trCov(f) + || E6 — 0]%, (6.6.1)
XH tr(A) R A K.
EEA
MSE(6) = E(6 — 6)'(0 — 0)
= E[(0 — Ef) + (EO — 0)]'[(6 — EO) + (E6 — 0)]
= E(6 — E) (6 — EO) + (E6 — 6)'(E — 0)
= A1 + As.
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@%X‘T'EE%W‘]J/I\%E% Arxn ﬂ:ﬂ Brxm, ﬁ trAB = tI‘BA, ﬂ:%_tﬁ%_.lﬁ

Ay = Etr(0 — EG) (0 — Ef) = Etr(d — E0)(0 — EA)

= trE(6 — E0)() — EA) = trCov(d).

48 =30 Ay = (E6 — ) (E — 0) = ||[E6 — 0|2, EFRIELE.

MEFL 6.6.1 FTLAE I, 6 BRI iRZEE T USRI BITZ A, Horh—T5% 0 #y
BHRIGTTEZIN, 55— 0 &SR REN TN, B, —MEHeET 7
RERE M ER S 0 BIIT ZMMZITRE. — MG RIZ A BT Z
(E=3

BAER AL 7 R ZEX DARUER T LS Afitt. 5 By [l H A

y=agl+XB+e,E(e) =0,Cov(e) = oI, (6.6.2)

XEMEE nx (p—1) WRIHHE X S@f o efiigd, B ik(X)=p-1. fTi&
TERH R, TREE a0 MEIERE 8 # LS TR0 Bk, B4
il §
G =9 = %Zyz,
=1
B=(X'X)"1X"y.
o 5 B HY LS X R BTk, MHFITE T REA LS £ p ok TR
KEHE, FEEANHeE TR 6 8 LS HitH st
HHy 52 8 WM, TRAE MSE(S) MEEXF, A =0 XER
Cov(3) = o2(X'X)"!, TR

MSE(f) = A; = o?tr(X'X) ™1 (6.6.3)

WA > > M > 008 X'X BFRRIEE, B X'X A[, BRRL (X7X) 1 HYRIE
{Ej@ A;17 ) A;_lla ﬁtﬁﬁyg

MSE(3) = 0% Ai (6.6.4)

MXAFARBATTUEH, MR XX B2O0F—MREEET /D, BIEFELT
%, 4 MSE(B) &Rk, WM iREMIRERE, XIHH LS it 4 AR —1
FHIAETE. X — S0 Gauss-Markov @ PRI TCHLME, B HFEATHIE, Gauss-Markov
EFUBFIET LS MR m Al i 2R i 25 /ME, B X'X B20H—
MFEEAR/ N, XA/ B EASHRK, SR TRAKHITIRE.
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H—J7 T
MSE(B) = E(6 — 8) (8 — B) = E(3'6 — 263+ 3'B) = E||B||> - 55,

E||B|* = 1811* + MSE(B) = ||8II* + 22/\ (6.6.5)

BN, 4 XX BOH - MHEEMR/MS, LS 5 8 KT RE
HEERRAMME 8 RERSE. XHSHT 4 AREEIMLRLRHERK.

B2, Y XX FOHAHEERNE, LS M 8 AFER— M.

THEBENE—ToH, X'X ZOF—PREERDI T X A S 5E 1S
HAERXR LEIREHA?

X = (za), - zep-1), Bl 2¢) ARITE X %05 & AR X'X f—1
FAEE, o AHIMRERE, HRER L0 op=1. & A= 0, U

X'Xp=XAp=~0.
Mo R ERX, 7
X' X=X p=X\=~0.
TR, ®IE
Xp=0.
%‘iﬁ Y = (61, Tty Cp—l)/, J_‘.J_itﬁpﬁ
C1T(1) + -+ Cp—1T(p—1) = 0. (6.6.6)

KRBT X WSR2y, 200 ZEHEBHZRERR (6.6.6). WRA
Xy, Xy 4HIERR p— LAEIH A AR, R4 (6.6.6) BLBA, IBLER n HEHE
&, FHAZRRZ EAEMURERR

aXy+-+ Cplepfl ~ 0. (6.6.7)

BH B R 5 2 [5G &R (6.6.6) BEFH 3 BT 5 AR 2 [ % & (6.6.7), FF
IR, HUSH, FRUHEE X SRR (6.6.2) AR SEARNE, A0
WK FE X IR AR (ill-conditioned).

N EHEEITIRERATAE, “X'X BREERDN ” SN FRE X Z WFEER
IR, FHH X' X FIVMHEERD, it X FE L EIEC R B
I, L2t LS fhitBIRm IR, JrE X' X By E0E R

A1

k=1
A1
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Wil E X' X WRKFEESS/MHEEZ L. BN L, ZFMEZIE T X'X W
TEAE R R RS, 7T LA R OR FIWT & St & G AEE A S R LR AR . ASEBR
MW AE, —8 k<100, MIAKHE LM REMR/DN; & 100 < k < 1000, 1
N TETE 57 B B o i B LR s 5 & > 1000, MDA R 176 ™ B 1 R L2 1.
$l 6.6.1  FE—NH/RAEIEE B EGLRIER T RS, £ 6.6.1 454 T FIA
® 6.6.1 JFIEIER

RS Y X1 X2 X3 Xy X5 X6
1 10.006 8.000 1.000 1.000 1.000 0.541 —0.099
2 9.737 8.000 1.000 1.000 0.000 0.130 0.070
3 15.087 8.000 1.000 1.000 0.000 2.116 0.115
4 80422 0.000 0.000 9.000 1.000 —2.397 0.252
5 8.625 0.000 0.000 9.000 1.000 —0.046 0.017
6 16.289 0.000 0.000 9.000 1.000 0.365 1.504
7 50958 2.000 7.000 0.000 1.000 1.996 —0.865
8 9.313 2.000 7.000 0.000 1.000 0.228 —0.055
9 12.960 2.000 7.000 0.000 1.000 1.380 0.502
10 5.541 0.000 0.000 0.000 10.000 —0.798 —0.399
11 8.756 0.000 0.000 0.000 10.000 0.257 0.101
12 10.937 0.000 0.000 0.000 10.000 0.440 0.432

XEILH 12 4R, BRE—AN, HA 11 ABIEHELZEXR
X1+ Xo 4 X3+ X4 = 10. (6.6.8)
BT BE A AR ERL, BT, 5 X0, -, Xe FoR. NIESHENLEERRENLA
HE 12 M e, ern. AR LHERIHER
Y =10+ 2.0X; + 1.0X5 + 0.2X5 — 2.0X4 + 3.0X, + 10.0X; + e. (6.6.9)

FEH XA A 12 TR, XEEFIZER 6.6.1 195 1 5. M THE (6.6.9),
X'X K ) .
1.000 0.052 —-0.343 —-0.498 0.417 —-0.192
1.000 —-0.432 -0.371 0485 —-0.317

1.000 —0.355 —0.505 0.494
1.000 —-0.215 —0.087

1.000 —0.123

1.0000
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HAVHE, M ORI R Bt X, EEEE A AR ROV RESLAS B, R4
X'X g EE A AR AR AT xS, RPN H AR ]
P AFAER - BRI LA R, T XX #75 MFEE ) N

A =2.24879, Ao = 1.54615, A3 = 0.92208,

A4 = 0.79399, As = 0.30789, Ae = 0.00111,

TRAMEN

Ap 2.24879
=T 902594
o 000111 2094

XA RGE IR T 1000. ARIEETHE B AN FARIvrmE, A (6.69) BB FEAFTE
JPEREILLNE. O A = 0.00111 ~ 0, B X'X XMT A BIFFAERER

¢ = (—0.44768, —0.42114, —0.54169, —0.57337, —0.00605, —0.00217).
R [ 9 A B2 (A a0 R RS R
0.44768X1 + 0.42114X5 + 0.54169X 5 + 0.57337X 4 + 0.00605X5 + 0.00217X¢ ~ 0.

ERE, X5 M Xo B9 REOMETHE Y22 R0 RPN E MG L, TR0 25,
HE
0.44768X 1 + 0.42114X5 + 0.54169X3 + 0.57337X 4. (6.6.10)

KITED], X1, X, X3 fl Xy REUREGE, TEXNELLCRRME LT
e F AT & BRI T FI Y e & (6.6.8). HASE —HEEH AW (6.6.8), Bl
(6.6.10) F1 (6.6.8) AN5e4AHR & H AR A

EALRME AN EREZ TP, —FEH TR s WRRERE. R
SRIERE T A W B LR AR A T, B0 B RT RLdE Rt Yo B 2 Y B R SR i,
HEALHERSBRINFZEAE. G, F£—%hEd, b FRsidr-dies
SELE A RG], AFRELEAEFEAE. S, X —iER, BAZM LR
PLfg e EEREEE, HEX T2 T =1 a2RNEN, g TiE g B
FERBEE, ARE 4T BIL&tt. &5, BEUEE T —SoEny¥dE, (Hoh 73Tk
BALEE, X PR A LB B FORIIBEE, FTRES AR A, DT A [l &
(U, 66.4).

FH—ME R LA EEFERE, AR AW LA LU LERR.
totn, TERFRAANRKER BEES, aREFERA o AEFER o HEEA
ik, RAERFEEWN S WA AT —, AR o Moo ZEAE
BB — Uik, R TRBILERNIEER NS, WilERHa2ZE N p -1
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HACZ IR, o T AT B AR Z MR R Z AR, R — A Z I
LRAW HARTIANEIEIR. KW ATERBEIH T, LS itk
BUEAEATIAR, B2 REAR IR — AL

§6.7 A fm i 11

M ETTRHERATANE, LBt FEEILA SR, LS it f vk A aE 2
M, ARERRIA. Y, GOt T MRS, B S s /N Al XS
J18 —J7 R MR BRI A B 25 R, T BT R A AR IR R [ T2 TR
X7 T — 8. XS I — A EE T R TR — A, Stein T
1955 4FERA T, MYERORT 2 i, IESHEAER LS MATHe AR iV, BIGE
HENFI— G ERFESCT —ZA0T LS it A HSCHRARIEY Stein LK.
AL TR, 3 30 495k, AMIRH TZFHefhit, HhEZEFRMT, E8an
fhitaE. WEFRC LR, XS5t T LS it FXBfhi-A — e m
il ENMBEEFAFETRESE, TREAMBEX ARG M. 497
B H B REE TR A R R ELAR B2 N B P R e A e A5 A R R A T

6.7.1 Uefhit
XA RNHBAY (6.6.2), BIHREL 8 Bylefhit e X h

B(k) = (X'X + kI)71X"y, (6.7.1)

I k> 0 RAERSE, FRAKRSEEMESE. MR kRS LREE v w5
¥, M G(k) ARG, RRMIE, G(k) BRIELIEMT. 4 & BURFE, #1115
FIARR MM, FIS T 6(k) B— 2. 850, Bk =0, 5(0) = (X'X) ' X"y
SLEH W LS M. TRTEMYE, LS iR i — M (R
WHOF, SRR EHET, BERERE LS it BEAX—H] k#0 M 8#£0,
E(B(k)) = (X'X + kI)"'X'X B # 3, HCIEfH A kit

5 LS it B ARE, ISR XX R T XX + kI BE. BN LA Xk
TEMBE AR B, R X 2RAN, XX WEEEEE — 3% B
FE, T XX + kI BEEE M+ k-, Aot + b B TR BRERSEFIEE,
T “FTRE” SRR Mep i Skt BRI ME L LS Ml a8/ g iR, B
MSE(3(k)) < MSE(B). FHHATHEBHX A RERA LI k RIEIEM.

K TAEH e T R — A EACE B, 15| HER B TR (6.6.2)
BTG, 8 A, Mpor XX BRRIERE,  d1,- o, dpo1 HXT I IIPRAEIE RS
AEERTRE. 30 @ = (61, dpo1) , T @ K (p— 1) x (p— 1) FRUEIESSRE. FiIL
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A =diag(h, ) A1), TR XX = DAY, TUZHETBA (6.6.2) FTECE
y=ool+ Za+e, E(e) =0, Cov(e) = o1, (6.7.2)

XHE Z =X, a=2'p. FAIFK (6.7.2) HALEETHRER I, o PRV
EHREC By X Zaobsy, T2 Z tdedofery. X (6.6.2), ao M
a iy LS A5+ h

Go=9y, a=(2'2)"7y.

ERF 272 =0 X'XD = A, HTi
a=A"12,
Cov(a) = c*A~ 12/ ZAt = AL
e 52 I A H R 5 o Bt h
alk)=(Z'Z+ kD) Z'y=(A+kI)"'Z'y.
2 GEH
a=9'p, (6.7.3)
a(k) = @' B(k). (6.7.4)

1 (6.7.3) A, JUWEIIZEL o #9 LS i+ 5IEOREIESR 6 1 LS itz Mz
—MIRHEIERCKE, A

MSE(&) = MSE(), (6.7.5)

M (6.7.4) H1, BB LR AL, B

MSE(a(k)) = MSE(3(k)). (6.7.6)

XPAFERRA M, EXIE A1 R A AR 7 .
PAEFNTUE IR Al T It R AR S A g 7L
I 6.7.1 fFTE k>0, 5

MSE(B(k)) < MSE(B). (6.7.7)

BIFEAE k> 0, ERER T REFSICT, AT LS fhit.
WEBH 1 (6.7.5) Ml (6.7.6) 1, HFIEWIFFTE k> 0, {515

MSE(a(k)) < MSE(). (6.7.8)



§6.7 A w5 it - 185 -

FABHE Z By, T2 12 =0.
B(a(k) = A+ kD' Z (a1l + Za) = (A+ k) Z' Za = (A + kEI) 71 Z' Ac.
NFAEH 3.1.3,
Cov(a(k)) = (A + k)T Z' Z(A+ kI) ™" = (A + kI)"'A(A + k1)~
PR EH 6.6.1, 153

MSE(S(k)) = trCov(B(k) + | E(B(k) — a?
= o2 A R +-k (6.7.9)

= fi(k) + fa(k) = f(k),
K fr(k) A fo(k) S3AIFRIR (6.7.9) SR —IUMISE 0. Xt &k RSEL, 15

p—1 \i
p—1 \i
(k) —ka o fk) (6.7.11)

K £1(0) <0, f5(0) =0, BFLA f/(0) < 0. IR f1(k) B f3(k) 1 k > 0 BHASELE,
FRLk £/ (k) 7€ k > 0 BHBESE. HT, %4 k>0 BIH /I £/(k) < 0, XEEE,
f(k) = MSE(a(k)) 1€ k(> 0) FE4M/NeF, R k BSHmRE, HMEE & > 0, 4
ke (0, k%) Bt, H f(k) < f(0). {2 f(0) = MSE(&). XHIFH T (6.7.8). FHIFEE.

E1 XAEE RIS SRR T B E T AR, AAEEMEX. H
R, WHELRIEWE R ATME, HEAER (6.7.7) MOLW & KETRNS% 5 M
o2 B, XEEH &, BT G(k) RRIEEANS SN E-FULT LS M. &
S EATLAE—SAEH, B R AERRTE/MNG B SL (36 TX A 3 S22
[4]p.294, EFE 2.2).

E 2 Bk) = Anf XH Ay = (X'X +KD)7IX'X. XEBIAAEE LS it
f— LR e

3 AMEE k> 03] £0, &

1B = lla(k)| = (A + k)~ A < llad] = 1141

W, WA B(k) M BER L LS At B B BE/N. I B(k) Xt 5 A —
PR, Br LA AR Z A —FE 48 11 (shrinked estimate). L —F & 16 &4
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B, MR X RSN, THUR LS fhit 5, MRS 0 ER RN %
B XAGER N — T B T A i B

TESCRRR AR, BB — MR EEA NS, EH6.7.1 (U T A(k)
T 68k BEFERE, FRRA SRR EE. ROTH AR BHRIIE MSEB(R))
RE e/ MER k. W\ (6.7.10) F1(6.7.11) BZHE H, XARME b MZETT2

p—1 2
f'(k) = fi(k) + fa(k ZZZA’iﬂ”O‘JrkU):o (6.7.12)
=1

MR A R4, ARk RMRE B BT RASEL B o, IS REE S i 7 2
f/(k) =0 X445, B, SR NAR@RRRE TR L iF275E. HEN
RN LB 45— E, TEX BT — DI LR — 20t (BIxT—U12%
o®) MTHETE. TEENNFH AL,
1. Hoerl-Kennard A=

e A1 J& i Hoerl fil Kennard F* 1970 4F42H iy, 10T A YI%EHE & #2500

~ 52
k= — 6.7.13
max; a2’ ( )

XA REET M THZE. B (6.7.12) H, WE ka2 —-02<0,%i=1,---,p—1
WAL, W (k) < 0. TR

o2

kK= ——. 6.7.14
max; a2 ( )

B0 < k< kB, (k) BR/ANT 0, T f(k) Bk B EIERE B0F £(k) < £(0),
B MSE(B(k)) < MSE(). 7E (6.7.14) t, FJ LS flit a; fl 62 4% o, f1 o2, fE15
F] (6.7.13).

2. W

WAl B(k) = (X'X + k1) X'y 26 k EBCETEL. 30 6i(k) K B(k)
80 AN, BR kIR, Y kTE [0, +oo) LASKEL, (k) WEITERRN
W32, e k BT W Bi(k), - By (k) BYISIBEAER — A L. ARAEIK
WAL IR b, A& EERE ISRk LR, HFEAA I
FREISAETHE S B S T, FRATALE, LS iRk T Ak Bl MY
k. kK, TS LS I RE AR, Hi, X MRE T RIS &
OB ITTRE . 43T RIS B IR 3 b (ERS, YOI % B A5k 22 T MR EE L7
K. ESRRAEE L, R IU S BT AR B AR AR —3K, B SR g 150
2 B, SRR TR A [F] 15 00 R 1% Ab B
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Bl 6.7.1  SNAEARESHT
NP EBMEER Y A#ED AR, HERE X AENEE, Xo NI
B, X BRHERE. ATELY METE X, Xo fl X ZEPERBIOCR, e
T 11 AR, FITER 6.7.1.
£ 6.7.1 JIREIE

s BN EE (21) T (22) BIHRE (23) DS ()
1 149.3 4.2 108.1 15.9
2 161.2 4.1 114.8 16.4
3 171.5 3.1 123.2 19.0
4 175.5 3.1 126.9 19.1
5 180.8 1.1 132.1 18.8
6 190.7 2.2 137.7 20.4
7 202.1 2.1 146.0 22.7
8 212.4 5.6 154.1 26.5
9 226.1 5.0 162.3 28.1
10 231.9 5.1 164.3 27.6
11 239.0 0.7 167.6 26.3

W SR AR O AR AR AL, TS E
1 0.026 0.997
X'X=10026 1 0036
0.997 0.036 1
FE B SRR, 4508 A = 1.999, Ay = 0.998, A3 = 0.003. F2& X'X

AL A1/ A5 = 666.333, Al W IEAFE R FREMEILRE. A XTRLARFIE R
=)
¢3 = (—0.7070, —0.0070, 0.7072).
W =R M, = HARZ AFEE AR R
—0.7070.X1 — 0.0070X> + 0.7072X3 ~ 0.

EER, AR X (RBAEXEMAXAER /D, ATHA%E, T X0 H Xz i REL

ICRARSE, HHARZ MR RRTEMME R X, = X3 EEXEN X,

M X3 #R gt AR e AR B, SRR JFORM S|, LRI ILER R A
X1 — 7 . X3 — T3

S1 S3

M 6.7.1 W AT H
11

1/2
r1 = 194.59, S1 = (Z(l’zl — f1)2> = 94.87,

i=1
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11

1/2
Ty =139.74, s = (Z(ms - 53)2> = 65.25.

i=1

RN LA

X3 = 5.905 + 0.688.X. (6.7.15)
ORI S TH B BT AR Z T — R RBSE R, By X RO fipn i
El, T2 X'X JRAHoekE, Hr 0997 IER X, i X3 AHERE. TR, X145 X3
AMBERBIAR AT, MBNHRH ENZERRILLLR (6.7.15) X—FIREYE
. BEAR AR Z [HAFAE P SRR M R AL ZetE, BNTHUR AW A 3l [l )3 &
B MTAOACRAR AL R B, THIT R IR 51 TE SR 6.7.2, Rof I i I 378 [ i 7 &
6.7.1. 3 6.7.2 W5 —FIRIRAGTH R A SR ZT-I7 M. JATEE, BEF kg9,

BE
12
1.0
0.8
0.6 - )
B:®
0.4} ———————— — — T
- 1 (k)
021 4
0 —fl | | | | | | | | | |
/I’ 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
-021
-041

Pl 6.7.1 SMBRCHR R85

WS E TR FRZE T R 2 3, BrDAFR 22T 7 AUR IS S50 b YRR pR %, X
ERERK, BA LS iRk T kB B/ afhit. & k eosgm, %4
5 LS i m B Ak, BB RsRZE T M ARk, ki & L] L
B, 18 51 HEE kRN, fREEM, KATE k= 0.01 AR HIEME. T
Bo AR HAESRASE, 1H G5 WEE k B3I, BRI, KRATE k= 0.04 LUFHRRET
. BERSEE, BATATLAE k = 0.04, X A8 14

31(0.04) = 0.420, 32(0.04) = 0.213, 33(0.04) = 0.525.
SR

71 = 194.59, 7o = 3.30, 73 = 139.74, § = 21.89.
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*® 6.7.2 SIREEMHLEYT

k Bi(k) Ba(k) B3 (k) RSS
0.000 -0.339 0.213 1.303 1.673
0.001 -0.117 0.215 1.080 1.728
0.002 0.010 0.216 0.952 1.809
0.003 0.092 0.217 0.870 1.881
0.004 0.150 0.217 0.811 1.941
0.005 0.193 0.217 0.768 1.990
0.006 0.225 0.217 0.735 2.031
0.007 0.251 0.217 0.709 2.066
0.008 0.272 0.217 0.687 2.095
0.009 0.290 0.217 0.669 2.120
0.010 0.304 0.217 0.654 2.142
0.020 0.379 0.216 0.575 2.276
0.030 0.406 0.214 0.543 2.352
0.040 0.420 0.213 0.525 2.416
0.050 0.427 0.211 0.513 2.480
0.060 0.432 0.209 0.504 2.548
0.070 0.434 0.207 0.497 2.623
0.080 0.436 0.206 0.491 2.705
0.090 0.436 0.204 0.486 2.794
0.100 0.436 0.202 0.481 2.890
0.200 0.426 0.186 0.450 4.236
0.300 0.411 0.173 0.427 6.155
0.400 0.396 0.161 0.408 8.489
0.500 0.381 0.151 0.391 11.117
0.600 0.367 0.142 0.376 13.947
0.700 0.354 0.135 0.361 16.911
0.800 0.342 0.128 0.348 19.957
0.900 0.330 0.121 0.336 23.047
1.000 0.319 0.115 0.325 26.149

H S Ht
s; = 94.87, s5 = 5.22, s3 = 65.26, s, = 14.37.
RAEE FEIEFE, REE2m T8 E 7

Y = —8.5537 + 0.0635X + 0.5859X5 + 0.1156 X 3.

UL RS, RERT NS RAR, 4 X SRS, FIE P Fh s
WSk WIREM R TR ERH A —E e, EHEIMTAENER LIHEE
{14 B Al H LS -8R 2. Vinod A1 Ullahl'%) 231 7 —F
BRI SRk ik, BR B h AKX, WERR ERTLGER], Xf—41 6 f1 o,

B h nF” BRI LS Mt AR/ NI R E (58 TR WA R R4
PR F P SCRR (4], p.303).
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WAt i — it B, BRSO AS . XE T LR ENERAL (6.6.2), EIIHR
BB W SUR Al T RE SR

BK) = (X'X + ®K®) ' X'y,

X gy X L3, B @ ARMEIESCKE, 1% ©'X'X® = diag(Ai, -+, Ap-1)
K =diag(ky, -+, kp—1). FTRAEN], 777E K A3 53t LS Mt A 8/ MNgT7
W HAER LU, 7SO fETHRE LI A Hs B E R iR E, BRE K
b,

6.7.2 Em4ohit

TEVFRIS TR OE RAERT, 5 1 T — et AR (6.6.2) RYSLITE (6.7.2).
TR (6.7.2) W, BFWRITEE Z = (zq), - 2p-1) = (X1, -+, X 1), Bl

z(1) = X1, Z(p—1) = XPp-1. (6.7.16)

TR Z W5 Bl IO p - | MBI A RIGRIEALS, JALE REOY XX
15 § ARFERRRIAFER R o B, 2 85 p— 1 ASUBRRLT p— 1 ABUR
HA R EIRANEALA (FIBL XX WORHEFTRCALA RO MARBIF R (E250
Gritaedt, FRRMFTERONERS. SHES— IR R T XX fRRAFE
f, BB —ERS, HREE IR R, IR HR X R
DAL, B X =0, FRVZ = UX0 = 0. BLl 2 Wi L. B 2 #65)
TR TN

_ 1 & .
& (6.7.16) T 7%
z(nza) = ;X X i = \i. (6.7.18)

254 (6.7.17) H0

Z(Zij — %) =25z = X j = L,---,p— L.

i=1
TR XX WS AREE N RER T AR BUERESIRAD. Mt X
FERILLRARR, F—% X'X R EER/D, REERE A, A1 =00 X
WRE ) p—r — 1 DERSBEE AR, FH4E (6.7.17) (Bl ENTR S EE N
%), B8 E RS BUELL AR, B, 72/ FMERBEIE H 2B EE, X
JETE p — 7 — 1A T3 X A Bk e 5 e 5 T LA 2R B, CRDRE A T T AN TR AR
HraBR. /N IRIEMOR T/ AR W B, SRS AR R FOR R F AR,
BARE] T F RS ENA.
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AN LB BAE R, 38 A = diag(M, -+, Ap—1). XF A, Z T & B

Ay 0 aq . .
A= , = . L= (Z1:Zs), = (D1 Py),
0 A2 (6%

Hft A Hrxr 5, o Arx1mE, Zo nxr @il &8 @p-1)xri
. PRX B HRERERN (6.7.2) AR Zoon TiAS2] B IH AR

y=aol+ Zia; +e, E(e)=0, Cov(e)=d’I, (6.7.19)
XASH Y B AR SR TR H p—r— 1 XA RSNy L R 5

f. R, sz EBRNTEM A M T T — KB A AR R, WA (6.7.19)
R B/ Fik:, 145 ao Mo #9 LS At

1 n
o =9 = Ezyz’
=1

a1 = (Z120) " Z1y = AT Z1y.

W A BRI TR p— r — 1 ARG, BAMTH a2 = 0 2t as.
MFIXR 6 = Ba, TTURFFRSE 5 115

o O Qq 1 —15/ v/
ﬁ =0 = (‘I)l, @2) = (I)lAl Zly = (I)lA (I)lX Y, (6720)
Q2 0

ROPIE ) R
IR SR (6.7.20) XA

E(/é) = ((I)la ©2) ( “ ) :q)lala
0

B =®a =201 + Pran,

AL, —fBiR B(B) # 8, TREBSMERA M. M TFAambT, &%
BB ITREVE A R AL WA, T A E IR T, fE—EMA&FT M
flit e LS it A B/ T iR 2.

EIE 6.7.2 MITHEAFER LA R, 1Y R IR A I ER BT E R
MG LS Mt AR/ My Tr iRz, B

MSE(3) < MSE(f).

{H
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B MR RICS, B XX BJRE p—r — 1 AEFE(E A, A
REETE, MIBEH 6.6.1F1 (6.7.20) X, A

MSE(3) = MSE u = trCov u +|E u —«
0 0 0

2
= o*tr(A7 )+ oz,

EEj

MSE(3) = o?tr(A™1),
Bl

MSE(8) = MSE() + ([laa|* — o?trA; ™).
TR
MSE(3) < MSE(3)
4 HALY B
az|? < o*trAy !t = o2 Z i (6.7.21)
i=r+1 v

B R AMRE XX WIS p—r — 1| MEEESSETE, FRERAMEL, BFR
3 (6.7.21) oL, EHHE.

EOEN =046, TREEBIFESE, (6.7.21) WIEEN

(g)/%@g(g) < trA; . (6.7.22)

RV, Y 6 o W (6.7.22) B, FAMETA BB LS AR/
IR, (6.7.22) KR TSREMF M 6/ REE) —HOTER SR, T
T (6.7.22) BATAT LAEEI0 T B 25

(1) XEEHSE B M 02, 4 X'X WIETH p—r — | MHEMMAN, EHs
i LS i E £ My iR,

(2) XA EN XX, WREEEW Ao, MAAXT NG 6/0, ERSMETTH LS
R BN TR

TEFE RGBT o, 76— A T I 2 e R B A4 . S
BRI, Ho— R R B X AR AE (AR XT HL A R AR A4 e o,
A5 S N SR p— L MREEZ A VN W HE (BRXA EE T - A
A TR SRR TS I E, B 75% =X 80% 4.

BRI —E, ERMERFORE RIAMAE, B—F AT, —MF
AR B AR SERR S 3, FE R 24 ] 09 1 A5 E R R B B, SR, e
PR R SRR, AT C RIS, BE Xi fl X A BIFRE



§6.7 A w5 it - 193 -

AR K T OB T, 2 T80 Bk 30 03 R 43 BERSE K, T X
SR SRLTTRR LAL2 HA FE i, LGRS SR M B B 2
G4, ERMRAR AR T, FHRA LIRS YR BAETE—Ee 52k ]
B, FUE R R, R AR R R, 3 ELE IR
FUAF 40 5 SRR AR R

B 6.7.2 (Bl 6.7.1)  SHSTECHE AT I

1EG] 6.7.1 7, RO LAEURAE T SCH o007, 3 ELR i T W3 R B 0s
i, BMERIBEREWERMFET. XX QEAERES 5

A =1.999, X =0.998, A3 = 0.003.
BTN LA = AR LE SSACARFAE R 120 31 A

¢ = (0.7063  0.043  0.7065),
¢h = (—0.0357  0.9990  — 0.0258),
¢y = (=0.7070  —0.0070  0.7072).

=AER K
271 = 0.7063X1 + 0.0435X5 + 0.7065X3,

zo = —0.0357X + 0.9990X5 — 0.0258 X3,
z3 = —0.7070X; — 0.0070X3 4 0.7072.X3.

FEEXE X, Xo A1 X B LAREL G AR, BN A3 ~ 0, HETHAER
3B TR ; ,

D> X/ D | =0.999 = 99.9%.

i=1 1=1
F, |OIGIBRE =AERS, RAEEBTEADERS, BN EIEREE LS {41t
SHH &1 = 0.690, e = 0.1913. FJRFFRAS &, HFNL5 B 55 &

Y = —9.1057 + 0.0727X; + 0.6091X5 + 0.1062.X 3.

£ 6.7.3 & T ERS TR, WAl LS it SAsEHE, MG TS A T

HEAHIE. M5 LS M, RILZER (6.7.15) Brad&iy Xo Ml Xs By EIHR
BORAeEoR, FFH Xo WEERB A5 E T 221k,
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*® 6.7.3 SIREIES R =FPEIT

&1a5s HHOT z 2 3
ERHEH (r=2) —9.1057 0.0727 0.6091 0.1062
LS fliit —10.1300 —0.0514 0.5869 0.2868
I8l (k=0.04) —8.5537 0.0635 0.5859 0.1156
3 & N

6.1 BWAHEMEK, E—MEERF LFRE, BRI BRI 2 A0
XA R AR LR, SRR AR BN B R 2 R EPAE. XEEEA A
P[] AR

Y =01 X1 +02Xo+ a3 X3 +auXs+e,

e Y AERFEFHEIrROREMNNER. RITAE, DUREMEAELZDFEE, WY By
PfE, X BEN 0,1 8¢ —1. 0 RRIEXRFRERS, 5 « MIRBASRR; 1M —1 2508
BRI . I RE o0 SRS « MBI ER, BITEIFRT MK, H
LR R

Y X1 Xo X3 X4
20.2 1 1 1 1
8.0 1 -1 1 -1
9.7 1 1 -1 -1
1.9 1 -1 -1 1

1) 2 Lt ] AR 3 TR 3 R B R
2) WIFBRHERE X WE X'X = 41y, IR ER o HE/D R di;
3) RIZMALREM T ZH o2, W Var(&:) = 02 /4;
4) I Ee R ) 411 FIREAAIRE. o AT EEAZIXRRAREBE:  Var(a:) =
o’ /4, TERREILW?
62 By=XB+e, E(e) =0, Covle) = oI, X £ n x p FIHKBLTER. # X, 54

Y
XB = (X1 X2) S
Bs

(1) JERA Bo BB/ DTl G2 p1 T4 i

(
(
(
(

Ba = [X5X2 — X5 X1 (X1X1) ' X1 Xa] " [Xoy — Xo X0 (X1X1) ™' X1 y);
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(2) 3k Cov(B).

6.3 XTERLERFHRA y = fol + XB+e, e~ N(0, 1), HHft X Fynx (p—1) 4
M. G EE

Hy: pr=--=0-1=c

Hy: pr=---=p6p1,

Hz: i+ -+ fFp-1=c
i F gt XE o AR

6.4 & 6, N o® fEEMAL (6.3.2) FTHIB/N T, BIXLBA (6.3.1) Ef, K
E(67), FMbEE R T 4

6.5 FMFTERYEEFBA y = X3 +e, R X WE-FIMTEN 1, IEH:

(1) > (i — 4:) =0,

(2) > 9ilyi —9:) =0,
He g RUAHEEE § = X6 W5 i Mz

6.6 RRHLIX 18 AFIEFH I B HOILEEE (ILTFR), il RMS,, Cp fil AIC #ENI, #
LA (] AL

y: IHBREABER (70,

x1: ERWSEERA (7T),

o2 I T NREIEEL (%),

x3: HEHERTFHMEHEE (%).

¥ith 18 FRMIHTR R EHKIE

Yy z1 2 z3
7.8 81.2 85.0 87.0
8.4 82.9 92.0 94.0
8.7 83.2 91.5 95.0
9.0 85.9 92.9 95.5
9.6 88.0 93.0 96.0
10.3 99.0 96.0 97.0
10.6 102.0 95.0 97.5
10.9 105.3 95.6 98.0
11.3 117.7 98.9 101.2
12.3 126.4 101.5 102.5
13.5 131.2 102.0 104.0
14.2 148.0 105.0 105.9
14.9 153.0 106.0 109.5
15.9 161.0 109.0 111.0
18.5 170.0 112.0 110.0
19.5 174.0 112.5 112.0
19.9 185.0 113.0 112.3
20.5 189.0 114.0 113.0
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6.7 EMILTREF, BFREMTHER Y Setm —EmERRTER X0 AT &EE Xo
ZHFRARAREHTAEL, FHRXFRAERITEE HERAOITEN X M X #ES
vt — AR AR, AT — A ARAREARR AR R. T 22— AR

X1 Xo Y X1 Xo Y
8.3 70 10.3 12.9 85 33.8
8.6 65 10.3 13.3 86 27.4
8.8 63 10.2 13.7 71 25.7
10.5 72 16.4 13.8 64 24.9
10.7 81 18.8 14.0 78 34.5
10.8 83 19.7 14.2 80 31.7
11.0 66 15.6 14.5 74 36.3
11.0 75 18.2 13.0 72 38.3
11.1 80 22.6 16.3 77 42.6
11.2 75 19.9 17.3 81 55.4
11.3 79 24.2 17.5 82 55.7
11.4 76 21.0 17.9 80 58.3
11.4 76 21.4 18.0 80 51.5
11.7 69 21.3 18.0 80 51.0
12.0 75 19.1 20.6 87 77.0
12.0 74 22.2
TS T 1 B et

() BEY 5 X1 Ml Xo AHTLRIERFAXR: Y =a+ B XT 4+ BXa +e, /M5
ST, FHARAHM AR ZERE. R Box-Cox ZFHBHL A RMH.

(2) X (1) A SR A H, BHRA Box-Cox A8#k, XSS i A8 B fiout
X1 M Xo fiE/N_FEH. Bk zERE.

6.8 JEAIEH 6.4.1.

6.9 XTTEARLIEETEA y = XB+e, e~ N(0, 02I), % 5= Ay H B f— &AL

(1) UEREH T IRFEH K MSEM (B) = E(B—8)(5—8) s3I/l A* = B8/ X' (X BB/ X'+
o)t

(2) UERH o
b=Ay= f;{)g)(ﬁ .
T ERBNZTMGT B, 62 R B, o, 33 B ML
G- IXy 4
52+ FX'XP

6.10 T §6.7 51HEAY T REUSE RIS T2 I UBET B(K) = (X' X+OK®) 1 X'y,
RIEITEAE K = diag(ki,-- -, kp—1) > 0, 13 MSE(G(K)) < MSE(3), X & 6 % 5 f5/h—
Fefiiit.
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6.11 M7 10 Wik AS WM EE i T

Y 16.3 16.8 19.2 18.0 19.5 20.9 21.1 20.9 20.3 22.0
X1 1.0 1.4 1.7 1.7 1.8 1.8 1.9 2.0 2.3 2.4
Xo 1.1 1.5 1.8 1.7 1.9 1.8 1.8 2.1 2.4 2.5

(1) #Lh Xo, Xo NEHEAZR, MENZEREFEZILRLR?

(2) KARIEER y KT Xo, Xo BIREIETTFE, i H 52 .

6.12 XTEFRIMBHER YV HTHEE, HERAROIAIER: X BRAZERA
Xo: ZRREFHMRIEE, Xo: SRRAAERIA R, X HERTENFHMEER. T
Pl e itk

F5 X1 X2 X3 X4 Y
1 82.9 92.0 17.0 94.0 8.4
2 88.0 93.0 21.3 96.0 9.6
3 99.9 96.0 25.1 97.0 10.4
4 105.3 94.0 29.0 97.0 11.4
5 117.7 100.0 34.0 100.0 12.2
6 131.0 101.0 40.0 101.0 14.2
7 148.2 105.0 44.0 104.0 15.8
8 161.8 112.0 49.0 109.0 17.9
9 174.2 112.0 51.0 111.0 19.6

10 184.7 112.0 53.0 111.0 20.8

FIAERSITEREN Y 5 X1, Xo, X3, Xy WEIATE.
6.13  ZRIERLE B EHA

y=XB+4e, e~ N0, ¢°I).

A= (X'X)"'X"y, 6% = Ay - XBI”.

(1) 3k Var(62);
(2) B A= ;== (I — XX ), #5T E(y' Ay — 0°)%;
(3) WM ' Ay 1EH o BI—AMliTh, t 6% BEB/MIBITIRE, IE E@W Ay —0?)? <



FtE TESIRE

M —FERRAVHIE, T7 AR Y AR H T2 B — R, X Pl
ZAH AR BT RER, FmARRE SRR X T X R A W AR R § 4E
Ik, B —FOr R R B AR 2 PO M R TR (& FiH R BEHL IR %)
AT, BRI E TP M EARE T 8 TRNGETH M RETSEH 117
FIGIRZETT7 AR/ HLER, X R TI7 3R I ABCT-J7 A o . SXFOT IR 7 B T4
RED, —BAE—EHSFRT B PR ANINE. B oMITER, BRI EMTHR
R — R, BTl AT AT A T 198 89 — e B i il i S e iy 25 3R
BT RXFEAL. Ry X Fhr ik LRtk BIERARC R /NS, R GE A (8] 15 43
Mrikz 4. WIRX &I B RACR A4 — R, BURRITE, EARH.
AERER A EH.

§7.1  H[a o IEARAY

TER—ERNC LM LT3 T XA, —fK, RET AH o PKF, 7
7‘?%3?9 A17A27 o '7Aaa E.Tj_l‘ﬂ(ilz‘ AZ T'ﬂf nz(z = 1»27 o '7a7) W\EEXJWM ia Yij jﬂ
TESE @ K A T REIWII(E, BIAHIA

yij:/J"_ai"_eij, i:1727"'7a7 j:172a"'ani7 (711)

X BT, e RAABELIRZE, HMBE ey ~ N(0,02), i e;; #F B,
o A DAY RR—RerkE, BATHRE

a
Zniai =0. (7.1.2)
i=1

W S0 niai =d #0, WH p* = p+d/N M of =a; —d/N 554CE w f1
o, BN =5 ng, BEFEA y; = p* +of +ej, TR D i e = 0. HE
SCHERFR (7.1.2) R F&M, WATERAXDARE. MEHA (7.1.1), & n =np =
oo =g, MIFREEEDGPATH, &0, PROVIETEER. XPERMRE, RSN
S =0. FIE YV = (Vi Y12: 5 Yings Y21 s Y2nas s Yals Ya2s s Yana )y 8 =

/
(,u,a1,a2,~~~,aa),e - (61176127"'76171176217"'7627127"'76a176a2a"‘aeana)7 m\uﬁ

A (7.1.1) W
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1,, 1,, O 0
1,, 0 1, - 0

x=( " 7 |- (7.1.3)
1,, 0 0 1,

TR, FRESREA (7.1.1) R M T RN —BE X y = X6+ e. I
B, M E—RARRRRE, iR X RS, BB/ TERSIEL.

7.1.1 S¥fEit
Xt R (7.1.1), HIEMTTE X' X8 =Xy N

Nu+ Zniai = ., (7.1.4)
i=1
nip+n; = Yy, i=1,---,a, (7.1.5)

Hib oy, =373 vigs vio = 25905, N =2, ni TR X #98k k(X)) = a, T
B X RAIRERR, BB/ TAR. XE T A ERFE (7.1.4) . (7.1.5) B K
S (7.1.5) 9 a ANHTRRFBIEE (7.1.4), i (7.1.5) B9 o DA EMSL. IWE
PR, XHE— c e M(X'), &YERE <0 BAfERE, H <8 /& 8 i LSE, Hrf
B = (X'X)" X'y JBAE— LS fift (BNIENI AR, BIXE 46 AT 5, S LS 5
HARKBT LS et Bk, ®A1RBERENFBREE RN, &5
B RS (7.1.2) MAZIENDTRE (7.1.4) . (7.1.5) ¥, W25 8TEH LR M4
TR p A oy B9—4L LS f#

1 A
(] = —_— :_ 7.1.6
i NV = (7.1.6)
) 1 L )
O = Y — =Y. Y., i=1-a (7.1.7)
n;

WEERMRE, oM da, i=1- ¢ FAR Mo, i=1- - o WIMWMET. B
N XS A TG

A rk(X) = a, FrAITEZ R o MERETRATHRE, RITASHEE
ptog, i=1 a0 BREAAGR, BEMETR, TRAE—AEREETRRAE
MHZLas, BRAEX

a

Z w+a;) = ch Zczaz (7.1.8)

i=1
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MRERR N REEHY a;(i =1, -, a) AT BE ¢ TGRS, W
WY e = 0. XA GERREHENA, BIE Y0 e =0, 0 Yo, cioy FIAG. T
& Yol cioy Al = Y00 e = 0. ARG R Dor o = 0 BYREL D7, ciowi
R—A X, BT = p+ o, BT D00 cios XFTRRHA D00 copa - 140

— i (i # 3), 210 — pg — pk (i, J, k HAMEE), ai — o (i # J), 205 — o — (i, 5, k H.
AHE) IEXTH. R4E Gauss-Markov B, 4 (7.1.8) X5« XMW Y7, ¢y
W BLU A1 Y00, ciai = Do) e - XADFFLFRBH B op IE—RH
#) BLU iS58 TR HEAYE 7, WE—XME . TREBEAITEN 7T EH -

FIE 7.1.1 XT?ﬁﬁ%é@E?ﬂ (7.1.1)

Zczaz T/]'E — Zczaz E_'AXTHQ El] ZCZ = 0

2) Xt Zciai (5 BLU 4K Zc@-..

i=1 i=1

wlan i BB IMER ai —ay, 0 # j BRFAEREL K BLUMH R @i -, =
Yi = Yj .-

7.1.2 {Rizi8R

Xt T LR, WATEMEBHRBENT AW o MKFRPEEA BF
#Z5, Atk iRk

HQ: ] = Qg =+ =0Qq , (719)

B S A g R 15

Hy: o1 —ag=as —ag =+ =ag_1—0, =0, (7.1.10)

HEH 711 H, o —ae, i=12,,a— 1 HRZAMGEERE, FTLMER Ho BN
iR & Ho HE, # o M5 BHAIMER o K o FFAETHE o,
B 2 fri ALY

Yij = L+ eij, 1=1,2,---,a, j=1,2,--- n,. (7.1.11)

EWENGTRER Ny =1y, Kt N =37 n; , 1 AFATREZ 1H N x 1§
B, T& 78 Ho THZR LS ik

a%::%ry:%wnzg, (7.1.12)
AR §5.1 BZER:  BIE P MSE T RASEN LE -5 15 77 R 47 v ] 149 IR,

A 8] -7 Al
RSS(u) = i, 1'y =y 2/N . (7.1.13)
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ST, R (7.1.6) 1 (7.1.7) RBENIT R, ZS T 0 fl 0z, a0,
B 7

RSS(M, Oé) RSS(,U/, Q1,02+, aa)

a
= [+ aiy
i=1

= YN+ vilyi/ni—y./N)
i=1

= za:yf/nZ (7.1.14)
=1
BT BRI 2 T BT AR 22 BT USSP, TR A 7 7 257 07
$Se = y'y—RSS(ua ZZ%J > yi/mi
=1

i=1 j=1
SN i —7) (7.1.15)
i=1 j=1
A 7, AT A RS @ KT A TR (HARES « 4D0MI{E) 1 T4 1E,
Brbh 37000 (vig — 9)? RS T 88 4 K A TRIBIARI i35 =1,- -+ ns) Z A
WA T J7 . (7.1.15) APTA o HRLINEY ﬁE%?ﬁﬁJ IR A A I,
R T VLR ZX R . SRR (7.1.1) XM — T (7.1.15) &
SORFEIERET . BT vy =p+aitey, 7, =p+oi+e, Hf e = Z? 1 €ij
FEh yi — 7. = eij — e B 300 Zj:1(yw 7:.)? =2 Zj:1(€w €.)?, E&
JeHIRZTIRE. EhRH AR R AT E TR

SS. = za:iyfj - za:yf,/ni . (7.1.16)
i=1 j=1 i=1
R §4.1 B4 RA
= SS./(N ZZ (yij — 7,)2/ (N —a) £ MS, . (7.1.17)
=1 j=1

M (7.1.13) A (7.1.14) FBEITIr A1

SS,, 2 RSS(ua)—RSS(u Zyz/m y? /N

= > i@ -7.)". (7.1.18)
i=1
XS B A fKF AR BT S R WL i i 28 227 7, BOR AR AR F A T
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T, Widh SSa. HIEEF A WEANKT A TROMEBHREEK—4, (7.1.18)
KWHR AT, EARE Ho H& o — 1 DAL, BTl SSa i H B EH
a—1, R4E §5.1, N (7.1.17) A1 (7.1.18) B EIR IR Ho B9 F SiitEA
SSafla—1)  MSa
SS./(N—1) ~ MS,"

Her MSa =8SSa/(a—1), MS. =SS./(N —a) R AEF A HHREMNTT. 4
Hy HER, F~F, 1 N_q.

F it i (7.1.19) WEWESCEARE. 279 SSa AETF A WAHMFI7
AL, BERBTEF A ZKERMEAEZm e KA. By SS. AiRzEF
T, BEE T FEALRZER LR R SRR/, VB F RS S X P AR A
(F#& W07 #T . & MSa 5 MS. HZEARZ, N F it B A E N A X
BN, MERFERB, ANEF A EKTRARSE. R, & MSa e MS. KR
%, Bl F geit ey ERR, WEATELFERE Ho, WAHETF A &K FE8NAE B
EEF.

W B R AE RIREER, 3R 711, R ES TR,

F

(7.1.19)

®7.1.1 BERFESNR

T ER H T ey F1E
A%z (FFA) | a-1 SSa MSa=SSa/(a—1) | F= ]]\\44?
HHNE (R N-—a SS. MS. =SS./(N —a)
B N—1 | SSr=SS4+SS.

Bl 7.1.1 CA—FULERERAH BT T 4 AR SRR GEEIAR, 3
HAEBMERAR). BT HEILEXNK 4 e RE2RE, HH, T
A 24, <, WA 3 4, 3L 10 HEREPLHM 4 10 ZER M AR E & —HEiKH,
W BN E R, EEIX 10 ZXRETERTA B SRR, PITRRIALER, BER
R AT E AR DT, BURRORER BB RN .12, MY BEHKTA o = 0.05
i, JLENIXHERA 4 P i AW SRR TR GH BEER.

®7.1.2 FERHEE

(VI HER v, Yi- yi
H 12 18 30 900
Z 14 17 13 39 1521
P 19 17 21 57 3249
T 24 30 54 2916




§7.1 B[ op A . 203 -

& EXANER, BEtET (BdE) REELR, HT ARERTA, HK
Ay, Ao, As, Ay, RN, £, N, T 4 PSR 3R 712 AU IR 2
N T T HEF-J7 FTTARSE AN R A R S T ey, 3 For A S r -

ZZ%J = + (18)2 +--- + (30)? = 3544,

Y= yij =12+ 18+ + 30 = 180,
i g
BOPITR SSp =304, KT AFJH SSa = 258,  iRZETFITH SS. = 46. FTEL
Britfgs Rk 7.1.3 FiR -

®7.1.3 FEHKHME

T 7 H H B PR ¥75 FE
HEZE (HF A) 3 258 86 11.21
HNZE (RE) 6 46 7.67
& il 9 304

B F oAz, F36(0.05) = 4.76 < 11.21. FrLA 24 B FHHKFEH o = 0.05 T,
JLENTAEER 4 i T AW SR RERT R EER.

ez b, H AR (0 SAS, matlab %) VEF EZo i AN, £ LRPEH—
S Rm AT FAEAMAMNNME pE, EEMIER Fooiv_o KT Fooiv—o(@)
EHER. & p [E/DNTHEN BEKE, Mg, WEE KT %
ST, BRI p R 0.0071, /NT 0.05, NTHLAEFRE, AR ILENTXRER
B4 fru XM SRR R REER.

7.1.3 ENEEXE

WIRET BN F RS, R He: o =as = =, HIEL, NEF A
B a DI A2, XEEANAENBN L 2 o — oy, i # j FHERFX
6], DAGEHITEWRLE B A, BE—fedh, WHE—THRE Y, oo FEEAE XA
B 7.1.1, 3, oo FIAE2S HANY Y0, ciay —XFEL BrLk, LR HE X R
EAEXME. BAERNIES H Bonferroni [X [T Scheffe X [8], /RGN & &
fBFIXEW F—F % Tukey .

W =(c1,¢2,-,¢a), 1 =0,80 3 cioy H—XTH. HGRIE, B/ BLU ff
Y, ey WFER

Var(Zc»y.):(f?iﬁ (7.1.20)
i o =1
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AR §5.3, FER m AW Y, M on (k=1,2,-,m) WEMEREN 1— o i Bon-
ferroni [&] BF & X [6] K

Zc( 7.+t a(%)a S, k=12,m. (7.1.21)

7

% o? WAl o2 (7.1.17) K.
Fial, Xt m ATEIR o — a; BIXT R EAS RECH 1 — o 9 Bonferroni [F I #{5F
X [H] Ay

(. —7;.) £tn-a (%) Gy —+— . (7.1.22)

MiH §5.3, FRA XTI D " cion, BAERECH 1 — o By Scheffe B AFX Y

Zciyi_ j:E\/(a—l 1N —a Zn—l (7.1.23)
R, A C2 X a; — oy, i # 7 BIEERECH 1 — a 19 Scheffe H15 X [H]
Zc@i. + 3\/(a —1)Fy1,n-a (@) (ni + n%) . (7.1.24)

BIERANTH B Tukey J7ik. FULIBLH HATT E X -
EX 711 B 21,72, Z ~ N(0,1),mW? ~ x2,, HEFFA X SRR
AHESRSE, PRI

max Z; — min Z;

qn ,m = W

B AT RSN n,m W22 AR ZE 534 (studentized range distribution). ‘B HJ Al
« ﬁfﬁ)ﬁiﬁjﬂ Qn,m(a)v El]

P{qn,m < Qn,m(a)} =1-oq.

SCHR (1] 25T gnom(a) BIZR (L3CHR (1] ARFR=).
T B FRAS T A [ B E A X ) Tukey J5%.
T 7.1.2 B Y, ~ N(u,o0?) (i = 1,2,---,n), U = ma—z ~ X%, H
U, Yo, Y, HEMSE, AW p— py, 0 # j BHEGRECY 1 - o FERF
X 18]
Yi— Y —qum()o <pi —p; <Y, =Y, 4+ gnm(a)7 . (7.1.25)
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R X .
Zi=2tH o, (7.1.26)
g

MW Z; ~ N(0,1). FRHAEX 71.1H

max Z; — min Z;

8/0_ ~ Qn,m~
Fir LA

) -

P{maxZ; —minZ; < —q, , (@)} =1—a,
o In.
S
P{max|Z; — Zi| < Zq, ()} =1 —a,
7,7 ag ’
3 2
- .
P{|Zi = Zi < —4q,,,, (), XA i, j} =1 - a.

¥ (7.1.26) fEA L3R, IS
PAIY: = Y5) = (s — )| < Ga,,,, (o) MBFA 6,5} = 1 -«

XERIERA T Ir B 458

AMER H, XA PGS TP 5 22 0 Bl 91 an ke~ B v 3 A
Bni=no=-=ng=n M N=na7, ~Nu+a,%), A3 i 44, 5, 57,
HARSE, XU = (N —a)52/0® ~ X% o BFAEH 712 W78, X 0i—aj, i # j
B EAE RECH 1 — o WFRIEEE X EA

: (7.1.27)

o

Yi. — Y. + Qa,N—a(a)

XTI Tukey X[H].

R T8 Tukey X[EIHEZITA MR Y-, cias, BATSEIER AN T 5122 -

5138 7.1.1 Bai, a2, HER, BX—Y)i# 7, |ai —a;] < b, HHALY
Soicion <bY el /2, R —YIERE Y, ci =0 B 1, c0,- -, ¢ HBAAL.

VEER  FEOMERERARZA . HL b, F Y cia < by |al/2 BGL, W
la; — aj| = la; + (—a;)| <b(1+1)/2 =b, Xf—Y] i,j WAL

DB o BET 0, BRHRBL. BEZELPHE 1 a#0, 4, il

L ={i, ¢ >0},

I, = {’i, c; < 0},

d ZZICi\/Q,
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HE
D+ D =0, 2= c;—> =2 ¢ (7.1.28)
i€l i€ls i€l i€ls i€l
FAZERARX, RIS
chiai = d (Z CiQ; — Z Ciai>
i el i€l
= > D cl-cait Y Y cilea
i€l jelz2 i€l jelz
= > Y —cicila (7.1.29)
i€l jelz
ExtFich, jel®
| — cicj(oy — aj)| = —cjeila; — o] < —cicjb. (7.1.30)
Xt (7.1.29) AEXHEIH (7.1.30) FAANTF
chiai < Z Z |—cicj(aq — o)
i i€l jel
< b)Y ()
i€l jel2
= bd”. (7.1.31)

A d > 0, N ERSLBFTE.

EE 7.1.3 XA RESRAA (7.11), AR Y, co BEGRECH

1 — a By Tukey X[&]H
_ el
> el £ q, .0 (a)m > eil.

B Hy

(7.1.32)

{Zczaz Ez:czyZ £y ain)( 2\/—2\@ X'Tﬁﬁﬁﬁ&zci=0%ci}

—P{’ch =)

FAEIE 711 & (11.27) X, LRET

< G IZ\cA, XTF)??%?W&EZCZ—OE’JCZ},

PG =75~ (06 = 09)| € 4, () 2D leil, Rl i} =10
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TEHARIE.

BIE, XSGR A AR (7.1.1), Bl ny = n(i = 1,- -, a), AT Tukey X[H]
(7.1.32) M1 Scheffe [X[A] (7.1.23) MNLLHER. X PHFE(E K EpFOEHEE, TR=IX
()4 R i, XA X A A+ B4 3

/\

\/— watn— Z lcil

~

20
7n (a—=1)Fa_1am-1)( Zcz’

AMEF H, Xf—LxT R, Tukey XIE%E, X HIb—LXIE, N Scheffe X[A]%Z
. —BR, XIRED ¢ = 0 BRI Tukey XIEESEL, XHEIE AT R
Scheffe DX [a] IS LE. 56 T3X P Fifr IX.[0] 1) — B8 7 U BCRT LATE ST [55] HH R E

Bl 7.1.2  FREALHEH H — Ry SR RET2S, B IR 25 5 P R DU 22 i
M GFAREIERZY, TEEMEK, MR sE) /e WIE W AIRZ )
AR IR ST T BORI% 25 S PSSR 7.1.4

®7.1.4 FBEMHER

21 i SRIUE yis BAEAEL na FAEH yi. HHFHIE Y,
B 0.0, 1.0 2 1.0 0.5
Hiy 2.3, 3.5, 2.8, 2.5 4 11.1 2.775

i =] DTAK 3.1, 2.7, 3.8 3 9.6 3.2

% 2R (FEEGTEAERM) BT ETRNE 7.1.5
®7.1.5 BEHIEINE

FEB H B P ¥ 7 F1E
] 2 2 9.701 4.851 14.94
HNE (RFE) 6 1.948 0.325
B il 8 11.649

H1%18 62 = M S, = 0.325, BURZEHEK T a = 0.05, AN Fop = 5.14 < F = 14.94,
UGB o1 = a2 = as. BI=ZFEGBCR BE&FZR. HHTTENUR ST
BEERITZMT, TEL 1 ERGFE SR —51 p E, AIRHER p = 0.0047 < 0.05,
W AT 5 AR 28 SRR IR 4510
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FH R AV 2R, 25 SR IR 2 2 0 — oy, i >
g e B A DX (B R X A TR AR P, Br AFRATARERL A Tukey J79kM5E
[e] B 21 X[

1. Bf5 A%k 0.95 i) Bonferroni [X []

0.05 11
— o (3. —Yo)Et | —= )0 ( =+ =) =0.425£1.430 = [-1. 1.
ag — oz (3. —U2.) £ o <2x3>0(3 +4> 0.425 30 = [~1.005, 1.855]

ag — aq: [0.990, 4.410]  * % % g — ag: [0.653, 3.897]  x xx

2. BERECH 0.95 1y Scheffe X [H]

1/2
11
a3 — ag: (T, — Yy, ) £ 0 <2F2,6 (0.05) (5 + Z)) = 0.425+1.396 = [-0.971, 1.821]

ag —aq: [1.032, 4.368]  xxx g —aq: [0.693, 3.857]  xxx

X T X B EE R AR IS B4 T 4518 -

(1) REFXEACS 08, X MBVHETRERERN. EEAMA oo
Fih. HERARE ST R EZETN . XU 25 2R B & AR, B
L B & VEAR BT 30T B3 2 57

(2) XXM, M Bonferroni [X[a]FH Scheffe [X[]frf5 i 194512 —2K, {H Bon-
ferroni [X.[H] H, Scheffe X [HJEEK.

(3) PR X PR 2 Z2 1 [F] Bt B A5 IX (R ER W 7E SAS R {4t 77 250 B it 5
CEIR

§7.2 WA KA (FoR HAR)

BRKE—TR G, BREF A B 2SN HERFHL T 2B RIS, &
18y H 2B REF AF B &K EMEZAR Y g, RixHE+ AF o K
e, A AICH Ar, As, -, Ag, BIF B 0K, 53 30EH Br, B, -, By, FERTF A
HI5E i DK A 5EF B S § DK By (XFRAKFAE (A, B)) Z Ti#EfT ¢ Ik
BHERE, JHCHSE bR B A v (1 =1,--,a, j=1,---,b, k=1,---,¢).
M TCALH B WP ] o BB S —HE E 45, W —RALHTEE RS,
BAKFHEG T RAE—KE s T AT . FrRARAT7EX — T HiTie ¢ = 1 1ETE.
YT > 1B, gitatinkaem. KE—Erhes, HeraBiE g

ij:u‘—i_aZ—i_ﬁj—i_eZ]a izl)"'aa7 j:17"')b7 (721)

XHE p BARETY, o FG; ANERRKT A Fl By BN, BEVLIRZE e; ~
N(0,0%), HMPIA i,j, e BAAEMSL. A5, SIFEHERE
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/

Yy - (yllay12a Y1, Y2150 5 Y265 0t 5 Yals Ya2s "yab)v
/

Y :(M,alaO@v"'7aa7ﬁ1aﬁ27"'7ﬁb)a

/ —
€ —(611’612""7€1b7€217"'7€2b7'"7€a17€a2a"'a€ab)7

MIRLEL (7.2.1) BiRZTTRER

1, 1b Ib
1, 1b Ib . .
X=1 =(lw | L®1,11,®1), (7.2.2)
N c. Ib
]-b 11, Ib

XH @ KRR Kroneker . T2, WM (7.2.1) RAL T LAY
—fIER y = Xy+e, EE e ~ N(0,021). MEAHIE, BRI X 15 RIIRE
i, BB/ T ERIZIRL.

7.2.1 it
E R BETTRE (7.2.2) BRI (0k(X) = at+b—1), FTUABFESE 1, o1, as,- -+, aa,

Bu, Bz, -+, By HRAFAERY. KA LA 58 2R UM TTE, BIVESHSH—4A
LS fif, FRALFTA ATl R L.

XTP A5 RBERL (7.2.1), AMERAEEN R X' Xy = X'y H

a b
abp+by ait+ay; Bi=y.,
i=1 j=1
b
7j=1
a’u—i—zal—i_aﬂj:yja jzla"'7ba
i=1

oy = S0 S Vi Vi = 2 Yigs Y = i iy - A (7:2.2) B (7.2.3) &
GRE k(X)) =a+b— 1. F LW EFAERE, RMOATEREE—H LS % FH
RISEAE a+b+ 14, BAVTURFAIH D SSL TR B LT HFR &M
(7.1.1) Whig, XPsrRB (7.2.1) FAIFIEM FHFH1F

a b
Y ai=0, Y B =0 (7.2.4)
=1 j=1
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P RAMAZITTRA (7.2.3) F. IENTTEE (7.2.3) 24

abp =y.. ,
bu + ba; = y;. i=1,---,a, (7.2.5)
a’/’[’—i—aﬁjzyja jzlaab

H1 (7.2.5) A5 —4H LS fi#

1 - .
di = Eyz — QU= yz _y 5 1= 17‘ c,a, (726)
. 1 ~ _ .
Bi = Jyi—B=9;-7., Jj=1--b

TEF A RBR, ROTRZA R BT A M B &K TR, FRME
S0 e BN, B BB BB, T R T TR B B RO T
Sl WYY gy Ny MRS HR

(Zzlmym) =M (Zzlm) +Z (Z lzg) Q; +Z (Zhy) /6j )

=1 j=1 =1 j=1 i=1 \j=1

FFLLL BB B(S0, 300 Lijyig) = Sy cis 2 BACARTIA j, M2 0, 1y =
V= <22=1 lia‘) 0=t cion T, Y e = Y, 2y Ly = 0. 3K RRIEY]
T B oy WA, A Y =0 KGR, BRE YL =020 ca
ARG, T YL, cy T <= U, ey H—AEE. SRR, S, d;6;
A B R: Y, ;B AW,

RE Gauss Markov EH, %54 (7.2.6) X158 « X 30 ;i By BLU {3t
KO b = S e, FEE, M O ;8 8 BLU fiith Y0 B =
S gy TREERGTEY T T e

T 7.2.1  XFEHESIEE (7.2.1)

(1) Y, ca; Afl <= Y0 o BRI, B Y0 ¢ =0, XE, BEW
BLU 414 Y0, 7. -

(2) Y0y diB Al = Y-, dif; H—AEE, Bl YU, d; = 0, XE, B
BLU fhih S0, d; B; = Sy dT
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Bl e S, £E o —ar,
ﬁ%”yﬂ o — Q= Yi. — Yy il Bj - Bj/

7.2.2 {RiziR

Bj — By HERIEEREL, B8 BLU flit

TP RA, RATBGEH EZAWA. H—REHET AK o K

TRV AR BEESR, HRRER

H;:

HZRET B# b AR R GA B2, IRRRK

Hj:

pr =

BAVEF MRS H (R, MR8 §5.1, EEF-I7 /M

a b
RSS(u, @, B) = yfi+ Y vidi+ Yy,

i=1

5REV TN

SSe = y/y - RSS(M? Q, ﬂ)

HAMEN ab—(a+b-1)=(a—1)(b—1). LXWATAEER

a b
SSe =D > (vis — Vi — ¥, +7.)°

i=1 j=1

TR o? M EmbHR

52 =8S./[(a—1)(b—1)] £ MS..

Q=g = =qq, (7.2.7)
Po=-=Pb. (7.2.8)
j=1
2 2 b .2 2
Yi Y vyl
; ab) + (; ” ab) (7.2.9)
a 2 2 2
Yoo Y- i _ Y
b ab> (Z a ab) (7.2.10)
j=1
(7.2.11)
(7.2.12)

A ONE, W o M%. BHAIMERN o K o FEARTHIE 1 B2

fri 7

Yij = 1+ B + €5

i:172a"'aa/7

j=1,2,---.b, (7.2.13)
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XA IMEL. R §7.1 (SR, SR u M B, =1, b —H LS f#

R 1 A _
,U/H1 = Ey =Y. )
) (7.2.14)
TR AR XTI 1 F0 Ba, B, -+, Ba B BIH-J7 A
b
RSS(u, B) = 1y, y.- + Z@Hl Y.j
j=1
s TR
=+ (; 71 — E) : (7.2.15)
i (7.2.9) fl (7.2.15) BH|HFF A BT FH
a 2 2 a b
884 = RSS(n, 0, 8) ~RSS(n.B) = > = - L =33 -7.)7.  (7:216)
i=1 i=1 j=1

IR AR —FE,  SSa ZHF A WKL 56 UL B4 iy 2 227
T BEOARIE Hy & o — 1 AMSZOTRE, BTRA SSa WH BN o — 1. AR4E §5.1,
M (7.2.16) #1 (7.2.10) [FRERRARE H 0 F g0tEA
SSafla—1)  MSa
S8 a—D0b-1)  MS.’
Ht MSa =8SSa/(a—1), MSe =SS /(a—1)(b—1) 2 HIAHEF A FRZRFITT.
M Hy HEE, Fi~Fo o a-nye-n- FL SR (7.217) WERE XY (7.1.19) 2
184

MRy, TRk H i F g0t&. ek, B+ B #F
TR

F (7.2.17)

b

2 2 a b
Ssgzzya—’—% =3 Y@, -7.)% (7.2.18)

j=1 i=1 j=1
M SSa —#E, SSp ZH T B HYKF-AEAL BT 51 & iy I K58 i A 22 - J7 1.
EoMRE Hy & b— 1 DL, BrA SSp W H BN b— 1, [FFEARYE §5.1, 1%
Fk iR Ho W F SiitEA
b SSe/b-1) __ MSp
SS./(a—D)(b—1) _ MS.’
Her MSp = SSp/(a—1), MS. = SS./(a —1)(b—1) HIAHEF B MiRENH
J7. M Hy REBS, Fo~Fy g (a-1)b-1)-
XEP P RARL, Jr S HTRmE 7.2.1.

(7.2.19)
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*x 7.2.1 TEERBREXEMMMERFESTE
TTER =h::): o I ¥y F 1
HEA| a-1 S MSa=SSa/(a—1) |F= %‘ZA
HEB| b-1 MSgs = SSs/(b—1) FQZ%—?E
B OE|(e-DB-1) MS. =8SS./(a—1)(b—1)
B M| ab—1 | SSr—SSa+8SSs +SS.

BIT21 —HKHR T IR, SRR RRE, X T AH
BRI ASE—RIRE, BRI MR 7.2.2, W& PR 2 B X & F
ez ME LR EER?

F*x 7.2.2 KEFARKE
ek 48 B
B B> Bs Y-

BR A 58.2 56.2 65.3 179.7

¥ As 49.1 54.1 51.6 154.8

A As 60.1 70.9 39.2 170.2

Ay 75.8 58.2 48.7 182.7
Y.j 243.2 239.4 204.8

XA RALE, HAFELKEZNY. & PR AHET A BEFR 4
KA, FAKFHBTIER i (i =1,2,3,4). “HfiEds” IET B, BF 3 HK
F, KRB 85 (5 =1,2,3). ATEBZEMKTH o =0.05 Tk

Hl:

H2:

Q] = Qg = (3 = Qy4,

B =

B2 = [s.

MR 7.2.2 FRARMBOT 2T, FHEHT RS RN TR I Z 03k 7.2.3.
® 7.2.3 K#HBEHESNR

TR B BB T %O FAH
HT A 3 157.59 52.53 F1 =043
HT B 2 223.85 111.93 F, =0.92
B % 6 731.98 122.00

B 11 1113.42
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0.92, FrLA#E3Z2 Ha, BN & ORI AN 2 Rl dE 4% 2 18] 09 22 57 X K TSR TS B35 3
]

7.2.3 R EEEXE

miz F Rk, Rig H BE%, WRAEF A 8 o HKFRBY A 24
. B RAR —FE, XA TR B EXT ] 0 — o BIRIEEF XA, 260U
M, AR Ho BAE4E, WRUIHETF B 8 b MKPFHBNARMESE, T2t
Bi — B W R BT EAR D). T 45 H 33K 7 A ] BN R ] B 4 DX ), X e
RARB G FIE BB R 0 bios F Y, d; B HYFIEEEAE K], 3
AH ESER. RYE 85.3 FREF X W —MRER, REGHHR THIHE.

1. Bonferroni [X [f]

EE m A a —ap,i #7 BEGERECH 1 — o #Y Bonferroni [F] B & 15 X [8] &
_(2)?
i — Tir.) Et@a-1)0-1) (%) o (5) . (7.2.20)

KA, (EE m A 65— 85,5 #7 WEGRECH 1 — o B9 Bonferroni [ B} &
fHX A

_(2\?
=Y Ela-ne-1) (%) o (5> ; (7.2.21)
Hr 5 4 (7.2.12) Bz,
2. Scheffe [X]d]
BTN a; — ap,i # ' BIXTIE o — 1 AERAETEIE, FrRAXHX FiIE R A %t B
ek, BERECN 1 — o §J Scheffe FREAF XA

@ —Y.) 3\/(a — 1)Fa71,(a71)(b71)(04) (%) (7.2.22)
SFBAEMEE B — B0, # 7' WERBREN 1 — oy Scheffe B B K04
¥,;—7,;)=* 3\/(b D Fy1 (a—1)p-1) (@) (%) (7.2.23)

3. Tukey [X[H]
MEX R o — ai,i # 7 BPEGEREN 1 — o iy Tukey [FBFEFXE N

(7.2.24)

§| Q)

i = Vi) £ da, (a-1)0-1) (@)
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XEUrBENE 8 — 65,7 # 7 WERFRECH 1 — a By Tukey [FEHE(F X A4
T, =) £, @1)06-1) (@) %- (7.2.25)

(7.2.24) 1 (7.2.25) B 7 42=H H

b
1
Y. ~ N (N"‘ai"‘gZﬁjv

y Oy
j=1
_ 1< o2
y]NN<M+ﬁj+aZalv ;)v jzlv 7b7
=1

PLE (a—1)(b—1)5% /0% ~ XF,_y)poy), FERLFERE 7.1.2 45,

Bl 7.2.2 RTEEHRGETHROSE (HF A HSSHMSEZM (HF
B) Xt BEREm. KT AR 3 /KT 0.03,0.04,0.05( LB FRn A & &
H AR ESW), BT B B 4 NKF 3.3,34,3.5,3.6( LR ERE XF ). 7F
BNKTPAE TEE—KIRE, RELERME 7.2.4 PR,

R 7.24 ELBERBLHIE

B #5HEMERZIM
3.3 3.4 3.5 3.5 vi.
3 0.03 63.1 63.9 65.6 66.8 259.4
% 0.04 65.1 66.4 67.8 69.0 268.3
& 0.05 67.2 71.0 71.9 73.5 283.6
v 195.4 201.3 205.3 209.3
B EE T TP BEEAN DT Z TR, sk 7.2.5
& 7.2.5 FENME

Jr 2R H B KI5 ¥ o7 F1g
HFE A 2 74.91 37.46 Fy =70.05
HT B 3 35.17 11.72 Fy =21.92
®OE 6 3.21 0.535

B 11 113.29

HE Fr6(0.05) = 5.14 < 70.05 = Fy, F36(0.05) = 4.76 < 21.92 = Fy, A4 5
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FHWIKT a =005 8, FHF AW 3 DKFZEMET BB 4 K2 XG4
SREERE A B AR, BT A HET B #EBEN.
KT HE— W TR &K TRV R 25, BT RAM & R A5 X[
HATIAETHI Tukey [FIBTEAF XA, H3CHE [1] FHER=, BT o6 = 4.34, 0 =
0.731, 1/va =1/v3 = 0.58. & (7.2.24), &5 i F1E i’ BEHBVZE o —ap,i £ 7
# Tukey [F] B {5 X 6]
(T;. — Ty.) £ 1.84. (7.2.26)

Bt & 3 B97KF 0.05 UM 55 & 2 MK 0.04 BN Z 2 a3 —as H
(70.90 — 67.08) & 1.84 = [1.98, 5.66],

Bl 1.98 < a3 —ap < 5.66. INMR AR, U, XHEAMH BEER. H
EXT IR Tukey REHBABESEH. SEET A MEANKTEY M4 BF
5, TXEF BH 4 AKF, B0 61 F Ba, B2 B Ba B b1 M B3 Z [EAEAE B2
5.

I Buferroni & Scheffe [F]B A5 X EiH45, Br T KEARS, &GRSR
Ml Tukey J7i:—2K.

§7.3  PHRIF IR (SEH AUV AFTE)

TE LR P R, WRINT A M B Z[aA Y, (5T 3 HAY
HIBER I §1.2), FH iy DK Ay M1 By WACHBUN, BMMTACHBY, FEFTK
THGTREFEL AL, BEMAS TIRBRECY ¢, Bk WRINED yije, N
R LA

yljk}:/‘L—’_al—'_/ﬁj—’_’ij—'_eljk, izla"‘vav j:]-v"'abv k:]-v"'acv (731)

XH p RRBTY, o F16; A RFRRKT A F1 By BIERRY, e RRFEKT-
HE A F1 By W5 k ORI BIBENLIR 2, HERE eijr ~ N(0,0%), HXFETE 4,4, F,
ei; BRFAHE ML, FILARTIML, @t 5 #Fm ML S, B (7.3.1) AI3RR MR HERIZR

7.3.1 S¥fEit

WKIRATATE Se 2R T79k, Ao HS R —4 LS %, FRIEIrA



§7.3 WA »RBA (REBUVAFIE) . 217 -

XEPA T 0 AR (7.3.1), AR IEIE I 77 7
abc,u—i—chaZ +acZﬁj +cZZ’yU =y.. (7.3.2)

=1 j=1
b b
bc,u-l—bcai-i-cZﬁj—l—cZ%j:yiﬂ, i=1,---,a, (7.3.3)
j=1 j=1
a b
ac,u—i—cZai—i—acﬁj +cZ’yij:y.j., j=1,---;b, (7.34)
i=1 j=1
cptcoy +cefj+evij =vi., i=1,---,a, j=1,---b, (7.3.5)

Hery. =37, 227:1 D het Yijk Yie = Z?’:l S ik Y = S S Vi i -
= °_ vik. BAEBAG BT X A a+b+ab+1 3, BISTEIRAMBHECR a+b+ab+1
A B—J7TH, RS, ENER A (7.85) B o A RBMIITE, Hi
rk(X) = ab < a+b+ab+1. T HAF—4LLS i, BATATLAMEN (a+b+ab+1)—(ab) =
a+b+ 1 DMSLARENE, BIBFRE&L. RUTHEIL L, BR&4TR
- a
Zai =0, Zﬁj =0,

. i=1 (7.3.6)
iVijZO, j=1,---,0b, Yij =0, i=1,---,a.

EIH a+b+2 AR, HE T, Y0, vy = 0, FIASER LI a+b+ 1 AR
MR AR AN BI AL (7.3.3) 1, RASKILBE 1, a0, 8,7
— LU E R LS i -

=7 7 (7.37)
i =T —T.., t1=1,---,a, (7.3.8)
Bi =75 T j=1,---,b. (7.3.9)
B =Ty~ T —Ty. +7T i=1,-,a, j=1,--,b, (7.3.10)

HA 7. “bc Yeess i :lyi’ yJ":%y'j'v ?ij-:%yij‘.
BAERATHE XA (7.3.1), BRESER R BUE FIAGRY. M (7.3.3) HI, XF1EN
R — LR

o

. 1 R
% = +3 (Z% Zvuj) . (7.3.11)

R X H (7.3.11) F1 Gy, Qu, A M3y RIENITRRRAE—H R, BORLH 2 (7.3.6)
A, WHFTUBAM T, i = 0,5, 8 =0, X0, iy = 0 BRI RER
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A (7.3.12)~(7.3.14) @RI, W (7.3.4)
=Y. o~ o~ 1S a
e (;%—;7> (7.3.12)

B2, f (7.3.2), (7.3.3), (7.3.4) Ml (7.3.5) 22 HBREL abe, be, ac M1 c, IR B
FREBVHY SR — 407 19 B i — A J7 AR DRIk 25 o 1e) P15 21

b a a b
SR N QRS 1 .
ij yz - yj + Y..=%j — g 1y E Vij + _b ZZ'}%] (7313)
j=1 i=1 i=1 j=1
M (7.32) F
1 a 1 N 1 a b
y...:ﬁ+azai+32ﬂj+522% : (7.3.14)
i=1 j=1 i=1 j=1
M (7.3.11)~(7.3.14) PiBH T e %L
a; — o + i — T XtErA # 4, (7.3.15)
Bi—Bo+7; =T s X # v, (7.3.16)
A _ _ _ ..
Oij = Vi = Vi = Vg T 5 A, j, (7.3.17)
1 1<
u+52ai+52ﬁj+7. (7.3.18)
i=1 j=1
AT AR, X H
1 b 1 a 1 a b
71'-:52%‘3‘7 V.jzazwj’ 7.=%ZZ%'j-
j=1 i=1 i=1 j=1

T FATX X LG R B — i, RAE N ab 2RI TE I T4 B
B (HE AL (7.3.1), Bt BERI B ab, BT PA— S T0 R0 Al A o B e 2 H
T ab AAMERED, AMER H (7.3.15) FRIREAAIEREBCE R AT o 1%L

o+ 7, i=1,2,---,a (7.3.19)

TP R E, TRETHEA o -1 MRAMHTECH. KL, (7.3.16) Fiy
AR ECE A b R

Bi+75 =120 (7.3.20)

TR R 2, HmEPEEE b -1 MREETRN. BE (7.3.17), BARX
BA ab SRR HENHE

=

a
i=1 j=1
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XEEMFFAE a+b— 1 DRMZK. TR (73.17) FHHE ab—(a+b-1) =
(a—1)(b—1) NI R PR ANIFE 6,5 (i =1,2,---,a—1, j=1,2,---,b-1).
W, BOTEIE ab MERIETCRIATAERE, ENIACT AT R R — PR 2k
PETERA. WIE— AR B T AFRR BN A S, RIE Gauss-Markov
T, MAE—FERE, FERMSENHE—A LS #i# (7.3.7)~(7.3.10) {U&, BIF%
FIX AR BLU fliit. 274 L, ®NGH .

EIE 7.3.1  XEKHEBMHI B I (7.3.1), T ab 4R B T AR
REAETCIH AT Al R B4

QG — 41 +71—7(2+1) s i:1,~-,a—1, (7322)

Bi = Bj+1+ 7,5 “Yg+1y s J=1-0—1, (7.3.23)

AN . .
(5ij:’yij—7i,—7,j+7,,, 1=1,---,a—1, ]Zl,---,b—l,(7.3.24)
1< 1<
i=1 J=1

XA LR BCRA W R LIRS, WRARK iy = p+ o + 85 + vy ATUE
H, 2y, # 0B, o FFEARRBRKBA TR A ¢35, BRETKF A 094
EHHET B WARFAER. WRMNET B B b AKFRFY, [E

b
. :N+ai+%25j +7 -
=1
XARRTIEEF B MK RV SCT, XHEFKT A BHEE.
H, A

b

_ 1 _

(i) = 0+ Qg1+ o E Bi + vy -
Jj=1

W L AR EN S (7.3.22). B, AI{EEREL (7.3.22) #LETEXTHF B &K
KM EXT, MEFKE A M A BNV ERWER.  (7.3.23) FhrEX
5 (7.3.22) SE@ALL.

(7.3.24) WSEhR B AT NI R T 2. AR R T SHAK (7.3.6), X —1Y]
iy J, W 0ij = vij, TRENTRESLHBNY. FH—I7TH, % 6ij = 0, W iy =73, 47 ,;-7..
RNBAL (7.3.1), 1%

(=7 + (@i +7,) + (85 +7.5) + €k
10+ o + 85 + e, (7.3.26)

Yijk

>l

Hp
wo=p—=, a?ZOéH-%, ﬁ?zﬁj+7.j .



1220 BT AR

TR (7.3.26) BT HAH M P4 HB, XWHBIT 05 BERT A A
B; W3 HAN

BT (73.25), BRIESTH p LINT Y i) HF6M1E, EERETS. X
S ABEL (7.3.1) LU —BEE— I AR, BT TR, B R —
ABERRRE S, BULEAE o RN T — 8015 i, IR, WSRO R Ak
T AR,

732 Rigiak

BB RATE S, XA HAON T 1150 S, 58 HA80% 19
BAE, o HRRERBE TAT A W%, BHETAT A HREESHET B
WK, MARE Bj, A (RE WM. H, AEXEOEE, B
== o = 0GR B == By = 0 BRI SRR Y. AR —A
He Ko 8 B A FLAR R S B A 7

1. SCH R R AR R

BRERBEE « 7y =0 (= 12,0, j=1,2,--,b). 7, FREAHE
B AR LBRHE, AT ABC R — S R

Hl: 61]:07 ’L.:1,2’...,a7 j:1727,b

MIEN5HE (7.3.2)~(7.3.5) ALK& LS f# (7.3.7)~(7.3.10) & 55 H B FF 7 F1

RSS(, o, 8,7)
a b a b
= Ay Ty Y+ B g A0 DY i
=1 j=1 i=1j=1
a b
= %Znyj. (7.3.27)
i=1j=1
B Z IR
a b c
SSe = Zzzy%k —RSS(M,C{,ﬁ)’y)
i=1 j=1k=1
a b c 1 a b
- ZZZy?jk - gzzyfj‘
i=1 j=1 k=1 i=1 j=1
a b c
- Z Z Z(yijk ~7;.)%, (7.3.28)
i=1 j=1k=1

H R abe — ab = ab(c —1). MR c = 1, BIXf A 5 B WHEAKTAE ok
BB — T coll) HAT— I, AR TRUTAEERI T, RETI
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H BN 0, XA BEVEMETH A REVERL S, (B S XS 77 2240 B Rt AN AT ik
DHY. BT UTESS HUNAFERIETE, BATEREGA 7K T4 6 00 B2 W B s %1
c>1. % ¢ > 1, o? WEmAGHTH
oSS
ab(c—1)
ERE Hy T, BAL (7.3.1) A R TCACHRUST R P I 43 B8, A §7.2 iY452R,
AR EE RSy )

y? Sy vh P
RSS(M,O&,ﬂ) = abe + - e abe + Z o abe | (7.3.30)

4ia (7.3.27), IREIFITA

>

= MS.. (7.3.29)

SSHl = RSS(:uﬂaaﬁ)fy) —RSS(/,L,Oé,ﬁ)

c 7 abe — be  abe L~ ac abe

i=1 j=1

a b c

ZZZ@U =7.)?

i=1 j=1 k=1
a b c a b c

D @ - =Y DD Wy - (7.3.31)
i=1 j=1 k=1 i=1 j=1 k=1

REEME S, X =T A A& IR, AT M-S S R JREfaE
BT RO RS A EF T Rd Rt e F A, B 89°FI5 . BATHR SSk, KA HIUY.
PR, WHILH SSaxs. VLA SSp, Sy T3 H A 5] A& B LI Kb AL 221 77
M. AXEIEH] .

SSAXB = ZZZ(@U . yz - yj +§...)2 .

i=1 j=1k=1
B HHESTERBE ) B ML B (o - 1)(0 - 1). ARYE 85.1, BB H
1 F SRt

_ S8, /l(a=1)(b—1)] _ SSaxp/[la—1)(b-1)]

Faxe = —gg Table—1)]  ~ S8,/ [ablc— 1] (7.3.32)

M Hy BSLEE,  Faxp ~ Fla-1)o-1)abe-1) - MHEHBEHKT o, F Faxp <
Fla—1)—1),abc—1) (@), MEATNAHEF A 5EF B MAHERNY AFLE. XA
PLEE] BN AR R EF A M B &K BNV 25
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2. T TRV e

HiTH E &4, WAL EBV A SRR, TSV WFTE, o f
AR E TR A RS, XEEFHETFKE A ks e 5HF B MKFE
K. XMNAFEH By, Ai ®IHEAME. Xuf, WATRBEBRMRIK, 7EXEHEFK
F By SRVEHWESCT, HEETF A WiEKFE. XEF B BE—. TR,
EATR W PRI -

Ha: a1+7, = =aqg+7,,

Hs: Bi+71="=B+7s
HOREG . BT 7.3.1, Hoy A1 Hy #5E W56 R %

# Ho WL, WIAAL (7.3.1) AIECE R an T A RiA A,

Yijie = bt (@i +73) + B + (vij = 72) + e
= W+ 65+ e (7.3.33)

Byt =gt i+, B =0 =% — T - MEREE L Y =04
Hy SSCRS, p* 550 636, BiF Lagrange JeF-4k, M/ MEHHE) %K
a b c a b
SN Wik —u =B =) 2> N D 5
i=1 j=1 k=1 i=1  j=1

I\ % Lagrange FeTREL W LRR o, 07, v REH, HARET 0, 13
EM7 R

b a b
abep* —i—acZﬁ; +cZZ’y;‘j =y..,
j=1

i=1 j=1

acp* +acBi e A=y, (7.3.34)
=1
cp + B+ oyl + N =y
PR Y, B =0, S0 ot = 0, RASHRE LS
Y =Y~ Yo —Yj. T

BT B & 28, BEAYE (7.3.7), (7.3.9) M (7.3.10) 82—, TRXT LR
(7.3.33), EEFI7 R

b a b
RSS(*, 8% 7)) =y 0"+ B Yy 752> Vi

j=1 i=1 j=1
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4G (1.3.27), 1REFIT A
SSH2 = RSS(Maaaﬁafy) - RSS(M*aﬁ*a’Y*)

a a b c
=&Y T=3 > > -7 (7.3.36)
i=1 i=1 j=1 k=1

BIERE (7.3.31) s 0, BfTHEForf. HAREST H Iramsn s
a—1. N (7.3.36) FTLAE I, SSu, RHF A M7KTF2ALH5 | & i I K 2 21
Jirn, HEEARR AR T A @I, AR SSa. ARYE 85.1, AIARRE Ha
W F R siE

- SSHQ/(G,— 1) - SSA/((L— 1)
~SS./ab(c—1)  SS./ab(c—1) "
# Hy AE, Fa~ F,_qapc-1) -

MstaFreg Ik, ATLAEMIRX T Hs HFJ5M

Fy

(7.3.37)

b

yg 2 a b c B 3
SSw, :ZQ—JC ~ % =>>3> @, -7.)%,

j=1 i=1 j=1 k=1

HAMERb— 1. FFEGEE, LSSy, HOAET B B F-J7f, il SSp, BR2
(7.3.31) R =00, BIFIEF-IIA. Rk Hs B F KRt

_ SSm/(b-1) _ SSp/(b—1)

Fo = 58 Jable—1) ~ S8.Jable—1) ° (7.3.38)
#H Hs NE, Fp~ Fy 1 apc1) -
LWL LR RAI M T ES TR, Wk 7.3.1.
® 7.3.1 HFHXEBERERFIESNTR
T #E=E H A ¥ooJr F1E
HE A a—1 SSa MSs =SSa/(a—1) Fa= 355t
H¥ B b—1 SSp MSp =SSp/(b—1) Fp =338
ZEHI. MS
(Ax B)| (a—1)(b—1) SSaxs MSaxp =SSaxp/(a—=1)(b—1) | Faxp =375~
B #E| ablc—-1) SSe MS. = SS./ab(c — 1)
BRI abe—1 | )yl z—zc
1,7,k

RPEGXMN, HAMBEGETHE TR, XERAFTHET.
WERXTHT A, B WK FHE (A, By) T, EEWMMBHRN DB ni(i =
L-o,a, j=1,---,b), H ny REME, XEFRSBAL (7.2.1) A1 (7.3.1) FrHAIE
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PR X TR 7 Z o LA, SR S AT4S RT LA BT O AR AN EE. {5
SEXT T A B R RAL R AG R ST S VI, — B LA 2 ST 17 T TR Ao e o5t
MR, TR, M — A — R AETA T Z AT M, AT BRI §4.1 T2tk
P — AR BRI A 795 A0 3. QT AR T o i ALY IHE 1§ 28 SCRk (60].

Bl 7.3.1 5T B EEE P M A B R H R TR SRR L 5 P R PR
IREREN, PR (BT A) B3 4K (B 3 FORR SRR, 3R 3 A4
KV, BEAKFASG TEL 4 Rk%E, FriffdEme 7.3.2.

® 7.3.2 Hii{ERE

& ¥EB
15° 25° 35° Yi..
130 155 34 40 20 70
1| 174 180 80 75 82 58 1098
A (639) (229) (230)
» 150 188 136 122 25 70
B2 | 159 126 106 115 58 45 1300
% (623) (479) (198)
H 138 110 174 120 96 104
3 | 168 160 150 139 82 60 1501
(576) (583) (342)
g 1838 1291 770 3899 = y...

S BIERESHHBIEREE v, EXAMEF =3, b=3, c=4. T
FFENT -

_ ) . (3899)2
SSr = jijjijjiijk = (130)2 + (155)” + - -+ (60)” — = = 81063.64,

i=1 j=1 k=1
a 2 2
yi. yn 1

%“jﬂ%‘@—ﬁ[

(3899)2

(1098)% + (1300)2 + (1501)%] — = 6767.06,

b 2 9 9
B S RN 2 > o (3899)%
SSp = Zl - s = o [(1838)° + (1201)° + (770)°] — S = 4753539,

a b 2 9
_ Yij .yl
$Sap = ) D =884 -88p
i=1 j=1
1 2
= 7 [(639)% +(229)* + - + (342)%] - (3299) —~ 6767.06 — 47535.39
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13180.44,

SSe SST —SS4 — SSp — SSap = 81063.64

—6767.06 — 47535.39 — 13180.44 = 13580.75.
LRGN Y I Z TR (37 7.3.3):
& 7.3.3 FESHE

Jr#=R H B ST ¥ F1H
HT A 2 6767.06 3383.53 Fa=6.73
H¥ B 2 47535.39 23767.70 Fp = 47.25
EHIY

(A x B) 4 13180.44 3295.11 Faxp = 6.55
S 27 13580.75 502.99

B 35 81063.64

BT F207(0.05) = 3.35, F4 27(0.05) = 2.73, FFLAEF A, BF B LA RS HAY
A x B 4 W EHIKFH o = 0.05 BT B &Y.

BT LT AT A0 T 5 o AR, 7 a4 OB AL. SR e 2 i (X
REZTWA, WREZMSIEAL Flm, BREE=ABETF A, B, C K TE5
Ha, b, c. 7 A, B, C ZA[REEFFIEE L HIY, TH&, ERFKPFAEG Ai, B;
A Cr WIZE T R v BT VA E N

Yijkt = 1+ i + B + v + (aB)ij + (B7)jk + (a7)is + (aBy)ijk + €ijr ,  (7.3.39)
i=1,---,a, j=1,---,b, k=1,---,c, I=1,-,nj,

HAr p, ai, B, v WESCRIBETEAER . (a8); BRKTFHE A f1 By BAZHRL
B, &REHE. (aBy)yr BaKTFAE Ai, B; Ml Cr BIREB. — B (aB)i; N
—RICHBY, B (aBY)ijr W _FILHRBY. BHL (7.3.39) B =1 5r REH, {5
M, SEET LA I E, Fo s il RN L, AT AR A B & o
HRABAL X T XA g i, FREEA R SETE L AR, AT
HIT YRR, RN ERATRS A B SRR 2 N E R ZA B WSt T
K&, XX ST AT RO IRTHR T

§7.4  BEIrRIRA

BT BT iR B R 1) 7 SRR — M, BRI A il B WAE R /KT8
FTLAAHIE, XIE T A M B AT SORE, THRX B NFR N L RIERL {5
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RAE—HAER T, BT AM B IFAZIAWAKTERGEAHE. #amrEd ik,
BEH, ZHMAR], [\ e BB AR AL IS N R . AN A
A BT BRI EE AR [R5 an AR AR R AT RE SR AR B e — 4, AT AL AR 2 )2
SRR BEAR—28, [RIUCAEREA TR0 B, XA ] B4 A 0 1 B K P iy e i AN — .
AL ) B SRR A IR B 2 200°C, 220°C 1 240°C, T X AL £ B HRE 2
150°C, 170°C i1 190°C, X B4k 77 H kA e -5 I EAR A ZK°F- 150°C, 170°C 1 190°C
AHIE, AL AR RE SR R /KT 200°C, 220°C Fi1 240°C FHIE. FATHRAE
FE—RFER, BEZRRE. —RERGEEE—KEREE, TREXFH
ZHER R I7 R CE BT (nested design). X B A ALY I i85 7 AL (nested
classification model). WA H G5 AL FIFTRBE BTN E &R, MR E AR

—MBEET AH o MKV, BERT AWSE i MKFTFEF BEAE b K
-, FHLELERE KT A WHEF B WS KT b BAEKTFHE A F1 By
TEEMM n; K, 2y ATERAES TS L AUNE (WF 74.1), NIHEE
SRR R A T IER -

Yij = B+ ai + By +eij, i=1,-,a, j=1,--by, k=1,--,ny, (7.41)
X o, 60 HIESCRIPARTIHE & PRI AR HRE eijr ~ N(0,02), BT
eije FHEIMSE, HIR B0y KT Bjay HEUY.

FINFEMERF S, ATUME (7.4.1) ARAHEBIER, LN —REX. B
SR ATTREAS R R T JL T — RS SRR AR Bl T AR 30 e B T X AN B A 4
I3HT.

® 7.4.1 BMEEHEBEEEHRAER

A T A4
Al A2 A Aa
Biay Bay 0 Buw | By 0 Bue || Buw 0 Brae)
Y111 Y121 Yiby1 Y211 Y2by1 Yal1 Yabg 1
Y112 Y122 T Yibi2 Y212 T Y2by2 te Ya12 T Yaby2
Yiing,,  Yizn,, T yu;lnlb1 Y21n,, T y2b2n2b2 | Yalny T yabanaba

7.4.1 St
5t X, AMERETRIE 7
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a a b
n.pu—+ Z n;. oy + Z Z nijﬁj(i) =q.... (7.4.2)
i=1 i=1 j=1
b;
Ng. b+ Ny ai‘i'znijﬁj(i) = Y;.., 1=1,---,a, (7.4.3)
j=1
nijp+ o + 0By =Yg J=1,,bs, (7.4.4)

Hetn. =0 ng, ne =30 0 ny. NENTRASE N, KA (74.4) i
(S0 b ARSI, B k(X)) = Y0 b ENREBEE S b +at1
A, FUCRIELY —F, RATEHFHRARMENE FI o+ 1 ML H R, BFFEY
WA ABMBERRER, N (74.4) REEF], BRRKMAEN

=0, a; =0, 1=1,2,---,a (7.4.5)

JEARTT R fERT. H (7.4.4) F1(7.4.5) 15

Bj(i):yij‘, i=1,2,--,a, j=1,2---b;. (7.4.6)
Nij
(=4 (RES]
i=0, Q=0 i=12,---.a (7.4.7)

— B AR SR —H LS .
B wij = pt+a+Bia (i=1,2,,a, j=1,2,---,b;) FREFAEHY, BHMMT
WREETC R TR . BF G, SHRE

Biey = Birwy,  M—Hli,j#j’ (7.4.8)

TR, X TEZEN i, B0 — 8@ ABEF B K Bju M Bj'(i) B
ZE. MAEF—IFLEF, BEEMIERMELR, WACRFEERERN 2. H
oo — i, 0 F U B, ARMIBM Y, o BRI R A TG TR, AR
bi=0, i=1,-a, BIXTEF AWENKF, BT BRKFEEHMAER, B niy=cli=
1,2, 0, 5=1,2,--,0). 38 3, Bj(iy /b= By, M

(@i +B.5) = (o +B.ary),  i#7 (7.4.9)

TG, B SERR A (7.3.22), (7.3.23) ME2KML. BIZEXTH T B RPHHE
SCF, BF ABBEAKT  f N 2 2. SHEEFIRIRAEIF,  (7.4.9) 82
XHREEFEE T, BUAFIHM MBI 2 2. ASRIE, FA5EE (7.4.8) I
(7.4.9) #5 BLU {32054
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Yig yL S —Hli # j (7.4.10)

Nij Nj

A F—Y1 i, j, by =0, nj =c BHEMHT)

7.4.2 {RIZER
HATE % I8 R A KR e SRR, B
Hi: By =-=0nw, t=1-,a (7.4.11)

RHEE R (7.4.2)~(7.4.4) F1 LS f# (7.4.6) Fl (7.4.7), SEARENEFEH

RSS(u, o, B) = . M+Zyz aﬂrZZyzy Biy = Uzzyw

i=1 j=1 i=1 j=1

52V Il

a by Mij

SSe = Z Z nyjk - RSS(M,CM,ﬁ)

i=1 j=1 k=1

a by Mij

=20 > v - ZZ%J

i=1 j=1 k=1 i=1 j=1

a by Mij
=220 (i — 7)™ (7.4.12)
i=1 j=1 k=1
HABESET n.—m, XB m=>,b. BRI H BB, B0 RE5iHRYE
Jox, A Bz, TRARBAN
Yijk = 1+ + Bi + e 2 1+ a + e (7.4.13)

XHE p° = p, of = a;+ i, XRE—DHMASREEL W §7.1 ER, L5 E T
I
yi.
RSS(1°, a’ Z ot (7.4.14)
454 (1.3.13), 1REFIT A

SSy, = RSS(,u,a B) — RSS(1?, )

_ E Z Z v Z Y (7.4.15)

=1 j=1
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EREZHET B KRS IR 2T I M, SRR T B WP I7
M, WidH SSp, HAH M EFTERE B Fra Mm@ om — o XE m=73,b;.
RAE 85.1, 1% Hi M F et

P = SSw,/(m —a)

~SS/(n.—m)
M H HEE, Fi~Foan—m-

THHE—HREF A #FKFIOARFEERR. B o = =a, AR
R, ATBR—LHEBIME T B K- FHHECT, BF A ZKTVBOVAREE
g AfREER, RXEF B WK b #HHESE, BMRE bi=0b(i=1,---,a0), X
WX —Y1 i, 4, ni; = ¢, WHEHGE AR5 R K

Hy: a1+ Bgy==as+ P - (7.4.17)

B (7.4.9) WTHEH, Ho W REREE. X b 5 nyy NERHEFEREE, 525
Z:[) SCHk [98].

# Hy AL, i+ By 50 g6k RS §7.3 BN, A (7.4.1)
BH

(7.4.16)

Yijk = j+ (i +B.(i)) + By — B.(i)) + €k
A+ ﬁ;(i) + €ijk (7.4.18)

Hp
w=p+a;+ B,(@, Bk, ﬁ;(i) = ﬁj(i) - B'(i)
W Y, By, =0, B Lagrange Je Tk, B/ MUAE)E %K
a b c a b
D20 Wik = =) +23 > N
i=1 j=1k=1 i=1j=1

ALKt BB, B9 LS . ENITREN
a b
ot ¢35 B =

i=1 j=1
Cﬂ*+c§;(i)+0/\i:yij,7 i=1,---,a, j=1,---,b.
o) 2 LS it
Biwy =Yij. — Yy  t=1-a, j—1,---.b (7.4.19)

RIEREAR, XAWHA (1.418), 1*, B, SHEETIAY

a b 2 a b
* * ~% Dk Y. — —
RSS(1", B5) = Ay + DY Bjayvis - = abe DD @y~ Ty - - (7.4.20)

i=1 j=1 i=1 j=1
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FIEM (7.4.12) Fi (7.4.20) FHAS M
SSp, = RSS(u,a, 8) — RSS(u*, 3%)

be abe

- ZZZ@Z -7.)% . (7.4.21)

M (7.4.21) FTRAEH, SSh, BT A 7KV T Bra WIE A F-H X B T35 i A8 2
SEJTAL, HABRR SSu, AT A WFIT M, AN HIIC A SSa. RETE, XAFT
M E A o — 1, BRI §5.1, MgafRix Hy i) F Sitih
 SSm/(a—1)
SSe/ab(c—1) "’

M Hy HEBY, Fo~F, 1 apie-1) -

Bl 7.4.1  WEH, &, W, TR, A B K A iR R T AN 5T
EAHE. AR, R T =MKF (C):

F (7.4.22)

H (A;) 50, 55, 60, Z (A3) 70, 80, 90,

7 (As) 55, 65, 75, T (Ay) 90, 95, 100

SR HC A 2% 7.4.2.

R 7.4.2 EHIHEER

BB A Ay Az As Ay
B 85, 89 82, 84 65, 61 67, 71
Bs 72, 70 91, 88 59, 62 75, 78
Bs 70, 67 85, 83 60, 56 85, 89

B XAl a=4,0=3¢c=2n.=6,n;=8 n.=24, Y, b =12.

a b a
SSu, =Y wh /2= 2. /6=136866 — 136062 = 804(= SSp),
i=1

i=1 j=1

HHHBER 8.
a a b
SSm, =Y _yP./6— Y > y? /24 =1960.5(=SS4),

i=1 j=1

HHAMBE 3. 5kE VI

a b c a b

88, =333 -3 S w2 =6,

i=1 j=1 k=1 i=1 j=1
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HA W By 12. B AR T 3R 7.4.3 1,
®7.4.3 FESHNE

FEB H B P ¥ 7 F1E

B (B) 8 804.0 100.5 Fi =19.0
fEALH (A) 3 1960.5 653.5 By, =122.5

w®E 12 64.0 5.3

B 23 2828.5

MEHTUEH, F =190 > Fs12(0.01), Fy = 122.5 > F3 15(0.01). FFLATE
BEHEKTE a =001, BATHELPIA IR EL. BIXSX ORISR, AR FE K-
ZFRREN, HHR =PRI, R bR 02 R A S B . B
—RRIERE, N AR SRR Z WA 2R, DA AR R R, TR
AT 2 [B)F BT, TEM B0 — By 177 F (i + B.y) — (o + B.iry)
T TR] Bt A DX ) R 132 FT DA X B AR E A 2~

TER) 7.4.1 h, WURER T HEALFIANREE 2 4h, EF BN K. T EXARE
T B i R B SO s STt AN SE AR ], X R e it 75 B e e Ak hl 028, RIETES:
—RPHREE SR, BEHRESI. XERER T EEERESKEN, T
6 BRI S ACERIRGL, XEE =R ES 0%, Hh il —%
HZ, RER_REE, RNENEEZREE =RESRER—RERX N

Yigkt = b+ i + Biy + Vr(ij) + €ijrl 5 (7.4.23)

i=1,-,a, j=1,bi, k=1, ng, =1, ng .

WMRE=AERSAEH A, B, C, W yijm METEKFHE Ai, Bjt), Cruj) T
W58 L WORMIME.  (7.4.23) H i, u, By B W ESCHE, ey 27K T
Creijy WL, BIRT A FE7KF Ay, ¥ B 72KV Bju), AT C #IZR k HKF
Ch(igy HIRRL.

e, FLVEER b RES BB

BEHTE—kger, —# 0BT T3 OIRES, 15 —8E A TEERE,
XA TR G REAL fin, KREFZE=1HF A, B, C Wik, WE
AR B ZAXY, MEF CEEHETF B W, BRiZwEEFIRA XN, WX
B B Sy

Yijkl = M+ @ + B + Yi(g) + €ijit

izl)"'aaa j:17"'ab7 k:17"'acj7 lzl)anwk
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XL — MR G  RAAL

FRT XA G0, AR L SHREN R, AR EEA e
T, EE U E NS84 255 E THERR RN St b, 5
23K [2].

§7.5 RETTESTIEMKIES RS

TEHT T P A SRR B g R e, BATHME S MR EZ T e 32 -
(1) W EAREASL;  (2) B  (3) 757 (BRE LI E R 77 240 5F). dnik
Rk BB R, TTEMRERATE AR F oA, X5
AR BAT R, EESSERHRNLE. —RUOR, X —D RN, X%
BB B R AR, BATESHER, REERE BRI REIR
L, REERAA MR RA SR, (B, FAR (WRAR, B4
bR) 77 PR EOE SRR, BT AT BA TR A P AR Bk e

7.5.1 FEFHLR

AL R T BB & KF T BT A AT AR LI S i — A Bk, o A7KF
HY PR IR B LI (EAH 24 TN o A BT o DR, BRI R I J7 Z2 0T M e
TER BOT ZMFER AT T & BRI EN L. BEE BRI ERSE, B
BERFIME R AT 28 R 7 e — B WA R AT B G T i 4 22 BMARRE A O7 22
SRR . BRI EST AR, T B AT IIERT A LR 877
%, ROUEWIR T T 28 3CE [48] A [56] 4.

XL o JARAY, AHIRZETTEAMGE, BRI Ry

Yij = B+ a; + e45,
%elj*ﬁﬁzﬂja eijNN(an-iz)a izla"'aaa ]:157nz

MWLM ZERB RN

Hy: oi=o02=---=0° . (7.5.2)

T4

BB 1 MAKCFRIRZ T IR SSe, = 3 (vi; — 7:.)° TEIESHRBB T,  SS., 2Rk

Jj=1

}J\ U?X%ifl E/‘Jﬁi ia Msei = SSeb/(nz - ]-) ygﬁ;f‘}]ﬁ
1. Levene ®4a1:
Levene R4 HREM TP 588, BIZERAN/KFAES TEEWMEAERA. 2
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i AR § ORIy 5% 220

€ij = Yij — Yi. i=1,---,a, j=1,---,n.
A
eij = (€i5)°, i=1,---,a, j=1,---,n
il
n—1 ‘
E(E”): n 0227 7’:17 , a, ]:1, ,

1 ey BBOREAE, HEEN of (n — 1)/n, BCANRKAREIRLOHE, AN
[ F-I7 Al

a

Sszﬂlj‘] - Z Z(Ezg i~)2,

==t (7.5.3)
Sszﬂlﬁj = ; n(z. —.)%.
giit i o
p=an=b, > AR (7.5.4)
o=l Sy

AR, Ho Burfazeti T, D2 By sy, % (7.5.4) 89 LEERT Faoatny (@)

fEEF, FAOTEHEL Ho, INAR KT T Z A2 AH5E.

Levene fi 56 123 % B A 73 A1 25 1E 540 A0 B B R T, [EREENE, 7
F Levene yiBY, —MREOREE W n RER/D, —KERT 3 K. WX SAS 4%
ff, BEERBUNT 3 IKE, —BREATIHHE 1 Levene R4 R

2. | K F Wk (Hartley 32)

JEN L, Hartley K40t a] Fl TAR-FAEEE (1 Hartley 7E 1950 4FE5LHY),

XTI AR SE
max; (MS,;,)

min; (MS,,)’
WRER F W Y n=ny = =ng =n B,  Foa BIEFERTASCER [120]
RS, RPW EASMEER T EZWE, BIX BA7K T o, R v B
3 MS., WA HBEE, BIXEM n—1. 2 (7.5.5) HHE M E B G FER, R
JR iR Ho.

UAFELE o HERR, BAEYHWRAE. WNTTHEYH FR HE
H1BE 0 i max;(MS.,) 45 min; (MS.,) Brat g 3 fERE. &iH5ER (7.5.5) F
Frax [HEA B @ F WG FE, EASBETEFRMIEAE. 8% Ho, Frilny
5B R R RN S L E B I FUE R .

Frax = (7.5.5)
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Hartley 5K F HOR: S T 1E S48 25+ BURK. I, anRAeA ok B SR
B o AR U B AE S BT Z2AH SR, Ho Wi s, WAk Z2AH%. B,
L R AIEIES Y, Hartley ek F WRR A G FSRIE N T 2R L. A8
FL#, Levene R %t A IE LR B A REUR, (HJ2 2 BARIRMIEZS 7 Aimt, H
Hartley #2546 H Levene £ 50 B A H S AI4.  Conover 4 (Techmometrics(1981),
23: 351-—361) XU Hartley f 4l Levene 164 75 P 09 & Fir 2257 A g #6471
BUBETE. MATRIBFTEERET, 24 SR AT ™ B A B RS,  Hartley A4 5 52K
Tk, SR, ATHEREE A Levene fu k.

3. X2 s (Bartlett 1)

W feo=ni—1, fe=31_1ni—a EX

c:l—i—{(za:l/fei) —%}/3(@—1), (7.5.6)
i=1 ¢
q=feln(MS.) = > fo, In(MS,,) (7.5.7)
=1
matit
B =2.3026¢/c. (7.5.8)

ATRHER, TEIRZBIESRET, & Ho BiL, B~ xi i MR Ho BOLAY,
AJ7 EZHRMER Z A — AR, ¢ WE—BRAR/N (R 24 B A< 77 2 B W (E
FHEE, ¢=0). BB Ho NEOLE, AT ZHWMERN ZARBER,
ERER. H, 24 (7.5.8) Fit5M B EKT 21 (o) B, ¥HEL Ho.

Bartlett f 5 AN52 B2 EARH (I B4 KF- T B E W R ECR A8 ), B
YFiRZAEIESERREURA. HiH, REBWMBEIESHR, REEM X7k,

4. e RITER K (Cochran ¥5)

(K4 Hartley {41 Bartlett X8 /MY SS., [EARBURK, BrLAY SS., HEE—
MEH 0 EER/NE, Hartley M1 Bartlett YR RREMEA. (HEMEEE n &
/NBE, XPMELEZ T S HELE. TS0 Cochran 1] 8k G iX 4>l #1. {H&
Cochran My ZFHERBEHERTEEENEE, HaitEd
max;(MS,,)

> M,
=1
Holl A AT W 3CHR [38](p.579~580, 3% 4). Y4 (7.5.9) T C R TR APAHXTY
WG FE, MiEd ) ZAESNERE, NV ER2MHEE.
FEAY n BUNEE, XA TIRAE LR R R TZ.

C= . (7.5.9)
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TE SAS Bk b, Xb 07 ZFF P pyAa i vl A A O ERR T 477/ 431 Levene
F Bartlett $:4), 34 BF (Brown ffl Forsythe) M1 Obrien ¥, #{J& Levene &
Wy EatE.  BF R gniiAl Levene R g P S S3A1i i B 1E 25041 A B Fa dd
P, RIS AR B RS A RBUR, (HRABUEE R BN, EEHIILE —IERHT
#TF, BF KK Levene K5 P BA F R IIEEEL.

YT EH SV BREARLES, AT R 7K T T B 6 AH 55 7] X $iiE
g Y7, [EAR S BEE RA TR I 2, —Bokut, s M EE AT REAS T
HAFORMIEZS M. ALRXT T4t e 45 1ok U0, 77 Z 57 R BRI IR SR
WHENEE. I, TS — A ESERERIE T 2055 M T EF N
R, T B Sk [38], p.215~216.

TEERNE, M7 ZFER R — B S0 B 2 R, (R Ry X B[R] K 1)
&, BATHFFR N EEH WK et (BOWME) s, mimmE (B2
) 3 REARL, WATMUE LK FHE T E e 2, FEENZE
TS BAEATT AR R DA TR R Z RS EC A B EAE A S . 49 2 Xt
M IR (7.2.1), MRS ESTA o x b K T-AHEWEREAE, AT
BENKTFHEGIEAR R, R T ab MKFREE RS, MALELHT
ZFFEMAERG S, ST (B2 1)) s RAAE I R A AU S A S RE AL
BITEEE (PELEE JLBEAZR). ) hn et To 38 H. [a] 43 B (7.2.1), RSB Aol —
ANBENLBY., BIVR G 80N AR, Bl o; SRRENLSN RS, —BARE ai ~ N(0,02),
XA — e BRSO 7 2R AR 0, BIXHMRIK Ho: 0 = 0 #E 7R,
PI BN R REALET, BIBENLSONALRL, X 85 ~ N(0,03) BB R iR i —

FBERL 07 = 0 = 0 AL
7.5.2 IEZAMEE
TEH N MR 7 M, 3058 i AKE T 5 WO B 5% 2

éZj:ij_yza '1::]_7...,(17 ]:1’777/2
HEEM T 255N
-1
E(e;) =0,  Var(ey) = ———0o?
Uz
0, i
COV(éij,éi/]‘/) = 0_2
-z, =i, A
n;

WRLRTE R —7K - PR ETT ZMFEEAISL, MAEARKFTRET EZAE, 2
MIEAMSL. VR 2tk Ae i



- 236 - BLE FEMEA

I !
l 1 . R l 1
Zi =\ (7 ngl €ij — €i,j+1) Vi1 (7 ;:1 Yij — ym‘+1) ; (7.5.10)

1=1,2,---,n;—1, i=1,2---,a.

BN =3n MREEN N —a > 2q, X N —a MR EEAHEN 0, T

Var(z;;) = 02, Cov(zi, ziry) = 0.

XHE, AT {20, i=1,2,---,a, 1=1,2,--,n; — L} YEA N N(0,0%) Sbicdh
B — BN AEA. SE B DA RR 2 AT IS, EOABATER F 5T
W, X4 (B ) MOZHEA IESEM RS B 2 R 2k, W2 R,
Kolmogorov f5{%, Shapiro-Wilk 1, fwEERETE, WERRFS

J7 223 AR X SRS AT i B AR AS A A B i R . Y B AR i Y AE
BOMHERES, FESHrEN TRBIEM SR AR, W, FHIES
BORE R AIE. SAS BAHRML T X2 A SR AT W ZFEHES B 5 k.

FATRAE T T XM F 22 6 B LR S 1 315 (B, REBEER T, #
A T LR R TR S, 2 SAS AT Matlab k{4

Bl 7.5.1 (TR HIRE)  ARBREEBATEY, FEOF5EIIRIERE M %
WEAEOL, FFE BRI, B0 S5 EORH U B S S U el k. IR T
=FEREC T - SR, DiEB R ERXSEEL IR, DIBERE, BTN E,
Ry HB=F UIBRCE, BT, Rk . JE PR M T
A BEC 7. O HA SRR TR X AL LA ROR, A IESE 10 LB, T 60 K
JEMBEENMER. Wk 7.5.1 PR,

x® 7.5.1 BEFAREREER
ik e " (58)

FE—F | 1073 1058 1071 1037 1066 1026 1053 1049 1065 1051

FE_F | 1016 1058 1038 1042 1020 1045 1044 1061 1034 1049

FE=F | 1084 1069 1106 1078 1075 1090 1079 1094 1111 1092

EXTREF, 60 RIS EZHEIR; FRZMEL EREFEHHLRT =4
K, RIS H R L = R R E SRS S R BUR LA R, R T s = Fh
TAREFE G I R R BCR B E], TS ER G R, HhxE—4
BH R M E, "I §7.1 MARITIRETEER SRR, REENE
PP 2 0 [ S KR A — B B2 G MR R A LR EER. A
R ] MBS E R R R, (HAEBI R RAT R A AT EZF R R E. |
A Bartlett 1 Hartley #4 pxt IR 250 UESBURK, B A1EXT R 1EIESHRR.
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(1) IEAHR L

TC SRR BAR S AT I R LR S FAEVE B LA B E SRR, 2
B BARIE R AR, i x* A, Kolmogorov ##ik, Shapiro-Wilk 3%, H
QQ %, Al HxXHEIEIRM ESERM SR, BT Edees, O 2EitH
GEREH, RIEESYELREER (7.5.10), BRERERREE ¢y 1 =1,2,---,3, j=
1,2,---,10) RHAHEHIEE 20 (1=1,2,3, 1=1,2,---,9), Ik 7.5.2.

®7.5.2 BRERHESSETHEER

S—ThiEE B el FE=Fk

€ij 2l €ij Ziy €ij Zil
1 18.1 10.6066 —24.7 —29.6985 —3.8 10.6066
2 3.1 —4.4907 17.3 —0.8165 —18.8 —24.0866
3 16.1 26.2694 —2.7 —4.0415 18.2 7.2169
4 —-17.9 —5.5902 1.3 16.5469 —-9.8 8.2735
5 11.1 31.9505 —20.7 —9.3113 —12.8 —6.9378
6 —28.9 2.0059 4.3 —6.9437 2.2 4.3205
7 -1.9 5.4789 3.3 —21.9154 —8.8 —10.2896
8 —-5.9 —10.2530 20.3 6.1283 6.2 —25.1023
9 10.1 4.1110 —6.7 —8.7490 23.2 —4.4272

10 -39 8.3 4.2

R (= 1,23, 1=12,-9) FifESARESHRE, 41 Shapiro-Wilk
¥:5%, Kolmogorov-Smirnov 4%, Cramer-von Mises %, Anderson-Darling £
5, QQERSF, #MAEEZIESHEMLL.

(2) IrZFF RS

DR D R AR N IE 75 0 A EL RS P v, SR AT A g 48 0 DU b 46 07 22 5%
PERITIEER T .

(i) Levene 557

H15% 7.5.2 FHERZERE €5, AN (7.5.3) AJ5AT

2 2
= . == 1
853, — 130984, ST —8193,
[58 )
882
JA Gt i <11 B
a—1 §S

HN
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M Fa1,a(n—1) = F2,27(0.05) = 3.35. #{7E BFMAKT-0.05 T, BERIIRZEF ER
%.

(ii) Harley K F ik

HIEHH MS,,, £t 545

MS., =226,  MS,, =211,  MS,, = 182.

54
max;(MS,,) 226 1.94

min, (MS,,) 182
T ST I FAUE R Frax = (3,9) = 5.34 > 1.24. G458 5 Levene 3.

(iii) Bartlett B x? ek

255 MS, = 206, ¢ = 1.05,q/c~ 0.06, B = 0.138.{H x3(0.05) = 5.99 > B.
Giit 45 Levene 35AH.

(iv) Cochran KBk

FE T T ) 40 45 R AT

Fmax =

)

max(MSe, ) — ﬁ ~ 0.365

C = =
MS,, + MS,, + MS,, 619

HEES Cpo1,0(a) = Cy,3(0.05) = 0.6167 > 0.365. 5114515 Levene LA .

7  SAS #{FH BF #5635, Obrien M5 H2518 5 Levene 140
[A].

3 & ot

7.1 5 6 FRRZGR AR MBCRI T, FriggRaT

RG50S & L2 B
1 87.4 85.0 80.2
2 90.5 88.5 87.3 94.3
3 56.2 62.4
4 55.0 48.2
5 92.0 99.2 95.3 91.5
6 75.2 72.3 81.3
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(1) B HiRE A e,
(2) 7£ o = 0.05 i, ARRZGH AR RECRA BEZERD?
3) W hiE S B —4 LS f#;
4) G5 5 SRAMTHARRER 95% B X .
7.2 XFBARSIRAEAL (7.1.1), IRITTFITA SS 4 A1 SSe RHOIM I E v = (y11, 912, Ying s
Y21, 3 Y2ngs o, Yal, Ya2s o5 Yan,) B TIREL FFRIFISE ZHMLER, UERT:
(1) SSa ~ x2_1 \, BHAERLSE N
(2) 4 Ho: an =+ = aq WOLHEF, SSa ~ Xo_1;
(3) SSe ~ XA _a, H'5 SSa MMM
3

7.3 XTEARESRMAL (7.1.1), BE c1,c2,, Ca, RFHRIGLRYERE B Ho:
ptor  pta g+ ag
Cc1 - Cc2 - o Cq

i F G

T4 Wy =pitey, t=1---,a, j=1,---,b P ey BMVLFEZMHN, ey ~
N(0,02).

(1) iR a = 4 BHEHR Ho: w1 = 2u2 = 3us B F GitE;

(2) RIIEY b= 2 BHER Ho: pn = p2 (9 F SeiHREMGR A LR 2 PA TE2S Bk
IR TSN ¢ Seit R

75 XTRYEAE y = X161 + XofBe +e, e~ (0,0%D), X 51 F Bo MIAE—T]AE %L
ch By Fl chBa, I ¢4 By M chBz AFBIFERE M BLU fliih. EXHERRAVEEE ) 61 Rl chfa,
H Cov(ciBr,chBa) = 0, WIFK p1 B B2 TEAC. XPHISIHEAL

yq,]:/l""az"‘ﬁ]"‘ez]y izlz"'aav jzla'“7b?

eij ~ N(0,0%), HFrF ey MIEM. WEH o = (a1, a2, 00) § B = (61,82, -+, Bp) HH
1EAZ.

7.6 XISV A5 ARAL (7.2.1), SINMRIEER RS, 8 Jn = Lnlh,, Jo =
LT, MGG Jap = Ja @ Jo. RIEFA

ssT_ZZy”— 7.)2 =y [Tab — Jab) v,

=1 j=1

~yl oy i\ J
884 =) G- =y [(la—Ju) @ J],
SSp = ZTJ—%W/ [Jo® (I = 1)] ,
j=1
a b
SSe =85 = D> Wi~ —75+7) =¢ [(la— L) ® (I — )] v -

i=1 j=1
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77 XEREBA R (7.3.1), IFFINMFAMEER RS, 9 J. FE R
IR

SSt = ZZZ@/W —' = y Iabc - 7abc] Y,

=1 j=1 k=1

a b c
884 =D 3> @—7.) =v [(la = Ja) ® Juc],

i=1 j=1 k=1

a b c
SSp = ZZZ@J =y )=y [ (L= T) ® Je]

i=1 j=1 k=1

SSaxp = ZZZ @iy~ T =047 =y [(Ta = Ja) @ (I — ) ® Je| v,

=1 j=1 k=1

a b c
$Se=> 3> k-7, =y [Lohe (.- J)]y.

=1 j=1 k=1
7.8 XTI HIUN Y =1 3 R
yijk:/l+0¢i+ﬁj+’7k+6ijk» 7;:1,"',@, j:1,"',b, k:1,~~~,c,

XE Cijk ™ N(O, UQI)a ﬂ#ﬂ.ﬁﬁ'ﬁﬁ’] €ijk *EEZETL.
(1) MFIAREIER S 00 =0, 3.8 =0, 3, v =0, WiBSH 4 LS ik

L=7. , =9, —7. ,
Bi=%,. —7., =G, -7 .
(2) RFHEI/EE H: cn=as=--=a, i F SitE.

7.9 KR ESRER (7.4.1), EREHERAN —BREX vy = X6 +e¢, K FIME
B ETPI A T B Kronecker SeBIE.
710 MBRESFMEA (7.4.1), B bi=b, i=1---,a, niy=c WN—Y i, j, RGFHE
i
(@i +B.ay) = (@ir +B.(in); i

FT] 4k K%L Bonferroni X&), Scheffe X[EF1 Tukey X [].



BNE WHHESTRE

TESR—HERATEL THN T T o7 Z Al AR L, BRI Z il
AR EEBR ) —Ff <IREG 7. X “BE” 7R, BB L MM
war, —MABITTRE 0. 1 PR, I EMTERAR BT . i
TCER A ABUEE S RUE, BRI Bt . X F— A thor 2o iidl, Jr
EOHTH R FEER), BT EA HBRAETT i, 10 B S OO A D (8]
AR A O R RESE AR R T LN 2 T3 R s A DU S R B RL e 310
Hr BEAS I\ I 25 [ ST o BT A5 21 1 4 77 Z2 0 AT BERL K 7 22 0 M V3 24 1B LER 52 Al
ATEHY H R 2Bk AR BRI T 1%

BN B L3, BhI7 Z2 A R ] LR A — e 7 R AR R A Rp R AR 00, [
BB ATSETTHE — e PR

§8.1 BT PR
S PR R

y=XB+Zvy+e, E(e) =0, Cov(e) =1, , (8.1.1)

XE X ZEnxpfFE, Z Enx gl LW=(X: 2),d=(0,7) . NXA A

RIT1SE] 6 # LS f#-
o | 7] 2 (WW)" W'y .
/y*

Mok(W) = p+q B, B0 W LS fhit. GRS % 2y 34, 53
E(y)=XB+e, E(e) =0, Var(e) = 0?1, . (8.1.2)

MHETRE] 5 LS f#
B=(X'X)"X'y.

HACGRITHEE, BATFR (8.1.1) A1 (3.1.2) S¥ B N BN TR, X P ML
fITATATEE] B A LS fif, 24 rk(X) = p B, BEATRHEA LS it — 4 EE
[ BB FEX T MG 2 e R, BRI, i g+ F 5 okFER, UEBELE
R R AT

TEUFEIHE S, T3 X WBARERE, HEREE 2 Rk, 3FH 2
M5 X ISR, B

M(X) N M(Z) = {0}, (8.1.3)
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rk(Z) = q. (8.1.4)
SHE—HiME A, it N, =1— A/ (AA)~A.
EIE 8.1.1 7fELF (8.1.3) fil (8.14) F,
(1) €8 Wl <= ce M(X).
(2) v AT fh.
(3) Z'N, Z W],
WA (1) HA

TFJ2 ¢ B A4 HALY

c X'
eM
0 Z'
— HFHEafFBc=Xa Za=0

— ceS={X'a, Za=0}.

WRIEEH 2.1.2, FFH 8.1.3), F

)
dim S =rk / —1k(Z) = rk(X).
A

B ScMX)HE S=M(X). (1) BiE. FIETEE (2).
BIE (3) # Z'N,Za=0, Ml N, HREHES

a’Z’N;NXZa =ad'Z'N,Za=0,

Bl N, Za=0. AT Za=X(X'X)"X'Za 2 Xb, XH b= (X'X)"X'Za. iF Z 14
5 X MHNEHETEe, WREKRE o =0 TN Z'N, Za =0, A RAHEH o = 0,
FrLL Z'N Z g &rtose. W ERAEar e,  (3) Bk, ~ERIEE.

XA E B — RG], X T 2R T 8 B R AR — R

N E BRI E T BRI TR LS i ] 58 R K AR

I 8.1.2 (1)v*=(Z'N,y2)"'Z'N,y,

(2) " =B — X",
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(3) MAE—VfEREL /5, Var(c'6*) = o2 Me, XH X, = (X'X)"X'Z,

[ X X (Z'NyZ)'X!, = X, (Z'N,Z)! S15)
—(Z'N 2Z)71 X1, (Z'N, 7)1

JEBA RATEIE (2). A€ y=XB+ Zy+e, N

de=(y—XB—27)(y—XB-2v)
=yy-20X"y-27'Z'y+ 28X Zy+ X' XB+~'Z'Zy.  (8.1.6)

R B My, BATXE LA AT By RF, MR, B2

—2X'y +2X'Zy* +2X'XB* = 0, (8.1.7)
27y +272' X~ +22'Z5* = 0. (8.1.8)

H (8.1.7) ®ATH
B =X'X)"X'(y - Zv"), (8.1.9)

T (2) B
PRAEIE (1). 42 (8.1.9) R (8.1.8) BLA[75 M
Z'7Zv =7y - Z’X (X' X)" X' (y — Zv*),
B LA
Z'[L, — X(X'X)" X2y = Z'[I, - X(X'X)~ X']y,

Hp
Z'N Z~y*=Z'N,y . (8.1.10)

M LE—EHH, Z'N,Z "], H

=(Z'N,Z)'Z'N,y. (8.1.11)
3)
Cov(y*) = 0*(Z'NZ) 'ZN,Z(Z'N,Z)™*
o?(Z'N,Z)71,
COV(E, v*) = Cov [(X'X)" X'y, (Z'N,Z)"'ZNy]

=o*(X'X)"X'N,Z(Z'N, Z)"' =0. (8.1.12)
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FIH (1), #1752
Cov(B*, v*) = COV(B—XZW*a ")
= Cov(ﬁ’ ’y*) — XZCOV(’)/*)
= —0?’X,(Z'N,Z)""  (FIF8.1.12)R), (8.1.13)

Nl
Cov(8*) = COV(B—XZ’}/*)
= COV(B) - QCOV(Ba ery*) + COV(XZ’}/*)
= o? [(X'X)” (X'X)(X'X)” + X,(Z'N, Z)"'X!]
(FIA8.1.12)=). (8.1.14)

¥ eRmHK = (d, ), XE ¢y Hpx1. KE—EH, FE o Ff o JRRH
o1 = X'a. PEMATIERS

Cov(c} %) = 0%¢, [(X'X)™ + X, (Z'N. Z) ' X ] e; .
FEFIEH.

Xt TR TR, BAIRSRZE TR SST = y' Ny, y Ml SSe = y' N, y.
BHUEN], ENHIMTRA

SSr =SS, —~v"Z'N,y.

H b,
y—XB" =2y =y - X(X'X)"X'(y - Zv") - Zv*
= [I, - X(X'X)" X'|(y — Z7")
= N, (y—2v%), (8.1.15)
FIr LA

Y'Nyy = (y— W) (y — Wo)
= (y-XB" = Zv")(y—- XB" —Z77)
= (y—Zv")'Ny(y — Zv")
= y'N y—2v"Z'N.y+~"Z'N, Zv*
=y Nyy—~"Z'Ney—~"(Z'Nyy— Z'N, Zv")

=y Nyy—~v"Z'Nyy (FIH(8.1.10)K). (8.1.16)
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2 X hHIER, B ok(X) = p, W 8 WA, BUES 8% A1 B 4B h S MR
BRI LS fhit, FEH Cov(6*) = oM, iXHt M fyE#kR (8.1.5) i (X'X)~ %t
HARERT (X' X)L

§8.2 AT
11— by U7 225 B

y:Xﬁ—i—Z'y—i—eéW(S—i—e, e~ N(0,0%1), (8.2.1)

XH y A x 1WMEE, & X0 ABRBIP T ESS, X =(z;) Anxp
MR, HITE oy BHR 01, g HRFRUNME. 2y AEEIR EHE S,
Z = (zij) Anxq BRI, HITE (2;) TUBAEEZEIE. voa MEIEREL
TE N HE e R ATERBE (8.1.3) Ml (8.1.4) ML, HIL B9 R T —Msr e AL
BRI Z5 1R X 7 20 il (8.2.1) AR AL

B 8.1.1 %5 (1) F1 (2) FRHA, XPhIrZairial (8.2.1), v BEFfhM,
BRTH ¢ B BRI S AT T RAL y = XB+e H ¢ B BT HEAR L.

HIEHE 8.1.2, XALAY (8.2.1), EIHREL v 09 LS Attt

v =(Z'N,2)"'Z Ny, (8.2.2)

XERFSM N, =1 - X(X' X)X 477 B0kl
y=X[+e, e~ N(0,0%I) (8.2.3)
YR AW FRIET I SS. = o'y — B/ X'y =y Ny W R I . FTLL 7 1

AT AR 27 Z A Bl (8.2.3) M Z T4 2R

AR E 2 8.1.2, XA (8.2.1), 193] 3 #y LS f#A
B =B (XXX Zyv' =0 X,v", (8.2.4)
He

B=(X'X)"Xy, X,=(XX)XZ (8.2.5)

XER ¢ € M(X'), TR EL ¢ 6 9 BLU it ¢ 8 = (5 — ¢ X, v Hfg—
T NS AL (8.2.3) 1881 ¢ 5 BLU fhit. i8S 50033 T s
ZJEnt ¢ B FIIBIE. # X' Z =0, W X, =0, JLit 8° = B. X FEH S0
X M Z W5 B IE AR B S AT AR %L ¢ 8 B9 BLU {5 3F% A ™
HE AR .
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SHE—AE R ¢ 8, H BLU fhit ¢ 8* 977 Var(c 8%) = ¢ Cov(B)e. M
8127, ME—FMEEE 8, A

Var(c 8*) = o2[c (X X)"c+¢ X, (Z N, Z)"" X ,d. (8.2.6)
M (8.2.4) Al (8.2.6) FLAF H, Moo IR SRR 8 M E, B/ BLU
i Be F o7 2507 DL K B2 7 22 3 BT RL Y BLU fl 222t f 548 RS 2.
T2 — M T B LT 25 2R
Bl 8.2.1  HA— AU 4 AR,

yZ]:M+aZ+ﬁj+’yzw+eZ]7 izl)"'aaﬂ j:17"')b7 (827)

X e ~ N(0,0%), HFFA ey BMEMIL, 3, a0 =3, 85 = 0. MBAILET 25>
M AL

Yij = p+ o + B + €45, i=1,---,a, j=1,---,b. (8.2.8)

B (7.2.9), FRZ O f
SSe = ZZ(yij ~ 7. —7;+7.)° = Y Ny - (8.2.9)
RI\XARIERX, BHHE

ZNy =3 i~ T —T; +5.)(zij — Zi — 75+ 7.),
i=1 j=1

a b
Z/NXZ = ZZ(ZU —Zi — 2.5 —|—E..)2.

i=1 j=1

# (8.2.2), EIHARE v 0y LS fhith

 Z'N.y

T ZNXZ

a b
Z Z Yij =Y. — U +9.)(2ij —Zi —Zj +Z..)
e - . (8.2.10)
2 (2ij — Zi. — 2.5 + Z..)2

H'Mg

N NG T 2 AR AR o ) LS R (W §7.2) h @, =7, — ... ST (8.2.5) #Y
X,, B a,, =z.—z., B (8.24) BEIW T EZH A o 1 LS #

*
7

af =a; — " =Y. —9.— 7 (EZ —Z.),
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el

*—
- 2.,

Il
@
o

I
Bj

—-7.—7(Z;—Z.).

MRYEEEE 8.1.2 MR 7.2.1 Fl, EEXE X, cias M X2, d;8; #EAG, HEMM

BLU i i+43 71 K
Zci(@: —7"Zi.), XH Zci =0
Zd - Z.j XH Zdj =0.

j
¥, o —a. 1 BLU fhi124
o — o =Y, — Yy — 7V (Ei — Zu.), (8.2.11)
B; — Bv By BLU 41t
B =By =09, =7 (Zj—Zw) (8.2.12)

(8.2.11) 1 (8.2.12) AT ZATHIBM SR (7 7.2.0) MK, A% T — Pt
HEIRIIED, E77 2500

Var(af —ay) = o {% + %] (8.2.13)
A = = )2
Var(3; — 3;) = o° E + %] . (8.2.14)

FFIX AR AT A i — o, @ # u Ml B — Bo, § # v B9 PR B EAF XA
WA F AT AE H, W Hpor Zariial (8.2.7) BBty 5 R A
XN T AT (8.2.8) HYFRET-I7 AN (8.2.9), BT AKFIL.

§8.3 (iK%

ATE—IFHL e, XU Ir 2 AR TR A B E O7 220 A E
g, BN EZHBREMITZMrE SRR, PribhX—TRA1E S H iR
R HB =0/ F Giitt, X HB N m AEAETRIATERE, /RFsE HkRE
By =08 F geiti, XA sy Bl a S 2R T Y.
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HIE, B (8.2.1) WIRZET- TN

SSE = (y— X'B" —Zv") (y — X'B* — Z*)
= y'Ney—7"Z'Nyy
= y/NXy - y/NX Z(Z/NX Z)_l (Z/NX y) ) (83'1)

HA S —IUR A 7 2 AT AL (8.2.3) VET E TSR 22 Il SS. = /Ny
5B IR i AR AR S 3 T P AR B SR 2T T AR A . (8.3.1) E
B, W7 2Rl (8.2.1), 3RZET-IHTA SS) FI LA 4l 7 2 AT AL (8.2.3) Yy
FRZZTVITFI SSe W E—MEIER N, Z(Z'N, Z)"(Z'N,y) 55, T HIEIER
JUKET v F1 Z BN 21,20, 2 IE T 2Nz (5,5 = 1,---,q) M
N y(i =1, q) B IRBLROB AR, 330 — YR ARURI R e 70 g 5 R S ok 22
PR SSe = v/ Ny B KB N, WG, STy 8.2.1), thiyz
IR 22707 A SSE A B A A 4E T Z AR (8.2.3) MRRZE T SS. Hit
=

LB, CHIT BN (8.2.3) HEH B AEAR HB =0 THY LS ff, X
N 5% 2577 Al

SSey = y'y — B, X'y £ y'Qu. (8.3.2)

FACH T Z TR (8.2.1) TEAR HB =0 T8 6 A~ M2 LS xR 5%
ZFIFIN SSE,, . R SS;, 5 SSe, HIRFRM SS; 5 SS. MIERTE—HE, M
(8.3.1) M (8.3.2) 41l

SS;, =y'Qy—y'QZ(Z'QZ) 1 (Z'Qy) , (8.3.3)

X Z/Q7 R, HAER 5 @R 8.1.1(3) M. ERFEH, SSE, JEH SSe,

W2 T A R PR A RE BRI, gL (8.3.1) M1 (8.3.3), FR4: A (8.3.1)

KJFHHHE AT RAAIIE, SS;, WtS T AR SS., RS2 R4 §5.1 & (8.3.1)

1 (8.3.3), X7 BRI (8.2.1), B HB =01 F SiitEN
SS:, —SSey/m

S sy r——

(8.3.4)

M HB=0 FEK, Fi~F, nrg XE r=1k(X), m =rk(H).

LEETHE U, TEMITEMTEREL (8.2.1) WSS, MRS E 0
FERL (8.2.3) EH HLHVER. XTI Z AL (8.2.1) itk de HG = 0, AT RASE
XX AL T7 2o TR (8.2.3) FERIRERI AR S, 1 SSe = v/ Ny F1 SSe,, = ¥'Qy,
A ARBIER, A (8.3.1) Ml (8.3.3) RMEARTHEH SS7, M SS,, XK
KVE TiHEE, XIERAE IR 0 A0 oy 204y 3 i B fE.
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MTEMERK =0, IEEAEZIIA, F SitEA
SS. —SS*/q
SS;/(n—r—q)°
Wy =0 AL, Fo~ Fynorq WRERE, R v =0 B2, WALHA K
BEPEWMAELE, BOTHERA T Z Al (8.2.3) B T .
Bl 8.3.1 X HEA— A A [ 53 A A

= (8.3.5)

yZ]:M+az+ﬁ]+’yZU+eZ]7 izl)"'aa jzla"'7ba

XH ey ~ N(0, 0?), BFTH ey MAEMIL. HRERBE

(1) Hi: == [,
(2) Ho: Y= 0
A e ] A

f& X Taidr E TR
Yij = b+ ai + B + e, i=1,---,a, j=1,---,b. (8.3.6)

R 8.2.1 1, BRZEV-J7 MIFREF-I7 Al

a b
— _ _ A
SSe=> > (Wi~ —¥;+9.)" =y Ney.

i=1 j=1
D)3
ZNy=> Wi —Te — 0, +7. )z — Zi. — Fj + 7.,
i=1 j=1
a b
Z N, Z = ZZ(ZZ] —Zi — 2.5 —|—E..)2.
i=1 j=1
i (8.3.1) 15§
'N,y)?
SSF =y Ny — ENx
e TV TN 7
a b
= ZZ(yij — Y. — Y, +7.)2
i=1 j=1
b 2
Zjl 2:1(%] Y. =Y +y. )z —Zi. —Z.j+Z..)
1=1)=
- p— : (8.3.7)
S 3 (2 — Fi — Zj + 7.2

%

15=1
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(1) FEMRBE Hy T, SE77 220 (8.3.6) AR N MRS AARAL. | (7.1.15) 41,
5T ITA

Sew, = ZZ yii — ) 2 Qy,

i=1 j=1
T
a b
Z'Qy = > (yij —Tu)(zi; — 7)),
=1 j=1
Z'QZ = ZZ Zij — Zi.)
=1 j=1
i (8.3.3), 3L7%
* ’ (Z/Qy)2
SSSHl Qy — 707
2
a b
a b ; ;(ylj Y; )(ZZJ 2 )
= >3y~ T~ . (838)
==t > 2. (2 —Zi)

MG LELER, A FHERER 1 8 F St
(2) 7E (1) HEFHFH SSe M SS;, # (8.3.5), AR E HH KRR % Ho: v =0
H F gitE. RS, WHIARR 2 AR Y Ho BOHZR, &
MAER v WEMFXE. WA EIHEREHEA 8.2.1) X, BF v WEGFX
[a].

§8.4 HH Ik

BUUFT e Bl T 1EXT B 77 2 A BV R GE v e A it AT LA SE X 3 B2 py 4
TP AT RS o A, FEMGEA BT DL B i S P 7 Z e M B R B
PG R. ] 8.2.1 Ml 8.3.1 LA — UL B iy 9 1] 7 SRR A U T T B 7
EAHTHIEATTIL. B, M\ (8.2.10), (8.3.7) f1 (8.3.8) AILAE i, H LEMITEN
PrAH ELEL, SIREE S HIC S MFRAS, RAIE 4 BT 320 B U 07 20 A B b L.
A5 AR SELA Y 11 0 JEA AL A 1 BAR B X —

Xt BA — AU AR R A 1] 3 A

Yij = Wb+ oy + B + vz + €4, i=1,---;a j=1,---,b,
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BAE o1, 00, -+ 00 BEETF AW a DAKT-HIRY, HE 51, Ba, -+, B BVERT B
B b ANKFRIEY. FIRTTH —HERE e ~ N(0, o?), HIrE e;; MEMAL.
i

Syy _ZZ Yij — Y. Zzyw —,

i=1 j=1 =1 j=1

a b a b 22
) 3 I ) D) I B

i—lj—l =1 j=1

a b Y.z

S = 303 T %) = 3 S - L

i=1 j=1 i=1 j=1

a b a y2 y2 A
Ayy:ZZ@i_y)zz f—a—”:SSA,

i=1 j=1 i=1

a b a 2’2 Z2
T I

i=1 j=1 i=1 a

- b - Yi-z Y.z
Ay = DY@ TG ) = Y I -

i=1 j=1 i=1

a b yQA y2 A
By, :ZZ@-J‘_ZU )22277—&—:8837

=1 j=1 j=1

a b b 22 2’2
N S I

i=1 j=1 j=1

- ° - Y.i2.5 Y.z
Bye = 3D @, —7)Es ) = Y -2

i=1 j=1 i=1
By =y y—§:§:%g Ui~ T, +7.)%,

i=1 j=1

E..=Z2'N,Z,
E,. = yN Z.

HT (7.2.10), ®ATHRRX
Eyy = Syy — Ayy — Byy -
T, WA XRR

Ezz = Szz - Azz - Bzz )
E,. = S,. — Ay, — By. .
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# (8.3.7) 2y SS; MBS, W (8.3.7) iy SS; AIFRN

SS: =Ey, — E../E.. .

S5
a b a 2
>0 i~ ZZyj—Zyg = Eyy + Byy
=1 j=1 =1 j=1 i=1
a b
ZZ Yij — ¥i)(zij — Zi) ZZ%Z” Zyzzz =Ey. + By,
i=1 1 i=1 1
" a b Ja 52
;; Zij — Zi.) ;;zfj l; =FE,.+B..,

FrLA (8.3.8) A5 K
(Byz + By:)?
EZZ + BZZ

TR giRE Hi: By =--- =6 W F SiitH8A

[(Eyy + Byy) - (Eyz + ByZ)Q/(Ezz + BZZ) - (Eyy - Egz/EzZ)] /(b - 1)
Eyy — E./E.2/[(a—1)(b—1) — 1] ’

Kefhsty, BARBE Ho: 1 = - =a, B F GLitER

[(Eyy + Ayy) - (Eyz + AyZ)Q/(Ezz + AZZ) - (Eyy - Eiz/Ezz)] /(a - 1)
Eyy — E./E.2/[(a—1)(b—1) — 1] ’

SSeH1 = (Eyy + Byy) -

F =

=

Xt Ho: v =0, AN

E? B2
SS. — SS! = By, — (Eyy - E—y> ==,

BB Ho 89 F SiitHy

Ey./E--

(Eyy — E./Ez2)/[(a—1)(b—1) 1]
MRYE_E T2 R PG, I EBAURSINER 8.4.3. TE/FRFIL SS], SS,,
ST BIEOr M, Fom d TR T AR IESRF-I7 il SSe, SS.,, 1E1E
IEFREIH T A

Bl 8.4.1(FIEHCH SCHR [1])  FEALSE LR YA s AL 2T sk Y D 2 Wi e
RAMBIIER B. Xt A, B SRR RE, £ MAREL K. Hii
TR P HEREN (2) AReet, WeFrhEs, KEHEmnE s.4.1.

N T RS, TETH PR IR AR R R an T A28 - FF 2 B 49 R L 10, T
B yi B 70, FHHEIRIIESR 8.4.2.

Fo =
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* 8.4.1 HKREHHER
s A

BPiEE B Ax As As Ay

B: z 49.0 49.2 49.8 49.9 49.9 49.9 49.7 49.8
y 71 73 73 75 76 73 75 73

Bs z 495 493 | 499 498 | 502  50.1 | 494 494
y 72 73 76 74 79 7 73 72

Bs P 497 495 | 501 500 | 497 500 | 495  49.6
y 75 73 78 77 74 75 70 71

B z 49.9 49.7 49.6 49.3 49.5 49.2 49.0 48.9
y 77 75 74 74 74 73 69 69

* 8.4.2 HRHIEMFHFESE
T 55 T TRALL A BE | BE

FEE | BEHE ] z Uz FM | BEEE | B | FHE

HE A 3 70.604  99.925  77.063 | 13.135 3 4375 | 3.022

H¥ B 3 8594  64.625  20.688 | 5.617 3 1.872 | 1.992

RE 25 101.031 186.625 111.187 34.79 24 1.499

B 31 | 180.219 350.875  208.937

B+ A

R 171.725  286.250  208.250 | 47.925

A+ B

iR 109.625 251.250  131.875 | 40.407

AR 1 66.24 1 66.24 45.714

HR Fy = 3.022 > F324(0.05) = 3.0, T F» = 1.292 < F304(0.05), FrPAE T A,
B4 FE R A7 3R Wi, TSR PR s AR 2. 3 Fy = 45.714 >
F124(0.05) = 4.3, BTUARIHRE v WEARKE. AR (IR XL img
—EREW. X E K TG A F By, ALEF AT B i R A B R,
B A v | (8.2.10) i, AATHILS

By, 111187
 E.. 186.625

*

’V

=0.97,

B4, J R, Ax4=16 TKVHAEGH v 5 « WAILLMER T RE.
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AR FITEWAR RTINS Ay, Ag, As, Ay IR, ATRAE—203XF ci— s © # 1
VERIRHEAF XA, B BOEF R (8.2.11) A1 (8.2.13) MMM i — aw, i #u )
Bonferroni X.[A]fl Scheffe XA —HIER, REXMNAEGITHE a; — oy, i <u B
X X T

* 8.4.3 EFWHEENRRILXREDFTEI IR

FI A5 R Z
TTER B ] Z Tz
H+ A a—1 Ayy A, Ay
H+ B b—1 By, B.. By.
®E (a—1)(b—1) Eyy E.. Ey.
=M ab—1 Syy Sz Syz
lﬂ% A+ ﬁ% Ayy + Eyy Azz + E.. Ayz + Eyz
[ﬂ% B+ i;e% Byy + Eyy Bzz + Ezz Byz + Eyz
s 1
TTER BRI BIE B i B ¥ F1E
HT¥ A Qi=T1—-Qo a—1 Q1/(a 1) | Fg7
K+ B Q2=T2— Qo b—1 Q2/(b—1) %
g % Qo=Ey —EL/E.. |[S(@-1)0b-1)-1] Qo/f
B
T, = (Ay(y + Eyy) )
o . Ayz + Ey)
FF A+ ##% N
T, = ((Byy + Eyy))2
e _ Byz + Eyz
B+ B+ RE Y
s Ts = E2./E.. £ Qs 1 Qs b
J B N

81 HEHl y'Nyy—y' Ny =" (Z'N 2)"'y", WICEFFS 525 8.1.2 M.
8.2 B (8.1.1), % 1k(X) =p, B* = (6)), H B=(B:), W
Var(8;) > Var(@).
8.3 MRMEMI y=XB+e, e~ N 0°L), Wit Xoxp, BIIEBE, HTR 6 H

AaEd:, BITFTE -HELMARFME, FOVRTRBIEARESE ( BOLRAMN). MR 0 2
m x p FlE, AR HB =0 ZalJUAINEAR, 4 HY
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(1) M(X)NM(H') = 0B} X {175 H MAT4#:H6), JEH
X

(2)G= ( ) MFIZHET%, B rk(G) = p.
H

B HB =0 WA y = X3 gy al PR RARMF. IR E MR y = X3 + Zy gyr[i
AEARRME, HILIERILRT 8 AT

B =(G'G) X' (y—27"),

B o = (Z'Ny2) 7 2 Ny,
84 XA AN R ML A

Yij = P+ o + vzij + ey, i=1,---,aq, j:L"'vnv

HA eij ~ N(0,0°), Jih e:; MIEIL,
(1) KA i — au, i # u # BLU 4t
(2) RENARE v # BLU fliit;
(3) BHLMBE Ho:y =0l Hi: a1 = -+ = aq ) F RS,
(4) FIHAHR R B T 2250 BT .
8.5(fudw M HLL B FAE) 42

yij:/.lzi""}/izij“l‘fij, i:1727"'7a7 j:1727"'7b7

Het eij RAIEMSLFENAG, BRA N0, 0?), XBAE o ZEFEL, GELE b AWIME, K
SR
H:i =72 = =7l
Mgt
8.6 Xt 8.2.1 Mthr ZHTRA, FHMK o —au, @ # u fl B —Bo, § # vl
Bonferroni X [E]F1 Scheffe X [d].
8.7 BABAWERIFENHEVIX AR, WHHEREE, K58m0 20 oE 2

4k
FEHLX A58
PR E R SORRZ A
TR B BB Y z Yz
X4 8 1200 200 600
132 4 800 100 300
B 32 1400 600 700




75 IR A AUV AR i — BB X
y=XB+Ui& +Usbo+ - + Ui, (9.0.1)

Hety Anx 1M E, X Knoxp BHEITE, 88 px1 EEVHSEHHE,
PRME RN, & Mt x 1 BENLIA R, FOABENLEOY., H E(&G) =0, i=1,---,k.

Cov(&) = olly,, Cov(&,&) =0, i+ (9.0.2)
T&, &ITE

k
E(y) = X8, Cov(y) = o?U,U. = £(o?),
=1

XH 0% = (0}, ---,02). o2 KA ENH (variance components), FH HiAFEA] (9.0.1)
WA 2= AR (variance component model).

mE—FRTR, REBNVBRIIEARY), B¥, &5, SIS EATZNH,
FHIE, T 30 %K, RTRSBVAA K SEAG T — B2 L ER R Y R IE BRI IF 5T
Iz EHTOA—HLE, mck (63 (9], [94] [96], 3teb,  [63) KR4
P RER R T AL PR a1 80P (longitudinal data) 5347

XFIRGBOVAAL, HAVEGEBSEI PR EEBY  MITES R o =
(0%, 00) s BN RS TERE E(y) Mbhir 2 Cov(y) H, FILTELLRT %L
AT HHTULE IR E VAR A — SR, SRR EE T

AW E R TE T E R fhTt L T orEs R, b Emw it E T E
Attt (analysis of variance estimate, ANOVA f§i1) . ARG TT (maximum
likelihood estimate, ML f§11) . PRI KLARAL T (restricted maximum likelihood
estimate, REML fii1) . f&/MEF K LM AET (minimum norm quadratic unbised
estimate MINQU ffi11) F5RAT By A< 80 VEE 2 i 938 0 it (spectral decom-
position estimate, SD 1), R TAFWHETAFRE, A EK 2 H KN —&Kil
REBOVAER, SEoitwTr 20 Bey LR EZEAG T — S RRE IR I X 2
S5O A AT BT8R g T

§9.1 ROVl
HFS T, TER IR REOTR I, RS R T
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y=XB+Ut+e, (9.1.1)
Hort 8 N AU, € ARENBUL. H E() = 0, E(e) = 0,Cov(&,e) = 0, 3 Hi% B
BRrix & e T ZHERAK —MIEX Cov(§) = D >0, Cov(e) = R > 0, T2
1A X =Cov(y) =UDU' + R > 0. 4%, ZRiK (9.0.2) B3, W R =021,,D =
diag(of s, -, oLy, ), NTITA Cov(y) = B(0?).

B D,R B4, B LS RGREN &

X'27iXpr = X'n Ty,
PEICFTLISRE] B8 W LS f# 8 = (X'S71X) - X'S~ Yy, [H, EER A5 R E

¢ #J BLU i1+
B =(X'STI X)Xy (9.1.2)

%6 L D, R KRS, EHR LG DR, WA S =UDU + R % =, (£
5| ¢ 5 WP AT

dBE) = (X'STIX) XSy (9.1.3)
TEfR B (9.0.2) F, B WAt XA
B = (X'S(6Y) 7 X)"X'SE2) Yy, (9.1.4)

X 6% = (62,---,07), Hi 67 A ZENE o —Fihit. FTHERBITPEIER, E—
ELMT, B & B WRMGT. AR EEMIETRER 4.6.1 BIE.
FE 9.1.1 XM FIRABVAR (9.1.1), {RiZ e, & BBEA AT IR A XTFR.
W 6% =52%(y) J& o? W— MM, By WEREHEEEETHAEE. M—YImfh
R 8, # E(CB(2) e, WH LG ¢3(62) BK ¢ 8 Mkt
EBA BECH OB A, MOETE o 1% c = Xa. TR
dBE?) — B = X(X'271GH)X)" X'STHG?)(UE +e).
M 52 &y BB R EA B RS RIS
0% =0%(y) =5° (U +e) =0 (—y) =07 (~UE —e).
ic
u(é,e) = B(E%) — B = (X'S7HEH) X)) X'STHE?)(UE + e).
}J\J:ft?é:%*&lﬂj u(_£7 —6) = —U(£,€)7 EI] u(f,e) yg f,e E‘Jﬁl&ﬁ %é%{q: gve
BB A AT ST JE ST RR, RIS 7 4.6.1 AT LAIETS u(S, e) Bt 26 T 5 &
XFR, BE
E(u(&,e)) = E(c'B(5%) — ¢'B) = 0.
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EFEIERE.

EHFET & e MMTRRBRIEF LB TR, B, %4 ¢ e IRMNZITIE
BEE H WA e T E A X BRI BAR B, JURE € e BIBRA 4 AT #5 5 T- J A xt
PR, AONATLUERA 7 224001k, MORMUSRE, FRAEI IR MINQUE 3%, Br
AR 07 WO y RREL, HEEEAEN, W30k (29]. Bk, MTREG
N R Y AN, EEE 9.1.1 A H T — KB H I TR

HATTLLER, FESBOARMSE, EESTEAFRNRE LG, WHEE
BRI SR, BRT LS fliih, B FREFAAE Fob— SR i fhit, 4 Panel %
P& T H Between f&i1H1 Within {4, W §4.4 1 §4.6 LA SCHk [51] F1 [52]; fAiZ4
fhi, WLICHEK [117). Afa PR B £ B, EAaEE, AR 19 #XF Panel $(¥E
BIRLZE T — PG T 7 ZRE R # R I, RIS T A5 E T LS 1l
i+,  Within fiH0)— S/ T 540, EARRY, HENX 77 A RIS RIE
R, HEBFEEZF AR Wy JERERE, RN
Bk, XESEHNHZET —E PR

TEAFRX— T ZHT, A —FEEETE. NEH R RNl
SEFL (4.5.2) H1, ¥R R — A FEN R AR A, W]
K%L '8 B LS fhit

dB=c(X'X)" X'y (9.1.5)
FT BLU fliit, B, HPFH—NEGRIEM &M PxY AXHKRE, XH
Px = X(XX)~X'. FiHE%—f4.
B 9.1.1  Hp oA
A7 18T B 1) o AR

yij=p+o;+ey i=1,---,a,j=1,---,b,

H p REESN, o= (o, a) FEIBOY. BRTHE o, ey BAFHR,
H.jij{gjy O,Var(ozi) = 0-(2)07’. = 17 e, a, X‘-J‘_.ﬂ] ivjv Var(eij) = 0-3~ ﬁéﬁﬂ%%ﬁ@%
KK

y=1a@Lp)u+ (lLa® Lp)a+e,
Hrf @ & Kronecker FEfR.  AXERIE

Cov(y) = 02 (I, @ 1p1}) + 02 Lo,

bai + af
T)1a1; ® 1,1},

PxCov(y) = Cov(y)Px = (

XEX=1,01,. Fit, p@y BLUMGHEFTH LS, Bl =0=7..



89.2 BEMUBUN TR . 259 .

G, XVELH LR TORRUR A IR OB, T RS Y TA BRhY LS
fliiH &3 BLU fhiit, 030k [97).
§9.2  BEMLON B T

TESETT, FATFE T 40T B
L1 7 S AR A LA T 2 A

y=XB+e, FE()=0, Cov(e)=o?%,

XE y A nx 1WA E, rk(Xop) =r, S ACHIEERE. BOTEFN m P
zoi = (Toits- - Toip), @ = 1,...m FIXNATHEAEE yo1,. .., yom WE, HEH vo
17 5 B R RN [F] — A 2R, Bl

Yoi =z, B +c0i,  i=1,....m.
RARMEEA, NX R
Yo = XoB+¢co0, E(g9) =0, Cov(eg) = 0>,
X

Yo1 Zoir  ---  Zolp €01

Yom Toml --- TLOmp Eom

BBt M(X0) C M(X') H yo 5 y M3, 3L Cov(e, ) = oV’ # 0. N

y > Vv
Cov = g2 .
Yo Vo 3

TE] XM J7i% 2 (generalized Prediction MSE f&jic 2 PMSE) #0 T, yo B &
AELR TN ( best linear unbiased predictor, BLUP) A

o = XoB* + VE~Hy — XB%). (9.2.1)

FATBAER AT A 4E RAERIR A BONARAL (9.1.1) AREHLEY. € B9 BLU Hil.
S}
y=Xp+Ul+e, E(e)=0, Cov(e)=R>0,
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Yy UDU'+R UD
Cov = ,
¢ DU’ D

M (9.2.1) 4% € #y BLUP

FHH

¢=DU'(UDU' + R)"'(y — X5%), (9.2.2)

XERAMRE D, R #ZCHA. WRENSERMSE, €L AEMhT
&

BATWAT LU SN EEF ) (9.2.2). AR & e WG M N ZITCIES ST

A7, M
y X3 UDU'+R UD
~N , .
¢ 0 DU’ D

EXHFIREE LT, & BRMEWN (best prediction, f&jicy BP) R &
E(€ —g(y))? BB/ g(y), i8R goly). AYEUE:  go(y) = E(¢ly). IKEITIES
AT (B 3.3.6), {17 LLIEH]

E(&ly) = DU'(UDU' + R)(y — X 3).

F X6 8 BLU flit X6° U8 X8 [E55] (9.2.2).
Henderson!®!| Harvillel®4 yR 3 — 3B RF98 T RAEH G ¢ 8 + d'¢ Wkt SRR
) /5" + d'€ By A

§9.3 TREHATE

RERMNF | HE—FAWRGBETRE, ZRAEA LR TENE, &
1B HRE 7] B2 H 18] 2 280 i bR KA B A2 TT A 71 (BLUE), K HREALAY.
AL T B (BLUP).

FIEAAL (9.1.1), WAMRBE R >0, D >0, &4 € HEEBR, WA 8, € 89

IERI77
X'RT'X X'R'U 3 X'R™1y
= . (9.3.1)
U'R'X URW 3 U'R™ 1y
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TERBOEMMA T AWK U'RT'U Einlk D71, 153

X'R1X X'R-U B X'R~ 1y
= , (9.3.2)
U'R'X U'RU+ D! 3 U'Rly

FRAIR GBI T (mixed model equation), BHIMRICH B, € Fi AR GBI M
(mixed model solution) FAPRIE TR G BIBL M — D B Z )T,

FIHE 9.3.1 FHEGHVAA (9.1.1),

ﬁ:ﬁ*v nga

XH B = (X'S71X)"X'S "y, & GLS f#, £ J&r (9.2.2) 4 iy BLUP.
WA M (9.3.2) B _IrRBRA

E=U'RW+D Y W WRYy—UR'Xj), (9.3.3)
RANE—F, [F

X'(R™' - R'W(U'RU+D YU'R XS

(9.3.4)
= X'(R'~R'W(U'R'U +D )U'RY)y.
FWLW =R - RWUR U +D HU'R™, M LXKy
X'WX3=XWy. (9.3.5)

GRAE WS =1, Bl W =S, 88— HE. | (9.3.2) 44 BIERS, €l
BEHE N

£ = (U'R'W+D ) 'WR'SE (y— XP)
= (UR'U+D Y)Y WRUDU' + Ry — X5%)
= (UR'U+D Y)Y Y WURT'U+D HDU'S Hy — XB%)
= DU'S M y— XB") =¢,

& BEAEHE.

XEERATAT LR R (9.3.2) IS 8*(2) A1 €, B R, D71 BIHEIAR
T S WL 4 R, D OAXTAMERE, X R AR, IR (9.3.2) AARAE
Yk, Bl R = o1, D = diag(oil,, -, oply,) (17725 BAA), HEt (9.3.2) 28
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A
X'X X'Uy X'Up—s ] X'y
UX Vit GBI & Uty
/ o2 <
U, X Vie—1 + ?:I §(k—1) Up_1y

KEV, = UULi = 1,k — 1. ERBRIUEMBRMSERET, Has
THESEZW 02/02i = 1, k—1. BT o2, o Bk, EAEMGHE
(X FESRETR T EIHE) BUREE, BT8R TESIR S
¢B(62/5%,---,52/57_,) FIBENLBUNM I3 (L BLUP.

§9.4  Jr&ortriliih

AT, RAEAGULRN 25 Rk, RSB I ZA 7%
WL B4 T8, ORI T BB 2B 1 T
SR 9 LR 7%

Bl 941 IS AR

CERE LITES o

ij:u‘—i_aZ—i_eZ]v izl)"'aa7 j:17"'ab7

MG —RE, o W BE, RESERE, o oo HHEHUEN. BEFH o) e
A, HHIER 0, 2R Var(q;) = 02, Var(e;;) = 02 iL v = (Y11, Yab)-
PITEIE o BIEE T A B KT A, BIE RO, 35T 671 B[4 BRI 25
Wiy, A

RSS(1) = 2/ (ab) £ SS,., 9.4.1)

HAHBER 1 MET ar,- -, a0 BF7H, BIET A #9-FI7 A

SSa = RSS(p, @) — RSS( ZZ (9.4.2)

HABE o— 1, MRETHHHR
SSe =y'y —RSS(p, ) = > > (i — ¥i.)% (9.4.3)

g
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HA BB ab—1). H(94.1) . (9.4:2) F1 (9.4.3), 7T LA BOTI7FI RISk
y'y =SS, +SSa4 +SS.
=7%/(ab) + (;, = 7.)* + (vis — 7:.)° - (9.4.4)

B2 IrMER LA H B, 15277

Qo =72/ (ab),
Q1= (7 —7.)%/(a—1),
Q2 = (yi5 — 7:.)*/la(b—1)].
FHER o FEEYUBOY R B, K &¥ 75 E:
E(Qo) = abu® + bo? + 02,
E(Q1) = bol + o2, (9.4.5)
E(Q2) = o?.

BANVEER], JFPRMGEAITEME o . o2 WAMERE, £ E(Q1)=Q1.i=1,
2, (EREIRT o . of MAMITEA

bo? + 0% = Q,
02 = Q.
0. = Qo o2 = (Q1—Q2)/b.
BRI ZME of | o2 M7 EM TG ( ANOVA fhiit) .
BB AS R, BATAMERR g SR o R XI5 18 R 7 220 Aride iy TR
M EHEHSE, BATR LB 2 ik H9 a0 T
(1) X—ATr 2o BAA, BUR HBEUSOUN Y A VR 2 A0, 11l ¥ I 2 A
JIE AU W PO A (B 77).
(2) KX BEF-J7 A (B 77) BIXE (PR A FERLUN A FEE 1R 2 R0), Al
RITEIT R AR R
(3) XL (B77) FTENS AMHE, [JERTITEIEN—TA

TR, RLoTRAEREIT E 0 BT
BAEAE LB E A T — iR A UL ORI, BRI 2 KA

kM7 R AT

y=XpB+Ui& + U6 +e, (9.4.6)
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BIAEAL (9.01) R k=3, HUs =1 & =€ RF &, & e BRI FEBR (9.0.1),
Bt 02 = 02 . LA Cov(y) = o2ULU! + 02UsU} + 021 2 %(02).

AT 2P BE, B & L & ARV, X ESEITA o'y AR IR o
y'y =SS5+ SSe, + SS¢, + SS. | (9.4.7)
XH SS; HBA y = XB + e w5 W EIFF-I7F0

SSs =RSS() = /X'y, £ f = (X'X)"X'y,
M SSe, WFEMRAL y = XB+ Ui +e W, {HE B HEWE, & BT
SS¢, = RSS(8,£1) — RSS(B) ,
KA, SSe, MR y = XB+U1& 4+ Uslo+e W, JHE BH &G B, &
ORI
SS§2 = RSS(ﬁ)&la&Q) - RSS(ﬁagl) )

w5, SSe WERETITH
SSe = y/y - RSS(ﬂv 51, 52) .
ANHfEd UE
SSs =y’ Pxy,
SSe, =y (P(x:ul) - Px)y, (9.4.8)
SSe¢, = y/(P(x:ulztb) - P(x:ul))y )
SSe =y'(I = Pxiuy:u0))¥ 5
XH Py= A(AA)- A B A 3208 LR IESSBOERE, H. rk(Pa) = rk(A).
TR ASF I MMSE, R, &, & AEREER BN, AL
M. SEH i E(SSe,). HIEH (3.2.1) &

E(SS&) = ﬁ/X/(P(X:ul) - PX)Xﬁ

+tr[(Pxeuyy — Px) (05 UL UY + 03UsUS + 021)] (9.4.9)

T (P, — P)X = X — X =0, BT EXFE T8 0, M EH (2.3.3), BlIER
PR E T EMER, TRA

tr(P(X;ul) - PX) = tI‘(P(X;ul)) - tr(PX) = rk(X : Ul) - I‘k(X) .
I (9.4.9) 7B %,

E(SS¢,) = a107 + (a2 — az)os + ra0? (9.4.10)
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Hr

= [0, UL(T — Px)],

tr[U2U5(I — Pixauyy)ls

ay = tr|

az = tr[U2Us(1 — Px)],

as [

= tk(X), 1 +re=rk(X:U1).

FZEARL i 77 3 7T LAE B

E(SSe,) = az03 + 7307 , (9.4.11)
E(SSe) = (n—r1—rg —13)07, (9.4.12)

XHE g B ok(X U Up) =71 + 10473 BE, nHy 4EEL
4 (9.4.10) . (9.4.11) 1 (9.4.12) &P M HESE T XA/, 58156
FHESE of | 03 M ol WERMETERA

0,10% + ((Lg — ag)O'% +’)"20’§ = SSgl,
GQJ% + 7303 = SS¢,, (9.4.13)

(n—1ry —ryg —1r3)02 =SS, .

fRiLIT R, 138 oF | o M o HAETT. ENTERX &T7 25 iy ANOVA ffiit.

B —fiett, X7 R EARAL (9.0.1), ] ¢ = (Qu, -+, Q) AR LT &1, -6
{93797, W E(q) K 0% = (0F,---,07) WERIEEEL, N Elg) = Ao®. AT
q FTENMWHE Ac®, BEIRT o° WEETRA

Ac? =q. (9.4.14)

4 A # 0, ST ZA BT 02 = Aq, H B(6%) = B(A™'q) = A A0 = 0%,
PRI N ZE Al # 0, 52 B o® BT Alit.

W T I 2 RS HEAETE 0% VR — DM RAR R, fITRLZIER.
XTI BEIER — ARG, TRy 20 e ffhit, BRI —2mE
% —MEINR, BHRA 67 <0, MW of = 0 KEEDLXRE of = 0 F—Fl
WEYE, SLESET 0 VEDR of BT, TS —FORAUA, KA iR L R R R
WIS ATRERBIRAZEAE “4F”, NMYFUE . A —MAaE.
&, RIEIEA LIS, W NECHHET %, IR RIRE, IR EIRILSE
.4, BETEOET45E, NEM—FLGRXT 8. SCTIr 2k, &
A —GR, WSk (12] K [70] FF.
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Xt F— MR AU (9.0.1), SCEk A AR Lk 774508 Henderson J5ik =
(JL3CHR [98]), BIU&H Bk (fitting constants method), 2Z B ARRH L& # %0k
R N TS A T R, FANTHEREYLUSON B ACE A, BRI R TP A%
PEALEL (BIXr A TR FA S, BRI KB R AR, 1207k 7 J7
Mo (9.4.7) JEMe—ng, HAIRGEIT Zo i RGE].

Bl 9.4.2 WS IIRGHE

7 18 B SCH AN 1 R 1] 2R AR

Yigk = 1+ i+ B + 75 + ey
N ' ! N N (9.4.15)

izl)"'aa7j:17"'ab7 kzlv"'acv
XE o HERBRY, B, vi; MHEHLEY, s EE R, BETER 55, vij,
eijr B, HEBFHEN 0, FZEH Var(8)) = 0',%7 Var(vi;) = 02, Var(eir) = o2.
BIETRL 55, vi; WEERE, H §7.3 HUE T FH T o

y'y =SS, + SSa + SSp + SS,, + SS., (9.4.16)
B
SS, = abc 7, HEERN 1,
SSa =be> (W —7..)° HEEHR a1,
SSp=acy (7, —-7.)°% MR b1,
J
SSy =SSaxp=c>_ > Ty —T0; —0.)% HHEHN(@-1)(b-1),
g
SSe =D "> Wi — i) H B E K ab(c — 1).
7 7 k

XFHEALUS F-Or A A H B9 3 BB RER, B[RRI Q1 = SSp/(b - 1), Q2 =
SS,/(a—1)(b—1), Q3 = SS¢/[ab(c — 1)), K ENMHME, FHEXBIYEF TXY
H¥T, BEILT 03, o2, o? WL TR
aca% + cai +0%=Q,
o + 02 = Qo (9.4.17)
07 = Q3.
T RRAH, BRI ZES R
05 = (Q1—Q2)/(ac), 72 =(Q2—Qs)/c,
G; = Qs
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FRAL (9.4.15) W o WOWBEALONY, NIZAALRA B — A BEVIBAL. &
{12k X P B .

Bl 9.4.3 W[5 FBENIBAL (58 BV AELE)

% BRI

Yijk =ty + B +vij + €, 1 =1, a,
j:l,...’bjl’ k::[’...’(;’

XH p R, REEB, o B vy BOAREHLEN, B o ~ N0, 02),
Bj ~ N(0, 03), vij ~ N(0, 02), e ~ N(0, o) HESF H AL

A% § 7.3 AR, BAHEE] vy 5 (9.4.16) FAHF H 53

y'y = SS,+SS4 +SSs +SS, + SS.
= abe’ +bey (@ —V.) +ac)y (7, -7.)

i j
+CZZ@z‘j. Y. Y5 — 7))+ ZZZ@UIC - yij.)2’
i g i J kK

HEEMIHN La—1,b—1, (a—1)(b—1), ab(c— 1). XHEHLZ B F 771 4 H 8
HHERBR, BEITT Q1 =SSa/(a—1), Q2 =SSs/(b—1), @3 =SS, /(a—1)(b-1),
Qa4 = SS¢/lab(c — 1)], RIENWIEIME, HOXUHHEE TNV, [HERT
ai, 0'%, ai, Uf Wy R

beol + co? + ol = Qu,
aca% + cog + 02 = Q, (9.4.18)

2 2 _
coy +o; = Qs,

Uz = Q4.

fi I R W ARy
7o = (Q1—Q3)/(be),
05 = (Q2 — Q3)/(ac),
02 =(Q3 — Q4)/c,
72 = Q.
BN o, 05, 02, o2 WITESHTAETT. 56 9.4.2 MHE, BOTAMERBL, WdlH
%F o2, o2, o2 B,
# y IRINIES 441, W 62, ?7%, 02, 52 XAl Z MVU(minimum variance
unbiased) flitl. XZHRXTTFL 5 WHIRENIRL RS, GER2: DL SCHEk [48).
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§9.5  MRBIRAETT

X — IR AERL, LA THe R Z 00k R4 B oy 20 Bl &2
TR FHI AR IR SR, B RE R B FRA5 F 2 20U A 7 24 B At

A I8 — AR S BN ALEL
y=XB+Ui& + -+ Uk, (9.5.1)

(0f,--,0p), Fl&

k
Cov(y ZazU U/ = ZO’?VZ‘ 2 »(o?).
i=1

&ﬁ]@& 2(02) > 07 [ﬂlﬂﬁ Yy~ Nn(oa 2(02)), %u%%ﬂ%ﬁ ﬂa O’%, o '70—]% E’Mﬂ?ﬁ@

L(B, o*ly) = (2m) 80 Fexp{ ~ Ly~ X0'2(6) (- X0) 1
FOWE, W BB AR, B

(B, 0%ly) =—I[X(0?)] - (y — XB)'S(0?) " (y — XB)
—In[X(0?)| — r3(0?) "y — XB)(y — XB)"-

(9.5.2)

FIRI T4z (B0, §2.7 (] 2.7.15 Ffd] 2.7.16)):

%= 4,
@) 240 s,
3 220~ a0 280 a0,
(@ gy law| = a0 250,
L A() A, EHTCEN ¢ RN
AT
D (VB(?) )+ l(20%) VS0 — Xy~ X5,

i=1,k,

g—é = —2X'S(0*) X B +2X'S(0%) "y
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SXERHETE, [EMURTE

X'S(0?) 71X = X'S(c2) 1y, 953)
tr(ViX(0?) ™) = (y — XB)'(B(0®) ' Vix(o?®) )y — X ),
i=1,--,k
THEEATT XA T REE—S R, B
r[V;B(0*) 7Y = te(ViB(e®) T E(e?)B(e?) )
k
= Y uVi%(e®)'V2(e?) o7,
j=1
HAEIERT (9.5.3) B —I7 B T
X = X(X'S(0) 7 X)"X'S(0*) "y = Py,
TRAANRITEF T N
X3 =X(X'2(02)1X)"X'S(c?) "y,
k
;tr[WE(az)_l‘/jZ(o2)_l]U? (9.5.4)
=y (I - P,)(Z(c?)"V;2(c?) ") — Py)y, 1=1,--- k.
i
H(o®) = (hij(0®))kxk,
hij(0®) = tr[Vix(o?) "1 V; 5 (%) 7,
h(y,o?) = (hi(y,o°))kx1,
hi(y,0%) = y'(I = Py)' (2(0®) " Vix(0?) )T —~ Po)y
M (9.5.4) "5
XB = Fov, (9.5.5)
H(c%)o? = h(y,o?).

KRR NERGURTTRE. B (9.54) WE—T7R, EEEEE <8 1y ML {4

A ¢B(E?) = X(X'N(62) 71 X)"X'%(6%) 1y, Hrf 62 K o By ML i,
TE—BAEOLT, PURITEE (9.5.5) BA WM. RMETEAR RXAMWHE, o1

fEARDREAENE, FOANE, EREAEESTERN, BRI EAE ML {5 X
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i, —MBCRBUBMTE, B max{o?,0} Y ML fhit. 1ERA BAMHE HEE
PR K At
Anderson % [46] $2 H —fiak Ry &
5 " = H@E! ™) hy.57 M),

XHE 520 K o2 B m YOEE 620, 24 52 (T A AR A AR 22 R KT,
EAAE L, XEAGR T A ES BT RN (9.5.5) E—TRE, [ER5HEE
BN BT

F Y —FE Ay Hartley fil Raol6® $2Hf, Hifer B2

hi(y, 52 (M)
G2 mn) _grom | _Dily, 0" i=1,k.
i L a(EE )1y ’

XA B — A, SRR ER AR, REAERERTZASRAE. [
B, XA B WK ] R B . FSNEAR —ik U779k, 41 Newton-Raphson
Tk, R Tiik, VARG RIE M — A TR B AT EM Bk, A%
R ] 2 B SOk [96)-

Bl 9.5.1 s JSREALELA

% 1 L[] o IS A LAY

yij:,u+ai+6ij, i:]-v"'vav j:]-;"'vni,
X o ABEPLEY, a; ~ N(0, 02), e;j ~ N(0, 02), HEFH oi.e;; BB, H
K g RNerEEE, Pl SdE B, ARXERIE
2(02) = 0-3[” + Uidiag(nljnla e ,’I’Lajn )a

_ a
XH T, =1,1), /ni,n=> ni. TR&
i=1

a
S(0®)| = o2 "= [] (02 + o)

i=1

0% = a1y + i (g L)

e ol +no2 o2 e

1 1 -
<0E2 +nao? ?) n)

RLSR bR R X R
1 1o
InL(p,02%,02y) = ¢ — §(n —a)lno? - 5 Zln(og +nio?)

i=1
a

a n; _
LA L n(m, - p)?

2 1 2 1\J1.
_(20e) ZZ(ZJZ] - yz) - 5 Z 03 +77zi0'g .

i=1 j=1 i=1
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Xt oh ol REFLFHETE, BIMRITE

A_ niY;. /
H Jz—l—nm? 202_,_”02’

i=1

_ =T & 0)?
nA2a+ZU Fd2) Y yuA4 i) Zzzzﬁimgz) _o,

i=1 i i=1

za: N _za:nz(@z — 1)) -0
02 +n;02 P (02 + n;02)? '

i=1

XM LAERER (9.5.5) BE. RBR, XANTTRARA M. L%
R AR

HXT ni = = ne = b WPEEE, BEHHE] LR B0

ﬁ=?,

ZZ yZJ i. b_ 1)] Q27
Zzyz_y ab _AQ/b_

5 §9.4 FEAHTENETAIL, HAF o MfEHRMERER. B, o) TREIME.
XABIFRE, RBR T RE R FSEH ML i, N AL, KA max{c?,0}
V&R o fliit.

B 9.5.2  FmAIR AR

XoF 95 1] 3 S VR AR

1Q1 - %Qz-

:,U/+C¥Z—|-ﬂj+6”, ’L:]-vvav]:]-avba (956)

X p, o HEEHY, B AMEHLERL, 65 ~ N(0, 03), eij ~ N(0, 02), HFrE
B, eij BAE ML, AR T AR

y=Xipu+ Xoa+UpB+e, (9.5.7)
FATAT LA Kronecker SRR R X1, X F1 U:
X = 1oy =1, ® 1ba
Xy = 1oy = Ia ® 1b7
U=1,® I.

B BBV BT R X = (X1 1 Xo), BT EKER 2(0%) = 0311, @ I + 0oLy B
R M(X1) C M(Xa), TRENE Px = Px, = 1, J,, XE J, = 1,1} /b. NHEFE
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H Px%(0?) = (aa% +02)1, @ Jy XMFR, B, BRI p, o1, 00 B LS LS
RURTTRE (9.5.5) Woff. DHIE (9.5.5) WE—H RN Xif + Xo0 = Px y. FHMAA
(9.5.5) W IR, HAEE

Jj=1
b
b (a—1)b 1 _ )
acy + o2 o2 (a3 +52)2 ;(yj v.)
a—1)b _ _ _
( &4 ) ZZ(ZJU —Yi. Y +y“)2-
e i J

Bl —#E, o3 WATREISE.
X RO, B 9.5.1 541 9.5.2 RURTT R BAMIAFTE, HENFHFARE
XA LR B — VPR IR G UYL, T — MR — A .
$19.5.3 P REENBEL (SZHBVAFTE)
7 R FE ALY
Yijk = 1+ ai + B + Yij + €ijk,
i=1a, j=1--b1, k=1---c
XH p NECFE, REEM, o B, v WAREHLEY, BB o ~ N0, 02),
Bj ~ N(0, 03), 7ij ~ N(0, 02), eijr. ~ N(0, 02) HEAHE L. ZBRLHE TR
N
y=Xp+Ura+ U+ Usy + e,
X
X=1,01,,01, L=1[,081,,®1., Us=1, [, ®1.,, U1 =1, 1, ® 1.,
Hihor £ H

5(0%) =051 @ L1y @11, 4+ 0511, @ I, ® Ll + 021, @ I @ 1.1, + 02 L.
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SHE PxS(0?) SR, # p & ML %+ LS fhit: n=1,,, y=79._. Ish

1 - 1
Y(o?)t = ;Ia QL@ . —J) +

€

_ _ _
CU%-FU?( ) (b b) ¢
t+— ([, J) R Ty R J

beo2 C»y2 z(a a) b c

1 = - -
———J, Iy — J J,
aco} + co? + o? a® (I = Jo) ® Je

1 _ _ _
Jo @ Jp @ J..
beo? + acol + co2 + o2 @ @@

HATRHACN (9.5.5), w75
beol + co? + 02 = Q1 — Ay,
acof 4 co? + 02 = Q2 — Ay,

2 2 _
CO',Y+O'E _QS_A?M

062 - Q4a
Hor
A — o (beol + co? + 0?)?
YT a—=1) beo? + acol 4 co? + o2’
A, — 1 (aca% + o 4 02)?
(b—1) becoZ +acof +co2 + 02’

(a—1)(b—1) beo? + acol 4 co? + o2’

R, WHBRARA AW RE5 LI —8, BEESNR ML fhit5
TrENSRTCR. WBIRIIFHAR T T RAR IR S 80 RALHR A7 2 ML . X
PAFRARRTIR A OV, T MR AR M, e B — e
REEH, AERRYIEE AT 25 3CEk [102] B [96].

§9.6 PRI AAURAL T

7 2B ML ST — Pk SR TE S B 7 20 B G a B, JATRH
B AN 6 WAGTHETS R B B A, R, Patterson 1 Thompon!®6)
T —FBIET T, FRABRHIH AR (restricted (or residual) maximum like-
lihood fAficy REML). iZJ7 ARy AR T LS fhitsk %, FAMRKLRES T
FESEPMET. 5 ML K, REML 5@ RERIBRE, BXTFiFE%
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WHLAL, REML JRRHf-577 2L TR A S, 48, IR T,
REML J7 )R R R T8 005, HB ARl ssetk n BURK AR A 7
A1 R (9.5.1)

k
y=XB+e, e=Y» Uk ~N(0, 3(c?)), (9.6.1)
i=1

XL o = (%wwﬁxzwazirww#iiﬁw>0ﬁﬁﬂ%%¢:%mﬁ
BIBREN Ny y, Fof Ny = L, — X(X'X)~X". B X Wy nxp BT, rh(X) =1,
W rE(Nx) = n— rk(X) = n—r, B Nx @FIRHREICE n - r MEHECL R,
FATAT I n— r ML o RAE RS LR, BEI— A n x (n— ) SIEBCHE B,
B

NxB=B, B'X=0.

HY, B'y~ N, BX(¢?*)B), H B'S(c*)B > 0. it B = (b1, ,bn_), N b =

VNx. 8 B'y Wt —ER by, SR L, BE BRI TR REML

R By KRB 02 {0 ML ik, TR R B AR 7 R,
Bly XTI £k o BMEBUAR Y

1 1 1
I(c?|B'y) = —§(n —r)In27 — 5 In|B'Y(0%)B| — Ey/B(B’Z(U2)B)_1B’y. (9.6.2)

#A7
y*:B/y, X*:B/XZO, ‘/Z*:B/‘/ZB’

k k
$*(0%) =B'S(0*)B=Y o;BV,B=> o}V;.
i=1 i=1
HEEM (9.5.3) 1R AR T A

(VS (0%) = y" £ (%) VT (0?) Ny, =1k,

il
tr(V;B(B'S(0?)B)"'B') = y' B(B'S(c?)B) ' B'V;,B(B'S(c*)B)'B'y, i=1,---,k.
(9.6.3)
it My = B(B'S(0%)B) "' B, A LUIEH]
M, = %(c?) ™' = Z(0?) ' X(X'2(cH) X)) X'S(6H) 7, (9.6.4)

it
M, =%(c*)" (I, — P,) = (I, — P,)'2(c*) 71,
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XH P, 40 §9.5 frE L. Fi& (9.6.3) 4 T
tr(ViMy,) = o' (I, — P,)'2(c?) " 'ViS(0®) " (I, — P,)y, i=1,---,k. (9.6.5)

FHRR MoX(0®) My = My, BAVESGIEFIFRHB LR TR B AL

k
>t (ViS(e®) " (In — Po)V;E(0%) NI, — Py)'o;
j=1 (9.6.6)

= YL, — P,)S(02) WVis(0?) " (I, — Py)y, i=1,---,k

B (9.6.6) HRKRMIRITFRA (9.5.5) M, XT84 RN ABMESE, BEW
(9.6.6) ZE W BERE 1, — Py S AL 1, fE RSB KRAUSRITRRE (9.5.5) H
MM, EEEF (9.6.6) NME B, RETEHES (9.6.4) M T B, {H (9.6.4) %
WALT B WIEFETER, ER B O nx (n—r) FIHBAER, H B'X =0. HIt,
PR KRR IT RS B B ik HETT k.

(9.6.6) 3@ HBA WM, FATATLUF ABLUR T BRI AE TR G HE A
f#%.

Bl 9.6.1 P REENBEL (SZHBUVAFTE)

Yijk = B0y + B + vij + €ijr,
i=1,--,a, j=1,---,b,1, k=1,---,¢c,
X p AR, REEBY, by BB, R o ~ N(0, 02),
Bj ~ N(0, 03), 7ij ~ N(0, 02), eijr. ~ N(0, 02) HEAHEMIL. ZBRLA R TE X
H
y=Xp+Uia+UB+Usy+e,

EREX=1,01,,01,U01=1,b01,01, U, =1, &1, U1 =1, 1, ® 1., }/
ZE W
Y(0?) =021, ® 1,1, ® 1.1, + aglalg @I, @11, + 021, @ Iy @ 11, 4 02 Lape.
GHIE PxX(0?) XK, 1K (9.15), ESEM T

Pa:PX:jabc~

HEANRF KRR (9.6.6) 7%

(a—1)bc  be ° _ 9
- 2 ;(y 7.)%
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j=1
(a—1)(b—-1c (a—1ec (b—1)c
as ai az
c a b
:_222@1'13 Y. Y4ty )?
3 =1 j=1
¢ — ¢ <
+=5 > @i -0+ 5> @ -7.)%
1,—1 a3 j=1
ablc—1)  (@a=1)(b-1) a—1 b-1 1 v _
a4 as a as N a4 ;;k_l(y”k yw')
a b o , c a B . c b o
DD Wy T AT D T T =D (@, -7
3 =1 j=1 1 =1 2 j=1
XH
a3 = bco? + co*?Y + 02,
a% = aca% + co*?Y + 062,
a% = 003 + 062,
ai = o2
A1
Q1= 2. ~7.)/(a=1),
b
sz}%@4—§mVMdb—U,
j=
a b
Q3 = Zl Zl(yzj - yz - y] +y)2/(a - 1)(b - 1)7
i=1j=
a b c
Q4= Z Z Z (yz’jk - yij.)2/ab(c - 1)7
i=1j=1k=1
) b5 R AT R AL A

bea? + ca?Y + 0% =Q,
aca% + c03 + 02 = Qa,
cag + ‘752 = Q3,

0'62 = Q4.

XS EME RN LT RAAME, FIRHE PR EIRTT RS ANOVA
fhETHARE. XA RO B TR A SO AR, X RhBRGOE WL, W OCHk [47].
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§9.7  HR/MER IR mAL T

Fr &= R/MEE IR EMmAEH (minimum norm quadratic unbiased estima-
tor, fijiy MINQUE) Jj&H C.R.Rao T 20 tit28 70 SEARHIMAR Hi Yy, fBTR AW
L SHTE R B IIEBURARE. Bh ANOVA ¥, ML 51 REML 3:#8 &k
EAM—ERAZRM, ZETRAMATHAMER, FRHFARE. R/
R TCAwAd i 2 A AR & e 32 R A TH I B BT, AR5 88 Tl 2 5 Lu 4 5 iy o
IR A — MR AE &, BB e/ MBI (minimum trace problem). f#Bi15#y
/NS, EISE] PR AGTT.

7 g i — OB Wy 77 220 A A

y=XB+Ui& + -+ Uk, (9.7.1)

B Xy, Ui e, HESBIEEE, 6K px | BEMBIIHE, & 4 6 < 1B
BUBCRE T, WA B(&) = 0, Cov(&) = 021, & MARMR. HEE Un = L, & = e,
0f = o? > 0, BRIF—TONRENLIRE. #id

U:(Ul U2 Uk?), 5/:(5175577512)7
MBS (9.7.1) A[ELE K

y=Xp+US  E(y) =Xp, (9.7.2)
k
Cov(y) = Zaf% 2y ,
i=1

Hi Vi = U], AT EEA B RAGT 205 of, -, of RHLRHRE ¢ = 02,
XHE 0% = (01, --,0%), = (c1,, cn).

HAVEB PRGN EA 0 — S8R, BABEEMS TS RET %, i
DL H SRR R BUETT o Ay, X HL A SHRFRIE, BAOTESRXMbHRA TR,

(1) A2 BMhTE o' Ay XTS5 8 RAREH.

EN; B TRAGE] v = B Go, IEIHELRL (9.7.2) B H y— X B0 = Xy +UE, A
RAEUETIRAE R (y— X Bo) Aly— X Bo), BATER XS —Y] Bo, (y—XBo) Aly— X o) =
Y Ay, XPBERBEGHEY. FABERMGITN ¢ = do? BIFESBEWRIERE, BT
DL, ERMETHRBZS E(y) = X8 Bk, BT

(y — XBo) Aly — X Bo) = y' Ay — 2y’ AX B + B X" AX Bo, (9.7.3)

WE (y — XBo) Aly — XPo) = y' Ay X—YIH fo ML, HENH AX =0. XA
S TR BARNY, BT WEME, EEE (9.7.3) AinE IR 6 MZHX, &
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EESTE, HEARLSETE, B AX =0. T2 KBS E R E AR 14 HAL
2 AX =0.

(2) Tofmtte  WATIEW EAEM AT T 5B Bl = o Ay B9 TS iwiE.
WK EH (3.2.1) A

E(y'Ay) = B'X'AX 3 + tr(AX) Za tr(AV;).

FrLh E(y' Ay) = ¢ = co?, 3t—Y] 02 5L, 24 ALY
tr(AV;) =¢;, i=1,---,k. (9.7.4)

(3) /NEEOREN
FTLABR, % tx LM &, 0= 1ok BRI, TBA of IS €6/t A
TR ¢ = co? WERTITY

() s () +o v () e 0.75)

T4k
A= dlag< Itl,"',j—:Itk).
BUES T y Ay AT o = o, TEWR AR XM T,
y' Ay = U AUE . (9.7.6)

A v Ay F—DIFa T, 84 H R —Y1 & (9.7.5) Fl (9.7.6) RLZARZELR /D,
BsERE U'AU 5 A 7EREFE SCIAZMR/DN. BRI ||UAU - A|| SRE&
U'AU 5 A RZR/AN, RN IZERE A BoMETEEL [|[U7AU - Al.
gig LW =4E0R, BIGHITEX.
EX 9.7.1  FHRIERE ¢ = do® M v Ay R
AX =0,
tr(AV;) =¢;, i=1,---,k,
FLAETEEL ||U'AU — Al B2, WFF y' Ay K ¢ = ¢o? B/MNER IR WAl
(MINQUE).
3% R AR IRTE R, AAUHERE W = diag{og 1 [1,,- -, 08 I, } HHAT 0F,
o? W—ATSete el CElfE), Bt W dit 2 Cov(é) W—A Tt e Gk
M), L F =W3(U'AU — AWz, TANASURK G 5 %4
|U"AU — Al| = tr(F'F) = tr[W 2 (U' AU — A)W (U’ AU — A)W3]
= tt(W2U AUWU'AUW?) — 2tr(W2U' AUWAW2) + tr(AW)?2.
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FA T, LS 0
te(W2 U AUWAW ?) = tr(U' AUWU' AAW)

k 4
= Z &9, Ztr AV) Z %%, = tr(AW)?.

k
ﬁia ‘/w - Zo-g’i‘/ia li]% Vk :I'fh ‘/Z Z 07 E. Og’k; > 07 0'(%,2‘ 2 O? ﬁj—"‘u Vw > O ﬂ:%

i=1

|U'AU — Al = tr(AV,,)? — tr(AW)2.
XHE, MHAKIRTEROR ¢ = 'o? 1 MINQUE B[, JH45 45K T i (E i %

min tr(AV,,)?

AX =0
(9.7.7)
tr(AV;) =c¢ii=1,---, k.

EH B RBUE MR, BrRARR (9.7.7) o /INE ).

T HIBUE, AR (9.7.7) BB ETFAE ? WERAFTERITE, B T A2
TN THT P B I e 2T 5K A ]

EIE 9.7.1  ARJEME (9.7.7) WA

k
A* = B, (Z i w) By, (9.7.8)
=1
H
B, =V, ' -V XXV X)XV (9.7.9)
k
> tr(BuViBu ViAi =c¢j, =1,k (9.7.10)

i=1
k
=1

WMEEAEH, Vi > 0, TR V! 7E. MEMEH A = ViAve, V, =
Vi ViV 2, X = Vi 2 X, BABIRIE (9.7.7) S5 F

min trA2

{ AX =0
tr(AV;)) =¢;,i=1,---, k.
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NFFIE, HAWEE <~ /I

min trA?

AX =0
(9.7.11)
tr(AV;)) =¢;, i=1,---,k.

ARRHE, JERTEER 9.7.1 SR TEEIERT 0T s 2.
EIE 9.7.2  MRENE (9.7.11) KN

k
A* =N (Z i w) N, (9.7.12)
i=1
Hb N=T-X(X'X)"X, \,i=1,--- k HHERA
k
S (NViNV)Xi =¢j, j=1,---,k (9.7.13)
i=1

.
iEBR  SEHAS A
(1) SEiF TR (9.7.13) FMIZE. & Ao WEE (9.7.11) MLy R &1,

tI‘(Ao‘/J) = Cy, j = 1,"', k}, (9714)
AoX =0, (9.7.15)

By (9.7.15) %1 M(A)) € M(X)*, B N R M(X)+ LEESSESERE, T2 A =
AoN = NAGN. it Vi = NV;N (j =1,---, k), Ul (9.7.14) 25

Cj :tI‘(Ao‘/]) :tI‘(NAoN‘/J) :tI‘(Ao‘/j*), j = 1,"',k‘. (9716)
it gi = Vec(V;"), go = Vec(Ao), Pa AHETZEM M(A) LHIEAESERE. & X

uy = P(gl»"wgk)go )

U2 = go — U1.
k
Uy = Z)\?gz
=1
B LA
k
go=ur+uz =Y Ngi+us,
=1
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M (9.7.16) B
¢j = tr(AV}) =gog; = (Z)\ng+u2>
k

> Nglg; = Z)\Otr ViV Z)\?tr(NV;NVj), j=1,---k.
i=1 i=1 i=1
XEE T A, - A0 K (9.7.13) B —2H 1.

(2) HEBH A* A (9.7.11) Wifg. G %E A* W2 (9.7.11) MARAM. WA K
F—AWER (9.7.11) ARFAXFRITHE, i D = A - A%, W D ¥R, DX =0,
tr(DV;) =0, H. ND = D. FJ&

k k k
tr(A*D) = > Ntr(NV;ND) = > Ntr(NV;D) = Y " \jtr(V; D) = 0.
j=1 j=1 j=1

FAX AL, 17

k
= (A" + D)(A" + D) = tr(A*)* + tx(D)? > tr(A*)>.
j=1
FE ML R VBERM RN D=0, B A=A* XHEIEH T A* & (9.7.11) Hf%.
FIE 9.7.3 X ESEAAL (9.7.1), YRS ¢ = do® B MINQUE ¥ /52,
Hr 62 AL RA

Ho*=d (9.7.17)
Wi, X H
H = (hij)exk,  hij = tr(By,ViBy,Vy), X —44, 5, (9.7.18)
di
d=| |, di=yB,ViByy, i=1,---,k
dy,

B, H (9.7.9) FrsE .
JEBR HREFE 9.7.1, ¢ = do? 1 MINQUE 3}
k
YAy = Xy'BuViBuy = Nd,

=1
iz% )\/ = ()\la o ‘7)\/6) ﬁ/@ (9710); El] HX\ = ¢, A= Hic, ﬁﬂ:‘”};ﬁ H E@Xj‘ﬁ(‘@;
A

Yy A*y = H d= 5%
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FEHEEE,

#OH A, MIRHETRRA (9.7.17) BWE— 62 = (63,---,00) = H 'd. 57
EAHEHM,  MINQUE AL H. T RATEE MINQUE BLUEE)
JE G THESCIR P R Z AR

AAN, EBBLHEFRA (9.7.17) WENRTERX N

zk:aj?tr(waBij) = y' B, Vi By, i=1,---,k, (9.7.19)
j=1
xH B, = Vw_l(f — X(X/Vz;lX)_X/Vz;l) = (I - VJlX(X/Vz;lX)_X/)Vgl, izl
¥ AR RRA (9.7.19) 1y Vi, EF152] REML J7f24H (9.6.6). P KATET
(9.7.19) /1, V, 2O, FTEEML TRANM, B MINQUE, 1 (9.6.6) H,
Y SR ARMBI I 2o, B R AR O R 2 K RE AR AR AR

AT 48201, MINQUE MEUERE W ol of, K of BISERAE, 4307
BHERT of WEMMEREER, RIS 05, =16=1,---, k), IEUEE W =1,
X2 Raol™ FFisHR iy BR [GTE 4K

B T MINQUE Z 4, Rao JBHFFE T A BA AL To i S/ DEEUE it
A B /N R B At (minimum variance quadratatic unbiased estimator, &
it MIVUE), W3CHk [94).

Bl 9.7.1 eV EAIRZE T ZK MINQUE.

LAIGHEH, e AR

y=XB+e, FEe=0, Cov(e) = ¢*I,

FUEEIT 20 BEA (9.7.1) WHIRIEE: U= =Uk1 =0,Ux =1, & =ce.
AGWIE o i) MINQUE

y A%y =y Ny/(n—r) = |ly — XB|[/(n—1) = &%,

~

XH r=rk(X),0 = (X'X)" X'y H 6 # LS flit. TRAEFWERNIORITIRZE
F#E o By LS fhitE& MINQUE.

FIPAEA I, AT T ANOVA fhit. ML fliit. REML {41, #l MINQU
Tt XEAE TR FEREAATE—L6 S, B, ANOVA fhitf1 MINQU fhi+A
REARIEfE TR AE Sk, T ML fh3HF REML A5+ 8 BB R mIELrE rRa, —k
BA WA, HEEPaE . it MINQU AGTHR SR BRI IR E R I, A
Ry TR K.

B, EAVHERI T R AGUORE T R B T [ s Oy 224 By — RSB T IA,
A TE AL T (spectral decomposition estimate, SD fl11). FHrrdaE4s H FH 24
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WA SD fhit, ENEREET M. TrEa iy SD it kA%
Fefwftivt, HAEAEMIEL T, SD fliitfl ANOVA fliit—H#A M. 4R, J7
Z4rE SD U ARRERIEM AR Sk, KR EM—EE. Wu Hl Wang!'®
WEHA T — A, J7 s B SD AT ANOVA fliitAHSE, Wi Jr 25 i SD
fEiHRA ANOVA fhitfy—BE R, RTFEX MR ERAE RIS Rt —2
FJE.

§9.8 FZEAIKLE
X —F, BA1Z BT EZ0 BRK NS, EENH—FhEHE W Wald
Kk, B §9.4 it Z s (Henderson 15 =) HEVIRIEER.
% IRIR A U B
y=XB+U1& + U6 +e, (9.8.1)
XE, BIMBBE & ~ N(0,011,), & ~ N(0,031,), e ~ N(0,02L,), H'E I
S HAF, s, ¢ AR ESIE U, M U 5L TR

Cov(y) = o2V, U} + 02UsUl + 021,,.

7 504, EFBANBINEI, RIS T IR 25 0303 71 oF o
T, AN R RAE LY. & & A TER RS 8T, Al
Hy: U§=0<—>H1: g%;é()
RS

HHBUEL (9.8.1) FREBLACRE € 1 & WOBPMLHERSERUY, BUBLE 2 R R
THMH

SSe - y/y - RSS(ﬁ, 51, 52)
= y'(In — Pix.v,:02)) ¥ - (9.8.2)
# o5 =0, MBAL (9.8.1) BH y = X0+ Uil + e, FFEERILFHEEVIEY & 8
R A, BIEG Z S5 R E TR
SSeO = y/y - RSS(ﬂv 51,)

= y'(In = Pix.u)) v - (9.8.3)

HM L, %4 of =00, BEMEGZEHERETITM SSo 45 SS. MARESE, B
SSeo — SSe AHXT T SSe AR/, EHAR, BATHUAREYUY. & MEARE, Bi#E



(SSe0 — SS.)/t
F= g e (9.8.4)

XHEt =n—rk(X Uy : Us)ta =1k(X : Uy : Up) — k(X : Uy) .
THEHENFEAERRR Ho T, F~F, o, -
EE 9.8.1 XFPAA (9.8.1)
(1) SSe/o? ~ X7,
(2) # 02 =0, M (SSeo — SSe)/0? ~ x3,, FH 'S SS. MHEMML,
(3) HMRIE 0F =0 HEEF, N F~ F, 4.
WA R

SSe =y (In — Pix:v,:00))y = € (In — Px.uy:00))€ 5 (9.8.5)

FIFEHE 3.4.3, 3115 SS./0? ~ x2,. (1) 18iE.
# o3 =0, WE (9.8.1) 2K y = XA+ Un&r +e, W

(SSeo — SSe) = ¥/ (Px.v,:00) — Pix:vn))y = € (Pixwvy:v) — Pixcony)e - (9.8.6)

FIREAR BT 3.4.3, ATH] (SSeo — SSe) /02 ~ x7,- X T (Pix.v,.0m) — Prixvn)))(In —
Pix.u,uy)) = 0, HTEIR 3.4.4, HAEFHE (SSeo — SSe) 5 SS. #HEMA.  (3) &
B AR BRe A R, B BLEEE.

Wald 46 56 e 5 T3 A o] L1 S SL A5 B B G e
Bl 9.8.1 WHRENRHEHILA

Yijk = 1+ a; + B iy + €ijk,
i:]-v"'vavj:]-a"'vba k:]-a"'vca

XH a;,8; o) BB, B ai~ N(0,02), 85 @) ~ N(0,03), eijx ~ N(0,02), H.
FRAH ST

y=Xpu+Uia+Usf +e,
XHEX=1,21,01,U01=1,01,1, Us=1,2I1,® 1. @1 LERE, &ITH

Cov(y) = o2UrU{ + 03U2U; + 0 Lape -
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BUAER N TACE IR 6, ) BEEAE, BRREL 03 = 0. RITRMEHEE

&

SSe = y/(Iabc - P(X:Uleg))y
Y (Ia® Ly ® (I — Jo))y = ZZZ(ywk - yij.)2a
i ik
SSs = ' (Px.v1:v) — Pix:un))y
=y (I ® (I — Jy) ® Jo)y = CZZ@U. -3:.)%
i g

ﬁ% jm = 1m1;n/m %g‘l\iﬂi SSe/Ug ~ X?zb(cfly ﬂ:ll‘ 0'% =0 ﬁijﬁj‘, SSﬁ/Ug ~
oy B SS, HOL, HIRER 0.8.1, BORBA RISy
CZZ@ij. ~7;.)*/a(b—1)

i

F:zz;Ww@ﬁmw—w

TEMRE 05 =0F, F~ Fup_1), ab(c—1)-

1 OMTRA (9.8.1), HRLE of =0 BEML, BINHTR U106 5 U6
Ay AL X 4 B R A5 2 S B R

A2 TEER9.8.1 pEM AR, AT LIERIE & M1k & ~ n(0, R),R >
0, EHIRILSL, XfF & Seely Ml EL-Bassiounil® fird% 18115 7E.

E3 EHISIMNFET t2> 08 M(X UL :Us) # M(X :Up) BB,
M MX: UL Up) = M(X :Uy), BIF (9.84) i X F 51744 0/0 &, H
Wald S AT H. B0, 2EF] 9.8.1 FXf 02 = 0 HTRR MR TXMEE, Hh
M(X U ' U) = M(X 1 U) = M(I, @ I, ® 1,). FPX X MM, oFversten $&H
TH—MP::  oFversten {3501k, BOLHERATIEE W2 0L Sk [58).

KFHEFBRE S, TFEEANCHFRE R, SCHk [72] X L
YER — B4

9.1 X+ JEREHIAE
yij:/-l’+ai+ﬁj+eij7 i:17"'7a7 j:17"'7b7

izi (7 ﬁFﬂ Bj %‘%E@m;ﬂ(m; (67 ad N(07 0-34)7 5j ~ N(07 0—/23)761'3' ~ N(O7 0—3)7 ai7ﬁj7 €ij *ﬁ——Em’ﬂ
3. HER
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(1) y'y FHorfgk
a b
vy = 7 /(@) +bY @ -7.) +ay @,-7.)

AN Wi T~ +7.)
i J

Y Aoy + o Avy + y' Asy + ' Asy ;

>

(2) 2 Qo =y'Aoy, Q1 =y Ary/(a—1), Q2 = y' Aay/(b— 1),
Qs =y'Azy/(a —1)(b— 1), iEH]

E(Ql) é a? = bO’i + e,

E(Q2) £ a3 = ao? + o2,
VAN

E(Qs) = a3 =07

(3) LR
(a—1)Q1/at ~xa_1,
(b—1)Q2/a3 ~ Xi—1,
(a = 1)(b - 1)Q3/a3 ~ X{a—1)(b-1)
H7y ,Qu, Q: Ml Qs #EMY. (HR: wHIEHEEBEAMMN KA, KUT (94.8).)
(4) UEHA, Jr#0rE oo,05,00 BITFESHAGT A

G2 =(Q1—Q3)/b,  G5=(Q2—Q3)/a, 72=Qs,

IEVERIE 1 AR Bk LR DT B (0.6.6) e,
02 IR OISR, REMEE Ho 0d =0 Hy: 03 £ 0 (eRGTR, FHETIL
KRS Wald RRAHIFA.
0.3 01 941 o, [y BAENIES, TERIE o B REIX I

{ U, —ta-ny(a—1)Qz2/ab, ¥ +t@_1yy/(a— 1)Q2/ab}~

9.4 HIESBKT,

(1) 54 9.4.2 sy AR 52 A 52 BAERIER,

(2) ¥5E4 9.4.3 &7 20y B A7 22, BIFST Var(o?,), Var(a3), Var(a3) 1 Var(07).
(7 FAEM 341 &z~ N(u, V), W Cov(z'Pz) = 2tr(PVPV) + 44/ PV Pp.)

0.5 TEMIEMAL (9.6.1) 1, RHEREHA n x (n — r) WFIBBELE BBy, #4 BIX =
0, i=1,2, 0 Biy 5 Boy RIMEBUREERZ %M, B

1(o” |Bry) — U(o” | Bsy)
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HEAEEL XN A ABEER T R UAMT 5 B 38T, (877 UEM B1X(0%)B1 =
kB5%(0?)Bs, B1(BiX(0?)B1)"'B1 = Ba(B4%(0%)B2) "' Ba, k HHH.)

9.6 XtTForHiR ARk AL
y=X181 + Xof2 + Ut + e, £~ N(0,07), e~ N(0,0?),

KHE X o< p B, M(X1) C MU), M(X2) NM(U) = {0}. FATHH R F
() Bo fiH RS,
(1) iRE HHL2E B2 9 BLU 53+ 85 A LS fhit B2 .
@) i Qu=1—UU'U)" U LR, 2
Quy=QuX2f2+e, e~ N(0,02Qz).
RS By i
B2 = (X3QuX2) " X5Quy,

RIEH B = B3 < M(QpX2) C M(Q1X2).
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