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r 2 WERIRSHT ORI TR ST OREER % FI A
EPREOCHEMICZENERETH A S, B9
d, 1454 E, 1980, 130 ) Xk [2% b, HHR%E2
DI ED LT —EDO TR IILELDTH
D, ZOBERTRERS ST L Z0BIE—D08E
BREEZ, EROBBHAERCLZ298KEF = v
735bDELT, FREFTLTRENE (TE D)
OBRVERDbND, JEBRTWEY, B8F5ER
BAMOERMFA 2B BT ERD & 5 28BS
DOBRNIHDEEEIND,
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IV BEEME X8 2 ERDHMT
DHEZRIFFH ORIES

BEZE (1988) LSEFIMMTICL > THRLIZES L, E
BT R W URR ARG RS hiz b D
LRI L RAERRTHS, TORIKELT
LIV U —MERHTEELTBI D,

R10TERFATZIOEL, BR Y PEHEHN
BEROREAZHZDOBRRTHY, X, X,
------ X3 Y HBEBEFRSH b0 L LD, BRY
ERBEREL X, X, , Xp B HIIERET SE
RS ET 5 &, BORERE (EHEBERE) »%
sh, BHX, X, , XpREHNBEROBRE 2E
BT BDCITFHMELERTHLbDEL LS. ZD&X
SRIBES, TR X, X o s XpD ERSTFHTIC
IoTELNE HOKREVELSOEED) EK
Sr Y EOHEMENIEEAYRL, FRODERDIE
TENEROREZRRT 5 OHFHERERE 3k
DARNZEDNHD 3B, IO LIIEELLLER
EHVWLERD LS ITREANS,

G q= O, Iy v , W RBEEEHAL, AD
BEHIE P CELVLLDOE LT, BRRSICEYD ¢ %
T %1, Xy ooee , L, CHBBENBED Ab L BRE e I
SEL

qg=Ab+e, 72720 b= (b, by -~ y b)) =
(A'A)'A’q ZIREIRFEROTI~Z b,
e = (&, & , &) IREEOFINY bV

rRbFS, /-tH817% R OBEEMHE L EZOEE
FR 7 MV bk

th:'ljhj; ]:1’ 2y e , P
PR LAz 22,50

% 5BRESIL, My By , LR ERERRER
TH»% PXPI5IH £ D
AL 0, e 0
0 Ay ceeees 0771
H=[hy, hz, - hel, D= Dixf
AT
TIEH)
0 0, e Ap

*M8AT 5L, HH=HH =1, (P REMITF]) 3L
U H @ERTIE %%, 2L T
RH=HD, *->7T R=HDH'%3 %V D=HRH

R 2BEFEOSKLT S, ZZTPEOERS G, G
------ » Coit N KB~z b T

Ci=Ah, C,=Ahy, - s CP:Ahp

ERbENDIDS

1 S W W
N@MnAH—H(NAAyf47RH—D

7 HEEEGIL, P EDERSIZEVIKERL GO
B GO LCFLOZ EHRE, MEDE I &
EEEFHAL T EROBERIBR 2R T 5 L
q=Ab+e=AHH)b+ec=AH(H'b)+¢
=[C1Cy++++- CrlB+e
7272L B=(B1. Bav--ee , Bp)=H'b
EERbEN,  BREEINTBY G, G, s Cos
e BEVWIZERT 05

CI’q/N =(B2C CHRIC G +8,2C, ’Cp+€’€) /N
=082+ A8+ + A8+ a*
=1 7212l o*=¢’e/N

DSEESIL, BEIRSATOREREE

REFRE=0(Aq)/da ZZTb=HB, ¢q=N

=FH(AAHBIN (AAYHB=Aq
=8 HRHB R=(1/N)AA
=8Dp

=B P+ Al e +ApB Pt

LERbEND, EHUEFERS GLER Yy THHL)
& OTERRE

ACINVX = BsAil s =V A5 Bs=as, j=1, 2, p

tRbahd I Enghb,

P TEVRERBSZ 6N 5 Z &3, oVpE
ZEEERT S, FOLIBEHCH, L2 FE=
ERSETEETSLODELT, Y EFASDERS
& OMEBEGRRIL,

a1=mﬂl, 0’2=\/Eﬂ2, (13:@53

RELOLHLS, TEZ A, Ay LVBHIEBERELT
b B, B BOVNETRIE, FH S OEBREIZNE
BHDER-TLED, o THIBE R 2D B, B
BHNERBETHY, Zhid



170 i

g=81C1+8:C2+ 33C3+ +B8pCpte

Z5EEPSHS RIS, BERY (y THRL)
BC, G GOESEFEEALEEY, 205
BONESBERDPENELRBE TLIoTHREN
TWEEETHD, DL I RBETEBYIO=>0
FRS I ERNERORE ZER T 2 D CHFHELE
B (ARER) kEinw,

PAEdRTz SR EEE (1988) OEFIEAWTEKR
WAL TH &S, BEEOBHITIE, N=28, P=10 T
MR HEEIATI R 3E 2SR T L B8D TH 5. 2D
BT ERE L EETIN 2 b L%, SEED Power
Method (N *3EH) T, BRIV 1R 3 LI HAEEML
eR7 MO, BBEROHIE L OEOHESELT T

o f E-ZF

& M

102 LD/ RS ETHEELSDELTRD S &,
RIDIILFERBBONDS, LBHEZIHEEETH
DICRFEE 10 THEL TWADTHEMEIC L %), &
FEENHTBY, UBOHESRCLEETLLE
bhl:DT, BitExLZOEREFIFATLZ L
7o, WEtHEICHI: T, EREMEL N FRECEL
THE(1959), Jolliffe (1986, pp. 235-246), 7% © (1982,
81-118 H), Morrison(1967, pp.221-258), HZAH
#1968, 417-423 H), & 7k (1965), Wilkinson
(1965, pp. 570-647), Wilkinson and Reinsch (1971,
pp. 191-201) B L, HED S0/ 5 ATHEL ),
EEEMEIX~ V2 7 BB 2R H L BEEE ST
(fh¥, 1962 | A4R, 1974 ; LB&, 1979 ; Fiedler, 1986,
pp. 87-111) & b FEFICBEET 2 2 L BHoNT 1B,

R2 EHEMOMEBEREK

X, X, X X, Xs Xs X, X X, X0 Y
Xy 1.00000{ -0.37899| 0.02568| 0.25472| 0.15768| -0.23794{ -0.15519| -0.28275| 0.62137| -0.43952}| 0.71730
X, -0.37899{ 1.00000| 0.49085| 0.20197| 0.32557| 0.37475| 0.41084| 0.41986| -0.73565| 0.52157| 0.01402
Xs 0.02568( 0.49085| 1.00000| 0.12443| 0.00768| 0.11020| 0.15755| 0.04166| -0.21105| 0.15134 0.17956
X, 0.25472| 0.20197| 0.12443| 1.00000| 0.37717| 0.35714| 0.44558| 0.25202| 0.00071} -0.14937 0.56351
Xs 0.15768| 0.32557| 0.00768| 0.37717) 1.00000| 0.56185| -0.02601; 0.51228( -0.24730| 0.00460] 0.29009
Xs -0.23794| 0.37475| 0.11020, 0.35714| 0.56185| 1.00000| 0.22650| 0.56481| -0.36582| -0.06669( 0.09513
X, -0.15519| 0.41084| 0.15755| 0.44558| -0.02601; 0.22650| 1.00000| 0.14950 -0.24420{ 0.20082 0.22554
Xe -0.28275| 0.41986| 0.04166| 0.25202| 0.51228| 0.56481| 0.14950{ 1.00000( -0.47572| 0.11524|| -0.10045
X, 0.62137| -0.73565| -0.21105} 0.00071| -0.24730| -0.36582| -0.24420| -0.47572| 1.00000| -0.81674|| 0.09351
Xio | -0.43952| 0.52157| 0.15134| -0.14937| 0.00460| -0.06669| 0.20082| 0.11524 -0.81674| 1.00000 0.03187

(F) BE£(1988) DB 1 £ L DEIAH, BED Y OFIEE:2  OBFEOHEBITIIR THD, Y OFINFIRT brryTH 5,

®R3 HBITIIR OEEE L ERFIR2 v (FEE)

e Az As A As As Az As Ay Ao
3.6017369| 2.0797800| 1.3417605| 0.9851752| 0.7522828| 0.4197657| 0.3444757| 0.2588871| 0.1693485| 0.0467876
h I h by hs he l’h he hq o
-.2800727| 0.3768746] 0.2504856| 0.3296476| 0.4146324| 0.0957566| 0.2906556| 0.3670518| -.4420440; -.1114195
0.4527133| -.0658700| 0.2094253| 0.1907456] -.0109300| -.0263192| 0.2256374| -.6080021| -.5026341| 0.1908844
0.1804287| -.0176743| 0.5172550| 0.5974813| -.4277731| 0.0812305| -.1029481| 0.1919516| 0.3238688| -.0259533
0.1538943; 0.4844785| 0.3400250| -.2361957| 0.2301842( 0.0692767| -.7017240| -.1366431| -.0195759| 0.0306035
0.2448219| 0.4314602| -.2816664| 0.2966851| 0.3605029| -.2374173) 0.2385252| -.2330396| 0.5357283| -.0448382
0.3270617| 0.3504116) -.2251020| -.0761328| -.3834623| -.5220176| -.0124765| 0.4206029| -.2756658| 0.2029172
0.2393068| 0.0740146| 0.5046545| -.5846064| 0.0072658} -.0059213| 0.5111153| 0.1285170| 0.2331759| -.0927304
0.3527825| 0.2266553| -.3344292| -.328877| -.1274890| 0.8029655| 0.0934056| 0.1668294| -.0190970( 0.1154078
~.4634582| 0.2578743| 0.1030948| -.0410506| -.1775697| 0.0546562| 0.1505634| -.1727379| 0.1472884] 0.7730936
10.3113649| -.4316234| 0.0554429| 0.0618597| 0.5168588; -.0457698| -.1091302| 0.3669991| 0.0851808| 0.5355009

() BEX (1988) IXBFID=2DERMEEEERZ FNOHEFBRERLTWEY, E—DEEXNZ tVELTEROBFS R

EZIHDERLTHLS,

ZORD ATEUTBAROERTIIH TH 3,
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EROFAD 532 L 51, 8 DiEIZRESE (1988) D
RLITFT—ERWTROD IS ICKRDONE, DD
BRLEBENLZ RO

b=(AAY' Aq=(NR) ' Aq=R"(}Aq)=R"ry
f:f:"L%A’q:h’:(ﬁh Tay, F1ov) THY, 75y
(j=1,2,, IOHI X, Y EDHEBREK

2RIV bEKRD, BIDTHHEHELT B=
HbrRp3ZeTHZS, F2OHEBRE iy LfE
BECTHELLR4OBTH R GHHERECO VTR
FR4OFERSBBOZL) 2FBLTOBLUV g 2XRD
BeR50LIRL, HoTERSFTC,LY LD
BEEK a,= VA, BiZ, R3D LEFALTRD S &,
RS5DEIRBEERZ, ZOER»SHEELLR LD K,
Y L8 1 ERHAC, & OEBIREIZ0.00623 TR EA Y
0ITELL, B2ERSCE DOMHBFENIZO0. 4868
(RER$K0.2370), 5 3 A C, & OHEBIRBZ0.4513
(BREFSK0.2037) LR D DED/NESRETHS, &
NIz LT, Y L OHBERESHRbAE WORES X
B CsTHY, ZDIHIL 0.4987 (BREMREK 0.2487) &
70, 58 EMD Cok DIHBIRE D 0.3782 GRERE

0.1430) EHERIZKEWY, ZOX S E 1 EHSI
TN ERORE 2R T 2 DFEHE LR (FK
TH) 30wz, B2ERSPEEIEHSTL, B
ERALD B LOBTNREEFFELEVIE IR
v,

RBULOHBEEROFTHREDORLIELELS
bOMHE, 2B Y EE2BLUEIERD LD
FEREGREE, BEEWC X B X 0.206 B L U—0.135 £
D, ZROME %0 Rics (BEE, 1988, 158 H).
e LBEEIC L B 2 s DfEIRAEE (1988) DE I
BLIUBIRLELFET S, £I0DRY L8 ER
5 & DAHBAREIE & D BB

+ (#J.Ahf)q:\/%j hi (%A'q)=#j hiry

ERENBDT, HEOE 1RV v 2EIRLD
e A (G=1, 2, 3ThiZEO/EEEZ THA)
EHRAR->TCZORCHERT &

Y L1 ERS & OFEBIRE=0.0062338

Y &5 2 ERS & OHERERE=0.4867892
Y L85 3 ERR & DOFEBIREL=0.4513374

&4 1EBEITSI R OH{TF R

2.6823476 0.2295457 -0.5362822 -0.6046604 -1.1703857 0.4622754 0.1217035 0.1434677 -2.3404917 -0.8662699
0.2295457 3.9767332 -1.3646006 0.0478784 -1.0292255 -0.6685229 -1.0438554 0.1270065 3.1620918 1.0673314
-0.5362822 -1.3646006 1.6367789 -0.0720713 0.6343566 -0.3266814 0.2859934 0.0899983 -0.2192433 -0.0540212
-0.6046604 0.0478784 -0.0720713 1.8679636 -0.4145667 -0.1786643 -0.8998631 -0.1161172 0.3040368 0.4315955
-1.1703857 -1.0292255 0.6343566 -0.4145667 2.6743271 -1.2230273 0.8211962 -0.6404548 -0.1432115 -0.4374608
0.4622754 0.6685229 -0.3266814 -0.1786643 -1.2230273 2.9895931 -0.5930762 -0.0054408 2.8368306 2.5189342
0.1217035 -1.0438554 0.2859934 -0.8998631 0.8211962 -0.5930762 1.8824143 -0.1209386 -1.1527472 -0.9286740
0.1434677 0.1270065 0.0899983 -0.1161172 -0.6404548 -0.0054408 -0.1209386 2.1209544 1.9128672 1.3106159
-2.3404917 3.1620918 -0.2192433 0.3040368 -0.1432115 2.8368306 -1.1527472 1.9128672 13.2336338 8.4099901
-0.8662699 1.0673314 -0.0540212 0.4315955 -0.4374608 2.5189342 -0.9286740 1.3106159 8.4099901 7.2094483

(i) #5IF Gram-Schmidt & (Bjdrck, 1967 ; H)il « /Mfl, 1982, 65-72 H) W kX 3 ER{LEFA L MEO 0y 7 A TE

BETHHELL,
%5 b, BBLIV a DEERKRE
bl bZ b3 b4 b5 b5 b7 bE b9 blO
0.9612685| -.1510981| 0.0356630] 0.3202597| -.0919931| 0.3235714| 0.0980534! -.1505750{ -.2208528| 0.4148989
ﬁl ﬂz ﬁ:‘l ﬁ‘ ﬁs ﬁ(i ﬂ7 /38 ﬁ? ﬁlo

0.0032831| 0.3375474| 0.3896323| 0.1641563| 0.5750164

-.1785090| -.0515587| 0.7432190| -.4536245| -.0323190

a a; az ay as

Qg ay ag ag (247

0.0062308| 0.4867920| 0.4513282] 0.1629349| 0.4987361

-.1156548; -.0302608| 0.3781569| -.1866754| -.0069908

() Z2TF af=3 A,6°=0,908179 % 2 BIESRKIIL, ZHXEERMFORERKICZE LY,
=1 =1



172 n o % E-ZE

EVIEHOBRLEFLALRILERSESNE»S
Thd, MECEb L, BEOHBECII»ZVEEE
ENELCTEY, BEWETLTWIDOTREZLILE
HEINE, Z2ITREDEKRLEDTRDE > BE
Rk 25HELRSLK, DD

B=Hb—HR'ry=HHD'Hry=D"H'ry
SITR'=HD'H

x5 BRA & FIAL T, HET5 R 0TI R 2K
DBEILRL BERDTH, 2OFRIEEVE
PEFMETR EROBREE—HK L, D
EMSEABOHERR RS VHEREZELCTY
BOLDOLHEEIND, B) ¥ T HEEDOEROD
NERELWHOTHY, FHEHBEZDLOEZOER
BETTE2IERRNTHASS,

V  BEMBRXSCBIT 2 ERSON
DHEERTFIF

FERATOREEEAIFI 2, BROFIBEEVWICH
TR LDOTHY, EROLHER (ZO%EMLI
WEESEOEBLIC L > THBO TEETH 288K 2
NFRECHTIR) 2 BT REETE
BELRBERTLOLEILLNS, Lo LB
XAl 3 % Lido & 5 RENEE2SET 2R, £
R T ORERERIFI A B 2 BB HRIIZE A
ERoNw, 72 TERETIRERS ST OREIERF]
ARODWTETFEREToTHLD,

RESFROF I 3 Tic b7z & 5 I BERIHRE ORREE
DRODERIMIOFIATH 2, o THRIES NS
NEERIRESBECIER S hTEBY, 22 TRAR
N3EBSIBRCEES Y o h, FREFROESD
BREEEC 2> Ty RBhiEE sk, FLTI0
BRIk, #FSMoRNBREES ML, ERHO
RFEOHSEEBBEI TCH- e ES D, FZ20OR
BRI ERIERETFELZ LD THEIHLES
M, EWNI I RARXODWTRE 21T Z B3R
RBELED), IDLILHENENLOELD &,
FRHWZHEBOH 2B ROERD L O>BEHREAL VI
EAAERVEOERERCENL, MTOBEL 2 &
{TBELVIERIMIOUE»6ELL L, AfELR
WLEBEOER: —EOERE LTENT00F
BT ORI, ZOREENFIFEO—> DKW L%
BETHLEEZOND,

FAfELOLEEOEHr—BOERE LTENT 2
7o DD F I REROTERER CKIR, 1972 ; HK4], 1971)

#

EZBLTHILHREESNRTEY, ERIMTO D&
SRS o TIR, FORBLTHCERTRE
TH»H, HEGROMRERLID Ah, »DFhE LD
RESRDL LI RETCERSHMERAT IO
X, Rao (1964, pp.340-343) K& > THETREB I h
Twb ko, EHEEEHENCHIALT, R
SN EBBIISCTERT2LERH DD EEZ
S5, UMFIORERDODWTEERT-oTAL S,

SHEZWLAEOERREL T PEOER X, X,
------ , XpBHY, TNOOEROEB LU Zho 2E
LB 5, 2y oot , LOEBE 1D X > IED
ENZHDELLD, FREEKX, X, , Xy B
W2 —BOBEEERL, ZORBERIOER Y
TRIBOELLELS, RUELIITRAEIME TLEYR
D, B Y 8 Y) L 2he2HERE LIy DF (&
IZBIT B Vi pdRAETH D, Zh o DOEIZIE
BELTHILZTREWL DhDOERBEEH TSR
PHERODLENDBDETSH, BBINETICHALK
TR DR RIBRCIZZ0OEEFATE DL
L&D, oTg=0n 3 oo s W I I Tt
Ypteeeee TW=08 & U y2tgp2teee +w=N 72 3%
R BT RABOIINRY L ERZHIEBLT
Wiz FE& 720,

BB Y BB X, X - , X, & DOFEBF
BOFEHAH RERBOET) B2 KELL3
LOBKY #EDLbDLTNIE, FDOXSRIER
Y BBoNs»ELTCALD, RIELIERY BEHK
X1 Xy e s XoODBERERTH L LBEIZRL, 20
ERERHCEDTLIVWbDET S, ERY OFEIZZ
OERELEEBYERE (B & HIE AL
WE-TEZA0DT, ¥ TERELEELRD, 20
BTEYRHERELERILZLED, E52TH
7z AHFERROMEIIAERE £ 3EEGRTH 5,

EAROIHEBEREOFARRIBEZCH S & 510K &
SHEATRbENE, D

s~ (a5

<fg><7%: rersL Q= AA
==c (7L%<jL%:%ﬂﬁ=l |
e g

AP SHEINDG LT, FLUTHBERE LI, F
THRZ2RRZT % ¢ L BRAHITI Q DEHFI~Z b
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VEORIREEREFRSH S, BB QR NXNE
XTI TH D PXP HEBTII R=(1/N)A'A L &
B ACERLTWRIEE 20,

FL{HISR TR L3 IZQOEEHE BRI~
MLIRROES 252505 (Rao, 1964, p. 332 ;
Gower, 1966, pp. 331-332), 2% b, fliHO-® AD
BRI P iZEL Wb D E LT, 2ThE TERICHE
75 R OEEE BB~ Z vk A by (=1
2, e , P) TRbwiE

o(fn)=waali) - A

ARm:A(f%%>

1
/N

Q% )(/%)ﬂ-@; Iy A Ah= ;%;h{Rh;
-1

Q%%p /ﬁzmnv=o

Clt QDEEHEELEBNNI "VTHDB I L0357 5,
37 ADBERIZ P 2ELVDT

AL,=0, L/L,=1, LL;=00G*))

%2 55%ME BT (N—P) @D N KFIR2 ~v Ly,
L2a """ B L(N~p)t‘§§Ej—Z). %LT

“Laar =Laary=0=0L,
.QL,-—NAALJ NA(ALJ) 0=0L,
j=1,2, ’(N-P)

% 2BMESRITI0T, QREEBE 2RL, <7
v Ly, Ly, - , Lo 3EETE 0 121553 2 EET
RZMVTHEZ DD, TOAOEBELZN
HIGT EEF~R2 bVt

. 1 )
[E]%‘{E/Lt [E]?lﬁ'l'\7 I"I/ \/N—AJCJ

(j=1,2, ,P)
BEHEO LEHFI~7 bIVL,

&%, P+(N—P)=N HOEBF~7 P VIZES
BERFR %% T (EHBHITY normal matrix DER % 5 [E
BECHET2EERZ MVIERT 5, HE,
1959, 107-108 H). - THBCH 5 & > iz, HER
WOFAFERRICT S ¢ 1d

/74 ‘/714111 2Fhg= FCl

THY, FHEMNOBRKEEZ L THS.

U Eosatin o s hn & 5, HEREOEAN
ERAICTBEIEPIRERTZOTHNE, BRED
ERY 3BEROLIA2E1IERS CREELL
W VA GBS LHERECEI>TEEZILE
A, ZITHEBRTIREAE, BERX, X, s Xo
BRER (—REES) L LTER Y 2ERT 5, &
W &S RERELWERGA SIS 2 L ko
BHRUMEONBZETHDE, IO LBE1FERS C
OEFROBEHERZ V-2 3KRTIb0EEFEZ SN
5, 8%, B1ERS CGELEROL S 2R Y
LRSI CTEHRRERIT 2L TELZLHTH
3,

mH QOEBEFIRT b skE N XN EZT
U

[ Cl C2

Ly Ly Ln_ :\
N IN& ﬁ/ip 2 (N-P)

BLUORD & 5 wfEE AL TEED N RIIRT b
V6= (617 Ozy e ’ 6N)’

0’(Ua):6F+1(€,L1)+8P+2(6,L2)+ """
+6N(‘9lL(N—P)): 0
(UsY(US)=88=0812+062++ +6x2=N
BHAT D L, EROER Y 2EELLT/ONE ¢

X g=Us LtFEbEah3, ZLTADE % A=
P)CcEbeiE, AROER Y LA

L ZL, . (] 1.2 ceenee ‘p)
NqAJ NBUAJ

1 C/A; C;/A, CrA
=14 + 6 I e ~P L)
N( VN 0N T
tibé’\né. %')f%) L/ ()\p+1s 6p+29 """ > (SN@EPLC
0THVWHDNBE 26, FhoZTRTOEL,
26 (=1, 2, » P) DHIHER 6,2+ &+
+8&E=N &5 & ITNTHAMIKRES TSI L
EoT, Y £ X, =1, 2, - , P) o

FABMRE DHMETHE % 3 R TEIER L D RE VL /2
DPHELBELLTHILDNTES, o THRY
EEB X, Xy, e s Xp & OAEBIRB DN ELIK &
WIEE L LDTHRIL,



174 n e % E-F

qz[/%h \/%272 ...... /%J;P][

:A[ h Jo hp j|[
JNA /Ni; /N
FAy DRI TEE o Yo SECRREE +6p,2=N

EVI &I, g8 AD P EOFIOERER (—KkES
&) ELTERDLENSGBER T EEZNE I LK
%%, EICUTZEDL S RBERIE2EZ DL L
5.

EROXS>EKY BH X, X, y Xp&D
HEREOEAMERACT 212k 9= 1//A)
C= (/VA) AhThiddv, L LEBTIRY
PV DOEROPIZRESDOBEADELEEAT
BY, 20EIBHE qld ADFIOIEAD—KRES

(FREDSFER) L ide o w, g gk X;(=1, 2,
------ , P) OB EIE, RFARRITNZ bV

%(‘/%—IAh1>’A=7ﬁ=lh{R=s/Xh{
DEjBERCFELVDLS, FOLIRBE g LADH
2L OEBXOEET A LIRS, oTEH
X, Xy, e y XpDHAD—KEEGL L THER Y %
WL, TOEKY cERX,(G=1, 2, - , P)
& OFEBREL L 2R —RICIEOKRER{HE X3 &
IR LIWRICIRE ]l ERosrEELLLT ¢ BAT
LYBBLIREZ kW, £ LU TEBDBERIERICBW
TRIDESZHBCLIERTSbDEEZLNS,

CDEIRBEHCEZLVERY 2KkD57:00D
—DDFBRIROEIBHETHAS, Dk g%k A
DFIDIFEED—REEGE LT
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Summary

Some kind of regional land classification is indispensable in general as the basis of
regional or rural planning, the importance of which has been stressed recently in Japan. And
in practice, the most fundamental kind of regional land classification is the classification of
land area into homogeneous regions (Section I). Principal Component Analysis (P. C. A. ) is
well known as an important analytical tool for such a classification. But it is also well known
that researchers must solve the difficult problem of how to make sense of Principal Compo-
nents (P. C. ) when they try to apply P. C. A. to such a classification. In this paper, We study
the problem of how to make sense of P. C. in such a regional land classification, and the
conclusion of this paper is as follows.

Statistical Operations (S. O. ), namely procedures for producing statistical data and for
using the statistical data to form and test a theoretical hypothesis, should be classified into
the confirmatory S. O. for testing a theoretical hypothesis and the exploratory S. O. for
forming a theoretical hypothesis, and it should be noted that the character of the both are
fundamentally different. Giving full attention to this difference in character is essential for
understanding the character of P. C. A. which is used in various ways (Section II).

We can make use of P. C. A. in various ways, and when we try to apply P. C. A. to
agricultural regional land classification, we must make some important choices, which we
show concretely in section III, to fix the way to application. And the confirmatory way of
application should be distinguished precisely from the exploratory way of application, the
main objective of which is not to give some conclusion of the analysis but to give some hint
for the following analysis. Most of the applications of P. C. A. to agricultural regional land
classification are of purely descriptive and exploratory nature, and that of confirmatory
nature is rare (Section III).

The several P. C. which correspond to large eigenvalues and usually used for the
classification may not be suitable for the objective of classification if the variables selected
for the P. C. A. are suitable for the objective of classification as a whole. This is the
fundamental problem of the exploratory way of application of P. C. A. to agricultural
regional land classification. Because of this fact, the interpretation of P. C. given by
researchers should be thought as a hint or a hypothesis which is not confirmed by experience.
We account for the above points theoretically and by a case study (Section IV).

Application of P. C. A. to making some kind of index number which represents several
selected variables of the same nature is a typical and main example of the confirmatory way
of application of P. C. A. to agricultural regional land classification. To take into considera-
tion the results of the theory of index number and other related useful results in the applica-
tion, we often need to extend P. C. A. in many directions in combination with mathematical
programming. We show theoretically and by a case study an example of how to extend P. C.
A. in combination with quadratic programming for making some kind of index number which
is a nonnegative linear combination of selected variables of the same nature and has some
desirable properties (Section V).



