B 1 L o L PR A4 103:41-51 (2009) a1

LR BFEAER TSR
m%&#ﬂ*&5~ﬁﬁpil

VA NCRRRLE & o

wWo=

FIP TS A 5 e ] B RIRERLE P RS pstded | = kgLl 2 7553 53
PRyt o 2SR G X SIS [ RN ¢ 9t o ST IR L
gy PUFVEL SR T T R xSRI 5T iR R e T e 2 oy
i 53 R R B a0 2 g ORI Bl o 39 XCR p VRO
= Y8 J T ik PRSI B 5T (SR AT P o R P Ry ) )
T B R ] [ R R ST (WU R YR
NIR E}*\I% [ ER LR o Rl 4 pﬂ?ﬁ{v[ﬂlr[ J’F’@F",pffgj»[;?gﬁéiEifﬁlifﬁ‘l‘ik Y
(FIbE F pL o PR T i (Wl SRRk i b g
PSR AR VR R VOB 5 BT (R NI USSR - | g o
aﬂ’%QW@%WWﬁﬂﬂTﬁﬁWﬂ@ﬁ*i’ﬁﬂ@ﬁ%@*ﬁgﬁﬁ’ﬁrﬂ
I BRI U E R RO B #ﬁfyw R RIREROP < 3k E L
PSR ] R i SRR S R - 0 R B ] P R T
Rt TSl o [y < B v () N S 1k P e O i £
YEE: o
RIS * 5/TA A0 1~ JERT i HUBIERYR] Y R MR -

I
R EEPTA B R S ’ﬁ%% (apparent amylase content) s FIR R T TR
FFI R IITE (PSS > VT fﬁl?ﬁ:‘é’fﬁﬁt PS04 > Ui - NS E 2t

[tjj ;p—rpjﬁj T YT F s Ejﬁﬁ‘ F,LEU%}E}}(D
OPRI T (5T AT g 5T Rl R S R B T AT AR IR
THIEHE - R y—are Xp+e > F Iy I B S R X ELARRRB e nxp

l?f’?ﬂ?ﬁ%i%‘ﬁ F (1510 B 35 AP 57 0715 B -
ﬁﬂﬂ?ﬁﬁﬁi%"g 9 Bl B ¢ o L BB R E
St fl ﬁ‘**az% R -



i Top] 1B L o WP 5T 0 =

Wil o o PSPV > g KL ;DEJ[H‘QE}ITE‘VTFI |El g PLERREGE IR H PIE L0 - A
H- R L o2 o I R AR E n&?l‘irﬁﬁi(callbratlon step) » F5LZC fiY 82 o £ [l 85 7
Boo 97T [l HERED IF ﬁiﬁ FAV el pro Ty < I i o R DS T R A S AL
y=al+ XB » IS iy > 4 R L5+ B (prediction step)® -

[Ra IR B 7L (near infrared spectroscopy, NIRS) Ji T’?%EI Bl E] 2 e g
(multivariate callbratlon)ij R ECERYR] I XA (R AR ) 'kif [ﬁﬂ-’wj‘ A FF[PBH’SFEEI ’
YA~ ) A (-2 %”Jﬁﬁllii@n ﬁﬁ > et o 2 EARUEER (multiple linear regression,
MLR) o SRy 7 iR R gy il %Fg 1 ﬁlr‘fﬁwﬂf lﬁﬁlfil%?‘ Vg H U . FURip =T = e )

STRE I S lﬁ[aﬂ'*”‘?%' EIErRl v [l 85} 7R i fag UJEﬁ' FAVAS P PRI R R A T
I Hiﬁu?ﬁ} 15 55 [} (principal components regression, PCR) ~ ¥4 (ridge regression) » V,?F
15U 83t (latent root regression, LRR) @ S S I E AR 2
F B PR L ] P R 7{%!‘

FAEE N SR FF SR ] i (partial least squares regression, PLSR) e o A ki AR
F R R R e R A B T Y R VI R TR BUERETR -
’Er*lJ“JFUJ JEPR] - BEREA )T JMCT,*T*’%‘Q{‘F FI PR ‘fﬁl@%“ﬁi"ﬁiﬁ MR ErFrE o i
=Xy SN E‘[JIZ"‘E o IR o AU ik &+ o

j
FE/ T [ElER

~ AR b 2 PR R X § S RRIY SR TR
FORLTIIAEES § = £(X) >y HOETIRLES po 5 b £ 3 % IO SRErie el k> mlgp
% EISSUE SR~ FTSR ~ : 53 [~ R T LS AR BT MR ROV
ﬁ’nﬁﬁﬁaﬂ@jﬁgﬁﬁ’§WWF@§%%%W@n@nﬁno

= JEpuEYR S A ﬂﬁfj‘iﬁﬁ PR Rk B B R AR [ ?' AT RBRY Y [HIE | 1)
B » 5 IR H T 1 B LR B o 7] % A 0 B B S0 8
R Al A= Fo'iﬂ‘ PR ] R B GRIE IIRE > AR e Y R TR
T PLSARLZ Pl 158 20§k (i P E’r ﬁ* B F'Jvﬁiﬁﬂﬁ:‘ °

P ] Y[R IPCRAE - g s frt'zcﬂfpc:RnﬂJBJXf@ F;[ww% i
(loading)*fiffll p ~ PLSHLRLIFIF A7 X » yE'fJng*,E;[ﬁr‘#}é“[ p > FURINRLE R P IAY X FVEL
e p WARRERY T > APLS[ A58 3 p FRITIR RS p oo g B r+X R R
ot o 1) QT A SHPLSPUAR,

95 HPLSJITR Bl [} p hAEH x 51y BpBATE0 208 [~ Xy SO > 17

PSS p, PO R (2, = xp)) 3y s ”""rlﬁrf N [H‘%EEI'T (th g, o FIPIETEEEY p

oy [TV TR IR TYIRG Y = (X~ ppiX) * ¥ f = (y- ‘IuPX) © 93 [WPLS
e p, 5 e™ B po TSR SR ARE 2 TR p, B S L X p T



N BRENE TR ) VR PR | AR 43

= p, K p oo NI X G p W op, BV IR IEES y A o ERVIpE R g,
Gy © PRI 5V (RE 53 IR BT

& =(X - BpiX - p.piX)

f(Z) = (y_‘}21i’{X_‘}221A’;X)

YrrF=po A A i Ao i A - f{ VP EBEA A S T E
P=(r b)) EN W REIFIE L G, = (§,,,..0q,,) T PIFIPITHE ptH s ¢
SET T £ %y WS PLSPO AL -

R ELPLSHYEL A 0 — R P 2 A FS e [ 2 T (nonlinear iterative partial least
squares, NIPALS) gl A ¢ POE N =" ¢, g=1...,4 > = F 2] Fr i £ py pd =7 s S5 [~ 7 B

Y =[y,... ym]'"E@E'iWiﬁl'[ﬁ*mﬂﬁPWl . F'@i*ﬂﬂﬁ'i'?ﬁ%ﬂul’@;‘/ il & JFJ.'J@W%%WEMI‘%WI’?‘E?? ’
R f[ﬁ‘ﬁiﬁﬁ'}’ﬁﬁﬁ,ﬂ ’ J‘J‘ﬁ%‘“jﬁﬁ“ﬁNlPALSET@ 0
NIPALSE 72

ST A ARHEEPLS I » 73 AR~ IIRELCH X ELY AT IR XLy ©
B R X P B (scores) T T = {82, | » 2 ¥ I WEEHIE U ={uy,...,u,} 1L
w ' X0 Yo TR H 1 = Xowr ¥ uy =Yg, > FIIM INIPALSHY RAR pro i (oA 1 i
FIED B PTE g

w, o« Xou, (1)
t,=Xw, (2)
4 < Vi, ®
u, =Yoq, )

PR (¥ oe ™ P PURL R RS > & f’,ﬂ%[ﬁdfﬁ‘ I {* (normalization) i == > [ IF[HE
IR wy = gy PV B L e PR (T Y P [ BTG N R gy 0 oy FpE RS OR
TS RN w B g, T F95R@ o DI9 TR Hoskuldsson (1988)fY Y FlHEE] - [ £ wy B g ISR
¥ XY, By ﬁ #l o] Bl 53 % (singular value decomposition, SVD) [V [f] & 1 o [N KL
w X Yoq, = tiu, = (n=1)cov(t,,u,) > T} ¢ P [ B FREApUHARETY,

= VPR ORI A 2 BT (PN g o SRR RUR EOREL S g, TR T
2L

X, =X, - tl(tl Xoj/tl’ t, ®)

Y=Y, - tl(tl Yoj/(t{ﬁ) (6)
() s

X, =X,-t,p, (7)
py PRE R B X R B g e [ B



" Top] 1B L o WP 5T 0 =

=Xt /(1) @
FIT Rl 5 X BEEPLSP S o RIPOTIIS « AR 6)F fob

Y,=Y,-btyq, 9)

b, l’ﬁ.ﬂli{ IS0 7 B > IR R A S B W R T Tl
=bt, (10)
b1 =ut, /(1) (11)

Y [N E g = g BT ff FTJ 35?[ THUh T '11354‘%‘F'5J§'5{5[HIif?r"r‘i'@ﬁ?ﬁ@?\??’r% °
NIPALS §I A I'J 587 g1 [ 7% % 1 & & Bt (1D)~A1) =4 > #5E % 2 E?*] o
X, Y, W, t, q,,uy,b,, p, 0 b, 0 g o YIEETHT ] EHE A CENAR PN B o [N

T RYASTTIS LS » 2 P R - R R
ENRERTFH

F*,*U“JNIPALS&T‘%EI JEHPLSHE i&IFEJT? 1 H RO O E L 2 P e sy 53 LT
e 53 'ﬁﬁﬁ“‘ﬁv%““rﬁl?ﬂ E%’a{i&mmﬁ%[ FURVRL o IR 0 — HEPLSBINE o SR [&F}(% DK
TERIRY ‘E‘\fﬁ'ﬂﬁ P ORL LR o PP S SRS RO O BT e B AL I -
NS SR FﬁﬁqVﬁili P B E TR R
(—)788I5R Z (prediction error)

IV R [iﬂlﬁfj’,“ﬁﬁﬁﬂ?@ LRI AR - Al LRl B pl0 )R [RGB
FIpY > 2 PR E ] SR = A (prediction error sum of squares, PRESS)[H] =" B 'EJ
ELfR B o AR B RLT jré%ﬂjl SRR P TR LB [ e [ (RIS KR E
Y e )T SatpoAs BB > T B - R Ay R G TR P ST PR T ) ’5[ TRy
B I = 2 l[ﬁ'ﬁﬁ,ﬁ”ﬁ&iﬁ PER=T B RS IF'EJJA'“JFTE“ T RGE £ WUELW‘F’?ﬁ
T pIEH]
(C)RERERFHEWER-X XERFEE

IF,LHS:IF’?[E'H FUd ¥ REE - VIR - ﬁ@‘?ﬁﬂlﬁl P g B n- 1t ] < E o A Bl AR
= ’U Ve ( )IJ“%'UFHFI erRl FITpY ] aR I Iﬁ[“’r Er K=" B E TRV PLSHL Y A Iﬁ[[ﬁ

I~ ReggF s IMSE(f - E g

Z(yi yk( 1))2 (12)

n-1

MSECV =

BT —
(—) B #E %
PP RLF P A ETRIE 1 MR S PO o T 0 Ry 72 PLS R
Pt A R PR R FPI “&%Eﬁfﬁm B AR A o frofe st
R N L R [m BrEURL



O RN R T R VIR R R 45

PR WY G R R Y lv{wbﬁfsguﬁﬁf ?'“Eﬁ@ﬂﬂﬁ
o3 B R Y LR (5 fr’ﬂ‘ﬁl RSB X LV Sk ORI
RTIE ST AT BRI SRR o LD U R R R 1,100%72,500 nm;‘/ F'E%J 5 g4 a5
53 PR TG 351l = i Sk i (log(1/R) » REGFA 51 » UM =5 (PR [l PLET mezs nm >
P 1 351 {lef e R A B il £ 51 flt FfeFG A i e FIJ | IF=5 1 fft LR ARG [AABEE 7 33 1 il 85
B L0 AR A B o

o BERTORI S 3 L0 AR AR B Ll ™ AR - W e ER 351t < AR
Y fify £

m=(7.757E-18, 9.465E-18, -9.82E-18, -3.42E-18, -6.26E-18, 3.985E-17, -6.6E-17, -1.59E-17,
3.558E-17, 5.323E-17) » ™ @ fiu-T 14 £519.677436 - = (M5 [ 4 ] $5351  FREARALIL
FUERBIRYRYRE 7 [R5 4 > T ARG BT MSE=6 > 70 1) IR H ) (R R R pU 4 A
4 0

SIS R PLSIHU SR 1Y @ 22 g EL

=y-X'b, (13)
b,=H,s (14)
H =V, sv,)v] (15)
v, =|S,Ss,...5] (16)
Pl R o R A B e SRS AR S = 8 =y OSA A

s=8, " ﬂiiﬂ M= B xRy RYSREE T -y, 5 S?sﬁuﬁlﬁ%ﬁﬁﬁﬁ i
BT KRGy, =S, S5, 8 | AT “(13)~*“(16)z;§% R
P Ee [ ot AUPLS ISR (7 8, = b, @

PR > 25 PIALB E R e R B 5 PN B R TRl > BT T A A %\fﬁ‘ﬁi
PLS[HI 5} 76 a, = b, > @Emﬁéﬁmopiﬁﬁ%?%ﬁi EIVNSREE AR VR o 3l
[]:[]%ﬁjlrl

b0,10—24.65 > bip =[133.70, 40.04, 400.69, 87.44, 31.36, 92.30, -187.52, -269.96, 48.46,
50.87] -

B PR B R o PIS R o2 5512 18 o T R B PR A ) S
g [*H‘EJ(TE RLAERYRE 2 TR LR Eﬁrgii* | EEEL30%50 Y PR ATE & Uy
RIF T Tmmﬁﬂz

fﬁ*”ﬂé‘*ﬁrlﬁéﬂm) 10

REIRAE T (g%) 1 6~ 127018

A (n) £ 30 ~ 50
(SRR SRR

ARV PO A E - R N R AR R ORI P L ST iy =
~HrE LA OB TR T U E‘r*IHII& P R R VR A T I R E'E?’ﬁii @ @



48 Top] 1B L o WP 5T 0 =

> 0 F P SASH Bk 4~ HZII  H L [ Sk AT R T ) AR

TE25 M p ik 4 x 3 +ZS% R BRI I S A N 2 R ETHY  ER EE
y=a+pfx+e (17)

Bl T MR 0, b, 2 g~ N(0,0) FIFIMISAST
s R pﬁrgﬁﬁqooo » 7 IFﬂH Il rg*”e%fj [f[ pj;n F' VEED RS Y &AH:T—;&(‘*EI”EJEFE@ o
(Z)EREFT

5 PIAIRT EASRE, TR A 2 ] > B Y RREETR O SR NSRRI
At Zpuak N Fe— o

* BB OIS 30 » AAVSGRTHECES 10 9115 6. 12 % 18R - o € FigEk v
1000 - MSE piu-t 15 i
Table 1. Mean value of MSE of 1000 simulations using cross validation criteria when n=30, m=10, and

var=6,12,18
The number MSECYV Criterion
of factors var=6 var=12 var=18
1 0.356476 0.564901 0.776004
2 0.312387 0.543273 0.773955
3 0.295582 0.540714 0.788042
4 0.271822 0.537521 0.805161
5 0.290994 0.584529 0.879332
6 0.322608 0.647030 0.972075
7 0.352177 0.704572 1.056857
8 0.386742 0.773403 1.160291
9 0.415913 0.831790 1.247719
10 0.439529 0.879059 1.318588
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Table 2. Mean value of MSE of 1000 simulations using cross validation criteria when n=30, m=10, and

var=6,12,18
The number MSECV Criterion
of factors var=6 var=12 var=18
1 0.210283 0.333516 0.458473
2 0.176568 0.306496 0.436608
3 0.163881 0.297062 0.431689
4 0.145689 0.285755 0.427129
5 0.148428 0.297770 0.447631
6 0.157040 0.314936 0.472589
7 0.165607 0.331079 0.496812
8 0.173502 0.347026 0.520515
9 0.179757 0.359550 0.539331
10 0.184563 0.369127 0.553690
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Table 3. Mean value of MSE for simulated data with various eigenvalue

The MSECV
number of
factors m =(10, 5,10%,10°%,10% 10%) m =(10,5, 0.5, 10°%, 10% 10%) m =(10,5,0.5, 0.1, 10%,10%) 1 =(10, 5,0.5, 0.1, 0.01, 10°)
1 0.026049 0.033904 0.035624 0.035790
2 0.006575 0.013132 0.014821 0.014990
3 0.007120 0.007028 0.008130 0.008305
4 0.007340 0.007527 0.007327 0.007469
5 0.007477 0.007722 0.007733 0.007603
6 0.007616 0.007864 0.007902 0.007902
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The Simulation Study on the Cross Validation for
Choosing the Optimal Number of Factors on PLS*

Yi-Lun Liao? and Bo-Jein Kuo®

ABSTRACT

It’s useful to solve the multi-collinear problem of data by partial least squares
regression. The partial least squares regression is modified from principal component
regression. PLS transforms the explanatory-variable matrix X into several orthogonal t
scores, and it adds y information into scores t simultaneously. On PLS regression, the X
matrix is decomposed into t scores and p loadings; u scores and q loading for y matrix. It
introduces the relationship of X and y by using the w weights. This is the reason that PLS
always performs better than PCR.

This study uses cross validation to choose the number of fitting factors by two
simulation studies. We simulate the first data by using real NIR data character and the
simulation data have the same character with real NIR data. We only control the number
of fitting factors, sample size, explained variables and sample variance of the model.
Finally, we check the effects for the number of fitting factors. The second simulation data
is generated by the degree of collinear. On this simulation data, we control the degree of
collinear. When the degree of collinear is too serious, we can use CV to keep some useful
factors, and to reject some factors, which cause the collinear.

Generally speaking, controlling multi-collinearity data is effectible by using PLS. we
can get good result of choosing the number of fitting factors by using MSECV. And at
many conditions using the MSECV will get the accurate estimation.

Key words: NIR, partial least squares method, multi-collinearity data, cross
validation, simulation study.
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