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Abstract

Additive regression model is suitable for nonlinear data. To practice it, we need to es-
timate the unknown functions in the model. In this thesis, we will estimate the functions
by spline smoothing and B-spline basis. In the process, it is easy to increase the num-
ber of parameters in the model resulting in greater burden on computation. Besides,
not only the effection but also the interpretability of the model is emphasized in the
practical research of quantitative analysis. As the result, variable selection is important.
We aim to discuss the variable selection for additive model and diverse methods for
data containing only continuous variables or containing both continuous variables and
categorical variables. After comparing two simulation, it is concluded that the method
for data with only continuous variables is efficient and effective, the other method for
data with both continuous variables and categorical variables is more complex and less
efficient but it is still worth when we only identify relevant categorical variables by the

method.

Keywords : B-spline, Variable selection, Function estimation, Nonparametric regres-

sion
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Ay ARAGEEHR > AR TATRAGBAZRERGER Xy, Xy, ..., Xy HEH
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FRE— RS ETRH FAERNGER - ERARTRAUZZHMN {2 f H4E3HE28
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Y = fi(X1) + fo(X2) + ... + fa(Xa) + € (1.2)
12X P f1, fo, ..., f4 BB F RP RE > AU 18 2 3% BAK B components, 7T % @ 4§ & 89

% 38 X AR RSP 84 Aispline & BEAT A5 3 o AU AF4% A B-spline & J& 41 A%, # spline &
#AE FFcomponents.

AXBEENEHRPL T HF DB T hERE R G R AL MEAGEE - &
GIREAGHED GBI % o WP ESHEE L RESHOBT T AT RS
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J& > B A B-spline & &R 893t 7 N5 = F M B Fla b3tk o
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A A48 4% B B-spline 22 J&[14] 89 3t B /R 22 36 A 7577 Ao L AR N 69 RAR - 242 A 45
SR AGBEA RABR B A KD Z B FH I o Y B e EAE S B G R T ot AR
Al o

1% I B-spline 2k J& 40 ptspline & B A =18 € 20948 5 8 > £ 5| & % #(order) ~ i%
F(boundary)F= 8 B ) # (knots) o & # & KK 5K ) K A (degree) hw — » 4E ] Hk A dh 4
AR 7 FR S RA2,3,4 o AT H & X B-spline 25 & 41 A%, 89 & # 5~ 5| 4% B linear spline,
quadratic splinef#cubic spline © # 25 Bspline & 4% 89 - B 8 » #7 B5A& % spline th 42 69 5 1%
AAE o 3 SRR A R BT RIAG TR 0 BB B 35 O R T BT AR A 89 B-spline & & #
E

TR f By [a,b] £ 89 Kb K > 3% Wspline X B f* 463 o B] f* 7T b B-spline & 421 41
& o $ —B-spline & & 8 T & — FE FomAm + VEEH H By, yo, ..o Y1 T
By, - yma1) * E Py <2 << ympr © By, - Ymgn) AR T G
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= T € [y1,12);
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mfa
f[a,b] L& TR EAmM » BEEEt = (t1,to,...,1)8spline H &K & dym + kfEB-splinek

JRER s EPa<t; <ty <...<tp <bBRBHBB@ZtTHTIRKEE2N + k)7 7]

a,...,a,tl,tg,...,tk,b,...,b
—— ——

mAe miE

AR By, ... Yomar * VAR I & &m 4 k1B B-spline A&

Bl('|3/17 e 7ym+1); Ny ) Berk("ym-i-k’ 3B 7y2m+k)

JE T &P 484 Aspline Sy 8K f*
m—+k

fr= Z a;jB;
j=1

1% M splinefd 3t 7T Ao A2 A 8 components i » & Ao dp BE 5 F Bm, ko 1.2 T &
T T

m—+k m—+k
Y=p+ > ajnBin(X)+...+ Y 0j4Bja(Xq) +¢
=1 j=1

A ¥ B, AB-spline A J& » o B KRG 0=1,2,... d;j=1,2,...m+k° EBRN
Tk Ry, TR

m+k m-+k
Y = [+ Z 063713 1 X1 .+ Z 06]7(1 j.d Xd (3.1)
7j=1
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3.2. BAERHERE

RETAN B TR FRBEFIEHF DR E - & HH 4B component#R1E 48 R 8 g7
BRATEH o MEFTHA > AKMBAWESH - AATERINI AKX THARIEAR A#
Sttt > LARF—EAR > BB ERISER

m+k—1 m+k—1
Y=p+ > &uBja(X)+...+ Y &4Bja(Xq) +¢ (3.2)
j=1 Jj=1

sboh s EHAHRETREINARZHBOEAKET - AUABEHRRFLER
2] (Bayesian information criterion ; BIC)/E & #p 25 # 4% M AZ 4 » BICHE & A IRAZA &£ &
MEERAGED > TR A BT ANETE » B AEA RS HE 5 Mt RE g R
Ao
BIC = pln(n) — 2In(L*) (3.3)
EF o nBEAE o LB ZELBALRH (likelihood function)#9 5k K AL > p By AR AT 4%
058 F o AR EMAUAZEF B B3I T E &K

RSS

BIC = pln(n) 4 nln(
n

) (3.4)

AAR 8 T A A o, ~ N(0,1),6 = 1,2,...,n B3 134 XBICKZ %
TARPTAE R G BB & o HPRSSEHBAE R EF 75 Ao » i 7 o 8 57 42 A 6G 5 #
FXHBHBEAAGEREVE c STdB A FE > FRAmBEEE 2 69 B-spline & A5 3t
Hcomponents * BbFEEEp=dm+k—1)+1°

% % Yang, Xue# Yang 89 1 3% 78 % B-Spline £ & © #3.1K P 89 & F#4% AT A L&
FHRE REFAR—BH > ZE[f(X)] =0 Blu=EY)> #Le[1,2,...,dE 4
5 09 KD o (X,) % T

bjo(Xe) = Bjo(Xe) — E(Bje(Xe)  j=1,2,....m+k—1

EFE(Bj(Xe) % 250 By o(Xi)tE3t 0 X, B X8 B EMAME o T ERIREP T
Beo AAE T 580 Th R $ % (fBcomponent fofE 3t X fi4 T
m+k—1

fi= ajbie

j=1
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Aot R R 5 — 2N,

Ao = B[(f{ (X0)?] = /[fZ(ffz)Fer(fve)dwe (3.5)

Hb o, BB S X MR R BB o N AR B X W B RIS S o R M R R
F Yang, Xued» Yang?& s A — R I 67 E 5> B T L AFAE 09 EIF L HOR IR @Ay @
B 09 1800 bk o B EARIR W 5] ABEALSHIL AL 69 BIC » vAS D BIC#) B AR B o 4
FHEFHER o

3. AR HEE

TG PAT AL EINRBER SRS ARANEEOEN - ALK
GHBEOM LG RN G ENEIFES K AFOSHEEH AN G Y
A E 4 T

Y = :U(Z) —|—f1(X1,Z) + f2(X27Z) T +fd(Xd7Z) te

FEX = (Xl,Xg,...,X VE BB EH o BRI ERBY A E » TRAX =
(Xl,X2’...,XE) ’ i & %i%j'Y/l;ﬁ %E_ /KikPJX =3 (Xngl,XngQ,---,Xd) Fl 32
E;XZ = (Zl,ZQ,..., )f% 75\ /J'J g §>1( 1'?9» e FJ‘JT{E] 2 %gfyjﬂ‘ %‘ /%Z -

(Z1,Z2,.... Z5)» LB S BHYRAYERRBL = (Zry1, Zryo, .. 1 Zr) © fol,2) R
RAEL = a2t T T e A F £ (B component © B3t fy(-, z) 8 & & R Bz & -
LR RN AN A e, 0o, ..., R R G K (levels) * BlzA [, co 8 R F 5 40
H—AEEZT fi(,2)EHBRELG TR - HETENAJNEHGETEZRE » RMT X

VAT kernel function
.

L(Z,2z,)) = [[ 1(Zs, 25, \s) (3.6)
s=1
i
I, i‘%Zs = Zs;
U Zg, 25, As) = s=1,2,...,r (3.7)
As Zs # 2.

,mwa¢%xﬁaz¢mu<m%%ﬁk& D BRI BT A AN T B
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Ao % —En A0 Bl > 4% A B-spline 2k J& B A% & B 5 6 B B 0 2 /2 3L ¥ & fBcomponent
R 4% AR Rl 69 fp B B 0 AR MaKRacine®) ik > RIEMLKZ G H BRELEFR
RN EZORBEER  -ARBEREETR RMABTHHEK - 2RV A
A dfBcomponents * & 3t @A F 3% T B BmB A% A E M8 & B > B 4 3£ 89spline
#frdim + kA B-spline & R S 404 %, o

m+ke
fr= Z ajeBje (=1,2,...,d (3.8)

B, FB-spline A R 2K > o 0B AT HIE 6158 - 38RXYHFRE RAN F RO E > 7
THEFHA o

EH - FPAEBLALEGRERE—ELAR > EAHEFMBEREF L KEF

EHRSERETAYE  BUES AN EHARAL T ERE - FARTR -
%%Mﬁ@mmﬁﬁ%9ﬁﬁfemzu4ﬂ&je@meﬂwdi%qﬂ@%
B (X)) E®RZ =22 T 5t P2 4E

chel@) = / Bj o(we) f (we|z)dicy
fxé(xd )PJXE/EZ —zX TOREBZEREK - #Hm+ kﬂ@}? The TRAE > TH

Flm + ke — 14@%&%/&

b5 o(Xe,2) = Bjy1,0(Xe) — [%] Bj(Xe)

J=1,2,....m+k —1

B AR R B {540

iF

70(2)| = \// )2 fx,(xe|z)de

BBRIARKHEEWb; (X,2)|Z =2) = 0B Var(b; (X, Z)|Z = z) = 1> #AFEHKH L
RANBER > E3H Kt T

m+ki1—1 m-+kg—1
Yi=dao(Zi)+ > 4;1(Zi)bjn(Xia, Zo) + ...+ Z b;a(Zi)bja(Xia, Zs)  (3.9)
j=1
14
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R R (2),0j0(2z) BAEEIAF AL = 2 TRAHEN S (=1,2,...,d;j =
Lz“wm+m—1wwﬂ%ﬁﬁ%%ﬂ%%a&%ﬁ%’uuzzmﬁéﬁﬁo%ﬁa
PTA RR AR — B (1 + dm + 3, ke — m) x 189 KRS ED(X, Z)

1
b11(X1,2)
b21(X1,2Z)

btk —1,1(X1, Z)
b12(X2,7Z)
b2 (X2,7Z)

b(X, Z)

bm+k2—1,2(X27 Z)

bm+kd—1,d(Xd7 Z)
FlBF % Ra(z) B —B(1+ dm + Y, ke — m) x LA 4T

Go(z)
OAéLl(Z)

OQQJ(Z)
Gty —1,1(2)
&(z) = Gi,2(2)

G2,2(2)

Gmthy—1,2(2)

Gmtky—1,d(2)

Pt o ok AR A B Fa(2)

= argmlnz 2)'b(X;,Z;))*L(Z;, 2, \) (3.10)

15

DOI:10.6814/NCCU202100689



AbB R EAEORR KRB » L EBTARGHEALERARLY = (V1,Ys,...,Y,)T

b(X1,Z1)"
| pXe 2
b(Xn, Zn)" nx (L+dm+3, ke—m)
L(Z1,2,)) 0 . 0
. 0 L(Zz.,Z, A) .. 0
. 0 oo L(Zn,2,0)

nxn

S BF3.10 AT AR A6 (z) % T

—1
a(z) = GbTLzb) <1bTﬁzY>
n n

5B @Ea(z) 2R A cAEME -

TR BV B IE F kAT 8 — X L5 E (leave one out cross validation)f 3t & 1% &

~

§>1(1A{ = (]%17]%2, -1, ]%d)gx'}l/g’éﬁkgiﬂ ~ (j\la ;\27 . '7)\7">
CV(kA) ==> (¥ —Y,)’ (3.11)

VBB EREF B ERRMEE BRSO BEBRY,HFAMNME - & 13 11X 4
FRAEFBEHARTFHE S - RBEMafRacine TR E G EH » 5n — 0o #Hs €
F+1,7+2,...,7] ARLe[d+1,d+2,...,dATHE

5\s—>1 ; l%g—>0

SRV REE BAE S B AT R SRR R AT TR JEA M6 B BB ST A
B HABO0 > o IRAR I 69 A 0] B BT R S A SHEAR AL
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4, BT

AERCIITREBETR  TR—F TR -2 TRIZEE SRS MR
ey ik o
4.1. B —

4.1.1. BETH A K

AERKEAESNEAGRER AR EARER  — AT NAEHE -S4
GHPARABERS > $HREERAEI0% - RETRIBAFSHEHELD -
EERBEGEFTNAETHENTRER -

KA1 BR— TR R AT BEE A )

28 %) — = = W/ &a* *

BAME n | 50 100 250 500 250 500
SHEMEHEI| 9 10 11 12 25 50

AEEHERE S FE R ey R B AAE AR - &7 W) = (Wi, Wi,...,Wig)"
N (04,(1=0.5%)713) , > = 0.5Lgxa + 0.5145q * 3 FPLyua B BAZIEM 5 15,4 BPTH L
FERIORI < & W, = 05Wit 5, & ~ N(0g,Y) i=12....n° AT
JAB-spline & & » AF 518 A $H ARG AR ZREAANFENX, TRWET

1
Xi£:<1>{(1—0.52)2ww}—0.5 Ci=1,2,...ml=1,2,....d

DEAZBEE RN ZAEE R R RS HRX, U (-0.5,0.5) » & &A%
#B-spline & & #) £ T R4 —3%5-0.5420.5 © AT HiEE AT AL ARG EHY
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Y, =05+ X;1 + X5 + Xi7 + Xig + 01&

\

Fe A =

Sln( ™ z6) 4+ — COS(27TX,L'9) + 0.1¢;

1 2
Y, =05 3X; 2X;4—1
i +V3Xin + —=(2X;4 — 1) +2—sin(27TXi6) 7

V6

N
=3
I

1-X;5°

v29(X5) + 6B(3X;9) + 0.1¢;
1+Xi52) g( 18) ( 29) &i

Y; = 0.5+ (1 — 2X;3) exp(—Xi3?) + 4(

AP~ N0 1R
g (X) = 0.1sin (27 X)40.2 cos (2rX)40.3 {sin (27X ) }*+0.4 {cos (27 X)}?40.5 {sin (27 X)}*
—05<X <05

4.1.2. # B B #1B-splinefs 3t

F 54k Alinear spline (order = 2)3t % &% J& fh B &E €[1,2,3,4,5] » £ 18 & A1 A
AR R Z O HFBRETIFEEBICKRART » ZAEA 9 H]EA1,3,3/8 8 2 -

\

BIC
\

35 =30
| |

4.1 R — 1 &A% #p BRI AH T BIBIC
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-14

BIC
18

-
N
w
=
w

4.2 BB =t 2% fp B I AH T BIBIC

<
o =
m -
g I | I I
1 2 3 4 5
grEg
4.3, BA = &4 i B ASZ T 89BIC
& 4.2 SRR 5B
&5 M B e o
A — | [-0.5,0.5] 2 t=(0)
BA = | [-0.5,0.5] 2 t=(-0.25,0,0.25)
A= | [-0.5,0.5] 2 t=(-0.25,0,0.25)

BAT Bp B BAE B R T AR AR R 6 R B o AR o ket AR R A e AR R AR
g WA R R AGHER o B LB K components 8 7 IR BARAE 89 L ANET o
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4.4.: # %A —components T AR
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4.5.: B —components ¥ AR
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HE= 13

0.0 08
I I

0.5
I

-1.0

B8

HH= 15

B0

4.6.: A = componentsL AL R

MY REE44 BASAB46THRBREHBEA T JIRA RIFOHRE - &L —
¥ 3t Fcomponents#y F 3 45 4~ 7 £ (Integrated squared error ; ISE)Fe ¥ 8% 4% 7 35 77 3%

# (mean square error ; MSE) » /R4 4 #) 4 L 3 (Variance ; Var) WE AR T A A h#5t

SHRA G o

& 4.3.: spline & A& 3+ 3R B

1A — A = R =
fi - ~0 | fo 0.0003| f3 0.0001
. s ~0 | f1i =~ f5 0.001
f7 0.0001 | f¢ 0.001 | fs 0.0049
fs 0.0001 | fo 0.0037 | fo 0.0015
MSE 0.0071 0.006 0.0102
Var(Y) |  0.8017 0.6951 1.0865
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4.13. EHRETELHIH

FHBIITRGTE SR GNME » TTAA HJEAR B S ONEE B0 -

lamda

lamda

lamda

008
L

L e e . s e s s B s B B L S B s B BB S By B S B S HN N
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

variables

4.7 B —@HE\L

0.10 015 020 025
I I L L

005
L

000
L

© o 0o 0 0 06 0o o o0 o0 o0 0o 0 o0 o0 o0 oo oo o000 oo o0 0000000 o0 0o o 0 o

0.08
L

006
L

004
L

002
L

0.00
L

L e e e e e L s s s s s e s e B N S B ws S s s
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

w
=
e
o Jo

variables

Bl 4.8.: R —ZHBRNMA

L e L s e s s B s B B e s B L S B S S By s B S S B B
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

variables

4.9 B = GFHANME
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4.1.4. kR FH ik

SHHAMER 47T A 340 B S B NMAE H#— AR ZANAR T A &K o
A BT A G BARRNME & F EAKE —w AR TR EATRS S S ER A HBICH &
SCAE o W T B T A B AR A AL 5] AT w0 B G B A R AR 69 ROR 0 AT A R AR AE 3
BE LA -

o

Bl
45 40 35 30 25 20 -15
L L L L L L

L e e e B e e A A
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

variables(fiRAMEER)

4.10.; B =3 A8 #H F ZBIC

ey

BIC

40 35 30 25 20 15 -10

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

iables(fRAMEHER)

B 4.11.: #A =53] X & #F ABIC

B

BIC
2 El

o

-

wwwwwwwwwwwwwwwwwwwwww
0123456738 910111213141516171819202122232425262728293031 32333435363735394041424344454647434950

iables({RAEHERF)

B 4.12.: #A = 3] A ¥ #F ABIC
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4.1.5. 500k #&#t

HE B AL E A ARFE00K 0 B4R G B EFEH o Underfitting # overfitting 4
B ATERBYREBSOEH > other KRR FHEFBRGEN - BBT R > TURE K
ATRPTIR 8 77 5 R T £ TH Z 8D 0 A R of AR SM 2 B AR R R K89 AR A

TR A

F 4.4 500K B E HOEIEL RS

wHE  E#EFE  underfitting overfitting other
50 x 9 0.808 23 71 2
100 x 10 0.93 0 35 0
250 x 11 0.974 0 13 0
A —
500 x 12 0.98 0 10 0
250 x 25 0.96 0 20 0
500 x 50 0.962 0 19 0
50 x 9 0.652 129 43 2
100 x 10 0.926 25 12 0
250 x 11 0.996 1 1 0
il
500 x 12 0.992 0 4 0
250 x 25 0.986 6 1 0
500 x 50  0.998 0 1 0
50 x 9 0.762 51 1 67
100 x 10 0.976 0 12 0
250 x 11 1 0 0 0
A=
500 x 12 1 0 0 0
250 x 25 1 0 0 0
500 x 50  0.996 0 2 0
4.2. Tw—

4.2.1. B3 FTH A R

AT A A1000F MAE - 2 5 A R ERE S HX = (X, Xo) A A B8 5] %
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HZ = (Z1,2:) 28X, S U(0,1),6=1,2 XA Z,~ Ber(0.5),s = 1,2 ° AT 5]
WEAEERY

o (1 4 2—%>

Y;: Xil(l_Xi )Sin (XZ-1+27%)

+ Zin +ei

HFe; ~ N(0,0.05%)

4.2.2. BL¥

GERLFFERENINGRBLBEARR  HBABTARLFHELE - FER—AF
1% Mlinear spline * M & TFAR B2 o &k = (ky, ko) 2 31 B 31 (X1, X2) 8 components ¥
Pt Mas i B3 s N = (A, M) 3 B (Z), )T 2 9 F B 48 - AT HBRE
SR BF > 4% A 3B NOMAD 3.5.0 (Nonsmooth Optimization by Mesh Adaptive Direct

Search)# AT X L5 & o« AL A MIALE R » ATAH T OELHTREML  BLHH
TP = (kp, ko, A1, o) — A 36002 4048 o

&R 4.5 BB TR SRR
k|loO 1 2 3 4 5
k| 0.1 2 3 4 5
A 01 02 03 04 05 06 07 08 09 1
A2 [0.1 02 03 04 05 06 07 08 09 1

4.2.3. 28I RT LBSE

B gRG s A e AR maLEEEA(1,1),4(1,0),4(0,1)%a(0,0)%"
1A3600 AP H TH EHATE — X LmE  MAFAGT BRI T AL R TREG T
&

&9

B
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WEEATHRE > FHiEA %

A6 B IR RAE TR A

ki,ky  Ai,A2  min RSSCV | k1, ks A, A2 min RSSCV
00 0.1,0.7  0.083551 30 0.1,08  0.08537
10 01,1  0.078608 13 0.1,0.8  0.080142
20 01,08  0.063112 23 0.1,0.9  0.064473
30 0.1,0.8  0.044668 33 0.1,0.8  0.045635
40 01,1 0.034742 43 01,08  0.035432
50 01,1  0.040402 53 0.1,0.7  0.041213
10 01,1  0.084188 40 01,1 0.08577
11 01,1  0.079048 14 01,1  0.080455
21 01,1  0.063615 24 01,1  0.064682
31 01,09  0.044998 34 01,09  0.046005
41 01,1  0.034945 44 01,09  0.035823
51 01,1  0.040669 54 01,09  0.041567
20  0.1,08  0.084733 50 01,1 0.08664
12 01,08  0.079589 15 01,1  0.081396
22 0.1,0.8  0.063973 25 01,1  0.065024
32 01,08  0.045243 35 0.1,09  0.046456
42 01,09  0.035201 45 01,09  0.036039
52 0.1,0.9 0.040904 55 0.1,0.8  0.041851

BN — 0 F Ny — 136004048 58P & A R 693 H R
A8 B 69 B fE & %[Xgnilﬁn%likg —0° BT IAT R T ETER
B I BRI AR -

715 4 F 1R 2

26

P =

VH B X LR B 6 R AT S OF

(4,0,0.1,1) » #a+3F
HBTFRFBEES

DOI:10.6814/NCCU202100689



5. &R

g&;

@A AR AE A F d9componentstE B3 VA 3T R B A T oy 212 AEUE B B
FTREGFY > ERRTRBEF R A RFHFFT AR REGER - ZBEITE
Bl4.97 A& H R R A @ AT @ MEA AR LR RAHE 40 B & HZ kA0 H
BRI RASERAT BT FAZR I OF UM RBAK > 100F A L6 TH £
AR RAER > S A A LA RAT A EFEBR o

EA T SAAR G R T ERABEME RTHAERRGBEEI  FHE B
BRAFFSBHEFAFRABRKOYE - S XAEABMEE BRI NE Tk, ko, ..., kAR
13 LR DE o \E%E&QPH@ﬁ%%%%’@éingﬁﬂnﬂ&ﬁﬁ$%
MEP TARAZAT EEHEREL T RRIAK o TR=AEA R B S8 % Bofa 48 7] &
o AETHALTRARMEL SOMEHBHEAIEFFLE > 1A 5 E3600/E8 5 s
FEBRURERE - BE - G- URBLZELIN G —KREA - £ R MR &
BNOMAD® A # T » — M4 @8 R Lassod FL A48 AR Rk S8 — & UBas 89
7 ik o A2 B = PR R 69 e e G BR B BT AR AR B A9 FL R o BR iR AR B Ay oy ks R
B oo 235 8 R 4.6 A tH 3 80 B Bk koo T30 T AL A BObE 8 TR 48] 5 48 5
GHGERM > ALTHEEECH BHAEKERLE

ARG FEHLERE > £ THEXGFT AR KRR RET HGES LK
K — 4B B B A 8 P TR A HORAR A R 3 A% 83 FcomponentstE 3T & g F 7
IZ AR AN B B B TR R A Z ST RREFARG T G ©
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EHABEHEX, Xy, Xy o BAEREREZNFONE » RIFENG F AR & EE
J#BR1,Ry,..., Ry o B ZVATHER

Hi: A A Ry, Ry ¥R #54%

WAL R G R Rk R AT

LR = —9%In [M} 4 1 [LO]

supg.oL (0) Ly
d

LR }7 x> (d-f (Hy) —d.f (Ho))
0

T B i & B B —1fBcomponent T4 H 69 KRB # o 25 B Bm o A% R KAE 2P B o
Ald.f (Hy) —d.f (Ho) = m+k— 1. LyAL} 2 5 RERHAH, X T 898 & Bk KA o
T AP AR 2R E R R EC 0 TSR AL B R G R E T A by KB o

RSS _»

L =("22)"%h=0,1

n

B E KRB = 0.055 PG » 54 % &R H BA B FH A BIAT— KB LR

Hy:2 A Ry, Ry B9 A 85 4%
Hy:& A Ry, Ry, Ra 09 A $4

RBILRA] > FRELERIELE LA > A RBE T MAGEA XA H A5 A—10
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BARMLAR T F ERA B O EH — 8 T > FEFATS00R IR ILE R & kA7

RO RS o T RT AN

442 A components & & &b R B HOR BT 0 Bl B B E KR A3 T AL

BRFEEZLARA L

’ \%@ Ha

2

@,ﬂ@ P

A Al: BPOETER— kR T IELEK
THE  BICEFER  BEMILR T ERE R
50 x 9 0.808 0.812
100 x 10 0.93 0.928
250 x 11 0.974 0.944
B —
500 x 12 0.98 0.736
250 x 25 0.96 0.892
500 x 50 0.962 0.6
50 % 9 0.652 0.516
100 x 10 0.93 0.658
250 x 11 0.974 0.696
A =
500 x 12 0.98 0.682
250 x 25 0.96 0.68
500 x 50 0.962 0.688
50 x 9 0.762 0.55
100 x 10 0.93 0.676
250 x 11 0.974 0.702
B =
500 x 12 0.98 0.736
250 x 25 0.96 0.662
500 x 50 0.962 0.672
29

TR AR T 89 7 B AR N BICH #E o (.4 % —

TRE R HERY

DOI:10.6814/NCCU202100689



[1] Variyath. AM and Brobbey. A. Variable selection in multivariate multiple regres-
sion. PLOS ONE, 15(7), 2020.

[2] K.Ulm and A.Hapfelmeier. A new variable selection approach using random forests.

Computational Statistics and Data Analysis, 60:50-69, 2013.

[3] Xuyuan Li, Holger R.Maier, and Aaron C.Zecchin. Improved pmi-based input vari-
able selection approach for artificial neural network and other data driven environ-
mental and water resource models. Environmental Modelling and Software, 65:15—

29, 2015.

[4] Jerome H. Friedman and Werner Stuetzle. Projection pursuit regression. Journal

of the American Statistical Association, 76, 1981.

[5] Geoffrey S. Watson. Smooth regression analysis. The Indian Journal of Statistics,

Series A, 26(4):359-372, 1964.

[6] Charles J. Stone. Additive regression and other nonparametric models. Annals of

Statistics, 13(2), 1985.

[7] 1.J.Schoenberg. Contributions to the problem of approximation of equidistant data
by analytic functions. Quarterly of Applied Mathematics, 4(1):45-99, 1946.

[8] Robert Tibshirani. Regression shrinkage and selection via the lasso. Journal of the

Royal Statistical Society. Series B (Methodological), 58:267-288, 1996.

[9] Ming Yuan and Yi Lin. Model selection and estimation in regression with grouped

variables. Journal of the Royal Statistical Society, 68:49—-67, 2006.

30

DOI:10.6814/NCCU202100689



[10] Jian Huang, Joel L. Horowitz, and Fengrong Wei. variable selection in nonpara-

metric additive models. The Annals of Statistics, 38(4):2282-2313, 2010.

[11] Xia Cui, Heng Peng, Songgiao Wen, and Lixing Zhu. Component selection in the
additive regression model. Scandinavian Journal of Statistics, 40(3):491-510, 2013.

[12] Miao Yang, Lan Xue, and Lijian Yang. Variable selection for additive model via

cumulative ratios of empirical strengths total. Journal of Nonparametric Statistics,

28(3):595-616, 2016.

[13] Shujie Ma and Jeffrey S. Racine. Additive regression splines with irrelevant cate-

gorical and continuous regressors. Statistica Sinica, 23:515-541, 2013.

[14] Carl de Boor. On calculating with b-splines. Journal of Approximation Theory,
6(1):50-62, 2015.

31

DOI:10.6814/NCCU202100689



