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B =Fol A Breiman 5-(1984)8] AATAHeo] 21 9 ApHd AYL I8
5 e dnYEE Adesich AU dneFe w29 BedAsE A
At a2 Addd W st o]A LS A 2P E Fe AR A ATk
&Lt A5E 4 g adojwd] AR AS 9 A& £y, HFY
d o= aRaZ-dejao] FAF AT FHE A FARLE MF FAT W
& B4 s AYs9 D Breiman 5(1984)9] AAZ AL 1 Heouk Bg8o]
== FrlES Aotdnh B A dFE F5) Breiman 5(1984)2} CART S At
e gduess Al g, dedgydn JFAFLX SHAA AR wastgct
olgd ¥ ¢nEEe AA NE AL RES HMZ vludgict

Breiman 5(1984)2] CART{(Classification And Regression Tree)oll A Al2-3l= HA
A8 (exhaustive search method)-2 W4 A 8 B & (bias in variable selection)o] 4 Z}3 Ao
2 g A Aot ($FA, &9F, 2001; Lohg} Shih, 1997; Lee2} Song, 2002). TthA] 23
AAEAHe g2 HE 25 711 A3 Y W57} o &84 (predictor variables) o] £ 35
o] Qe AL o] }EY W47l BEE WS (target variable) 2t o) Aol g K2 4 (split
variable) 2 A &g 7bsAdo] #& FAEE 7HAD At olg) 2L AF] e &FY
F(classification trees)E WE7] 18] o) AFAEL WA =9 BEd4 g B3y
o} EARCE 71 FotA ABH dESH4E AEEn 2 A5l &3t H A
24 (split point) & ok == 2217 &(split rule) & F3he d& A Akl e} (Lobst
Vanichsetakul, 1988; Loh 2} Shih, 1997; Kim3} Loh, 2001; Lee2} Song, 2002). 38 HaAM =
Hko] = 37 }F (regression trees)E THE 7] 3] Loh(2002)= ‘GUIDE({Generalized,
Unbiased Interaction Detection and Estimation)' 2 B8 %+ 418 &E A3t ot

B =RdAe BRI/ ASE d o daAdE AFo] gl JAURE U + 3
+ e ES Agstazt gk AP AL E 53 Breiman 5(1984)2) CART ¢8|

1) (@45-743) R71% SHAA BRE AT 4 228, +RUNE AUy SARL D, Yus
E-mail: jinhkim@suwon.ac.kr

2) (445-743) A71% HHA B 9ol 42235, AR AdAsos FAY LA, A
E-mail: sapire@suwon.ac.kr




460 AXE, Az

Z23 A3 ¢uYES HeAd ®HE ¥ DY (variable selection power)i} oA
2 x}H{mean squared error; MSE) & @ oj| G

1 A2 HZet A o} o3 F EuEE A
A Azl A8t EEE ME BlustnA} St

x=9] 2E7]EE A7) A3 Breiman §(1984)¢] AHE 3t AA TP L Felds
A 2eld 23 A 817 w ol A58 Wy FolMe AR thE ge gol
= ATt Bel7]1E0 g AdE sheAdol &1, i3 Y H4e A4y AL FollMe ES
Fofl et 7He e Bert AL AL Fridtes Y A7t RIS o R A9E by
ol ot =9 Ry AYolA w3t o3t Mg B E W5 dMlog Uy
&= AlAEY] B34 (computational complexity) S ZAo) 2R3 Y A o g B =
FollAe A ol o8l EeldeE Adste DA A9E Aot AT S
gt £eRE g AR ‘f}-r°1 ‘*‘:«] wY7EE Adte e ES AGstazt
ey

K78 A& FollA Xy,..., Xk, < AFH ol Xk 41,..., Xkt BFFolgta 3
2t & WA = Nolgtn &) y(i = 1,...,N)= 3% 7AAe SEHL Ve 33 g
B = Lo Nij = 1, K)E 008 A 24 X;9) B2 e tehdch Ea,
T, = (Tir, . Biky, Tiky 41 - - Tik)E (A A Y g EAS-EY FE FEZ o]FoA

WElojth ER 4o &8s HOE o2 AR YA N AY As= he3t 2
o,
(wivyi)) Z*—‘l,’N

a3 R E M Mi(t)e BFE dASHT Xk =K1+ 1,...,K)8 ¥F $& gy
I, N@t)= == 4 A & Jehdtz gx)

2.1. 2y M

T R Atele] £¥AE A8 A del 20ln Y e AP 7MedA £ 9
T EF7HEE5Y o df= A5 oW (Spearman) 8] €A FA T 7128 AR, F RS R
F7t B3 Y 4 Wi gol&(Pearson)d] FholAlF A A, stvbs A4 P ol thE hubE ¥
3 4 di= 2 2Z-ge] 2 (Kruscal-Wallis) o} FAI ol 7123t 238 AT 4 Aot
(Randles-»} Wolfe, 1979). Eubank 5(1987), ©] 3
HENAZ thE 78] Aol e AFAHE EFT AT 2 7198 21 g7 o
ol Z+ AAH FAEE g2 AF4 3
wetA B mfodMe dEisrt 448 d me
g a3, A5y d o 272 %Eléﬁ A 2%
o2 71 foldtA ERHsd dBE dEUSE Lu Ry
232 gk 2zt e EofA RE WS E Adstes AAE FA Aoz 4

-
ro

)4



Step 1: [958 AP = tollA Al EHE X (k=1,...,K;)8 FRXEF Y Abol9]
2gojgte] ERFFA G 725 E‘“EW ”@% Tyt pit &, a(k)E Fot
02 2248 UESIE k9 e ko2 Ao

alky) = 1iu<nK1 alk).

Step 2: {%‘%‘—ﬁé‘l 73%] EE ol A o &d 4 X (k=K +1,... K)S BFH$ Y A}

ole] A+ 91 571]%“’1] 4ES. %*é 737&—% FystAd pgt &, a(k)E +

ttlo m‘ﬁ
g
l>

2.2
=t AME FREUFY FEE Gt) = X, o bi/NEOE BA8E 2
MSEE t}-3-3 2] A9 stat

2y - L im2
s°(t) NG > {vi—9(t)}
(Ti.y:)€L
3 22 oA Me(t) WY WFE zhe AREY dSHs XS WF =1, Mi(t)o)

A 3 97 G8 A FE M) = T, ygerllon =) AAAD G3U20) 37
< ut) = Z{(xi,yi)gt‘zikzl} yi/ Ni()2 Rt &, I()2 AA gol et

xo HA 28782 2189 Aol we} A= E £ 2] ¥4 2 Breiman 5(1984) 9]
AAENYE & oho] Fotua sk 2184 AHd 285 X o] F3 wet £
BHEE g PP FAF o 4By ot g 2t

L [R%9 39
St(‘p 1: Xklgl -7(_]";:—1“ %} Likty r-y (t)k’ T(lk’) << x(N(t)k’)'?‘]’ 7{;‘_'01 —fr_:/\iil- @’
o}
Step 2: ZZre) | LN{E) - 19 o 31 L(1kr) 76-‘3([-}-1 %) < of T(1k)s -+ > Tk iy

=1,.
% ;g-‘}\f 7H -'ﬂ—‘\__f % = —‘-'l"—c(tL)i ELH.L. .’L’(l+1 k' ), - x(N(t)k‘) %)\";—Z‘ ;&"‘: 7“}“%
2EE =E(tp)2 Hulo] T Zo] MSEY /3B 2 FaTh

s7(t) = prs®(tL) + prs*(tr).

&, pr{pr)S N(t) A 7AA 5 == (p(tr)oll ZFH 7HA 9] v &S JeERY
t}.
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Step 3: 52(t) = MinQ, g ey o) SHOS 0] B W NSRS X8l 2
& 2ol tsste 19 & 2, 20k O2 ARV TR R o] RelE L

kal S m([k’)’

Step 1: Xg, 2 W3 1,..., M (t)ol ol BEXAT B 01(8), ..., Im.(t) B T
S 01 & gy (1) < - < P, () (1) B0l SAIF T

Step2: ZtZrel I=1,..., My (t)— 10 Thal gy () # Fuany(t) B W BF (1), ..., (Dol
%3 ANAe h% EE()R BUD, EF (1+1),..., (M)l &3k 713
t 8% LE(tg) 8 EWo] thgF 2ol MSES] M5 TE T3

sE(t) = prs®(tn) + prs*(tR).

Step 3. ;z(t) = min(l y(l)(t)75y(l+1)(t)} Slz(t)g} €°] 239’]??‘_' tliH "ﬂé‘-t&-’f* Xk’g'] ?‘:_"a%:]
e s2(t)l gt {(1),...,(D}eg 2ATG gt =t EY7E2

K € {(1),..., O}
Fojzith.

2.13~22%9 ZAaE met =8 FEdyrte J*]"g e == W AA 71 e A
A3 2 gEY 2 FE Ze T AL AW ZE =04 o] B A H(stopping
rule)o] & E wj w24 BUA "o} o] FE s AST ‘Q’ﬂﬂ%% ‘SKES(Spearman or
Kruscal-Wallis test and Exhaustive Search)’ 22 ¢FA 5 7lc}.

3. & ¢12|lE CARTR} SKESS| H|w@

2 AoAs 24 A7 E &3 HeAd A, dsAdd Y, MSE SR04 CART
d1uelET SKES v &S AR ulustial got

~ N(0,1); W ~ Exp(l); U ~ Unifrom{l, 2, 3,4}, (3.1)

1, ifC < M/2

z
B ~ Unifrom{1,2}; C ~ Unifrom{l,...,M}; BC =
nifrom{1, 2} nifrom{ } { Uniform{1,2}, if C > M/2.
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) 9] 4= N = 200,500

S 5 olth el ZW4E Alole] FEBAEE N, Mo
gholl mhe} ol AL 300M WBFH}GY BE 5ok 42 S
2 2%E(root node)ol A 7t dlZW47} Belisz AUE BFL o|2Ho= 020k
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d%9% =9 ond  pAw
X1 Z U+W+2Z W+01Z
X, w w w
X3 U U U
X4 B BC BC
Xs C C C

E32 SYRYeIN 3008 WESPor 23U Tese) WeNY BE

54 ok 7%

N M dias CART SKES CART SKES CART SKES
200 5 X .380 .147 377 .210 .400 167
X2 420 157 420 187 373 113

X3 .060 243 .030 .193 043 287

X4 017 .243 013 .216 .030 213

X5 123 210 .160 .193 .153 .220

15 X1 .103 .187 .093 .167 097 .160
X2 107 .193 117 .220 .083 153

X3 010 .200 017 .190 .020 .243

X4 003 200 007 213 .003 197

Xs 777 220 767 .210 797 .247

500 5 X1 447 77 .373 .190 .390 117
X3 377 .243 420 .187 .363 .207

X3 033 173 027 177 .063 .240

X4 023 .200 023 273 020 237

X5 120 207 157 173 .163 .200

15 X1 097 .200 .133 157 113 170
X3 127 207 137 .220 .083 .143

X3 010 217 .003 .230 .013 227

X4 003 157 .000 200 .000 197

Xs 763 .220 727 193 790 263
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E 3.2& F €383 SKESS} CARTY WsAlel #oE wasty] s 2
T X~ X7 ZEEAL] AR YA 2 s ZE)aE(Monte Carlo) _‘?_-4
3008 whE st 24 7t o] AE bgoth & 329 BE A e
£ 2H(se)= 0.023 ot} E 3.20]4 £ & A%o] CART= AIEFWFE Abold F453A
FAQl M =5 A wle dEAF X7 Xo 8 RS E o Wol AHsA
4 e Xs& 22Tz o gol AEsgint metd CART %_7
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& £ gl vhgel SKES: 7HAl 4, ¥4 Xso ¥ %
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Z2H L E Alo|9] F&FA a}a} E 329 o] ZASQGC) WA
237 HAA AN E ] o ZolA] AH o &M BEwaol o
= toch 2 28 l BH*H zo A e AA 5+ N = 200,500 o]
15 o] 1, _,:th/\g} ARE EH oﬂth/\,] Zgy
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Y =cX; +e (3.2)
@, ot U)X Y Aol 2 REFFEEUFOIT AYEY (3.2)004 dEHSE Alo]
o FELEBAER BEUSTY 7 I ESHS 99 AFASTE B 339 2k & 339 2 7hel
ZEE A5 o F2 dEHsE Alol2] FLAARE p = Corr(Y, X1)9 ol wel 23
=3

£33 2% 32004 SEHSY 2 o) Su5ge 4BAS

o &¥s 5 okt cRe
X1 c/Ve2+1 V13¢/V13c2+4  V101¢/V101c? + 100
X2 0 2¢/vV13Z + 4 10¢/+/101c? + 100
X3 0 V5e/V13cZ +4 0
Xa 0 0 0
X5 0 0 0
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(3.2)ell A 300 <] 1

3

&

j= )
-

3 3.4:

L)
0

(NS

SKES

CART

SKES

CART

247
.247
140

473
.363
.033
.003
127
.167
143
.010
.007
673
.560
437
.000
.000
.003
357
.290
.003
.000
.350
477
453
.017
.003
.050
.243
.263
.000
.007
487
470
.530
.000
.000
.000
470
467
.000
.000
.063

.353
193
170
150
.133
1390
163
143
160
143
.740
.090
110
.037
.023
787
.080
077
.027
.030
647
110
143
.063
.037
636
116
163
.033
.053
.947
.023
.030
.000
.000
947
.013
.040
.000
.000

557
.310
.037
.007
.090
243
.097
.010
.010
.640
783
.163
033
.000
.020
576
.083
.030
.003
.307
.673
.250
027
.000
.050
.386
113
.010
.003
487
.943
.053
.003
.000
.000
.883
.060
.003
.003
.050

423
.153
130
.130
.163
.450
117
137
133
.163
.857
.023
037
.027
.057
.870
017
040
.023
.050
710
.060
.090
.050
.090
.740
.053
.057
.100
050
.990
.007
.000
.000
.003
.990
.003
.003
.003
.000

560
.290
.047
.010
.093
.287
077
.003
.003
.630
.900
.057
.010
.003
.030
630
.040
.003
.003
.323
817
120
.013
.000
.050
440
.060
.000
.000
.500
.990
.010
.000
.000
.000
940
.000
.000
.000
.060

X1

0.1

200

X2

X3

.206
.160
310
.240

X4

Xs

X1

15

X2

.180
147
123
.603
.380
.003
.007
.007
.483
373
043
.050
.050
.393
.330
.080
117
.080
410
.340
.097
067
.087
587
403
.003
.007
.000
.567
423
.010
.000
.000

X3

X4

X5

X1

D

0.2

X2

X3

X4

X1

15

X2

X3

Xa

Xs

X1

0.1

500

X2

X3

X4

Xs

X1

15

X2

X3

X4

Xs

X1

0.2

X2

X3

X4

X1

15

X2

X3

X4
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E348 AFEY M =5,=012Q u JZASE Abol9] FE @A BA ) CART
7} SKESHTh 4 X0 i 4eele of £ A0 uehdrh TeLh E 32004 45
BOrSol CARTE M =5 4 W 84 X% X,02 W4Ad 292 =1 g7 wgo
SKESE T} X0l i WaAddae] srhn 47 94¥ £& gickn A4°ch M =5 2
o p7} 01014 0.22 S7H5HE S Z A4 X, 3 SEASY ABBAI AR W] A
4 X0l g Aedo] 3 S/ ARY £ Uk W, M =15 =01 3$ o
294F Atolo] F4BAG BAYe] CARTE 44" Byl &8 §L Iz B
423 Atk oAl 2el BTEWSI ABY WS X BT 23e 2 WF 8 2
Xs& 2o EeusE Adstels AL Holn Utk T o9} 2L BEL
0.1014 022 F718t® 27 ZolSo) W4 X,o Bjg Aol W5 Xsol g A E
o AA Bk M =15 A 3§ SKESE | 2W4E Alole] S5 po) gol B
of CARTE T 84 ¥4 X, ol o8 958 4982 Bojxq ek N =500 9 wf 73
o AMEoE N =200 o 2 gk N =20 % Wjuch M} pe] BE 2NN of 20
45 Abold B4 AN BAY) WS X0 hE AWHo| 3A 3RS ¢ 4 Yok

@, e UlAY] Aol 2 T g % SN

E4d o ASASE Aol FEBAAEE EX AL} 7L &g FBAAsE £
3.59) ok & 3.59 7 qhol| ®
Corr(Y, X4)2] kol wet 2849

£ 35 2 (3.3)0llA Z A&t Rx UL} AL

o Zw 4 =3 o+ B 2
X1 0 0 0
X2 0 0 0
X3 0 0 0
X4 c/VeT+4 c/Ve® ¥t 14 c/VeEE i1
Xs 0 (M3 + M? = 1)c/st (M3 4+ M? —1)c/s

tt = (3M2 +2M — 1)/(16M?), s = 16M2 /(M2 — 1)(tc? + 1)/12

E36SAHRIM =5,p=01 2 @ AFALE Aboj o] FEAA o} #AQlo] CART
t EEUSS A28 dF X BT 233 ¥F XiolU Xo & 2= FHsE ¢ A
Bt Aoy etk oot 22 AL & 32004 BE AAHY N =200,M =5 3}
oA Mg Xy, Xooll A A, BAFOo2RH v AT ¥ F Aok Tt o™
A2 p7h 01014 022 F713td FEF o] AL Xyoll e A= H o] 74F A vebit



467

3

3.6:

t

2ol
<0

SKES

CART

SKES

CART

SKES

CART
.300
.340
.057
.150
153
117
.097
.003
.060
723
127
.163
.010
.647
.053
.070
.047
.003
.373
507
310

Ar

.047
.120
167
517
.150
.067
113
133
530
157
.017
.007
027
.903
.047
.013
.023
.027
.903
.033
.043
057
.060
.730
110
.037
.037
.080
787
.060
.000
.000
.000
.997
.003
.000
.000
.000
.997
.003

373
270
037
153
167
.063
.050
.013
.047
827
117
117
013
.640
113
.030
.027
.003
.313
627
243
233
.040
333
.150
057
.053
.003
.153
733
.010
.017
.003
943
027
.007
.003
.000
790
.200

073
.140
.143
.507
137
127
147
.103
1490
133
.010
.023
017
.903
.047
.013
.030
023
.903
.030
.050
.087
.043
717
.103
037
.067
.067
770
.060
.000
.000
.000
997
003
.000
.000
.000
.997
.003

327
333
027
153
.160
077
.057
.013
.047
.807
123
133
017
617
.110
.050
.030
.003
.307
610
.267
267
.020
317
.130
.080
.073
.003
.143
.700
.027
.017
.000
.933
023
.007
.007
.000
787
.200

.120
167
143
.460
.110
137
117
.093
520
133
.040
.030
030
.880
.020
.037
.033
.023
877
.030
.070
043
.057
750
.080
.063
.053
.077
733
.073
.007
.000
.003
.990
.000
.000
.000
.003
.997
.000

X1

0.1

200

X2

X3

X4

X5

X1

15

X2

X3

X4

Xs

X1

0.2

X2

X3

X4

X1

15

X2

X3

Xa

Xs

X1

0.1

500

X2

.017
330
.090
.090
.100
.000
.183
.627
.030
.007
.000
953
010
.003
.010
.000
.903
.083

X3

Xa

X5

X1

15

X2

X3

X4

Xs

X1

0.2

X2

X3

X4

X1

15

X2

X3

X4
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=

1d o dEAFE Aol £
T X Bth 238 g2 HE £
old ML p7} 0.19A 0.22
Xsoll that AelEo] W Xyof e el B} 34 fA5 12 Yt vrd o SKES

o %
_o'L
K
3o
LR

Aol 22T|E A9 FohE £ Atk T FolA 7 FEAXNE FSE M=15=02
R

d o X;o tE 4o 2 L o8 Aty AR g X,
=

3.3. MSEQ] H|

5 ¢12l& SKESS} CARTS 288 MSE ZWA M2 vlasty] A3 2YAES
) o] & A3 3.1-AM MY ¥ Z, W, B,U,C,BCES 47 (3.1)3} 2o] B4 3t
VI BE &S %329 FY8A AR ERUF Y &b X, X3, Xy 7}
AR AFE o3 22 2¥ g nsidt

Y = 0.2X; + 0.2X5 + 0.41(Xy = 2) + c. (3.4)
e EFEAFEEUSTOITE 2Y (34)A ASHLE Aol F5BAE EERT Y
Z- o Eigole] JAASE & 3.7 2ok 2o 8 A = N = 200,500
olu ¥4 Xz MF £ M =515tk N, M MZE o} 4719 23 2z ofj3) 2o
APE 100 vt sd g o H £ 8 %5 (training sample) S E 7 & 3| AURE HE
I EY 2Ac2RE AAH H7E & E(test sample)S T 3] FH Lo A& 3] MSE
£ A4zl AAURE BE o X FHe2 == W RA 74 F JNA 9 5%0) g
Ao 2o 2el§ BEes PHES ARSI

M o S =9 kAt & AR

5 X1 .188 453 190
X2 0 .182 189
X3 210 406 210
X4 188 .166 173
X5 0 077 080

15 X, .188 456 .190
X2 0 .183 190
X3 .210 .409 211
X4 .188 .162 167

X5 0 .079 .082




Aege Aol Qe AAURLE BES) 3 GnYE 469
38 2% (34)004 30099} ME S0z 24N 2o ASMD BF
59 FA A g
N M off & w4 CART SKES CART SKES CART SKES
200 5 X1 .500 237 .857 .753 270 .103
X2 .013 .003 .000 .000 .253 107
X3 310 .460 143 243 337 497
X4 170 .300 .000 .000 137 287
Xs .007 .000 .000 003 .003 .007
15 X1 313 287 .830 .790 213 173
Xa .030 .006 .000 .000 193 097
X3 .280 427 163 .210 277 483
X4 130 277 .003 .000 073 243
Xs .247 .003 .003 .000 243 003
500 5 X1 327 223 .880 987 227 110
X .000 .000 .000 .000 190 077
X3 .350 .503 120 013 .387 633
X4 323 273 .000 .000 197 177
X5 .000 .000 .000 .000 .000 .003
15 X, .300 233 .863 .980 207 130
X2 .000 .000 .000 .000 227 .063 .
X3 423 .450 137 .020 .403 .640
Xa 257 317 .000 .000 110 167
X5 .020 000 .000 000 .053 .000
39 28 (3.4)0]4 100Me] W& 2oz Y9 MSEe] RE S
=4 R R
N M CART SKES CART SKES CART SKES
200 5 m 1.577 1.511 1.633 1.495 1.545 1.477
s 0.177 0.184 0.189 0.177 0.189 0.210
r 0.958 0.915 0.955
e 4.185 8.451 4.440
15 m 1.630 1.453 1.630 1.478 1.567 1.449
S 0.220 0.166 0.201 0.164 0.172 0.150
T 0.891 0.907 0.924
e 10.859 9.325 7.530
500 5 m 1.350 1.264 1.354 1.275 1.310 1.251
K] 0.102 0.090 0.124 0.097 0.099 0.089
T 0.936 0.942 0.954
e 6.370 5.835 4.504
15 ™m 1.336 1.252 1.361 1.244 1.325 1.232
s 0.120 0.099 0.105 0.089 0.099 0.084
0.937 0.914 0.930
6.287 8.597 7.019
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%382 29 (34)8 5 2xSolA 7 ¥4t BelisE 49T HES 24 2
o]tk SKESE N, M) of® Zol el A= el 285 Atole) F&BAN DAl 2
5ol b b ABD el 4] ASAE ulgol 7 A dehdoh thak 4
B A X T X7t X BT SRRSO 25 ABs o} Yol BTHL WS4

Aol 2

g ulgo) o RA yEhd 22 X3 Xo9) AEAS7H0.9952 4 F W Abol
7l e Aoz Azt ¥, CARTE % 7HA 3¢-& A9 8t3 SKES vl dt A3
€ Bojzm ok 2 FolA N =200, M =59 wj CART+ X, o th& d5dd vl gol 5
EUF} 7P 2oA Q39 Xaol A A vl E o 34 Yebdon, N =200, M =15
dols SEAFS HNE FYA WS X8 o Wol Adste BF2 HAFA 28t
AR 7k N = 50090 73 CART €259 old A2 5S¢ A2 Ueyt
3.2%9) AFEY ofyet B 389 ZHE FHA & W) SKESE CARTEN ¥ ¢3¢
FAdd S QYT Aok YzEo

£ 39+ 100709 B7Hg ZEe2RE dolA 7 g5 MSES] Bd(m)H} £F
HaHs), F ¢nelFe MSES 7 ¥(r)sh 4B T A FLARLZ(e)olth &, r =
ms/me °] 1 e(%) = (me —ms)/me x 100 ojth ms me+ 242 SKESS}F CART 2] MSE
o F¢& vehdch £ 398 Hu AR TAF AL Fl 4~ 11% FEE UEPdTh
dl&usEo] NZ SO N =200,M =159 o SHBIFAFAe Basel 713
A vebted 2 olfE vE ASHS X7 SRS MR SPA AR X9 HF
F7+ %7 2ol CARTE ¥FAd B%E Ko X; 8 SAUTE o] AHA Hglu
ol MSEE A ¥ Aoz 47

4. A At=202e HE

F ¢ 12lE CARTS} SKESE Statlib(http://lib.stat.cmu.edu)ol A 3] 3k ‘E}2P A&
9} 24 28, UCI Machine Learning Repositoryoll A =3 ‘MPG’ A58} ‘BEAE’ 2}
2ol Agstel 8 A2 M WA ARE UF TR ok et 26370 B
19879 A% 22749 A ZASE ol RolA ATk T4 ARE 1T HRoFT T4 1767
of that 1987d AEH 1770] ASAFE o] FAA Ao} ‘BAE ARE HAE 79
506709 Aol ha Wgkel FFzH 13749 AZAFE ol 2AH ATk MPC AHRE
3087H7] 3ol e 1AET FHAAL 8N AZUS2 o[ FolA Uk W4 Hspo'7}
A& 7= 6702 AAls BEAMolA AL e 392702 AT B0 2833} 3
UFE ¢ o AAFHA2 33HAANAY == W WA 71 & AA 9 5% o] H
o HEg HWEe Py AL A D 7HA A 7] (pruning) = £ 8 EHA] Ut Breiman
5(1984) 2] 32 x}E}F A (10-fold Cross Validation; 10-fold CV) W3-8 X A 3| A 2] MSE
o1 37 B2LAE 2R
£ 4100 B 5 25o] 248 ZE uojet Aol M SKESS] MSE7} CARTS| MSER
Rorou BE2AE AAY A2 2A FRAAL. £, AnPeATLA) Bo
5 9F12%~51% B E 2 SKES7} CARTE Ut} o] €43 Ao g ey}

n g



MEdE Bl gt IAURE BEY] A LB /m

E 4.1: 10fold CV B} o 2 A E AA 252 MSE v

A8 el & MSE+1se T e
B} 7} CART 0.639 + 0.088
0.865  13.459
SKES 0.553 £ 0.089
E CART 1.488 +0.291
0.491 50.941
SKES 0.730 + 0.198
HAE CART 0.060 £ 0.006
0.883  11.667
SKES 0.053 = 0.006
MPG CART  14.439+ 1617
0.853 14.655
SKES 12.323 £ 1.236
5. 28
B =FoME AAURE 24T Yo CARTY Ax g gol 23 Q& WL
A FAHE WA A 271ES Aote PPLR =28 FEE) @ e R
A AEE 3 AdE dpol AT 2P e 2 dnYEFS A dE S
3l Aldd duelE CARTE A& vadtgict. 2 23} SKESt= CARTHE T B¢ A€
Ao AL ApALY £3 LT Ao Yegton, dueFE RS Hass B
APl M= SKES7t CARTE T} vl-% ¢-538HA] LEbtTh 8HH, of 8] AA 2k5 o] &4

A= SKES7} CARTRth MSEE ¢ 2HA &A1t}

AA 28 E RE A8 Sl 2E33E T A7 FF Al A&y Ao o
3 AF7F e 2 Ay olof sty A zhEtt. o AHE A L7 (decision trees)S] A &-& F7}
A 7171 3 3 2 2 Breiman(1996) o] A ¢+ BAGGING (Bootstrap AGGregatING)©|
de] AHRE 1 Ytk R4 BHAE AAEA = WA A A g G el Foll BAGGING
g Ags) B A% AN Y AN E BAGCGINGS 312 9-2 SKES ¢na]&Hc} o
ZAE MSEE Zte HAUTE 74T 4 AJAT Tr=olA HaAde Hgo] LA
ot mhebA FE AFoA = WA d BiFe] glon] FAjo BAGGINGHE 73 248
24 5 Yt ¢neEe Ml Fosivtn 73

CART €18 Z9] Splus ZE I £AAE AZ&H & o] R vhalol A ZA=P Ut}

)Y
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Regression Trees with Unbiased Variable Selection

Jinheum Kim ¥ Min-Ho Kim 2

ABSTRACT

It has well known that an exhaustive search algorithm suggested by Breiman et
al.(1984) has a trend to select the variable having relatively many possible splits as
an splitting rule. We propose an algorithm to overcome this variable selection bias
problem and then construct unbiased regression trees based on the algorithm. The
proposed algorithin runs two steps of selecting a split variable and determining a split
rule for binary split based on the split variable. Simulation studies were performed to
compare the proposed algorithm with Breiman et al.(1984)’s CART (Classification and
Regression Tree) in terms of degree of variable selction bias, variable selection power,
and MSE(Mean Squared Error). Also, we illustrate the proposed algorithm with real

data sets.

Keywords: CART; Kruscal-Wallis test; Regression trees; Spearman’s rank correlation
coefficient; Variable selection bias; Variable selection power
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