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AAIEAFAYFE 183 R A Martin 1997).
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F2.1: 289 €47 4RIz vA = 9F
A HAExZo 4 | o] | TAAR
FRAEE
X; - Xo 6 2 100%
Xo — X1 5 2 100%
X3 — X1~ Xo 12 3 100%
X5 — X2 — X, 10 3 100%
X, — X3 - X; 12 3 100%
Xy — X3 - X, 9 3 100%
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CART "2 7 ¥igo] RE B Ho BEHIAL ALTT a8a 4 isds
EEREANE IR g 284 E 22 3 AeS78 Hlasy, 7P & 28+ 8
4E& 7= HsE EYdsE A

AT g ol A CART7} & AHE R vh5-2] YAk} 5 9%, C4.5 (Quinlan, 1993)= 2
AHe G Ho A AR YT R A dhyolth. CART7F 24 wit]ofl o] 4288 A3
o o] R &2 UFTZE BEEu WElo, C455 A5F oS g A oA £l
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2Ue) B2 AU QoA 9 Fonz 2ol ARUCIHNE oEokel T 18
of FHFFRE} Aol7t AeAE AR} A FEFHLSEELE 83tk
ok goje] 3 Wgo tiste 2F1e] £3e XHSY BERXAE Xy, -0, XiwolE 3
A AN Z 2520 SoHe XA BENE Koy, , Xomol2h 37k 714 ne 1
Floll &8t FFAY 5, mE 2520 Fot= FFA Y *7—0]5} aea 22k AE A
FEEZE Si(z)H So(z)2 A S
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E ol83td F FREEREY XNPE AN B 4 Atk ANz AFE FAIE
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3.2. Cramer-von Mises gtt&d

Rete EASS e 2o| Adsiart.

Fisz(1960)2 + FAHAEELY A4S
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e {Z[Slxh — 8a(X1:)) Zslxzj SQXQJ)]}.

o} Z1& &3] Cramer-von Mises BAH 2 ¢&lA U1 T2 REEZ T Burr(1964) 9l
g AF=EAct A FAF) s FBELS AT uniquedt 3ol 7H‘r7]' SE=RE LA
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® 41 WY <Y EX
EE7Z W&
Uk A1 kS R €AY FLRE, Pr(X; =) =1/k
As A% 1,2,3, 4 5E -,—]'6]—‘- AW X, Pr(X;=1)= Pr(X; =5) = .12,
Pr(X;=2)=Pr(X; =4)=.18,Pr(X; =3)= 4
Axo B4 1,200,108 H3he €HTF TF,
Pr(X; =5)= Pr(Xl = 6) = .2, Pr(X; = other than 5 or 6) = .075
y A% 1,2, 208 AE <A B,
Pr(X; =10) = Pr(Xl = 11) = .14, Pr(X; = other than 10 or 11) =
Aso A4 1,2, ,308 Aot €AF £,
Pr(X, = 15) = Pr(X; = 16) = .136, Pr(X; = other than 15 or 16) = .026
Aso A5 1,2, 502 3= <A BF,
Pr(X, = 25) = Pr(X, = 26) = .116, Pr(X; = other than 25 or 26) = .016

o 8 HABEL €AY A5 BHYS 2HHE EFE AT RS AU o)
He Wae) Fel7h £48 2o ohiz A4 ALl 94 WA HE BY 2
o2 Ztay A58 W5 4 WAl Hoke o) Yot

B A od2Ae ¢A8 AFE AT RgAEE F '}01 3730l A Atd
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;q Qﬂ"l \_T X‘27X37X4,4X5\_ N(Oal)i_Hr'E-] Ag/\é% 0:]/\35] ‘_—’;?—EO]I;]— U].Z]UPOE X’]‘:lq

Su ERYe) 93, UnA MFE

o =]
L t
& QAo 5o e PE S5 Ao

p el

=2 dole g A4dagenzg X9 o)
S0E 4 9tk

WA X 419 22 AP €M EXE /MRS o] B X EE2
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£42 3P ARE o4 AFAEY v

Xy Xa, -, Xs P(X: & Bej¥isR A9)
a0 2% 1 CART | C4.5 | QUEST | CRUISE | Cramer
Us As | Noise ¥l | 0.76 | 0.75 | 0.27 0.98 0.94
Uto Ao | Noise ¥4 | 075 | 0.73 | 021 0.91 0.91
Uzo Ay | Noise ¥ | 0.67 | 071 | 022 0.82 0.85
Usg Azg | Noise ®<= | 079 | 0.80 | 021 0.87 0.91
Uso Aso | Noise W= | 081 | 078 ) 0.22 0.88 0.93

Z X85S A48 0% HFee 24T
£ 42004 P(X, & &

gujgth X, ¥eE 2 e &

o wwola & 4 itk & 4.20] 23} Cramer-von Mises W& Xii54E 34 =

o Hlez A AL T 5 Atk @7bA Fuj2e AL Y W4 HE AL

m o)) = CRUISE HHY o] Cramer-von Mises ¥ 2t} $-53 A7 Adoke Aotk 575

o oy o

CRUISE ¥¥-2 25 720 1o} A Cramer-von Mises*H'd 3 §-AHg W4 AaES By
t}. ¥i® QUEST w2 74 A7 2okl 2 olfh2e F aFe Hgol derng H
79 ol AABE ANOVA dhge]l 37 ll7] W&ot
4.2. HIIEA K2
F 438 RN AFEE X 85 BxzA nu Y oAY 2285 H sty A
th X, W22 180] 09 FEL B BEE 2T 1% 19 gED C8 BXE %

A ez Xaew 2FHo e Aotk

F 440)= 712 A EAVE REF Cramer-von Mises® & W2 ¥ 237
¥ o] 9t} Cramer-von Mises B2 MR Y A8 A5 A= e T=
A7E Rol: gt} 7]& WPE FolA: CRUISE Wyjo] Autxoz & A3
22
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4.3. B8Y X
ol Abe] mojAlde £AF Wgute] EE o] drty AASA AT oA =
E Wak oL FEo REYHL 27 gtk gEtA BEHo & HeEg L8 Ay
2 & AEates By $& duaZARd e ko] 7)Fo] "t o] tiE A3
oz e e 2y HAAY

p= exp(Bo + 1. X1 + B2 Xa + B3 X3 + BaXy+ Bs X5 + ¢€)
1+ exp(Bo + B1X1 + BoXo + B3 X3 + BaXs + BsXs +€)
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43 MY <A £F

TE7E RS
Bs A4 1,2,3,4,58 sl €AY £2,
Pr(X; = 4) = .33, Pr(X; = other than 4) = .1675
B A+ 1,2, ,108 Adte €A B E,
Pr(X, = 7) = .208, Pr(X; = other than 7) = .088
Bxo A 1,200,208 Aste €498 22,
Pr(X; = 14) = .202, Pr(X; = other than 14) = .042
Bso B 1,2, ,30& Aste €M% 2E,
Pr(X; = 20) = .188, Pr(X; = other than 20) = .028
Bsg B4 1,2,---,50& Aty €M =X,
Pr(X, = 35) = .167, Pr(X; = other than 35) = .017
Cs R4 1,2,3,4,58 Asts €48 €2,
Pr(X, = 5) = .28, Pr(X; = other than 5) =
Cio A4 1,2,---,108 H3te €4F B,
Pr(X, = 8) = .154, Pr(X; = other than 8) = .094
Cap A4 1,2, ,208 Ate A F BE,
Pr(X, = 16) = .107, Pr(X; = other than 16) = .047
Cso A4 1,2,---,30& Hdte ©A8 BE,
Pr(X, = 23) = .101, Pr(X; = other than 23) = .031
Cso A4 1,2, ,50& Hdhe ©AY 2,
Pr(X, = 38) = .069, Pr(X; = other than 38) = .019

X1 Xa,-, X5 P(X;& BEi4=2 AH)
a50| 281 CART | C4.5 | QUEST | CRUISE | Cramer
Bsg Cs Noise 9 0.75 0.62 0.50 0.93 0.94
By Cho Noise ¥4 0.35 0.36 0.21 0.48 0.61
By Ca Noise Ha~ 0.59 0.62 0.30 0.73 0.80
Bs Cso Noise ¥ 0.59 0.51 0.27 0.64 0.81
By | Cs | Noise ®4 | 055 | 061 031 0.70 0.76
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R 45 2A2E 2g9 As

A Bo Bi | B2 | B3| Ba| Bs
AZE | 24*m | 11| .01 | .01 | .01 ] .10

P(X: 32 X, 2 2eldsz 4d)
X9 #x (P(X1),P(Xs))
CART C4.5 QUEST CRUISE Cramer
Us 0.71 0.78 0.85 0.76 0.86
(0.24, 0.47) | (0.35, 0.43) | (0.44, 0.41) | (0.39, 0.37) | (0.51, 0.35)
Uio 0.74 0.75 0.87 0.78 0.89
(0.32, 0.42) | (0.36, 0.39) | (0.49, 0.38) | (0.42, 0.36) | (0.57, 0.32)
Usg 0.75 0.76 0.87 0.75 0.89
(0.34, 0.41) | (0.34, 0.42) | (0.48, 0.39) | (0.39, 0.36) | (0.56, 0.33)
Usg 0.75 0.74 0.87 0.76 0.89
(0.36, 0.39) | (0.36, 0.38) | (0.48, 0.39) | (0.39, 0.37) | (0.56, 0.33)
Uso 0.73 0.78 0.90 0.80 0.91
(0.27, 0.46) | (0.35, 0.43) | (0.54, 0.36) | (0.48, 0.34) | (0.63, 0.28)

A7IA X137 Xot UpBEE WETHE = 5,10,20,30,50). Uk%iﬂ o3 ZEUA
g m3} sek o), Xs& AFLEE(5)S, Xy e 7@%—‘%&(0 s?)E, 2B X5 E5E
Z(0,V125)8 Zreth @, X3, Xy, Xt B0l mo] HEE 45 H o 2EFo
2 EE ASFEL 5% AT Bag 2 Wk pglo] 058 T AW Y lojgstn
Zrod golety e ¥ e 2F5S ATk niA oz ) Ry ALE AN R 459 2
2 %g Rk &, X% X9 BFHo| b e HlE o X9 E£RHELS X H
o} oz 4=}

BAEY At & 4.69 U Utk vlae] AHEE EE EE X X XY
Hpe g ggo] o2 o v3] Eth 1% Cramer-von Mises g o] X ¥§l-E 7H
ZAagdiglon, X; 2 X & st v E&E 7P s34t ZE8FoE 2 AFAA A
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Ordinal Variable Selection in Decision Trees*
Hyunjoong Kim"

ABSTRACT

The most important component in decision tree algorithm is the rule for split vari-
able selection. Many earlier algorithms such as CART and C4.5 use greedy search
algorithm for variable selection. Recently, many methods were developed to cope with
the weakness of greedy search algorithm. Most algorithms have different selection cri-
teria depending on the type of variables: continuous or nominal. However, ordinal type
variables are usually treated as continuous ones. This approach did not cause any trou-
ble for the methods using greedy search algorithm. However, it may cause problems
for the newer algorithms because they use statistical methods valid for continuous or
nominal types only. In this paper, we propose a ordinal variable selection method that
uses Cramer-von Mises testing procedure. We performed comparisons among CART,
C4.5, QUEST, CRUISE, and the new method. It was shown that the new method has
a good variable selection power for ordinal type variables.

Keywords: Decision Trees, Nonparametric statistics, Cramer-von Mises test, Ordinal
variable, CART
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