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A Study on Split Variable Selection Using
Transformation of Variables in Decision Treesl)
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Abstract

In decision tree analysis, C4.5 and CART algorithm have some problems
of computational complexity and bias on variable selection. But QUEST
algorithm solves these problems by dividing the step of variable selection
and split point selection.

When input variables are continuous, QUEST algorithm uses ANOVA
F-test under the assumption of normality and homogeneity of variances.
In this paper, we investigate the influence of violation of normality
assumption and effect of the transformation of variables in the QUEST
algorithm. In the simulation study, we obtained the empirical powers of
variable selection and the empirical bias of variable selection after
transformation of variables having various type of underlying distributions.

Keywords : Decision Tree, Normality, QUEST, Transformation

dlolErtold & S AT, 438, dAikst T thkd wWHS o] &3te] o

oA W& Ee Amzbe]l #A, Y, A4 5

om = HERE —?%dﬁﬂ* ‘”E"‘/l o =

of bl MR AW U FEE o8 RS RS AZE S Y
© 7 CHAID(Kass, 1980) CART(Breiman et al., 1984), C4.5(Quinlan, 1993),

QUEST(Loh and Shih, 1997) ¢ F So] T2 AF&Ha Q

D 2 ATs Aar]ey Fu SRATALAA] AT Ado] o8] FAHAS(FANS
M10427020001-041.2702-00110)

2) ALAA : AebRE AFA GAT G 17} 644-14, ARt R EAH Rt wp
E-mail: sschung@chonbuk.ac.kr

3 AGEE AFA ik 245 37F 1200, AFdista % <5t
E-mail: khlee@jj.ac.kr

4 AGERE AFA AT GRE 17} 644-14, AR B G0 3shah whapalyg
E-mail: p1n0k10129@ch0nbuk ac.kr

-z
El
&



196 Sung S. Chung - Ki H. Lee - Seung S. Lee

o] ¥ C45% CART+E= Bt 7Fs3h g goA ¢4 S (purity measure)”} = o7}
= Wl B2 d(split point)S FAlO A UF F2E A Yrte UHe
2, =i Yeof wel W4 Aeu]go] dElxa e AlE ®@eo] Zdria
aH A A (Loh and Shih,1997). ¥tH QUESTOA = WA 23k A4S Adsa,
Aelg W thefa] o] x}ukE B4 (quadratic discriminant analysis) S A Aldte] &
dAE ddsts GAA oz W5 AE Ao (bias)et U AAAAIZHS A ASH
A A T

QUESTE: ®elws Ae A 9453 wgol das Rxe Aitde s
ANOVA F-4%, W5 w5o dalds AolA844e Agar] ued, 959
WETh A4 el AZkelsl fuEE Age Mg Aol Wolx EA W
AT AP SQDS A%5Y WEt A gl A uEE B9,

=

A5 WrE Wiy ws
AolE Folu w4 MuHe FAAAT

¥ AT N QUEST aelZS o §3to] dAa4 UPeg 448 o A9 W
ol AT el Bel wWa Ad A A G@3 WEus PEe ol gatel 2
B8 B F WsdY Adsh W5 A WMatE wody Fatol Avn gt

2. QUEST &1 &3 A5dg

2.1 QUEST ¢x13F

QUEST(Loh®t Shih, 1997) &ale] 52 SAREAAYT & S257 MR o
YU (classification tree)oll #1835}, dHWS9 Feo| wz} A& dHWMF=
ANOVA F-EA%S, A58 8T E JlolAly HABTAZFS o83t Fogs

3l

H
(p-#b)& Atste] Bedss 24
&< QUEST &aeg=e & ¥

97 1 5% JEHaFE ANOVA F-A4 S ol &ste] #FogES ALtant
S 2. WMFE dEEes B2RE ol&ste] JlolAly 594 HAAY FAgES
/:\_]__

| 1, ©A 2014 7hd 22 FolghEo] tEnale] 9 2y (Bonferroni)
gEot o o tfgEe Mgs EEHsE AdEdh

Ry dAgE 2o
a9k |4 glod A
g2 A sk

s HeTE dgE = 2Ede 15Y dgdgo g8 2832 =(CRIMCOORD:



197

i)

o] 2} ¥ F A (quadratic

A Study on Split Variable Selection Using Transformation
of Variables in Decision Trees

Gnanadesikan, 1977)*}
discriminant analysis)

™~ AR X T
<A %N
o

=) ﬂmﬁ il zi

o WO
& o U
B
T

1o

< o A
<0 M N
el N M
w ol X
@D
L we

((Box-Cox, 1964), &7 ~(Modulus), -

=4 =

Hl A~ _ 7} A~

&
tel R85 7HAol

— % it

© ™ o
ojp .y oo
mﬂ J o 0

U o T A
XD
) o = = )
X ] .
Am o 7w X

B X o me N
e g T
3o .

ok 2T

if A=),

if A=0.

if A=0,
if A=0.

A

pu
R

=9

A
log(X)
o)k

A

|

sign (X) log(| X]| +1),

X
sign (X)

|

o
John¥} Draper(1980)

Aok 744

=

=

X(X)

(Yeo-Johnson, 2000) %

 oltt.

{ +1, if X=>0
—1, if X<0

sign (X)

’

jas



198 Sung S. Chung - Ki H. Lee - Seung S. Lee

Fl>

@ -+ W
-z W3 Zlgko & Akze] meje] wel ¥ R (power

o
2 Aze Weld E Wi e o pr,

parameters)ol] W3E T W
(X+D =1 :
X ! , if X>0, A+0,
log(X+1), if X=0, A=0,
X(A)_
B _X 2—=A__ .
JJD—L(Z_/D L if X0, A2,
—log(—X+1), if X<0, A=2.
of-F& W e wAa-Zha W Sto] zhe= W W 9jo] gk Al ¢ke] §lil, BE
g2 Wslo] zhi= gl Aol WA b Ao e a&HdA FHNE Ao
G A At

£
5 X, =X, .., X0) Gi=1,..., )5 271 g = &8 WA A=
e X =(XxP, L XD G=1,.., 07 AR At Es we
= o Xt} =, ¥WF x=(xn,...,xlnl,...,xﬂ,...,xlnl)'ﬂ'

= x
=
obefel g AFRLE HrEdrw w49 F

L 6] %)= Vexp[ —— g g(xw 7.

!
AN g=( ¢, % A w=(gn o) NZZZ;nZ» o] o},
PAGE O N N OB S P B i B B R s Al

..,

e e I R

=
2y
rlo
N
rE
r 0

n;
A—1) (x>0 .
(x,) AP ), Box — Cox Transformation

=~

~

1

—

n;

33:(2) “

ox (Jxyl +1) (=D Modulus Transformation

T~

~

) =‘

17=1

n;

e i '
(lxgl +1) sign(z o) 1), Yeo — Johnson Transformation

=~

~

1

—



A Study on Split Variable Selection Using Transformation 199
of Variables in Decision Trees

gest 2ol 490,

rlo

Fold ol oa AW Ws x , (D] FE B

-~ _ 1l S w

H z(/i) ~ ; ]le /N 21
~ [T —~

AOEE NN EEHE) B (2.2)

D3} 229 FHE & ol§ste] okde] RAEEFF PR ARANAF
3% ®ob 1 @2 HHe Uiz AYah

LD = =2 (og 20 +1) =2 1og ( 5()*) + log J(A).
2En QUEST fuelBold d%d deusel foldee AL A olgss
ANOVA F-34 BA%e thest guh
Fy(2)= (=1 'RSSy(A) ] S*n (W) (2.3)

z

/ — _
% RSSyD= 2 ( x'~ 2PV pAA BASAA A AFTS e,

n;

L — 5 — i =
SN =2 e = x OV (N-pE wAARE, 5= 3l e W

_ 1A I
Bit, 2 P= S u, 1,V N DA BFEL v

1

3. 2o g

QAtAAZ U= Eeldas H 2Ed AgE v Feste] Uyrs A4S F Ut
2 2 7] (pruning) & £ HAsE YRS YA o 7|4 Eadse] AHe 79
UEE 157 93 27|dAZH BF dugZe 84S AASEY o3 9T

S ZA g}
a8y QUEST ¢ag&e
NFNA Bt A9 EFESs Ao EAEE %
aElFo]l A&5Y Wy A A A dig NgEE
S



200 Sung S. Chung - Ki H. Lee - Seung S. Lee

A ot
vkt ol (Mardia, 1974) A& o] &ste] W o =9
Atetleon, H= 7Hgol 7z REds WMes, e Pl Y AEE of-E&
ek A geto] Mg WSS ST vtEreke] =9 A= HAL SASOIA
| =L 2 (http://ftp.sas.com/techsup/download/stat/multnorm.sas) 2 |3 % i 3l= oz
of A& ol&3tt

{%{;( xi_x)B}Z d 1+ U )

s? T 6
A_i 4
2(’;52 DTt 2)
V8I(i+2)/n ~ N, D
A7IA wpET ol Al Altets A W (= el B REAAE
At k= Brdn S=F-wiela, p= LD @

j=1)= AtEr

ool o] W Y wojel g deE Aojel A= ool 2.

E
>, r
2
il
i)
1o
=
Q
3.
Q
o
D
w
@,
(@)
(@}
=
@]
=)
g
Q
e

Pr(X; is selected |R) #+ Pr(X, is selected|R)
U joF pb EAEH p& W AE gelrh wAdta dho

@ W4 A e H (variable selection power)

shite] 543 geuente] Sl ek ARS 7 & A, Ml
of AH&E dugFel o8 FEE Ztu e dgHsrr AddE FES n itk
% x7b oyl 9@ Aus 2w o x.(i=1,...,K, i+)% vyt 59
W, Pr(X, is selected |R)< ROl W3 W Add=olz} gr}



201

A Study on Split Variable Selection Using Transformation
of Variables in Decision Trees

WHEE g

o il - a2
%ﬁ%% :
B ] ww
B pES P
FEBS T
Ho ) RO ol
T 5 A
T S e
e I
o Mo Mm iy
o BX u,t 0 ° mw
Nl S G
R W >
e

o1 — —~

N ox ;OL
I
N E#E fze) @D

)}o! ~<
oY oy B
LT _wﬁ oy
BTy PN
TEmN W
i AJ By S w M
o E TR
%Eﬂ?}dz

o W R
- _o%qom.clzl
B Ltmmﬁ
—

oo AR

S

el

=)

H

3000 = A

L
.

2™ 10,0003]

7FA oF

[e)

=

AW w5 x,e

]

=

S
=

8 stEel 173l 7k &

o7t £
H

g

A

2

SIEERE

I3
A=

sttt
Al
=

[¢)

()
j= )

‘o] %% & (shifted model)3} A # i, #Z=%

W

LI
" BR
‘_ﬂ.mU ile)

w =
o}

Ak
T o)

o

o B
vl

T A

M =z

7(2)
0.335
0.331

4]

o

Exp(1)
0.333
0.326

o7r =4

gils

A

hyx

N, 1)
0.332
0.343

A

7(2)
0.346

] 7B 30070} 1,000/ & o] 10,0003] whE
0.341

32 243 2%

Exp(1)

0.334
0.325

N0, 1)
0.325
0.329

n=300
7n=1000

goly

il

e el



Seung S. Lee

Ki H. Lee

Sung S. Chung

202

ly 3 g

<~ | g & =

~

= o o

X | S €

5 = =

~t

—~ o

gl v = &

Sl = @

N/N\T

~

gl = S«

Il © = =

<X | = &~

CNM
T

o) m

o &

;OL
N T
ko
o
B
=

g
)AE Dfu
R
<0

)

|

o

9
W 2WF

el

=
-
1o

SE
34

A~
-
8w

2
Fed 10,000

5|

bl ek,

3|

ol °F 0%} HEH 44

|
1

—_
f
T

T

~X

i
ged

B
vV

o O [aN] [ap)
VA ~ (=] <
- S 9
o [«) [«)
il [N} <o) [aN] [aN]
~ (=] <
w| o<l = 8 32
.wuL (@) [«) [«)
— 0 Lo le}
X S [op) —
S )
(@) [«) [«)
o D o0
vmU T} i} X
- ==
(@) [«) [«)
-
R ~ 00 © <
< Lo Lo
| x| = = =
.wuL (@) [«) [«)
— [ Lo o 0]
X (=) o0 o0
= 8 9
(@) [«) [«)
IB |- = =
Mo

A R Xloﬂ %

=
=

o A

X ER &
==

ol

¥

3>9]

es
\Y4

T E X QA u
o .0 EFETT
%HE Mﬁﬁoﬂﬂ
T L g M
ﬂXFAew Eﬂl VAOt iz
W o o N
Mg ST R
= I ‘oE@ua_ﬂ
aﬁwww %mo@ Xz%
! 0
wﬁﬁojl ﬁu]q ,4
0
R TEO
7 H R Wexmm R o
HT X = <
]ﬂ, () ‘mﬂ;O‘lmAl‘Ah q
o = - K o
- 63 N — 5
= C EC
T = ATiwmmqor
Eo0 TEH oS g
e - mOx
_mLm% o i
0 %mmrﬂ
AT/.U o) PLEIhMAA‘qu
® ﬁn il mm wIZow
i N o 0
ohzuﬁ @8 P8
o S
ﬂ&ux AT Mﬂdﬂ‘%eﬁal
New o - " L A 7pn
95 g Blae
Eﬂliwmﬂﬁ%ﬂwﬂ.
‘IL . o
WX@? #ﬂ%Aﬂ
T e )
s, P B o N
HLWE @iﬂe“ﬂé%o B
R AW T T
X pop = up <V oo
BT P _
W W 2w M o o
(G s EE M o



A Study on Split Variable Selection Using Transformation 203
of Variables in Decision Trees

<E 4> ATFREY W Ade

S Wa 5
o]% W
OIFWST  LN0,1) 72 | °1e¥T LN, 1) T(2)
N(0.05,1) 0.353 0.316 0.331 0.361 0.320 0.319
N(0.1,1) 0.447 0.269 0.284 0.452 0.273 0.275
N(0.15,1) 0.574 0.208 0.217 0.581 0.209 0.209
N(0.2,1) 0.700 0.148 0.152 0.708 0.146 0.146
N(0.25,1) 0.817 0.089 0.094 0.814 0.095 0.091
N(0.3,1) 0.894 0.053 0.054 0.892 0.055 0.053
N(0.35,1) 0.945 0.027 0.028 0.944 0.028 0.028
N(0.4,1) 0.976 0.012 0.012 0.974 0.014 0.013
oto] Al W4 W3 - 39 th&?cﬂ 3 Aeldgo] 24 WA &S
S HAFy. EXWS g ARE AW JEESFIF AFEE] Ade= ARE
A ge gEusse Aol wEEA auds Wead - Fo wg A
Hol| & W3S Holx &gt}
T WA olFEH 3 moAdy e )(1% e AFEXZ AASI] HTS 01~
8714 014 WAzl om, FuE QYA et dEuss <i 2>9 mojdy o
Al A dAsET <E 5>F g x| g olx xRy Aol
<E 5> U FarEEe] W ey
Ag A E

NERE
o] & W 4= N0, 1) 7(2) ol N(0,1) 7(2)

LN(0,)+0.1 0.358 0.314 0.327 0.532 0.235 0.232

LN(0,1)+0.2 0.453 0.267 0.279 0.833 0.085 0.082
LN(0,1)+0.3 0.567 0.210 0.223 0.966 0.017 0.017
LN(0,1)+0.4 0.685 0.156 0.159 0.995 0.002 0.002
LN(0,1)+0.5 0.788 0.107 0.105 0.999 0.000 0.000
LN(0,1)+0.6 0.867 0.070 0.064 1.000 0.000 0.000
LN(0,1)+0.7 0.919 0.043 0.038 1.000 0.000 0.000

LN(0,1)+0.8 0.954 0.025 0.021 1.000 0.000 0.000

O

oleRy ¥ Folg HAvny g Ayt Fs 0295 olsAZ

ftlo

=)
>

°



Seung S. Lee

Ki H. Lee

Sung S. Chung

204

=
7

}E]—

601:

ol 095040

0.453¢1 4] 0.833°.= =7

o MNP

~
—
°| o© — g o0 [ap)] e} o [a\}
= — <t Lo Q = — [=3 j=3
=l a9 = & 9 5 & 3
w (e} (e} (e} (e} (e} (e} (e} (e}
~~
L Tl @9 m © & © © o
=) [op} N ig] xQ <t — (=] (e}
w2l 9 = S S 2 3 3
4
e 9 2 © v x P ©
Bl @ & @ & © 0 D
o [N 0 € R @ & 9 &
Tl @8 © o o S o <o
ko)
~~~
—
lo o © ¥ v o x» 0
Sl®e &2 n o b 8 X DV
Sl & 89 8 4 = 9 S
w (e} (e} (e} (e} (e} (e} (e} (e}
~~
G5 = o o & ¥ © - =
-~ ® ¥ & 1 = 0 ©
oI I IS B B e B B
& ©O O N > ® Y 10
) -
T § & @& X © a4 >
o |2 X I I8 © & X X
Tl ©o © o o o o o
0
A - N M % 9 xR
mﬂ o o (e} o (e} o (e} (e}
+ + T + + + + T
Ho g4 89 9 9 8 N NN
> = B B B B B B &

uiel

Fed 0.1~0.8AF¢] ol A]

Xé 3

LS|
=

T 7o) o ™

oF

TR T

Tl e

RO KW BO Of 5%
o T
W o|
w2
mﬁinﬁ

SRS
_(H
W
]
W

=
=
J
A
w}

=
=
i
=
[<)

xg H
=]
o
=
=
A<
e
ol

S ~o ‘mﬂ Enﬁ —~ m_w

il
1=}
AL

o))

T

4.

2zl o
92 A
a5t

A
7hE ZAF

0%
EERS
&

Aol WM A

A o] o}
Y

o] QUEST ¢
= oy
4
|

e
) = oy

ol
ph WA 2
%ﬁ%%
™ R ™ o
A o

QUEST

L
R

]

£ Ad o4

EEEE



A Study on Split Variable Selection Using Transformation 205
of Variables in Decision Trees

2wl deidth A wolr] 98 4 AiAel oAHE WeE ARTER
Wndete] QUEST 2nd5e 468 A3 dueoe] $3a4: 2 & 5 gl
o e dE, E A0l O B ArugvonE Reuse] due v
S BY 5 ee AFEAS Bato] TR olNF HHo JAAAUTIHE
Aoket whol o},

FFole o) el Zo] welg Mg 9ol ofu

L 444, Ae9, 932 (2004). SAAA YTl 22 ¥ el w3

pud

rd

2. Box, G. E. P. and Cox, C. R. (1964). An Analysis of Transformations,
Journal of Royal Statistical Society, series B, 26, 211-252.

3. Breiman, L., Friedman, J. H., Olshen, R. A. and Stone, C. J. (1984).
Classification and Regression Trees, New York : Chapman and Hall.

4. Gnanadesikan, R. (1977). Methods for statistical data analysis of
multivariate observations, New York, Wiley

5. In-Kwon Y, A & Johnson R. A. (2000). A New Family of Power to
Improve Normality or Symmetry, Biometrika, 87, 954-959.

6. Johnson, J. A. and Draper, N. R. (1980). An Alternative Family of
Transformations, Applied Statistics, 29, 190-197.

7. Kass, G. V. (1980). An Exploratory Technique for Investigating Large
Quantities of Categorical Data, Applied Statistics, 29, 119-127.

8. Loh, W. Y. and Shih, Y. S. (1997). Split Selection Method for
Classification Trees, Statistica Sinica, 7, 815-840.

9. Kim, H. and Loh, W. Y. (2001). Classification Trees with Unbiased
Multiway Splits, Journal of the American Statistical Association Vol. 96,
No. 454, 589-604.

10. Mardia (1974). Applications of Some Measures of Multivariate
Skewness and Kurtosis in Testing Normality and Robustness Studies.
Sankhya B, 36, 115-128.

11. Quinlan, J. R. (1993). C4.5: Programs for machine learning, Morgan
Kaufmann.

[ 2004 109 A<, 20054 2€ A9 ]



