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Comparison of Binary Discretization Algorithms
for Data Miningl)

Jong-Hwa Na2) -+ Jeong-Mi Kim3® -+ Wan-Sup Cho%

Abstract

Recently, the discretization algorithms for continuous data have been
actively studied. But there are few articles to compare the efficiency of
these algorithms. In this paper we introduce the principles of some binary
discretization algorithms including C4.5, CART and QUEST and
investigate the efficiency of these algorithms through numerical study. For
various underlying distribution, we compare these algorithms in view of
misclassification rate and MSE. Real data examples are also included.
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FHZ7kA] 7] Al 8t<5 (machine learning)¥} o] Bl rleo]d(data mining)S ¥ £3 9 Y
oA dA%d zmo thak W3} (discretization or categorization) &irz]Fol| sk o
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T Aol sk T

WA A&y 7o 3k HEsE TA o] EE (binary splitting) 9}t E 2
(multiway splitting) €ilg]5o2 YFojzct, ojxlie daugls+d W53 7149
o GAle A olxle] FHejEwE s yrbes WHOEA oo dAHE ASEE
Breiman et al. (1984), Dougherty et al. (1995), Quinlan (1993, 1996), Kohavi et al.
(1997), Loh and Shih (1997), Gestwicki (1997) S°] tl &g dug&y 44
¥ AT 2= Berka (1993a, 1993b), Berka and Bruha (1995, 1998), Holte (1993)¢] <1
T7F dEAeth o5 duElE He] Z&Ad Wi Wl dAFEE Kralikk and
Bruha (1997), Kohavi and Sahami (1996), Dougherty et al. (1995), Wang and Goh
(1997) 5ol At ey olE AT+ EF H4(target) 59 S &1 & AA
ARE TAHCE AF7F JAHAY, dugFY FAEE Fo HHAA ] vl A
T7F & olFa Q. B =82 oF duEFdd U A4 #HANAY 584
HWE 1 HAog sty 2dd A= tixdQl ojxEe dud+
B9 HE&HAS FAY. 3HAAME st Zodgs F3t
HWE F3slgon 482 AZ02 FAF 0o it}

2. olAET daAFH AAARAY HE

of AelA: A&PAR] U WEAQ ol WFE duIZELS 1Y &
Adeh B omge Awel A ALHE Ane FUE L9 149 A4BARD
A 2y xg, 2, R B/ NG SaeFel @ moh 44 s BAER

[Algorithm I ] C4.5 ¢ 8 F

C45 &g F2 19939 Quinlanol] 93] Aletel dag]Felct. WA C45 daeE
of Al B V5= vhedt 2o

- D Hel"e] A - ¢ HENse] A Ms - Dl Dol 3 5 A9
_),:

« P(D, j) DA Exdso A W &5k HAe] vl &

C45¢ne)5s T8 d59 deolgs WFstshes 342 4534

13=5

=
m
fu
i)
X
4
o9l
jn}
g
[©]
T
<
—
]
[N
@)
%
~
S
>
IS
\S)
i
0
2
o
=

Info( D) = — 3} P(D, /)< 1og5(P(D, ).

9 p(D,j)E DA BEmse A WFel ek QA vee vehdd,
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[GA2] dlely  polA FEHEHSF XE A7co=z AEsto  giel /i
DA (x+x,0) /25 VISR

(21, = 248 A, ol F gk
il

%
(threshold) 2.2 A3t} o] w] 7}53k £ 7|32 g— 1707 Eh

[9A3] Fel/1Zgel o8l dele prt 274 »¥¥% p, p,= TTHO
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e
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rlr
o
s
ot
rlo
o
fr

&3 2t 4714 |p|e pel & F Al £ e

2 |D.
hioD) = 2131

[GA4] Br e 2Aas Uetdle AR ZFY o] 5(Gain)s ALk

xInfo(D;) .

Gain(D, X)=Info(D)— Infox(D) .

[2A5] dlole p7t e FEdde=s 239 o 7y o= dAsts Juw
ol E A K (Split Information)ZS A A3},

D, D,
Split(D, X)=— IM Xlog2<||4D|L|).

D
[GA6] Gain(D, X)E Split( D, X)= e &2 Gain ratios AAFstaL, o
ghol 74 2 HevlErks A,

D

Gain ratio(D, X) = Spl.z't(D X) -

[Algorithm II] CART &1 &
CART(Classification and Regression Trees)= L. Breimano] ¢]3} 19843 7=
SJAFA A Y- (Decision Tree) Aol Al Wol] Ab& & dauglsoz ¥4 dez)

2e7b BA6l Qojube E4E AT vk WA CARTRIES] A7 28d
75 thet 2o,

- N EES AT CN(t) P =2 el MY AR
CN;HEE Ol HE RASF - N(¢) == elA EF el 3 AAE
©p(j, )=N(t)/N - de9 AA7E W5 ok =5 gl £ g5

C ()= Zjlll’(ﬁl‘)zN(t)/Ni oJolo] MAT} wmE s &3 FE
CpGle) T e A v el & W WFE ol £ 24
J
b1 =00, O/ p()=NIN®), 2 p(l=1.

CART ¢1gl5& &3 9459 deolHE W stele 44 tha3 2o
[SA1] FEvie] o] AYA]F(Gini index)E Al4kgo,
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z‘(t)=;ij(iIt)p(jlt)=1—Z]}z>2(j|t).
[A12] diole]l polA FT&HWF X5 Avisoz AEsto  g/le ¥
{xy, =, xg0= FAsL, ol Lst= F g SHHUA (x,+x,, /2% BHAVIEH

(threshold) 2.2 A3t} o] W 7}&3t &8 7|&#%S 74— 170171 Ak

fe ¢

[SA3] Z Z227lEdolA e WS Atd

di(s, )=1i(t) —{pri(ty) + pri(tp)}.

(GA14] =< Watke] Hirh 4 w9 g & ZdVleftes A9,

Ai(s*, 1) = msx Jdi(s, t).

[Algorithm II] QUEST ¢ 18 &
QUEST(Quick, Unbiased, Efficient, Statistical Tree) €1 #]&< 199743 Wei-Yin

(9721 x,9 &< F A9 A9 wEFFI Hibolg} dfa, vt R i 9
hya

spe Bel masatah wakelel sha p(Aln= 3 p(j 19t p(BlH=1—p(AlD)

[(SA3] [2A2] o A AMtd gEs T8 b3 22 S AL

pAI) sa'dl(x— xa)/sa)=p(Bl)sg'd{(x— xp)/sp),

otk 919] AolA Fulel logE AT F 4

ax*+ bx+c=0 . 2.1

S a=s4— %, b=2( ;ASZB— ;38%4),
c=( xpsa)’—( x45p)2+2 54 s510g[{p(A| ) sgH/{p(Blt)s 4]
otk Wb 4=(°l1, x,%* x50,

x=(xat x5)/2=(xa— xp) " 'Salog{p (AlD)/ p( Bl D)

b ER, g=00°13, x,= x50 QDY olAAe 2& A Yt
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[2A4] #2712 X=4 @ 349, g o= 2ol Aogdu. (1) vref
a=0°l4"

(xat xp)/2—Cxa— xp) 'Alog{p(AID/p(BIDY , xa* xp,

Xa Xa=— Xp.

(ID ek g#0°1%, (@) b*—4ac<0°1®,  d=( x,+ xp)/27F Hh b
b —4ac=00°14, (b)) F M = (2¢) Y — b2V b2 —dac}d x,° O 7
#e g= A o, 7zl 91'8}1 rﬂom%z;— S8 UFd 9% w5 Hhe g
N ol el Fe Zkal glojof gtk (b2) B d=( xo+ xp)/20% A

2.2 AAA =9 A

Tl H21e olel 71 AR, 718, R, vighel W 2rE A Qelste
%% 2AHE Quinlan (1994)9] AgolA $Ale] Bag 7]& ARTS WAT S0l
o

<E 21> ZFEZdolH[Temp: 7]=(F4: 3k#4)), Class: Playo] ]
Temp| 8 | 80 | 83 | 70 | 68 | 656 | 64 | 72 | 69 | 75 | 72 | 72 | 81 | 71
Class| D D P P P D P D P P P P P D

(P: Play, D: Don't PlayS ¢1].)
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2o Aqgarlz ar u%xa CAsAne RS FE BEs A4e dest 2o (v
o BAARFEL AN

Info(D) = = {(9/14) * log ,((9/14)) + (5/14) x log ,((5/14))} = 0.9402
oty [@A2lsh [WA3le] Hgowm, dE Sol, ReZEgkEHIH Aole] F1Hgh
0504 ARY Info, e ALY Thgat g,

Infox(D)=— (1/5)xlog 4(1/5) + (4/5) xlog 5(4/5)
+(5/9) log 5(5/9)x(4/9) log ,(4/9) = 0.895

theow RelslEg 0504 (AT A6l Hr ko] o) 5 (Gain), 2el 4w, ol
Sulgg A test g

Gain(D, X)=10.045, Split(D, X)=0.940, Gain ratio(D, X)=0.048
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e wWoR wE RelslEgkilAe ANATE el H229 2ok

<E 22> Tempe 7+ B ) EgelA ] o] Su) g

w7l %k | 645 | 665 | 685 | 695 | 705 | 71.5 | 735 | 775 | 80.5 | 82.0 | 84.0

o]5H]& |0.1290.017 | 0.001 | 0.017 | 0.048 | 0.001 | 0.001 | 0.029 | 0.001 | 0.017 | 0.305

#2204 Temp® ##71Ewke] 849 o o] 5H] & (Gain Ratio)e] 7l ¥ ARk
B% vlr)o] Hxol AASE 2040 HES Eds AL dXow &y o
w27 E%k 645, 84 dldel A ALET o F kS AQstd w7 Egke]l 705Y
w ©]5H]&(Gain Ratio)¢] 0.048% FHW7} ¥ o] Temp®] ##]7lF#2 7057F €t

Fo®, C45 duelFe HAE 2/ gy 2ok wA, [GA1]e FEuir
el AYAG(Gini Index)& A j(H=1—(5/14)*—(9/14)*=0.459 ° =T}
[GA2]N A, & Eof, EEl7IFke] 705 & we] Bkl Mg v 2ok

|

4i(70.5, £)=0.459 — (5/14) {1 — (1/5)* — (4/5)%}
—(9/14){1—(4/9)*—(5/9)* =0.0274

5o %232 72 ERVIEHANA B WstEs vepdh
<} 23> 7 BEUIERkelA Y Bk WAt
B 7]&% | 645 | 665 | 685 | 695 | 705 | 715 | 735 | 775 | 805 | 82.0 | 84.0
sk 10.020 10.007 | 0.000 | 0.009 | 0.027 [0.001 | 0.001 | 0.016 | 0.000 | 0.007 | 0.064

o] Axts wd ERH7|Eske] 840 W Eee Wakge] s ks 2EA
C450l A 9F wp7bA 2 & mhr] o] A& A7) 2017 0] Hojok stEE 8402
Tl FEIF HA Xk 8405 Algetd 705Y W B9 Wkl 0.0274%
74 A, wEbA 7057 CART faglsolAe] E/7leso= Agdn, o= C45
duel S FI ARE AA "

npxjEto 2 QUEST ¢ +S AEstH o 2ok Play ¢S P, Don't Play
s DeEtar & o), 7} gAY Axtd s tga 2

7 p(Plt)=9/14, p(Dlt)=5/14,
xp=13, xp=7T4.6, sp=6.164, sp=7.893.
a=so—so=—24.3, b=2( xpsH— xpss)=23426.9.

c=(xpsp)*—( xpsp)’+2spshlog[{p(Plt)sp}/{p(Dlt)sp}] =—116592.9 .

91 Aol A g0, p2—4ac=001 22 o1 9] 2 g v o] Axbdch
d=(2a) Y — b=V b —4ac}=57.35 =X 83.64.

sol AslA TS = F =73 © A 83647t AE BeslEgon
EEEES
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3. 53 dauglFE9 &84 v
o Aol £AF Al A oA W duEE T&AE vass] 9
B B Rt vobd mite BE b4 eld medge A 24
ol AHgE BYde] BIZE ARy, Aeny X-HEry g 239 g
o mye ugstuth RoAdS 3 84 vludE QB {8 (misclassification
rate)¥} MSE(mean square error)9] F+ 7FA| &Aool A Z+zt v g HAASAY. 7+ &
A Ry ogRE FRo A7) 300= 3fal, ¥wrEsE= 1000002 &k B =5
of o] molad e Splus6 &S A&
31 LEFRES 53 284 ¥
o] Ao ME 9 BFH&(misclassification rate)S =3 2z dug]Zo &AL v
st} WA LEFEY AMdAdE o3 B dE Eo #8319 (@9 S, TR
At N(1,D)SEFYH 242 30709 dE Ak, ols9 SxWsE 47 03
12 Ao A" F 60719 T dis] 2 A3t dagsd 4835t 2871
THe Zeg BV EZEYH YA e T aFe A= s B} vl gol
Lo Hud e st 7z dmglEorRE FI BEI)EFEA )
SgE EXES 0 e DI AA G JdE FXEWS S duste #ZE
EFE ¥LS Teta, o8 s 1S 10000 wkEsle] fajl H]&o] HA S 2
EFeR Aoz
¥3.10A E34= 77 BT Byl JARY, ARy AA-HERY T
23l Ao fidh o] EY duTFY LEFES Yz Sk AdelAM (0)F
A= H mgel Aol e ouah o AnEe Hwpw g v K By B
ol CART ¢ue)Ze] mgol L¥F&el #Hol4 7bg folde & 4 ek C45
o} QUEST 2uzl%el 588 2 Aol7h gl Aoz veyk
<E 31> YA EFHo M QEFE
[e) ] 1t}o] X Q—E‘%%
A| 5. T 2T F¥x =
A gl C45 CART QUEST
gauy @ N0,1) s NI, 1) 0.339 0.275 0.306
ST ) N0,1) ws N3L1) 0.051 0.049 0.064
we | (© £2) vs (D) +1 0.378 0.302 0.386
d X2) vs £2)+3 0.121 0.117 0.158
o ny e U0,1) vs U0,1)+0.2 0.392 0.355 0.391
() U0,1) vs U0, 1) +0.6 0.182 0.167 0.196
Army @) Exp@) vs Exp(1) +1 0.189 0.185 0.285
(h) Exp(1) vs Exp(1) +3 0.025 0.025 0.042
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<3 32> HLRRFPgA Y] QR F&
oR= .o
HEny T omzge] BX — =
C45 CART | QUEST
2 0.400 0.368 0.391
S (@ N(0,1) vs N(0,2°?)
) N,1) vs N,42) 0.318 0.307 0.324
z2x2g | (© L0,1) vs L(0,2) 0.404 0.369 0.394
TE @ L(0,1) vs L(0,4) 0.328 0.313 0.335
s (e) Exp(l) vs Exp(1/2) 0.408 0.345 0.361
T
() Exp(l) vs Exp(1/4) 0.285 0.243 0.336
o]% | (@ DE(0,1) vs DE(0,2) 0.417 0.376 0.401
ATEE | () DE0,1) vs DE(O, 4) 0.350 0.328 0.357
T 33> JA-HEmFG A QRFE
ol ] - A ©« Q_%E S
A T mide] Bx —
A C45 CART | QUEST
2 0.342 0.304 0.327
— (@ N(0,1) vs N(1,2°)
() N(0,1) vs N(3,4 2) 0.204 0.193 0.249
2429 | (© L0,1) vs L(1,2) 0.385 . 0.366
E @ 1(0,1) vs L(3,4) 0.270 0.251 0.275
B (e) Exp(l) vs Exp(1/2)+1 0.193 0.192 0.217
T
(O Exp(1) vs Exp(1/4)+3 0.026 0.026 0.035
% | (& DE(0,1) vs DE(1,2) 0.375 0.309 0.358
AFEE | () DE0,1) vs DE(3,4) 0.230 0.204 0.250
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<} 34> EFERFPAAY LEFE
O H 2 0O
5953 = maithe] By L
B T C45 | CART |QUEST
(@ N(1,1) vs #2) 0.358 0.288 0.338
e | () N(1,1) vs Exp(l) 0418 | 0385 | 0.435
S| (© N(1,1) ws L(0,1) 0.349 | 0.301 0.326
@ M1,1) vs U0,1) 0253 | 0249 | 0.260
(e)
0398 | 0319 | 0.348
oo |0.05N(0,1)+0.95M(2,1) vs N(1,1)
Az | ® 0.05N00,1)+0.95N(3,1) »s N(1,1) | 0217 | 0178 | 0.200
a4 (g) 0.05N(0,1)+0.95N(2,1) ws £(2) +1 | 0430 | 0.337 0.339
(h) 0.05N(0,1)+0.95N(2,1) vs L(0,1) | 0284 | 0.227 0.240

32 ¥4 EYVIEFS T vl

o] Aol Z4 dugFortE FIAE 7+ Laﬂ Bades % vus
gt} ¥35% RoAFS Tl ?LOH Te7EwEY Hds e, «EA=
kol 7V 7hhe dks v gtk 33500 A E 754‘:% A RW P FYUE
e =wWol A CART ¢ QUEST &igl&o] A t53d A X (precision)E& HAth
A% g g gdnh #1350 AAE F UEA el dig dd EEVEs 1931
LPE}LHO;ID} o] g & F Qo] B e el W}EP Zy dag)Fe] #4971
kel 2 Zol7k EATS & F UTh

<X 35> thge my el Hit B
Bt 7wk
TR X Zhk
C4.5 CART QUEST

(@) N(0,1) »s N1,1) 05 0.382 0.465 0.491"

(b NO.1) vs N(3,1) 15 1.491 1.492° 1.510

© K2) vs HD) +1 05 0.220 0.430 0.444"

(d A2) vs £2)+3 15 1.472 1.472 1.486"
(e) Exp(1) vs Exp(1/2) 0.693 1.784 1.019° 1.028
() Exp(1) vs Exp(1/4) 0.462 0.907 0.594 0.472"
(8) Exp(1) vs Exp(/2)+1 | 1 0936 0943 | 0961
(h) Exp(1) vs Exp(1/4)+3 3 2.766" 2.766° 2648
() N1, D vs €2) 0.351 -0.618 0.146° -0.096
() N(1,1) vs U0, 1) 1 1.041 1.022° 0.948
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(a) N(0,1) vs N(1,1) () E(1) vs E(1/4)
* | i~ e +q
a -~ | o . - | i :
a1 / AN . m
5 ] '-..
g i 1 ! rd
= Iy i ' )
a1 F ..__.- N ) ."'-\,. 5""\-\. 1
& i LY . u"c-.__
-
E 1 = o -
-3 1 ] 1 2 3 o 1 2 3 4
(1) N(1,1) vs t(2) (3) N(1,1) vs U(0, 1)
= . 4
[=] Y
k! 4
) AN\ EB : .
al 4 LY i
) . 5 ]
i b o
| -'II .". 1 o
o .'I [ '-' ". =
/ 1 !
5 4 5 ot 5
— ; / \ '\ = -
= .l_- -.. \H. -\" .-..l ‘.'\'\.
-~ / SN 2 - x“m
=} = s
L= - a = .
K3 ] Fi 4 z K 1] 1 2 k]
< 31> kst R A e Hat 7k

33 MSEE % &&A4 Hlu

of AlAE 7 WFS YMAFEY Re/1ERe AEE Golns] AW E e
wow ofgle] Aom Aout WEAFLAMSEIE Faol m36el A48
o714, MSEE: ¥ RAwe /b 2 Relsts AAREMI 2 FudZel o
AE 227 Egake] Aolel AFE BIW Ao gt o] Aok

|

A7NA, g A@OIx, g 7 WFE GuneFoavE AME FEHelT, 4
o mol Yol WENSE ouat dF o 35 @9 A9, T ORI
NO,DF N1, 19 HEIF wAEe) 057 LEFES HAaz s Fgtel 5
o, 2P F3 ANE e Egate] Ao AFE G PERe MSER 4
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o] sttt

¥3690A4 AAEE AFEIGy FH"E (@9 (b)Y FASdE QUESTE I EFS
e E&o] Holds & & Ui, ywA g AfddAs CART ¢agF9
wHEgo] thE oy dagFE Bt Hold 3o R YERT

<% 36> W53 dugFES MSE Hl

- 3 ot Al 3 %
oA £ C4.5 - L SAR'I}(MSE) QUEST
(@ N(0.1) vs N(1.1) 1.504 0.344 0.041°
(b) N(0.1) vs N(3.1) 0.149 0.126 0.030°
(© £2) vs £2)+1 6.076 0517 2043
(d) A2) vs £2)+3 0.306 0.199° 0.553
(e) Exp(1) vs Exp(1/2) 1.686 0.430 0.149
(f) Exp(1) vs Exp(1/4) 0.305 0.072" 0.149
(g) Exp(l) vs Exp(1/2)+1 0.006 0.005" 1.104
() Exp() vs Exp(/A)+3 | 0078 0.078 0.134
() NM1.1) vs £2) 2.073° 0.454 0.492
G N(1.1) vs U0, 1) 0.011 0.010° 0.014

4. 2 &

2 EwdAe 2 g A5 Ase] gigk ojxliy dudgSEEsS e,
RAPE S 1 EEAES vustth RO ARE FFEA BW, LEFE
3 MSES] 7]Fol = Aubg oz CART daglFo] 7Hd 943 Aoz yeryoh
H B2 7|F3# SHolA = CARTS QUEST/F 53 8858 Holu . tiwt
ZRgo] Aol ddwE A9oE QUEST gaglse g&o] g 53 7
o2 uetytth 2euh dlo]gutold o] oA gl HAAl ko] Apmol the| A&
2 A4S ols dugsEY AdgEAdAE B =wdA oFol FA4 #H =
AT A delg o ol mE AR, 2 AE5Y WHETl HEPe| va] A
gy ThsAo] AU oRE molx e Ao A & THAOE nd dagF
Aefo] wpgkA st}

AuEH
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