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A ¢xgE 59 °H Z/IPEF 139
HEl" dugZe] AFEE 539 439 FYx
(Accuracy)E 33 Al7le W Ee] AHT
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Set)e] 7] F7te Se® BF 2d] A
< Z7v8HA e AR B dolH 9 &
o 2 3l F7HH BRAT SRl e &
AE G Bt o9 Zo] FE T F
7 dlole] @)t 3 &9 FFgolge &
FE277 ¢ugE A0 AdY A7 FA=
A2 FA HAd ol BA sHAS 3
F2 A#Y veol"HE UWrAY BEE E4E
o| &3t AV|E 2Hde YHE Fol nHHL
1 tHMitra, Pal and Mitra, 2002).

¥ a7 dolEntold 7 Fo AR
UE(C45)E o] &3t FAES A8, of
HED 34 CASUFERE MAAHE AAHES
g Adsle AT NEE 1E W5z A
£FozH B7 249 oF FFEE AT
7] A% A¢E 24 AU o] A B
48 53t dF9 A8x Fgolgte BHNA
71&9 g4 Holgute]yd 2do] 7HHY FAF
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G 5 A 3le BEH olF 58 HHstn
AL gt

AFRIE HAF37] 8t ol FA 1A
o|HE F&3l¥ o, 7I1E dolgutold 7IHQ
CART, C45% % Kao# Chiuel o3 d+=
CARTS A 74e) 238 2dg vmdle] 43
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B =R AERET vy ddMe 71&d
7o nFy o]H wiAL MYHAL, olF,
A A AAUFT o} AR 28" 29S A
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At ol& AFWY] Hst 7 BdS Hlm 4
Filgon, 2g2dE L3 14 R Al
Hg 7Yoo, o2 AEREOE A3}
At

2. JIENR nE

WE v&e AZos B HHE HA &5
a1 dolguo)zdd A & 5 YA HUh
olgA AZE dolHe F33] F718IA HU
o, a3 dolgE Fate] AtdA ] dast
ARE A7IF #F do] oA HSUth dvolH
wlo| 2~ o] x| AeA(Knowledge of Discovery
in Database, KDD)& 93} dlojg] ¢lojdte-~
e o2 P8 2@ F2S0 AFE g2 49
o2 RE 72 9%, 2 HYS 4A%
7] 18t Fugld guES J&3te 54
AL HolEutolidelt). o] & 33ty
AMEEE PHELZE HAY Y (Fuzzy Set), Al
7% (Neural Network), 32 &318]E(Genetic
Algorithm), 812 FA&(Rough Set), JAIZA Y}
H(Decision Tree) 55 & 4 tHMitra, Pal
and Mitra, 2002).

£ =Fd A1gd dolErno|de] WHE F
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FEIEDG =AY F53H, U5F-E =l
Aoix ENRZRE JYuNHFE 873HA
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Gehrke and Ramakrishnan, 1999).
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B AT

of B2 715(Splitting Critera)® A& )59 =2
718 HAsEte W 71E d7e B 3
o] Rotxth. AA o Z7|E HHoE 34
M AEHE AR HE1E FAHF fAHA
Be TAZ okt ol FAE HZF3)
st JAIBAUT-E s s g
Fo| Jdon, o] =& AM-E C45¢1EF
AT HAE 98] B2 A7 ol&=H1
AcHHo, 1998), (Anderieko, 1999), (Ruggieri,
2002).

a2y ARGV e v A& vt
39 FAE 7 Qo wdEAe] B, 4
g H4E vdEFH oz HAF3] dE
229 AAH IPele o= i/ & 74
o] Ut} HLo|, FHE A8 (Training Data)ol
T o)&dte YJAMEAURE NELE A8 Y odF

= AR 7sdol Eoh mebA] o)Fd &

A& NE37] A3t HF & AE(Test Data)S
o] &% g Hrh NS HEE A5 7Y
o] AFHHHZFF, 2001).

olgid ABFL A5y A FolilA EXS
T2 71 Jde A5 dto 4F ZAE
As] 3 A vy 289 sz §
F 2 & doh Az ARSI KA
2o gubHo g g BAA EE g vl3)
Bt ZujEA dF HolAx Joh 53], 4F
Yo 2N 71Ee] 2 2H IARY B} AT
4o e Hiud dFEsc] xHT U
(Paruelo and Toma sel, 1997), (Maher and Sen,
1997).

v ABEE v B8 GgE g3
o Aol AFHE Y gl S FelE ARG ¢
Ae AAHD Wi Aot mde] E{IT o
A ol Fol AR BHEA ols) F F U= @
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2 po

o] AA =1 IthKao and Chiu, 2001). °]&
& AL A A3 AN FHF
i 1S 2AY JdAER UFE 53 o
3 & e ;S AuA 3 AT Fol °f
Fo]ZHtHLuy, Setiono, and Liu, 1996). ©] =&
Ae olzidt AR dEHs AR A o
=< A3 A3t ALste 2FED A At
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A Aze] gxeEFe] dHE M
B @A dUVEEGE AL EA YT
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gt 39 FEEE FINTe TVt ol F
A1 %tk Kao# Chiue CARTY A#E A2
& AR dHErE AR ARELS ¥
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v AZYRGg s ERES Holn U
(Kao and Chiu, 2001). E3, AR YRS} 2l
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3 Ho|ar tHSethi,1990). Sethie] ¥y &
A2 C455 AHR3tA ARYE TR E
A, AAIZE oluAE QA EE EAAE JEH
2cHChung, Wong and Bergmann, 1998). 4173
Fg AWsETIE ALt FA AR B
(Interpolated)® WEE9 ZAZHEH CART
HEA7lE ANN-DTE Ad=Aon 7]&E9
AAZAUYTRY 13 F d¥3te A7) ol
2 0] A tHSchmitz, Alsdrich and Gouws, 1999).
T AAFEE Azt AF TS ARS8 94}
ARVTA HEATIE MELE WHE AXSS
AYEE JMAANIIZA FHTHZorman  and
Peter, 2002). 7}A X718 C455 A7 o]&
e WS AR ER, HAA7IE HEE
HAz3te A7t AAEHULH, C4528H @
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Fsodo] My

CASIA AR S 47w gndEe A%
& SAEAURY A FHAYH o F ol
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FE A3 kS Qi HE stol. Ak
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# el ZAR, Aed SARAYR
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T AT FL& HolME o Fo] Fo} A F
Ak =3 73S 4A 2E € 5 A= FH]
Aok 22y o] IE(CART)Y A%ole 3
g ERE A%t 4R ot AojAx B
A= Gol EABAT s Ho] goldti= F
Aol Utk 7 BErlEde &4 43l g2 3,
o] EA3HA ot o] =RAE 9AEA
UFE4 C459 tAZEE ol &3to 3%
A3 Zdg o)Foj )

3.1 C4.5QAAELIRO| &N

C45% ] Ross Quinlanoll 9J3] 4 @AH 9
AR gagFoltt. x7] WAl ID3(Iterative
Dichotomizer 3, 1986)% 7)AIStsy Eofo} #&
P FUY CARTZ}F Z mltjo) o2 &S
B3 ojx & YRR E g Hsld,

CAs= Z vzt gAY 728 Ze UF
2 7ARY 953 W A9 #4083t
A, C458 BFY M5 Z¢ 2= =
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FIHAFE o]&3}3, CARTE X
&3t T3HA BoHI=E, 2001).

CA5IANARZUTE 8] At A& &+
Psl= Zdo] EEAHE(Divide and Conquer)©]
o dEEE ¥4 JYo] 43HoE £8 Hx
£ BE 37 il st g2t &3t A
$EE 742 97 UF-E FATHQuinlan,
1993).

A B0} u]-&(Information gain ratio)e] =
E BE3te 7IEo 2 A T dE &
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£ Selgtaty, A& G (=12. N9 %3}
739 (Case)®] & Freq(Ci, S)& 34, Fo)A
de] S FUAsY) HAsld aFHE FI
AR (Entropy)= 4 13 2}

e

Infol S)=— 2. Frea(C, /131 x log o Freq(C :, S)/|S)bits

(1

old, oJ® AP XZRE, S7t nle] s A
& S.,S,5...,5,02 Bddd, FHo|Y
(Information gain)& 4] 29} Zt}

gain(X) = Info(S) — Z:\ 1S 47181 % Info(S ) (2)

o 7]A, BH o] Bl&(Information gain ratio)
2 233} o] 7&A "o

gian ratio( X) = gain(X)/split Info(X) (3

where

Spiit Info( X0 = 215 1181 log ,(IS /1) (4)

olgd £]7]E2 o|YHl&7]F(gain ratio)
o] o] 7)E(gain) Bt APl EH F2 A7
E AN mEs BEUELRE o|n| &S
AH&-FTHQuinlan, 1983).

c@F oz oyt YroAe HAPd] oet
t ol /AHA & WA UFs F4E
ojmf FFE7} w9 EFF st 2AE,
ol& dlolele] H}AF(Overfits)o)gfar et o
| ZAfode Rt B et e
FEO O g2 &g 7HXA o ¢459 73

4 459} o] dg&S AT
Error vate= U (A E,N) 5
(E:Event, N:Trids, U ./Upper limit is the

confidence for the binomial distribution, (F*Given
confidence level)

olg|dl o2& 7EZE SR AAY 4
Z5 Jdeirrt A9 U o= e 4 B
agd 3¢ de gAgt olgA 71xA)7)
gozn d2d dFeL o ¥ Y 5 Aok
ojgigt &L A Bl AEEA olsE
o 7K 71E oM F7E HHo = Fh=
CASSINARUYFE s "tk

32 A4

48 AA2FUTF7E At AE 849 of
&0l EAEA "o dentdS YR EH
AAYF et LS §olstA s)Fa, of
HE THELS Y77t 298 ARE AF3HA
2 & & YA ¥k dE FFo] BopAd
EJE + e, ¢455 FEAHE AL
TR A FFe FA Fe 2D AA
sto] ksl BEY F Aok w1 FHY A
THE A, UEE SY2E FAA 2
o olE g A A4RFL b 2o
1) wE Ztzhe) EY i e 3dE REE

O.L/

THES AA 7& J¥Y FGAA 713
2 e FEL AAI

2) A& FAA AE(False Positive Error)& 7}
A 72E& g3 39 A 9271
A AR ZFP2o FolA Hu, yIFE Fi
27} A Eojzich
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<38 3> dehE C45
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e edz 293

Stepl: Construct C4.5 Tree

Step2: Create Production Rules
Use pessimistic error rate

Step3: Ranking Classes and Choosing a default
Compute to minimize false positive errors

Stepd: Insert the result of rules to input node

StepS: Insert attributes selected from precedence gain ratio
to new nodes

Step6: Compute neural network.
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OlE5S4I07 ERE I8t o AREYLIR(CA.5)2F AP 2iE ¢Da|Foll 28t AP

A 7S B3t 1Y § A5S FY3] ¥
Ael d 4 ohd o] tjg /o) 2
sHd Mujart JhsEAl 8 el

meta 71y wE SAAA A4S o33}
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Overall Predicted
Root ASE Accuracy
Training | Testing | Training | Testing
Set Set Set Set
Regression | 0.1975 | 0.1940 | 87.028% | 87.682%
NN 0.2009 | 0.1977 | 86.930% | 87.428%
CART 0.1960 | 0.1949 | 87.476% | 87.304%
CART & NN | 0.1915 | 0.1882 | 87.854% | 88.444%
Ca5 0.1775 | 0.1810 | 89.998% | 89.141%
C45 & NN | 0.1630 | 0.1664 | 92.543% | 92.272%
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Training | Testing | Training | Testing
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CART & NN | 0.3258 | 0.3274 | 71.786% | 71.614%
C45 0.3225 | 0.3268 | 72.058% | 71.083%
C45 & NN | 0.3035 | 03046 | 74.771% | 74.756%
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Abstract

A Study on the Combined Decision Tree(C4.5) and
Neural Network Algorithm for Classification
of Mobile Telecommunication Customer

Keukno Lee* - Hongchul Lee*

This paper presents the new methodology of analyzing and classifying patterns of customers in
mobile telecommunication market to enhance the performance of predicting the credit information based
on the decision tree and neural network. With the application of variance selection process from decision
tree, the systemic process of defining input vector's value and the rule generation were developed. In point
of customer management, this research analyzes current customers and produces the patterns of them so
that the company can maintain good customer relationship and makes special management on the customer
who has high potential of getting out of contract in advance. The real implementation of proposed method
shows that the predicted accuracy is higher than existing methods such as decision tree(CART, C4.5),
regression, neural network and combined model(CART and NN).

Key words : Combined C4.5 and Neural Network, Classification, Prediction, Decision Tree, Data Mining

* Department of Industrial Systems and Information Engineering, Korea University
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