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A Study for Customer Switching Intentions to Internet Telephony
by Using Data Mining Mechanism

%

Sung Ho Ha, Eun-Kyung Kwon”, Hyun-Sun Park”, Kwang Huk Im”

ABSTRACT

Internet telephony market is growing continuously and is being emphasized as a substitution for PSTN market. Telecommunication
companies and Vendors make an effort to get into internet telephony market, which is regarded as a blue ocean to boost the
telecommunication market in a long-term stagnation. In this regard, we need to understand traditional telephone customer churn and
transition intention to internet telephony. To fulfill this purpose, this study builds a customer churn analysis model based on a method
of data mining. This study conduct clustering(TwoStep, K-means) and uses c5.0, neural nets, and support vector machine to develop
prediction models. The results of this study will provide useful insights to manage customer churn and retention.
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TwoStep Y% AHg 3] A% 74 58

2 3}
712 3] 3 40 AAE W48 AT, £ 47

Ae EEES Fsaddd os) M2 Sl
o e AATHIE f8) BM 22 E A
ahof 518k E4 = STk

4.2.1 TwoStep =&/ s}

TS = S ZH Y Adell M A FEHS
AV E072 A1213H 14709 WFE WS o] 8383t &
& o gty 24 @ o o M8l
FHa 2704 A 20702 g ofste] A-FH O Z oful-
T3 (sub-cluster)& A4 8FA Tk TwoStep w3 8to]
HEA A3, 2709 ol AAENOH, 24 R B
W, 94 231 47870 W RE, 2w 22770 E A
=2 FAFEAL o]} 22 TwoStep w33t Az}
w2} 2 A9 Krmeansw {3t A, 5 FE 20 E 4
ofste] A&7 2 gt

[e)
CREE

4.2.2 K-means 2|3}

AR R GA Q] TwoStep - Sl Al 73 5 &=
28 AHESt  Komeans TH3E T
K-means 3 A, F#28]& 7eE AHE-3taL H 20
H ety 68 QA 0,008 A oate] 33}
&tk K-means w3 3}ke] stebn] el 52 3F 50 Uhed
Ut At K-means 513} A3, w4)-10] 5587) 2l 2=,

427114770 FlZEE 7R
szwA E4¢ olaely] SAsiA 2 #H3)
WA FAS o3 o) F 23] 7k A

R-square %42 0.641%, 35t thgh Rsquaredt=
RolFa o & Aol A= Rsquare #k°] B EA
UEh = TwoStep2] 5-& A &3ttt

a4y

# 5. K-means If2iolE
Table 5. Parameter values for K-means

Parameters
Number of clusters 3
Optimize Memory
Mode Expert
Stop on CUSTOMER
Maximum iterations 20
Change tolerance 0.0
Encoding value for sets 0.707
4.2.4 TwoStep =224
3 6 TwoStep R A #} 821 hol] WAL &
AAZ Atolm, 1 A TwoStep T3 3HE o] &3
TR 7 Y EAAS FAYHOE AN EH U
3} 2},
T3-19 A9, d"HE 30tk M w2 NEE
B o, FHYH = o}RE AFsta 2/ F/ LT
AU E F 780l 7 A vehgton g o s

X

=
o E & 773 tigd/ A E & 7
THoE et €7450] 300~5005H w]Rt
o] 744 = Uehton, the-o = 3005k wgko 2
UERS T T %ﬂ?g J FES AHSE AoE
et} #3529 7 ﬂl% 5007} 7H =& Rl
g Ho|H 4 7H E=A VrERs:

P

=]
RN

EH%‘%

gjo]
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E 6. TwoStep A Z et 201 WAHEM(n (%))
Table 6. TwoStep cluster analysis and cross-factor analysis(n (%))

ool E’é!%

=< ZE-1(N=478) F-2(N=227) Overall(N=705)
0 177 (37.03) 87 (38.33) 264 (37. 45)
0.2 57 (11.92) 23 (10.13) 80 (11.35)
~ 0.4 83 (17.36) 37 (16.30) 120 (7. oz)
A05(77] ) 06 56 (11.72) | 25 (100 | 8 (11.49)
0.8 49 (10.25) 31 (13.66) 80 (1. 35)
1 56 (11.72) 24 (10.57) 80 (11.35)
AT2(A) 0 117 (24.48) 87 (38. 33) 204 (28 94)
1 361 (75.52) 140 (61.67) 501 (71.06)
0 53 (11.09) 52 (22.91) 105 (14. 89)
AT3(LIO) 0.33 204 (42.68) 40 (17.62) 244 (34.61)
0.66 150 (31.38) 33 (14.54) 183 (25.96)
1 71 (14.85) 102 (44.93) 173 (24.54)
0 157 (32.85) 105 (46.26) 262 (37.16)
A15(FE4 SEl) 0.5 106 (22.18) 65 (28.63) 171 (24.26)
1 215 (44.98) 57 (25.11) 272 (38.58)
0 37 (7.74) 64 (28.19) 101 (14.33)
0.2 87 (18.20) 38 (16.74) 125 (17.73)
ros 0.4 115 (24.06) 11 (4.85) 126 (17.87)
ATURRE) 0.6 124 (25.94) 4 (1.76) 128 (18.16)
0.8 95 (19.87) 30 (13.22) 125 (17.73)
1 20 (4.18) 80 (35.24) 100 (14.18)
0 86 (17.99) 43 (18.94) 129 (18.30)
0.25 90 (18.83) 50 (22.03) 140 (19.86)
C14(SERE ) 0.5 102 (21.34) 43 (18.94) 145 (20. 57)
0.75 196 (41.00) 52 (22.91) 248 (35.18)

1 4 (0.84) 39 (17.18) 43 (6. 10)
0 131 (27.41) 42 (18.50) 173 (24.54)
ot 0.33 96 (20.08) 62 (27.31) 158 (22.41)
Cl607FPFA%) 0.66 228 (47.70) 65 (28.63) 293 (41.56)
1 23 (4.81) 58 (25.55) 81 (11.49)
0 163 (34.10) 149 (65.64) 312 (44 26)
C28(27H72E) 0.5 220 (46.03) 55 (24.23) 275 (39.01)
1 95 (19.87) 23 (10.13) 118 (16.74)
Lol ol & 0 164 (34.31) 50 (22.03) 214 (30.35)
Ca2(5edolof ) 1 314 (65.69) 177 (77.97) 491 (69.65)
N 0 5 (1.05) 213 (93.83) 218 (30.92)
FoA(BHERYE0IBT) 1 473 (98.95) 14 (6.17) 487 (69.08)
R 0 448 (93.72) 219 (96.48) 667 (94.61)
EOS(R A2 RN 1 30 (6.28) 8 (3.52) 38 (5.39)
- 0 418 (87.45) 85 (37.44) 503 (71.35)
R 1 60 (12.55) 142 (62.56) 202 (28.65)
E07(2IEf A FBIAF B 2l 3 - P <(981 ff;> = (336-9%‘? = (5’63 9055;)
s 0 28 (5.86) 136 (59.91) 164 (23.26)
E09(3 M| 7T 2to| 8017 1 450 (94.14) 91 (40.09) 541 (76.74)
I, o 0 4 (0.84) 122 (53.74) 126 (17.87)
E10(8M 205 2E 0l 8H5) 1 474 (99.16) 105 (46.26) 579 (82.13)
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¥ 7. TwoStep &2l #H ANOVA S 21}
Table 7. ANOVA verification on TwoStep clustering

=g df oM &= F 7oletE
Zlch-2¢ .002 1 .002 017 896
AOS(HFX|) Tlek-Lf 89.363 703 127
il 89.365 704
Zlek-2¢ 2.952 1 2.952 14.612 .000
A12(Mg) SR 142.018 703 202
A 144.970 704
Zlch-2¢ 1.760 1 1.760 15.705 .000
A13(Lfol) SERE 78.802 703 112
2 80.562 704
Zlek-2¢ 4.261 1 4.261 23.186 .000
A15(FEHel) Rl ek 129.203 703 184
B 133.465 704
rlek-2t 162 1 162 1.518 218
AMT(IESE) Flch-uf 75.128 703 107
2 75.290 704
Flch-2¢ .087 1 .087 912 .340
C14(SEHAEY) Rk 66.800 703 .095
B 66.887 704
Rlek-2¢ 1.710 1 1.710 16.495 .000
C16(7 152 ¢d) Sl 72.899 703 104
A 74.610 704
Rlek-2t 6.557 1 6.557 52.622 .000
C28(E7I7ta5) Flek-Lf 87.597 703 125
il 94.154 704
Zlek-2¢ 2.322 1 2.322 11.126 .001
C32(3¢=0l0f ) Zleh-u) 146.719 703 209
il 149.041 704
Rlek-2¢ 132.506 1 132.506 5150.975 .000
EO4(SAIZEAE0| 20|15 Tlek-Lf 18.084 703 .026
2l 150.590 704
Zlek-2¢ 117 1 A17 2.287 131
EOS(FMAMEEZTHE0F) Flek-f 35.835 703 .051
2l 35.952 704
Zlek-2¢ 38.482 1 38.482 256.081 .000
E0B(SAI23) Flch-uf 105.640 703 150
A 144,122 704
Zlch-2¢ 44.970 1 44.970 390.876 .000
EO9(FH M RMZst0| 2015 SERE 80.880 703 115
A 125.850 704
Zleh-2¢ 43.083 1 43.083 501.456 .000
E10(HM =D& 0IE{H0| 201 1) - 60.398 703 .086
2 103.481 704
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¥ 8 ANOVA ZZ Z1f g vl

Table 8. Comparison of means for ANOVA verification

AO5 | A12 | A13 | A15 | A17 | C14 | C16 | C28 | C32 | EO4 | EO5 | EO6 | EO9 | E10

1.00 g 0.36 | 0.76 | 0.50 | 0.56 | 0.49 | 0.47 | 0.43 | 0.43 | 0.66 | 0.99 | 0.06 | 0.13 | 0.94 | 0.99

(N=478) EZFHA [ 0.36 043|029 |0.44]0.26 | 0.29 | 0.31 | 0.36 | 0.48 | 0.10 | 0.24 | 0.33 | 0.24 | 0.09

2.00 g 0.37 1 0.62 | 0.60 | 0.39 | 0.52 | 0.49 | 0.53 | 0.22 | 0.78 | 0.06 | 0.04 | 0.63 | 0.40 | 0.46

(N=227) EZHA [ 0.36 1049 | 0.41 | 0.41 | 0.43 |0.34 | 0.35]0.34 | 0.42 | 0.24 | 0.18 | 0.49 | 0.49 | 0.50

SHA g7 0.36 | 0.71 | 0.53 | 0.51 | 0.50 | 0.48 | 0.46 | 0.36 | 0.70 | 0.69 | 0.05 | 0.29 | 0.77 | 0.82

(N=705) EZHA [ 0.36|0.45|0.34|0.44]0.330.31 [0.33]0.37 | 0.46 | 0.46 | 0.23 | 0.45 | 0.42 | 0.38
=AM ) UERtoR, RE 1AM 2RE B MRS 15EE o270 E 5ot
. Vet 30059 Blvtol /g A Lehgon] ol Wz 85 A%E oS3t vplY A £ F
URE BAARIES A e 202 ekt Sk B MG T 52 AT By
oh 93 F T BT AAAS BUSEA e R S 9IsA ASHE SYRFES DATY) MG
o etk  W5e 2on] SN B A8l

4.2.5 TwoStep %! 2}0i| Ciist ANOVA A4S Z1t

3 72 TwoStep w3 3ke] Az A 2709 3
of tisl Fekzt, FHTl One-way ANOVA £4 A3}
§ BojFa Qltk 249 A3}, Bl A R ECl &
) E A9 ZE WgEe] JuEh FJute]
O 22 AFES 7HAE ASE Ugyth a8a
A05(AFAY), A17(71578), Cl4(-SRAAS), E05
(FrAAsETEA S A

s el 73 7 Aolrt Qe ZoE 3ot}
T} 3 82 ANOVA #49 o] 8- 7} "o H+7}
FFHUAE BT QlTh

THEA L DN ES] 7 HHA 07 ALES|
T Ao R B AT 548 A=t 7 A
e 2ol ‘MW@ 4%/1 F oS 2y
7iH 3]

5 fradxdstol| el Bt G}Eﬂ/q %’1\_ AGAES AL

3= 30~40H Z A E -1 AHES T

A3t 18 1 IBM R E 9] o 279 £ 5.0
AT 18] 31 SVME AHE-8te] 241S Fallata
B ATE old #2759 ATolA A7 Hlo]
B Bv¥ TAAE sidstaa 45 B4 A
Oversamp]jng% Bl g2 dy AR He v&
< BHEUTH23] & tlolH A AEUASIE A g

o] o= ekt 2#A B e Thol| 2 2ol
7FEASE AL ElolE B @ o) Ak lH) o] 27k H)
olf] Evd TA= 7S ¢agEe] e Ast
A71E 89122 o] & )23}t7] 93] Shin and Cho=
L& e oA Nz vE ddEE Fashs W
e AABHATH24]. o] W2 gl o] &3 Hlo]

7} o2 Jo o2 E75 = 2l el s dEl &
dh= 2102 Oversampling 3 ¥ F3 W F9
sl o] & Fall 2w AT vl es o
% & 9T [22]. IBM 22| Balance =5 A
ato] L1 E079] B A3LE AHE-eHA] 2l
O AujA o] 2(43870) 2k A&tk AsAlol 2~
(407]) F A5 A 0l 281 75 7He A€ 10.95= Fo1 A

EOSA_" ngﬁ
82 ALAIFM
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3E 3 Al Alo]2:9] H-&-& 5= Oversampling & E 10 A3 ClolE Al ER2F(C5.0)
3t} Oversampling A3}, F Aol = 877707} Table 10. Clazsi{ioatitc;g;or)rors on validation
alase .
H13, Partition = =5 Z-g38ke] &5 oy Al
= Predicted Class

(603702} 5 wlolE] A7) S 7302 £t Actual Class 0 1

| S5g 2 7ol AHgSHAT 0 1204380%) | 134.74%)

1 9(3.28%) 132(48.18%)

4.31C5.0

IBM EdeollA AF3ts AEAUT Bgds 7
CART, C5.0, QUEST, CHAID7} 901, o] mge 2 ? Va4 7

27} MFa 0] 790 B }\].,9_31-/\ ot 18 . o / /
B2 AT URHOE FO ARE iR L0 / / / -
C5.0 71H& AHg3te o= Eﬁé % Maatgint 12 ¢ / //
3, g F2 W F FAE7F 010149 M ! V4
F09(0.138)2 LRt A3 A 0| 2E7=1)E 915 " B & B & B § @ 4 & B W
/KE’]‘Q_ -H-Z_]I /9\‘1:‘ _Zo: 97H O] al, A IZH&H -H-X] /E—]\oﬂ ]I}EEE Percentle Training Percentle Testing
A FAAEE o] &5k YA W= Ao IHUA 22 1. G50 Gains Chart
38 AT ool Itk o] B4R, of 1o 1. 650 Gains Char
2838271 Alo] 2= F 46% 1 17471 2] A A5 Wit
93} ¥ 10= G50 L E 53 279 85 4.3.2 LZS(Neural Net)

]

SEPEEEE NEP BEETE NI BM =dlels] 2% =8 e Aad =3
B A9 & 2R RE062%0l, AS tolg Ao o BHIE A STl wwHes 7
o2 AT oLoNE nolFa Qo qem g P SRESA BT E AT 2 EE 1ol
% dlofE) AN % 15709 A A Aol spr=ny - AR E AT Pruned ARSI,
FolA 132700) A Aol 22 dEHony gz gy e SIHES HIHASEMultlayer

ST 07%E Bl gt TR 1250 g Pereeptron)l Stlvi(Backprogagation) ilelw
Q

BN
it o

Shessl 5 1 O Alo] Wolx]= o
ﬂ]ﬂ]?l—ﬂ]?l&i}E(GamsChart)ollﬂr oig]‘\:lﬂ":ro—‘ = Aoo] %Oﬁ ]LTTJEZHHO]'O:]H
4 R3e TS P UDAZOE, oW YTZ

E 9. =& dlole M 2F27F(C5.0)

Table 9. Classification errors on training data 311 A% 239 gt A4 s vErd
selC50) oA Qe A3, AuE o Wg 5
predicted Class 0 1 b 010139l WEE E09(0.28),  E05(0.121),
Actual Class —
hyA iz 1 ],)\ al
0 200a8TF | 11(1.82%) A13(0.103)°1™, & 123} & 13 35 vlole] At 4
1 132.16%) | 285(47.26%) =4 0]E1 Aleo] B30 Fo|t} 35 tlo]E Ao % 4
ZSHGEE R01%0H, A5 HolH A F A= A
« L= 24 2 ofb2A] HlolEf A2 Bt Hlole] ATt AS o] FEE9745%E RO F e
B A2 Fa|st=dl AHEsts E=olch
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E 1. AFY 2¥el gejoe 4% %

28 W
Table 11. Parameter values for neural network
models
Parameters
Method Prune
Random  seed 12345
Optimize Memory
Hidden layers 1
Nodes in Hidden Layer-1 20
Hidden rate 0.15
Input  rate 0.15
Persistence 100
Alpha 09
Initial  Eta 03
High Eta 0.1
Eta Decay 30
Low Eta 0.01

¥ 12, 85 Ololg] Mo ERF(AIED
Table 12. Classification errors on training data

set(neural nets)

Predicted Class 0 i
Actual Class

0 293(48.59%) 12(1.99%)

1 0(0.00%) 298(49.42%)

¥ 13 435 dlolg] Mo ERF (MEY)
Table 13. Classification errors on validation data

set(neural nets)

Predicted Class 0 :
Actual Class
0 126(45.99%) 7(2.55%)
0(0.00%) 141(51.46%)

z%zgmu o)) Astel va A9 3

%% Gain

0 X £H 6o @ W0 0 D 440 6 & 100
Percentle Training Percentle Testing

a8l 2. AAY Gains Chart
Fig 2. Neural Nets Gains Chart

4.3.3 SVM(Support Vector Machine)

IBM Ed#9 svMe #Ad F3el= RBF,
I2jo] Sltt. o] &
T(0/1)2 W =4

Polynomial, Sigmoid, Linear 47}4] %

RBF 739t 5857} o Ed

A (local) 35 A 44 B-fol] AsiTis]. &
T e E45uS57} o Er4ol7] Wl RBF 74

g5 sttt & 14 SVM 28| miebelg A
A & JeRith SVM gue|Ee] A3}, Add F2
HE F FAE7F 010141 M= E09(0.572
E05(0.148)°]™, 159} & 16 85 tlolH A3}t A%

4
\
Ir

—
~
<

l

dlole Alo] EFoFolth g5 HolE Aol F oS
75@“:“9967%0131 AZ tole Al F A& 4
= 9B54%E HoFa Qltk. 1§ 3= SVM ¢ aElE

éﬂ}oﬂ ik A= AFE(Gains Chart)©]Th.

¥ 14. SVM Z28o| mzjole] MH gt
Table 14. Parameter values for SVM models

Parameters

Stopping criteria 1.0E-3
Regularization parameter(C) 10
Regression precision(epsilon) 0.1
Kernel type RBF
RBF gamma 0.1
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E 15. 35 Hlolg Mol ER2R(SYM)
Table 15. Classification errors on training
dataset(SVM)

Predicted Class 0 :
Actual Class
0 303(47.08%) 2(0.33%)

1 0(0.00%) 298(51.46%)

E 16. 43 Hlole Mol ER27F(SVM)

Table 16. Classification errors on Validation data

set(SVM)
Predicted Class 0 :
Actual Class
0 129(47.08%) 4(1.46%)
1 0(0.00%) 141(51.46%)

A
m // / / —svM
N A
1/ //

0 a 4 o W0 0 2 4 6 8 10

Percentle Training Percentle Testing

a2l 3 SVM Gains Chart
Fig 3. SYM Gains Chart

434 2Nt H|W

JEUAS RS % of3f oSS 9l 755 Al
7HA a1l Ee] 203 HHE 52 AT} Foll A oS 2
F7H 71 GA U A7 A RS AN g
ke B3-S vlwstgint 24 g Ee] S /e
olzf %17, %18, %19 A A F o] 9t} AA] o=
TE&E vlws) 2ok wl, C5.0& 8.02%, AA%
255%, SVML 1.46% 24 SVM 2.8 & A3t 73$-7
7P AL F A 02 Yelyth 83 2209 1%
S F(Type 1)9] SF&2 vlwshd SVM 23} 4l

ol 7P F2 A UEh AL T 15 e/ = A

b

fo to rlo oy

-

24 o of

ne
re
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ay
2
>
rlr
(€8]
3
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A3 YER

Aol AN £ES DA )

A7 o

ok a9 5& Al 7HA gaelEd o
(Gains Chart)& Hl 23] &2 Zlo]th.

®17. C50 2R/2F
Table 17. C5.0 classification errors
Class #Class #Emor %Error
0 120 13 9.77%
1 132 9 6.38%
Overall 252 22 8.02%

E 18 MEY ER2F

Table 18. Neural network classification errors

Class #Class #Error YoError
0 126 7 5.26%
1 14 0 0.00%
Overall 267 7 2.55%
 19. SWM 2727
Table 19. SVM classification errors
Class #Class #Ermor Y%Error
0 129 4 301%
1 14 0 0.00%
Overall 270 4 1.46%
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20 28 Moo

Table 20. Comparisons of model performance
T C5.0 AlEat SVM
15 2F 6.38% 0.00% 0.00%
25 27 9.77% 5.26% 3.01%
HALFE 8.02% 2.55% 1.46%
120
100
. /)
g / / — 5.0
8 e At
” / / — T
WY
Z] 2,
i ; ; ; ; ;
0 20 40 B0 80 100

% Gain

Percentle Training

T8 4 M gue|Ee| ot dlole Aol thEt Gains

Chart
Fig 4. Gains Charts for three algorithms (training
dataset)
120
100 r
. © 7
/ / —5.0
HI Bl
/ / o
N4
20
1}
1] 20 40 B0 80 100
Percentle Testing
J% 5 M gelEe AZ oiolg Alof| thet Gains
Chart
Fig 5. Gains Charts for three algorithms(validation
dataset)
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Table 21. Use intention on Internet telephone
depending on wired telephone dissatisfaction

-

o

FEEEES
Arg2l SHEDT)
%S UZ
FUHEEE
01 £(E05)
o= 220067.8%) | 2074229
A2 18(121%) | 131(87.9%

E 2. S FHTE0| 80 Fol e elE{HIT s}

A o

Table 22. Use intention on Internet telephone
depending on current use of wired telephone

AECRE:
NBEIBHED | oo .
O EVRE = e
0| 801 2(ECQ)
olgstxl s 4(1.5%) 264(98.5%)
o|&stnlls 434(72.2%) | 167(27.8%)

(C5.0), ﬁ”L(Neural Net) SVM(Support Vector
Machine) 71%e]  AREHAT. AT StA =
TwoStep R3S o83t =9 571 270 = A3)
2.9, TwoStep} K-means 3 3}l thgt R-square
WS T8k F 7 7y EarelEs Rlasith 11
A3, TwoStep w37t B #-& R-square #h= e}
Wl w33k At A A& wekeb] sl o
A7, W ANOVA A%< S8ttt 121
TwoStep 53 A3 Aojxl 2709 4 & 3-1¢1
el C5.0, 217373, SVM 71 & AHE-sted kol <
oS3kt SVM 23 9] oS @70 0.01% = FH 1L
o] 35 HejFol SVWM EE& A&tl 2gow ¥
7Ft3th SVM 2EollA 443 ¥aE 5 B05(-FA
ZAsHEREEo ), E09(d7<“19r‘}1‘j Zsglo]-go 57t 7H
Q3 TR e o] F Hot E07( B A 8}

m

ARg-olEh ] BAE %ﬂiiﬁ T8 vpAE dE
S =& AATE FAAZ ) EWES A E 1
AES Al A2 ASA7]7] e = nle-2 9l
ZH S BN vAE 858 s Zlo] E3F ot}
)3 AN Al 248 85317 YA = &
MASE ARESEaL QA e 1SS o g 14
TAY S st Aol Al o] 2 4 qit= A
olt}.

52 o7 eH & &% A2

B AT A thest 2k A, B ATl
VBT AL |58 913 AT BA A WA
AAEE WS 9o QIE Ul RS AR 9)8FS UEh) =T

¥ o] o] RESAT. S, ARLAA &



BRI BB &

i ik Al78 A3E 2012 69

o%
Z
o

of
g&

i

n)
o
&
o
ox

off
o

T

s

rr

td

[
o

r)'

rie _gé rr
g =
o 5o

S o

Py

Ir 1ot

a2

=3

¥

il

yo rlo
2

X
o
ITd
o
kl
=
il
(o3
Jm
ox
o
T
o
=
r
=
b
i)
AN
N

=
oft
o
fru
o
o

L=
o 2
o o Xx
il

rlr

TwoStep 33}

dE< systa

1o
_‘L_l‘
ftl
ne
2
>
b
iy
M
N

= 2 g

o)
:\_l‘

m
=
Bl
9#
rr
L
3
o

N
-

)
()
2
o,
An)
>,
)
>
>
oo
fo
o2t
=
r o
<t

747l A

gl
oo

¥
IFIIFSL

B>

i
ol)ll
k)
rlo
i
[
lo
- r
i
g,
o L

N
X
i)
to
ik
pou)
o
il
o
ﬁ
=2

iﬂ |
N F
i e

e =R A R

7z

oX,
o
fu}
Bl
ok
&
pas
rr
rE
&
o
o
(AN
2
R
ot e

>
N2
rO
o
pos)
R

°
>
ofo
1o
ook

o (o

o= >
4y

41 30 y2
Flr [U"E

N
-

o =
=
rJ
i
ox
|
=
=
ol
re
-
fo n
)
BICA e
a2
S
>

e N
mt 1o o
P

o
=)
F_ll:
=L
e
N
i
2
rO r
td
e,
o
=
=
of
Ol
k1
2

>
i
i)
to
N
N

[1] KISDI,
(Consumers) for telecommunications market(2009) , Korea
Information Society Development Institute, 2009.

[2] Y. I. Gong, “Internet telephony of diffusion and implications

Competitive ~ circumstance —assessment —report

for  communications market,”  Broadcasting and
Communication Policy, Vol. 21, No. 5, pp.39-58, 2009.

[3] T. G. Kang, D. Y. Kim, and Y. S. Kim, “The Trend of

Telephony(VolP) BeN,”

Electronics and Telecommunication Trends, Vol. 19, No. 6,

pp-66-73, 2004.

[4] T. H. Hong, and S. Y. Jeon, “Using Data Mining customer

Internet Technology ~ for

retention rating based on customer segmentation,” Korea
Intelligent Information System Society, Vol. 2, No. 1,
pp.189-198, 2006.

[S]1B. Y. Lee, K. H. Joh, S. I. Song, and J. S. Yoo, “Design of a
Forecasting Model for Customer Classification in the
Telecommunication Industries,” The Korea Contents
Society, Vol. 6, No. 1, pp.180-190, 2006.

[6] C. Wei, and L. Chiu, “Turning Telecommunications Call
Details to Churn Prediction: A Data Mining Approach,”
Expert Systems with Applications, Vol. 23, No. 2,
pp-103-112, 2002.

[7] J. K. Kim, “Mobile phone operators of churn strategics,”
Information & communications policy, Vol. 10, No. 7,
pp.19-36, 1998.

[8] R. Siber, “Combating the
Telecommunications, Vol. 31, No. 10, pp.77-80, 1997.

[9]). Y. Lee, and J. W. Kim, “2 A7+ CRME 93 £5F 7]¥
I ARG 19| FHA 28 A 8TIE 1A o] S
ol &8, #5"7 § g1 535}l Z, pp.135-140, 2007.

[10] S. H. Lim, and Y. Hur, “Customer Churning Forecasting

Churn  Phenomenon,”

and Strategic Implication in Online Auto Insurance using
Decision Tree Algorithms,” Information systems Review,
Vol. 8, No. 3, pp.125-134, 2006.

[11] D. H. Cho, B. S. Kim, K. H. Seok, J. U. Lee, J. S. Kim, and
S. H. Kim, “A study on the behavior of cosmetic
customers,” Journal of the Korea Data & Information
Science Society, Vol. 20, No. 4, pp.615-627, 2009.

[12] C. Wei, H. T. Chang, and Y. H. Lee, “Telecommunications
Data Mining for Target Marketing,” Journal of Computers,
Vol. 12, No. 4, pp.60-74, 2000.

[13] S. Daskalaki, I. Kopanas, M. Goudara, and N. Avouris,
“Data Mining for Decision Support on Customer Insolvency
in Telecommunications Business,” European Journal of
Operational Research, Vol. 145, No. 2, pp.239-255, 2003.

[14] S. Y. Hung, D. C. Yen, and H. Y. Wang, “Applying Data
Mining to Telecom Churn Management,” Expert Systems
with Application, Vol. 31, No. 3, pp.512-524, 2006.

[15] B. H. Chu, M. S. Tsai, and C. S. Ho, “Toward a Hybrid Data
Mining Model for Customer Retention,” Knowledge-Based
Systems, Vol. 8, No. 8, pp.703-718, 2007.

[16] H. C. Ahn, J. J. Ahn, K. J. Oh, and D. H. Kim, “Facilitating



Hlolejvol'd 7)< o] §3 Azt

Cross-Selling in a Mobile Telecom Market to Develop
Customer Classification Model based on Hybrid Data
Mining Techniques,” Expert Systems with Applications,
Vol. 38, No. 5, pp.5005-5012, 2011.

[17] H. Farvaresh, and M. M. Sepehri, “A Data Mining
Framework for Detecting Subscription Fraud in
Telecommunication,” Engineering Application of Artificial
Intelligence, Vol. 24, No. 1, pp.182-194, 2011.

[18] J. Han, and M. Kamber, Data Mining Concept and
Techniques, Morgan Kaufmann Publishers, 2000.

[19] L. Breiman, J. H. Friedman, R. A. Olshen, and C. J. Stone,
Classification and Regression Trees, Belmont, Wadsworth,
1984.

[20] Z. B. Jonathan, “Market Segmentation a Neural Network
Application,” Annuals of Tourism Research, Vol. 32, No. 1,
pp.93-111, 2005.

[21] R. J. Eyden, The Application of Neural Networks in the
Forecasting of Share Price, Finance and Technology
Publishers, 1996.

[22] G. Shmueli, N. R. Patel, and P. C. Bruce, Data Mining for
Business Intelligence, Wiley, 2010.

[23] E. K. Kwon, S. H. Ha, and H. Y. Park, “2 441 5 &4
T AEHS 2 o] A o7 ol 37,2010 hEHAH
33)/3 A 9 A EAE-S3=H3, pp.150-15
2010.

[24] H. J. Shin, and S. Z. Cho, “Response Modeling with Support
Vector Machines,” Expert Systems with Applications, Vol.
30, No. 4, pp.746-760, 2006.

[25] M. J. D. Powell, “The Theory of Radial Basis Function

Approximation in 1990, In Advances in Numerical

4 12 e

Analysis, Vol. 2: Wavelets, Subdivision Algorithms and
Radial Functions, pp.105-210, Oxford University Press,
Oxford, UK, 1990.

X K274

5t S (Sung Ho Ha)
L & 2001'd =337 )= WAtk

A AR et AG T w42 A&
# Aok HloJErield, edl2U 2, A4A Y, 2 5H Y,
A5

O

24 (Eun-Kyoung Kwon)

2009 A thstw A% 33t
20119 AEdisn g HGsE
(739 AD

20119~ 37 A8 sh vhetel 7 o ok ka7
# A1 3oF : t)o] Bl vlolid, SNS, vlo] A% B2 1 5

2+&4M (Hyun-Sun Park)
2007 YTt EolE -Er;hﬂr

2011d AEost tjg
(e Ah

op

2011~ A 73 Hohshar sk 74 G sH HhAkaH
#OFAILOR - BEutd AMuls, SE¢E AFHE, IT
adaption, B ] E] Flo]yd &

21a+& (Kwang Huk Im)

2006 o7& AT (F
A

2006~2008 2H A AKF) WA AT
P BEEX

@A A TSt A A A B s s
# B AGABA 2, dolElrlo]y, AAYA
o, A BA B, FEAEB, A A0 2

o)



