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K-97 2% 3HK-means clustering)+ 24 M ¥ 3}(customer segmentation) § ©] o]
B ulo]dol M &2 38 3 B& s+ uiA % ¥4y (unsupervised learning method) o)
o} K-3-7 2337 A 84 (reproducibility) o] Q&7 B 719 31d, th2] 712 47
MM F& A8 E 27 AR e AR B ¥ (data partitioning) HH o] &5 9
oh B Al e olBet AdAcE HHE AR L Ats £ 1§ Agdit
ol Wb & ARE I HoE ol 2 F 27 AR AE S 2 43 &
AAAEE o AT U Al 1709 28 Ag FAT AL HaEsE o AHSe
ok 32788 A3 AL EXA HHE A AREA JAERS JEY 8 Y
& A A g}

Fogof: K-B FA3 vleld vto] g, @A, A8 £, ¥4 A5, H2E A8,
Rand X4, JIE 23] 7]&.

1. 13 HiE 2F MOt

ZA3E 27 AE 3} (customer segmentation) 5 Hl o8 mlo]ddlM Fa% I £&
3= 8] 2] £ 845 (unsupervised learning) W olcl. thE & ¢l A o] K-HF F A FH(K-means
clustering) 21l ] A& 312 FA &8 2 AE T AAAE v]g] A of girh 2Atw £4
A2ME S22 dolrh. WYdt A8 4 (data exploration)& strigts thE A8
o B EAL Lol A2 23 4A ¢V "ot

A 8 A (reproducibility; E}Z43, validity)2 384 Bho tidt £8 27 F shrtojr}
oW Mo g wEC AN BAY v AV ANEAE FE7HE HA¥ 437 vk
2 5948 mAUSAMN 44" SPFHA A dolE] A& T4 $4e s FAH A7
7} 71& 233 Adae} fArsiohE AEAd el v AolEE 2™ P vigA stk 1
AU T A7 AgRE Aoty o9 FE A dYete RAE #denh

o] 9} & 21kA Ao+ AlZbo] A B & o] AJTHA A A (stationarity) & 7178 3
ofof tE g AR BAz7 &3t A o] At wetA FHIY AEAE LAl
H71g 887 A, ol & f3%le] 8 E ¥(data partitioning) W& 8 5 Urt
g 282 A% 84 (supervised learning) 28] A {3 H7HE fote &3] 2o g}
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o] e} 7} 2] H] A] = 845 (unsupervised learning)oll A= H 2 B85 3 oyt AF AU
AL ohlth BR A& A7l 2HH H7HE Aol AND AR EE AL GeH 2
T} (McTintyre and Blashfiled, 1980; Morey, Blashfield and Skinner, 1983; Milligan, 1996;
Gordon, 1999, p.184).

0) 2ol ARE Yoz 27)2 2EAY. 2 F e A= A lolekn &1 ohe st
£ A7 A 281 oA

1) A8 A 1o] ¥ ZUHE S4B o ) AND 2UN FHL 7 lojetx 3
A AR A28l % AANE 74 19] ek 2 F o) [K 7 ZAAAA K A2 27
F40] A2 ATk 2 FAL 24 ANE A3 e 2H AL Boh AY 24
Hol¥e Rajst Aolrh]

2) A8 A 28 FUY PAoE PR 74 28 A4 Wrh ool wet A2 A
29 72 A § EH AT

3) A% A 29 AASl e 72 19 74 29 £
A 89 AR AAHolehy o BolA BF AL

272 AANRHEZ YUt
s A 2
Ay 282 goid ¥4 o A2 FehA vebd A

Hs4E& 2 Aol
ojc}.
#

AZdFe G g £f 5 ARTFAAM= £33 AA A5 & A A& (training data) 2}
H A E 28 (test data) 2 \_E_J'U}-‘C:Cﬂ, A2HE Z¥o TFol, FAE By Hrlo) 8%
2 &z uet Ao L EAT olof wat FHI AEAY HIME A% g FH
AESEY, A5 A 1ol ¥ Ago gty B & AT A5 A 20 o] B
sttt o 3] 20 & £ R Al WEEZRE AAHH7] df ol 4A3] LeAd 28 Al
£ H2E A8 H7) oyt

ojg| gt RAE A} A L AA AREINE vt o A8 £ HHS A
3t A}t gt '

for -t Jo Z

(3]

0) Fol2 A8E Y2 3N RUHe] A8 A 12302 P
1) 28 A 1o e ZURE 2B 2UH 74 12 ATk
2) A% A 28 $9 P2z FAN UK 72 28 A4k

3) A% 439 Z ANE 74 15 74 20 wWe} BRAch 22T 1 ARE TALR
£2 vehdtt of Bol 4 B3} Ao thg Aol Fs Holof g,

of AASIA A& A 134 29) YL TABolT AR 439 Y2 HrEgoz I
59l g0 4€ Fgol AdAL Fosheh SeAE Ha A 1239 WSS e a0,
0%, 20%2 ¥ A& AL Boh T, 0|9t Te AR B AR A/ A ge

S ulAQ Suel dok 28 294, B A Qs A7 A 2 3
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719} 3/ Aeg BEs 5 2 AL HAE §52 ¢8 43t 439 22 €634 &
¢l (cross-validation) & A Z4E 5 A& Aot

2A A 28] whAlg 8 £ oo AGIED IHAME 27 FHE BFT YA
25 o) Bate] DHHAEA M2 A e T} 4Ho M RS Ao HE o B
Aot o] &, FAZ Y HHo A& A SPSSALY] FH el WA 7.10] AR gt

2. =X 0f: Telco CAT X2

Aot ypizel R 2 F4werel Telco CAT A& A churn.txtof] H{HNEEE 37
t} (SPSS, 2000). °] A8+ 147792 T Ao B3t F3AH 7NFo g A7 ALY FF
3} W4 A Ag £3)}8(Longdist), 4% 3 2 (International), Al W% 38 (Local) 5 37}
olt}. i, Locale] A|+-HE HHIE Boenzg FX3 F8o ¢M 21 H8E sk
Log. local = log10(Local + 1).

¥ BolA A hgt Hapel] FFo] K-F7 FHI A& AHAHE Fosirh

0) dlole] £ 12 WE IDE 58 Uro]l Uo7k o]t 28 28 A 1 (FE AR
D& &1, Yz 7t 3ol 4 A8 A 2 (FH A7 )& stdew Az o0l A
2 g A 3 (HaE Ar)ez dgr} oA 3o AA 14777 B Z=7} 57170
(39%), 6047 (41%), 30274(20%) & £ EH At (A7 A FA4 0l F&3 40%,
40%, 20%7} obd ol ID MF o) Fulvu W o] 917] wfFo|r}]

1) £ 28 19 239 K=42 K-H ¢ T33E ABH Ut A7 A& 23 +
4= A AES FY Bojr}. gog, o W HEH BRI HAE Kmeansl1 28 £ E
Zelch

2) £A A48 29 TAHF K=4Q K-B 7 TAHE LR U} o] o} A BEF/A
€ Kmeans2et3l &2}

il

3) H2E &2 Z /iAol Kmeansl? Kmeans28 A -&3to} 270¢] T4 ol 2t
2359 22 Kmeans1 9 Kmeans27he] A#AE HoiF A FHETH

K=4 Kmeans?
A1 | #H2 | FH3 | TFM4
Kmeansl | ¥31 112 0 0 1
32 0 21 0
33 6 3 143 0
T34 0 0 0 16
ore] Foll A 8 (Kmeansl)?} & (Kmeans2)o] 73HA) of-g 8t Qi [F3 dlolE82 ¢
9} & (arbitrary) ] 7] Wi Eoll, of 7] A 723 ch ool & F F A Ho]EF AY 119 B
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H BAZL 23 AL o oA Beto], 23 dolBo] B eAUE Yx S of =
AL ohlth] mebA K=4 K-B7 23] A¥Aol avty oty & 4 Qo). 28}
3 o4 Al=E B B ot e AL oplrth ol 2 #4 4 K=5,6, - 9 A
FAME APAGo]l R B AFZAEL Bt Ud ZAE AT AHo)7)

Folth

1389] Ao wel 23 4= K=5, 6, 70 th3t AL Frsgr). <F 2.1>0] 2 &
e Ystglch K=59 233+ P 49 Aol FAA W K=6, 79 2H3}= 1
P2 e Aoz by}

<& 21> Telco CAT 25l it K-B7F A3 AEA (K=5,6, 7)

K=5 Kmeans2
A1 232 | 23| 24| 25
Kmeansl | 231 45 0 0 0 0
T32 0 20 0 0 0
+33 0 4 106 0 12
+34 0 0 0 16 0
45 5 0 0 0 94
K=6 Kmeans2
<AL | 22| 23| 274 | 245 | 76
Kmeansl | 231 45 0 0 0 4 0
=32 0 8 0 1 0 13
33 0 0 51 0 19 3
34 0 0 0 15 0 0
35 0 0 1 0 77 0
=316 0 0 63 0 0 2
K=7 Kmeans?2
T | 232 | 2R3 | 2R4 | A5 | 26 | 2AT
Kmeansl | 231 37 0 0 0 0 0 0
32 0 10 0 2 0 10 0
33 0 0 48 0 2 2 0
34 0 0 0 10 0 0 5
T35 7 0 0 0 51 0 2
=36 0 0 48 0 0 3 0
=7 0 0 15 0 47 1 2
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<E 21>HA B £ UKol o] IARFRHAME 27) ZHE AXH Ho] T
A YERA R of | RARFEANNE YA otk kS BolM 278 FH Aol
et £214 Fxof Hate] 28I 2 gt

3. 27 2B UXE X F

270 ZRBRT YAZE A AR 9 PolEd AT 9+ A2 Rand Index (Rand
1971) 2} Hubert 2} Arabie®] 4= Rand Index (Hubert and Arabie, 1985) ©] t} (Gordon, 1999,
p.198). ol A A A 4H(1997; Chae, 1995; Chae and Warde, 1991)¢] Rand Index$] A&
2 g8 ] P A AT E & vk Aok

Rand Indext= t}33} 2ol 48t i 9 4 j 2 E/FH NAY 8 ny; &2 3R
(,j=1,--,K). 4219 5 WA a2 be] 2 £/ E AHEA O H B & ol= s}
7t 8 Aolth ng BFH A F ot}

1) a%h b7t £7 5 192Ul o5} B FP22 BFHD SA FA A 29
2380 goiols & 2Pz BRI

2) ast b7t ¥ A& 12 TR ¥ TR FHACE 28U FE 248 29) £
of gt thE FHer BREG

3) as} b7} TE A8 29 A 2B F TR BeAry 28u 3d 28 19
TR et 2R ERHD

4) a2} b7t £ A8 19 TS 3t TR FHe2 FRAT FA ¥4 A8
28] 2 %] et E thE TR EHET

() Mol 7B 8 AR FolA 1), 2), 3), )l APt 4o $& F2 ok gk
1) 8 A £ TLTE, () (= M)

2) & A% 3 LL () - T T (W) (= N (4714, ni = B ny)

3) 9 A% & T (W) - T Tin (W) (= No). (4714, ny = T nyy)

) 932G - T (W) - T (¥) + Tl T (9) (= N,

wEbA] X A2 BE N+ Ny, v A] A2 25 Mo+ N3 Zi7FH 3 & A (5A
o]t Rand Index¥ % Al % F X8 49 v g

Rand Index =(Ny + Ng) / (3)

2 A", 238d +d3A A s A %ol o U 5 88 72HetEte] Hubert 2}
Arabie (1985)+ t}-&3} o] Rand Index& A8t}
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Zlkzl ][il( ) ( )Efl(nzj)/(;)
(K, () + ]’il(")w S ) S )G

Corrected Rand Index =

ol £8 A4E BE B0l A% 1ot 4 A4S 19 e A T AN 279 B
BE o FFHO2 09 2 ASHEE Hof 9rk o] 2L Rand Index®] £82 A £5
wo| 93t o) # ny 9 n ol ZANSAL W AR YA A S UGS BA
Aol 29, 2% AP o] ZHA/ A etk Hn 2 o] 2ASMY} BA FI Y
Aol &£ AR} Aok

Rand Indexsh WAl sho] A28 4 Ut 27 2ARY YAE AE2A, 92 dER

5 (entropy) 71 &0l 98 A X EntE A Fstat drt
AveEnt = (RowEnt + ColEnt)/2,

o 714 RowEnt$t ColEnte Zt7t 3 t} @ 2 X9t € b £ 2o dE=ES
=z

Rowbnt = Ty {50 3t tog (3) ), Cotme = 3, 24 {0, - 54 v () )

2 REHACE(0log0 = 0). JER T+ B4 (uncertainty)o] tst =& o3y
Ztgol] HLE = A SHE XA U7t 5o v|FFA 0] A FE FobArt A
EzuE oju] C5.0 ZYPANA B3] 851 At} (Quilan, 1993).

<3 3.1>& Telco CAT #A5 9] FAFA AEH dEZ I A$E HoAFTh K=59
A K=622 vt o] et AveEnt7t §5 3 A& £ 5 Ath o] A& K=59] 337}
23 g T3

i
i
i)
ms{_:
&
P}

<& 3.1> Telco CAT #}g ol i3t K-BF FA3] AFA H7 A& (K=4,5,6,7)

Rand | C. Rand | Row Ent | Col Ent | Ave Ent

K=4] 095 0.90 0.151 0.121 0.136
5 0.92 0.80 0.252 0.214 0.233

6| 0.85 0.59 0.330 0.551 0.440

7 0.81 0.45 0.453 0.790 0.621

4
2o Age] Agste] YN AEL FESE AL A ZH5ohA @ Yojck. me
A AANE G P29 ARl FolA AR PUEL ALsjo] Loz Yol
da A8" AR E AR ok
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<X 41> RAE o K-H7F A3 AMEA (K=6, 7, 8)

K=6 Kmeans2
T | 22| PHY | 2H4| 235 | A6
Kmeansl | #%1 98 0 0 0 0 0
32 0 88 0 0 0 0
A3 0 0 -0 0 110 0
T34 0 0 105 0 0 96
=35 0 0 1 90 0 1
A6 0 0 0 111 0 0
K=T7 Kmeans?2
AL | 22| FA | FH4 | FH5 | 2H6 | 2AHT
Kmeansl | &31 98 0 0 0 0 0 0
32 0 38 0 0 0 0 0
33 0 0 0 0 110 0 0
T34 0 0 0 0 0 97 0
A5 0 0 0 1 0 0 89
%6 0 0 0 111 0 0 0
A7 0 0 106 0 0 0 0
K=8 Kmeans2
2| 2H2 | 2R3 | 24| 2R | A | wHT | =38
Kmeansl | 41 98 0 0 0 0 0 0 0
32 0 88 0 0 0 0 0 0
A3 0 0 0 0 58 0 52 0
T34 0 0 0 0 0 97 0 0
A5 0 0 0 1 0 0 0 89
%6 0 0 0 111 0 0 0 0
I 0 0 60 0 0 0 0 0
F 28 0 0 46 0 0 0 0 0

2olAtgE 7H e A 350078, 7MY 22802 ZASENUk SYHH LR 2F ) (=
L, 08 AAE|

(z1, -+ yz7) ~ N (mj, I7)

of whet 500707t A= AT A71A BE myE jEA 22T 500 YA 84EL BF
02l 7x1 HME| o} 3 FRA (I;& HZ R 471 7x7 tf ZH @ | ol o). mhebA] o] 2k ol ot 8o
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= K=70] & gtolth. &8 A5 13} 2+ Aal 259 3,5007] AA F Ao 223 1,4007)
o] A2 FAAL HAE 28 F2 70070 HAZ A

<E 4.1>0] At YHES H L3S W F= H2E AAE T 2 5 2
Foltt. A A A K=6, 7, 8% AT AAISHT) 2812 <& 4.2>= K=5, 6, 7, 8,
92] 3 3}oll ti3}e] A AtE Rand Index, +% Rand Index @ AE 235 gtojr}.

<E 41> K=79] 237} dARAL AdAog B £ 91 <X 425045
K=7oAx dE2H7 H4Y4E A 4+ Yot

<E 42> ZoAge | AN F7F A7 (K=5,6,7,8,9)

Rand | C. Rand | Row Ent | Col Ent | Ave Ent
K =5 0.83 0.51 0.435 0.407 0.421
6 0.92 0.72 0.215 0.214 0.214
7 1.00 1.00 0.008 0.008 0.008
8 0.98 0.89 0.117 0.112 0.114
9 0.96 0.79 0.226 0.200 0.213
5. #s &

£ RUAAE K-BZ ZUS AQYE Bk A A= 28 $9g AQshn 2)
ZASl OIS AN 252 A=Y 2] 8L ANSASG T 7129 PYS
Bel $AH FRAMY vlBE thR XA gt B, A4 (1997)2 2Bk b
B (M) FES Aste] RAEY PHe] $22 AGH ¥} vl 2 AT 2
o2 A7UTh $F o]F PUER M ATE 7|vje) Bo},

K-3F 237t 229 dlolel nlo] g i Bel N $28 ABE 3T 917) g2 2
RANA 230 HFE FUS B, S5 Wi K-HZ 2ASD A g 53 2
& o},

K-37 2484 23 48 HdsA 38 gotel, A28 WA 7120 2AG
2 2A9 PUEE BB ¥ 22 vlolE nroluiBolA Aeto.

o228

1] A (1997). “NEE 22 R 232 38 AL 59 o2 7, Adstet (ARG
Nz TE = E), 8% 13, 7388,

(2] Chae, S.S. (1995). ”An asymptotic result concerning a comparative statistic in cluster
analysis,” Natural Science (Taejon University), 6. 125-138.



K-343 2332 Aed 371 % 38 143

[3] Chae, S.S. and Warde, W.D. (1991). ”A method to predict the number of clusters,”
Journal of Korean Statistical Society , 20. 162-176.

[4] Gordon, A.D. (1999). Classification (2nd Edition). Chapman and Hall, Boca Raton.
Chapter 7 (pp.183-211).

[5] Hubert, L. and Arabie, P. (1985). ”Comparing partitions,” Journal of Classification, 2.
193-218.

[6] MclIntyre, R.M. and Blashfield, R.K. (1980). " A nearest-centroid technique for evaluating
the minimum-variance clustering procedure,” Multivariate Behavioral Research, 15.
225-238.

[7] Milligan, G.W. (1996). "Clustering validation: Results and implications for applied
analyses,” in Clustering and Classification (Edited by P. Arabie et al.) World Scientific,
Singapore. 341-375.

[8] Morey, L.C., Blashfield, R.K. and Skinner, H.A. (1983). " A comparison of cluster analy-
sis techniques within a sequential validation framework,” Multivariate Behavioral Re-

search, 18. 309-329.

[9] Quilan, J.R. (1993). C4.5: Programs for Machine Learning. Morgan Kaufmann. CA:
San Mateo.

[10] Rand, W.M. (1971). ”Objective criteria for the evaluation of clustering methods,” Jour-
nal of American Statistical Association, 66. 846-850.

[11) SPSS (2000). Clementine Application Templates for Telecommunication Industries (Telco
CAT). Chicago, SPSS Ine.

[2003\d 49 A<, 2003d 69 A |



144 Y3, o] &

Reproducibility Assessment of K-Means Clustering
and Applications

Myung-Hoe Huh ¥ Yong Goo Lee 2

ABSTRACT

We propose a reproducibility (validity) assessment procedure of K-means cluster anal-
ysis by randomly partitioning the data set into three parts, of which two subsets are
used for developing clustering rules and one subset for testing consistency of clustering
rules. Also, as an alternative to Rand index and corrected Rand index, we propose
an entropy-based consistency measure between two clustering rules, and apply it to
determination of the number of clusters in K-means clustering.

Keywords: K-means clustering, data mining, cluster reproducibility (validity), data
partitioning, training data, testing data, Rand index (Hubert-Arabie corrected), entropy
criterion.
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