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A Performance Comparison of Cluster Validity
Indices based on K-means Algorithm

Yo-Sung Shim, Ji-Won Chung, In-Chan Choi

The K-means clgorithm is widely used at the initial stage of data analysis in data mining process, partly
because of its low time complexity and the simplicity of practical implementation. Cluster validity indices
are used along with the algorithm in order to determine the number of clusters as well as the clustering
resulfs of datasets. In this paper, we present a performance comparison of sixteen indices, which are selected
from forty indices in fiterature, while considering their applicability to nonhierarchical clustering algorithms.
Data sets used in the experiment are generated based on multivariate normal distribution. In particular,
four error types including standardization, outlier generation, error perturbation, and noise dimension addition
are considered in the comparison. Through the experiment the effects of varying number of points, atfributes,
and clusters on the performance are analyzed. The result of the simulation experiment shows that Calinski
and Harabasz index performs the best through the all datasets and that Davis and Bouldin index becomes
a strong competitor as the number of points increases in dataset.
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HlolEl mpoldell A AEHE A8 719
3l 22 2H 3 (Clustering) 2 F0]% dlo]H
E FAIR BAE ZE 2§(E82H)2E YF
v 7I¥oltt. £/ (Classification) 7]¥e] ulg
AoE FAFOE HolHE T3 A ¥,
Y 2EH YL A7 FAL A 719 doly &
7122 HoleEst s SAgel det 24 2§
o HAY AF0] d2A A" F o

8289 4 EL A AFYH} vAZF
Y dugEes FEAD HASE g1 EY
4l K-means €1 FS 58 A £g
A3 7 fold o2 A3 dHojE nloly,
oleiHo] 2 A4 &M (Knowledge Discovery in
Database) 59l 48 851 githKurita, 1991;
Day, 1992; Jain, Murty, and Flynn, 1999]. 18
U K-means €¢12F9 d4 F &4 713 2
FARLE £89 ZY2H F()E Add 4A
g Folof gk Aot FY2EH F9 A4HL
2YH2HP EAY & FNe 2ZAHTE 0
T2 EAZA, Foi d&F &4 HolH
of EAst:s ZE2H 8 AR AAtE A
< AR B7Hssty] Wi S8 2HE ¢1g
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Index, Clustering Index)& A+&3tA "o}

Y 2HY A9 282HY Ay &
A& Hrlerl A8 ASHe B7H1EMea-
sure)olt}. FoZ W9 thokdt FYAE Fof

Wit 32688E T3, 1 AA2FE A
Abgl gk ghel 2AS 71 AEEHE 282
B 48 AY3A 2. dA7A BAFE 7 &
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Eo] AAE oy, BE HolH T29 €1
Zol g3l ANFHOE F&HE Ad2y EA4%
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AGY A 2E MYF oz AMLIAY 3 o
Ao JAd2E A ALV @k o9 2
4 AL EAAE S5 Astq A wlo]
B 729 4nEFd Ut 929 A% Yri=
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&% & HolgE ez 3t 4¢ <
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Milligan and Cooper[1985]& A%¥ <1
Fol 710 2H2HY J92 A vad o
& 47 ARE AANHAT. A@AAE 1A
A%d F9287 ¢18&3 Milligan[1985]]
ANEHOIA HolH A4 €1gES AL
o, 3019 71€ 28268 dd2EY 2
B 24 4%& vusidth. 48 A Calinski
and Harabasz[1974]%} Duda and Hart[1973]¢]
g A7}t g2 Qe 2Ed v FL& AHE e
Wou dole o&qe] 4HoE 73 Duda
and Hart Q928 0} Calinski and Harabasz <l
gd2g AFY dxgsdA 3 AEE A9
224 Hrstgoh. 28y delde 4 5070,
%4 M 4, 6, 871, 183 S 2H s 54
o] 3}¢l FZ o] El(Error Free Datasets) &< At
34 B o, A EAAdA G F
Ae I dHFIE 1A FFo2H
AAA Ao 2H

Dimitriadou, Dolnicar, and Weingessel[2002]
< K-means& ©| &3t 147) 9 2o thgt H]
A AT AFHE AR oW HoHTE X

128 YRSy

A6 H1Z



K-means 212|& 7|4+ BHAHZ QoA @ o3

&3t 16749 vlolE A& ALgsigon 7 Qlya
=9 4%l 282H 77 59 dolH A EX
2t A2 Aoldt AxE Uehdth Dimitriadou
et al.[2002]¢] AL ol HolE g Ao
2 dug A7 AHE £X¥ dogE 23
3 kA wlolE fYo el Yulsisly)
= oY o] Y= FHAHY AP A #Y )
E @780 A7) AYste A2 $34 A
T A3 2712 HE ATE AN Qo
U, A" 259 Adgaute nagozy A
Y27 gitgtd e Fg 71 dEtHRohlf, 1974;
Ratkowsky and Lance, 1978; Davis and Bouldin,
1979; Milligan, 1980; Milligan, 1981; Ray and
Turi, 1999].
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K-means €18 & & F 43 3% 248 oy
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A, & AFAAE HAFE 719 A gl s
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Hol ¥ 54 FH2HFE 939 Kmeans
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HNASE 2e2Hd ¢uE A7 Agd
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FoA vAZ
71Hol Hgol 753 13709 g ~e 19859

AYoA AHEE 307 A~

o0F vma Azo| WEH AdAE

F3te] &% dolg F8&
EFge dg A8H 3 glthKurita, 1991; Day,

238l A9 AE[Duda and Hart, 1973; Beale,
1969; Mojena, 1977; Johnson, 1967; Wolfe, 1970;
Gnanadesikan, Kettenring, and Landwehr, 1977;
Sneath, 1977, Frey and Groenewoud, 1972;
Bock, 1977; Lingoes and Cooper, 1971; Day,
1969; Mountford, 1970], =& A A elo]€ Ald]
We YRE o] §3HTTE dole AOE BE 4
Y= BE b5 2P ekl @E Ausior
3l ¥ AE[Hubert and Levin, 1976; Baker
and Hubert, 1975; Rohlf, 1974], 21811 E4 &

3

FTAM 4

gAoz de ALEHE 3749 g A2 MHEd EE 7143 d¥2 [Ray, 198218 AFA
o RF 167 2226 dd2o] g A5e  ALHUG. 449 A AT FHH 54, o
Hluddg WdHe F 282H B £85HE of i3 du, 123 HF 2 7 AR A
dhtel 2 AHY &ats B2 oy Alghe o] 2o <E 1>3 2

<HE 1> A#ol AF2E ZHAHZ oda

Calinski and Harabasz (CH)

1 | WGSS 21U E AHWithin-Group-Sum-of - Squares) BGSSe 1§72 HBetween-Group-Sum-of-Squares),

n Holg AF, a2 ke E82H AFE guigdt 49 Fuige Fe kg Fd2H A5
—.—7§7<]§ A& cHCalinski and Harabasz, 1974].
Ray and Turi (RT) %Z Z | z—2 || /min (|| z;—2; | ?)
-1i€c

2 ne dlolg A% Ke 2928 A, CGe 282H i £ dolg 3, x& Hold, z% z= &

Z—T i, AR 282EY FAYS vt $49 Hags FE kE FY2H A5 FEX2 A
PE]-[Ray and Turi, 1999].

Davis and Bouldin (DB) Avg (max(pairwise comparison))

3 | pairwise comparison& T Z#2E7H WGSSS] @& BGSSE e grolth. 49 AAgE F: k
£ 2828 /59 #AX2 deFdcHDavis and Bouldin, 1979].
G(+) 2s(=)/my(ng—1)
s(e 28 2Y2HA &8 BEA 5 dojg Ale] ARt Al O sgeE E7dty o

4 | 291289 &8 u °]E1 %49 7§(Number of inconsistent outcomes)E, nse L Ze{AEd 4
3 HolE A e etk £A9) Hrghe FE kB FU2H A%e 242 Aded
[Rohlf, 1974).
Point-Biserial (PB) ‘ Cov (z,y)/sd (x)sd(y)

5 Cov(-,-), sd(-)e Z}Z FEAHCovariance)3t EFHzKStandard Deviation)E &gl 29
ANGe FE k8 2928 Are] 242 A FM illigan, 1981].
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ct 4 FAdM FAE (BGSS/WGSS)Y?e] Bigtoln, ke ZH2H 7otk 449 Auzt
& FE= kB ZFH2H ALY 2AHxE MY 3ttHRatkowsky and Lance, 1978].
W | E|w)

|

7 We 7 28289 TEN 9P Folu, ke ZY2E Aotk d%® F kol tisl 54 ol

7P & H3E F= k& A9d Marriot, 1975].
Ball and Hall (BH) | Avg WGSS
8 | AvgE W (Average)e oJv|3ln) WGSSe 1EURAE drgth A%H % ko] sl 54 el
7V & WEE F+ k2 Ag@tiBall and Hall, 1965].
Trace W | Trace W
9 | We 7z Ze2H9] TR $89 Folnt. A%H F ko Wldl F4 ol M & ABE FEk
e gcHEdwards and Cavalli-Sforza, 1965].
log(SSB/ SSW) | log(sSB/Ssw)
10 | S8BT 1§37 E4HSum-of-Squares Between Cluster Distances), SSW& “LEU}#+HSum-of-Squares
Within Cluster Distances)E 9|3ttt d&£® = ko] s 44 g 714 2 8gs 2= k2 A
9 3it}H{Hartigan, 1975].

ot

GDI(31) min<{ min (X, X,)
" 1=5<e lf;ssc Ilzl’ix{;;](xk)i

5 (X, X,)E 2228 5, 1 2t 34 A, 4,(X)E FY2H ko) WCSSelth. 49 Fage Fe
kg 2828 M4 FAXE Ad3cHBezdek and Pal, 1998].
nlog(|T|/|W]) | nlog(|T|/|W])

12 T—‘E AA TR AF, We 2 F828 FEA 839 §& guisi, ne dolg Afelth A%
H T kol ois] 54 gl 714 & WEE FE kS e g){Scott and Symons, 1971].
Trace W'B I Trace W'B
13\ we 7 2ejz8 220 939 §2 ovgn, BE Tol W il golth a8 5 ko s} 5
4 gl 71 2 WHEE F& k2 M98 {Friedman and Rubin, 1967].
McClain and Rao
14 | (MR) Avg WGSS/Avg BGSS
FAY HARE FE= k2 FY2H AFY =X E HHHMcClain and Rao, 1975].
5 LTI/ W] | T1/ W
A& F ko & 54 g b 2 W E 25 kE A Friedman and Rubin, 1967].
1 1 A density (u;,)
S_Dbw ?i; o) [/1a(s) | + c- (c—1) I.Z[]Zl max {density (v; ), density (v; )}
]
16 | c& E82H JF, ve F82Y i9 4, o(y)E F82H 19 WGSS, density(v,)E F82H i9

FAAA 1-EFHA W Soje& dHolg A4, a8xn density(u,;) = SE2H i jo $49 B
oA F Fe2Ed) £3 HolElEe ¥ S 1Esle 1-TFAUA Yo] 50L& tlolH AFE 9vs
o 449 AAS FE kS 2o2H 4 24Xz eeoHalkidi and Vazirgiannis, 2001].
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71848 L& K-means ¢ &0 763 2
2E Y Jd 29 o) 7|& AZY g2
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oJH , &4 F, 183 F¥2H 4 5 7|84y
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H2EHY dd 29 Aa 45 oJme ¥
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LAYEE AHLE Ho A2 HY 7)2 S A
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1) 2828 AF kol st z78 AFAF
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3) 1), & kkmin WA kmax7bA] BHE-GITE

4 #3 ge2H A5 R Agd ng 54
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gt A, 7 dd 29 HFe HolH A
dueEd g3 FAH FH2H £5 ZF3
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ol V3 GHE BA3] A3 Forgy[1965]
o] 2718 71 o A Z kol s o9
7] FAA AL ANEY duES 493
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Milligan[1985]& 28 2E ¥ d1EE 2 ¢
929 AEHolE ATE 9o AEH)A
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22 FL HolH ¥4 422 Holy A
&4 N, 2828 S, o243 (Error Type),
2 3 2F 9 Y Z(Discrepancy Type)S At
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¥, UmA FY2HE ¢ HolHE 753
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EE WELEE o, £48 AFEXY ¢
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& EXE B2 A MY FAF ElOIE A(Repli-
cation)& WETH AR ¢ FL L3 2o

HA A A 40 N FHHAR Y= 7
£49d dstd Z2H AAZRE FY¥2H ¢
Ak Y2 AU AA FAL YFo
2, FAAM AAMAY dolg 15-EFUAE
3t ATMEEE JMHA 7 Se2H ¥2 b
oJE] & AT o] W, FAE R HolE
© Az A8 Fy2HE FEA
AMEEE 27 "k o9 22 BZEHolH Al
of tate] A 4R @3 &, EolF(Outlier),
S AW+g (Error Perturbation), 3% 44 (Noise
Dimension)& F7}3t HF dloly A& d&
. Milligan®] ©®lol8] A ¢uE|Eo] AH4E
A8 W FL wlolE S50, 100, 150, 200),
&4 M, 6, 8), F-2H M52 3, 4, 5), 28
3 Bolgh, LAy, AHEAHY wy oo},

EEU OB} BFLEZHE 15-EFHR ¥
9 WAlA dolHE Adste whd, Solgk Ho
B 3-ZEUA7A S HAdA doz J4R
o =3, oAy wolHE AAE &Y
o] £Ak) HFS 002 3 1-HEHA W9
LAFe talFe PHoZ A4 58, 2
HEQ LS AFEZIL obd FEEES wel &
A 3101512 A4 sk E-r‘ﬁ|°]‘51°ﬂ £4& F71

z2 °lb11 —’LEP*EM ulsﬂ
HAEY g Ee A5l HolH Zhllﬂ F
FE HA8E + gohMilligan, 1985).
3.2 7|24lE

718 A = Milligand) HlolE A4 <1

N

WY glo] A& dHolH 74 504,
M4, 6,80, 181 EH2H A+ 2, 3,
570 dHiole Ae AT AHRYH 2
*Ei 4HAE 1%, 23 A dHold A 5
AL} <F 2> 71EAYY AY AF
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A2 Ass ﬁ‘lﬁf} 7184y Aot}
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Zt Qg 27t Ze2H ASE T 2ANE B
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& AFE YuFy, ‘<29 >3 4 Jga
7t FA% 2228 Agr dngdFd 93 F
o]z g 2H MFRT F 7 o] F& A9
Al o) d B 73F9 ¥ oIt Milligan and
Cooper[1985]9] &HZ24 WY& 1dE {A8
7] Y3k, ‘eH'E 0EY #FNE VIEeE 4
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£ Hlw |7

EEdolg Al dg 4% A3} Milligan and
Cooper[1985]9] A3 A9} nlg7tx& CH ¢
d 27} K-meansol A E 713 22 AL HY
on, G(+) ¢929 DB dd2E AZY U1
ZYFANAM R K-means 1 ZA 48 2
FHE Hol: ZLE ‘NH'YEH} 'HES 53 ¢
F Stk CHY RT Q929 3%, 383 =3
& JFdME 863 8124 CH U927 A
HOE & A% E RGAT, ‘<2, 1, 0,
U, 42, >+3 Foll HgEte @S AHpd
CH {9 2& 0 €& F422 YA 239 9
H, RT dd 29 AR A 35E 3 7 A=
AL 1 dd AFHE AL 1y

Milligan and Cooper[1985] ©| % % & d QY

el 2= K-means G| EA AjHoz
o3t 4%5& Yelt. MR, IT| AW, S_Dbw 5
390 AN A2 AFo) AHLH B
29 dolg Al 3] FH2H NFE ko=
FAR3HE AYE Holn Yo, o 4
€ M2 239 S DbwE A3l 7|& Milligan
and Cooper[1985]¢] AT A&} FASHA e
pre= 3

H-H& Age FAHoE ALT Y
EL 134 ¢ ddrEd v HFHoE
FL ZH4E Bol1 gt GDIEL) AH2E A
93tz RT 9427t 29, DB ¥ 27} 39,
G(+) d9x7t 498 AAdE 5 Y9 43
< BAGEHE WA Y o] FHAZY2EH
A8 K-means ¥1g & FEF Z234E Ye
U e 2o FHEG.

1 Calinski and Harabasz (CH) X M 0 8 8 9 4 344 390
2 Ray and Turi (RT) 0o M 4 21 8 0 0 2 324
3 Davis and Bouldin (DB) 0 M 0 12 79 1 0 16 316 287
4 G+ 0 M 3 21 77 6 1 0 308 297
5 Point Biserial (PB) 0 M 13 28 6 2 0 0 20 308
6 c/E0S X M 18 47 33 9 1 0 132 200
7 KIW| X D 50 2 27 3 1 1 108 146
7 Ball and Hall (BH) X D 54 27 27 0 0 0 108 128
7 Trace W X D 54 27 272 0 0 0 108 120
10 log(SSB/SSW) X D 32 48 26 2 0 0 104 212
11  GDI(31) 0 M 37 13 15 1 3 39 60
11 nlog(|T|/|W|) X D 2 38 15 4 0 9 60 149
13 Trace W'B X D 3 2 4 0 0 9 16 8
14 - McClain and Rao (MR) X M 0o 0 o0 0 0 108 0 2
14 [T|/|W| X D 0 0 0 0 0 108 0 0
14 S_Dbw X M 0 0 o0 0 0 108 0

) 2 A Hi A AR 4R - ALL0), FIAH(X)

A Z2E AF A A - Hu/H4 F A%M), Jo) 2o] HIHD).
¥ Milligan and Cooper[1985]9] AA|® ZHu}
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<E 4> 7|2AH 21 - ol2iny ¢ 2o

1 Calinski and Harabaaz X M 86 67 81 41 275
2 Ray and Turi 0 M 81 32 74 57 244
3 G (@) M 77 22 71 50 220
4  Point-Biserial O M 65 20 60 56 201
5 Davis and Bouldin O M 79 15 62 35 191
6 /RS X M 33 30 34 33 130
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7  Ball and Hall X D 27 27 27 27 107
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12 nlog(|T|/|W]) X D 15 9 21 15 60
13 Trace W'B X D 4 1 4 9 18
14 McClain and Rao X M 0 0 0 0

14 [T}/ |W| X D 0 0 0 0

14 S_Dbw X M 0 0 0 0

779 <k 33 59
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