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An Analysis of Diversity Measures in Clustering Ensembles

LUO Hui-Lan”'® KONG Fan-Sheng” LI Yi-Xiao"
D (Institute of Artificial Intelligence, Zhejiang University , Hangzhou 310027)

2 (School of Information Engineering , Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000)

Abstract  The diversity of an ensemble is known to be an important factor in determining its per-
formance. There are a number of ways to quantify diversity in ensembles of classifiers, while lit-
tle research has been done in clustering ensembles. This paper compares seven diversity measures
of clustering ensembles with regard to their possible use in ensemble design. Five experiments
have been designed to examine the relationships between the accuracy of the clustering ensembles
and the measures of diversity under conditions of difference ensemble methods, different ensem-
ble size and different data distributions respectively. Experiments show the relationships between
these diversity measures and ensemble performances are not monotonous. However, when con-
structing ensembles with moderate ensemble size by suitable clustering algorithms for a given data
set with uniform cluster distribution, the correlation coefficients between the diversity measures
and ensemble performances are relatively high. Finally, the authors give some useful suggestions

about the usefulness of diversity measures in building clustering ensembles.
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XK NMIBDM B B K B L3RR R 2K A (K
) 22 S PR RO B ROMEAL T 0 F 1 Z ), 2 A SRS
e 42 A A I B RI(E D 0.

2.2 ETHHERMEEE EBDM
FESCHRLT TP (s T A i 008 1) O 12 0 ) k3¢

NMI 4



8 1] Byt

« RPANOP Y 2 S M S R AT 5 1317

PR 22 54, AL B fiv 4y EBDM

Based Diversity Measure) ;
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214 £ CFDBDM
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DR E R B VEE I J7 B IRABDM (Inter-Rater

Agreement Based Diversity Measure)

S — 1o
NL(L—DP1—P)
Horp L F R RO o BRI S o B LA [
BOTE K BB T P 2R B M b T 4
PRI 9 B2 ME R %6 IRABDM [ {8 K 8 B 2%
SRR 25 S MO

3 REEREREEEST

IRABDM = (18)

3.1 REEMGREZRMERXENEMEZ BH
I

T EMMTE Ak Al 2 e RO AR

JG I T B 2 (R1 0 0GR FRATT R B AR BUR 2 4R
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TESZ B IRA1# T Spearman’s rank Correlation
Coefficient(RCC) J5 ¥ A Al 57 22 52 1k 5 4 10 o W
JEZ Bl B AH G FR . RCC & By Spearman 7E 1904 4F
& th AR Z 80 L B 43 A T 5% B8R DG Al AR DT i
B HR I A AR R SCBRR DY Z BT L
SN Ry 25 e R B i M A R 2 ) O &R 2 R

ZEMER B AR B OR 2R R AH G VR B RCC Y
BEINN

N o ) 2
RCC(X,Y)ZI*G-Z (Rank (x;) — Rank (y;))
i=1

N(N* —1)

(19)
ﬁi X={z1 2, "'717;\'}%[] Y= {y1 s Y2y "'ay;\'}%
SEERAE G XA RCC 250, AT 18 ] T matlab
HH A BR B BRI —1~1.8 0 Bf R A
JEMNL Y. BRI R DG TE B R TE A G 2 %)
(AR 3 7 AH O P

X1 FAEAFHRREREBELATEMERHEEES CSPAERERENHEXRLE
CHA iy p Fm iR vl 51 R MERG IS L Ep 278 14 CSPA 45 i e J%)

LEEEZ

p=0.5 p=0.55 p=0.6 p=0.7 »=0.8 »=0.9

Ep=0. 4996 Ep=0.5647 Ep=0. 6049 Ep=0.7533 Ep=0. 8960 Ep=0.9743
NMIBDM —0.0435 —0.0784 —0.0525 0.1252 0.4702 0.6016
EBDM —0.0291 —0. 0874 —0.0705 0.1116 0.5043 0.7389
CEBDM —0. 0442 —0. 0491 —0.0291 0.1317 0. 4507 0.5916
adRBDM_1 —0. 0447 —0.0738 —0.0518 0.1316 0.5136 0.7421
adRBDM_2 —0.0678 —0.1572 —0.1880 —0.0725 0. 2820 0. 4096
adRBDM_3 0. 0500 0.0627 —0.0071 —0. 3661 —0.5429 —0. 8303
adRBDM_4 0. 0629 0.1012 0.0437 —0. 3180 —0.5964 —0. 8259
adRBDM_5 0. 0549 0.0767 0.0088 —0. 3559 —0.5633 —0.8347
DFBDM 0.0365 0.1030 0.1908 0. 4553 0. 4878 0.5714
CFDBDM 0.0316 0.0763 0.1562 0. 4428 0. 5650 0. 5445
IRABDM 0. 0206 —0. 0049 0. 0409 0. 3479 0.5984 0.7713
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S E T2 DY B B 0. 6 I, 5 4 T R 2 )
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IO HERR FE 0. 6 A502 — > 43 K W o 45 il 2 S5 1 B it
TE LA A A DG JLF o0 0 B 748 i AH S6 M 4 . 31X
VA 2 — AR Bl 03 SRS T B i B R 2
B 25 SR ROk R S A R IR A i EE
— AR AR B IR I I A — 5 1 AT P 1.
PAFZ 1A & 3 T 350 8 % AR R ) 38, 46 R R
AERT T 1 7% SR A 1 2 v Wik o e 38 .
333 AEAMNERANERTEMEREERES

CSPA £ B 7 E RHH X T 3R

h T AR R KN E B S 22 e 5 4
JSCHE R B[R] B AR SC Ve, AT AT 3. 1 719 43R 9 52 5

T3 AR EAS [A) 1 R 28 R AR KM B0 T L 1 2
BB HERRE p=0. 65 BIEEAK 30 A, T35 7EA
[7] P AR /NI 50 4 R 1 2 S M R 40 o i 32 1)
FEREEE 20 Kb FE 5545 20 0 7 5 (E a0
F 2R, RSP Ep gt 1 —FF 278 78 41 R
TEOL T CSPA 42 j e i B2 1 - 306 SRR R/ L
FR.
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TF Uik Wit B AR /IS 14 3185 RAH DG MR 35 i {H S AR 4R
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adRBDM_5 fEEAR K /N L=20 B 4 32 2 BUE 57 5
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L=3 L=5 L=38 L=15 L=20 L=30
Ep=0.6469 Ep=0.7146 Ep=0.8022 Ep=0.9211 Ep=0.9553 Ep=0.9858
NMIBDM —0.0458 0.1042 0.2393 0. 2866 0.2305 0.1603
EBDM —0. 0656 0.0917 0. 2206 0.2292 0. 2089 0.1290
CEBDM —0.0188 0. 0836 0.2075 0.1923 0. 1491 0. 0855
adRBDM_1 —0. 0428 0.1042 0.2469 0. 2887 0.2173 0.1871
adRBDM_2 —0.2034 —0. 1435 —0.0351 —0.1160 —0. 1876 —0. 2598
adRBDM_3 —0. 0905 —0. 3241 —0. 5962 —0. 8782 —0.9076 —0.7770
adRBDM_4 —0. 0346 —0. 2425 —0.4711 —0.7684 —0.7945 —0.6695
adRBDM_5 —0.0725 —0. 3083 —0. 5822 —0. 8728 —0.9031 —0.7740
DFBDM 0.2832 0. 4386 0.4608 0. 6981 0.7519 0.6733
CFDBDM 0.2367 0. 3854 0.4018 0. 6071 0.7208 0.7041
IRABDM 0.1331 0. 2825 0. 3814 0. 5750 0. 6499 0. 5581
34 HESGHESRUEESELRERNNERE MIAEOC R AL L PR & 20 WKL 19 3 1Y 45 Fh 22 5 4k
Z BB X RBI M5 B 1 55 4 M RE 2 [R)FEAS [R] AR 8088 0 A B B A G R
R T TR ) 53 A R A 2 i SR 2R AR RN Boangz 4 FroR.

1522 ek B i IR A AR SR R FRATTAE A 3. 1 A Al
R S8 7 IR N AR BT A R B o3 A L Y SR
Ze H PR RO 2 A I 3 . TR kAl Bk
FrBEOLIL Bl 7= A AN TR KAl o A b R/ 301
JR G HERE D 0. 7 BRI 30 A ST R EA]
22 5V 3 (RN R CSPA B33k 1k 47 45 B A0 o 1
JE IR IG o3 B A% b 25 S R R 5 AR PR RE 2 )

R3 CATEAMBIEST

K dls i 2 1A% B T A B
Datasetl 60 3 20320320
Dataset2 60 3 403105310
Dataset3 210 3 70370370
Dataset4 210 3 125550335
Datasetb 1200 3 40034003400
Dataset6 1200 3 100310003100

R4 FABESHLRBEINESUEES CSPAEREREZ ANHAXREY

LIEEF

Datasetl Dataset2 Dataset3 Dataset4 Dataset5 Dataset6

Ep=0.7728 Ep=0.5436 Ep=0.7997 Ep=0.5371 Ep=0.8018 Ep=0.4134
NMIBDM 0. 1442 —0.0153 0. 2620 —0.1262 0.3732 —0.1321
EBDM 0.1346 —0.1163 0. 3007 —0.1294 0. 3602 —0.1953
CEBDM 0. 1582 0.0743 0. 2596 —0.1272 0. 3682 0.2102
adRBDM_1 0.1387 —0.0294 0. 2965 —0.1602 0.3677 —0.0933
adRBDM_2 0.0918 —0.3718 0. 0572 —0.6303 —0.0924 —0.3014
adRBDM_3 —0.5813 0. 0032 —0. 5681 —0.0423 —0.4516 0.0332
adRBDM_4 —0.6265 0. 1955 —0.5799 0.2017 —0.4070 0.1295
adRBDM_5 —0. 5863 0.0052 —0.5797 —0.0208 —0. 4545 0. 0405
DFBDM 0.4799 —0. 0005 0.5614 0. 1095 0. 5092 0. 3882
CFDBDM 0. 5459 —0.0613 0. 6230 0.1120 0. 5255 0.1624
IRABDM 0.4291 —0. 1909 0. 7656 —0.1224 0.6053 —0.1210

MFE 4 1] LUE B 5 BB o Y A SR S
AN [R) P B30H0 V519G 0 S 52 ) A 25 S M i 5 CSPA
B PR BB R DG M. AE R AR B RS 0L T A B
AT BR T adRBDM_2 4t , Hop & 5 CSPA
AR B R I RE DG E LU AR ¥ 5 W 5 A A B SR F 22 1T
HAH R ) CSPA 4 1 RE 1 bb 76 A 359 50 1 8 43 i
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Background

Data clustering is a difficult inverse problem, and as
such is ill-posed when prior information about the underlying
data distributions is not well defined. Numerous clustering
algorithms are capable of producing different partitions of the
same data that capture various distinct aspects of the data.
The exploratory nature of clustering tasks demands efficient
methods that would benefit from combining the strengths of
many individual clustering algorithms. This is the focus of
research on clustering ensembles, seeking a combination of
multiple partitions that provides improved overall clustering
of the given data.

One challenging issue of the problem of combining mul-

tiple clusterings is the choice of the generation method of the
component partitions for the ensemble. Diversity among the
member clusterings is deemed to be important when con-
structing a clustering ensemble. Numerous algorithms have
been proposed to construct a good clustering ensemble by
seeking the diversity among them. However, there is no gen-
erally accepted definition of diversity, and measuring the di-
versity explicitly is very difficult. While a number of ways
are known to quantify diversity in ensembles of classifiers,
little research has been done in clustering ensembles.

This paper focuses on the research of the diversity meas-

ures of clustering ensembles.
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