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Abstract In real applications, mixed data sets with both numerical attributes and categorical
attributes at the same time are more common. Recently, clustering analysis for mixed data has
attracted more and more attention. In order to solve the problem of attribute weighting for high-
dimensional mixed data, this paper proposes an attribute weighted clustering algorithm for mixed data
based on information entropy. The main work includes: an extended Euclidean distance is defined for
mixed data, which can be used to measure the difference between the objects and clusters more
accurately and objectively. And a generalized mechanism is presented to uniformly assess the
compactness and separation of clusters based on within-cluster entropy and between-cluster entropy.
Then a measure of the importance of attributes is given based on this mechanism. Furthermore, an
attribute weighted clustering algorithm for mixed data based on information entropy is developed. The
effectiveness of the proposed algorithm is demonstrated in comparison with the widely used state-of-
the-art clustering algorithms for ten real life datasets from UCI. Finally, statistical test is conducted

to show the superiority of the results produced by the proposed algorithm.
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Step5. HRAEE L 6 FE L 9 43 i 442K
TEBSUAE TR 73 28 TRESCHIR 38 43 45 A4 & M 1 AL
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Step6. T4 Step3~Step5, H 3 HFrEE F' &~
kA2 R k.

B2 BT E R E AT R 2 R
— R A A b TR A& 2R Y JE A A Ut
o B S IR R 2 T 0 L 1220 R B I R) A A R Ry
O(DI D ICIIC ) Ho b FRBHRARL [C |

i=1 j=1

G, 1A IR C, 1 C, Xt g i A 4k, e B 3k
By 2 O( Nee D)) GG 1) Horh N

i=1 j=1

7 B B X A B 1 ORI AU
3 XREREHN

T IR S H ARk A R L FR AT UCT
FLSRE AR Th o3 5 e IR T BB AL L g AR 43 AL
3 b A T 26 7 ) Al A R AT T I O R AR SCHR
B3 ¥ 5 K-Prototypes &kl K-Centers &y
M T & 7 AR OCIL & 3657 o ik 1) K-
Prototypes FEN Y HEAT T HLHE. 10 2H B4 4 15 B4
Wik 1 prR AP sE 3 A B BRI 3 AN 482K
BURE AN 4 TR A R R

Table 1 The Summary of Data Sets’ Characteristics

F1 BEEESMR

# Numerical # Categorical

Data Sets # Objects Attributes Attributes # Classes
Segment 2310 19 0 7
Waveform 5000 22 0 3

Waveform—+ _

Noise 5000 41 0 3
Promoters 106 0 58 2
DNA 3190 0 60 3
Chess 3196 0 36 2
Flag 194 10 18 8
Dermatology 366 1 33 6
German Credit 1000 7 13 2
CMC 1473 2 7 3

T X RIEGEIR A RN FEAT IR AR SR A
3 AHNERAT I R AR AT 1 A N AR AT R VT p 1
Fpoxh FEE L5 RAT A . S0 ARAT B8 VA 38 AR A A5 26
¥4 i (clustering accuracy, CA)M | 45 ¥ H {5 &
(normalized mutual information, NMI)™" 1 i 2%
MY 22 Hr 45 5k Cadjusted rand index, ARD™; N E#A4
ROVE $8 b A0 45 1R & B 23 28 80 BRI Ccategory

utility function for mixed data, CUM)"",

S H AR SRR AR R A LRk Y
RRLIR Y Z IR IS O PR 52 0 L AN [R] 400 46 26
FL AT BEA AN A 1 SR AR, UL, BUR SEER 45 21 1
N BENLIZ AT 50 R PEA 38 AR 1 P S E F1 T 2.
K-Prototypes 2113 | K-Centers 22 i dh gy i &
SRy RUEEHE R BE N y=1.5 Fl y=
0. 5. Btk i) K-Prototypes B3k Hh S50 2 PG AE
HHBRE A =8. J3 b TS B RS 8]
V1) £ 200 1) 52 W) 7 SR 28 22 iy X R (B B 000l AT T s o
Ak #.

3.1 HERMHERELLERSN

TEA R PEA H8 45 T 7 SCEH H A5 300k A
4 i SR 2SR A BUE B R R R AR ISR 2~5
Ji7n. T K-Prototypes 2.3 . K-Centers 4.3 Fil it
FE ALY OCTL 593 #8515k 2 % {78 %54l 2R 2K
I #RIR AL 22 i K-Means 53595 AR 52 56 Hh £
X E B SR O A SO 1 5 5 K-Means 57125
M K-Prototypes B % #EAT T HLEL.

Table 2 Comparison of CA Values (means=tstd) of Different
Algorithms on Numerical Data
R2 HEMYERLLEZRER.CAEHBELHFZ)

Improved

P sed
Data Sets K-Means ropose

K-Prototypes Algorithm

Segment  0.5308=£0.0003 0.602530. 0373 0.5612+0. 0042
Waveform  0.519940. 0004 0.532740.0001 0.5911%0. 0007

Waveform—+

. 0.6431%0.0313 0.5242740.0000 0.6978=0. 0381
Noise

Table 3 Comparison of NMI Values (means=*std) of
Different Algorithms on Numerical Data

x3 HEMHEREEFREBE-NMIE(HELFE)

Improved

Proposed
Data Sets K-Means

K-Prototypes Algorithm

Segment  0.384140.0000 0.6200£0. 0383 0.467140. 0049

Waveform 0.364440.0009 0.3568=+0.0003 0.4122%0. 0003
Waveform—+

. 0.61134+0.0153 0.3563740.0000 0.64060. 0369
Noise

Table 4 Comparison of ARI Values (means=std) of
Different Algorithms on Numerical Data

x4 HERHERLEREZ-ARIE(HELFE)

Proposed
Algorithm

1 d
Data Sets K-Means mprove

K-Prototypes

Segment  0.253540.0001 0.2483+0.0517 0.2789%0. 0401

Waveform  0.251540. 0003 0.251540.0007 0.28900. 0005

Waveform—+

. 0.4780=+0. 0388 0.2501%0.0001 0.5139%0. 0507
Noise
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Table 5 Comparison of CUM Values (means=std) of
Different Algorithms on Numerical Data

RS HEMNYERLZRLK.COMEMELAE)

Proposed
Algorithm

Improved

K-Means
K-Prototypes

Data Sets

Segment  2.7943£0.0000 1.580240.1308 2.7879+0.0317

Waveform 2. 806640. 0001 2.7923+0.0002 2.904310. 0021

Waveform—+
Noise

1.4703£0. 0651 1.7951%0.0005 1.6404=+0.0820

M1 2~5 nl . )0 CALNMI.CUM f545 5 . A&

SCHE 0B B 7E Segment B4 b B 1S 1 B4
Ry T HAMBE %, /6 CUM $5 45 F A CE ¥ T
Waveform+Noise 8 #l54E FIRE W R RLEREL T
Wit iy K-Prototypes 8 15, BRIk Z 4b, 78 K [6] 48 t5
AR R R E A A R AR B R 2RSS
Bt T Ho A 512
3.2 HEBHEREERSWN

TEAN [ VP46 AR T A SCHE HY 190 3 5300 0 H Al
4 PR B R R B R EL RINER 6~9
IV

Table 6 Comparison of CA Values (means=®std) of Different Algorithms on Categorical Data
F6 NABYFERALZREK .CAEBELTAE)

Data Sets K-Prototypes K-Centers OCIL Improved K-Prototypes Proposed Algorithm
Promoters 0.5988+0.0753 0.6281+0.0676 0.6292-£0.0791 0.6146+0.0701 0.6468£0. 0794
DNA 0.5188=0. 0000 0.5217£0.0113 0.5702=+0. 0367 0.52112£0. 0077 0.6267X0. 0452
Chess 0.5557£0. 0429 0.5531+0. 0381 0.5581+0. 0384 0. 8883:£0. 0000 0.5701+0. 0383
Table 7 Comparison of NMI Values (means=*std) of Different Algorithms on Categorical Data
RT DEBYFERLERIER - NMIE(HELIFTE)
Data Sets K-Prototypes K-Centers OCIL Improved K-Prototypes Proposed Algorithm
Promoters 0.0491+0.0636 0.0672+0.0672 0.0770+£0.0784 0.0581+0.0634 0.0906£0. 0835
DNA 0.03214£0.0191 0.07114£0.0503 0.1807£0.0741 0.0395+0. 0227 0.1877£0.0117
Chess 0.0162+0.0261 0.0127+0.0165 0.0141+0.0182 0.0347+0. 0339 0.0439£0. 0188

Table 8 Comparison of ARI Values (means=®std) of Different Algorithms on Categorical Data
8 HABHEBEXAERLEE ARIE(HELTFZE)

Data Sets

K-Prototypes

OCIL Improved K-Prototypes Proposed Algorithm

K-Centers

0.0629=0. 0802 0.1027£0. 0982

Promoters 0.0525+0.0773 0.0750£0. 0710 0.08290. 0891
DNA 0.0167+0.0110 0.0402+0. 0384 0.1103=0. 0698 0.0230=+0.0187 0.1327£0. 0120
Chess 0.0185+0.0341 0.0159+0. 0224 0.0182+0. 0243 0.0373£0.0466 0.0487£0. 0219

Table 9 Comparison of CUM Values (means=Estd) of Different Algorithms on Categorical Data
x99 DARBYERAXERER .COME(HELFZ)

Data Sets K-Prototypes K-Centers

Proposed Algorithm

OCIL Improved K-Prototypes

Promoters 0.48080. 0525 0.4557+0. 0570
DNA 0.2589+£0.0507 0.1523£0.0426
Chess 0.3358£0.0709 0.4010=£0. 0807

0.469220. 0578 0.3557£0. 0484 0.5129+0.0710

0.2688£0.0510 0.1559£0.0184 0.29721%0. 0527

0.4426=£0. 0913 0.2788=£0. 0668 0.5156£0.1077

M 6~9 nJ 0, A SCH2 L BR T 7E Chess
R4 FRELRN CAES T K K-Prototypes
B Z A R RS LB T AL .

3.3 BEEHERERLERSN

TEARTRIPEN FE AR T 4% SCHE R 087 530 7k R A, 4

PR FRAEIR A 8E - RIEEE R ANR 10~13 FR.
H1% 10~13 [0, A CA Hl ARL PFF5 457
K-Centers B 7F Flag f1 German Credit 30 & I
AR T Rl By RIS G IR BR it 2 Ah A SCHE Y I B30k
FEICARB A A T R L SR
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Table 10 Comparison of CA Values (means*std) of Different Algorithms on Mixed Data
x10 BEEHHERALRIERCAEMELRE)
Data Sets K-Prototypes K-Centers OCIL Improved K-Prototypes Proposed Algorithm
Flag 0.4671+0. 0254 0.5019£0. 0316 0.4638+0. 0203 0.4384+0.0379 0.4830+0.0191
Dermatology 0. 6825+0. 0825 0.6960+0.0512 0.7874+0. 0599 0.6029+0.0779 0.7955+0. 0687

German Credit

0.7100£0. 0000

. 710040. 0000

j=}

0.7100=£0. 0000

0.7002=£0. 0000

0.7843%0. 0000

CMC 0.4276+0.0020 0.4285+0.0025 0.4290+0. 0026 0.4302+0. 0087 0.4391£0.0112
Table 11 Comparison of NMI Values (means=tstd) of Different Algorithms on Mixed Data
11 BEBYERLLEREE :NMIE(HETHE)
Data Sets K-Prototypes K-Centers OCIL Improved K-Prototypes Proposed Algorithm
Flag 0.2224+0.0201 0.2592+0.0235 0.2138+0.0206 0.2000+0. 0291 0.2651£0.0193
Dermatology 0.5659+0.0992 0.5513+0. 0592 0.7310+0. 0537 0.4677+0.0765 0.7464£0. 0658

German Credit

CMC

0.0086£0. 0099

0.0253£0.0061

0.0106=£0. 0066

0.0363£0.0066

0.01022£0.0187

0.0311£0.0072

0.0109=£0.0121

0.0203£0.0104

0.0368£0.0098

0.0433£0. 0085

Table 12 Comparison of ARI Values (means*std) of Different Algorithms on Mixed Data
BAENBERLLERILR ARIE(HELFZE)

*x 12

Data Sets

K-Prototypes

K-Centers

OCIL

Improved K-Prototypes

Proposed Algorithm

Flag
Dermatology

German Credit

0.0928+£0.0215
0.4466+0. 1423

0.0142+0.0186

0.1214£0. 0254
0.4319+0. 0870

0.0337£0.0184

0.0968=£0. 0157
0.6183+0. 1068

0.0100+0. 0285

0.0804=£0.0314
0.3054£0. 1226

0.0155+0. 0288

0.06180.0159
0.6665%0. 1215

0.0160+0. 0147

CMC 0.0157+£0. 0062 0.01780. 0075 0.0127+0. 0052 0.0061£0.0089 0.0251£0. 0132
Table 13 Comparison of CUM Values of (means*std) Algorithms on Mixed Data
X113 RABHERELLERER.COMEHMELRE)
Data Sets K-Prototypes K-Centers OCIL Improved K-Prototypes Proposed Algorithm

Flag 0.2838+0.0141 0.2659+0.0105 0.28460.0088 0.2390+0. 0374 0.2859£0.0188
Dermatology 0.6301+0.0972 0.6296+0.0533 0.6754+0.0624 0.5062+0.0925 0.7212£0. 0374
German Credit 0.1292+0.0272 0.0844+0.0169 0.1707+0.0383 0.1081-0. 0259 0.1782+£0. 0311
CMC 0.1745+0.0172 0.1423+0.0154 0.1981+0.0111 0.13712£0. 0250 0.2132£0. 0219

HUEARKRRERAAREERIE =0 KKK
SR ARA R RELTR S E AL R R LR F

Table 14 Results h( p) of Wilcoxon Signed-ranks Test for the

3.4 BEERZITREMESN

EEXTARSCHE B IL M R R E R 5 b Bk R 2%
iR ERREBDEMN B, AT HHLSHEWN
Wilcoxon B FIAG 35 77 47 T o it . & Mk 56 ¢
AP HEAR T o 45 AR SCHE H 53k S 50 25 R i 49 1
O3S AR SR R A R BT T ST

Proposed Algorithm versus Other Algorithms
FR 14 AXEXRS5HLKE L Wilcoxon TR £ 2 h(p)

Proposed
NN N . N e o Proposed Proposed Proposed .
Ko JP RN E I T Ak e e R T, A
N N 5 e NN — ndices vs
IR AT B 22 R B R R o
%%%‘/225 Eﬁi%‘ﬁ%%’i K-Prototypes  K-Centers OCIL K-Prototypes
ﬁ{%‘[zﬁﬂjj 95% E](] Wilcoxon ﬁiﬁcnfﬁg@%% CA 1(0.0020) 100.0137)  1(0.0020) 0¢0.1602)
h(p)ﬁn%:z 14 }3)1’-5—\‘ /ﬁ;EPéﬁ?Eﬁ%U%%ﬂ?ﬂﬁlﬁfﬁﬂ@éﬁ NMI 1(0.0020) 1(0.0020) 1(0.0020) 1(0.0488)
%h %D]J{E.hzl %mﬁﬁ%@lﬂj\j 95%5¢TE£@E ARI 1(0.0195) 0(0.0840) 1(0.0371) 1(0.0098)
CUM  1(0.0059) 1(0.0039) 1(0.0059) 1€0.0273)

TRSEHE 32 A PR A » RIS A ST H B0k 0 SR 2 45
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265, 3R 14 LA AR SCHR M BEIETE 10 DR 4R
RAFH R RAE 8T SN MR T H HRRAEE
LRI RIEI R B A B35 2 k.

4 LERIE

RSO Jo kT o JE RV 2E L IO 2R N B
G5 T —FhEE X & RO R i R R R L R
BTN 7 L T M R o R 5 6 2 IR Y 2 vk IR
o3BT Renyi 5 A0 B AME E SC 1 B fE 50 s A
VR (9 2 0 S TR L 45 TR AR AL A
HEMTBE T T — A JE T 05 S0 (4R 5 H0dls Jas 1 n A 2R
O AR A Sk s IR T R B S R UK A
00 S A o0 A B A 0 HRE BE AT TR R AL skt
B, fE 2 A BB A B R AT T SC R e . S H A
TRA KU RIS T M L AR SCHR A9 58 3 T LR S
B B RIS R T HL S A R A R R A
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