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Abstract: To learn a good distance metric without any class label information, an algorithm named HDDI-FCM
(double indices fuzzy C-means with hybrid distance) is proposed in this paper. In detail, the unknown distance
metric is firstly represented as the linear combination of several known distance metrics. Then the algorithm is
executed to perform the clustering task as well as learn the most suitable metric simultaneously. To guarantee the
convergence of the algorithm, the Steffensen iteration is introduced into the process of updating cluster centers. The
selection of parameter for the algorithm is also discussed. The experimental results on a collection of UGI
(University of California, Irvine) datasets demonstrate the effectiveness of the proposed algorithm.
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FE BRI M el Rt m 7 R B0 s 2 T8 AR AR ABL s S R P52 0 el e 4T DX 20 A0 7 2K DAL b, Dy 0ol B 3
PTG (10 2 PR R VP B0 w2 18] PR A AR S R 5, 0 SRS 23 A ) 2O 42 5% T 22 AR B R v 3% A ] 114

T 10 B SR AR AN 22 1A B R e G 8 e P AL I G S8 80 e g L A et K I 8 8 A3
FH T HRF AU 225 ) v 35k 445 ) PR MR B o 37 g A 5 ) AR 3 45 R R KOs B A R AN DR AR IR e 7 1 2R T
Bty PREHLAN G S5 AR, K PGB B9 9 F AN 2 — MR 1

AT S B B 1 ) P R R X LR P A AR R AN AR L AT AR AE LA A ) U D R T
22 00 )5 9 K 2 0 B B T R ) AR A AT S8 0 (0 VI R AR B AL B A% ) R 4y b AT M e A ) 12
R G M P s 2 ) VSV 288 i 5 B T A b PR DI R R AR 4, 2 30 310 85000 4 w110 2 A0 B2 88 3 s 1 s o I A
FEART ST B AR AR 1R S B L.

X0 B B 2 3] ok i, 2 S AR A DR RE B 2 T 11 R B4 SR J LA AR P R TR R, A ) B R
PG R HE T . H AT, K 2 BO7 VAR A CRUE JUARTRE 1R (R AT 52 1 S0 2 4R IR AR B B8 A SCER T — b
T3k AR SR TT Wb 3 A T B0 A R R N BE RS R R R R A T AT BRI M AL R R AT R T
DI-FCM(double indices fuzzy C-means)HE 42 [ 5 A8 S LA 85 2 2] ()[R I 049 2] T RGP (5 2est 1t

ARSCEE 1 TR R RN B IR B R R I I T R A IR A PR KR L R A T
ST A1 Steffensen EAR AT HE 2 15 [ T~ R G BE 25 (00U KBl C #A{E 507 DI-FCML7EBERRAil 1,
3 B TFR A E MR B C B4 5% HDDI-ECM(double indices fuzzy C-means with hybrid
distance). 5 4 1545 HHEE B30 3 P& 78 230 o S 90 Ko v s VR A R 5 5 AR i .

1 ETF&MASHRESIESRTIMAE

L2 2 A A T B BEAC B 12 (R (metric space) @ Fidf b ] JLL [ 4F 41 b 4 E (R BE
2R B E B X e N AR EX PR R B R )R R A X B E T A T InSHH R dey)ili 2L 3 A
T !

5 AR ftEd(ey)>0,Vxty,d(x,x)=0.

(i) XFRYE:d(ep)=d(p.x).

(iil) =AARER d(xy)<d(x,2)+d(z.p),Vz.

KHLd B X B AN, L gk B RS 1 A AR (Xd). 1

T, IR dyGep) B UIEE AL Deg)= Y wd, (x, ) B — AN,
k=1

TEB 46 G) s 2 AL LU AE B D) it 2 = M AN 25 2K (i) \’
M&ﬁ=§%%0ﬁ¢<E%MA&@HMAM=§%%@@+§%%%w:b@@+M%ﬂ
WDuwsmxmﬁ@nﬁ%p&@E*¢ﬁ§m$. » ’ O

AR SO G S P A oA s B R R PR i e
DGy Y 07, (5.9 0
&tédzl @

b p>g>0,D(x,y) R B8 i x BB Ay RS, duep) 2 50 £ AN 4 &

B X={x1x20,...0,} A s HEBKICA T R I UM 48 xi(7=1.2,..,n) A AL ) & V={v;,vs,... v} R ¥,
(1=1,2,...,0) A B AR O iy R jAFEAR BB T35 1 MRS L m B Fa 7, %8R 4E E
JR ) 20 a3 A8 P /N1 T 1R 25 R A TR AR R R 0 s v 0T v R U A A /ME:
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J(XV)=2"3 u,"D*(x;.,) .

W vi(i=1,2,...,0)0K T,
n 2
aJ(X )50, %P (x”v)—O,i=1,2,...,c (3)
i=1 j=1 1
m%Dmmm&&ﬁ%X%&ﬁﬁﬁTuE%%¢¢uﬁmm@ﬁ%ﬁﬂwﬂAi%%%Aﬁ%m%
PRI RIR D(x;vy), 0 HLEE 25 43 o S R b, B 25 3L 0 s i s AR TR HE 17 A SOR P IR AR ISR SR A K 2
KORAAK3), 1442

aJ(aX’V) “23u mD(x,,v)Za)A A(x”v) =0,i=1.2,...,c )
Vi J=1 Vi
T EAR R 26 2 Tt 2w, (AR S 0O o )}J)rHFE!’Jliﬁl?l%I VRS S 5 A AR I

[(M) _ (/7(",-(”) ,i=1,2,...,0,1=1,2,... ®)

B I oy, vy) RV IO AT T 110, DR BB AN R PR UIE IS AR R W8I o 1A B3 e 8, AR SCSR MY, Steffensen 154K
VEPTREAT IR, NI I A bR 2500 SR JE R MM B AR T 0

=) (6)
{
2" =) @)
o _ <1> .
I+ _ () (y; ) .
vV = 0 2y(“+v(') i=1,2,....c ®)

2 ETFRREKEEVIEEEM C 9EFE

Zadeh HEHBOHI SR 22 s *;%ﬁﬁ ﬁﬁ’]ﬁﬂmkﬁ%ﬂt%m jc*fh 5,;L¢Bﬁﬁ IAHEE El']?itm*%ﬁﬂ C
ﬁﬂnfu B AERRE FCM #%Waﬁ m BUETE A m>1. ﬂtIfﬁh%ﬁLXﬂﬁ%%ﬁﬁB’Jﬂaiﬂuﬁﬁ?ﬁ
JL ARG SN TSR, WS B — ol 57 A SCRR L 9 R R C 914 57:(DI-FCM).DI-FCM [f)
SLVEVE RS ORI TR AR m AL SR AR T 5 v JE IR e JL 8 U T A B LA R0hy B T m (M UHE i B

R FE AR m BIIE R SE ) m>1 37 B m>r>0.
L X={x1,%0,....%,} N s A A R BOHE 4 0= {0k X0, X0 1 ok=1,2, .0 V={vy,vs,...,v,} CR ,,\'—I—' Vi

ORI § AR >0 B0 ERRER ¢ 1 255 5E o= 33, A, 15 FOMBERL
h=
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Jm,r(Us V): ZZ/‘:]? H xk - Vi ‘”2» m>0 (9)
k=1i=1
Forb U= gt exn PRI 23 B T0 38 g W AL 0 F 3 A2 RLGA
trel0 1], k=1,2,. 5n, i=1,2,....c (10)
Dy =1, m>r>0,k=12,...,n (1)
i=1
0<d py<n,i=12,...c (12)

k=1

{ ] Lagrange e 1%, 518 J,,., FE LIRS (10)~(12) F BUR B AME IR b B4 AR T
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Table 1 Information on datasetsused in our experiments
F1 SRR R AR B

Datasets  Number of instance  Number of features  Number of classes

iris ¥ 150 4 3
+  wdbc 569 30 2
wine 178 13 3
yeast 1484 8 10

A DA 20y 88 A SCIE FH I R 3 20 BE B 4l A5 3 AT s 56
M1 d(xp) = x—pll, dy(x,p)=(1—e )2,
IR A B P R I B R E Wu A Yang £ HE R0 0 8 O i v ok 7E 4 S (4) (R 2 Al B S T4, 58 (1 1) W%
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MAE U BN [F) 28 b ) S B e D78 U P i BLE A R 28 TTAE U AR [ — 2 o (0 506 %
Hit,d A UOR U 35 BLAEAS R 2 10 25 06 B0 W) RandIndex 38 it i R 378647151
Rand]ndex=& (33)
at+b+c+d

AR, RandIndex HA T[0,112 6] 24 PR 73 5175 300 58 42— B, RandIndex FI1H N 1.

45 45
40 40
35 35
30 30
25 25
20 20
15 15
15 20 25 30 35 40 45 15 20 25 30 35 40 45
() (b) @=0.8, @=02 \
45 45
40 40
35 35
30 30
25 25
20 20
15 15
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Fig.1 Anti-Noise of the algorithm with distance combination 1

1 CRAHBEEAS 1 LR

A2 3 4 TR G BB R B B 41 118,573 HDDI-FCM (EAN [l $edii B BT f i s 4 1 26 2
DI-FCM % I K [ 25, R PE 12 73 & d);DI-AFCM K F 22 SCHR 148 Hh (0 0 29, RIPE 18 7 i o DS BUHE, 36 4 A
F 5 RGBSR H PR B AL 2 W TS IS8 45 93K 4 P DI-SFCM /& DI-FCM STk 48l 6 B (BN R s 41
&2 PINIEE DR &) 15 I E k. 9256 o DI-FCM,DI-AFCM,DI-SFCM ¥ B ni=2.5,r=1.1. 76 A& LI I
HDDI-FCM $3%:H0 ) m=2.5,=1.1,p=1.03,q=1,73 % RandIndex 15 W3¢ 2 FIHE 4. 513 WCEL I AN [F B d 45 b 4% #E
B0 B T T BCE ap(k=1,2) W3R 3 RIS 5.

3
Table 2 Comparison of the RandIndex performance for different algorithms (distance combination 1)

R 2 ANFSE RandIndex fabr it LL(BEEA A 1)

iris wdbce wine yeast
DI-FCM . 0879732 0.750 377 0.710 531 0.688 104
DI-AFCM ¥ 0.912 394 0.802 730 0.728 115 0.670 096
HDDI-FCM (combination 1) 0.912 394 0.805 478 0.734 273 0.691 103
*

Table 3 Component weights for hybrid distance when HDDI-FCM convergences (distance combination 1)
3 3 HDDI-FCM SFEWC SN 5 B 25 2> B b B (BE 415 1)

iris wdbc wine yeast
o 4.42%x107" 0 0 ~1
w ~1 1 1 1.55x107"
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Table 4 Comparison of the RandIndex performance for different algorithms (distance combination 2)

x4 AW RandIndex $8Fr % (MR B 4145 2)

iris wdbc wine yeast
DI-FCM 0.879 732 0.750 377 0.710 531 0.688 104
DI-SFCM 0.836 779 0.848 177 0.939 821 0.541 543
HDDI-FCM (combination 2) 0.879 732 0.848 177 0.939 821 0.691 672

Table 5 Component weights for hybrid distance metric when HDDI-FCM convergences

(distance combination 2)

% 5 HDDI-FCM H kISR & 0E 25 o ot iy AR (BE B 4 5 2)

iris wdbc wine yeast
o 1.80x107* 1 1 0

T 2 BT S 45 S A AT R B 5T iris,wdbe,wine 3X 3 N 45, R o6 8T 4, 5 4 BE B K DI-AFCM 42
AR BT 2R FH B8 oy 18 ) PE 1Y) DI-FCM 803 AH R b, 38 3 mh A SC BRI ST, PE 125 20 Bty JT 5 B (R A
o WHE T LXT yeast BAREME 4 53K 5 Prongi B ABA LG5 R 0] W HDDI-FCM S0 fE N sl 72 v A
CLA 09 8- ANPE B 2 B 1 I8 IR R T — AN S A0 B B B A A R P A ek L SR AR S B A
[ B8 4y B A RT3 3R 3 7 — A AR 14 = 38 B L i mI 0L, HDDISFCM 6575 76 3R AT 5 B 2% > (¥ [R] I, 36 e 3R AT
A BB K.
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Fig.2 Influence of different parameter p on clustering results (on iris dataset)
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Table 6 Partition entropy for clustering results
R 6 RRERIKIIHR

iris wdbc wine yeast
DI-FCM 0.558959  0.261955 0.531184 2.485314
The proposed algorithm (3 components)  0.554 776  0.259 849  0.526 451  2.463 698
The proposed algorithm (5 components)  0.552 154  0.258 558  0.525234  2.460 246
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