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Abstract This paper proposes a new kind of fuzzy C-means clustering model (FCM), which is named as adaptive fuzzy

clustering (AFCM). Different from most current fuzzy clustering methods, the AFCM considers the internal connectivity
of all data points. An adaptive degree vector W and an adaptive exponent p are introduced into the model to jointly
influence the clustering process. The AFCM simultaneously outputs three categories of parameters: fuzzy membership
degree matrix U, adaptive degree vector W, and cluster prototype matrix V. Two groups of numerical experiments,
Group 1 and Group 2, were executed to evaluate the AFCM. Group 1 demonstrates the clustering performance of the
AFCM, with FCM being its counterpart, and the results showed that the AFCM can obtain better clustering quality,
meanwhile its time complexity can hold the same level as that of the FCM by choosing the available p. Group 2 checks the
ability of the AFCM in mining the outliers, with the density-based LOF being its counterpart and the results showed that
the AFCM has considerable advantages in computing efficiency, and that the outliers minded by the AFCM are global,
and reflect the relationship between the outliers and the whole data set. It is pointed out that the AFCM possesses the
unique advantages when mining the outliers of the large-scale or dynamic data sets, and clustering the data set for better
clustering results, especially when it is necessary to simultaneously fulfill both tasks of clustering and mining outliers.
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Fig.1 Clustering and outlier mining flowchart of
the AFCM
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F T e () — AT 552 S R At 4P JH R
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I RS I, 0w A A 2 TR b, iy HL
LL A BT A3 HE IR VP A 4 e 2 A K. 3) Bk
R A . — ANV R S AR ARAR, M AT A4S
FIUF R EE R ARG R 5. THR AR
SRIBAT T e L () I ) e 2 1A R IR B SR A T VP AG

AT AFCM 158 52 —FloBi 3R 207
5, ABARSCARTHE RRIA M, ¢ 2 F s e
(). SRR T RIS RCR /o #T  AFCM 2R28
PERE I BT R I AN T A, 250 1 21550 ZAR v 1)
). 75 483 FCM #il AFCM [ERKI4 R
Ji, R TAES o Bl dl 7 145 20 0 45 S E L LA
Je TSR LU
3.2.1 BEREFMEH

TER R EmE e, w F A SR 4k, W
F4 UCT B4R, kA58 ikt ge. T2
AR 5, MRS R AR LR Hi 1) 2 e
TR I, BE R 45 T URX e o
SEAE AT LREE. AR, A AN s O, 6 an FL6C
FHmAE, F50 IR AN JE 2RSS IR R AR B R H i 12K
PE. XX SRR AT AT, A5 B VAN vk
EE A FHDTAily P9 AN [ SR 28 07 V1R SR 2R 1 .

AW T H—AVEN ks CMP,SPT
EV A RIHEEREM IR, Hrh, CMP #RNEEW
KB, SPT MAREKM T EE, EVA 2 ZHM
Lu A5, TR A 35

1) RERMEHE CMP:

CMP = %ZZUZL (x, —v;)° (31)
j=1 i=1
BRI >N ¢ K25, CMP BRI EE N Kl
KEREE, CMP {8, RWRE BN
2) KM EE SPT:

o . a3 2
SPT = min |[9; — ;| (32)

SPT Jx Wit 2K s (1 B, SPT MK,
EQUIE SAVINE e 2T
3) BRMAMEL EV A:
CMP

EVA= 0 (33)

WA, CMP 5 SPT & T R 15 (K38 5
G, “FHMEE EVA HHE4 5 KA.
EVA 8N, WIZREH SR L. AScrh, 4
T IR A REUE, 75 = AR RS I HE A — BN,
EV A ME Ry s 2 55 ) Wl

Scfr b BV A BREOR X-B A 300k 30T 1
SOt B X-B figbr i n] DU TR A 5
PN R, ERAERZ BT, X-B A%
P KT B R A R o A, BB RS A
ISR, W R 5 X-B AL IEbHE,
WA e S AR e AHAE AT SCITIE, ARSCA R IR
RN, BEAh, FEVPAL SRR PR RERT, R A7)
B IR BDGER). FE T BRI AR
EVLEFIIP QIR LY )
3.2.2 REHZRON

1) KRR

5y WA FCM 1 AFCM *f IRIS Fil FL6C iH47
RIK Iy, B3 B CMP, SPT K EVA 4535y
LEE 1 FIE 2. AN BER AR SRR 700K ¢ =
2 — 4 Mlc=8— 16, BWITEE m o0 2, PIFHFE G
N H R eR R 1B EACRIREIE € 38904 0.0001, i HLP
T 5 3 N ABACHI R AT 7], B e P SR S A0 A
J3hh AFCM Sk s B0 B G AR E p ek 1
M 2 B, p G MR s R R SR 5 Y
vaxiip

%1 FCM A AFCM F IRIS B FEbixt

Table 1 Comparison of evaluating values under FCM
and AFCM, for IRIS

FCM AFCM
¢ CMP SPT EVA CMP SPT EVA p
2 2.0526 2.1914 0.9366 2.0762 3.054 0.6798 1
3 1.3140 2.6592 0.4941 1.3141 2.6852 0.4894 —10
4 09894 2.7224 0.3634 0.9966 3.5352 0.2819 -1

2) REE ST

ST EAEE, AL ¢ MBUEREZ >, ¥4 U
TR (WK 1 FIK 2):

AFCM F#) CMP {H KT FCM i) CMP
fH, UL FCM 13 2 1) 5 2 10 28 ) 5% 350k 22 4
AFCM R SPT KT FCM FH SPT {4, it
Bl AFCM 132 R0 o 3 M 4f; AFCM K
[t) EVA ¥/ FCM F) EVA {8, #iW] AFCM
BRI S T AT

B2, fE AFCM BRI 5] NI HIE N A H
T SO SR R BB R AN, (X
PER AR K, 255 BB A E, AFCM 240+
FCM.
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%2 FCM M AFCM F FL6C R R ARbixT ] 7K B 1) 42 2, L 48 00 o 3, IX A 2 b Ak
Table 2 Comparison of evaluation indices under FCM S BT L A ) AR
and AFCM, for FL6C #4  FCM Al AFCM -4 FL6C I (7] 5 Ze P LE At
FCM AFCM Table 4 Time complexities of FCM and AFCM, for
¢ COMP SPT EVA CMP SPT EVA »p FL6C
0.8454 0.0925 9.1412 0.8484 0.2952 2.8740 —1 FOM AFCM
0.7956 1.2158 0.6544 0.7959 1.2731 0.6252 -2 e HANRH PRI (s) SEAR RS SERIHIN (s)  p
10 0.6779 0.2556 2.6516 0.6793 0.5443 1.2481 -2 21 0.1324 19 0.1273 1
11 0.6680 1.3361 0.4999 0.6686 1.4372 0.4652 1 9 17 0.0803 21 0.1641 _9
12 0.6064 0.0400 15.1795 0.6082 0.2420 2.5135 -1 10 18 0.0933 27 0.2172 _9
13 0.5515 0.2355 2.3421 0.5531 0.3550 1.5578 —1 11 16 0.0983 28 0.2144 1
14 0.5385 0.0373 14.4223 0.5401 0.2937 1.8391 -1 12 22 0.1306 19 0.1528 _1
15 0.4976 0.9587 0.5190 0.4977 0.9834 0.5061 —2 13 20 0.1316 32 0.2772 1
16 0.4706 0.0946 4.9737 0.4732 0.3430 1.3796 —1 14 30 0.2094 31 0.2826 1
S N 15 10 0.0799 14 0.1621 —2
3.2.3 AFCM #1 FCM F F B &R a8t 8] & 214
16 19 0.1544 27 0.2794 —1

ARz

I []) 52 2 PR 38 5 F P AN i b ke PR AL IR ARIREL
R FE A IS IR]. AR (I IA) A2 2% Pk LR A T 0%
PIANERR. IRSI B4 R ILE 3, FL6C 1A 45
RN 4. LM ENN RS0 CPU &
A 2.4 GHz, WAZ 1 GB. 7L h A, ERIZHA
7, BIEARIREEE e 1, FRIEAT 1 KB e I
(R H T 5 URAHTR] S50 FE 2l I 1) (1 24

#*3  FCM Ml AFCM 23t IRIS I f I () 52 28 PE LA
Table 3 Time complexities of FCM and AFCM, for IRIS
FCM AFCM
c ERRE THHR (s)  EAE THHM () p
2 6 0.0022 11 0.0037 1
3 9 0.0068 14 0.0083 —10
4 11 0.0066 14 0.0061 —1

X AFCM Fl FCM PR Ffr 55325 ) 1 ] 52 2% 2k
AT T IR L. FREFR IS, L T A S
ANTEN T RS A M BT TE AN B A S AT A B AR 1
FEIE T SH A 4, AFCM Bk -3 Wk f
IR, 30T 3 MR 4 T4 R, NIEIR
HORHE, Br T FL6C, ¢ = 8 f112 I, AFCM (1%
RIREE DT FCM 1B, oAb G oL,
FKW AFCM 75 20 £ (%05, X Ui AFCM
(PRI e = e AN, AFCM [ i [R) 52 2% 1
WL AR 3 FIK 4 RW], AFCM il FCM {E b
() 52 2 P 5 T R DA A2 TR — 7K 1, EE R AR
W&, AFCM [FI) ) 5 2% PE K. I iR) 52 e pE AR
WARKIR A T (W, p) BI5IN, — 510, s
FF—MNEACP R F I T 2, AH 5 — 7 1, R IE 2
K (W, p) BB, A3 Sk W S08 B i A=A 4k
ZEA DL B 5 R KA, AFCM \] R EEAT FCM

3.3 £ 24T BESIZIES

T, B B AN R R
—, WAL LOF #8. %} LOF [itgn4d, o
SR [2,13]. R854 LOF /24 AFCM 1E
SRRt S Y, i T T
SR S A R DL R e BT SR

LOF i T — N B8 19 sy a8 2 0 i TR HE 2 ok
FeIR — AP S BB 1) R AR B R
x; NE—AEEES, W LOF (x;) MMEEIL T 1.
LOF (z;) {E 8K, WX A B i 25 1 2 i o] fe bk
K. LR “Top-k” MR UAGARIE ), & AN K1

331 BEAEZREERSH

RS UL FL6C M4, vHG AFCM H
TE RS AR E. FL6C M AU, Bntded i
BEAERS, BRI, ERB2W, fHE
LT T B EA S BAE N: ¢ = 10, m = 2, p
—2. JFHMBEEIEESTH 10% KBRS, e
265 DNESHE AL K BRI e g5 R e T K 2.
2 A LN R R 1L, AT — AN, Aig e
I ERERL BRIy R TN R, K2 s
GRS FRAg BRI R, LR DA IR e o B
m, AT 265 N Oarom HAERSLZ b, &
B )52 2R A AR5 116 DRI Oapen 1H.

K 3 &K H LOF B Hr FL6C Hls 4 &
BEAEE R, Bh R EA K 2 R e
X, BRI L P ALFRE S 116 K LOF 6. i1
LOF {HAEH— L MfE, R T o007 thig, H g
ft) LOF {83 LA K1) LOF 1#, £33 LOF (KAHX}
{8, 5% W AHXT LOF 18, H RelLOF Fox, LI 3.
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AR PR FEAN T LOF X 25 i 1))

L il 2 AR 3 mrn, o2 skl B, AFCM
F LOF (1A e g5 F KA EJR AR, (R AFE—
LEBEIE p e A =BG I, X2 BT A
FUAST) 2 s ). LOF S 56 T3 B 1 J=) 356 )
€, 1M AFCM 23 TR/ AE. Lbs b, H
T B A SUA T B RIS, PR S
ANEAWEM, 57558 LOF &2 AFCM W& &4%
P B A, TR BR s F . (R, 20 B
(145 S BRI, 1 B8 s B 0 S A A s 4 2
[ )4 JR ok R I, AFCM #2840 17— R 1 s2al 47 10 F
Bt M 2 FiE 3 nTLUE H, AFCM A 3 1) 25
RUEARIE LOF K py s B i S s B e 2, Bl
AFCM FRBEHEE S SHRNE R, £ 22/,
Xt LOF ANHA 1% .
3.3.2 AFCM #1 LOF F T & S 2R 89K 5

S
AL SIS ) T —H8 o WA 2RI AFCM il

LOF HI+ B i A ds 4 it ey i (o) 52 2 k. PSS 3.3.1
IR EA S Sk VA ITRE SR N R), SRR T 5
W. AFCM fE ¢ =10, m = 2, p = —2 I, “FI%E
i 0.0933 2, 1fii LOF A& ik 141.66 5. 14545
BRI LOF J7iEAfHEL, AFCM 7E 8308 E A
A TE T EERAII LA, 5 ) 2 A0 42 K B 2 5 3 3))
AP B S, XA R AR = L

4 BEMNEMBEMIEHAITIE
41 BHiERNE

H o NSO SRR R, AN SN T —
AN BV . g R 29 IR AT IR Y AR
ZJa, 1 Bhs s 8 kAR R T, H G N A H
EF, WA FIEN . AFCM ik 15w
ZHOAET, ST R IR O £ T AT HdE 2 TR
RIEOC AR, R AT I Y B ) SR e ol 1, L
= (15).

Cluster-properties and the distribution of the outliers detected by AFCM

o

0.8 @
4 %
2 o6l &
2 £
E ()4st <
E 4 &
8 8

(U - R - S0 SR

0

O Cluster-1
X Cluster-2
+ Cluster-3
* Cluster-4
O Cluster-5
v Cluster-6
< Cluster-7
D> Cluster-8
¥ Cluster-9

% Cluster-10

0 500 1000

500 2000

Data label

2 AFCM IR, FL6C H 265 A~ B a5 16 447 B DA K B8 3 i 1 28 e 1 1)

Fig.2

265 outliers distribution and the “cluster-belongings” of outliers under AFCM, for FL6C

Outliers detected by LOF
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Fig.3 265 outliers distribution and the “cluster-belongings” of outliers under LOF, for FL6C
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¥, Pal %F 1997 442 T FPCM. FPCM #
A KT g e U R 2R 288 i 2R ) e i, AELAE AR 3K
FURSEC AR, PR T “Fioh 17 4
RAAT, 1T ST AN BRI A4S T R IR I (E
RN, FPCM HIE R ARERHT T 2. 4 T X
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TR n LIS I )L A SO I S Y
RRTT, BINIAIENEEH WA n, KR
WU 8L, SR T BN 17 AR LR, A4
NE LR, UFEH—A BIENE w,; BUESE
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M AFCM X} FL6C #1750, vHE.
At e =10, m =2, p= -2, 43 n NHENE
i, 281K 4, BENERSGHE BT &Rkl
3.6064, f/Nh 0.2831, FIMEHA 1.0666, ZAREA H
T8 N I/ B
4.2 BIEMNIEH

FIENAEE p /& MREZENSHL, i
FIE N RN R PRI R p AN RT3
MR EVL PN T I 1) R, BH EV A

(ERAT B RN i s IS 2) SRRSO 5. —
F AN B, B, kBRSBTS R I, AT
DLEFEIEAL XA SR p (8, X, TR RES
NEE TR AFCM T 5 sz i, T LCR I
by p {8, A HL TSR SR

HA, ARV Ui # p 10 i b i 50 ™ A%
AR S, £ AFCM BSERr N, ik i —
RO p RIS, SRR BEARKIN T, Wb+t
AL p. AN B IENFEEL p KB v L T
Hym s, @il p WHPEAE N 1 < [p] < 10. 5%
KA S FLOC. JEF BT p (1 2 A3k
IR R U &, M EV A /. BI{ER—
e BITSOL T, EFEARK p, RJ5 50015 EVA
{H, f/ME EVA (G NK p R & 5 51
th 7 FL6C 7€ p Al ¢ (AR E T EV A {4,

R 5 HHIRAR TAR ISR E ¢ BITSOL 1, AR p
XN BV A fH, SEINWIN) BV A S/, IR T
FE5 4.2.2 TP X FL6C JE2EI p i . 5
4.2.2 F7HX] TRIS (RHRAE A SR 2B

O

5 it

A SCHE T — PR IR 3 N 1) R SR A
FRoA AFCM. 3 B 000 2 Ab e T 10 SR 2R R v
BN T S R 2 18] IR L R A A, SINT
A1 IE N RS [ WA AN LU W) G N
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LA RO SR 2R E 20l (U, m) X — IR
WA RRLRE, AFCM fE AL ) X5IANT —4
BT ERIE (W, p), SEILT X Hois 4 A R B is
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#5 X FL6C, AR ¢ #p 414, AFCM ##3ff) EV A {8
Table 5 Values of EV A under the combinations of ¢ and p, for FL6C
C
p 8 9 10 11 12 13 14 15 16
—10 7.3394 0.6480 2.4069 0.5029 13.5491 2.2419 13.8844 0.5157 5.2036
-9 7.2027 0.6472 2.3728 0.5032 13.3809 2.2280 13.7576 0.5153 5.2608
—8 7.0388 0.6461 2.3294 0.5036 13.1549 2.2107 13.5594 0.5147 5.3330
-7 6.8399 0.6448 2.2725 0.5041 12.8420 2.1888 13.2441 0.5140 5.4266
—6 6.5901 0.6430 2.1948 0.5047 12.3940 2.1017 12.7339 0.5132 5.5519
-5 6.2718 0.6405 2.0838 0.5056 11.7248 2.0657 11.8906 0.5121 5.7253
—4 5.8516 0.6369 1.9168 0.5069 10.6840 2.0136 10.4930 0.5105 5.9693
-3 5.2783 0.6311 1.6550 0.5090 9.0106 1.9325 8.2618 0.5084 6.2662
-2 4.4654 0.6252 1.2481 0.5125 6.3357 1.8005 5.1680 0.5061 5.9544
-1 2.8740 0.7233 0.4613 0.5180 2.5135 1.5578 1.8391 0.5195 1.3796
1 8.3915 8.3102 8.0972 0.4652 4.8367 4.4514 4.8052 0.5620 3.4118
2 27.1642 16.7474 3.7468 0.4833 8.0244 3.0690 6.5337 0.5493 3.4931
3 21.4565 0.6927 3.3526 0.4892 10.1611 2.7616 8.0666 0.5385 3.7220
4 16.0573 0.6754 3.1947 0.4920 11.5341 2.6302 9.2171 0.5334 3.8957
5 14.0337 0.6721 3.1033 0.4937 12.3973 2.5576 10.0574 0.5304 4.0236
6 12.8707 0.6695 3.0410 0.4948 12.9422 2.5106 10.6743 0.5286 4.1166
7 12.1280 0.6676 2.9958 0.4955 13.3074 2.4779 11.1409 0.5272 4.1901
8 11.6111 0.6661 2.9608 0.4961 13.5585 2.4538 11.4943 0.5263 4.2483
9 11.2355 0.6650 2.9330 0.4965 13.7369 2.5311 11.7750 0.5255 4.2953
10 10.9466 0.6641 2.9105 0.4969 13.8675 2.5147 11.9993 0.5249 4.3318

AFCM R N T iE S HD, BR T p A
m A, W R U B Aegs e s XA CEFT i, A
RIS AN ZEAAN R AR 256, Jorp, p 22—
LIS H, AT DGR A BEEHE p, SRAT IR 2R 2K
2 R SR R ISR P, 5 5 AR R K A
B B A e B AR 1 R R AR AT R

AFCM [Fi it =248 BRIEELE U,
EREANAEAL R VAR SNIU)RICE SN P e €
ISR PEAE A AR 2 2R A IR . a2
B, BEfg RN SEIL LA L= H B, AFCM 1L s
HAT ).

AFCM 752 (1 B RE 2 42 R Y, RIB 2 5
HE AR BRI R BEAh, 8 AFCM
e FEETTE, Kt AFCM 734 3|MBs i il & A 3
FE R SRR, BB AR R

e, FESTR I R R 28Dy, 2 AFCM A
TR, FORBAT 10K 2 BRI B 2, i =4 1]
T RRE RS, TS R 5 T )
HsfZ AL, BATIE AT EAU .

AFCM 5T Ja 2 TAR A5 BaE Mg p 1
WeHETT 0 T AN SCBA VHE B FR L m BOAE ],
FEASCH, m BHEI B 2. BEORIR S m A H &
IVEizp @A) S ENPUE SR EEE By
S, H TR TT DTS, 24 5 T S 2 ik ok
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