HRE5FE

—MHNE T RHZEENREEE

XEEE T &R 2, 7k
(1. #FmRA K E F I Fi Ah 310018;2. A FHRE PR, Hi 4 310023)

o OE LRI — E IR ) FEEAZ i Uk — A PR BRI LA BBk P R WS T 1] . Alex 2 H Rk
T P A SR R — A PR AT R B 2R T i  EZOr R S T D IO E RO R L,
WM, X TR B R AT BICUE |, A A A o T 0 R 2 bl Y R A b (8 T RE T B R R O S AL B BOR e R
Je fol P DR B i 0T 48 7 1 A AR AR S ), SR P 2T U R A R SR SIS ORI R 26 rh L T T 0 E 1 DA
[7) IR 75 SR 2RV 48 A1 b 7w i B i SRR ROR T RE

KR < R P T R P L TR SR A
B 5 %S . TN929.5

doi: 10.11959/j.issn.1000-0801.2016008

CEARIRAD A

An improved clustering algorithm based on local density
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Abstract: Clustering analysis is an important and challenging research field in machine learning and data mining. A
fast and effective clustering algorithm based on the idea of local density was proposed by Alex. But the number of
clusters and cluster centers in the algorithm were determined by hand. Therefore, the candidates of cluster centers
based on local density were firstly selected and then density connectivity method was used to optimize the
candidates. The classes of samples are the same as the nearest center with bigger local density. Experiments show
that the proposed method has a better cluster efficiency and can handle the problems of uncertain cluster number
and cluster centers.

Key words: local density, cluster center, evaluation criterion

1 3|5

RRIE AL TA AT Se 0 TR A1 D0 AR 48 000 1
I B AR DL PR [ S B R SR A — R R 72 JB T
AT o A H F AR B 75 17— R AR R R A AR AR
ARER, AN R 2R 2 T G AR AR SR AT e /DN AR

W5 B 88 :2015-06-08 ; £ 2 B #5 :2015-11-02

2016008-1

— L B i RS T B, E 0T BT R AR
VISR ERNSHINGE B LN ) S et S b

A NI, EAAMIPIE A Sk RS RE R %
FEMNETRROEL ETUAMER ETHEEN
RE ST MR RE JE TR RR SN, TR E
REAEMHEAEGHTRIFRE SR, HIW LR —L



.55 .

BERFE 2016 £5 1 8

LB A AR SAA BIRCH ik (CURE &%, 572 i
T BN DR B2 JE 2R S5 40, sl R AR M 2 5 0 3 R0
YU o T 00 7 A R 2R 48 ST BT A i L 3t K Ay
K AN 0K 5 i i 2 PO 0 0 5 5k ) e U OF % el 70
WA IE, REEEA k-means Bk b d0 5 7 ik R
HET G SRR R B R R RUR K W R
€ H AR B YRR, T8 M R H %2
ARA 0 X G 1Y o A 2 B R R R Y B X 4 R
RAE—l, FEA S [ B X Tk, ARF A
DBSCAN %% (OPTICS 8% \DENCLUE S8, fft i 22 1]
LR IUE IR R A%, sk R SR B E X RELRY
MR 5K o T IR A ) 5 28 R i e s ) A o A PR
MR — AT LR R RS54, fURR%EA STING Bk
CLIQUE B, f iR Bl f e, Sl R 7 fE AL U
[ R, B TN Y B 2 4R T4 A B 5 S R AL
MG, fCE A COBWEB B ik | AutoClass 5 i |
SOM F k=1,

AR A N TR R LaR 2 U B 12 4
EGHAW R R TR 2R RRE, T ik
FEAR RURAU R R T3 — 2R A9 )7, 42 ) 7 RO SR 2T
R B9 0 7 v % 08 R A7 k) o i R R — b A
TR IR T7 B0 8 3o v A 22 1 A DL B 1)
(E AVRRAE 1) 2t R AT 3R 2 125 1) SR 2R 2 1 X v 4 5040 2 1)
BB — b A R 2 7 )T R AR R R TE R [ Y
) R R, IR, TEAR 2 KTy i b T R R
MEE R S8, B S BA — AR Jp 2 7T DLARAIE 4R
e A R RBCR 1k — R R i — R
Frey $ th— 0 ) 1 3% % 2 A% R 64T 2RI 0™, %05
WO g R AH AR TR A A Ab R AL
B X T B RGN 2B AR MESX
A,

2014 4F Alex Rodriguez I Alessandro Laio 7£ Science
AR R AR R RS, SUERMRRREMIL,
ZOIT IR REAE A BT BT R Y 26 A T HL % a0 28 AT TR 4
B, (H3% 07 B REA BRI R 0Tk A 9
SE it BT BRI, 3K 0 B PR 1 R0 AR 0 T LA
AR SCHRE Y B T R R R R B ) —
YUk, FER) S O R 2 b0 9 BE A BB — M A
PEICR A hO ik 7 O R T B S Y A O s
BR A IE T ) SR 28 v {7 D O 86 JE d O 40 7 e T E AR 2

Ao SERER %07 B B B SRR BRI B, A A
BT RPN BORNB E 1Y IR

2 REIE

21 HiERSE

ALEHEMEOEEEETREBEENME, EFn
559% 55 0 P A — Y L R A, A A — 1 s
EEMAEE L KRB EERA, ZEEARRE DL
TB S8 R R L AT A A R 8 O L 4 a5 Al
o R T E B B B AR B K, M B

(1) Jay % BE p,

1, x<0
m=;5n@-¢unmzo,x>0 (1)

Horb d>0 R # b iE B, T B P AR IRk R i
P d,, AR 0 F 248 8 A0k B 5 A 19%~2% (1B 3
Nt)o N THRREEY R FI I, A SO =i
PRRIOR R SR TR B, Bt A TS (R 5 LA A TR R
JiE 9 1), SCRE UM S 2 7

~(dy /de)
p=e " 2)
J
(2) B3 12 Jra 140 8 2 A P S A B B 6,
6, = min (d,) (3)
Jpi>p

SR R T 10, 5, BB AR 10
% G 2 I, TR R Smmax d;, %5

x PR B IR K B 55 v Z B
22 WEEHEHD

Z e rp0 S SR A LK, LR M AR KR
BRI A PR LA A W R TT R TA E p, LS,
Lhp AR EE, LA & R ARFRIY IR B, k4 p, A1 6, 6
AR SR R O A T & B E R E 0
B E Xy, RGN yli= 1, NV AT IR HEIT 2R 4
KFFABE A5 R0, LI AT RE 2 77 76 P Fh RS K
00 L 55— P 02— 26 p MR 6 (HAR /NI & 2 ik Ay
b, R AT RS R — A KRR A B L S A
e, A AR B T [F — A 285 00 B0 2 B A R TR 9 26
e o RIS LR p AR/ (H 8 ARK XA W
TR RS hts AR SRS 2 X p A1 S #0645 A I B
(BB KT B A S B RE o . SRR B 2 T 2%
{1 325 380 SR A T v S AR BUMBR IR R

2016008-2



m WRSFE

. 56 -

%1

0 A X B B HOBAR 5V SR £
NG (1o o) WA R B (5.8, 00 M
R B 0 Y NS

Bt 2R T A5 e )

for =1 to N

R y=pd;
end for
0 (e o KN 17 875,78 50 BT F B I

{QI,QZv"',(];\J};
B y>e I H poo 05 A B EZ T D0 8 x,0,,

DCC (determing-clustering-center )

MK
ERRIE R DL v,
if (76 d. S8BT RAFAE — 2% T8 % 7T 8 B fe
KD Lpaye i} WA x,=p v, =p;)
vy BT R KA, i p i 1B R
HOAAIFR IR DL
end if
return
23 RBX
KR OHE UG, T E A S 5 A KR
97T o AR SO R FE Ji i R s A A K B R
TR L H ORI BE SRR . REB BT .
ik 2 LDC(local-density-clustering )
A X ={o,n, 0 o) B T R AR SV R R
M
it BB SR C=(erc, e en)o
THEAU R A BB B d;
¥ dy & NNBI RS {d,do, o di} s HoP M=
1

2 Nv-1)5

de=dyy; 1 1=2%;
KA Bl s 35 i A1 6
Vi BRI MC B 78 27 T 0 1 (X ) 5
for i«~1 to N
if (v R J& F 257 10 ) then
d=dy(¥ d BUE A BRI BUR SRR ) 5
for BA KL (v,,)
if(pi<p,,&&d>d,,)
d=d,;

2016008-3

end if
end for
€ =Cpy;
end if
end for

return C;
3 FMmiEtR

PP — A R E A0 4 35— B T R 9 N 7 o
R 8 5T e M ELAR RO, R SR KB R R T e
BBt P={Py,Py,+ Py NN THRE B 53 K4 2R, C={C,,C, v,
C) I RRFE NI 7 o AICR R LT W 847

(1)purity ; 1E T 5 (R AR B AR )

purizy(P,C):jlv— kzmjax PN | (4)

(2)R $85L. Fom € AP Z 1) (4R 007 B

8% o AW ETE CF PR TR — ARG
b RARPINEAE CPETMENE, 7P PEFAREN
Me BARWA B CHEF AR M, 7 PP ETFHIF
A d RRBAGAE C PR T RREEN AN, R
KU C R P AW A BE B R  BEEH C SR R

v p_ atb
R 8 R= atb+c+d (5)
(3) F-measure » F E B 2 F1 A [0] 2 95 A 58 b5 20 A 10 A
)= E0G g
Hi R0 00 ™)
ip = 22 PB.C) - R(PLC)
IR i Cooiip, ) )

MEAKIEP, I FEFP) = max F(P,C), it
BRI F I BONECR B, GBI BK 25 F 1A

S
b3 B LR
j=1 n

4 ZWHLHERSH

41 ZHHE

UCTBUH 2 — R TTH Tl 4r 28 R 0 [
P 38 PR B0 1, B Wine Iris \ Glass S8R 4 |
Hip is B0 E 3%, B-RAR-MEHYTE



.57 .

BERFE 2016 £5 1 8

HBRA SO MBIt 150 MREA 15 3 AN KHE A A
o) =R 5B L S, BAREE RS E
B, Wine S48 £ 00 & 178 AMREA 13 AMEUE AR 1, 4y
W32 R AR R L Glass B 3EA 69 1 HE
A AE 3 BELSEHRRR 13, 55, Leuk72 3k
T LB A B2 B 4
42 EEROTERE

R AR SR B R A M B O
ERBER L, SRIE IR AR O B AR 2 8 G Y R
BN e B A IE I PR, Bk T 2R D B I A
(ALY 5 R AN B, 7 5 ) HE AR AR 260 R LI 1 (a)
7 Tris B4 BE AR 2053 2 4 ROBE 7 0 0 RE A IR 43 A A L
BIL(b) A yli=1,- Ny R EINHER 5 (045 58, Atk 4% y,
R 2 AREARAE Ry 2B vt AN Bl 4 2 R 2 A2
TR oy, (B KRG 5 A REAIE MR L, MR
A5 AR I T A B E RO RSy
B AR/ Y BB (AR SE 50 B B R 6) , (4 2 ik
A SRR, SR B 1R R L
WATA I S BRAM AR O, B 1 (c) T2 TE 0 5 R
Efhty, B L) TERE S A I G RO A
(9N [T AR 7 AR A S DR 2R AR T R TR IR 4 2R

1.5 =
]
1.0
"
0.5 lﬂl-‘ﬁ
.".' n
0 o
*-.l-.
s nm
"
-1.0
]
B T R By S| R B R B
(a) BEAR I A1
1.5
. °
3 °
1.0
. ° .
’o . .
. ® o
0.5 }*‘ .L'.....o'b .
0 "4’.' oo 4
% e
. °¢ e T¢ ote,
-0.5] e ¢ %e
' . o...'. o0
. ‘, %°
-1.0 . (3
L] ]
-1.5

4 -3 -2 -1 0 1 2 3 4
(c) ik AeH%E ot

43 O WMEEERMEM

d, W HE B DL JR 8 B R RN I R BT KK, X
Sy PEARK MR o0 AN MERG , ISR U R 28R P04
Bt % &R B — KM BRI AR IR, h T
TERA d, 00 R /N K 92 56 25 S A 5 i , R SO oS [e] 19 B0 4
SRR TIRNG d 2%, 3 H R0 ss F mE 2 fir
TR (A d, BT BE AT B 007 Y 40 J 5 B A i He i)

2 Al DU R R d xRS R 5
W& AN —FER , Tris Al Wine 50 880 A B AL d.o X T Iris
B 2 2000, HAER H 2 28 2 1<1%0 , AR RE SR i
328 (U R ZEHHER R AE FRAIK . Leuk72_3k Fl Glass £ £ #Y
REGRIEANRZ d 5% m @ 7347 & B, Leuk72_3k %X
Ha 5 25 Y RE AR ST JE /N TR B S . R A AR T
(R RN B AR A B (R B PR B E 1Y d. 24
44 BERERI

J T WA A, BASCPE RS SR
K-means 5% 1 DBSCAN S5 #E AT SC 0 % 1, IR purity |
R 185 F-measure K 2 H ML, £ 1 HLAERZE
CR RV NTE e T AN RS e A1

METATLIEH, A SCEEMX T K-means , DBSCAN
RS LA BRRMET U2 8 A BRI ER

18
16
14
12
10
8
6
4
2
0 30 T —
(b) HeF
15 -
| |
1.0
|}
| |
05 .l. E
oy |
S " g0 -
0 = .
4 IH.
-0.5
n
-1.0
B e e B

(d) Al m 2R

CRUE NN

2016008-4



m MREFE

g N\
D
—6— purity
—o— RIRHL
—8— F-measure
0. 5 2 L1 . "
0 2% % , 6% 8% 10%
(b) Wine #Hi % T A d. B 19 RS L5 R
= = = =]
—©— purity
—o— RiR%L
—8— F-measure
0 2% % 6% 8% 10%

(d) Glass BHE4E T A d, {19 R 245

NGRS O SR Sl

1.0
0.9t
# 08
£07}
oy
0.6f —oe— purity
0.5}¢ —o6— RIBEL
—8— F-measure
045 2% 2% % 8%
(a) Iris BB T AF d. (519 R 55
0.96
" 0.960p _ n _ _ |
o e e—-—-—
§ sy —e— purity
= —o— RIR%
0.950¢f —8— F-measure
% < < % 4
09435 2% % ;6% 8% 10%
(¢) Leuk72_3k K456 T A d, 81 R KL R
& 2
£1 FARKEEAZRERLE
PGS LR 7N ALY K-means DBSCAN
Tris £iC4 45 purity 09067 08817 0.6667
R 154K 08923 08394 0.776 3
F-measure 0.904 8 0.8853 0.6556
Wine ¥4 42 purity 08933 0.7249 0.696 6
R 48%k 08654 0.6919 0.7212
F-measure 0.895 8 0.704 3 0.706 0
leuk72_3k $4E4E  purity 09583 09583 09167
R 45% 09472 09472 0.8967
F-measure 0.956 8 09568 09154
Glass %#li 5 purity 07522 07101 0.5797
R 8% 07624 0.6833 0.6385
F-measure 0.717 1 0.726 8 0.516 2
4k2_far £dE 4L purity 1 0.8075 09875
R $8%k 1 09305 09859
F-measure 1 0.903 0.986 8

RACRALRE

Alex #2 H B Sk A R B SRR h O bl A
T sIE R, o 1 7 die O £ 2R 0 28 A, AR SO e 8 3
frde by R B R, R WA S bl ik
PR 2R OB X RO SR AT A R g 2,
AR5 B RO AR bR, I 3 R SRV FR b o i 3R
EANBON R AR A 3 TPl LU 4k2_far Hfi 4
AR AR RO 4, Tris BOR SR 19 T SRR HON 3,

5 HRIE

62 R T B A SRR TA T P st 4 R R A
IR L B DR, AR SCAE 1 Y i L3 1 — A

2016008-5

—6— purity
—o— RIRHL

—8— F-measure

0']1.0 1.5 20 25 30 3K5 40 45 50 55 6.0

(a) 4k2_far B S A6 R 23 9 5 28 46 it

—— purity
02 —o— RIRHL
“f —8— F-measure
0.1

1.0 1.5 2.0 25 30 3KS 40 45 50 55 6.0

(b) Iris Hfs 5 A R 30 53 1) 2R A8 4R

B3 ORI B A T IR A M 5 IR AR I 5 R

EIOCR S 0 (i D T 3 0 5 O i B
AEBRRE L, SRR B %05 %k R A B
(R RACRAERE, AR T REA BN E H R,
ARSCRRBE A 5] £ T P BRI A B (R 2 0, S S A
A8 92 P BT L AR FL AR B RS R L FE B I 1 2 4L



.59 .

BERFE 2016 £5 1 8

SE Wk

[1] JA%, B | Bz i b BBt R ()] i 5RHL T
50, 2012, 48 (12): 100-109.

ZHOU T, LU H L. Clustering algorithm research advances on
data mining [J]. Computer Engineering and Applications, 2012,
48 (12): 100-109.

[2] ZHANG T, RAMAKRISHNAN R, LIVNY M. BIRCH: an
efficient data clustering method for very large databases[C]/
Proceedings of 1996 ACM-SIGMOD International Conference
Management of Data, June 4-6, 1996, Montreal, Quebec,
Canada. New York: ACM Press,1996: 103-114.

[3] GUHA S, RASTOGI R, SHIM K. CURE:an efficient clustering
algorithm for large database[J]. Information Systems, 2001, 26(1):
35-58.

[4] MACQUEEN J. Some methods for classification and analysis of
multivariate observations [C]//Proceedings of the 5th Berkeley
Symposium on Mathematical Statistics and Probability, June
21-18, 1965, Berkeley, California, USA. California: University
of California Press, 1967: 281-297.

[5] KAUFMAN L, ROUSSEEUW P J. Finding Groups in Data:An
Introduction to Cluster Analysis [M]. New York: John Wiley &
Sons, 1990.

[6] HUANG Z. Extensions to the k-means algorithm for clustering
large data sets with categorical values [J]. Data Mining and
Knowledge, Discovery 11, 1998(2): 283-304.

[7] ME8f, PRk, RO, —Rh Ik TR 00 % 5 /Y 20 A UK 4Z
P FIE ). BRA 24, 2008, 19(9): 2339-2348.

NI W W, CHEN G, WU Y J. Local density based distributed
clustering algorithm [J]. Journal of Software, 2008, 19 (9):
2339-2348.

[8] ANKERST M, BREUNIG M, KRIEGEL H P, et al. OPTICS:
ordering points to identify the clustering structure [C]//
Proceedings of 1999 ACM-SIGMOD International Conference
Management of Data (SIGMOD’99), June 1-3, 1999, Philadelphia,
Pennsylvania, USA. New York: ACM Press,1999: 49-60.

[9] HINNEBURG A, KEIM D A. An efficient approach to
clustering in large multimedia databases with noise [C]/
Proceedings of 1998 International Conference Knowledge
Discovery and Data Mining, August 27-31, 1998, New York,
USA. New York: ACM Press, 1998: 58-65.

[10] WANG W, YANG J, MUNTZ R. STING: a statistical information
grid approach to spatial data mining [C]/ Proceedings of 1997
International Conference Very Large Data Bases, August 2-29,
1997, Athens, Greece. New York: ACM Press, 1997: 186-195.

[11] AGRAWAL R, GEHRKE J, GUNOPULOS D, et al. Automatic
subspace clustering of high dimensional data for data mining

applications[C]//Proceedings of 1998 ACM-SIGMOD International

Conference Management of Data, June 2-4, 1998, Seattle,
Washington, USA. New York: ACM Press, 1998: 94-105.

[12] FISHER D. Improving inherence through conceptual clustering[C}/
Proceedings of 1987 AAAI Conference, July 13-17, 1987, Seattle,
Washington, USA. [S.L.]: AAAI Press, 1987: 461-465.

[13] FAYYAD V M, PIATETSKY S G, SMYTH P, et al. Bayesian
Classification  (AutoClass): Theory and Result. Advances in
Knowledge Discovery and Data Mining[M].Bridge City: The MIT
Press, 1996: 153-180.

[14] TEUVO K. The self-organizing map [J]. Neurocomputing, 1998,
21(13): 1-6.

[15] CAI W L, CHEN S C, ZHANG D Q. Fast and robust fuzzy c-means
clustering algorithms incorporating local information for image
segmentation[]J]. Pattern Recognition, 2007, 40(3): 825-833.

[16] BASU B, SRINIVAS V V. Regional flood frequency analysis
using kernel-based fuzzy clustering approach [J]. Water
Resources Research, 2014, 50(4): 3295-3316.

[17] LI X, WONG H S, WU S. A fuzzy minimax clustering model and
its applications|J]. Information Sciences, 2012, 186: 114-125.

[18] JE bk, VUL, tRAR, &5, HE TG RIMBRE LA L ()] A
k24, 2012, 38 (8): 1335-1342.

ZHOU L, PING X J, XU S, et al. Cluster ensemble based on spectral
clustering]J]. Acta Automatica Sinica, 2012, 38(8): 1335-1342.

[19] BREE &, S845 78, 2259 1. 1 35 N A 4K T 23 () SR 28 Bk ()], #K
{241z, 2010(10): 2513-2523.

CHEN L F, HUO G D, JIANG Q S. Adaptive algorithm for soft
subspace clustering|J]. Journal of Software, 2010(10): 2513-2523.

[20] SUN H, WANG S, JIANG Q. FCM-based model selection
algorithms for determining the number of cluster [J]. Pattern
Recognition, 2004, 37(10): 2027-2037.

[21] FREY B J, DUECK D. Clustering by passing messages between
data points[J]. Science, 2007, 315(5814): 972-976.

[22] ALEX R, ALESSANDRO L. Clustering by fast search and find
of density peaks[J]. Science, 2014, 344(6191): 1492-1496.

[fE& ]

R EBEE (1977-), Lo, Wi TT K R Kk 2 B
Rl U, 2 2R 505 1 o Bl s o >0 5 R

I (1976-), 55 W WITLRHB = B 027 e Al B, 20T
FEIT A IR 0328 R — R DLy ) SEZ .

PR FR (1973-) , Zx , Wi 117K F K R o g ) 04, 32 BERE 5
D51 R i AL 2%

2016008-6



