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Abstract: K-Means is the most popular clustering algorithm with the convergence to one of numerous local
minima, which results in much sensitivity to initial representatives. Many researches are made to overcome the
sensitivity of K-Means algorithm. However, this paper proposes a novel clustering algorithm called K-MeanSCAN
by means of the local optimality and sensitivity of K-Means. The core idea is to build the connectivity between
sub-clusters based on the multiple clustering results of K-Means, where these clustering results are distinct because
of local optimality and sensitivity of K-Means. Then a weighted connected graph of the sub-clusters is constructed
using the connectivity, and the sub-clusters are merged by the graph search algorithm. Theoretic analysis and
experimental demonstrations show that K-MeanSCAN outperforms existing algorithms in clustering quality and
efficiency.
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I BRI ABCRAR R B AR T JRE 48 AR 2 W) AH St 82 14 B 5 o 50 e b, — BRI SR SR S R A A AN 5, 3 I
R) 43 A% 8 3 4 O(n*).BIRCH (balanced iterative reducing and clustering using hierarchies)* #1CURE(clustering
using representatives) 5Ty B4R v J2 VS S 4 R 10 R AR v LT A T ) B BIRCHAET v 2 AT O(n) I 3
ST AEAT IR AE T ) DUAR S iy A AR S0 D A A S B2 2 5 BUBIRCH K BE R BLERTE 2K % . CUREAE
FH T 5 5506 1) AR R SRR, AT B R I A2 % TR A0 AN [R) DK /s 1) 28 1, ) W 75 B AT AR 4 1) % % 6 )8R
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BB AEH DR LA AL PGB H 2 —2K).
OPTICS(ordering points to identify the clustering structure) ™ .4 % DBSCANSL I [ B B BEAT T e .
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Fig.1 A demo of the sensitivity of K-Means algorithm
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Fig.2 Building the connection relationships between clusters
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R A K T K-MeanSCAN 53k S I S8 1% 45 IF BY A 1 LAl 2 T K-Means $VE TR KM 45 AL,
K-MeanSCAN HIA 1 FZP AR (1) 2 KTURIKL R LG SEEZ M I nBOEE E;2) I B RE S
G IFEE M AIE;(3) HIkE R AR —AN 5 A B HY B R R 2 R IR B 20 TR (2) A L B S R T
AT — VB, DAHE— 25 R F B 2R 5 L) it e b, i A 0 4 O 5 0L kb T A 7 2 S B9 B v B R AR kAT T 357
TS FL AR 28 R 2R b 10 B i A e 75

FERR FAR VL Z A, AT 8 58 5 I — 28T Ak R e S BU R & 3R SEBR I 8 H L KRR T
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22 EERFEX
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EX V(FHEBEEMSEFE). BRCH T8, IL8 BN LT 7 b R A SR B LG -7 1 2 )

a [, A e S F
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()8 AN A7 AE AT AR, AN AT R T2 T 00 S i PR A 0. SR A A T U ) A ) L T e K T 4 E T Y
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EX 4(EFFE). T BRI ¢ R, vl DA IE OC T 47 15 % 1 7% 1 I BLI% 18 [l (weighted connected
graph, i FRWCG), He 1, A~ vy 8 1 A0 T Vel m K AT, 9 EL A g 4 30 03 T — A B2 38 i AR O BUAEL. T A2,
NG IR CHURE X BT I U (R A T A ) ) ) AR R R AR R AR S R R R N SR
FE:(1) CIARRPIAS 1150 T8 A2 BOETE 15(2) WERCJE T C, H 5 CH2 BRI T 1, 0 Cr k4 52 J& T+ C.

2.3 Bk

K-MeanSCAN  SLikAE K 1 15 47 I IO SEIEME LS S DL AR il A v 50 1 2 ARE A ot 4w B AL Al —
MREAR IRJE SFEA ] K-Means X BEHUREABEAT FOR R, WORR M RRE H b >k BERAERTUR LR A
ATE h AAEBIHLREAS K 2RI EE R AR ARG R AT kA5 O eI 08 AN REAS S AT 000 91 40, 4 5
ANREAS G 57 e 2 A R B B B A 1) b NIRRT L R, 728 b AR T Bl SR R 20

H T IX e B2 1174 73, K-MeanSCANSLIE T 55K F AN R ) 23 1A 5 2 1) F) 3 30 78, O A0 3 I B8 T 161, 4
Ja AU BEA S 11 Pl 38 2= S0 SR A5 di B T 1) 1 P, BT g A Y 1 i 1 £ 0 BRI b S0 SO 65 9 7% e
IR 10 22 R RSB G IR fRIE — 20 RE PR A B e 24 SRR G5 K AL J2 IR S Tt v A P 1 e 0 i S
PN B IR BT A1 A R L TR /N BE B BCRE M A MC 2 P A 15 JF 752, 0

dist(MC,,MC,)=  min  dist(C,.mean,C,.mean) .

G eMCy,CreMCy
e MR B 2 K SRR EE K0S BT R 2 5 65 91 BY B R AR BEAT F0T b a1 L2880 sl 2 b ik Ay W 7 LU
il Py A4 H K-MeanSCAN LA IR SR 3 1.
Algorithm program K-MeanSCAN(SetOfPoints,h=2,k'")

var RandomSample: rndsmp;
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Clusters: cluss, mergedcluss, finalcluss;
Cluster: clus; Connection: conns;
Integer: iterations; Float: denh, dcnh;
begin
//pre-clustering
repeat
rndsmp=DrawSample();
clus=K-Means(rndsmp,k');
cluss.add(clus); iterations++;
until iterations=h
AssignEachObject(SetOfPoints,cluss);
denh=ComputeDenh(cluss);
conns=BuildWCG(cluss);
denh=ComputeDcnh(conns);
mergedcluss=MergedByBFS(cluss,conns);
finalcluss=MergedByAgglom(mergedcluss);
return finalcluss,
end. //K-MeanSCAN
S, 2R h & RAE RN TIIR I B A S M i 7 A 1 R 0 . S 8 k' /& K-Means TR S I 1) A5 4
H .7t K-MeanSCAN Sykh J5j# 8 i denh I denh 43 i) i % L 180 (1 R34 30 5 FE 0. 1R 2L AsssignEachObject()
FEREA SR AT BRI 4130 R RS E AN B2 73 BC 4 AH VL 1K) 1 7% PR B BuildWCG () 551 iR 22 1) (R34 T8 5% 3R, JF
TE INBOE T & bR 2 Merged By BESO)IM R BEP A I B #8509 6 JF T 50 J5 , IR B MergedBy Agglom()iti 1 )2
IRER ST 7 1 d 8 TR TR S A K, DR 08 530 63 TR A AR 00 s i B s W, AR S g 2 O T 3K 6 oy 50 B 4 3 411 1)
k.
24 HAESHORE
241 SRFER/D
A5 SCHR[4] 7 48 e W] 5 2L EKY Bt BT R AE DR/ BE A A 2200 0 b Se RS () LA 8 4 B o e B4 M T
AH L FR)RATE R R ORAE ABBERT TR a0, WURFEAR SR AL /D flul oK BRI w IR (08K MAER K P E R
B ARAR A

IR 1 XTI, WRRAE /sl A2 U1 200 B LA SR oK 8 SR8 u AR A B0 T flul R

NTF-5,0<6<1.
2
n 1 n 1 1

BB i A T TE DT IR B /N AR A 58 B 1 1] LAAS BAH L 1 8 i R T AN IR TEARE AR N A i BT, AT
e fBuh RAREEH /DT flul A H AT B kS,
242 WUERISIKE h FEFEE K

ZH b TR 2L R A B B W 8, h>2 M K-MeanSCAN 53 i J5t B j 35 K, ) g T /) — 2885 1 T #%
Z I A 1R L3R A 5 DR, AT T A7 A B v O ) R 28 4 SR AN T I I 2 88 b S AR AR S s 0 R
HH,h=3~10 L O & 21,

TR KW 7 — N EESHOL LEEH K X T 1% S 500 29 S SRk 128 K T 52 b 2R H &, /N T REA
BRI INnh T B 2 B S MR ) 55 /N S i K 20 00K T i 1 AE SCHR[ 7] T 5 T R AR 23 2K LR 2
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KRB B AR k™™ 232 10— 4538 A A &R 0328 00 A2 1 24 SR emin( of 1/l 1™, 004 —
M/ T2 T 10T ZE U0 K2 A6 0 2 13 29 4% 1 I & TR AR 6o T 3 SIS 4 SR AN A%, BRAT TR X oot &4 R AS ik
20 <SS 0, w] LLER IO S5 560 A0 U P Ll 3R 0 A SER, R ST AR SR 4 03X — R s i AT Ui ]
243 FREEEBIY denh R E BIH denh

M denh & 1 155 5 B AH, A 8% 5 R T denh ) 1154 2 5 K-MeanSCAN .32 [1) 5 JF 11, 0 5 %/ T
denh )T R A B KB R I 75 DU M ) 0 5 W 7 s e 4 e P A A TR 3 ) 7 AR, A AR D g 4 1) 43 A
18 PR AR, WO HG 3 JREARL /IS S TSI B A7 A TR SR %, WU - 7% B A B 40, 8 PR AR B BE R IR TR S T 1 PR e A1 1%
¥y 4R & Ky dens={den,|i=1,....,hk' } ,\LATF P HE 713 Blsort_dens, Ho M S5 21 ] 3(a) [T 1) DL Hy, MK 5 X 45k
) w5 85 DA AL — AN RUR BRI, BRIV A il % B

9T H B R A B I, B SC X sort_dens AT 2 4318 AR diff dens. 2 25 4y B, w5 T 26 10 R OE Ab
FRS I 7 72 73 W 2 b A7 AE — AN B R e AR BT — 2 10 25 2 ds S04, O R o 30 e B8O 2O0F SEREAT i 2690,
25 W PR WAL AR A0 1T 1 07 R BRI S8 o, 2 5 P2 B AEL AL sort_dens TR IR 2R 5 HEL W 1&] 3(b) T 7s. T2,
B JE WA N denh=sort_dens[round(mu)].

S I6 TN 2 B IX 15 BB P A v A5 5 vk s AL AR T B T 50 S8 B den 1R %0 B B TS Bn P 1R 320
0TI — e L, AT BB denh=0, 5% 4 BT AT 1F) 324 30 5 1R 4041 .
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Fig.3 Density threshold denh
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Fig.4 Synthetic datasets for evaluating clustering algorithms
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Fig.6  Clustering result of data 2 and its threshold denh
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Fig.7 Clustering result of data 3 and its threshold denh
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