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Parameter-free clustering algorithm based on Laplace centrality and density peaks
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(School of Information Engineering, Zhengzhou University, Zhengzhou Henan 450001, China)

Abstract: In order to solve the problem of selecting center manually in a clustering algorithm, a Parameter-free
Clustering Algorithm based on Laplace centrality and density peaks ( ALPC) af@s proposed. Laplace centrality was used to
measure the centrality of objects, and a normal distribution probability statigtical method was used to determine clustering
centers. The problem that clustering algorithms rely on empirical paratheter$ and manually determine cluster centers was solved
by the proposed algorithm. Each object was assigned to the comesponding cluster center according to the distance between the
object and the center. The experimental results on synthetic| dataysets and UCI data sets show that the new algorithm can not
only automatically determine cluster centers without<any priori parameters, but also get better results with higher accuracy
compared with the Density-Based Spatial Clustefing of Application with Noise ( DBSCAN) algorithm, Clustering by fast search
and find of Density Peaks (DPC) algorithm and Laplace centrality Peaks Clustering ( LPC) algorithm.

Key words: clustering algorithm; Laplace matrix; density peak; parameter-free clustering; normal distribution

0 5%

R RIR B X R ETE— AL, AR S A EE X
SRS B . BABERERIEZE RN BB
Wb3E M5 BRRE SR &) Z MR, REIE BT I A
ERENRLBEED A TREPLMREEEH THIMA
Iz M4 2 AT , BN K-means™ B4 WP fY 2 F 5
BRI ER 25 = ( Density-Based Spatial Clustering of Applications
with Noise, DBSCAN) ™! 2% BF ¢ {H 5% 2 ( Clustering by fast
search and find of Density Peaks, DPC) Eyk(* & X B ph 5
RUEFFHREPOME ARG S, BT EARY R
BATIRE , BEER AL TR R R R AR R
MR E AN A E BB, Q0 R H 5228
L R TR ONE B B SRR BR DT 1 S e L

PA K-means AR IIFHE TR MR LG LW RILRES
L, R EEE BB PO RE R T NETRE, XEEE
B FHIHRE S OEELEE, FEREETEEAR; U
DBSCAN JpRERHET B ERENEE L UME ML RE

75 B 87 :2018-01-21;{& [E H #:2018-04-04 ; 5% FI B 87 :2018-04- 10,
TEEE A i 0RE (1964—) , B Wk D fE A, 8%, 81, CCF &5

NGBS, ZEAT AT W BR R i

NRRIER S G EE A RN REEEE - IREY,
W THAPO R BRI BE R M A R E Y &2 R, 38 R 2E
RABEAENZHEEHRBEENREREELTERIRNER
B ETHEISENERE D DPC LR EF % F I A R+
O, R 5 B U (TP 2 8 KRB W — MR K7 Bk
HER A s TR 2R T, (ELTE A e 4 R e B A 7R A\ TR AR
NEBE, ERE BB AR EL T, M REN S
L N T iR DPC BLEARAE I VA, 103 i i v i 3R
2 (Laplace centrality Peaks Clustering, LPC)Z " g 5ig 4
Bt A A e 2 B A T HE T A O P A
RN E M ERE, R AT AR E SR R
LR R AR R BE RS, e 4 A B R R b i B
FAEA BT X 0 8 M RO, LRI TR 26 (HiIX —
HRFEE T RREATEEREF L,

Xt R, A SGEM A BKMEE R R, e
BEN AR R O ERRE T R B B A E R R
HHC PR BT R RE R B S, e S R W S 3 o R X R i L
TR P PRI S R AT BE B A AR R R AS (Rl

EETE 4 EAl- 5 R4 ¥ B H (152300410191,

, EERESE O W BURIS TR R BIR(1992—) 40, MR A O


http://www.joca.cn
http://www.joca.cn

2512 H AR A

TS BRR B, K8 IE & 7010 B9 “ 307 HEW IR BUR K
T A S E R PO BR R AR R PO R IR IR B A R
IR G BT R , e U R R R 2
1 HxEX

BEHEED = (v,m, 0, b, HF x = (6,0,
) yi = 1,2, n,m N EHRX GEYERE P w, ; FREARRT
G x; Ml o Z IR BRJL A BE RS, B SEiBEUR R o0 A 5E
2B Bn T MR RN E 6 R —A e, BbExt
G, T x; Z B RRJL AR BE BV 0 B G A4 v, M, Z BT
HIAA.

EX 1 MEEHE R SE ¢ RHiEE D
AN, NE ¢ MAHSEHERCE W(6) ,EXAT
0 Wyop 00 Wy,
wie) = | 0T e ()
W, Wyy 0
o w, R x, Fl o, ZE BRI LEAR IS SHEEM 1 <
i, J< n%ﬁﬁ;wi’j = 0,wi’j = w;;,w,; = 0,

EN2 MMM AT € G EX LRI
v B ABERLAR, M Z, = 3w, ;B G fRRHAsE

M Z(6) 3N

Z(G) = diag(Z,,Z,,,Z,) (2)

EX3 BERHERT AE MR G, BHRE
PR SOR :L(G) = Z(6) - W(G) JHH:Z(6) ARy
XA, W(G) NEIRI AR

EX 4 PERRE R T SRR D B N
Roeal 6, B 6 MR- R LEL( 6) & SO HRE
H R A5 A FELAY S D7 A B

LEL(G) = Z)ﬁ (3)

B A, Ay, A, BB GRS R I ERE L(G) WAFE(E,

EXS frfhraom A ins 2R kT
B, REEEMENANZ G EIRAE G, , B E s € G, A
%, BB RO o 5 UM

¢, = (LEL(G) - LEL(G,))/LEL(G) (4)

LEL(G,) R~ 5, /58 G P PHifEE .55
HEZHARRIEZ Y QSRR B NS e
FIZR , B AT AR I P I B 5 A R R T R B R A X
TREREE T EWEEE (PO BRI oL
BN E

EX6 AAXEEEY WA ¢ DA ES RO
PR S AT RERS 8, 2 SO 0 S BA HE RN
LR MHXTEEES 6, B «, SRR T HALK S BIE I g,
B8, = max{w, ;|j = 1,2, ,n} W, AHXTEERS 6, R T
% 5 LR E R TP O R R S BRI R B 5, =

min w; ;o
jiej>e;

%ﬁ%%}% X; yg%%*"bﬁj »Ci gl 8; E‘ﬁﬁj‘%ﬁsé\
y: =¢; %8, 3%, y, BABRKIME AT WBEEX S8 H
AL, RARCGS) oy, BB AREH O GH

M EE R S B 225, NTIE T A EIERREF O,
E, = 'Dz\h 1% ('}’i_'}’j)Z (5)

BNT  ERS LR X R — R

AR N o HOMERR S , AR R O
__1 (5 —w)°

) = —= o )

T A BB T X SRR TE S HEHLAS i, TF 25 B AL S 3 ARk
B B TEZS 5N o

TEEAS o, BEHLE R X F57E (u - 30, w +30) SN
MERAL % 0. 0027, 34 FAT LK E (u - 30, u + 30) BIE
R EHA R X ST AT A A BUE K [, SRR 2 W A4 A
“3o” HEW,

MOHUENT G v, WA LR, B S B SR R R
SRR ¢, AR BERS 6, I MRS I FE R K0
BRI R E BTk TR O B FF X B E (6. B TR
Sl S BORR) E A, TR BP0 S E /MK —
5 IRIBTEAS 04 “30” MM 2 AR 8 E (K Fou + 30 19
BTN 5, 4 B M R L o ] 1 S Sprial BOE 4R B 3R 10
AATEITE R EAS S B 4o W 1 #TT LU, Sprial ¥
EEHE 3 MEORX I E KT p + 30, X3 MR Z
LR SAR S Sprial #9 3 MR,

350

exp(—

[ L v
500 -~ IESa A ]
vso - E=p+30 NI E] ]
o FEARFL
5200
g
3 150
100
50

Ol o
-40 =20 0 20 40 60 80 100

E
1 $df 4R Sprial #5076 B 7 EIRIIE 5376 1 2%

Fig. 1 Distribution histogram and normal
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Fig. 2 Comparison of clustering results on artificial datasets by four algorithms

R2 TEERETRABIES LHRAEIEIFILL

Tab. 2 Clustering index results of different algorithms on different datasets

e R DBSCAN DPC LPC ALPC

KAl AWK ACC NMI ARI ACC NMI ARI ACC NMI ARI ACC NMI ARI
4k2_far  0.9900 0.9500 0.9100 1.0000 1.0000 1.0000 0.6675 0.6648 0.5202 1.0000 1.0000 1.0000
AT Aggregation 0.8274 0.8690 0.8539  0.9429 0.9358 0.9214  0.9873 0.9700 0.9740 0.9873 0.9700 0.9740
&1, Spiral 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Ring 0.6861 0.5656 0.3231 0.5755 0.6749 0.4962 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Iris 0.6667 0.7612 0.5681 0.6667 0.6586 0.4531 0.6533 0.6409 0.5252  0.6933 0.7229 0.5609
Wine 0.5337 0.2100 0.0154 0.5843 0.2802 0.1794 0.6461 0.3633 0.3380 0.6461 0.3633 0.3380
. Seed 0.3905 0.0283 0.0042 0.6206 0.7560 0.7340 0.7476 0.5032 0.4615 0.7476 0.5032 0.4615
e Glass 0.3832 0.2239 0.1055 0.4579 0.2419 0.0924 0.3505 0.1434 0.0525 0.4860 0.2938 0.1552
Sonar 0.5577 0.0431 0.0569 0.4524 0.1056 0.0191 0.5385 0.0061 0.0011 0.5673 0.0181 0.0134
Wdbc 0.6274 0.0000 0.0000 0.6130 0.0090 -0.011 0.6327 0.0112 0.0109 0.6327 0.0112 0.0109

e M, MENG X F, translated. 2nd ed. Beijing: China Machine Press,
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