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Applied Research on Clustering Algorithm Using Density Biased Sampling Technology

YU Bo ZHU Dong-hua LIU Song ZHENG Tao
(School of Management and Economics, Beijing Institute of Technology, Beijing 100081, China)

Abstract The advantages of sampling technology were analyzed against the difficulties of clustering on large-scale data
set,and study the traits of random sampling in data mining were studied then a biased sampling method based on densi-
ty was presented. The sample data set using density biased sampling can more accurately reflect the character of the
whole data set,and biased sampling can control the sampling rate freely as to different part of the data set. The experi-

mental results show that,density biased sampling is superior to random sampling in time complexity when clustering on

large-scale data set.

Keywords Data mining,Clustering, Biased sampling, Random sampling

& S RTH SRS IR S , KA S AR R , B
MRZRAREMBROBIITR. S0 LEHHEBHR
B R ARE SRR UL, LA BB 8 7 15 1 AL B RCR A K 3
LI B BAEIESE R AR I HE B R, f TR
EEMNTER 2%, BT DA & BB IZ I 7 ik, IR
R RBRM S, 3 45 MBEE ER T AL B, AR RER
MRS EHATAE, TTRIEMEEEARTIABRIZHE IR S,
BSERB  — MR R TER AR SE LA TAHE, BIER
HEAL A SRAHET SRR RS . AT LA B
550 10 9% BE IO R A 2 o R B R S i S R A AT 3B 4T, BR TR
RAHTT R P E S P 2 R R IR R S
F 3 BE 1 DL A A A B 4R, IRJB AT IR M TE R BHL
FAREIHEL T BB BFHIREITER

1 ERBEVU AR AT IR P AR A

T B B AL 4l A (simple random sampling) & 4L 77 k9
Hal, AR WIUR AR AT Z . Olken 4 AR 46 F g
EFERATR SRR R T —MRIFMIREY . Ll
BIGEIH R4 4n SAS, SPSS #3540, & R S REA LA 7 3 .

BHE—NRNK n WEHEE D, KR K/DMER », BIFF

25 H 15 2008-03-20
Vg Z:apild giim

B anPNEEREARA . EXMERT LSS, b R
FAALFNEE RN LR B ARIT R R . IR P 2 — 8 3F
BRI AMRSE WEHRS , REBIEE N /MFEARE, |
R T GRERE A o 6] — X R LA BT — R LU R R B
BHER—MEP TR AR, HTH, 48 %
AR R RS PR AR R R R T RS .

Guha FARE T —MEH, K HEREAX/N S fifkH
W PR ESEREERPHERESE—RY . DA
—ANKANIn BEEE, w B— D K/NR | u| BFE, RS
HET O« lu| MRAENES, BAK v SEREERP, K
o<,

EE 1 XN w, RREA RN SHERD I AR
BT u WA NEBUNT @« |u| BEBER/NT 8,050
1. (DT LA Chernoff FFREIEBHE?,

S log(5) -+ g2+ 20l ullog( )
e W
BRPEREEA n=100000 MR R, ARDOKREE S5
ENSHENAEE. B1AE2 5587 T =02 f 0=
0.3/ |ul5 SHXR.

EXZEE AR ELSE SRR E (70031010), 985 FHEH AP FAUFTEBBEIFRBXZ— “FHHEMREA

# K978, B WAL, TEM, EEFFTSECAEGSE  BR B BSURA A T B, E-mail: bitboyu@gmail. com; 5k F 4 (1963
=), 5, BTSN TR R, TRIE SOV SR BT iR E .

+ 207



Xt P 1A 2 AT LAE S BRIERER KR A 75 B T B
PR BB LA R ORIE— T/ NE R — DRI g &
R, B, T 902 BT BEHERARIEA 1000 %
HIRRH — > @=0. 2 B KRR A R, BAT 1T B B R SR
T 202 YR s 7E X REA P B B9 X 3B I B 0. 3 1
BT 7 SRR AR RN K B RO B /D 3124,

n=1 n=100000

|70, ¢ 0]

2100 1100 6100 8100
Cluster size

B 2 @=0.3#tEEAKE

B oo, 2 EEAML

AL EATBTAT A O T TR S R AL A BB X R A5 R
RE—AMBIFRRIE, BLL AR A . XMWERREH
THRER R EIL, B AE R SR .

2 REMBERXEZEPHEA

2.1 {RE XS b BEALIRE
@ﬁﬁﬁﬁuTﬂﬂﬂﬁ?ﬁ%# H & T eT29* s T %ﬁﬁ%
R u B — R B R A R R R AT R 2 «

R:P(x & tepiAg=| 77 ™€

1—p, m&u
He o<p<t,

EE2 WDR-AKNH FBHEE, « BIDN x|
Wik, — R u RSN AT HEFRETEL T @« |ul
MEBAEEREA S, Brh o<o<{1, # SR BHMEMN R
BEATHIRERORE A, & T LMESE o AR 1—6 MRS a &7
BAH, 0001, S 2 HI 7 S RE AL AL 18 Bl B A R 6
BIREAS, R p=lul /0, B4

Sg<<S )

g (OFR ) AT LB

®lul —Hog(%)-i‘\/(log =)7+24 |l log(5)
?

SR DR, AT LSBT 48

EH 2 AH-NEE WA ER, AP A AR E R
R EARART R AT LI i3 2 AR P 0 SH © 34
B STEREARPER, R T AR RR, WE
AL TT LI 7EAR RIS 1R L T o R/ RE AR BB A 4 AR
AN R RS EREART,

R 18R BR R A O 3 3o 3 R B R A TR 22 3, AN
HHEX AR — MU R R, B AMRERE R, iE
ERNRTE RS R A 2 BN E BRI,
AT LA R Bl E AR K. B AR R, 3 R
EMEE, B TR% X SR R R R LA T R I, H i
BTHE—ANUS R 7E— B B R A % B e i
2.2 BEREEAR

— AR B R B0 B e S — N BB A A B R B
TR IH R RIF R R RN EMUFR. #DE—THI A
B AN THMNBIEE, I A={AL A, A BBIHE,
B A BAESSG . BEN—NEBHF, 8 rHE

. 208

Sp>

3

d %= HEL0,114 j—P . R L, D8 —NEEMEE R
#%_‘/f\d ?Eﬁ”fﬁ @ﬁ.f(xl v"'yxd)’f: [O,l]d—>R m}%
¥

J"’O I]df(xx ""9Id)dx1 9"'9d$d =1

Bt b AR 2R ROR AT UGE R4 BEAG 07 i, AR
ZUFPRENITES N AREEAE %, hTREE
BT BN B R SR R 23 A B9 SR 38 IR, 3 B8 437 R B
PIAEATBURE » B —Fb MBCHE R AR A 5 R T S8 45088 40 A PALE
M. BRIk, EREEEAEERBHTEENE. HEE
HEHARRE TR T E LR R R BB N
Titie 4 E ER R EEAE N, 8§ RS A—SERMAE
%Mﬁ[u] .

EX T Basxssx, ARET R WML E S5 REN
TR ERAK M EERER (), 2€R, E L REHRK
(O REERY f(OWEEERE .

F <x>=;%i§K<xf;“>,xeR )
KOOI EE. B ABUES ENIER, BHK
SR ERR,IE Kh(w) =K(u/B)/B, M= (4) ] L FE R

A
Fi@= 5K, (,—2),zER )

HIXE S 1 AT, M4 B B RR AR f (o) B BB 1 Y
HRENEASESA R, &SRR EEMTRBHN
WEA R, RS B 6 TR S B ALK 1% E
AREEHEAI A EERNEEEE. hX 6 EXHER
BOUZBR T 530 B B AR — R XS SO AR R B
EHRBRR. N THEERBEEN T EES B8, &%
BORAZeREOH R AT #2544

(DK(—w=K{uw)

(2 Sup | K(u) | <oo, r K(wdu =1

B R BUE B 7 PR3 (Gaussian kernel) . Epa-
nechnikovi% R ¥R Biweight B4 . ARSI S, 7
HHEMBEE - B ESEN. AR, FETEEESR LY
B EAERE, R EREL, B ERRE R FRRY
—HEERBEMRR. BRECEOFIEH TRREME
PR RIST 5 SRR A R AR, B 30 T Ab B [ R A R 4
EE—E S 5 B8 e85, B 8 Epanechnikov ¥ 4.
HE—PMEAERBOENBIEBEPERB—TK/NN S H
BENLRE A AT BB E N G — R 0TREZ, X 7 RIE— K3
WaHPER,

2.3 BERERMERAR

WRDB—NEnENdEBEE, hHARRT, B
ZREHRL0, 11, B/ flayza)y f:[0, 11 >R BEHEE
D ¥ —MEEGEES. XM F—-14eERE RC[0,1],

BE n f o) dry ey RS TFRIR 89 R 8

B, Bz AR
LD()=1/V

Sob: 1= [ fCarde, BRx S5EI—EEN e > 0) 1y



B,V REARIOHBLY = | dz.

B REERE W R MR R ESN HENEW,
BRa—AN ERABEK—ADRNABBEFERETXRAT G
W RB T . B R B 2R NI B, BT LG LA R
A ox A K E R RIS B, BIEBERE D R
ERARFMTHE: (DD PH—N Rz SESERS PR
R R R « BB REES N — A s 5 el 3G (O FEA R
BEA/MR 0,60 B—MHAPREBENSH.

B AR R A RELM RS PR T S A . D AR
AEFEREER PR R o/n, IREH B RE A € L, R
sy x> IR AR (2 5o 5 xa) JE BB A 5 B K T %
AT HEE, EX:

J[o_ljdf(xl g"'sl‘d)dl‘l"‘dl‘d
V([0,1])
EEERERmETS, BRI AER (0,28
ESHRAPHERRZSFES RN~ EE S,
A H f(z,eHx) MERB. BN I THEREZMBERARR
ﬁﬂ?ﬁ%ﬂﬁs gIA"‘/l\gﬁ f' (x15 0y 20) = (f(:Cl s "ty
z)) S HH o LB MR AR N E R B AR
A Bz ) WIE RS bf (215 24) /n X RLEE H B, B
U a WEREH T RS ahie g R . :

‘&k= E f,(xlf"yl‘d)’%)‘(f* (1’17"'
(a1 s+rr2g)ED ‘

f/(ll 7"‘,.Zd),mu f* E‘ﬁﬁuTWﬂuﬁ‘&
F e

(2) 12 )ED

TR, B— & (2,
CBIMEER S (1,00 v2s) /s Bl
b(f(1'17 ’Id)) /k

RO BT LUE B i B R 1.
ERPH

=1

91}{):_21—

yTa)=n

< xa) €D BHEGERAH

PRl A 22 B

-—f (:cl 20t 9Xa)

(zp .zd)GDn

HH

-t
» Xy ) = n

'_f (1'1,"

oy >z PED T
x4)=b
FRLLZE R B R 2. M E BB IE 3 PR,
BE-MEESE D, —MRBEEEEAERE SR IAP R
BEriEA KD b,

1) WEBESERETEE— R x NERRZEE.
2) WPIBEMAT R, BAANRRR S

(xy 1"'yId)ED

3 Rz

B LA, ZEERENRIEEHTHREH. B
FEMAERE Tk BEASE K E S AT 2
HEHk., EERANEIES, . MEBEPHET— S 2. 88
BHEY F (ONE. ZERI—AEENRSREIEE
RiE, LLERTARANBARE. FE o ErEL, BEREXT
B R X AT R 4 ke (>0 B , L BE RS 85 BE K b 47
AR (a<<O B, BAAHRIT -

a=0 i, BT AP AT ER-REPHEER b/n, EXH
BT 182 0B 1o S R AL A8 » e I BT L, 87 B BE DL Sl A

IR HAE A — FR IS BRAF I .

a>0 Bt B z H y 43 BIRAL T HRE & R R B R
BE MR AF@O>F )4 F(O>F) . "RAREBEE
I S A A TR R IX R A B R . YRR, E B
s, IR R KRB T B, IR A R R
R IK Al RE R L T B DL R O R R 5 RV B, IR
I 35k 11 205 A TP 1 5 B L TR 4 AR 22 R A X K A e e

O B RE LR A R B . XU BRI R X A

AL B R AR PR AR R

a<<0 A}, 5 a>0 FRBRER . MR (> ),
A FO<f(y), Fn R B XA e L R B HU AR
T 50 2 B DX SR Py R L R BB AL AR R . XEBRE, IR
R A AT RE R BN RIRR B TR .

3 HESERESH

A n B S BEEE Lo BISEATBEDLIMAE R R 2= 3
¥ TEREA SRS Fi84F CURE BRE 5, 5tV 5/
ZHPERRTRIE 2B H1T 8. BT CURE Miafiet a2
TUREY, M R BGHAT B — R B R SR 4 BT R 28 R0 B A
A LB — A BUNRER BB T — A K E R YRR .
L R — A 1M BEPIRE S 1B 1T CURE BEHE %, 0
(m) BB REDLRE AR BT R HOEHE] , O(2/100)* RIEFEVLFEZAR H
4T CURE FREE it ], M 7E 1% M BEHLAE A b5 4T CURE
BAREEAWBETHEE Ont (n/10002), MBE—4
0. 5% A EiBFTCURE B2 1, 0(2n) % EUR =
REAS PR OB E] , O(n/2000 BeAEMZE A I 14T CURE By
FHIBSE], ZE 0. 5% KR A 54T CURE BB 1k &
HBITE AR O@2nt (n/2000%), £ 1 BR T n AREBHY
A AR .

#1 WREREE
n 1000 5000 10000 13334 30000 50000 100000

MALEAR 1100 7500 20000 31113 120000 300000 1100000
fmEAEAR 2025 10625 22500 31113 82500 162500 450000

H#E 1TUES, Y n>>13334 Bf  REMBE L
PR LB, ELFEE » B K, XA L AR M AR B S
8. XEMERNAFIER TAEKEBIEE LHiTRE
1, 7 Ui 22 i RE A9 B B R 22 B A L RE ML ARE A B8 BB 2 L
B,

BHIE  EAN R A R A IR R P AR
BHS BE T —METEENREMESER. ZHARE
EXTFR AREI 40 BB RS _E AT , Brik B kA %
T B B T b R AR B R BB M RME , FF H B R IE
BRI ERE AR X IBAMmER, EREES EHTEXS
Br, A1 DUEE A MR R SR R P A0, WA I T s
HATHX R B A PR .

2 % x W

[17 Toivonen H, Sampling large databases from association rules 7/
VLDB’96. 1996
[2] ChenB, HaasP , Scheuermann P. New Two - phase Sampling -
based Algorithm for Discovering Association Rules / SIGKDD’
02. 2002
(F#% 264 T

* 209 o



BB/ A 16X 16, FHEEAB R —51, X HERAFF 256 X
40 ) Gabor FHER Ji, TESLEERE b #ATIRB] . XBETE Geor-
gia Tech IR B AN 8 BT/R , T % B ) 3 TO R
BB INE 9 PR,

0.78 —
0.77 {4k -t
0.76
0.75 |-

#0.74 |-

Zo.73
0.72
0.71
0.7
0.69

BEHERR
MDPCAT E LM
[ QIGDPCAERY Lot sk

70 130 190 250 310 370 430 490 :
[ZEES - 10

B 8 Georgia Tech FE F#)
TR e

B9 Georgia Tech FE F#H F 0
ELE B, L R E T SO
N T R R R o

MIEIEER AT LUE B, F) 4 38 i i DPCA #1 GDP-
CAER:, SHME 219 AR PCA Bikftm {1174 /M
H GPCABBHL . AE LA —EREB S HHBRE T, IR
RHFFRE. WE 6 ML 1 ATLUEH, % ORL ABE L
DPCA #1 GDPCA B35S IRMR A5 94. 5% 1 97. 5%,
SEHRRBIR B PCA f1 GPCA ByE. WE 8 Fik 1 7]
LI H , 7E Georgia Tech A& FE b TS B BEANEL
HAER, B LB RSN R . B3R89 DPCA F1 GDPCA 8
BAMSR ELAR L PCA 1 GPCA BB B 75 S ¥R 5 358 B e 1%
RN F AN AR, B 7 R 9T LIE N, TER
ANEE b ERBIRERNER T AR B ERFT AN
FEH S TFEENEY: . XEHARHNBIS TS T
25 [aj ) B R A TR R AR 2 ), Bk T IR H i B
HIRIFEIELR .

®1 FHIRGIRIEE

ik Ri (%) Rz (%)
PCAL2Z] 93. 06 72,66
DPCA 93. 65 75,17
GPCAN!] 95.76 75.11
GDPCA 96. 53 76, 14

. R1 {43 ORL FF E P3R5, R2 iR Georgia Tech FE L #
FHIRHIE,

SRIE ACREARAREGONMEERE, RH
ZILEM ENF T B BCE ST S, X PCA BiE WA % E
YRR Bl — 2B i, 2 T — R B RS IR
B AT RIESR, RATE SRXE S ARMES N PCA Bk
th, ##T DPCA B3, 7 ORL(AT&T) 1 Georgia Tech A

AR P B SR R B - AR SCH B 25 A TS M B L 7E
ETRBE BT TR R EA 3 — P R K,
H T WHER S S, IR BN A BI R T GPCA b, i
T GDPCA E#: ,7E ORL(AT&.T) il Georgia Tech A%
PP SET P IR RIS TRIFIBOR . XIS R T UL
B T AR PR S B O AL B A 2t

2 £ X M|

(1] Kirby M, Sirovich L. Application of the Karhunen-Loéve proce-
dure for the characterization of human faces. IEEE Trans, Pa-
ttern Analysis and Machine Intelligence, 1990,12(1) :103-108

[2] Turk M, Pentland A . Eigenfaces for Recogni - tion . Journal of
Cognitive Neuroscience, 1991,3(1):71-86

(3] Belhumeur PN, Hespanda] , KriegemanD. Eigenfacesvs. Fi-
serfaces: Recognition Using Class Special Linear Projection.
IEEE Trans, Pattern Analysis and Machine Intelligence, 1997,
19(7):711-720

[4] Moghaddam B, Jebara T , Pentland A . Bayesian face recogni -
tion. Pattern Recognition, 2000,13(11):1771-1782

[5] Wang Xiaogang , Tang Xiacou. A unified fra - mework for sub -
space face recognition. IEEE Trans. Pattern Analysis and Ma-
chine Intelligence, 2004,26 (9),1222-1228

[6] Bartlett M S, Movellan | R, Sejnowski T J. Face Recognition by
Independent Component Analysis. IEEE Trans. on Neural Net-
works, 2002,13(6):1450-1464

[7] Gong Xun , Wang Guoyin. A Dynamic Comp - onent Deforming
Model for Face Shape Rec-onstruction // Proceeding of the Inter-
national Symposium on Visual Computing 2007, L-NCS 4841,
US,2007;488-497

[8] Chen Songcan, Zhang Daogiang, Zhou Zhihua, Face recognition
with one training image per person, Pattern Recognition Le-
tters,2002,23(14):1711-1719

(9] EZma,fufl, B4 e RIS S RFEN T2 E AR
HE LA, 2005,28(10):1657-1663 '

[107 Jones J P,Palmer L. A. An evaluation ofthe two-dimensional Ga-
bor filter model of simple receptive fields in cat striate cortex.
Journal of Neurophysiology,1987,58(6):1233-1258

[11] Liu Chengjun, Wechsler H. Gabor feature based classification u-
sing the enhanced fisher linear discriminant model for face reco-
gnition, IEEE Trans. on Image Processing,2002,11(4):467-476

[12] Zhang Baochang,Shan Shiguang, Chen Xilin, et al. Histogram of
Gabor Phase Patterns(HGPP) : A Novel Object Representation
Approach for Face Recognition, IEEE Trans. on Image Process-
ing,2007,16(1) :57-68 '

(k% 209 7D

(3] kZFM.ZERA, % W ESEEE AN AR BB
#,2004,31(2)

[4] Olken F,Rotem D, Xu Ping. Random sampling from hash files /
Proceedings of the 1990 ACM SIGMOD International Confe-
rence on Management of Data. ACM Press, 1990, 375-386

[5] Guha S,Rastogi R, Shim K, CURE; An Efficient Clustering Al-
gorithm for Large Databases// Proc. ACM SIGMOD Conf. . June
1998.73-84

[6] Knorr E,Ng R. A unified notion of outliers; Properties and com-
putation// Proc. 1997 Int. Conf. Knowledge Discovery and Data
Mining(KDD’97), Newport Beach, CA. Aug. 1997.:219-222

« 264 -

[77 Motwani R , Raghavan P, Randomizeed Algorithms. Cambridge
University Press,1995

[8] Poosala V,loannidis Y, Selectivity Estimation Without the At-
tribute Value Independence Assumption//Proc. Very Large Da-
ta Bases Conf. . Aug. 1997:486-495

[9] Blohsfeld B,Korus D, Seeger B. A Comparison of Selectivity Es-
timators for Range Queries on Metric Attributes / Proc. ACM
SIGMOD Int1 Conf. Management of Data, 1999

(107 Scott D. Multivariate Density Estimation; Theory, Practice and
Visualization. Wiley& Sons,1992

[11] ZfF4E, NEE. REEAERAEREEERETHNA. it
BT 5 KB, 2004,41(10):1713-1719



