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Outlier Detection Algorithms Based on Density Biased Sampling

YU Jian-Qiao GE Ji-Ke LI Ya
(Information College, Southwest Agricultural University, Chongqging 400716)

Abstract Outlier detection is a meaningful and important knowledge discovery task. The choice of sampling data set
is very important during the process of outlier detection in large data sets. We propose a new density biased sampling
as a data reduction technique to speed up the operation of outlier detection in large data sets, and introduce an algo-
rithm based on density biased sampling. The algorithm can identify outliers of the sparse region. Finally, by evaluat-

ing the proposed method and presenting a experimental evaluation, we verify the utility of our approach.
Keywords Large data set, Biased sampling, Qutlier detection

1 318

EHEER FEFE-BHENS . CNAFSHEN
—fRAER!, B 55 5RO At B 4 A B R — B R HUE xd
S RIS & outlier)t,

TERAAREIE P T AR EBUEE IS IR R E T
HESHTEF BT RMENELERFEENIFNRERE
O TTHEEREN - RBELSEAH RN ES T
HEEE. RO REFH REREZTEEENIE K

EHTI SRR . A REAZSHET R R
. SN0 UARNBEERC S ERESR S, LR ARE /T,
FEERERETSSNEE, ARIEEERAERE L BEH
REEA X AR TR MAMN TR THENER
B, R F ) R M Y KSR SR R AT e eT
EHEEAENESAE . REMERZYIESESEH -
TR .0 BRERIKIBRUE S A E IRk
AR, SR BB B SRR B A A
FF & F L w2 TR b B h B R Uk T BI5T 48 E B HUE
NHRBEEN ST AR, - BEAETHREESFENS T E
R AR L AR EMERE A SR P B R E
B E I, EASUREIRE P Y AmE R R HETHE,
THUERRRA AN EE R PEENERETTRNE
T HMa) .

2 HARYEENTER

2] ,Palmer CRFARE MW ETEENHREM
KB A (density biased sampling) , ] LI & b SE B BB I 44

AR AT E R B R EE R EME AR A
HERHREE.
2.1 BR#tmmEMRERAK
WEEBAH0.1]).DE—NFH n MBS 4 EHE
£ S BPBEE DY N EREF R B3

F-Ad gl R RC 01 B4 ,,Lf(ll,...,
rodeyde ERET Rty S0 8 S AL - 6 AHME
B LD =1/V Jib I = | f(o)de BRIFGES — B

A e > 0) 9BV 2 AV, V = [ de 0N 8
R O ) B RS 6 R 89 CE R — 1
SELE TR A~ RAEN — M BOFRELE LR E
TR B AT B R T — MR €3
RO R RN

022 H R B0 BV RSBV B D 9 — 1 SR
T AL R B R R

B D@ M - BESERET O EER
i = AEGRET NG~ FREEEY.

B2 BRI SR b5 Rt P LY
~TBH.

EEERENRE T EEBE AR 0B
BEERFTHER, LLRREBA LA KO — K
BB K (o ) WA ERE. N T WL
B RA RGN, SIA— A BUEN FEEEER S (e
xa) fE4F

Slxysrvxd) = (xyy e xa))” 1
Hrha AL¥FE, TTREN o &5 LA #E.
s

») RSB - ERVTHERBAE (030201 FBF BRI BLESH - HRETOAEERA ALSR: BAR.F 8 HLEREH

RFT I RYIEZHE.
* 206 -


http://www.cqvip.com

S
L
f'(I;.---.I.;):—%f’(.r;."';I,;) (3

apent (e zn) )

SOBMAFE 2 S G mo =,

oo

i 1 2 B T 20 FE R B R 6
cox) €D AL F TEREA PRI S Ce ) B

. - . e T v b
L t:J'f‘l;[ﬁljJ##SW]EEE\& 2),[)_/ n (o) =
EIRNE I

Dt = b BT R R,

I HE (TR EL S 2y oo o) BTD 2025 @ @09, ASET]
L 19 B 5 5 S X > 0) W) B 40T LA 78 B 36 (X
<OMIEEA . X a BURIR B 1 447

@ =0 — fHbU - ) B U & TEREA K A
BT 47 S BEHL R,

@ >0 x Ml y 4 BT W IR R % B K Y
BJR >0 Ba F>fn . EREEEER
S S L UG B SR RS R 5 E R B 2
B e, SR S T T R B 4 R AR T
B A B3 (20 B LS A A IR R 5 B, %K
S BT T B BB L. IR ES IS TE 7K SR A M 1
W B E IE B,

@ a<OE@ . MPE (> (), W4 f()<fly). X
MRS o> 0t 17405 , 16 55 i (€ 1 60k 4 b 5 S B AL ke
7, T 75 7 5 € L0 0 L 3T S B ML B

R B S AR ORI R B A
R (1)L (2), LB & 0 (8 R IEAB T £ AR (3),
BT 2 B B 01— A x 0 (o) B B St — 1K
S BT LS B Y B A R L R AR SR
EH P»P=—}: ;f' (Zavo 2 3 (O >mp A NS 2
BTEFTERE;Y M (O)<mpbBt, A HE x BTEEEK
B2 EPERE -~ PIRE .mE(0,1],

2.0 HABEHEOITE

BT B RIT— K AR AL BT S A K R B8
S5 EEE AR R BE IR A M7 A5 B R S ) L B R AT )
ISR B R A 3 A A L

WHFR. (OB D FH T FEEMEERER. AT ERE
BB B f(OREXERE0.1] g FEN. AE
BEES 1= [ f()de RAEH TR BEE B
B RTS8 B T S B BE R R RELI BIE K 0.1 ] F ey
—B S 6 e SED) - FUE L BT R FaX 2 E A iR %
. B FEXAAXRTEAE I BE LA S5 =

PINIG) _ ‘
ST SR AE) BB R 1< i< N4 ST

ESEN Bpk fEOBHEE R fEOSHHE . BREX
M4 1D~ pul  BEEN] — e, MUBTBIHRES =[S —

pl = o ] () AEERRI 3R o 818, TR
D ARHEE R

3 MI=RHER
3.1 HiEH#

D000 http://iwww.cqvip.com|

FIE % B E TR R R A SRR S Bl TR s 1]
LA B A BRI, — F R AR B T R S K
B fh R E T R K, A K TR E R
ML, I RIS T T E X EEARIEED
d L M TFRE—MR o M RBH p MEIEN S o F X Y
BAFRBL AR o Z— TS p H EMIL S,
PO Owrs(p k),

XA E X5 Knorr #1 Ng fE 3 [41hBEMI S8 T
XEMEL T BRI B NG TS A E AL S E
XY T X PRAL A Ouwes (p ROBE, p F1 & Wy {H 0T L et A
FHORE SABIEE D R AHHETTLLE 2 kT,
WAL EHIREKEN D8 frEBE Kb p=1fr
D,

PSR ME R EATRE YA B REMER
Rt B4 7 B H 205 X 500 5 B R0y It 17 PR ST .
Bl BB EERPEENREREETHRLEBESN S,

HTRIEEEDER EL - T HERE LU EY
Noto ) EZEHFAMEED PHBES cWERE T £
GBS BR R Noo,2)<p, B4 ,0€ D J& Oust
(P RBY—~ PRI A,

B DRE—NEID|=n MU AP HIEE YL
BAd & M REBESEDNTFEMEER ATSE A NS
Mp . MTFHE—TEES o TTULHFED L o HELL, Lk HE
BHBRAN SO M. EHLE TUES TEAEH AR (O
B Noto  HOWE, H Notoo BT Npolosk),

Sz, e )dxy - dxy (4)

Nplo, k) = J; ‘
bl i PeY BoE XY 6)- 3

FHAARX D EAYEEH TS K ARRTUMGE
HOTREM ML A E BREAERIRFRETHEE SR
BE E/ MR ER TS, B2 IS, TT LS XX £
MU AR TEETE KA ANMHEENR
HHHEIEMI A,

3.2 WEEREST

SR BIEEH T K PR, B EAS A REERIER
— K, BT B PUSL 5 By T R S IEEA K FE 4K
B AHAE—SoceDIHHEE No(onB) . B LEEMER
WU R A EESEER SR KE N RN
iE & D ETMEERTE A E A OGd) iR A I S8
HEEMPL S BFESE 26K, B4 LML A 8K
EfTH B O(dmn) , K d AEIERNER, m HILEH
$H.» APEE S S R AR SRS G . CF #)
SeFEME IS T, B 4T 8 8 BT LA E] O(d log mn).

BEEMBEELNBRRE I ZH m/M T Hhm 2
MUICLEMEE M EEEE B KN EXREEF, A
FHLERUEETHFELEG FAFESAETUESR
TEHREHEMUIELE B, R FENPEE# T R AHE
A RE % 5T B USSR 0 69 1 55 .18 5 8 o 12 0 Bl L 9 B AR B
A YR 4R AT DS R AR L eV &, X R O ik ZE B ]
FRELENGZE.

HERE EHIMEEP GERETMMEEN 4
P& B Has - MK EN— RPN LE  EAET
REMBEMN LR E LS THIELE. ERERMFIM
MAEINUXB]TMIERIEEEATR R, Bh R
HHEEMEERET T LR CREREY, ZHEENX
FERTFXBIFRENETEEM M SRR EY:.

EAHRPER EHTHEZEESH, P REYF

» 207 -


http://www.cqvip.com

FE f ZE VR SO BT LRSS F P B SRR A — 1 KA EL
4 S o ol L VO 4 P AR R 0 (R A X R SL e A T B A 0
REBGITRM 77 o (RIES

A SCHE A 17 % B 22 3 FE R BT LY 9052 Ak i
FAAMSER A 5 B KRR EEREMBELATH
BARIEAR SR W7y 5 SR R IR I 5 7 E 0 7 L L 17
AR 16 S fE R X R )T — R R T URAE

2 % ¥ 8

1 Han J, Kamber M. Data Mining. Concepts and Techniques.
Copyright by Morgan Kaufmann Publishers, Inc. 2001

2 Palmer C R, Faloutsos C. Density biased sampling: An improved
method for data mining and clustering. In: Proc. Of the ACM
SIGMOD'2000, 2000

D000 http://iwww.cqvip.com|

3 Guha S, Rastogi R,Shim K. CRUE: An Efficient Clustering Al-
gortthm for Large Database. In:. Proc. ACM SIGMOD, June
1998. 73~8&4

4 Knorr E, Ng R Algonthms for Mining Distance Based Outhers 1n
Large Databases. In. Proc. Very Large Data Bases Conf.,

Aug. 1998 392~ 403

Barnett Y, Lewis T. Quthers i Statistical Data. John Wiley &

Sons, 1994

(531

6  Seott D. Multivariate Density Estimation; Theory, Practice and
Visuahization. Wiley and Sons, 1992

7 Wand M P. Jones M C.Kernel Smoothing. Monographs on
Statistics and Applied Probability, Chapman and Hall, 1995

8 Knorr E, Ng R. Algorithms for Mining Distance-based Outliers
in Large Datasets. In:Proc. 1998 Int. Conf. Very Large Data
Base (VLDB98), New York, 1998(8):392~103

(L4 £1997W)
BHMYREEMTREERN . T.=5Mr=0.9. ABX LE
SA-MMI-L Bk B tr 58,

A4 500 MR EE

v SA_BDE ®# GA--MDL SA-MMI_.L
TAFRKH | BYiE) | PEPRRM | BRI | GERFKH | BEA
1 1 1 1 1 1 1
5 30 1 30 1 30 1
10 2483 1 1345 1 1124 1
15 41783 4 12753 1 9637 1
20 81308 8 61635 5 45684 4
25 162593 16 84138 7 58852 5
27 190949 19 121937 11 81351 7
29 220835 22 152018 15 121756 11
31 312638 31 220957 21 173564 16
33 371904 37 278769 26 214683 19
35 414473 11 318546 29 235429 22
37 568256 56 369354 34 307538 27

&5 1000wl A KB eyt K E

v SA-BDE &k GA_MDL SA-MMI-L
EFRH | Yl | FERRKH | BT | MERRRH | AT
1 1 1 1 1 1 1
S 135 1 87 1 65 1
10 7592 1 5247 1 3867 1
15 73756 7 13793 1 11354 1
20 111536 9 51785 S5 43659 4
25 164565 17 81178 7 77860 7
27 363745 35 109935 11 94681 9
29 561085 58 153426 15 138213 13
31 648362 64 269928 27 238156 22
33 719620 73 348667 35 338907 33
35 873247 87 418546 41 407679 40
37 1175585 109 574356 57 527640 51

M 3~50TLUE |, SR A8 B /it = Fp 55 B A Bt
6] 3 2 1[5, 24 £ 2 % & 3% K Bd, SA-MMI-L 3 & #1 GA-
MDL B3 & B th, SA-MMI-L 8 &% % GA-MDL 2 7 7
-

g3 EEXR.ETHEGEEMEEKHAT N M

» 208 -

BHFE TR T TIZRE BN 2 BT A B #R B s Ok AR
3 5L HE 5 AR F 3 B T DU ) 48 S5 A 9 1TSS KA ELAR
BARIE 1A B {58 &SR, MINE 295 o 38 15 M 28 30
GRS TER BELBEMEREZARTENREE
TR 77 vk BB K B RAG s BRI (L 7 ik B iRt
T EI AL B A AR (B 7= A AL R BE T R SRS L R A
IEFEE R AF T LURAR 08 K B8 B T DU 407 R 48 1 5
WEJ LRRPURHEETEEREMEIEE LRASR
BHFRCR .

2 F X #

1 Heckerman D. Bayesian Networks for Data Mining. Data Mining
and Knowledge Discovery,1997,1:79~11%

2 Cooper G F, Herskovits E. A Bayesian Method for the induction
of probabilistic networks from data. Machine Learning, 1392,9:
309~347

3 Suzuki J- A Construction of Bayesian Networks from Databases
Based on an MDL Principle. In: Proc. of the 9th Conf. on Uncer-
tainty in Artificial Intelligence. Washington D. C., 1993. 266 ~
273

4 Lam W, Bacchus F. Using Causal Information and Local Mea-
sures to Learning Bayesian Networks. In: Proc. of the 9th Conf.
on Uncertainty in Artificial Intelligence. Washington D. C.,
1993 243~250

5 Suzuki J. Learning Bayesian belief networks based on the MDL
ptinciple: an efficient algorithm using the branch and bound tech-
nique. In: Proc. of the Intl. Conf. on Machine Learning, Bally, I-
taly, 1996

6 Suzuki ]J. Learning Bayesian Belief Networks Based on the MDL
Principle: An Efficient Algorithm Using the Branch and Bound
Technique TIEICE. IEICE Transactions on Communications/
Electronics/Information and Systems,1998.1~12

7 Suzuki J- Learning Bayesian Belief networks Based on the Minium
Description Length Priciple: Basic Properties. IEEE Transactions
on Fundamentals,1999,E82-A(9)

8 Chickering D. Geiger D, Heckerman D. Learning bayesian net-
works: Search methods and experimental results. In:Proc. of the
fifth conf. on Artificial Intelligence and Statistics, IEEE Press,
1995.112~128

9 Larranaga P, et al. Structure Learning of Bayesian Networks by
Genetic Algorithms: Aperformance analysis of Control parame-
ters. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 1996,18b(9):912~926

10 Wong M L.,Lam W, Leung K-S . Using Evolutionary Program-

ming and Minimum Description Length Principle for Data Mining

of Bayesian Networks. IEEE Transactions on Pattern Analysis
and Machine Intelligence,1999,21(2): 174~178
éﬂﬂjﬁliﬂfiﬂéﬁﬁﬁﬂﬁ&- o B B KB AT (2P0

#3]- 2001

1

—


http://www.cqvip.com

