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Abstract  The realization of the value of big data, is still dependent on data mining technology in
the final analysis. In many areas, the unconventional model of massive data is usually more
valuable for analysis. Outlier Detection, also known as Anomaly Detection, is a key technique to

discover abnormal patterns from mass data. Outlier detection techniques have been widely applied
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in many fields, such as network intrusion detection, public health and medical monitoring. Index
based outlier detection algorithm usually has higher detection speed. However, most existing
index based outlier detection algorithms are not completely based on distance, resulting in the
weakening of universal property. In other words, these algorithms can be only applied in
multidimensional dataset. Metric space is a set with a distance function which satisfies the
distance triangle inequality. Instead of domain-specific information, the requirement to apply
metric space is so simple that only need to define the distance function. Because of better universal
abstraction, metric space has a wider range of application than the multidimensional space, and
the algorithm designed on the basis of it is more universal. The latest index-based outlier
detection algorithm in metric space, namely iORCA, randomly selects a single pivot and builds
index upon the distances from data to it, then the algorithm can terminate ahead of time with the
correct result in use of stopping rule. In most cases, this mechanism is effective and can save
detection time. However, the detection result of iORCA is not stable because of its lack of
pivot selection method. Further, it does not exploit Triangle Inequality to reduce distance
calculation times. Focusing on these problems, in this paper, we pointed out that the distance
based outlier definition should be applied together with completely distance based outlier detection
algorithm, in order to guarantee the universal property, and proposed the definition of Outlier
Detection in Metric Space. Further, we well defined the two goals of pivot selection, which are
border pivot and dense pivot. Based on these goals, Various Pivots based Outlier Detection
(VPOD) algorithm is proposed. In consideration of difficulty to achieve the two goals of pivot
selection, VPOD selects the two kinds of pivots separately. On one hand, VPOD selects a single
pivot in approximately dense region, which is dense pivot, related to the application of stopping
rule. On the other hand, several pivots will be selected by Farthest-First Traversal algorithm,
which are border pivots. Then VPOD will calculate the distance of all the objects of dataset to
these pivots, in order to converts the dataset from metric space to a pivot space. With the help of
distance triangle inequality, the distance calculation times can be significantly reduced, with the
result of higher detection speed. Experimental results show that VPOD can build the metric space
index in acceptable time, and achieves a 2. 05 speed up over iORCA on average, and in certain
cases, up to 3.54. The distance calculation times are reduced by 51.14% on average, and up to
89. 46 %. In addition, VPOD has not lost the compatibility to the several most popular distance

based outlier definitions.

Keywords outlier detection; metric space; index; pivot selection; triangle inequality
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T (3).

XFF B 3 A SR U AL (D) L (2) BARIRZS
G VM A5 A B (3) B 42 RS K 8 okt
R — & Ho o B AT B A PRS2 2 A 0 (D) L (2) 3
BRI R B0 (3D P S AR i 1 00 LU 8520 L. TR ot 56
TR BRI P 5 AR AR WG 2 H bR — Gl & 3 #%
SO T H AR O AR S D S R R TS
(D (DB WL EEA LR ag i 2.
3.1.3  AHS S R IUAE

By 3. 1. 1 15940 B vl 0, S 45 R e B WA H
T X LA ] B 6 A2 o DT OGB4 ) o 0 2 4 ) A B T O
AH S S U OB 2 T P AN ] B 3 3k B 22 e
SO A AR B A S [ A B 1 AN TR T SR 43 T
PARY 5 DA o JR [ — b S 43 a5 T 36 e I BT A5 7 3K 1
B BRI 02 78 25 48 DX IR S 4 5 L
T T 1k RLIND o DA I 445 T A AR 00 o A 5 E i 2% X
Sl B IS A% A ] Tt S A s T R A ok R
T Aol A S A S () R T a0 BE S TR .
B RS A 8 I B S A 1% IsF TR B K AR s
B F 6T T P A S A A 39 TR 125 4 ) 2 AL 1 2 4
S R U R G S e A

AR JIT ] R JE s T A 5 R s ] A L
PEAE R —FF AR AT DU 2o 26 O A @ R 51
T R A 0 /98 2% 5 R AR T, T X AR B0 1k 4 R
DANECIRS R SE 2/ N ¢ R0V EL S - NP
S, R (B A9 76 9% 5 2 i [ e I S 9 0 B 1 &R
| 12000 R ARG T AN AR L S R B A A R
it — R s A LR PR R 51 T R AN BE R K.
T A 0 A 2 22 4 DX 3 17 s ) 4 R R, B & T R
3 R W A B TR A SR R T B A S A
S U L DA O] 82 A7 1 I R R B 2 N AR
L

W 6 Fir 7 o 0 Bl 1) 5 4R S e U R 1 G
B AL 328 JBCHE ¥ o5 8K i T BR  T 3o BBOS 4 A ) B ol
AL PTG N G 5 o A B B O e R B HE T B 4L
P SRR Y TR B — A, AT A R 43 () an il 43
10 BO I BIIA Sk B B 1 S /N oy B R AR
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e T > BEREHY *]
BE B A ,
Y9 Bk ‘
SRE TR ey
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DX 3, HCHG v A Ry S A

FFT (Farthest-First Traversal) 2 2% oy 25 gl
(0 S R U OO VAR R b SO AR 2 T Y
B AT BB AT o R Il S B S R A R 2 S
125 A A R R AT BE AN R DA FE 4 B 24 S #E i
EH.

Bl 7y FET Sk B, FET 1 58 e 45 h
BE AL e B — X QA g S8 L IR O A S
R PRGSO P B S SN T A R R« B
P HyR e,

dist(x,P)=min{d|d=dist(x,p;),p;E P} (2)
YRR B (B 05 KR X A — A S8 AR IR 3
e, B3 0 UL 8 0 1 S A

pick any € S and set P={z}
while | P|<k:

z=argmaxp(x,P)
€S

P=PU({z}

K 7 FFT ®¥:

SR 40E FET Bk vl & B, Hoak BOm 55 — 4
HE SO BEAILBE I A M REAEAE A R AN T
P DR AR SCEE B R 9 S 4 0 FET B3k 2
R LT A SRR T B SR
3.1.4  AFEERI4y VS SRR 4

TER B R 2 — e 2 ) e dr B TR % 4
Bw v g5 Ry SO P S BT oy B e — AME AR
ORI PO AN Sy S B T 5 o N (T
BT 3 9 A~ Xl 4y 1.

8 JE R I 2 45 I R 43 B e e BRI 4 bk e
FEUE A5 SR T T I B S LR S oz e 4 F A
Ivi) fry B 38 i 4] . RO SR B B Ry s BRI 3k
BB AT 4y A SR ME SR B d /s 2d /e
(n—1d;/n ZERERN 3 o DT A B0 4R Rl 43 S A X T

Kl 8

125 73 A1 K40 42 45 B3] 5 7 451

R R AN A BLA S X R B A —E
FHAE Y n B, JFUHf E B4R X Ty i, e it 45 B
Jiv & X B X B RO AT HE Y BOR R N S
A5 5T BT o Y AR DX

WP 9 Fr 7R S B 23 2o RO 4R ok HORE TE A
IRJE A B S TE R 74 55 (0 0 G B0 0 AT R
oy R BEHE U N AU 5D n B B 4 nl E
FEUE ST 56 - 2 W7 3G 0B R AR X R B N/n
2N/nswes s (n—1) N/ S5 4030053 « I TTHE 208 2 4
N X GO R SR B RN — E SR B AE
i 5 8 A DX SRR T SR G T B A B B 4 L P
BER/INHE R S O BN AR D e A X

B9 TEZS oA B 4 2 1 3l 3 o 4]

AR 3 o S5 R 20 R AR A R LA A
X B Y DX AR (EL S B b SRR R 23 D5k 14 21
DURASHATR]. 25 BE A 73 B8 AE B ULTE 4R 3t S R K 3l =
(] 73 473 175 0 o AFLAE K00 S 15 o 4 DX e AL . A
] RESE A AR S i A A A o B R — Be CRLR ]
PR () BE ) T A5 e 20 DU RE AR AR KRR B | B ke
X — [, PR DAy 45 3 o0 ) % AR DX A A il 2 8 9
B — B HE 2 BT AR X W R TSR R
O — BB W A X 2R R 0 o 2 B A
Sebr _EAR AT REAE 25 (6] R L AR H AR I . A B TS
SEHL

B3k — 2 2 1 4 B A0 1 A0 A R A %) A B —
A3 73 DX St RS A A R 3 AT AR R A
RS BAR AR R R b B v 7 A CRLTR R AR R Y
F R RIS GBS A AL R f] RO D

(L) Xt T 28 LRI 0+ o 48 B B P s T B 3 A7 A
R i S TR] B A 19 0 IR T — SRR U % AR X I
FEL A8/ o L X S 9 R 5 B+ s AR T i i T
L X8R DT 35 8 S 45 i 8 BROCR A AR A 7 20 AR
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7 20 S 2 K50 v s 3 B, Bl o B 4 R B T
2 4R X 8 0 S B R A o AR L B T B X3
7 FEAR /IS Bl T R LTl 2 7 95 4 X 3Bk T
TR B 2 [ B ) — AR i 19 0 —— ) 43 DX s 5
o LI A A EL A A X 4
JUT-HE A ] 500 v s m] RE AL 10 B X T R
Fosa] 43 X BAE bR 55— 20 48 50 HE P R U AR IX I
i R el e Hp . 2 5 ) R A I R 40 R B P
Ty k.

(2) X T 45 5 R 43 i TR A B 78 81 %% (R
B IE % i X3, AN T BT
I 85 R 43 TO 8 Hi RS b R R B P R L
AP 4 A A 1 X B ) % A A e TS 3.

o Ja DS P S OB A0 . 2 R I — A 32
PEAEE SR A+ O T R A R A+ R
Hh s IR R I R T 3R A o AR ) S A R
A A P S BB E B . SR AE B R AN s U S
() SCPE R BT B BUREA — B T X F AR 4, R
AERT K 18 B 5 Lo, S5z W B3 30 R 19 2 ] 43 A 1 0, A2
T I B — > S R B R i R B R I S
G5 B TE T I 1 G300 A I X Bk L BRAR 45
SEHR. TR T A R 43 5 R R UG AT TR L R RE 2
A B ) A B 3% S 2 B i A
PRI 1 Z A S S BE BGOSR TR = A A
SR HEBR Al B AL

25 L RTIR AT Y R I — A SO R AR R
K43+ HcE rp A7 S R 4+ B R RS/ B
RO R ATAT H Y T S R AR 2 A
5 2 ASDA BB NS AR R ] 4y + B T R
WU 2.

3.2 R3MEL

RO AL B WA 10 7R, 5400 5 50 84 05 1k
U X o 1) 2 S it oy R oy —— R A L
PRl G S P AN B SR BT A X g o A S A
SITEMRE Z 5 B s EE T 38— 4R
IR €/ SUE SX: S0 0= N S s L S
ELAE A A b o AT T B S 43 05 28 ). S8 8K, S04 s
Vi) 1) A B304 T i % S B

s || TR | | wer
BRSO S [ wges
L
. ST SR R
BB S [ o

B 10 Rwyldarid i

3.3 ERAM

AT (5 P B = A S A B R A BRAE
BRI, 3 BE B REL 4 0E D B ¢
BRI P={p+ pos} WX HEREG=0.1,
2oee) R py R R A R po NI G AR R 2
Shy B AR RS 0 B 3k UL I ) A R R st O DN BB
PR m, (p o D) RN XS p TR D HHIER &
AR,

B LA .

R

dist(x,p,)+dist(p,nn, (p,.D))<c  (3)
B2 B REARS I A 72 0] A2 0 F IFA5 21 1E 0 1 45 21

AL

EEE 280 AREN] 2>, HEBRAE & Sl 4B XT 42
JUES

‘ |dist(x, s p;) —dist(x; s p;) | ‘ >dist(x, snn, (2, s D))

(4)

W24, NFTREH =, 1Y b Fe i 4K,

FIRER 1S d S R RS E
FH 0 2R B S 4% 5 e T e 7 AR DX IR 4
dist(py s, (py DY) FEIET 0, B BB U DL

dist(x,p)<c (5)

s Z AR A S A o JE N YR R L
PR AT DI g AR B AHERR L TN T AR e n]
L% B A Y

T B 2 5 ph 30 G S A% R A N Y S R s TR 2
A, Sk b E B L OAE B 2 BRI AN IS TR 5
3. o 2 R S R ST R 5 RS PR fi e B
A8 20 BT » AT i i 1 g R ARG e R T 30 5 5
PE AR AL T4 X3, A T 31 2T A R
XF R B 2 SR U Al 1 Sk S R Sy SCHEE AN A T
AR BOR B

4 ETZHXERANEEZEEHK
MEZE RS

AN SE A I T 22 B SCHR B0 S () S A
T S R JE R Bk S 2R BE L AT 00 #r I 3 5 4 503
A BB HERR (9 AN B 5 T A Bl dl DR B AT TR A
g,

41 EFSsMXEINEETEERENER

L 1R T VPOD Sk i Bk 7. Bk AE
PG AL B REEE BB . TOP n B # 25 D,-outlier FIAK
Pk B 1 A7) Z ) » I8 3 AL A 8 4 S 4% R e L
SEAN FET B3k, 70 5 A48 08 HU 4 S mi Al
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G R o p, O FET Bk 4588 — > S0
14 IS 2R (B 2~ 3 A7) B 5 AR 30 785 4 S 4% U ST
EGIRS SHEURIE S XLV S IEIFE: SR A
). ITE IORCA Bk, 4 IR G 31 3 14 i 32 %K
et PRSI #5405 5 AT,

HiE L
algorithm(VPOD B ).

i :k,n, pivotNum, D

i . Dy-outlier

1. ¢< 0; D,outlier<~; B<—J;
p1<densityPivotSelection(subset of D) ;

Various Pivots based Outlier Detection

p2<FFTPivotSelection(subset of D, pivotNum) ;
L <buildIndex(D, p, , p2) ;

=~ W Do

5. WHILE B~ getnext-block (L(D)) {

6. IF (Rule 1 holds for B(0)) THEN break;
7. ELSE{

8. startID<—median of B;

9. order<—spiralOrder(L.id,startID) ;

10. FOR each d in D with order {

11. FOR each b in B {

12. IF(Rule 2 doesn’t hold for d and ) {
13. dis<dist(b,d); update b. NN

14. IF w, (b,D)<c remove b from B;}}}
15. FOR each 6 in B {

16. D,-outlier <~ TOP(BU D,-outlier ,n)
17. c<w, (D,., D) //update c;}}}

18. return D,-outlier;

A DU o A% o 2 ) W A B BB — A
G A LAk B BT S A7 BT I 28 0k R A B B R
DL 72 s TOP n B fF SR 25 2R (5 6 17). 45
AT TN ZR 51781 32z 508 Ve ity v st 01 46
Fiz FEAZUE T 7 4 232 B B T A R R0 kBl AR
(55 8~911). TEHM & k ik AP Wk, S5 3t 55 55 A3 0 |
TR INAT. 5 BT S W3 G R AT RE Rk R X
)k AR A S SRR (5 12~13
A7) S TSR A X S0 2 R A R W RN T
BERE BI(E o J0) B 42 N EUOHE BB B (5 14 47). Bk
W52 — AR, BB TOP n 258 AU B BE B (5
5 16~ 17 471). 2 JT A B e Ak D) 5 w5 2 1k #1L
WU S B 55 ROR I Ak A L B TOP m 25 3 5.
4.2 EHESW

FEXFF 1IORCA 55465k 156, VPOD 3k 3 n 1
28 S 0 1) 3k B AR L %0 R 4R 1IORCA Bk 1)
Wi ML EURE Hsf s 22, {HL AR X 2 A B B ARG T 2o R R
W 3 A B[] T B 2 20 W S T Y. AR B IR A2 2% B
Ifi» VPOD B3k 2k I T #5343 0 s O 6 4

VR S AT T S R A S AT R S L
A S P TR U R S R (T TR X4
TR B B H) 55 24 B S OCND L 3R 5 45 B8 B (i HE T
] 2 2% 2 h OCN logND . % 3 5% il FFT &
TR TR I, T S A B AT A TR [ AR
J3E A IR A2 24 B Sy OCND B BE 858 84 L 9F HLit
TR 1Y () AN R P e KB B 1 % A Sy S A
ST B AT HET. BLAh . T 308 — AL
B 5 - 4 8 B, 3 AE — A B Bk B R e,
BT EU ]

@Ry B, VPOD 5 ikt 88 iORCA Bk £
TG RHE 4R A S P N A R A AR L 2 R BRI
BIRBCH pivot Num X | D, 5 A BRI 3o 72 o
Lk | R R 22 W AN T

TE SRR ) #2 o, VPOD 553 8 iORCA 3
T S AR A g B AR ik i
A7 By ] B 4 . &R 21 iORCA 553k By H B [
i — 2. K ok AR L B N o B He B A I
AEBLT BT N A B0 PR 75 2 g kel B 44
R B A A U B T T R B N A B Pk i R
ke B AT 5 o 3 T R BORCHE B i B0 OCN ).
SR F VPOD B33 fil & 2¢ 1k 1000 1 442 i 45
SRR S5 s 5 A I A 5 4 B G IR F Ny, LR 4
Bt VPOD 5375 5 B i 52 78 BT B4 B Bt

R TRIAR A AT s AT B 45 5 B 4. R/ K s,
JR N 4 IE 2543 A

f<x,y>:2iﬂe” (6)

() B 3T ARLIA Ry 5 4 SO R R TE — D R
AN e BSOHE R 3 BB ) SR R R D AR
IXT G po. T 20 A1 B AL 51 AL B Y 5 AR X
7 B HE A

EX 1. fIHTF5.

1 & ¥ 5 (Location Order) s #riC N Lo, 5k & *%f
AR L P B HEF P 5

EX 2. AHXAHE

FAXF A B (Relative Location) , ¥3ic N Lr, 82
L8P 5 SEERE RN Z L H

Lo

Lr=—
s

AR BIRERBEEXN SR p. (B 45 E 801
RO AL ED AL E T 58 Lo=0, MiXI L & Lr=
O 1117 55z 5 572 A0 () X G262 B 7 5 0 Lo= s AH XS o7 &
Lr=1.

D
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PSR p WA X7 B 401 22 {8, BV R HL A0 BBy ¢ A
X G (— N E R /N Z s de /N AR XA 1 A R
{8 E(Lo).

W py WAHXT AL E N xR A B S ey —1
AN G AR X L B BB R e, ~ 1 K A 1 il EOARE
K P (x)N

P (x) =~ —
J (1—z)" 'da,

K e BN O~ 1 ()35 B A BR300 2R
i ECx)H

1
E(Ja):j P,(x)x dx

(I—ax)!

, t>>1 (8)

g (1—z)" !

= x,dx,

0 1
J (A—zx)" ' da,
0

da, 9

Jl 2, (1—z2 )"

° J:u—xz)f*‘dx,
HEER P, () W5 B 45 aT e g B 2

AN SN KA )

Jlxxl—x,)'*ldx,

0

E(x,) =

; (10)
J (1—x)" 'dx,

KA T M o> B E B e K, B

T B(z,w:J 21—z da,
0
1
AEER B(l,t):J 2V (1—x) Yz,
ML ERETFIEER A
riH=G—1"
hBEEST RN ER. A

IOIG
BGi.j) = .
b= TGt

EHEERLVAE

B(i,j) =

G—=D!IG—D!
G4j5j—D!

Q—D1¢—D!

B(Z,z‘): Q24+t—1D! 1 an
B, (A—D!G¢—D! t+1
(1+:—1)!
WAk U, 7E KN R ¢ Y8 e B ok B3 A

SEXT G po I FAH XA B R A

_ 1

E(x,) =

(AR =)

N

t+1
SRRV & 1 N R
1000, A i Jo 18 AR X A7 B 38 AL B T 52k F » po
Ok B i R R AR 4 b
% T8 B A IE S 20 A R R B2l AR R A
WENLE SR I p, 5 po B RS AT HER. I
WS p 5 p MEE R, BOZIEBIE N Z, [n) 8L AL

Lo=LrXs=FE(x,)s=

(13

R Z W srAa ks, HA
Z:=X*4Y?, Z>0,
N 2242
F,()=P{X'+Y'<2’) — Jj Zine* = dady
iyt
1= e o
:*J d@J e *rdr=1—e 2 (14
271' 0 0
4 E(x)=F,(2) W
1 _ . -5
i =X (15) 7] fig 45

Y S T
z= 21nt+1 (16)

M A A 25 ¢ EERI . py 5 po i)
BB AR/ I IE B B 30 2 ¢ = 1000 1 . = I {EAL A
0. 029.

BT po 5 p AR AR E /N AR T B REBE B
o RYE A LA ZME AT S 00 B s Ak i — 2P Rk
8 AT S AR U JUART 1 0 BB 1) S A I
I F RN SHE R W py = po s IR IE W B
F8 R Bl DR o R H AR L g I8 B O
0 ) 50 R L A1 R 1 — o R B AR ) — X e R
ESHE R T R A4 Fr () =1—q. 13

l—e *=1—¢q a7

o

g=e ° (18)

ZEFUE Y 2=1 I} ,q~~0.607;1M 4 2=2 i} ,q

2 0. 37, B H A5 S I 37 U6 ) B 98 He . B3k SR

B SR EA— S A IES M A —2 & 4

(4 PRI I 52 s 75 25 A 0 ) 250 90 e L 48] 45 AN AR ) 5 1 455

T AE AT B ()t VR A7 02 EE B 5 W, AR SO 5 YR E
i S 25

5 KBWERRSH

AT A F IR P R AR R R S B
HIBEE T3 15 foc )i 4y SR 2 2R S TR AR 70 A
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5.1 SLBHIEE
ARSI — Il 4 A ELS RO AR L Ok R
F UCI Machine Learning Repository®, AR .

KDD Cup 1999 5 4 « e R i T 38 [ = B
i F I F (DARPA) L J5 2 RS H WK 2% ) Stolfo
YR HL PR . A SCR I 1020 A ) TCP %4
£ 190065 AN - B Bs AU g 42 4> Jm k.

Shuttle K4k 4 « I T 38 B [ 2Kt 25 i KR
(NASA) Bt K "CHLECE . 2% % 4R 42 5% 58 000 4>
ol A BS99 DB .

Molecular Biology ¥t #4E . iy DNA %64, 5k
T Genbank 64. 1,454 3190 4~%udE . B8R
15 60 A )@ M. 7 B R M R BUE A IS SRR
PR B 85 g v 1] B T R A D5 1 B R B
(Alignment).

Landsat Satellite £ 454 . R i #th T B2 50 P 4 . B
A 5T 5 [ 25 T R J) 1) o S BOHE £ 6435 4>
Kot B BE AL EE 36 SR L.

5.2 XWFARKRE

I 315 Intel Core i7-2600 CPU@ 3. 40 GHz
M 8 GB W AE ) Windows 7 SP1 #:4F & 48, 3L 16 F
- Adi F Visual Studio 2012 JF %, 3f: LA Release #i =
G 1.

BRAERRSIUEHT . T 508 P38k IORCA [L#R
ARG BE SR H— 8 B R AR EE: k=5,
PRI B B ABRCRE =30, H( 4l B K/ m=1000. {H
f— M2, i T VPOD B 1 5 iORCA BT H
RS A S SRR — B, B R R 2 2R AR
R — B0 PRI A SR AT Tl 258 5 T8 1) 52 36

S X A A K Hh 4R R A O I — {6 4b B (min-
max ARUAEAL T ) R s g 2= 0~1 X |] . IR A
DATR BB pR 4

d
dist(x;,x;) = 25(1‘,k s i)
k=1

(e —x)7% X F 7 2t JE
Oy » ) = .

Law = 2061, 0 F B 0 H:
AR AE A SR PN L 3R (19) SEBR AR Y T
I L HL B0 B T A2 A B U B L 2% B R 2
TR OIS (SR, DR EE AN
Fi7 45k 2 i B 089 = AR OO R L TF S P R = R RS 4
P 10 B 139 R K A T LT AR S 8 R A SR

W 4b

(19)

Horp,

5.3 KWHREDW

R SR 2% AR SO A SR B AT 10 ROF
BOP BEAE N e & 45 5. % F VPOD 77 5 B — %
i A 39 B S B B 0 U043 SIAE T 10 A58 H0 B
PEHL. {153 1 & 9 52 , Molecular Biology %4 % 5
Landsat Satellite 48 &£ % 3B He 802 /N T 10 4>, )
Fie 2 o 30 BB R T, IO 444

TSN T VPOD 8k 5 & 4% b5 ik
432 AT BT[] it 50 4 9 RILASE A Ak 19 B0 Ay o F X6 L 43
Br,iORCA 5 VPOD # 3. & 5| B 5 i) 8] 43 & T &
R HOBUEAR /I HELLE

WE 11 PR, VPOD Sk 7E 4 MR 4R B iz
N L1183 N o 1 T R D = R S (O) N OV
ORCA. I HH g 57 R 51 (14 i} 6] FF 85 A0 6 T A5
FHEAGE N 2ok R R 156, AT DA Z0 W AN T

M 11(a) KDD Cup 1999 #4452 5 4%
RATLUE W T %511 iORCA Fl VPOD i
IEAT AR K 455 F ORCA B3, Jf H VPOD
B E— % MNE 11(h) A LA H L 78 B 4 B AR
BN, VPOD B3 9F A AL X2 H 2 Shuttle
BAREA G I A 58 2456 Hawkins 1B B S 2 L.
i H A N K25, &5 # VPOD #
IORCA k32 17 B[R] B2 1 gk 20 5 DT €01 5 F = {8
E5H ORCA 53k, X 2 i T Shuttle %4 £ 76 M
B K 2 )5 Hoor A A5 B RE R 5| & 4% in
HAER. B 11(o) fif 78 Molecular Biology ${#84E I,
VPOD FE AU AL F %5 b3 iORCA, DL K /N AR
T ORCA B3k, J5 RAE T2 8088 45 o A 534 50, O
B I I 1 B A A R B K A SO 8 S I B R
fERL. B 11(d) i Landsat 0884 I iORCA &
PRy 2% 1 R0 3 o T S U 2 X 2 ke ) A L S
BT ] B ORCA 803, T B 76 3% B 19 1
LT . VPOD Bk K 2R B A% & T ORCA 1y iz 17 #
JE X TR AR T S I A S S S U R Y
PR fE.

HASE A2 78 Shuttle %88 4 E R 51 kK #
FEFI I A5 25 T A S5 S 18 5018 ISR 1 B A B i) 5
BN, VPOD 583532 47 3 3 K 491 % T iORCA
Bk, Wi KDD Cup 1999 #1 Landsat 48 4 I,
VPOD 553 A5 AN [F) R B 1) 45 58 A 34

% F 1ORCA il VPOD Bk 37 R 51 1Y i [|] 78
B p RSN X g o T4 TR

@ http://archive. ics. uci. edu/ml/datasets. html
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—+—ORCA
KDD Cup 1999

20 t—s—iORCA

E VPOD

2 L

E ——1ORCA-index

E 10 f——VPOD-in

9

O n o .
2 4 6 8 10
HAREIL/ 10"
(a) KDD Cup 1999
2.5
ORCA Molecular Biology
2.0 —=—iORCA
;Eﬁ VPOD
E 1.5 ——iORCA-index
& | — VPOD-index
=1.0p
ey
19 of
0.5}
v
r*/
0 L . N "
0o 05 1 15 2 25 3
KRR/ 10°

(¢) Molecular Biology

| ——ORCA
—=—iORCA
[ —vp
| ——iPRCA-index

Shuttle

IZATHFA /10" ms
o —_ o W ~ D 3 o0 ©

wl

HAE AL/ 10"
(b) Shuttle

—+—ORCA
20 F —a—iORCA
VPOD
15— JORCA-index

—»— VPOD-index

Landsat

0 . " " "
1 2 3 4 5 6

HREME/10°
(d) Landsat

Bl11 BERAE 4 A BURAR B I8 A7 )

IRI DL .2 2 3 3 F12% T XIS L1 KDD Cup
1999 K A 5728 5| AR FB I B ok 8 A B A
Jiv it i 18] L i

% 2 iORCA 5 VPOD % KDD Cup 1999 ##E &
#37 F 5| B 18 FF 54

SEdE iORCA & VPOD %3
ﬁjﬁ% %Eﬂa‘/ffl i/ ﬁwi;l e/ %
20000 3.2 0.09 23.4 1.58
40000 14.0 0. 20 40.7 1. 18
60000 21.5 0.04 62.4 0.15
80000 26.5 0. 04 66. 9 0.12
100000 29.8 0. 04 93.7 0.07

#& 3 iORCA 5 VPOD 7t Shuttle 5 #E & 2 57 & 5| it /8] FF§8
B iORCA &5| VPOD % 3|

N L
10000 3.1 0.13 7.7 0.57
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Background

Data mining is an important technique to discover the
value from mass data and make it useful. Many data mining
methods focus on finding large patterns. However, in some
cases, one person’s noise is another person’s signal, and
there may be some important information included in rare
events of exceptional cases. Outlier detection is such a
technique to find small patterns, and it has been widely
applied in many fields. such as network intrusion detection.
public health and medical monitoring.

The wide use of outlier detection has aroused enthusiasm
in many researchers. Over the past few decades, many outlier
definitions and detection algorithms have been proposed in the
literatures. Among these, distance based outlier definitions

and detection algorithms have got rapidly development
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because of their advantage in universal property. Index based
detection methods have further speeded up the detection
procedure. Though excellent methods have emerged in large
numbers, such as ORCA and iORCA, two state-of-art
algorithms. some problems still keep unsolved in the existed
methods. Most of them apply domain information other than
distance, making the universal property weakened. What’s
more, some pivot based methods are short of pivot selection
method, and they cannot take full advantage of distance
triangle inequality, resulting in low detection speed.

In this paper. we proposed a new perspectivecalled
outlier detectionin metric space, which consists of distance
based outlier definition and complete distance based outlier

detection algorithm, to limit the outlier detection method in
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metric space, so that it can achieve more universal property.
Among this, we proposed Various Pivots based Outlier
Detection Algorithm (VPOD). With the help of two different
pivot selection methods and the related pruning rules, VPOD
get the average speedup of 2. 05 over the latest method in the
same field, and the distance calculation times are reduced by
51.14% on average.
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namely outlier detection inmetric space.





