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Abstract The rough set theory is an important mathematical tool to deal with uncertainty and incompleteness. This pa-
per proposed a novel rough one-class support vector machine by introducing rough margin into one-class support vector
machine, With the definitions of upper approximation and lower approximation hyperplanes, the influences of training
samples on the decision hyperplane are determined adaptively by their position within the rough margin. Moreover, out-
lier samples are prone to produce small margin errors since they lie close to the upper approximation hyperplane, so that
the overfitting problem of decision hyperplane can be avoided. Experimental results on UCI datasets show the superior
generalization performance of rough one-class support vector machine.

Keywords Rough set,One-class, Support vector machine

Vol. 36 No. 9

B 610074)2

RN ARG P48 7R R R S A 43 2555 i R
S, B E BB T &) one-class [A] & : 5 5 FECKE SN HEFR
FEIGEEFHE AR BWIEERERX(EREH
B IR BERANRE FXNEF R IR BMRER
BULE R B B M X IR e BArk 5 Ak
HARS A BIFF2,

S B YL (support vector machine, SVM) 25 T4
R B/ MERE R MLRE 5 3 ek, AR RSB BRI B
R T B AR AR, Scholkopf 45 A% SVM #E™
B one-class [5, T b B AR P ok A8 i H AT S A
FIABKRIE S EIFF . edb, SCRRS, 6J8 i TR E . 1
AR R PEBR ST 25 [A] B AR BR R B 35 B R A,

RN SCHER (718748 i, SVM fl one-class SVM K i)
Hinge 5% BHE B T 1A S 3 outlier P4 HIETER; X
RS —EH, % SVM MRS IERE A E YR,
XMASEMEE . CERL7, 845 G AREIE
£k B 3SR T O FUBORI SRR B R M SVM i 814 15
B, {B4FX one-class R BYLE A BB R MR

RS A #5.2008-10-27 &4 H #§.2009-01-09

.

AR EHE RS AT oneclass TRFFHEW,EBHT
—FhF R AERE one-class ZRFPIEYL, ERESH A RIMHI BT
outlier 5[ #R #1314 R, HBUB L R AT (LR,

1 one-class ¥ ¥ B

Scholkopf % A 3%t A9 one-class SZFr A BAHLA &0 B A
B AR ¢ SR EE AR F RN RRET
M, R AT Rt B AR KRR MR R FF, P, LA B
KNGHEERS={|x |z ER,i=1,2,,1}, XEH TR
40T B9 R 1R 5

ming ol +LPe—p .

st we $(x)Zp—&,6220,i=1,2,+,1
Hed, BH ve 0, ARG BR S B P 6 B A B, 1
HiigrkeAR i outlier LEMRK. o/ || FEFHESS
R, LBl 2 E R, B 5] A Lagrange ’#F o
AT LAHE S R QD By XF B B Y

AXZEFARRFLESHET H (60803106) , Fpg M2 KERHEHFTHE S (QNOS06)FFH).

I EQ9780), B, 184, $H0, TEMEF LR S RN A%, E-mail: wanglei_t@swufe. edu. cn; H—iR 14, FEBR TS
FEATEEEERARE 20692, 14908, TEWRF AL BRI 5T,

s 242 -



ngn%;,,é laiajk (xi07j) ‘
5. L. 0<a.-<1/'vl,§l_3a,= 1hisj = 1,2,0,1
Heb, k(i x) =¢(x) * $(x;) KW B Mercer £ HHIE R
¥. B, HBRRE ) R E AR, R LR La-
grange F o J5 ,oneclass XIFHBHLAG R EREN

S =san(Za k(xirn) —p) @
Heh,0<lo <U/ul STREBIUIGFREA B AU A XRFHR", o =
/ol M RERRAER R ZFNE”, BRMEARIEX
Fem L.

MWE 1A LB IR G A h F7 £ /0 & outlier, B
T FHABRKMERRE &/ || o | TR RIEA R X FFH
8. RIFEISINT, R F A5 outlier HEAREI,
MEES ARSI REBAMAE. et A FEYE L
FRANERRARBES, TRE TAR X FA R 330
151 8 F1 outlier f{F{A]—&f,

(2)

RREPE bfieyE o LbETE
Hiw p) \ it Ho p) N H (@, p)
- o Lo .y
N Y

(@) ®)

1 one-class X{FE BYLFVERE oneclass X FEBUHNRER
SE (3% A RBF #B%0

2 8% one-class 5 E 4L

2.0 HEEmT

R EEC R AN —BABAHE MR B T
ERMBCET A, ’

SU={z x5 BREEESHAERES, BIE
BLANESHARBHES. WAEERBETE BCARE
WM U ER— 1 EMER INDB) .

IND(B)={(z:,2;) EUXU| ¥ a€ B,a(z;)=a(z;)} (4)
Hia(x) BEER x RN« BIE.

BR.E(x,5,)EINDB) Wz, flz; EREFEBT
HERE 48, FHit. SMER INDBYKERU S8RT
ETFEMA,IEHN U/INDBY, Kb S HEAR 2, EH KD
jﬂ[li]n\m(s) °

ATHRBRASHKORFEE  HRERCRATES
B EECEMTIEMENRE, X FEEES XSU. EMNS
B

B (X)=U{Y.€U/IND(B)|Y, =X} (5)

B~ (X)=U{Y.€U/IND(B) |Y; N X#D)} (6)

WA 2 fin, LIRRIER TEMERISH U S8R 34
R [E48 POS(X) , i3l NEG(X) #1538 BND(X) ,

FE M TFES X NMBEHFEE B (XOF#B (X)), WKE £
— MRS AW R BND(X)#0,

v: O+mE+m

B X): 1B

Bx): WH+EB
POSX)=B_(X): HB
NEGU)=UB(): [
BND(X)=B (X)-B(X): |

M2 HERfsrEs

2.2 5 one-class FiFEMHL

B EOES, € YRV EN L8 FrE H
(wsp) M T IEREFE H(w,p), FELFFESSENZE
FIEEES s SO MRS R IR, B 1 TR, BRI T FIEM
BMEPm2AMEAARBRE T ERE, 4 F L TaeEFE
Z IRl R A T AR R outlier, LRI RERR T B4R, WAL F LIl
BT SRR AT E ALY outlier BEA,

X7 FIRBA AR IR SR T B LR

. 1 2 1< 8 S
min 5 |wll —PI_F*‘+J;§&+W_;§&

wi o oo 2

stowe $x)=p—E—8 Q)
0<E<p—pu>€: =0
022050, 220

HA, B8 >1. BRA (DR oneclass XRFEFBILRKBEE
{LIRIBEY R, BR LS one-class X HF[EI BHL”,
5| A Lagrange & ;20,5 20,4 20, 520, =0 #
12220, & I F Y Lagrange &G 3.
P R R PR R DOLIED S P
() —pte+e' -2 ga+ShaE—p+p)—

25=1 T]i&/_;ﬂpt-/lzpu €))

BB IR FEK KKT &4 185
g—Ia:=w_Ef=1ai¢(Ii)=0 €))
aL _ 1 _ N
% = o (@B TA=0 (10)
=2 atp=0 an
g—:;=—1+2£=m.-—25=1/1.-—m=0 12)
aL

: a=*1+25=1li—#2=0 (13)
ailw* $(z)—p+&+&"]=0,86:=0,36"=0 as
/\,‘(E,"‘pz"‘pu):()y/ap[=0,ygp,,=0 (15)

BR(DERXADA Lagrange B¥ L, 2518 EE 7|

[
mln_l— E a,—a,—k (x; ,13,’)
a 2 ij=1

s (16>
st ogaigg y D12 22
LR EAR OB o« R ibS, 7T LURYEE KKT B4k
HAOFAMADITHNGHEE . 3T TR RIRN A B TH
ﬁ:
(@) o =0,x; BITF Hwsp) ZH R w * $(x:) >p5
(b) 0<a <1/vlsz: LF Hlwsp) LR w * $(x)=
o R TORMAR SR R
(© & =1/dz BLF H(wo)F H(wsp ) 2Z 000, R w *
$(x)=p — &, A HRERIFR L e m ™5
* 243 -



(d) 1/ol<<a' <8/vl,x: LT Hlwsp)Z L R w* ¢
(z)=p R LIAMR L RemR”;

(&a’ =8/vhyzi PF Hwsp)ZIM R w * ()=
o—& VEMR“FEHRIFHME”, — M5 outlier #H2£,

s REREAE z; 4 F TR E bt 0<af <
Vol M ADFTLISL A B w » ¢(x) —p =0, Hilt,p
A LLH FARE

p=we ¢(I,~)=i§=[:1a.~*k(x¢ 2 Zj) an

ZRIITELEYENHER TIEIFER, 6
BT BRI, HI, ¥HEE oneclass MIPLRRBUE XN -

f(x)=sgn(zl_‘,a,»‘k(x,- »X)—pr) as)

BRUEEVEZREH o Mo BEBERXOMRK
4N, ENX5EL BB Lagrange ’F o* oE., KEHIX
BT, Y GRAE A B B T ZEHLRE IR FR b O A R L B AR A8 T
AFE o ECATEASZRR S FIEBL) » AT B 38 N7 % PSR 48 7
= TR, RRE T EERESE R HAE.

s, WE LB RT LLE B, IR A 1 outlier P42 /Y
ERRRER &'/ || | HEER LR UE T i (BUER /N,
AR FEFE B TR FE =L Ewm. ik,
HLRE one-class X515 BAL BB A BOR S I e A L #1652
KETE, EENERERBHEATX— K.

3 RBRS5SW

T R AR SR LB one-class R B&HL(LUT
Froh ROSVMD 7EAL B 4324 R R BZ AL BB, 72 UCT BB FE
) Pen-based Handwritten Digits(PHD) 34D F #4577
BELK., BARFRINE 1 FFL, TRIAT 10 BEERHE
&, HpE Al 16 MFEHR.

# 1 PHD BUEEMME
EY]
4 S
780 720
364 335

0
%% 780
BiXE 363

KBRS, 38— RHER AR ROSVM il —4
one-class 532 8% , NTIHAZ B SRR T A KA #TF.
FHH 8 T outlier BEA BIRE M , 4T X — N UN SR, L s %6
BB MN T 9 N2 M N G5 4 o BE ML BURE 2545 24 outlier
BIBRZYIGRE . FTA M oneclass/r 288, ¥ iy £ 3B W kAL
AFATRAE, H G EATMIRSI%R PR #HRIRK FR,

oAb, BT -85 39 % A RBF ¥, ROSVM 9%
B oo, IR o HRA 5-fold X XK K5 B 7 24
FIB ISR TR, £ 24HE T ROSVM DL R 45K
one-class ¥ BHL(OCSVM)E PHD BUEE F W T E L
BER(ESREEB N v=0.2,6=1.25 M s=10),

EEEREFW, YINAERLF outlier BEA B, MM
one-class X #EBHLAES K OCSVM A &M T HoHEgk
WHEERE., HE, YHME s=0. 5% MR E I g hysm
outlier FEAR (SERR¥EN 33~34 1), ] OCSVM )Ii 457 = g 43
RERHIIRFIF PR B BEER CPHIREME 6. 37%) , TR AR
B CEHRM 8. 19%); M LB F, # H A HKE one
class SRR BHLARBIR B IR RBEHF BEF L, VE
Ay T HERM I T 1. 625071 0. 76%, XF MR EH OCS-
VM 3t Foutlierbf A /=4 TH B 89 3 B4 &, F8 %
BRI E B E WA R, 4 3C4R H A8 B oneclass
XHEBHFEXBHERRBEH T outher X T ¥
A, A RBERGRNENFEMRNRIR
%,

1
779
364

2
780
364

3
719
336

6
720
336

7
778
364

8
719
336

9
719
336

# 2 ROSVM 1 OCSVM 7 PHD ¥4E 4 b Ay BIAES R (X 100%)

s=0 s=0.5 s=2.0
%5 ROSVM OCSVM ROSVM OCSVM ROSVM OCSVM
PR FR PR FR PR FR PR FR PR FR PR FR

0% 98, 62 2.14 98, 62 2.46 97.25 2.71 92.56 11,17 92. 56 8.32 84,57 26. 83
1% 98. 63 2,04 98, 35 1. 69 96. 98 2.90 92.03 9.95 93.13 7.81 82.42 21. 20
2 % 99. 18 1. 44 99. 18 1. 44 97.25 2.14 93.13 9. 60 93. 96 4,27 86. 26 17. 38
3% 99. 11 1. 90 99,11 1. 90 97.02 2.59 92, 26 10. 34 92.26 6.17 82.14 23. 60
4 % 99, 45 1.18 99. 18 1.31 97.25 1.91 94, 24 8.17 93. 68 6.51 87,36 15.79
5 % 98. 21 2.78 98. 51 2.66 96. 12 3.70 91. 04 12. 33 93,13 7.43 80. 60 27.76
6 % 98. 21 2,31 98, 21 2.34 96. 43 3.13 91. 40 9.14 93. 45 6. 23 83.33 19. 89
7% 98. 35 2.39 98, 08 2.87 96, 43 2.84 92.31 10. 49 92.58 7.21 84, 07 22, 30
8 % 97.92 3.16 98. 21 2. 88 96,13 4,62 90, 77 12,14 91. 96 7.56 78.49 26. 31
9 % 98. 51 2.25 98. 51 2.06 97.02 2,69 92, 56 9. 68 93,15 5.79 83.62 18.18

Wi IR P outlier BEA I LRI (s=2. 0%,
BETI 134~136 M) ,OCSVM HItERE T REE N B, 258
5 e b IR BIZRAT R 80. 60 %, TR IR B K27, 76 % .40
2, BB one-class 3¢ 1A BAVLAYHERE I A B T B, R 2L
T %t outlier B8 A BURAE

i, LIRSS RBE T 4 3082 H LB one-class ST RF(n)
BHR—REEARRBRAREEHN T E, BBEREBAER
M LtERE. R BIRAVIZRE P outlier EAMFRT,
BUB R BI R AR N EY 8 FE FHEFEH OCSVM Kk,

iR oneclass X% A B ALY A4 B outlier
HEER, A5 A3 ERE, XSS HARERRN
one-class ¥ Hr R BB I8, L 44 — k7 B 6 BLRE one-class &

« 244 -

R B, ERAH L TRV HEE X RRERRAER
A WERR, AT E S T outlier 5 EMRFMAFELIEH
I, BROHMERGERESRA THITENRREZ LY
e,

2 & xH

Manevitz L, Yousef M. One-class SVMs for Document Classifi-
cation [J]. Journal of Machine Learning Research, 2001, 2:139-
154

#BE, T, AP IR PA R E B SMO YIH %
7], 33 #HLR3, 2008, 35(6) : 178-180

Vapnik V N. i3 I Big a4 R LM, HET, %, - F4

(1]

(2]

(a1



KA WAL, 2000

Schalkopf B, Platt J C, Shawe-Taylor ], et al. Estimating the
Support of a High-Dimensional Distribution[J]. Neural Compu-
tation, 2001,13:1443-1471

Tax DM J,Duin R P W. Support Vector Data Description[]].
Machine Learning,2004,54(1):45-66

Campbell C , Bennett P. A Linear Programming Approach to

(4]

(5]

[6]
Novelty Detection[ M. Advances in Neural Information Pro-
cessing Systems. Cambridge: MIT Press, 2001

[7] Wang L,Jia H D, Li]. Training Robust Support Vector Machine
with Smooth Ramp Loss in the Primal[J]. Neurocomputing,
2008,71:3020-3025

[8] LinC-F,WangS-D. Fuzzy Support Vector Machine[ J]. IEEE
Transactions on Neural Networks, 2002,13(2) :464-471

[9] PawlakZ. RoughSets[ J ]. International Journal of Computer
and Information Sciences,1982,11:341-356

[10] http; / www. ics. uci. edu/~mlearn/MLRepository. html

(E8F 226 7D
#1 JligEmE
HAWH
F% AL Y5 Y4 y3 Y2 y1
1 E¥ 8. 4873511007 4. 14521e-008 5. 221232-e007 0. 0022568923 0. 99985628
2 2R EWALSE 4, 427036006 0. 00036523 0.112956823 0. 9912356 0. 00452356
3 REEHR 0. 009320653 8. 214523007 0. 997653 0. 0053568923 0. 000568926
4 & & ER 0, 001425621 0. 989526325 0. 006532561 0. 00752658 2. 562356e-005
5 50K AN E 0. 9902356 0. 004003562 0. 001720345 0. 000387452 0. 99562358
6 E¥ 0. 002002365 0. 001203502 0. 001725622 0. 000425623 0. 00865239
7 2 W AW 0. 002325 2. 366526e-005 0.00124512 0. 9942563 5. 36528e-005
8 REEER 1. 23052¢-006 0. 002100223 0. 9912965 0. 00359862 0. 28501e-005
9 & HER 0. 0085623 0. 9990001 0. 001525124 0. 00979025 0. 35623e-006
10 S W EWANE 0. 9967121 0. 005856923 0. 00986592 3, 15489¢-005 0. 12032591

[t F] A BT84 ANSYS ™4 900 A, 40K
IghkeA WMREAMBIERA, K2 P REHRMNA KN
ZH—2, B THRR R IRE, K 2 5 A ANSYS,

2 FXSOMOITH L

GEZE BHBREENETE BERE/Y
AX 8-15-4 0.0170

xw[2] 8-17-5 0. 2153

ANSYS 8-15-4 0. 2858

MA SR 2] B Rk E A XM B R ALE RN
WRBARREFRCEMIRDERER T 29. 1%, 58 T
AP R R . [t 5 3CRR(3 ] B4 AR M Bl , iE A
HENMERAARENREE. B FR2 L XR2ZIBRT
0.1983%, . ANSYS 2% T 0. 2688% , B MEAL T B =4 #
EHREY 2. 5h, NEMZ MY 35min, BN THELRH
Smin, AR REE 150minCFE P18 Intel P4,CPU.
2. 66GHz, H#7:1G), BARTA T EMEK, HEREBTHREH
AL R, Wit RSB, BERFEAN T,
HAARMEBEKFERRE, RILERERTF, AAERE
MR RER S REE KA,

BRiE AXETHRTFRAEZMMZMES BFHEY
B R T —F IR E. EARRBREEHIEZR, X
TE AR U 88N TR ELE, AR
FERERE., RAAEN T-SEMERS PSOMEES
FRMRAC BP M2 MG S, BRES B4 i BP Eikib#vg
P RE, VEBMEMENEHRERE A BN TEH
TR EETEERNEENE. TREHERAN PSOMEN
R ek o -y 2 N W TR I Ll e =Y 1
KR BZEERA T ERAEFNENE. Y TERT
REMRANE, A TRENERE STBNEAR,. &5
FERAIBEEREE TREX ERES SRS, AR

R R BRI B e TR R T 3R
7.

8 ¥ X W

[1] Kennedy J, Eberhart R C, Particle swarm optimization[C] //
Proc. of the IEEE Conf. on Neural Networks. IV, Perth: IEEE
Press, 1995: 1942-1948, http: // www. engr. iupui. edu/~ shi/
Coference/ psopap4. htm}

[2] Lin C J,Hong S J. The design of neuro-fuzzy networks using

particle swarm optimization and recursive singular value decom-

position[J]. Neurocomputing, 2007,71(1-3);: 297-310

{3] Takagi T,Sugeno M. Fuzzy identification of systems and its ap-

plications to modeling and control [J]. IEEE Trans System Man

and Cyb,1985,15(1):116 - 132

{4] Mao Hong-wei, Pan Hong-xia, Lin Wen-li. Mavelet neural net-

work based on particle swarm optimization algorithm and its ap-

plication in fault diagnos of gear-box[J]. Journal of Vibration
and Shock,2007,26(5):133-137

[5] LuZS,HouZR. Particle swarm optimization with adaptive mu-

tation. Acta Electronica Sinica, 2004,32(3) :416-420

[6] Mukherjee V,Ghoshal S P. Intelligent particle swarm optimized

fuzzy PID controller for AVR system [ J). Electric Power Sys-

tems Reasearch, 2007,77(12) :1689-1698
BT, Mk BT BP WERMSHREEENERRLRT
(1. s 3 h¥4R, 2003, 18(2) : 216-220
Chatterjee A, Siarry P. Nonlinear Inertia Weight Variation for

7]

[8]
Dynamic Adaptation in Particle Swarm Optimization[]], Com-
puters and Operations Research, 2006,33(3):859-871

B2, BEE X DEHENEHSERERRET 1 48
BT R . HRPHENR, 2003,31(2): 77-84

(9]

* 245 »



