ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.19, No.4, April 2008, pp.842—-850 http://www.jos.org.cn
DOI: 10.3724/SP.J.1001.2008.00842 Tel/Fax: +86-10-62562563
© 2008 by Journal of Software. All rights reserved.

ETF 5 R AR B

R, HRX, & N, EAX

(B R R RS R E 5 TR e 2% 0] 45 B RBETURT Wi K 410073)
Feature Selection Based on Classes Margin

REN Shuang-Qiao*, FU Yao-Wen, LI Xiang, ZHUANG Zhao-Wen

(School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)
+ Corresponding author: Phn: +86-10-66322728, E-mail: shuanggiaoatr@yahoo.com.cn

Ren SQ, Fu YW, Li X, Zhuang ZW. Feature selection based on classes margin. Journal of Software, 2008,
19(4):842-850. http://www.jos.org.cn/1000-9825/19/842.htm

Abstract:  Firstly, a distinguishable condition is proposed for separating the features by linear classification hyper
surface. Secondly, the paper analyses the properties of the feature linear distinguishable criterion based on support
vector machines (SVMs). Finally, the efficiency rate of features are defined by the contribution to classes margin of
each feature, and a feature selection algorithm is put forward based on the feature efficiency rate. As experimental
results show, validated with the actually measuring data and UCI (University of California, Irvine) data,
performance of the new feature selection method, such as classification capability and generalized capability are
improved obviously in contrast to the classical Relief method.

Key words: feature selection; efficiency rate; classe margin; SVM (support vector machine)

B E TR AR, E TR T AR 18] 69 LR T b 9B SR R T R A ok B AR
B H AR BRI AT T 45 AR Sk P 69 AT IR ARIE A AR AT 4 K 19 [ 69 TT #R R L T AR 2L
F SRS AT R AR L B A AR 2 ) 4 92 3548 5 ) 45T UCI(University of California, lrvine)#48 & 4 52 b4
F AR5 22 30 Relief 45 /B k45 HokAn b 12 Sk R A M Ae ol S A ) LOA BA FTIR 3.

SEEER:  ARAREE R AR KM e IR FA

hEESES: TP1S SCERFRIZAD: A

R 29 UM T 1 DG B R 2 — B — R LR A R R T R 2 I A L A e
M 7 SR LI 70 28 T AL R 17 B AL 05 2 (AR SR XE R A2, D T 3 RO R e K PR 4R Ry
AUEAR B, S AN DAL e ik 2 2308 K, i LG PP g B A7 A5 55 22 (10 0 SO TG A R i TRT 8 B 938 5 36 P AR R 41 B A5
2L VU R FEE U5 TR A7 i 2 ) S8 V7 22 1T 40 A  mi T Lt 43 A 98 1 A it iR A5 A o T
e,

PRI B R T b 5 22 0 SR I B R0 0105 K 22 SR PR MR 36 3 ik B 8 2 R0 B S8 i e 34 7E R 2 1
FEAHTR T, 25 TR FEAC G T PG (K _F 3 vHE UURIAR 1 19 70 SR 300 5 BRI R A /N REA I, b3 )

« Supported by the National Natural Science Foundation of China under Grant No.60402032 (IH 5 [ Sk 2% 45 4x)
Received 2006-11-06; Accepted 2007-01-24

© HIHBREBSAHIGIT  http/ www, jos. org. cn



M F T oL 0 g et 8 50k 843

5 AR B 0 A SRV A1 E  56 JF 573 K0 LGS 726 A B 18 S0 BE 8 A 6 2 25,
67 LR LT 42 (L S0 VK 2 2 4 A0 B R 1, 1 20 o 4 5 57, BT 25 R 24
g 0 5 S SR 0 B B 2 2 O SR 910 5 38 K2 7 TR A KRS £
PR/ TR 535S 10 e 2 10,

ei25: ) B 04 4196 oL (support vector machine, i FRSVIM)®L R SUAT HUPE A Seit Ml 12 )
DRI T B MR e T /MREA . AELRPE . S BRI R A A5 5 52 B ) R SVIMA 26 8 T G 1
B R 10 AR, 0 53 TSV MR T8 009925 U0l £ 15— 03 P — 5 P05 G i i
I I S35 R AR LA 0 0. F1 T M 7 380 B T4 2810 30 5 9, A 0
IER e b W AR A SRR G 26 48 7 ok SCHR (L1t T — B F A W A R 1% 2 b 3 9
B0 I T SEULIHE ) 1 B Weaton A UVIE T SVMER th 40 JLAT B B — 15 2 SR04 G 7 Il it
BRI W SRS BB BT A AT LS R LS B AT T A % 920

T 38 RS A5 B S X 2 T 20 24 T 40 46 SR, S 2 LB, 5 45
X145 IR B TERR K/ ST 45 GEAT AR O DUIL SR th T — 0 7 R B 0 SRR T 5% ) 3
R4 Al —— 44 P B/t 0 R 2t R 00 S 743 25 10 59y RO .
WU 56 0 5 LA, 5522 S Relief 45 GE HEHR SR L A S 0 5005 46 SUSPE R 3849 T 10 50 0048 .65 51
RETANEAER AR )

1 FHE=(E) BARtEr o &4

1.1 LMD MHENX

T 2 HAR RS B IR AR D={(x;,yi),i=1, ..., 1}, P xRy e {1,~ 11 M 5 br s 75 A7 AE— A
L ME o RS BN REANBEAS I 20 28, B FE ADZ: 1 v 43
FEX 1.1 BEEARED={(x,i),i=1,..., 1}, H xieR"y; e {1,-13} £k 1k ] 43, L 3R A7 /- weR" beR, p>0, {ff 1 A3 46
(L)
yiwxi+b)>p,i=1,...,l (1.1)
AR LA LL(L D) (w,b, o), MIFRFE AL D LA 2 & 1 o,
25F \ \
20l vv\x\:rb:p

1.5- | wx+b=0 \

uuuuu

\ oo
L oo
\DDD

L4 wx+b=—p | \ o Class one
. \ \ = Class two
0.5f — Class one margin
—— Decision boundary
0.0k ---- Class two margin

1 2 3 4 5 6 7
Fig.1 Sample are recognized by linear function
K1 AL v s =
S 7 3 B AN R (1.2) 5 AR R 5, i B=(w' b, p) eR™2 B=(0,...,0,1) T eR™?,
L
A=| A
-yx -y 1
JUES)

© HIHBREBSAHIGIT  http/ www, jos. org. cn



844 Journal of Software #4+% 4% Vol.19, No.4, April 2008

AB<0 (1.2)
B"4>0 (1.3)
fE R IR o Farkas 51 BR45E T —ANE LN A .
5|38 1.1(FarkasiE—E )™, BWAHIEAcR™ ", 5B eR" AR A OMAON — 414 7.
4 D:A<0,B" £>0.
H@:ATa=B,>0.
1.2 T MEEY

MR GIEE 1.0, 0] S T 2% 82 RE AR HED={(xi,yi),i=1, ... IR Al 20 0 R 257 DEE AN 1) 43 A 25 5041 ©
Jofdk, T HE T8 A R A E XA A AEN(.2). AFEX(LI)ICAAZE L@, W 7+

o, 0
(Y yx)| &= (1.4)
a' Onxl
_IZ“i -9 .IZaiyi B (1.5)
#>0,i=1,...,| (1.6)

AT AT D= (Xi,yi),i=1, ... IO Lk vl 40 PR B 8 7% 5 1 04
EIE LL(AT S RAE). MIREABED={(xi,yi),i=1,... I} T ] 40 (1 FE 4 1 2 20(1.4)~ 20 (1.6) TE .

2 FHELMERAI S RMURE

HER 1.1 Al 50 I REALED={(x;,yi),i=1,... I ME AT 20 10 78 B4 F 2 5 (1.4)~ 20 (1.6) To il BV R iR A4 2
2T

Ha=0 (2.1)
_IZ“M =0, Z“ -1 (2.2)
@>0,i=1,....| (2.3)

S SEFEH=(y1xs. ..y 8 T Ha=0 6076 38 26 - 0TS =0, B S=HTH, S, = yyy, %, 48 A BRAEBESF 152,
M RS H R 47 oS 0. B, T R ir v Bl
min 1azTSOz
2
st. yla=0,e'o=1 (2:4)
0<e<1
B2 B 1.1 A Ak 1) K (2.4) T 45
HEVE 2.1 MLIFFASED=L00 0,21, (PR TS0 M A Ay — UM B R 2.4) 0 FLAR R AR T

E WA 0 VR AR A A SED={ (%3, Yi),i=1, . PR PR AT 23 AN 45 202 (2. 1)~ AN 25 20 4.(2.3) TE . TR b, AT i ot
Sy a=0 Fle'o=1 MRS A o, AT H o0, T AT 15 oS>0, e — i & il 3 (2.4) 1 H b b8 BB KT 0.4
BEPEAHIE.

FEAE A B TR 1) K (2.4) 9 H AR BB KT O, MIXHT & ALy To=0 FleTo=1 MIAE MR B o b
a'Se>0, T H a0, R i, AN 45 3041 (2.1)~ N 25 241 (2.3) e, WD RE A2 D={(xi,y1),i=1, ... I} bk ] 43 78 40 PEAHIE .
EEE, O

I T A B S 4 L DB R R s R ) R (2.4) 1) SR T v-SVMTT S 0 T RE AR SED, B
oA 53 ZSTHT (R SRR A5 T SRR 3R ™ K i) R

© PEBREBAIHTUR  hupy/www. jos. org. en



M F AT oK g F ek 5k 845

1 !
min=ww-p+C -
5 p+CY &

i=1

st yiwixith)=p-¢& (2.5)

Horprw D HREAE 2 ) s A 20 S P T KR 2R, SR BN RA SR 5, C O IE AL 2 8,0<C<1,C K R X 45 iR
SR I AE T HOK LE v-SVM AL, 43 T fr 11 B ”—v’;”
5 Wolfe s £ B2 i, — A, 1] A 455X (2.5) T LA T 78 HooH i 2 18] (P Largrange /¢ -1 2 [A]) >k K i,
X T 20 R 3R ) ) A
1,
min —a' Sa
2
st y'o=0,e'o=1 (2.6)
0<a<C
Hh,0<C<1, B IENAL S HUR M, 2 C=1 I, 060 45 10 72 5K (2.6) BT A ™ R i) et X (2.4). DALt il a2 X (2.1) R X
(2.2 9 SRR o, FE S TR 2 v-SVM R 18 (2.6) 1 9 1 1 Largrange 1. AT 5407 A AR D J #5441
AT Gy I A I ARSI T S R LI SR A
3 AFMELZ IR S FIHE 4R
R 52 E WA S EC=1 I BRI ) X (2.6) H b R IO(E PR 2 AR A e AN W A i SR A A i,
BIXi=(Xig, . Xin) | €R™I=1, .. | HEH i Ay BB AN AE, U A5
5, =Sk,
k=1
o, sy = (Silj()lxl ) Sijk = Yi¥ XX 21 Al Sy 20 k=1,...,n.%
I =2alS,a, ==Y alSia, (3.0)
2 2ia

Ho o i 5K (2.6) 17

EIE 3.1, I(n)HAT BRI PE BT I(n)<I(n+1).

TE A < BB AE I A A Xi=(Xin, - Xin) TeR™ IR, BRI 1) R 5K (2.6) O R o, 24 RE AS 885 0 — A 5 AL B BP
Xi=(Xi1, - Xin Xins1) T €R™ BRI 1] 150 5 (2.6) IR A9 e, DI,

n+l

1 -+ 1 T ok
J (n +l) = Eanﬂsmlaml = Ezanusmlaml
k=1
I 7k I 7 ek
2 Ezanﬂsnﬂanﬂ = Ezanﬂsn 298]
k=1 k=1

1 n
>=% a7 Ska, =J(n),
2o

P 8 1 ARSI F Sk, 20 GEFE Sk, IE5E), 58 2 MARLEREHT J(n)h C=1 R i & (2.6) /1)

A H b e B RS O
EIR 3.2, A WIEEA ED={(u,yi).i=1,.... I} Dn={(viyi),i=1,...I}, H F u;eR"vieR™ S A LD 1=

{0y, i=1, 13 Xi= (g, Vi) R U AT
J(n)+J(M)<J(n+m),
Horpr,3(n),(m),I(n+m) 3 5l A AE A EE Dy, Do, D e BT XS BV 1 KK 1] 38 2 (2.6) 75 IE AL 2 40 C=1 W 5 At H AR R
.
A = (U, Vi) eR™ AT

© HIHBREBSAHIGIT  http/ www, jos. org. cn



846 Journal of Software #f+% 4k Vol.19, No.4, April 2008
X % AR
Sn+m = RerRm-m = : :
Y1y|X1TX| XITXI
THTRERYAYA oYy Uy v Y)
YiYi (U1Tu| +V1TV|) ulTul +V|TV|
=Sp+Sm,
MIA,
J (n + m) = %a:-+msn+man+m
= Ear‘:#»msﬂaﬂ#»m + 1ar-1r1>l'T]SVT1al1+m
2 2
ZEaISnan +£a;Smam
2 2
=J(n)+J(m),
oA an, o, Qe 73 51 A BE A ED ), Dy, D eI 0 S R 1) 1) 7850 (2. 6) 7 1 U 46 22 $0C=1 1 1) S AL A O
TIE 3.3, BB IIEEALED, ={(u;,y),i=1,..., 1}, Do={(vi,yi),i=1, ..., I}, 30 u;eR™ vieR™ 45 3(n)<J(m), N
B A <A A, 3(n),I(m) 53 5 Hg B A 52 Do, Dy T 4 B 18 FE R 1) 3 28 (2.6) 76 2 B C=1 I (1 fe At H b ek £ i
4 = ||$*"* e ||§T 1 I RS RID ) R K.

AN B I(n)>0,45 AR, i HfETS 2.1 T, 4518 AR T A I FEASSE D RID o #5 ERVE T 2)  S R

DN 2 i A N ST D R (TP I O | 5 B 1 a1 T R E (A BB AT e S R
min %WTW—p

st yiwuitb)>p

H1 Wolfe S Js BE vy i, (™ol i) AN 45 2K (3. 2) AR 4 T 5 1
1,
max——a' S,a
2
st y'o=0,e'a=1
0<e<1

|
Hod, oy A Largrangedfe 1+, w = Zaiyiui. W oy A R ) 2 (3.3) R e A A, U AT

n=n-n

1 1, .
J(n)==aS.a, ==||wW, |
(n) 5 %S 2|| Wl

*

1, . 1, .
—||w " =p, =—=|lW,
2|I W =P, 2I| Wl

mia0(3.4). {(3.5)"15:

Py =llw 1P

4 =23(n)
[ 28, ek 1 5 B A D ={ (viayi) i=L, . DR AR 53 2 1 By

4, =23(m)

M FEASEE D, R B A 50 2K 1] B

© PEBRERETUR

3.2

33)

(3.4)

3.5

(3.6)

@7

(3.8)

http:/ www, jos. org. cn



TERHME Fi i T4 18 15 09 45 AR 2 50k 847

T I(n)<I(m), I 4 < A4 0
TR 3.4, HREARED={(Uiyi),i=1,...,lEVEARTT 4%, H B u=(Ui, .., Uin) "€ R" Uk S5 AN AE, AT 3551 FRm>0
ANRFAIE S5 2 OB FRE AR A SR 2 1t AN W] 73 7 FEAC AR DE M R] 23, WU INAT Zm>0  ANRFAE S5 2H 0BT A AR AT
SREME W] 3, HI 3 BRI AN 2 B .
UE B AR BEREASED={(u;,yi), i=1,... IR AT 20 U 4R 2.1 w40, 249 1 E WAL S 4C=1 It A7
J(n) =%aTS a, =0,

WAE Z 51 Bk m>0 AMFEAE ), i 2 B2 3.1 w4
0<J(n—m)<J(n)=0.

AT, I(n—m)=0, B8 I 1 A B 42 P AN T 43 ) B8 BB K A SR D={(ui,yi), i=1, ..., I}E PE 1T 43, T4 3(n)>0, 38 i
FEEmM>0 ASHRHE G, AT 0<d(n)<d(n+m), o BITET B AL AR 28 M mT )

MEIM>0 AMRAEF R FEAEE D men={ (Xi,Yi),i=1, .. 1 3= (U, vi) e R™™ U F I (n)<d(n+m) AT5E B 3.3 AT 4,
A < A UG S REAET Y m>0 ANREAE 5, 30 5 D0 43 215 11 I I A 0F 4 5 110 1 v s 345 0 L O

gx EATIR 5 TN FE AR ZE D={(xi,yi),i=1,... I}, IE WML S H0C=1 1), = ™ BRI ) 7 X (2.6) 1) F b R £ (E
I(n) A& T ARy S AT 43P U3 11 i e A 4

@© J(n)5 I 1) FRARAE B G &

|
R GE i3 T e IR R(@) = [Q(z,@)dF (2) SAKAKL R,y (@) :%ZQ(ZI,Q) A DDA 1 R R 3

BT A%
R(&)<Remp(@)+ @(h,], 1),
H0,Q(z,6), cre 2% e 35 KUK B8 L, 2= (xi,yi) BRI RE AR @2 45 6 B b 4 58 B4R Q(z, @), e A1V C 4, H a1, 77)
JE KTV CHE IR B T B8 K T K T R AS BIUBEL I P kbR .
TGRS ST BRIR o 6 TER M s SR IG VC Siti— A L 16,
EHB 350 U o% lxeRML & 75— A48 o r ik HAER R U 433K 1 4 AT AT TR 4 4 (VOB LL T R AR 25

EWaE
h< minﬂri} nJ+l.
A

H AP T 255G T IR AR R I A 1) — A 5, BRIV R A AN BE R 73 288 1) 8 DA AR~ T 1E 7 20 S O A

Perror /0 LA 1-nff 0 2 N IR AT
Permrgl—oJrf 1+ /1+4—|° ,
| =i le

h(nd +1)-m?
h 4
e=4—~ N _J &

|
Vo2 VI B8 7 P AT 1 73 2K 18 o AR 80 7 T I B0 23 S U RE AR 2K
DALt 2 B8 3.5 T, P T B B0 ATV C A 43 28 10 I AR B 3k 6 K0 AT, 24 SR PR T TETSUEAT 4 2K
UL, 390 22 DA R( ) PO SR AR 358 M P g PO S350 g 430 55 10 I £ 8 96k 8 5. St J A0 2 25 ) I
A =23 (n) AT 39152 PR R () RITIRRE A5 HBE 5 P grror ) F-340 o 3(m) P H0 U 3 6 4.
@ I(n)HA ATEA T PE.

® T I(n) =%||w; (P DRI, J() LA B 15 S e S

b
&

© HIHBREBSAHIGIT  http/ www, jos. org. cn



848 Journal of Software #4+% 4% Vol.19, No.4, April 2008

@ 3y T4 G HEEE
4 FEFHEERAFEILE

I L DAL 4 A3 L, A B S o 2S00 4P Y. 4 M Al L, T 22 X 5 1
A BULHAPEIEAF B ASKD=(00.) 1=L . YEAETT 0 3(0) = 378,0, = 3] Slr, >0 JATH, 0
Ui XU KAV R

|
Hi T w, = Zainyixi AW, IP=a)S,e,  H S: = (Sijk)lxl ) Si‘; = YiYi XKk Pt
i1

A BV (9 IR (4.1)
Al

S, W] = (W Q)W ()T 54 P 0, S G 1 45 80 i 52 TR A B A 93 BT 9 0w, (0 k43
it w] () o7 CR BB 1w, I 08 7 H 3Ll F B AR S 4] =23 () =l w, I B, R S0 1 S5k R
X143 S50 4 TR,

I 55 4 — SRR T A 047 200, LA 20 (4. 1) T BLAR 7 o000 2 08 0. B2 8 S5k, M AT 20
o MW AL F e

X, = 0%, +o,i=1,. ] (4.2)
4<l(fj152ﬁ,lxikl <] %, | ARl 0<|g<1, 04T,
| |
W;(kl) = zain YiXy, = gzain YiXy, = QW;(kz) (4.3)
i=1 i=1
NI S
Ve =07, (4.9)

DRIt o 2 (4.4) T 0, 24 Sk AR HE RS Ko R 58 4 R MR AR DI LR E AT 2 R 2 L0 P F IR M. T K £
B0 A0 15 R 2 PR AT {50 /I PR AL 8 ) A 200 G AN S 5B RO A R ) 1, 24 =0 I, B
X TELAE T K o, M AT 08 g = 0,01 — S AT 2 52 Dk, 5K (4. 1) MR IR A 2008 5 BRI W) &
FERARLF 1.

BV = ™ A ) X (2.6) 1) H A R A I(n)=0, 5 BIDWL I FE ASE D 2tk AN ] 3 i, et e AN m] 23 15 T
N v-SVM U R] R HLUE 6 Langrange Sfe 1 a3 S 2 R A Ak — 20 R, B 225K 0<a<COX L, C O IEAL 2
B, W E 0<C<L, B 735 0 55 AN LR 22 IR — TR U R J(n)>0. 68 22, B e LI FE A 4R D 2 1 2k
R 53 39 AT AR RS M AT 2 R RN BEAT AL £ 530 B AT 48 .

5 SRWLRRS

27 1) FH Sz 30 B4 R FFI-TUCH(University of California, Irvine) #5122 E4T 925, 31 5 42 M ¥ Reliefr iF %
PR EEAT T RO IS TR 0 45 R Reliefl MR KiraZe A 1992 43R H AR A DA FRI L B8 50 L RO AIE 26 6 7 1%,
RN N, — S TR R A I 1% A S 0 408 1) () RS AR 2 IR A AR () sl A A, v A8 e 30 408 1) AR [ A AR 2 [l 11
RN e =3 1K (3 N 1 e i S N ST VA o W 1 8 OB N I (10 = a1 YT
H RIATHEAT AH B (R 2 4.

© HIHBREBSAHIGIT  http/ www, jos. org. cn



TESAH F T oL ey sri 48 5k 849

AR YRS Kty SRR TE S — 2 B R R AR 0 3 939 MREA MR A LR 32,048 T 15 MR
(1 00 L A A SRR A R AR S P R e 2 Bl 2 © 20 0 B B e R e R — AL AR AR B R, Ho T
L 6] L A S0 R 2B £ — A /INE A I ZR. SR e MW A6 WA B N B A A B o T MRS, S e X
T 200 DNINZRFEA, DRFEA Ny 3 839 A MR LA R y K /AN E SRR AELE RN 4 THIR I ICGE I, R SVM
JHEHAT IR VU, S5 2 R 2(a) s,

5 2 L SEI Hds o W 2% B A T UCH Bk e mh 1) 28 i i S8 8 Bt 4, 34T 569 M REA FEAE Sy 30, FEA
ST L5 {5 M B YRR S B S B W A6 VI R AR D 100 A, A Ay 469 AN I R AT R
RNEFERIRFIELERUN 14 TFARAK VGBI, R SVM T 3B AT A U], S50 45 R A 151 2(b) 7.

0.85 ‘ ‘ ‘ ‘ ‘ 0.93 : : : : ; :
—=—Based on margin
—5—Relief 0.92+ |
0.80 1 \
001 / P \ :
) o / 7 E\S/B:\ =
s £ 0.90F / =
- 0.75 = / \
2 Y Seplseneas S 0389 f Ny
S 25 S ; S Fed
g 070 S o088l | —3
Y 0 2
= i /M\E s‘ 087}/ ]
0.65 s § f‘/ 7 / —a— Based on margin
% 0.86y —5— Relief 1
\\Bf L&
\ \ \ ‘ ‘ 0.85 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 14 16 18 20 22 24 26 28 30
The number of feature dimension The number of feature dimension
(a) (b)

Fig.2 Relation between number of feature dimension and recognition rate
K2 RPEERC S DR A 2 2R R & 2 A 5 &
H1 & 2(2) P 0, R AR YEHSE T 14 I ASCERE IR 70 SR 45 R o R 3 0 81.69%, 1% Y FOAFAE N [1 12
15 16 17 18 19 20 22 23 26 27 29 32]. 244 FRe ik #0128 H I, K2 08 72.57%, A% T d5 UL A A il ik % 1
T 9.12%.1fi th Relief &L H 1B AR AESE ]y 19 /N, IR ZE N 76.69%, 15T A% SC AL (1 fe L ik .
B B 2(b) m) A, M B AR AR S T 17 I, oy S8 4 A IR A 92.96%, 1% MR IE T AR H[1 56 7

891112 13 16 17 19 25 26 28 29 30]. 44> HHFAE #1261 I, M8 2% 24 88.06%, AH XS T 5 UL FE iE 4R )3 5 T B
T 4.9%. th Relief &i%1% H (1 S LREESE A 25 A MR 2R K 91.04% (KT AN LALLM Bl MR 2.
6 HRIE

X5 2 H AR ] LA SO GG R A S A B AT o PR Y T L A RS R T SVM BRI
TRFRE R 17, DR AR AT R O D0 B T RO B AR R S g e T I P AN R A S M S 0 U
UE T AR L PSR 2 22 1) Relief SEURAE UM R BEAIHE) 5 ) S84 A 2%

References:

[1] SunJX, et al. Modern Pattern Recognition. Changsha: National University of Defense Technology Press, 2002 (in Chinese).

[2] LiuH, Yu L. Toward integrating feature selection algorithms for classification and clustering. IEEE Trans. on Knowledge and Data
Engineering, 2005,17(4):491-502.

[3] Fan JS, Fang TJ. Analysis and evaluation on main factors for feature selection and abstraction. Computer Engineering and
Appliction, 2001,13(2):95-99 (in Chinese with English abstract).

[4] Kwak N, Choi CH. Input feature selection for classification problems. IEEE Trans. on Neural Networks, 2002,13(1):143-159.

[5] Vapnik VN. Statistical Learning Theory. Beijing: Publishing House of Electronics Industry, 2004.

© PEBREBAIHTUR  hupy/www. jos. org. en



850 Journal of Software #4+% 4% Vol.19, No.4, April 2008

[6] Garrett D, Peterson DA, Anderson CW, Thaut MH. Comparison of linear, nonlinear, and feature selection methods for EEG signal
classification. IEEE Trans. on Neural Systems and Rehabilitation Engineering, 2003,11(2):141-144.
[71 Zhang LX, Wang JX, Zhao YN, Yang ZH. Combination feature selection based on relief. Journal of Fudan University (Natural
Science), 2004,43(5):893-898 (in Chinese with English abstract).
[8] Jin X, Deng YF, Zhong YX. Mixture feature selection strategy applied in cancer classification from gene expression. In: Proc. of
the 2005 IEEE Engineering in Medicine and Biology 27th Annual Conf. Shanghai: IEEE Press, 2005. 4807—-4809.
[91 Xu JQ, Yuan ZD. A feature selection method based on minimizing generalization bounds of SVM Via GA. In: Proc. of the 2003
IEEE Int’l Symp. on Intelligent Control Houston. Texas: IEEE Press, 2003. 996-999.
[10] Sindhwani V, Rakshit S, Deodhare D, Erdogmus D, Principe JC, Niyogi P. Feature selection in MLPs and SVMs based on
maximum output information. IEEE Trans. on Neural Networks, 2004,15(4):937-948.
[11] Gilad-Bachrach R, Navot A, Tishby N. Margin based feature selection—Theory and algorithms. In: Proc. of the 21st Int’l Conf. on
Machine Learning. Banff: ACM Press, 2004. 43-50.
[12] Weston J, Mukherjee S, Chapelle O, Pontil M, Poggio T, Vapnik V. Feature selection for SVMs. In: Advances in Neural
Information Processing Systems, Vol.13. Cambridge: MIT Press, 2000. 668—674.
[13] Su TS, et al. Optimization Computation Principle and Program Designing. Changsha: National University of Defense Technology
Press, 2001 (in Chinese).
[14] LiY, Wu ZF, Liu JM, Tang YY. Efficient feature selection for high-dimensional data using two-level filter. In: Proc. of the 3rd
Int’l Conf. on Machine Learning and Cybernetics. Shanghai: IEEE Press, 2004. 1711-1716.

B 1 325 3% Sk -

[L]  FERAR, 25 AR AU A s 9 b4 K2 i AL, 2002.

[31 YR, 5 4L fk AR A B P RN B HUBE 32 (1 3 b7 B ALV A 1 SHL R 15 1 T ,2001,13(2):95-99.

[7]  RENHT, 1 5K B0 B A L T Relief M2 & =URFIEE 5.5 B 4R (1 A8 FEH54117),2004,43(5):893-898.
[13]  SEIE L, %5 S AT 5 B0 SR Py e K v o R 25 H i+, 2001

R WA (1977—), 55, 7 B2 i N1,
BRI FTAIIICA S A S L, H AR U,

B23#8(1967—), I 1 -, H 9%, 3 A 5T 4
Bk H SRS A

B SC(1976—), T, 18, @l 3042, B 2

SN H AR U A5 B A

FE$132(1958—), 5, ¥ 42, #(4% ,CCF mi&k
25 54, A BTSN f5 Rl A AR AL
ERsYus= N

© PEFRERELITUR  http/ www. jos. org. cn



	特征空间目标线性可分条件
	线性可分性定义
	线性可分性条件

	特征线性可分最优化模型
	特征线性可分判据性质
	基于分类间隔的特征选择
	实验结果及分析
	结束语

