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Abstract: In order to solve the misclassification problem resulted from the imbalance of the number of training samples of dif-
ferent classes in the process of class—incremental learning for support vector machine,presents a weighted class —incremental
learning algorithm.It uses one against rest training method to construct a new binary classifier takes all the samples from known
classes as negative and that of the new class as positive,also introduces weight factors for classes according to the proportion of

the training samples,which can effectively improve the classification accuracy of class that has fewer samples.The experiment

shows that the result of this method is effective.

Key words: Support Vector Machines(SVM);class—incremental learning; classification algorithm;weight

i A AR INER T FIIRPLALINAGHEFFL SR PO FEOELS P, BB T MR ERETFIHN
I EAEAER, RA RAA R E AR —2F 5 7 k0 AT 5 K5, D4R EARIED] A AT b oG s 2 K A, 2% T /1

RN R, SRR T R0 A A,
THEN]: T HF @B £ TFT 0 Rk R
LGS 1002-8331(2007)34-0177-03  SCHkbRisA: A

1 5%

SRR ) B B > I PR R T S NZREE SR WA
BEATHEAE 2 A ROt 1 R B R R B A i Lin S 2t
Vi) 12 () 5 A RERE D) 231 . S 1) ALY B2 T mT LA S R
T, —FP AR AR TGO TG A ZONFEA 2], S —Fh
SRR,

X TS —RMEOL ARSI R A >k, i 2 IR
fi#Y, Divisional Training SVM algorithm® PRy 27 3] EES |
a—ISVM SR AFIEE T o 2 L R0 38 58 SR 16 AL (CDR-
ISVM)PIE X UEEIR A RO 53 2R )i 1, % T %40 28
()81, AT A 7 vk 2 A R B 2 2 T E 5 258 L
ROy AR RE ), I — X 2 57k (1—v—r) T & 28 45 Hop
A RAHE A 2RI, R kA5 2888 7 AT
AR, NGRS el G RS - (H2 , 2R
R RINGFEAANG R KA THEZRNGRFEAR R A, K FPI
GRAEAR ) ) AT BRI SO 0 2P . — W — R (1—v=1) 2 4%
kR AR AR I, 5 k(k-1)2 AN 288, Hfl mide

thEl 5y I8 5 TP3 11

A SVM S Gk, fi si e 43 s B S Bl 2 AR 1
SURBEIN, S BRI R NS . IANAA A [ TEHE 22
SVM 432475 (DAG-SVMs) 2K L F5 ) #AL(H-SVMS) | 24
gt R BAL(ECC-SVM) &,

SoF TR S o) 5, SCER10BR S T CIL &k % B RN
SRR B AR AN R IR 28 R IR S 028, U245
B0 AE A R SR IOARSE A5 i i R i
21 BER RSNt a) , AEE T2 0 AT RS 0, B 2]
BINERREAR NS S it /D T J5AE 2SN A S A, S piZal
GRS R T AR, B IR, A, 4SO CIL
FENE T SOHE, 25 T I R 2 ) S OINAL CIL 3%,
WRAEAE AT S BT 4 B ), X2 N P2k AR
S I INZEASUEL, A AR T H T P AR B ) AT 1 3
SN RN ) R

ARILE 2 WG T HNIBC R EAVECERR, 5 3 &
I b R T OIIAL S HE B ) Bk, 55 4 T4 T 7E Reuters
21578 brifEiEElE FRSEIRAE R, 5 5 WA At

40 H B K A RPHFF 4 (the National Natural Science Foundation of China under Grant No.60603023); [ %% S ALl 77 & R %1 (973)
(the National Grand Fundamental Research 973 Program of China under Grant No.2001CCA00700).

TERTIr 22 EF(1965-), 55, LW AR, 8%, BN AUSOAILER S >0 s A5FEAN, &, BRI AR, By UL e 21 s £ H(1945-),
4 WS B, RSSO EAR RS EEL(1972-), 42 T 30, BRI AR



178 2007,43(34)

Computer Engineering and Applications THENL TR 5

2 RB SR ) E L

VLA IIREA S x, ), RUZBREL K (x, ) o, e
Ry, € (-1,1},K XN IAFHEZS 1) Z vp g B, B K (o, )=
(glx,),glx,)) S g X1—Z K BEA A 23 Tl B 2
1), M 3] AL SRR

Min ;—HWHZ+C/\L§4§£ (1)

s.t. y,.(wxi+b)2 1-¢, ,x, eR’ Ly, €f{=l},i=1,---,1 (2)
Horp w AT ETE ) i, b S T A € SRR AR &
C AR MR T, A, 2B (y, =+1 fREIEZ,y, =-1 1k

RA2).

FORH )RR A -
] !

Max Za[—;— 29”;9’/0‘10‘/[{(96;'%) (3)
i=1 ij=1

st 0sa;scA, (4)
!
D ay,=0,i=1,,1 (5)
=1

HH « 2 Lagrange 36 7o XHEMBRIE a={a, ., , )
A — AR », #ENH R DAkl Y KKT 257,

a,=0=y, flx,) =1 (6)
0<a, <cA, =y, flx, )=1 (7)
a=ch, =y, flx,)<1 (8)

4 o, =0 F 0 RLEREATE S S AR IBE LS b 5

4 0<a, <cA, ISP HOREAAL T 40 2RI 2 b, BRI
=8

B a,=cA, I, AT AR BRI Z N

3 MBI R I T

VEAT kRS, 55 m 2RI A" =y ) i m A
B8 A UA U UA" R m B U = 2 IR
il m 2RAREZR A KOG SAIEZS ) Z AR B K (e,
x, )=(g(x) ), g(a) ) M g2 XIZ RAGHEAR DN 25 1) e s
BUFIEZSI) 0 SC,={f, of, oo ofs o ofs o VBT m ZSRERE I
ZgE S ok £ LA VRIS ST Ve R R
(Y288, ENSRAY 2SS £ I ARRIE AR A R AR T
9 L AR TR AR DAL AUE -

)‘y,:lz iU i-1 (9)
L+U

/\).:71: i L i-1 (10)
L +U

PN B S R I F

LR 1 m=1 ,SC =D;

B2 m=m+1, B m>k YR 4, TINETE 3,

3 LA MERIES, LU S ki, MR AsR(9) L(10)
PN, % AL £ SC =SC. | Uf, HEBTE 2

Sk 4 ZEYE

SRS S RN 3298 H R SE BRI N L £
BB AT N B SR ST e kA A
WOEFHESE D T AR SE S IS T Wi MR Sy
BAEEER Tk T UL 3 7o AR 0. ARJE 1A A
PEMIEZ, LS FE 2 AR 45 3R (9) . (10) HHEE AR , I
R AH2E S, ,SC,,, =SC, Uf o

ST RS « ARHE SC,,, HEAT42, FHAR AR I T

BB m=k+1;

A2 AU f R x AT # o« BT RS, W« R
FU m 2k FEE 4, TR 3

R 3 m=m—1, 35 m=2, B 2 RN 4,

R 4 SyALER

4 LEEH R

IR I FREEERESE Reuters 21578, AP B 4 253k 821
SR TERER AT . Y 548 BVEMINGRFEA, HoAx
1) 273 R VEAMNAREAR i SO EAR 2 AL PR S T i i 24 7]
ZE ()10 &, SR HAE B A5 0 T TR EF PR RS2, 1) & A
TR ARYE tf~idf AT E . SEEIAEE A Pentium 1.6 G,512M
WTE, RHEMEZRE, RESE C=10, HikERSHT
Chang Fll Lin FTJF%& H) libsvm™, FEAEMELRE FEAT T AH R 15
5, 1.

B N R

S| wheat corn coffee soybean
INZR AR 204 168 97 79
R SRR 101 84 48 40

St RS B A S, R A
iy S ETETI AN
N S e
(R )= A ZRIEMH SO
Rz e
o _ R 2
e

Hor, G —2R00 MR R D REM FERARCE s A 280
R B R FAERR A T

LI IR B S TS (55 —25 8 wheat, 55 250
corn, k=2),7¢ 2 A T EINEE =28 (coffee ) Ji CIL HyEFINIAL
CIL B350 F A EL, 32 3 45t TG IISEPY 2K (soybean) J& CIL
BEAUINAL CIL BEAY F B

2 MNGE =R CIL S AUNEL CIL 355 F1 b4

_on ok ok
P ' HAk ' K / H=R SRR 1
(BeP F) (P F) (e R
CIL &k 79.28% 70.67% 95.74% 81.90%
AL CIL & 81.69% 76.73% 95.74% 84.72%

23 MGG CIL FLERUMEL CIL 5L 1 flibkig

E 'S B2k =2

PHILES

F . ) ) ) FETH R

‘ (BP9 F) (BP9 R) (B R (BeER R ‘

CIL 4 75.77% 58.11% 95.74% 54.74% 71.34%
AL CIL &% 78.00% 65.75% 95.74% 56.60% 74.30%




EEF,FHN, EFW,E AFHENR R EFIHEAR

2007,43(34) 179

I T 2AE F B AR AL B | B LR HE SR B e
o7 B LG RN IR T 2R B AUE IR , )0 RR BOTE 73 2 il
FRIRIEIZ2E IR0 7 RS B SRy o ISR 2 T LI
AN CIL 5% 55 CIL BEMEe, P F A
e, T BONZREEENIZEAUE , Fr LRI (8] 2L CIL 55
T (WLAR 4)  (E 43 2 AT 5
A4 CILFLEFOMAL CIL BT I 2RI ) be 4
HHEZ 3 4
CIL &% 32 312
ML CIL 3% 47 488

5 i

RSO0 CIL BT T e, 32 11 T CIL B3k, A2
HIRDE T 28 BB R o) W), SIS A B R AR S 2
AHH AR HXZSRE Aoy Sk BRSOl . It
b, MFEMPE R %5 RN A o2, DI
()4 (HREEHZROARE N , IR 2SR E et bk
K, AT A A A R AR SN B R R AR S — 5
FEHNZE . (ks H 2007 468 H)

%% 3k :

[1] Cauwenberghs G, Poggio T.Incremental and decremental support
vector machine[J].Machine Learning,2001,44(13):409—415.

[2] Zhang Jin—pei,Li Zhong-wei,Yang Jing.A divisional incremental

training algorithm of support vector machine[C]//Proceeding of the

IEEE International Conference on Mechatronics and Automation,
Canada, 2005, 8:853-855.

[3] FLBL, kv . — iR i SR ) S AILHG 2 ST Sk ] 5 3R
2005,20(10):1129-1132.

[4] FHUE, FARRYE, FMER%. —Fh SVM 3 &
#1%,2001,12(12):1818-1824.

[5] FLIE , XU/NBE, B T v 8 L (B0 2 SRl AL 5
HLVH,2006,26(6) : 1434-1436.

[6] XURZHN, A4~ 2R , 55 Schrin) A ES 2328 m i ity afi ().
HHRHLTAR SR, 2004,40(7):10-13.

[7] Hsu C W,Lin C J.A comparison of methods for multiclass support

2 SR a-ISVM[J) 5 iE2

vector machines[J].IEEE Transactions on Neural Networks,2002,13
(2):415-425.

[8] Krebel U G.Pairwise classification and support vector machines[C]//
Advances in Kernel Methods:Support Vector Learning.Cambridge,
MA:MIT Press, 1999:255-268.

[9] Platt J,Cristianini N, Shawe—-Taylor J.Large margin DAGs for mul-
ticlass classification[C]//Advances in Neural Information Processing
Systems.Cambridge , MA : MIT Press,2000:547-553.

[10] Zhang Bo-feng,Su Jin—shu,Xu Xin.A class—incremental learning
method for multiclass support vector machines in text classifica—
tion[C]//Proceedings of the Fifth International Conference on Ma—
chine Leaming and Cybernetics, Dalian,2006:13-16.

[11] B304, Ehfit ScRpin) SpLIS % ST i 5 M ] 3 R
il RZE-CIMS,2003,9(21 ) : 144-148.

[12] Chang Chinchang,Lin Chihjen.LIBSVM:a library for support vector
machines[EB/OL].[2005].http : //www.csie.ntu.tw/~cjlin/libsvm.

(k42158 7))

5 Hidn

ZEFHILZRIRBEIGEN A EE TH EISL RS
Tl 2 I TR TR R, BUNE R
HOTAT, BRI 0 i 2 . Harm 785 Chen J7RY,
Shi JFREH T AME 2 HEHAILZTT R, (R IAFAE L
AR AR BRI B 2 EET IR L= =BT LIshZs
B SRR 53 F R BH , Mok 3 TR A mir e B P B R
DRl By B 1 7 -2 RSN S R A T Feldman )
VSS J7 %, RS A RO 1k m O IR AIE B RO, 7 S &
FrBephdt 2ot i)k, HemtkReth T H i e A7 %
(Weh H 12007 467 H)

%7 30k :

[1] Shamir A.How to share a secret[J].Communications of the ACM,
1979,22(11):612-613.

[2] Blakley G R.Safeguarding cryptographic keys[C/OL]//Proceedings of
AFIPS 1979 National Computer Conference,1979,48:313 -317.
http : //citeseer.nj.nec.com/contest.

[3] He J,Dawson E.Multistage secret sharing based on one—way func—
tion[J].Electronic Letters, 1994,30(19):1591-1592.

[4] He J,Dawson E.Multisecret-sharing scheme based on one-way fun—

ction[J].Electronic Letters, 1995,31(2):93-95.

Harn LEfficient sharing(broadcasting)of multiple secrets[J]JIEE Com—
putersand Digital Techniques, 1995,142(3):237-240.

[6] Chang C C,Hwang R J.Efficient cheater identification method for
threshold schemes[J].IEE Computers and Digital Techniques, 1997,
144(1):23-27.

Karnin E D,Greene ] W,Hellman M E.On secret sharing systems|J].
IEEE Transactions on Informational Theory,1983,IT-29(1):35-41.
Mceliece R J,Sarwate D V.On sharing secrets and Reed-Soloman
code[J].Communications of the ACM,1981,24(3):583-584.

Chen L,Gollmann D, Mitchell C J,et al.Secret sharing withreusable

—
=

—
|

[8

=

[9

polynomials[C]//Proceeding of the 2nd Australasian Conference on
Information Security and Privacy,Canberra, Australia, 1997:183-193.
[10] Shi R H.A multisecret sharing authenticating scheme[]J].Chinese
Journal of Computers,2003,26(5):552-556.
[11] Wang Gui-lin.Analysis and improvement of a multisecret sharing
authenticating shceme[J]Journal of Software,2006,17(7):1627-1623.
[12] Pedersen T P.Non-interactive and information—theoretic secure
verifiable secret sharing|C]//LNCS 576:Advances in Cryptography—
CRYPTO,1991:129-140.
[13] Feldman P.A practical scheme for non-interactive verifiable se—
cret sharing[C]//Proc of IEEE Fund of Comp Sci, 1987:427-437.
[14] Frankel Y, Gemmell P,MacKenzie P D,et al.Optimal-resilience
proactive public—key cryptosystems[C]//IEEE Symposium on Foun-
dations of Computer Science,1997:384-393.



