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Abstract: The L2-kernel classifier does not consider explicitly its classification margin when approximating the
difference of densities (DoD) with the integrated squared error (ISE) criterion of probability densities, which is
disadvantageous for improving the performance of classifiers to a certain extent. Its weights can simply be obtained
by solving the corresponding QP problem which results in the comparatively slow training speed and is impractical
especially for large datasets. With the aim of overcoming the above drawbacks, a new classification method is
proposed in this paper, called the maximum margin logistic vector machine (MMLVM), which maximizes the DoD-
based classification margin and finds the corresponding weight vector by solving a logistic optimization problem in
gradient descent way. The theoretical analysis is provided in the globally optimal weights, the generalization error
bound, and in the computational complexity of MMLVM. Experimental results on the artificial, UCI, PIE and USPS
data sets demonstrate the effectiveness of the proposed approach in overcoming the drawbacks as above.
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JEE 5 O(N). M BER AR BEHEAT T T %A%, I MMLVM 323K A S50 U0 AR 100 852 2 B S O(TIN), 4 b5 A il 4
P AR MET QP KA 73 (1 SVM,SVDD %), il 55 = 24 B AN T O(N?), B 42k B sl it O(N®)7 291
b, N BRI A SRR AR I 23R FE A B #.

4 SKBHERGSH

JiE A S5 BI7E F 4 2.6GHz,2GRAM, Intel Core(TM),XP R 4 i tH ML _E 58 5, B8 4T T Matlab2009a
G AR BUL S EI I K(x,x;)=exp(=||xi—x;j||2/h). FT A S P RE 4 50 CTR0RS 1% . VI 2k i i)
Training(F47.:s) A1 53 2SN (] Testing(FA7:s) 55 3 ANy HTEAT LU RIS, 25 18 BN ZRE8 10 S P48, ko Jie
R IUATRS BE g BEATVRAY, %07 W3 T 1000 AS P-4 A 4 B 200 B 0 50 Gt 10 6 2 10 40 K5 % @™ a7, g
g=+a'-a JHriatfla sl AN AT

. _ #positive samples correctly classified

#total positive samples classified
_ #negative samples correctly classified

b #total negative samples classified

TR WA SR F TR, R MMLVM. 2 — o8 (1 70 28 8% A0 L2-4% 4 FE 38 76 00 s B AN et ) 1= 5
C-SVM#K AR SVM AR )42V Ll 38 A7 DIt 308 i ) 2 0 3 2H0K5 B TR] IR A S 0 30k 2 7 7 Mg o 3% 2
B b, PR, A SO AR S22 HE B MMLVM 5 C-SVM il Parzen % (parzen window, fai Bk PW) 2L B £t - 347
LG, H A TRORS B I 200 B DA R R Jd B 4 3 AT g AT 256 VP I8 PW BV AN 5 2N 0 2 L Bl AT R
HIREAS (0038, W f T PW SEEB6 5 49 th U 2t 7 I 30KS R 0 D003k B PR A48 4.

41 EREEELR
4.1.1 Gaussian Ji& A S2IG
AR A — 4 w5 TR A AR A3 M MIMILVML 1) % 3638 3T LA e 4328 Margiing RREIE . 1§ SR A 56 2 1% 331

x100%,

x100%.
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N p,(x) =0.7¢(x; 1", 07 ) + 0.3p(x; 115,05 ) F p_(x) = 0.66(x; 115,05) + 0.40(x; 11y, 07) It o 1, 0) = EIE Dy s T7
24 o 11 0T R B IE 5 8N ZRRE A X ) [—5,15] b & BE LR AE 500 AN A, B 1451 7 seit 45 5L,

10, 1(@)~B 1) M g =1, 145 =3,0; =105 =0.707, 5 =8, 1, =11,0, =0.707,0, =1, JLIf, BiRFEAR
RSN & 1(a) S B IERREAS IR % B 2k po(x), B2 B, (x;e,) ;I 1(b) P IR S92 2k IE 2R FEA I %
AR p_(x), ME A P (x;er) 58T 1(c) HH I S 4 0 PR I F AR I 8 188 722 I 2 (o) I 6 0 ay(x;a) A 1(a). K 1(b)
HORT LU H A T 0 2 ST B S i 4 LA AH R R A AT T — S AR, 32 B2 2 i B S A IR
A JTE - IEI I Margin, H RS AT BEAEAS S 4K Margin S Ak, i PR KA B 425,

M 1(d)~E 1M NY  =-1, 45 =4,0 =165 =0.707,44 =51, =9,0; =0.707,0, =1 ,JLif, B RFE A
7 X AI[3,6]F B 5 R B L(d)HH 1R SIE 2R 2 11 AR A 1 3 B 2R pa(x), B4R 02 B, (x;a,) I 1(e)H I SE 2R 2 1F 25k
ARH 85 P 1  p_(oe), K L B (s ) P LR 52 20 A 1 2 PR AR B 2% M 28 o (o), K 2 2 6 (o) WA 10).
1(e) AT LA HE A T 0 58 il 2 5 s B 2 B ph e L A R K& A (AT T — 8 1T Bl 3 P 8 R AT fg
7 K PR A A ) T 5 R B A4S 0 S I I s oK, an 18] 1(e) s

Fig.1 The effect of maximizing the DoD margin
1 HBAREEZ Margin 258

4.1.2 Spiral H¥EsEscs

AT R T B HOR £ 23 B MMLVM BRI 2 AR THAFAIE, 9T 55 C-SVM JEAT LA M3 e 20 4 4 2 LU g
26 ML N T B0 A, 23 2% SR UE B K1) 23 21 B A — FBERE o 5 X 22240 HEAT B A S 6 45 L B 2 TR,

ME 2 1 LLE H L MMLVM (15 ST LG C-SVM SR AR, B8 G s e H R A 1) 20 A FEAR, 58 20 B AS 1A ml g 1k 1
KT C-SVM.HE 2 thE ], MMLVM HERAS [ 73 S TAH R EBLE, I C-SVM . HLEEEHE (FH X B 3K) X — s Al g
LB MMLVM [R2 A0 PE R, 12 in) 0K AR b AT T 0 78 19 7 0k, 3 R B AT IR AR
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21O +1class 21O +1class
A -1 class 2
& ah ARKI“R S
| aesEPas
A AL PeoNGe . T
% R & o
0 N > O&O%
% o
ol a0 soo
-1
-2
-25 -15 -05 05 15 25 -25 -15 -05 05 15 25

(@) MMLVM 4328 Ft i (b) C-SVM 435 Fti

Fig.2 The classification boundary of MMLVM and C-SVM on the spiral-shaped data
2 MMLVM #1 C-SVM 7 Spiral b (¥4 St

4.2 UCISEL§
AR LR 7 B UCH s 82 LhiR 3 Fhar kMg 4 &, B.Cancer 19004 1 A AH X K.
Table 1 The UCI data sets

£ 1 UCIHidise
B B REARM +1K 0 1%
Wine 13 178 59 119
Iris 4 150 50 100
Biomed 5 194 67 127
Hepatitis 19 155 123 32
C. Bench 60 208 111 97
S. Heart 44 267 212 55
B. Cancer 9 699 241 458

K SHIE R DONGREAR 2 JWHHITFE s HEEHEE MMLVYM S5 A 5 BT %01 58 2 5o A%
{s°/512,5°1256,5%/128,5°/64,5%/32,5°/16,5/4,5°} P 1 %, 1A U4 1 24 €=0.001; 7 C-SVM SE5G v 47 55 25 Ko I A%
{s?/128,5%/64,5%/32,5°/16,5%/8,5%/4,5%/2,57, 25 45?87} & %, M0 4% §11 A 7 CS1 I 1% {0.01,0.02,0.05,0.1,0.2,0.5,
1,2,5,10,20,503xN(N J2& YII ZR KA 550) v ik 76 PW s2 36+ R Gaussian % 3E47 4% 11,717 96 M P #%{0.01,0.02,0.05,
0.1,0.2,0.5,1,2,5,10,20,50} ik #%.

AR T7 72 A+1 F—1 erh S BALEL 500044 I 25 FE AR, 55 2800 42 1¥) 5094 A AL SR FE A3 5 foe 5 8
I 10 RBEHLISAT & B FIbRUE 22 880143 28 ) UATRS B2 g WIZRIS ) Training 043 28008 1 1) Testing. 38 2 45
H TR gL

Table 2 The experimental results on UCI

Fz 2 UCI H M me Lb i 4h 1

Dataset

MMLVM

C-SVM

PW

9 (%)

MERNRIO)]

U TR ()

9 (%)

PIERRTIO)

DU 1 (5)

g (%)

U 1) (5)

Wine
Iris
Biomed
Hepatitis
C.Bench
S.Heart
B.Cancer

92.33+2.90
96.06+1.63
83.28+3.34
53.37+4.99
81.38+2.79
76.50+3.28
96.09+1.05

0.3153+0.0155
0.4370+0.0212
0.5448+0.0238
0.4102+0.0377
0.3653+0.1225
0.1772+0.0122
2.8338+0.8020

0.0555+0.0007
0.0389+0.0007
0.0647+0.0006
0.0433+0.0006
0.0865+0.0006
0.1351+0.0015
0.8507+0.0028

90.19+2.52
94.91+2.18
84.24+3.86
42.57+7.59
80.68+2.85
56.69+7.12
97.07+0.77

0.3969+0.1351
0.2340+0.1415
0.4752+0.1587
0.1259+0.1422
0.3996+0.1576
0.2477+0.1426
34.7411+1.5839

0.0549+0.0006
0.0384+0.0010
0.0638+0.0007
0.0426+0.0007
0.0848+0.0015
0.1351+0.0010
0.8419+0.0036

91.28+2.74
95.64+1.32
82.74+4.24
49.1145.62
79.82+2.29
59.06+4.07
96.51+0.93

0.0305+0.0013
0.0227+0.0013
0.0351+0.0012
0.0245+0.0013
0.0471+0.0020
0.0734+0.0030
0.4370+0.0029

SEH | 82.7242.85

0.7262+0.1478

0.1821+0.0011

78.05+3.84

5.2315+0.3517

0.1802+0.0013

79.17+3.03

0.0958+0.0019

% 2 PR AT

=)

SAAE UCH Bdla 4 B I PERE AR 2 T LLA i
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(1) AJUTHREEE B, A ST MMLVM SEVE7E Wine 25 5 M4 EIg T C-SVM, HiAth 2 MR T C-SVM
511091 BBk B.Cancer 4MY) 6 AN Sdi & AR T PW STL IRk A0 RS BE R — 2 LA,

(2) FEINZrAE F B Iris,Biomed A1 Hepatitis 48, MMLVM 2T C-SVM %5 51l /& % T8 K EEA () B.Cancer
Ko 42 MOH LLF C-SVM 1 5, 2 307 vk HAT 456 AL 34

(3)  LEAZEIMRE E - MMLVM B G0 C-SVM F PW HR. B4R, 75 32 1 MMLVM SE3E 78 23 Ik 5 1
WA AL XL B 5 MMLVM s T 5 5% B2 T EE 1K), 1 PW RS BB 1) = IR AL

(4)  MFbEfe EF PW 22l FEE R, 1T MMLVM 8525 F C-SVM; 48 JUTRS BE_E MMLVM B S48 T
C-SVM #1 PW.

4.3 PIESLLG

A FI ] Pose-Hlumination-Expression(PIE) A JK: & 15 it b5 i i 55032 ) 1 e, St el 4 WL STk [25], 0 fig
M35 http://people.cs.uchicago.edu/~xiaofei/ £ 2. S 30 £ P A2 (A e A PIE B FE R IE HA5 5 1,2, 35
138 NS BB R 4 ASEE 2 b 2 A8 55 1,2 N8 2ctk.38 5 AR50 164 7k, HAx 2k 170 K.l 3
Jim R BB — A 1024(32x32 AMEFE i) 4 1n) 5 27 I ZRAE AR AN IR RE A (1 48] i o R S 36 AN 4 A S22
HERE LR+ 8 JLMRAE -1 28 3040 A +1 8 FI-1 2 rh BE AL I 50%44) Al GRS, 6 4% 500644) izl
RFEA. S HOEE R [E] UCH S256, SR S2B0 SRE NS AT 10 WK, 0T LR S b e, 36 3 4 T seh 45 51

Fig.3 The PIE data sets
K3 PIE $ditk

Table 3 The experimental results on PIE
%3 PIE Ml SRk Re Lh A ah 1

MMLVM C-SVM PW
g (%) YRR (s) WA (s) g (%) YIERRIRIO) P 1) (5) g (%) A 7 (5)
1 ]98.26+0.85 5.5899+0.8156 4.0276+0.0036 | 97.49+1.53 11.3894+0.7218 4.2225+0.4954 | 98.48+£0.95 2.7172+0.0621
2 |98.55+1.53 5.6766+0.5394 4.0758+0.0388 | 100.00+0.00 11.1133+0.7779 4.0726+0.0074 | 98.30+0.82 2.7859+0.0928
35 [99.19+1.13 5.3528+0.3469 4.0650+0.0289 | 99.53+0.31 10.2226+0.5670 4.0745+0.0461 | 98.97+0.86 2.7743+0.0967
38 [99.42+0.60 5.1945+0.3190 4.0532+0.0117 | 99.82+0.28 9.9878+0.9287 4.0420+0.0057 | 97.53+1.94 2.8840+0.0853
73 | 98.86+1.03 5.4535+0.5052 4.0554+0.0208 | 99.21+0.53 10.6783+0.7489 4.1029+0.1387 | 98.32+1.14 2.7904+0.0842

M 3 AT LUE H:

(1)  JUTR BT I MMLVYM BETE 1 5 AR EE & LU T C-SVM M 7EH Al 3 A% k55T
C-SVM, HAHZ /N AHEE T PW,MMLVM i 15 A WA T PW #b, 76304tk 3 B b (ks B 3
PW,;

(2) WL HTH,MMLVM 7€ 4 S AR R4 LT C-SVM 1T —fiF It &K #4

(3) MR JE L AE 15 35 5 AR 4E B MMLVM B8R T- C-SVM H7E LAt 2 AN St 4, s
W& 12 F C-SVM;H PW R ILLL 47,

(4) FEERE T E, LA E MMLVM B8 4K T C-SVM T & T PW; I 25 2 ] B8 T C-SVM; it i
% £ MMLVM #E25F C-SVM 1 818 T PW.

+1 K
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4.4 USPS3LIG

A5 FI ] USPS 5 $ 7 Bl AR B 45 L B AU IR C-SVM [F 1 fig USPS B4 SE 40 & 7 291 MINZRFEA
A2 007 IR KEEA, IEBEM  http://www.csie.ntu.edu.tw/~cjlin/libsvmtools/datasets/ F % 753 £, 5 1% &5 1 256
(16x16 MG 3 1) 4 1 1) B s P [ 4 o S B USPS VIR RE A Sy s it icdis 42, 3L v 10 M%7 0~9
(15 % 43 W4T 1 194,1 005,731,658,652,556,664,645,542 Fl 644 1.

NGRFE AT LA R R B AR DL PR A 0~9 O B ARSI JT H B AR LA REA K i+ 1 28, JF A b BE AL Al L
500014) Jil+1 FEYNZRAEA, 42 50%FE A T, i 9F H AR B FEAR -1 28, 3 P BEFLHIEL 100644 -1 28
‘)Héﬂiﬂi Tl 909 A A AR FH T-IHA. S HOE £ [F) UCH 8256, S0~ H AR ECF BENLZ AT 10 K IFGEvk LU SE 1 Itk

BT R L S 36 v U R R R A 580 AR AR (U e BT 0y +1 I, VIR AR Kk 1206 A, IR A< 4L
7'3 6 085 ™). [F] i, % 1& B AAE AR AEAEA TATVE, ik 9 O HAR I, +1 MR A A 322 A, -1 281K
FEAR K L9476 000 A, AR 15 552 56 WO P K T J LA BE g HEAT PRAMY R 4 45 H T S 45 L.

Fig.4 The USPS data sets
4 USPS %fli4E

Table 4 The experimental results on USPS
F 4 USPS Hfln etk e b &5

MMLVM C-SVvM PW
g (%) HIERRWIO) HU IO g (%) PERRWIO) PR (7] (5) g (%) U 1) (5)
98.32+0.18 28.7070+0.3384 116.9733+0.1539|98.13+£0.44 349.8524+6.8268 115.8714+0.6999|99.42+0.17 144.7281+2.7782
99.69+0.10 26.5461+0.1535 109.3729+0.1191|99.59+0.14 381.3839+78.7584 108.2440+0.1762|99.73+0.07 136.2827+1.8880
98.64+0.16 20.0057+0.3065 99.8076+0.1822 |97.80+0.35 157.3837+£11.9969 98.6530+0.1888 |97.70+0.44 119.1150+2.2439
97.70+0.42 20.0505+0.8397 91.5437+0.0936 |95.93+£0.72 149.1242+4.1987 90.5179+0.1461 |97.55+0.48 143.2355+1.2313
98.14+0.29 20.6129+0.7868 95.4995+0.1310 |96.50+0.40 176.4192+17.8799 94.5848+0.1705 |96.71+0.47 107.6324+0.9318
97.7340.41 19.2690+0.9521 90.0319+0.0684 |94.15+0.83 117.1604+5.4007 89.2806+0.0923 |96.29+0.42 103.9008+0.6259
98.72+0.13 20.7755+0.7202 97.4801+0.1343 |97.55+£0.85 168.1536+3.3706 96.1324+0.1733 |98.97+0.43 138.1549+4.3794
98.26+0.36 20.3595+0.7049 95.4408+0.1194 |98.06+0.37 170.3127+1.8906 94.2340+0.2029 |98.08+0.43 137.7472+0.6065
97.61+0.34 18.2450+0.6401 91.9850+0.1540 |93.88+1.17 123.7756+5.1443 91.4085+0.3170 |97.48+0.41 138.3551+0.2853
97.354+0.21 20.6772+0.9905 95.6477+0.2068 |97.26+£0.30 164.2569+3.8282 94.2925+0.2077 |98.48+0.39 116.2357+1.0391
98.22+0.26 21.5248+0.6433 98.3783+0.1363 |96.89+0.56 195.7823+13.9295 97.3219+0.2375 |98.04+0.37 128.5387+1.6009

s
b

© 00N OB WN B O

A

P

MF 4 7T LUE L 7E USPS #d 4k

(1) JUTR B B MMLVM BT C-SVM, AT 6 A F 58 EXG A & T PW,MMLVM AL T 5C5F O35

(2)  INZRESEF71H,MMLVM & C-SVM T 7 5L 13X B MMLVM J& & Ab B KRR A 1) Bt 4

(3) W B T 1 6 TR H R £ MMLVM B2 T C-SVM IRl K38 BE B 22 A4S K T i PW (1)
ISR TP AR ) 1

(4) PFEITERE T MMLVM 768 )2 Eig45 T C-SVM I PW, 75 I 2o 1 Lt ] B AL T C-SVM, T 78 it
HE E MMLVM 5 C-SVM #iE, BT PW 5V,

=
&7
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£ UCILPIE M1 USPS JX 3 /NS [ 8 Y H0 40 £ 1) S 36 45 SR AR W, A ST A MMLVM AE JLARDRS B2 AT )1 s
JE b B AT (KD FE R I AE AL B R RE AR IR L 35 58 Jn 9 k.

5 & it

— M 42 AR RAARFDE S 1 SVM. L2-4% 325 4% . KDE 45, Kt il i KDE, — /M 4r K88 ATy 2
1E S SR AN 46 2 8 1) 22 E R A b AR SO T 5 8 ZE M IE T — Bl 4 28 AT R, A I g5 K Ak o () B A ST
MMLVM S35 B 1 A58 280 SR T 6] 5000 2l 18 1 26 A kg — AN ] DUR R B B R B vdk s At (9 S 04K 1) R
WEIZFLE I ERIET MMLVM BRI A RS R IFA I T MMLVM 83— ML iR 22 . UCIPIE 1
USPS 3% 3 /™A 42 116 51286 25 3R W AR L+ C-SVM $13%, 28 30 MMLVM 7248 AR B2 Rl R B A7 ek
BT A AR ) 2 o T AR KRR AR A, I A S 56 45 TR0 A7 — R, MMLVM (¥ 43 S THI AR 6} e A 3 75 22 38— 25 11 5 3t
IS E 3K Bk A 4 AT — 2 R 5L T AE.

BOsH RS T RO A SR I IS SR
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