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Abstract:

Because nonparallel support vector machine (NPSVM) is sensitive to noise and ignores the distributing

structure of data, an anti-noise NPSVM with margin distribution (MD-ANPSVM) model is proposed. In MD-ANPSVM,

each optimization problem simultaneously minimizes the L1-norm loss and improved hinge loss, which can ensure the sta-

bility of the model and reduce the adverse impact of noise and outliers. In addition, in MD-ANPSVM, the margin distribu-

tion described by the first- and second-order statistics is introduced. Each optimization problem simultaneously maximizes

the margin mean and minimizes the margin variance, which results in better generalization performance. The experimental

results on the UCI datasets and steel surface defects dataset show that MD-ANPSVM can achieve better generalization abili-

ty and strong robustness.
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haberman | 73.87+1.62 | 0.1057 | 75.83+2.03 | 0.1647 | 73.53:0.48 | 0.0418 | 73.53+0.48 | 0.0389 | 73.53+0.48 | 0.0556
heart 82.96+4.60 | 0.1125 | 82224581 | 03959 | 81.48+3.70 | 0.0556 | 79.63x3.51 | 0.0606 | 80.37+3.81 | 0.069 2
ionosphere | 89.45+2.97 | 03222 | 88312295 | 1.2564 | 81.76+1.48 | 0.0924 | 87.46+2.32 | 0.1826 | 80.33+1.96 | 0.1949
iris 98.67+£1.63 | 0.0859 | 98.00£2.67 | 0.1679 | 66.67+0.00 | 0.0553 | 96.00+3.27 | 0.0551 | 66.67+0.00 | 0.0529
sonar 79.83+3.12 | 0.0657 | 78.39+2.87 | 0.1316 | 75.92+4.23 | 0.0345 | 76.46x2.64 | 0.0489 | 75.4126.94 | 0.0437
vote 95.86£1.72 | 0.1201 | 94.70=1.74 | 0.5882 | 94.27+2.96 | 0.1739 | 93.80+2.74 | 0.1633 | 93.34+2.63 | 0.156 1
wdbc 97.54+0.35 | 0.7004 | 97.01=x1.19 | 1.1372 | 93.84+323 | 02236 | 97.7120.70 | 0.3303 | 93.31+4.30 | 0.3403

W/T/L — 9/0/1 10/0/0 9/0/1 10/0/0

RS SFS 1.20 2.40 3.70 3.15 4.55

X2 AMORBEFENOSHIEFHIEE LHIRER

Knge MD-ANPSVM NPSVM LDM FSVM SVM
K% A 1) /s K% Al /s K% B I /s K% A I /s K 1% Bl /s
australian | 85.93+1.77 | 1.067 1 | 85.51x1.50 | 52223 | 85.36x1.63 | 0.3120 | 85.51+1.50 | 0.3422 | 85.22+1.76 | 0.457 4
breast 7474£3.17 | 0.0718 | 73.67+4.03 | 04146 | 74.04x4.63 | 0.0512 | 71.83x1.17 | 0.0705 | 73.32+3.73 | 0.083 1
diabetes 75.52£1.91 | 24337 | 7447438 | 85462 | 67.19+2.02 | 0.567 1 | 75.12+2.98 | 29220 | 67.19+1.87 | 2.7446
haberman | 73.87+1.62 | 0.1568 | 73.53+0.48 | 0.1385 | 73.86+0.90 | 0.058 1 | 73.53+0.48 | 0.0399 | 73.86+0.90 | 0.0577
heart 81.11+¢3.59 | 0.1326 | 80.74+3.43 | 02161 | 80.37£3.43 | 0.0697 | 79.26%3.78 | 0.0548 | 78.89+3.43 | 0.067 1
ionosphere | 88.60+4.78 | 0.2951 | 87.74+3.70 | 12163 | 79.76+2.37 | 0.0773 | 86.33+3.16 | 0.1447 | 79.19+2.88 | 0.202 8
iris 89.33+¢2.49 | 0.1147 | 89.33+2.49 | 03026 | 67.33+2.49 | 0.0562 | 84.67+4.52 | 0.0525 | 66.67£0.00 | 0.0770
sonar 77.90+£5.03 | 0.0866 | 77.40£7.50 | 0.1598 | 75.01£7.66 | 0.0566 | 75.52+5.80 | 0.0447 | 74.53x8.08 | 0.0637
vote 93.5742.74 | 04762 | 93.44x231 | 1.1660 | 93.11x259 | 0.1644 | 92.19+3.56 | 0.1616 | 82.19+1.81 | 0.1286
wdbe 96.48£0.97 | 0.6337 | 95.96x1.53 | 1.4319 | 87.17+3.67 | 02473 | 96.48+1.85 | 0.3015 | 86.29+3.24 | 0.3581

Sk 1.10 2.55 3.50 3.25 4.60
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4.3 NAHIESE

J T i MD-ANPSVM FYA RrE  7EAS /N
i, ff I MD-ANPSVM #E47 1 A9 A 2 11 it B 532
FEH H 5 SVM \LDM A NPSVM BEAT T HL#% .

FEARSZ I T, SR T 2R b K 2% 3% 1T ik o 540 PR 1Y
b R B R AR A B B (CZ) (e R
(IN) BBk i (PH) L JRR 0B8R B (PE) |48 A 3k K Bk
(RD) AR G A (CZ). S50 2 /i, il i R FH— R
PEIAZ A 3 A 3 S e o Pl A0 1 By 52 56 o 5 2 114
BRPAREA, 2ei3 781 4, Jorp ARAE R AL HE T 3L
fATRFAE 7 AR AEHRRAE L9 AN K BEHREAE A 16 > 20 PR
fiE . SCIG 2 1, B EE S B AL 5 A 4, — A H
TNk, &5 A B 75% , 55— A T 006, & A
i1 25%.

7 L& B AN MR 3R B 8 T 22 40 2 ), AR U T
TSRS T 2o AR TAE SR L A e s T A
TR S o 5 4 v A A 43 2O BE AL YR R] . A
& 1A LA HY, MD-ANPSVM R (it 50K B2 BH .05 5
A = Aoy g . B AN, M EE T NPSVM A5 AL MD-
ANPSVM (13217 20R T 5 4ia B b A 34

100 T T T T 500

1400

1300

/%
fif 8] /s

1200

1100

0
SVM LDM NPSVM MD-ANPSVM

P GRBEEEIE A IO o 2R A 3 2R RE

T UL b6 UE 5 S 25 A O AR S il
TR 8 R B X 45 SR HEA T VR4S, iR 2 B, g2k
BB LE A 1) 43 S 4 SRAE X A 4R L. 38 A TR I R R T LA
F LB T CPH” . “PE” H1“CZ” Bl b %4 4 4 22 41, MD-
ANPSVM 7€ = Fh Bl ff &R IRAT T I dr iy oy 25 M RE . 1t
HbJ4E MD-ANPSVM 7EH A =N 4 ks A 2
A HA 22 TCIL . X i — P9 IE T MD-ANPSVM 5.
A AT RS P

RD

PE

cz

14.81 0.00 4.44 0.00
0.00 0.72 3.60 5.76
0.00 I 0.00 0.00 0.00
0.00 526 0.00 EEXRN 12.63 3.16

0.00 0.82 0.00 0.00

0.00 3.74 0.00 0.00 093

RD

PE

Ccz

RD

PE

cz

RD

PE

Ccz

SH IN PH RD PE cz

(a) SVM

0.00 14.81 0.00 4.44 0.00
0.00 1.44 360 5.04
0.00 Jg 0.00 0.00 0.00

0.00 526 0.00 RN 11.58 3.16

0.00 0.00 0.00 0.00 pHLAUY 0.00

0.00 3.74 0.00 0.00 0.93

SH IN PH RD PE Ccz

(b) LDM

0.00 815 0.00 1.48 0.00
3.60 0.00 3.60
0.68 0.00 JEEKPE 0.00 0.00 0.00
0.00 3.16 0.00 7.37

0.00  0.00 0.00 0.00 EEMER 2.46

0.00 6.54 0.00 093 0.00

SH IN PH RD PE Ccz

(c) NPSVM

0.00 3.70 0.00 0.74 0.00

EPXICH 0.00 432 144 216

1.37 ELXXE 0.00 0.00 0.00

0.00 JECOEERE 6.32 0.00

0.82 0.00 0.00 EERER 0.00

0.00 5.61 0.00 093 0.00

SH IN PH RD PE CZ
(d) MD-ANPSVM

2 PURDA IR VA HE R
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5 it

FEARSC, TR T2 = NPSVM B 1) 43 okG B
FPLMEFRE T . Z KIMBG /> A 5E 10 )5 &, [R5 A5
2 RBIO A IR I 43 AR () 5 ), AR SCHRE S — B T
A4 7 T S HE 1) S AL, FR O MD-NPSVM. 5 LDM
—HFE, MD-ANPSVM 1E 73 2 Hij i ik — Bl — B ge b ok
248 G B 250 o3 AT A 2. SR A K DL Ak ) B 43 A1 4R 1
F NPSVM H bR ek &rf . i T NPSVM R Z5 14 15 B A
Wb ZE AR, 5 HAM A LA L, MD-ANPSVM 7692 1k
PERE L HoA B E . A, T T3 L1 jE s
4D 24 X6 453 2 RN R (R 54 35 2K, MD-ANPSVM #£ HL A A
[F) 7 2 ) M PR BN A b LA R B R . SC IR 4G
FW], MD-ANPSVM 523 B8 57 58 43 i R £ 08 1 Se 09
SEFAE S, T ELELAT SR 1 M R R AR

TEZARSCH , MD-ANPSVM =% T4 B e /N R AR
B 4 43 2 I . 3B T SVM AL 1 73 28 1) — A
B DL BRI, T 0 AT SR DR TR T S ] R AR
IR T 24 B . P, Ak T AR v RESE b Fanfal sE 47
RUCHb SR A TR [RIRE e A BT R R R O S R AR
HRVIEFERT Y . R, 2Rk TAE T A AL
SRR T TR — T A D1 S5 (]
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