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Tab.1 Benchmark datasets used in experiments

R

Hd 4k A FRAE EVETEN A TR EVETES A TR
Ionosphere 351 34 Australian 690 14 Spilce 3175 60
WPBC 198 33 Echocardiogra 74 10 Glassl 214 9
Toes 40 227 Vehiclel 846 18 Chess 3196 36

24T Bk 5 ANEIRAE O MR E ERSE AR . R 2 W LUE H SOCP-PTSVM 1E 7 18Ul % B
R Joc 5y T HA 4 DMEAAE 1 DBHESE BB Ra & . 7E Spilce Fl Chess |2 SOCP-PTSVM [ Rt H A
AP R B Ra WAL 78 Spilce 5t 4 F V-PTSVM B R f 55 (81. 9%, i SOCP-PTSVM K R N
81.5% AW/ 0.4%, B B & T SOCP-TSVM, R-TWSVM, NPSVM 3% JL > & # 43 25 88 14 45 5 [5) R
NPSVM 7£ Chess 54 FH Ra 5t . fH SOCP-PTSVM 1EZ B 4E F i Ry AL TAK 0. 16 % , H.m T HAbJL
A HIb, % 2 BoRWES R UL SOCP-PTSVM 43 2t B8 B AT — R 3. FE I 2R 8] J7 18, A< SC T 42 1
(7571 SOCP-PTSVM R IABAR&F, 76 fir A Il 2 L i il (B B3R 2t 0. 2 s, 3 15 25 T SOCP-PTSVM AU 75 3K fift
P~k SOCP,
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Tab.2 The Rj. and training time of the five algorithms

. SOCP-TSVM R-TWSVM NPSVM V-PTSVM SOCP-PTSVM
HARE Rae/%  WE/s  Rao/%  WE/s  Rao/%  WE/s  Ra/%  BE/s  Rao/%  WHE/s
Ionosphere 87. 10 0. 069 84. 62 0.151 87. 81 0. 226 89. 24 0.041 93.35 0.031
WPBC 76.43 0. 066 76.59 0.103 76. 26 0.146 76.92 0.031 84.43 0.057
Toes 55. 40 0.112 61.53 0.125 62. 89 0. 640 65. 50 0.013 73. 42 0. 211
Australian 85. 69 0.046 74.56 0.112 87.97 0.638 65. 40 1. 374 88. 10 0. 040

Echocardiogra 84.92 0. 034 87. 26 0. 089 87.94 0.093 88.09 0.011 91.50 0. 049

Vehiclel 79.67 0.020 72.24 0.239 78.57 0.528 78.77 2.061 80. 07 0. 037
Spilce 81.11 0.071 64.09 0. 480 80. 68 0. 787 81. 90 3. 400 81. 50 0. 040
Glassl 66. 92 0. 034 64. 84 0.118 68. 34 0.102 66. 94 0. 033 68.72 0.029
Chess 94. 31 0. 224 60. 37 1.672 95.78 8. 292 94.93 10. 845 95.62 0. 049

TE L7 O A — B 2 of R e L4 28 T R
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XF ¢ K5 p HPTLLE . SOCP-PTSVM 5 R-TWSVM 7£ 3 M4 F 1Y R FCXT ¢ #5580 p (HE T 0. 1,76 3
fb 6 B B Ra FCXT ¢ K286 p (G ZE/NF 0. 1,380 SOCP-PTSVM 5 R-TWSVM 7E1E 4t it 248 X E
22 5,

®&3 SOCP-PTSVM 5 Hfth 4 MEXMERT 105 p EEE
Tab.3 Comparison of p value of paired ¢ test on SOCP-PTSVM and another four algorithms

BEXE ¢ K5 p H

B 4 SOCP-PTSVM 5 SOCP-PTSVM &5 SOCP-PTSVM 5 SOCP-PTSVM 5
SOCP-TSVM R-TWSVM NPSVM V-PTSVM
Ionosphere 0.016 265 9.73X10°° 0.043 523 0.007 737
WPBC 0.972 047 0.972 047 0.972 047 0. 404 815
Toes 0. 034 565 0.151 025 0.126 098 0.025 887
Australian 0.227 115 1.05X107° 0.252 535 8.70X10°*
Echocardiogra 0.106 482 0.059 885 0. 059 885 0.054 084
Vehiclel 0.430 215 0.005 279 0.074 301 0.096 81
Spilce 0. 905 324 1.85X10°° 0. 485 237 0. 065 362
Glassl 0. 235 039 0.619 384 0.672 079 0.957 8
Chess 2.14X10 " 0.028 591 4.85X10° " 1.82x10° "

AR SOCP-PTSVM 5 V-PTSVM 7E4 54l 4 L) Ra X ¢ K258 p (EH T LUE 1 BAR BT R85
Fem L AHAEH 7 DR B RaC R ¢ K256 p (Hm /b T 0. 1. X B /A EER T L E2ER,
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FW RaAET V-PTSVM ] R » H SOCP-PTSVM T M A Y 5200 T Rac 224 /N, AT L SOCP-PTSVM
Pz A PEREEAL T V-PTSVM,

F 4 MF S IR T X9 ANEIREIM AR 5,5 DEE A5 211 Ra. L & SOCP-PTSVM 5 554 4 Fif
VL Rac AT ¢ #5595 p fH. X HEGIAT 2000098 R TR R R 0. 2528 0. 01 MIER i, WK 4 H]
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5 AUAH V-PTSVM TE Glass1 Y23 B PERE R B e b, 763X — B8 48 |- SOCP-PTSVM 1Y Ry Xtk V-PTSVM
) R’V 2% 5 31 H 5 e R A9 45 5 A . SOCP-PTSVM 8 R AXVA 0. 49 % #7254k, i V-PTSVM Y R A
3.86 %M AE 4k, X E B T SOCP-PTSVM M & # ¥ b V-PTSVM 5, [d i} SOCP-PTSVM Y R, W & & F
SOCP-TSVM,R-TWSVM,NPSVM %X JLA & #5385 Race . 1 H . SOCP-PTSVM 7E 5085 £ MM TT S 1Y R ace
AR TR (R 2,3 O LR BETE 10247 iz 533 78 Toes, Australian, Vehiclel , Spilce, Glass1 Il i
JE B Rac JLF T AT B 0 0028 . SO PR BER oin AT AL 2 29 00, fof A 0 O L ek . R At B0 3 6 B9 4 o Mgt iy
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Tab.4 The Rj. and training time of the five algorithms after adding noise

SOCP-TSVM R-TWSVM NPSVM V-PTSVM SOCP-PTSVM

LG/ S
Rae/%  BHE)/s  Ra/%  BHE)/s  Ra/%  BHE)/s  Rao/%  BFE/s  Rao/%  BFE/s
Ionosphere 86. 62 0. 097 84. 15 0. 082 86. 9 0. 147 88.13 0.028 92.47 0.029
WPBC 76.47 0.101 76. 85 0.078 76. 66 0.09 76.77 0.016 85.53 0.039
Toes 59. 27 0.217 68.21 0.091 58. 33 0. 225 67.65 0.009 73.62 0.174
Australian 85.73 0. 048 74.51 0.132 87. 20 0.871 59. 57 4.227 88. 38 0. 040
Echocardiogra 86. 94 0. 080 87.70 0. 049 83. 94 0. 086 89.73 0. 024 90. 12 0. 050
Vehiclel 79. 69 0. 150 74.16 0. 258 77. 88 0.492 78.61 6.189 80. 25 0. 055
Spilce 80. 88 0. 145 64. 90 0. 994 81.19 0.834 80. 90 0. 547 81.30 0. 041
Glassl 66.09 0. 058 64. 90 0.161 67. 86 0. 104 70. 80 0.028 68. 23 0.038
Chess 91. 30 0. 135 59. 33 3.032 94. 43 9. 008 66. 80 74. 357 95.12 0.127
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Tab.5 Comparison of p value of paired ¢ test on SOCP-PTSVM and another four algorithms after adding noise

BExt ¢ K p B

FIEIRE S SOCP-PTSVM 5 SOCP-PTSVM &5 SOCP-PTSVM 5 SOCP-PTSVM 5
SOCP-TSVM R-TWSVM NPSVM V-PTSVM
Ionosphere 0. 782 495 0.017 621 0. 154 227 0.022 912
WPBC 0.076 263 9.65%10 0.003 722 0.418 817
Toes 0. 698 863 0. 857 045 0.190 902 0. 873 596
Australian 0.003 067 0.001 102 0.028 989 0.006 128
Echocardiogra 0. 239 843 0. 239 843 0. 239 843 0. 267 51
Vehiclel 0.309 237 1 0.992 711 0.622 124
Spilce 0.209 651 0.000 175 0. 263 806 2.98X10°7
Glassl 0.049 21 0.016 71 0.029 057 0.022 763
Chess 6. 49X 10 0.790 503 4.74X107° 5.10X 10
4 258
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Robust Projection Support Vector Machine Based on Second-Order Cone Programming

WU Zhiyou, YIN Lin
(School of Mathematical Sciences, Chongqing Normal University, Chongqging 401331, China)

Abstract: [ Purposes |Projection support vector machine is a new non-parallel classification model proposed by applying the idea of
linear discriminate analysis to twin support vector machine. which aims to find two non-parallel projection directions instead of
hyperplanes. However, the model is not robust enough. When there are a large number of abnormal points or noise in the training
data set, the projection direction learned by the projection support vector machine will often be affected by it and shift, and the
classification performance will decrease. In order to reduce the sensitivity of the model to abnormal points or noise, the robustness of
the model is improved. [ Methods]The chance constraint is introduced into the model. In the projection space, the projection distance
from a part of the projection sample to its sample center is allowed to be greater than the projection distance from it to another kind
of sample center. In other words, an upper bound of the probability of wrong sample separation is given. [ Findings ]Obtain a new
robust projection support vector machine with chance constraints, and equivalently transform it into a second-order cone
programming problem, so that only a pair of linear second-order cone programming problems can be solved to train two non-parallel
projection directions. [Conclusions]In numerical experiments on UCI dataset and the dataset with increased noise, compared with
other algorithms, the proposed robust projection support vector machine based on second-order cone programming has little change
in accuracy, is relatively stable, and has better robustness and generalization ability.

Keywords: projection support vector machine; chance constraint; second-order cone programming; robustness
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