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Cone Restricted Subspace Based
Support Vector Machines

TAKUYA KiTAMURA,T SHOGO TaKkEUCHT T
and SHIGEO ABE'!

In this paper, we proposed two methods: 1) the feature selection using sub-
space based support vector machines (SS-SVM), and 2) cone restricted subspace
based vector machines (CRS-SVM). In 1), we iteratively select the eigenvector
according to the associated weights, which were obtained by using SS-SVM
and mean importance for classification, as the dictionaries of the class subspace
for classification. In 2), we apply CRS, in which the convex cone spanned by
training data belonging to a class is a class subspace, to SS-SVM. Thus, we do
not need to solve the eigenvalue problems, and the training cost is reduced. We
demonstrate the effectiveness of the proposed methods with the conventional
methods for benchmark datasets.
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Table 1 Comparison of average recognition (%) and their standard deviations of test data set for

SS-SVMs

Data SSLS (A) SSLS (P) SSLS (Ab) | SSLP (P) SSLP (N)
Banana 88.9+0.6 *89.31+0.4 *89.5+0.4 89.040.6 ¥89.31+0.5
B.cancer 75.1+4.4 73.6+1.6 D74.644.4 73.3+4.6 68.64+4.7
Diabetis 72.0+2.3 | *75.2+2.0 *75.142.2 73.542.0 *74.742.0
German 73.8+2.2 | *75.242.3 | S74.4+2.1 70.946.6 A71.142.3
Heart 82.6£3.7 | *83.943.3 *83.9+3.2 83.14+3.8 | £84.0+3.4
Image 95.440.6 #96.3+0.7 *97.0+0.6 95.14+1.0 | £95.740.9
Ringnorm | 97.640.3 96.60.4 *98.2:40.2 98.240.2 *98.5+0.1
F.solar 66.9+1.6 65.841.8 266.54+1.6 | 64.7+£1.9 *66.7+1.8
Splice 86.2:£1.0 *88.940.6 *89.0+0.5 88.240.6 #88.940.5
Thyroid 95.442.1 | 2953423 | *96.2+1.9 96.3+2.2 95.442.7
Titanic 76.9+£1.0 | £77.0+1.5 | *77.834+0.3 76.841.1 £76.941.0
Twonorm | 97.740.1 97.640.1 2977401 | 97.640.2 £97.6+0.1
Waveform | 89.140.8 #89.940.5 *90.0+0.5 89.340.7 | £89.540.6
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Table 2 Average recognition (%) and their standard deviations of test data set for CRS-SVMs

Data CRSLS (P) | CRSLS (Ab) | CRSLP (P) | CRSLP (N)
Banana *89.5+0.4 89.5+0.4 89.140.6 89.14+0.5
B.cancer £73.944.7 741445 69.7+5.1 £69.044.5
Diabetis A75.0+£2.0 | 275.0+2.0 *74.342.8 Av75.0+2.1
German 74.342.1 A74.742.5 A71.642.6 A71.642.5

Heart £84.0+3.3 £84.0.43.2 *84.5+3.1 £84.5+3.1

Image *96.8+0.5 £97.040.6 *96.240.5 £95.840.6
Ringnorm *96.8+0.4 96.71+0.4 *98.340.2 98.04+0.3
F.solar *66.5+1.5 £66.5+1.6 *67.3+1.8 *67.241.7

Splice £89.14+0.7 | £89.1+0.6 87.7+0.9 87.7+0.9
Thyroid *95.941.9 £96.042.0 94.5+2.8 £94.942.3
Titanic *77.340.4 A77.340.3 76.3+2.1 76.3+2.1
Twonorm A97.640.1 97.6+0.1 97.34+0.2 97.34+0.2

Waveform 89.740.5 89.840.5 88.640.5 88.840.7
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Table 3 Comparison of training time (s)

Data SSLS (P) SSLS (Ab) SSLP (N) CRSLS (P) CRSLS (Ab) CRSLP (N)
Banana 0.39 0.39 4.59 0.29 0.29 4.21
B.cancer 0.23 0.23 0.87 0.13 0.12 0.61
Diabetis 0.64 1.33 8.59 0.39 0.57 4.49
German 9.38 9.67 65.4 6.45 6.51 32.2

Heart 0.13 0.13 0.55 0.09 0.09 0.46

Image 53.1 46.6 406 36.1 39.8 624

Ringnorm 1.76 1.78 11.9 1.25 1.26 4.5
F.solar 1.24 1.25 19.9 0.87 0.98 14.5

Splice 26.7 25.9 208 18.7 19.2 538
Thyroid 0.08 0.06 0.19 0.05 0.05 0.0.9
Titanic 0.02 0.02 0.18 0.02 0.02 0.09
Twonorm 1.73 1.73 9.34 1.24 1.25 2.79

‘Waveform 1.92 1.86 11.2 1.31 1.21 5.91
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Table 4 average recognition (%) and their standard deviations of test data set for SVM, SSLS
(Ab), and CRSLS (Ab)

Data SSLS (Ab) | CRSLS (Ab) SVM
Banana *89.51+0.4 *89.540.4 89.3+0.5
B.cancer *74.64+4.4 *74.144.5 72.4+4.6
Diabetis 75.1+2.2 75.0+2.0 76.3+1.8
German 74.1+£2.1 74.7+2.5 76.2+2.2
Heart £83.9+3.2 £84.043.3 83.7+£3.4
Image £97.040.6 £97.040.6 97.340.4
Ringnorm *98.240.2 96.74+0.4 97.840.3
F.solar 66.5+1.8 66.541.6 67.64+1.7
Splice £89.0+£0.5 £89.1+0.6 89.2+0.7
Thyroid £96.24+1.9 £96.0+£2.0 96.14+2.0
Titanic *77.340.3 *77.340.3 77.2+1.1
Twonorm | *97.7+0.1 £97.6+0.1 97.6+0.1
Waveform | £90.0+0.5 89.8+0.5 90.0+0.4
o o o 0O
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