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Abstract:

The support vector machine (SVM) classifies an input pattern by using a hyperplane. The SVM
demonstrated high generalization ability, and is being widely researched now. We propose a hew
SVM-based classifier called the subspace SVM (SSVM). The SSVM has a restriction that the
normal vector of its hyperplane is included in a subspace. In order to provide the subspace, we
split a set of samples into two sets. One set is used to compose the normal vector, and the other set
is used to train parameters in the normal vector and the threshold, similarly to the cross validation
method. We call this method the cross subspace learning for the SSVM. We conducted experiments
with 13 datasets in order to show the advantage of the SSVM.

Keywords: Pattern recognition, Support vector machine, Cross subspace learning, Cross-
validation
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Dataset # of training | # of test # of dimension
DN | name patterns | patterns| realizations
1 | banana 400 4900 100 2
2 | breast cancer 200 77 100 9
3 | diabetis 468 300 100 8
4 | flare solar 666 400 100 9
5 | german 700 300 100 20
6 | heart 170 100 100 13
7 | image 1300 1010 20 18
8 | ringnorm 400 7000 100 20
9 | splice 1000 2175 20 60
10 | thyroid 140 75 100 5
11 | titanic 150 2051 100 3
12 | twonorm 400 7000 100 20
13 | waveform 400 4600 100 21

010000booon

ooon

[1]

C. Cortes and V. Vapnik “Support-vector networks”,
Machine Learning, vol.20, no.3, pp.273-297, Sep.
1995.

[2] V. Vapnik, “Statistical Learning Theory”, Wiley Inter-

[3]

[4]

[7]

science, NewYork, 1998.

o0o,00dn0,“0odboboooboooooooa
Oo0oO0ooooooogor, 2004 Workshop on
Information-Based Induction Sciences (IBIS2004),
Tokyo, Nov. 2004.

M. Stone, “Cross-Validatory Choice and Assessment
of Statistical Predictions”, Journal of the Royal Statis-

tical Society. Series B (Methodological), vol.36, no.2,

pp.111-147, 1974.

S. Geisser, “The predictive sample reuse method with
applications”, Journal of the American Statistical As-
sociation vol.70, pp.320-328, Jun. 1975.

D. C. Manning and P. Raghavan and H. Schuetze, “In-
troduction to Information Retrieval”’, Journal of the
American Statistical Association chapter 15.2, Cam-
bridge University Press, 2008.

M. Minsky and S. Papert, “Perceptrons”, MIT Press,
Cambridge, 1969.

[8] G. Ratsch and T. Onoda and K.—R iMer, “Soft Mar-

gins for AdaBoost”, Machine Learning, vol.42, no.3,
pp.287-320, Mar. 2001.

[91 S. Mika and G. Ritsch and J. Weston and

[10]

B. Scltolkopf and K.—R. Miller, “Fisher discriminant
analysis with kernels”, Neural Networks for Signal
Processing IX pp.41-48, Jun. 1999.

G. Ratsch and T. Onoda and K.-R.iMer, “Soft Mar-
gins for AdaBoost”, Technical Report NC-TR-1998-
021, Department of Computer Science, Royal Hol-
loway, University of London, Aug. 1998.



)
2

SVM

SSVM, K=2 (1,1)

SSVMK =3(1,2)

SSVMK =3(2,1)

© 00 N O O W B~ DN PP

el il =
W N Rk O

11.53 £ 0.66
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(b) SSYM (K = 4)
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(b) SSYM (K = 4)

03:00000000000000000000000000O0O)



