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OPTIMAL PARAMETER SELECTION IN SUPPORT VECTOR MACHINES K. Schittkowski Department of Computer Science University of Bayreuth, 95440 Bayreuth, Germany



(Communicated by Kok Lay Teo) Abstract. The purpose of the paper is to apply a nonlinear programming algorithm for computing kernel and related parameters of a support vector machine (SVM) by a two-level approach. Available training data are split into two groups, one set for formulating a quadratic SVM with L2 -soft margin and another one for minimizing the generalization error, where the optimal SVM variables are inserted. Subsequently, the total generalization error is evaluated for a separate set of test data. Derivatives of functions by which the optimization problem is deﬁned, are evaluated in an analytical way, where an existing Cholesky decomposition needed for solving the quadratic SVM, is exploited. The approach is implemented and tested on a couple of standard data sets with up to 4,800 patterns. The results show a signiﬁcant reduction of the generalization error, an increase of the margin, and a reduction of the number of support vectors in all cases where the data sets are suﬃciently large. By a second set of test runs, kernel parameters are assigned to individual features. Redundant attributes are identiﬁed and suitable relative weighting factors are computed.



1. Introduction. During the last ten years, support vector machines (SVM) became an important alternative to neural networks for machine learning. Meanwhile there is a large number of applications, see e.g. http://www.kernel-machines.org/ Especially from the viewpoint of mathematical programming, SVMs are extremely interesting and touch a large variety of important topics, for example duality theory, convex optimization, large scale linear and quadratic optimization, semi-deﬁnite optimization, least squares optimization, L1 -optimization, and interior point methods. In a series of papers, Mangasarian and co-workers investigate support vector machines from the viewpoint of mathematical programming, see Bradley et al. [3], Fung and Mangasarian [9], Mangasarian and Musicant [11], and Mangasarian [12, 13]. As shown below in more detail, a support vector machine is identiﬁed by a kernel function to determine a certain similarity measure, a method compute a classiﬁcation error, and an approach to handle outliers. Although being a well established 2000 Mathematics Subject Classification. 68T10, 90C90, 65K05. Key words and phrases. machine learning; support vector machine; SVM; binary classiﬁcation; Gaussian kernel; kernel parameter; sequential quadratic programming; SQP; nonlinear programming. Sponsored by EU Network of Excellence PASCAL (Pattern Analysis, Statistical Modelling and Computational Learning) under contract no IST 2002-506778.
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