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Learning Nearest Prototype Classifiers by Maximum-Margin Model with
Regularizations of Fuzzy c-Means

S. Shimizu (Osaka University), *Y. Kusunoki (Osaka Prefecture University) and K. Tatsumi
(Osaka University)

Abstract— We focus on the maximum-margin model (MMM), which is an optimization-based method for
learning nearest prototype classifiers. The optimization problem corresponding to MMM is a difference of
convex functions (DC) program. It is solved using the DC algorithm, which can be regarded as the alternating
optimization algorithm of c-means. In this paper, we propose two revised MMM by introducing the quadratic
regularization and the regularization based on the largest-L norm. As a result, the proposed methods are
MMM enhanced with fuzziness. The DC algorithm applied to the proposed optimization problems are
reduced a fuzzy-c-means-like alternating algorithm. Their performance is evaluated in numerical experiments.
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Table 1: Benchmark data sets
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Iris 150 4 3
Wine 178 13 3
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Sonar 208 60 2
Hayes 132 4 3
Car 1728 6 4
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(a) Artificial data set

(¢) MMM with the quadratic regularization
((d, u, 7, v) = (10,100, 1, 10))

-10 5 0 5 10

(b)Mﬁma(u4h7)=(1q1oa1»

(d) MMM with the largest- L-norm regulariza-
tion ((d,v, T, L) = (10, 100, 1, 3))

Fig. 1: Comparison of classification boundaries

Table 2: Comparison of MMM, MMM with the quadratic regularization, MMM with the largest-L-norm regu-
larization, LVQ1 and LVQ3 by six benchmark data sets. We show the results of the best classifiers (with respect
to the classification performance) among various values of hyperparameters.

F—&% 2WIEAL MMM &K L BB MMM MMM LVQ1 LVQ3
(d,1,v) (d,7,L) (d,7) (d, @) (d,a,s,€)
Iris 2.8040.87 2.8040.87 2.8040.87 2.9340.37 2.67+0.47
(1,20,0.2) (1,7 =20,1) (1,20) (10,0.8) (4,0.1,0.3,0.3)
Wine 1.35+0.50 1.57+0.47 1.91+0.31 2.4740.50 2.4740.64
(3,10,10) (10,2,7) (2,2) (1,0.3) (1,0.1,0.1,0.3)
Balance 6.8240.65 6.37+0.41 7.33£0.50  11.33£0.98 14.34+0.70
(2,20,10) (9,20,3) (2,20) (2,0.4) (2,0.3,0.1,0.3)
Sonar 10.00+1.04 9.90+1.75 11.63+1.29  16.73+1.78 13.85+1.57
(9,10,10) (9,20,3) (8,10) (7,0.1) (10,0.2,0.1,0.6)
Hayes 24.24+1.78 17.88+0.86 27.27+2.07  29.854+1.82 27.7342.55
(3,10,10) (10,20,6) (4,10) (6,0.3) (10,0.4,0.6,0.6)
Car 1.41+0.18 3.3840.21 9.3240.23  18.6340.55 19.66+0.65
(5,20,10) (10,20,3) (6,20) (2,0.1) (2,0.1,0.6,0.3)
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