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Prototype based Classification by Generating
Multidimensional Spheres per Class Area

Seyong Shim™*, Doosung Hwang **
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Abstract

In this paper, we propose a prototype—based classification learning by using the nearest-neighbor rule.
The nearest-neighbor is applied to segment the class area of all the training data into spheres within
which the data exist from the same class. Prototypes are the center of spheres and their radii are
computed by the mid-point of the two distances to the farthest same class point and the nearest another

class point. And we transform the prototype selection problem into a set covering problem in order to
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determine the smallest set of prototypes that include all the training data. The proposed prototype
selection method is based on a greedy algorithm that is applicable to the training data per class. The
complexity of the proposed method is not complicated and the possibility of its parallel implementation is
high. The prototype-based classification learning takes up the set of prototypes and predicts the class of
test data by the nearest neighbor rule. In experiments, the generalization performance of our prototype
classifier is superior to those of the nearest neighbor, Bayes classifier, and another prototype classifier.

» Keywords : Prototype selection, Nearest-neighbor rule, Classification learning, Set
covering optimization, Greedy algorithm
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/] x= {( c)li=1,.,n and c€{1,.., C}}
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// C-ﬁﬂﬁi’“
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end while
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return P
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Fig. 1. Prototype selection algorithm
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(a) Prototype selection with a fixed radius (b) Proposed prototype selection
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Fig. 2. Examples of the selected prototypes for a 2—class problem
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Table 1. Selected benchmark classification problems

Gilolg 2| =4 Numeric 4 | Nominal %A S~ X
DNA 2,000 180 0 180 3 statlog
Glass 214 9 9 0 7 ucl
Liver disorder 345 6 6 0 2 ucl
Svmguide2 391 20 20 0 3 libsvm
USPS 7,291 256 256 0 10 libsvm
Vehicle 846 18 18 0 4 statlog
Wine 178 13 13 0 3 ucl
Abalone 4177 8 7 1 8 ucl
Ringnorm 7,400 20 20 0 2 DELVE
Twonorm 7,400 20 20 0 2 DELVE

H2 =HH0H dsHm
Table 2. Perfomance comparison of the train data

3-NN Iy exXIE Hjo| x| Higkst= Wl

Efo|E HEXIE

oz EFHA gz EFEHA oz EFEA gz EEHA
DNA 0.88 0.010 | 0.60 0.020 | 0.93 0.016 | 0.93 0.000 0.3
Glass 0.81 0.020 | 0.56 0.010 | 0.51 0.076 | 0.83 0.020 0.3
Liver disorder 0.83 0.020 | 0.58 0.030 | 0.61 0.038 | 0.86 0.020 0.2
Svmguide2 0.87 0.0183 | 0.62 0.060 | 0.84 0.016 | 0.94 0.008 0.1
USPS 0.99 0.000 | 0.80 0.020 | 0.80 0.005 | 0.97 0.000 1.0
Vehicle 0.85 0.010 | 0.65 0.019 | 048 0.019 | 0.86 0.000 0.5
Wine 0.98 0.010 | 0.92 0.030 | 0.98 0.008 | 0.96 0.010 1.0
Abalone 0.74 0.006 | 0.49 0.021 0.62 0.006 | 0.84 0.005 1.0
Ringnorm 0.81 0.002 | 0.62 0.018 | 0.99 0.001 0.85 0.004 3.0
Twonorm 0.98 0.001 0.93 0.008 | 0.98 0.001 0.98 0.001 2.7
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Table 4. Comparison of the number of selected prototype

cllo|E] 7| FQket= By 3 giXlE
DNA 2,000 1,476.2(73.8%) 51.1( 2.6%)
Glass 214 110.3(51.6%) 17.3(.8.1%)
Liver disorder 345 226.0(65.5%) 28.1( 8.1%)
Svmguide2 391 297.3(76.0%) 11.3( 2.9%)
USPS 7,291 2,029.0(27.8%) 81.5( 1.1%)
Vehicle 846 475.6(66.2%) 96.4(11.4%)
Wine 178 46.0(25.8%) 17.9(10.1%)
Abalone 4177 2,864.6(68.6%) 50.3( 1.2%)
Ringnorm 7,400 3,444.7(46.5%) 98.0( 1.3%)
Twonorm 7,400 4,849.5(65.5%) 325.9( 4.4%)
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