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Extraction of Classification Boundary for Fuzzy Partitions and Its
Application to Pattern Classification
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Abstract

The selection of classification boundaries in fuzzy rule-based classification systems is an important and difficult
problem. So various methods based on learning processes such as neural network, genetic algorithm, and so on have
been proposed for it. In a previous study, we pointed out the limitation of the methods and discussed a method for
fuzzy partitioning in the overlapped region on feature space in order to overcome the time-consuming when the
additional parameters for tuning fuzzy membership functions are necessary. In this paper, we propose a method to
determine three types of classification boundaries(i.e., non-overlapping, overlapping, and a boundary point) on the basis
of statistical information of the given dataset without learning by extending the method described in the study.
Finally, we show the effectiveness of the proposed method through experimental results applied to pattern
classification problems using the modified IRIS and standard IRIS datasets.

Key Words ' pattern classification, classification boundaries, fuzzy partition, rule reduction
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Table 1. Experimental data
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Table 2. Statistical information on the modified IRIS
dataset

Zef2|  Setosa Versicolor
&2 Min | Max | Min | Max | Min | Max
SL 43 | 58 | 49 | 67 | 49 | 79 | 08413
SW 23 | 44 | 20 | 34 | 25 | 38 | 04468
PL 1.0 | 1.9 | 30 | 45 | 45 | 69 | 1.8224
PW 01,06 | 1.0 | 16 | 17 | 25 | 08042

SL: Sepal Length; SW: Sepal Width; PL: Petal Length;
PW: Petal Width
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Table 3. Boundary regions for classification
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1) Population size: 100, i1) Number of evaluations:
10,000, i) Number of individuals: 20, iv) Crossover
probability: 1.0, v) Mutation probability: 0.1, vi)
Don’t care’ label probability: 0.9.

2) Ishibuchil3]

i) Weight for the number of classified patterns: 10,
i1} Weight for the size of the rule set: 1.0, iii)
Population size: 10, iv) Probability to include a rule in
the initial populations: 0.5, v) Mutation probability:
0.01, vi) Number of total generations: 1,000.

3) Gonzalez[4]

1) Population size: 100, ii) Number of iterations:
500, iii) Mutation probability: 0.01, iv) Use rule weight:
Yes.
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i) Hidden layers: 2, ii) Hidden nodes: 15, iii)
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Transfer function: HTan, iv) n: 0.15, v) a: 0.1, vi) A:
0.0, vii) Cycles: 10,000, vii) Ensemble method: BEM.

5) Quinlanl[13}
i) Pruned: Yes, ii) Confidence: 0.25, ii) Instances
Per Leaf: 2.

4 89 10-fold CVe| Fi &

3t
),

2 2 z7
HojEt

N m\r

O%

H‘Y‘ rlr
il i

B
oZ'L B

X4 EF 23 0129 )

Table 4. Classification results (conventional methods)

el By H2| 7 & 5 Hat FEZ(%)
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. ire K=4 90.22
Ishibuchi[2] K5 100
K-=6 99.23
K=3 96.27
. . K=4 98.46
Ishibuchil3] K5 9846
K=6 99.23
K=3 99.23
. K=4 94.01
Gonzalez[4] K5 3929
K-6 97.69
Garcial12] - 06.21
Quinlan[13]} - 9852
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Table 5. Classification results (the proposed method)
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Table 6. Classification results (conventional methods)

g 2R 2 £g 4 i (%)

K=3 96.67

. . K=4 83.30
Ishibuchil2]

K=5 94.00

K=6 94.67
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) ] K=4 94.67
Ishibuchi[3]

K=5 95.33

K=6 95.33

K=3 95.33

K=4 94.67
Gonzalez[4]

K=5 94.67

K=6 96.00

Garcial12] - 68.00

Quinlan[13] - 94.00
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Table 7. Classification results (The proposed method)
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Fig. 5. Classification accuracies (Standard IRIS data)
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