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Abstract
Support Vector Machine (SVM) is one of the important classification techniques, has been recently attracted
by many of the researchers. However, there are some limitations for this approach. Determining the
hyperplane that distinguishes classes with the maximum margin and calculating the position of each point
(train data) in SVM linear classifier can be interpreted as computing a data membership with certainty. A
question may be raised here: how much the level of the certainty of this classification, based on hyperplane,
can be trusted. In the standard SVM classification, the significance of error for different train data is
considered equal and every datum is assumed to belong to just one class. However, in many cases some of
train data, including outlier and vague data with no defined model, cannot be strictly considered as a member
. of a certain class. That means, a train datum may does not exactly belong to one class and its features may
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show 90 percent membership of one class and 10 percent of another. In such cases, by using fuzzy SVM based
on fuzzy logic, we can determine the significance of data in the train phase and finally determine relative class
membership of data.

The method proposed by Lin and Wang is a basic method that introduces a membership function for fuzzy
support vector machine. Their membership function is based on the distance between a point and the center
of its corresponding class.

In this paper, we introduce a new method for giving membership to train data based on their distance
from distinctive hyperplane. In this method, SVM classification together with primary train data membership
are used to introduce a fuzzy membership function for the whole space using symmetrical triangular fuzzy
numbers. Based on this method, fuzzy membership function value of new data is selected with minimum
difference from primary membership of train data and with the maximum level of fuzzification. In the first
step, we define the problem as a nonlinear optimization problem. Then we introduce an efficient algorithm
using critical points and obtain final membership function of train data. According to the proposed algorithm,
the more distant data from the hyperplane will have a higher membership degree. If a datum exists on the
hyperplane, it belongs to both classes with the same membership degree. Moreover, by comparing the primary
membership degree of train data and calculated final distribution, we compute the level of noise for train data.
Finally, we give a numerical example for illustration the efficiency of the proposed method and comparing its
results with the results of the Lin and Wang approach.

Keywords: Fuzzy Logic, Machine learning, Data mining, Fuzzy support vector machine, fuzzy membership
function
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= {0.0358, 0.382, 0.449, 0.0542, 0.0675, I’
0.0843, 0.1037, 0.1216, 0.1486}

g oo a8 Sy blis s ol 5leolaznl L :F o8
Critical Points =

{1.0000, 2.0000, 2.2000, 2.6000, 3.0000,

3.4000, 3.6000, 4.0000, 4.2000, 4.8000, 5.4000,

5.5400, 5.6000, 6.9400, 0.0358, 0.0382, 0.0449,
0.0542, 0.0675, 0.0843, 0.1037, 0.1216, 0.1486, 0}

[H @ )L H (p,)] #tie :(Y-Jga2)
(Table-3): value of | [ (¢)|,| H »,)]

|H (¢°)|,|H (p,)]
5. 5400
1.0000
6.9400
4.8000
2.0000
5.6000
4.0000
5.4000
3.4000
1.0000
2.2000
4.2000
2.6000
3.6000
3.0000
2.0000

3gme gty [H(qF) || H (p,)| 5ol :(F-Jgu2)
(Table-4): Ascending order value of | 7 (4 5) LIH (p,)]

|H(g")| H(p,)|

1.0000
2.0000
2.2000
2.6000
3.0000
3.4000
3.6000
4.0000
4.2000
4.8000
5.4000
5.5400
5.6000
6.9400
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(Table-1): Class A data
A &b gbols
X Y Cogeas 4,8
9.5 9.2 0.94
4 3 0.94
10.5 13.2 0.99
8 10 0.85
0 20 0.65
6 20 0.9
10 0 0.79
4 25 0.89
5 12 0.75
B aib ‘sl.heob (Y-Jooz)
(Table-2): class B data
B :u.da ‘_sl.acol.b
1 2 0.57
-2 5 0.66
-2 -5 0.8
-6 15 0.69
-5 7 0.76
0 -5 0.72
1 -3 0.64
-7 3 0.9

5 o | las pgo &0 sjyaalp 5l solinul L2 ) o8

H(x,y)=0.6x + 02y -2



4 25 0.8900 0.8890
5 12 0.7500 0.7450
1 2 0.5700 0.5720
-2 5 0.6600 0.6585
-2 -5 0.8000 0.8026
-6 15 0.6900 0.6873
-5 7 0.7600 0.7594
0 -5 0.7200 0.7161
1 -3 0.6400 0.6441
-7 3 0.9000 0.9276
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(Table-7): comparing final membership degree using the

roposed and Lin and Wang methods
. S coguas ax o

X b Cogls 4z .

Y ok 9 3 e
Sly 9 o

9.5 9.2 0.8991 0.7562
4 3 0.5720 0.8549
10.5 13.2 1.0000 0.7149
8 10 0.8458 0.8211
0 20 0.6441 0.6433
6 20 0.6441 0.6321
10 0 0.7882 0.6852
4 25 0.8890 0.5029
5 12 0.7450 0.8534
1 2 0.5720 0.8326
-2 5 0.6585 0.8572
-2 -5 0.8026 0.6165
-6 15 0.6873 0.6866
-5 7 0.7594 0.7935
0 = 0.7161 0.6303
1 -3 0.6441 0.6910
=7 3 0.9276 0.7045
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(Figure-1): data and noise data membership degree

Sy bl 3l coliswl b Bud b polie :(B- Jguz)

(Table-5): Target function values using critical points

i.ﬂ..[é) ‘5;‘)” LG égl:‘)h\n.o

[E-RV-

1 1.0000 0.9832
2 2.0000 0.8632
3 2.2000 0.8043
4 3.0000 0.5879
5 3.4000 0.5014
6 3.6000 0.4592
7 4.0000 0.3789
8 4.2000 0.3416
9 4.8000 0.2492
10 5.4000 0.1910
11 5.5400 0.1802
12 5.6000 0.1756
13 6.9400 0.1373
14 0.0358 0.9832
15 0.0382 0.9832
16 0.0449 0.9832
17 0.0542 0.9832
18 0.0675 0.9832
19 0.0843 0.9832
20 0.1037 0.9832
21 0.1216 0.9832
22 0.1486 0.9832
23 0 0.9832

WDgd oo 1 =6.9400 laiec MaxMin | eolazwl b :# o8

3y oyge;l Bols lgreas g0l blis o Lgo Ll yo
b (ol Cogae 4,0) waz Cogae d2 50 ol lp g ond
(FJs0z) Bl co Cawsds (V0) Cugae b 5l eolannl

Oty 95 3 (2l Caghs A2 )0 dmnlxo (F-Jgu)
(Table-6): calculating final membership degree using the

proposed method

Sy gas 4o
Cogac a0
x y o9y 3l 2 ld
adl
by

9.5 92 0.9400 0.8991
4 3 0.9400 0.5720
10.5 13.2 0.9900 1.0000
3 10 0.8500 0.8458
0 20 0.6500 0.6441
6 20 0.6500 0.6441
10 0 0.7900 0.7882
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