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 4

University of 

California at  Irvine [26] (Iris Flower 

Database) (Wisconsin Breast Cancer Database) 

 (Heart  Disease  from  European  Statlog  Project 

Database)  (Pima Indians Diabetes Database)

(KESOM) [30] 

(KESOM_MEP) [31] 

4.1

(Iris Flower Database)  3 

(Setosa) (Versicolor) (Virginica)

 50  150  4 x1

 (Sepal length), x2  (Sepal width), x3

(Petal length),  x4  (Petal width)  4.1

4.1

x1 Sepal length Numeric 4.3-7.9 

x2 Sepal width Numeric 2.0-4.4 

x3 Petal length Numeric 1.0-6.9 

x4 Petal width Numeric 0.1-2.5 

c class Nominal Scale 1 = Setosa 

2 = Versicolor 

3 = Virginica  
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4.1.1 (KESOM)

 4 

A1 (Self-Organizing

Map Process) Self-Organizing Map Matlab SOM Toolbox 

Component Plane, Color Bar Label

 4.1  4.4 Component

Plane Color Bar 

Label

(a)      (b) (c)

 4.1 (a) Component Plane 

x1 (b) Color Bar x1 (c) Label  3 (se, ve, vi) 

(a)      (b) (c)

 4.2 (a) Component Plane 

x2 (b) Color Bar x2 (c) Label  3 (se, ve, vi) 

4.6 – 5.2 

setosa

5.3 – 6.3 

versicolor 

6.4 – 7.2 

virginica

7.2

6.4

6.3

5.3

5.2 

4.6 

2.4 – 3.1 

versicolor 

3.2 – 3.3 

virginica

3.4 – 3.9 

setosa

3.9

3.4

3.3

3.2

3.1 

2.4 



39

(a)      (b) (c)

 4.3 (a) Component Plane 

x3 (b) Color Bar x3 (c) Label  3 (se, ve, vi) 

(a)      (b) (c)

 4.4 (a) Component Plane 

x4 (b) Color Bar x4 (c) Label  3 (se, ve, vi) 

4.1(a) 4.4(a) Component Plane 

Sepal length, Sepal width, Petal length Petal width 

4.1(b) 4.4(b) Color Bar 

4.2 4.1(c) 4.4(c) Label

4.2  Color Bar 

 Color Bar 

x1 Sepal length 4.6-7.2 

x2 Sepal width 2.4-3.9 

x3 Petal length 1.4-6.0 

x4 Petal width 0.2-2.2 

1.4 – 2.3 

setosa

2.4 – 4.9 

versicolor 

5.0 – 6.0 

virginica

6.0

5.0

4.9

2.4

2.3 

1.4 

0.2 – 0.6 

setosa

0.7 – 1.7 

versicolor 

1.8 – 2.2 

virginica

2.2

1.8

1.7

0.7

0.6 

0.2 
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A2 Component Plane Label (Component

Plane and Label Analysis) 1-64

6 4.3 Component Plane 

Component Plane  4.4 4.7 Component Plane 

Component Plane (CP Matrix) p

q x , y z CP1,6[21,2,4]

Component Plane 1  6 21 2

4

 4.3 

101

102

103

104

105

106

 4.4 Component Plane x1

CP1,1[1,1,4] CP1,2[3,1,5] CP1,3[5,1,1] CP1,4[13,2,1] CP1,5[16,2,5]

CP2,1[25,2,2] CP2,2[34,2,1] CP2,3[36,2,3] CP2,4[37,3,1] CP2,5[33,3,5]

CP3,1[5,1,1] CP3,2[7,0,0] CP3,3[16,0,0] CP3,4[20,2,2] CP3,5[25,2,3]

CP4,1[37,0,0] CP4,2[39,2,2] CP4,3[44,3,2] CP4,4[40,3,2] CP4,5[5,1,2] 

CP5,1[10,1,1] CP5,2[18,0,0] CP5,3[23,2,2] CP5,4[29,2,2] CP5,5[33,2,2]

CP6,1[44,2,2] CP6,2[53,0,0] CP6,3[53,3,1] CP6,4[8,1,2] CP6,5[12,1,3]

CP7,1[21,0,0] CP7,2[26,2,4] CP7,3[33,2,2] CP7,4[36,2,3] CP7,5[43,3,1]

CP8,1[58,3,1] CP8,2[63,3,5] CP8,3[12,1,2] CP8,4[16,1,2] CP8,5[17,0,1]

CP9,1[32,0,0] CP9,2[39,3,1] CP9,3[39,3,3] CP9,4[44,3,2] CP9,5[50,3,3]

CP10,1[64,3,3] CP10,2[15,1,3] CP10,3[18,1,6] CP10,4[21,1,1] CP10,5[33,0,0]

CP11,1[45,2,5] CP11,2[43,0,0] CP11,3[46,3,4] CP11,4[50,3,4] CP11,5[56,3,3]
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 4.5 Component Plane x2

CP1,1[27,1,4] CP1,2[27, 1,5] CP1,3[17, 1,1] CP1,4[7, 2,1] CP1,5[1, 2,5] 

CP2,1[1, 2,2] CP2,2[3,2,1] CP2,3[2,2,3] CP2,4[8,3,1] CP2,5[10,3,5]

CP3,1[34, 1,1] CP3,2[25,0,0] CP3,3[19,0,0] CP3,4[7,2,2] CP3,5[11,2,3]

CP4,1[12, 0,0] CP4,2[8,2,2] CP4,3[12,3,2] CP4,4[11,3,2] CP4,5[38,1,2]

CP5,1[35, 1,1] CP5,2[30,0,0] CP5,3[17,2,2] CP5,4[18,2,2] CP5,5[15,2,2]

CP6,1[15, 2,2] CP6,2[18,0,0] CP6,3[14,3,1] CP6,4[45,1,2] CP6,5[48,1,3]

CP7,1[36, 0,0] CP7,2[24,2,4] CP7,3[24,2,2] CP7,4[20,2,3] CP7,5[23,3,1]

CP8,1[25, 3,1] CP8,2[20,3,5] CP8,3[53,1,2] CP8,4[57,1,2] CP8,5[49,0,1]

CP9,1[30, 0,0] CP9,2[29,3,1] CP9,3[25,3,3] CP9,4[29,3,2] CP9,5[27,3,3]

CP10,1[29,3,3] CP10,2[61,1,3] CP10,3[64,1,6] CP10,4[58,1,1] CP10,5[47,0,0]

CP11,1[31,2,5] CP11,2[30,0,0] CP11,3[33,3,4] CP11,4[32,3,4] CP11,5[36,3,3]

 4.6 Component Plane x3

CP1,1[1,1,4] CP1,2[2, 1,5] CP1,3[8, 1,1] CP1,4[23, 2,1] CP1,5[31, 2,5]

CP2,1[38, 2,2] CP2,2[44,2,1] CP2,3[48,2,3] CP2,4[51,3,1] CP2,5[52,3,5]

CP3,1[2, 1,1] CP3,2[7,0,0] CP3,3[23,0,0] CP3,4[33,2,2] CP3,5[37,2,3]

CP4,1[45, 0,0] CP4,2[49,2,2] CP4,3[53,3,2] CP4,4[54,3,2] CP4,5[1,1,2]

CP5,1[7, 1,1] CP5,2[22,0,0] CP5,3[35,2,2] CP5,4[40,2,2] CP5,5[42,2,2]

CP6,1[50, 2,2] CP6,2[57,0,0] CP6,3[59,3,1] CP6,4[1,1,2] CP6,5[2,1,3]

CP7,1[21, 0,0] CP7,2[36,2,4] CP7,3[43,2,2] CP7,4[45,2,3] CP7,5[50,3,1]

CP8,1[60, 3,1] CP8,2[64,3,5] CP8,3[1,1,2] CP8,4[2,1,2] CP8,5[6,0,1]

CP9,1[39, 0,0] CP9,2[45,3,1] CP9,3[48,3,3] CP9,4[53,3,2] CP9,5[56,3,3]

CP10,1[64,3,3] CP10,2[2,1,3] CP10,3[2,1,6] CP10,4[6,1,1] CP10,5[25,0,0]

CP11,1[46,2,5] CP11,2[50,0,0] CP11,3[54,3,4] CP11,4[57,3,4] CP11,5[61,3,3]
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 4.7 Component Plane x4

CP1,1[1,1,4] CP1,2[2, 1,5] CP1,3[8, 1,1] CP1,4[23, 2,1] CP1,5[29, 2,5] 

CP2,1[33, 2,2] CP2,2[38,2,1] CP2,3[44,2,3] CP2,4[51,3,1] CP2,5[56,3,5]

CP3,1[2, 1,1] CP3,2[8,0,0] CP3,3[22,0,0] CP3,4[31,2,2] CP3,5[34,2,3]

CP4,1[39, 0,0] CP4,2[44,2,2] CP4,3[50,3,2] CP4,4[55,3,2] CP4,5[2,1,2]

CP5,1[8, 1,1] CP5,2[22,0,0] CP5,3[32,2,2] CP5,4[36,2,2] CP5,5[37,2,2]

CP6,1[45, 2,2] CP6,2[52,0,0] CP6,3[54,3,1] CP6,4[3,1,2] CP6,5[3,1,3]

CP7,1[21, 0,0] CP7,2[34,2,4] CP7,3[41,2,2] CP7,4[41,2,3] CP7,5[49,3,1]

CP8,1[57, 3,1] CP8,2[56,3,5] CP8,3[3,1,2] CP8,4[3,1,2] CP8,5[7,0,1]

CP9,1[37, 0,0] CP9,2[44,3,1] CP9,3[47,3,3] CP9,4[56,3,2] CP9,5[57,3,3]

CP10,1[59,3,3] CP10,2[3,1,3] CP10,3[4,1,6] CP10,4[7,1,1] CP10,5[24,0,0]

CP11,1[44,2,5] CP11,2[51,0,0] CP11,3[60,3,4] CP11,4[62,3,4] CP11,5[64,3,3]

Color Bar Color Bar  4.8

4.11 CB1,2 [101,4.77,1] Color Bar  1  2

3 ( ) 5.7 1

Color Bar 

Component Plane 

 4.8 Color Bar x1

CB
1,1

[101,4.67,1] CB
1,2

[101,4.77,1] CB
1,3

[101,4.86,1] CB
1,4

[101,5.18,1] CB
1,5

[102,5.31,2]

CB
2,1

[102,5.68,2] CB
2,2

[103,6.01,2] CB
2,3

[103,6.11,2] CB
2,4

[103,6.14,2] CB
2,5

[103,5.98,2]

CB
3,1

[101,4.87,1] CB
3,2

[101,4.95,1] CB
3,3

[102,5.30,2] CB
3,4

[102,5.44,2] CB
3,5

[102,5.68,2]

CB
4,1

[103,6.16,2] CB
4,2

[103,6.23,2] CB
4,3

[105,6.42,2] CB
4,4

[104,6.25,2] CB
4,5

[101,4.86,1]

CB
5,1

[101,5.08,1] CB
5,2

[102,5.40,2] CB
5,3

[102,5.60,2] CB
5,4

[102,5.84,2] CB
5,5

[103,5.84,2]

CB
6,1

[105,6.43,2] CB
6,2

[106,6.80,3] CB
6,3

[106,6.79,3] CB
6,4

[101,4.99,1] CB
6,5

[101,5.13,1]

CB
7,1

[102,5.51,2] CB
7,2

[102,5.71,2] CB
7,3

[103,5.97,2] CB
7,4

[103,6.11,2] CB
7,5

[105,3,2]

CB
8,1

[106,6.60,3] CB
8,2

[106,6.98,3] CB
8,3

[101,7.19,1] CB
8,4

[102,5.13,2] CB
8,5

[102,5.28,2]

CB
9,1

[103,5.94,2] CB
9,2

[103,6.23,2] CB
9,3

[103,6.22,2] CB
9,4

[105,6.45,2] CB
9,5

[106,6.67,3]

CB
10,1

[106,7.26,3] CB
10,2

[102,5.27,2] CB
10,3

[102,5.40,2] CB
10,4

[102,5.49,2] CB
10,5

[103,5.97,2]

CB
11,1

[105,6.47,5] CB
11,2

[105,6.39,2] CB
11,3

[105,6.50,2] CB
11,4

[106,6.67,3] CB
11,5

[106,6.90,3]
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 4.9 Color Bar x2

CB
1,1

[102,3.06,2] CB
1,2

[102,3.06,2] CB
1,3

[102,2.82,2] CB
1,4

[101,2.61,2] CB
1,5

[101,2.46,2]

CB
2,1

[101,2.45,2] CB
2,2

[101,2.51,2] CB
2,3

[101,2.49,2] CB
2,4

[101,2.62,2] CB
2,5

[101,2.66,2]

CB
3,1

[103,3.21,3] CB
3,2

[102,3.00,2] CB
3,3

[102,2.87,2] CB
3,4

[101,2.60,2] CB
3,5

[101,2.69,2]

CB
4,1

[101,2.71,2] CB
4,2

[101,2.62,2] CB
4,3

[101,2.71,2] CB
4,4

[101,2.69,2] CB
4,5

[103,3.29,3]

CB
5,1

[103,3.24,3] CB
5,2

[102,3.11,2] CB
5,3

[102,2.82,2] CB
5,4

[102,2.86,2] CB
5,5

[102,2.79,2]

CB
6,1

[102,2.79,2] CB
6,2

[102,2.84,2] CB
6,3

[101,2.77,2] CB
6,4

[105,3.46,1] CB
6,5

[105,3.52,1]

CB
7,1

[103,3.26,3] CB
7,2

[102,2.99,2] CB
7,3

[102,2.98,2] CB
7,4

[102,2.91,2] CB
7,5

[102,2.97,2]

CB
8,1

[102,3.00,2] CB
8,2

[102 2.91,2] CB
8,3

[106,3.64,1] CB
8,4

[106,3.73,1] CB
8,5

[105,3.55,1]

CB
9,1

[102,3.11,2] CB
9,2

[102,3.09,2] CB
9,3

[102,3.02,2] CB
9,4

[102,3.09,2] CB
9,5

[102,3.06,2]

CB
10,1

[102,3.10,2] CB
10,2

[106,3.83,1] CB
10,3

[106,3.91,1] CB
10,4

[106,3.76,1] CB
10,5

[105,3.51,1]

CB
11,1

[103,3.15,3] CB
11,2

[102,3.12,0] CB
11,3

[103,3.18,3] CB
11,4

[103,3.17,3] CB
11,5

[103,3.27,3]

 4.10 Color Bar x3

CB
1,1

[101,1.41,1] CB
1,2

[101,1.49,1] CB
1,3

[101,1.94,1] CB
1,4

[102,.05,2] CB
1,5

[103,3.65,2]

CB
2,1

[103,4.14,2] CB
2,2

[105,4.56,2] CB
2,3

[105,4.87,2] CB
2,4

[106,5.10,3] CB
2,5

[106,5.13,3]

CB
3,1

[101,1.51,1] CB
3,2

[101,1.90,1] CB
3,3

[102,3.02,2] CB
3,4

[103,3.76,2] CB
3,5

[103,4.10,2]

CB
4,1

[105,4.65,2] CB
4,2

[105,4.94,2] CB
4,3

[106,5.27,3] CB
4,4

[106,5.31,3] CB
4,5

[101,1.45,1]

CB
5,1

[101,1.86,1] CB
5,2

[102,2.95,2] CB
5,3

[103,3.90,2] CB
5,4

[104,4.30,2] CB
5,5

[105,4.42,2]

CB
6,1

[106,5.04,3] CB
6,2

[106,5.56,3] CB
6,3

[106,5.70,3] CB
6,4

[101,1.45,1] CB
6,5

[101,1.52,1]

CB
7,1

[102,2.92,2] CB
7,2

[103,4.02,2] CB
7,3

[105,4.50,2] CB
7,4

[105,4.64,2] CB
7,5

[106,5.04,3]

CB
8,1

[106,5.77,3] CB
8,2

[106,6.03,3] CB
8,3

[101,1.48,1] CB
8,4

[101,1.52,1] CB
8,5

[101,1.80,1]

CB
9,1

[103,4.19,2] CB
9,2

[105,4.67,2] CB
9,3

[105,4.87,2] CB
9,4

[106,5.26,3] CB
9,5

[106,5.47,3]

CB
10,1

[106,6.07,3] CB
10,2

[101,1.51,1] CB
10,3

[101,1.52,1] CB
10,4

[101,1.81,1] CB
10,5

[102,3.19,2]

CB
11,1

[105,4.71,2] CB
11,2

[106,4.99,3] CB
11,3

[106,5.33,3] CB
11,4

[106,5.55,3] CB
11,5

[106,5.78,3]

 4.11 Color Bar x4

CB
1,1

[101,0.18,1] CB
1,2

[101,0.23,1] CB
1,3

[101,0.44,1] CB
1,4

[102,0.90,2] CB
1,5

[102,1.11,2]

CB
2,1

[103,1.25,2] CB
2,2

[103,1.40,2] CB
2,3

[105,1.60,2] CB
2,4

[106,1.81,3] CB
2,5

[106,1.96,3]

CB
3,1

[101,0.24,1] CB
3,2

[101,0.42,1] CB
3,3

[102,0.89,2] CB
3,4

[103,1.16,2] CB
3,5

[103,1.25,2]

CB
4,1

[103,1.44,2] CB
4,2

[105,1.60,2] CB
4,3

[106,1.79,3] CB
4,4

[106,1.94,3] CB
4,5

[101,0.22,1]

CB
5,1

[101,0.42,1] CB
5,2

[102,0.86,2] CB
5,3

[103,1.21,2] CB
5,4

[103,1.35,2] CB
5,5

[103,1.36,2]

CB
6,1

[105,1.64,2] CB
6,2

[106,1.84,3] CB
6,3

[106,1.91,3] CB
6,4

[101,0.25,1] CB
6,5

[101,0.28,1]

CB
7,1

[102,0.85,2] CB
7,2

[103,1.27,4] CB
7,3

[104,1.48,2] CB
7,4

[104,1.50,2] CB
7,5

[105,1.75,2]

CB
8,1

[106,2.00,3] CB
8,2

[106,1.96,3] CB
8,3

[101,0.27,1] CB
8,4

[101,0.28,1] CB
8,5

[101,0.40,1]

CB
9,1

[103,1.37,2] CB
9,2

[105,1.59,2] CB
9,3

[105,1.69,2] CB
9,4

[106,1.98,3] CB
9,5

[106,2.02,3]

CB
10,1

[106,2.08,3] CB
10,2

[101,0.28,1] CB
10,3

[101,0.29,1] CB
10,4

[101,0.40,1] CB
10,5

[102,0.96,2]

CB
11,1

[105,1.60,2] CB
11,2

[106,1.81,3] CB
11,3

[106,2.09,3] CB
11,4

[106,2.18,3] CB
11,5

[106,2.25,3]
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A3 (Feature Extraction Process)

4.12

(3.1) ( ) 89.7 (94.7-

5.0)

accepted accuracy list x3 x4

4.12

 Accepted Accuracy List 

x1 64.0 No

x2 22.0 No

x3 94.7 (maximum accuracy) Yes 

x4 94.7 (maximum accuracy) Yes 

A4 (Generated Knowledge Based)

(3.2) 6 94.7%

4.5

KESOM

              R1 : If petal length <= 1.9 then setosa 

              R2 : If petal length <= 4.9 then versicolor 

              R3 : If petal length >= 5.0 then viginica 

              R4 : If petal width <= 0.4  then setosa 

              R5 : If petal width <= 1.7  then versicolor 

              R6 : If petal width >= 1.8  then viginica 

94.7%

4.5

4.1.2

(KESOM_MEP)

5
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B1 (Self-Organizing Map 

Process) Self-Organizing Map Matlab SOM Toolbox 

Component Plane, Color Bar Label

 4.1  4.4

B2 (Minimization Entropy Principle 

Algorithm) potential threshold point 

minR , maxR ,

(3.3)  x1

[4.0,8.0] x2 [2.1,4.3]  x3  [-0.2,7.7] x4

[-0.5,3.0]  x3  x4

[0,7.7], [0,3.0]

 4.13 

Setosa Versicolor Virginica 

Min Max Min Max Min Max 

x1 4.7 5.5 5.2 6.6 6 7.3

x2 2.8 3.9 2.5 3.2 2.6 3.3

x3 1.4 1.9 3.0 5.3 4.9 6.1

x4 0.2 0.4 0.9 1.8 1.7 2.3

4.13

4 x1 x2 x3

x4  Setosa  Vesicolor 

Virginica

potential threshold point 

 4.14
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 4.14 potential threshold point 

 Potential threshold point

x1

4.75, 4.85, 4.95, 5.05,5.15, 5.25, 5.35, 5.45, 

5.55, 5.65, 5.75, 5.9, 6.05, 6.15, 6.25, 6.35, 6.45, 

6.55

Setosa, Vesicolor, 

Virginica

x2

2.55, 2.65, 2.75, 2.85, 2.95, 3.05, 3.15, 3.25, 

3.35, 3.45, 3.55, 3.65, 3.75, 3.85 

Setosa, Vesicolor, 

Virginica

1.45, 1.65, 1.85 Setosa 

x3

3.35, 3.75, 3.85, 3.95, 4.05, 4.15, 4.25, 4.35, 

4.45, 4.55, 4.65, 4.75, 4.85, 4.95, 5.05, 5.2, 5.4, 

5.6, 5.75, 5.9, 6.05 

Vesicolor,

Virginica

0.25, 0.35 Setosa 

x4 1.0, 1.25, 1.35, 1.45, 1.55, 1.65, 1.75, 1.85, 1.95, 

2.05, 2.15, 2.25 

Vesicolor,

Virginica

entropy potential threshold point 

(3.4) (3.12) potential threshold 

point entropy member_list  4.15

 4.15 potential threshold point member_list

Member_list

x1 5.15, 5.45, 5.55, 5.9, 6.55, 6.65 
Setosa, Vesicolor, 

Virginica

x2 2.65, 2.75, 2.95, 3.05, 3.15, 3.25
Setosa, Vesicolor, 

Virginica

1.9, 3.0 Setosa
x3

4.85, 5.05 Vesicolor, Virginica 

0.4, 0.9 Setosa 
x4

1.65, 1.85, 2.25 Vesicolor, Virginica 

B3 (Creating Fuzzy Set) potential

threshold point member_list (3.15)

(3.15)  4.6  4.9
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 4.6  6 x1

 4.7  6 x2

 4.8  3 x3

 4.9  4 x4



48

B4 (Creating Linguistic 

Term Using Membership Function) Color Bar 

4.16  4.19 

(3.16) (3.17)

 4.16 x1

Interval Linguistic Term

4.0-5.3 termA 

5.4-5.5 termB 

5.6-5.7 termC 

5.8-6.2 termD

6.3-6.6 termE 

>6.6 termF 

 4.17 x2

Interval Linguistic Term

2.2-2.6 termA 

2.7-2.8 termB 

2.9 termC 

3.0 termD

3.1 termE

>3.1 termF

 4.18 x3

Interval Linguistic Term

0.0-2.4 termA 

2.5-4.9 termB 

>4.9 termC 
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 4.19 x4

Interval Linguistic Term

0.0-0.6 termA 

0.7-1.7 termB 

1.8-2.0 termC 

>2.0 termD

B5 (Knowledge Extraction Using  

Rough Set) -

(3.18) (3.19)

50%  4.10 

4.13

x1

          Lower Approximation with Certainty Value 

R1 : If x1 = termC then class 2. 

                                Certainty Value = 100.0 

                         R2 : If x1 = termF then class 3. 

                                Certainty Value = 100.0 

           Upper Approximation with Certainty Value 

R3 : If x1 = termA then class 1. 

                                Certainty Value = 88.2 

                         R4 : If x1 = termD then class 2. 

                                Certainty Value = 75.0

 58.0 

 4.10 x1
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x2

          Lower Approximation with Certainty Value 

          Upper Approximation with Certainty Value 

R1 : If x2 = termA then class 2. 

                                Certainty Value = 71.4 

                         R2 : If x2 = termB then class 2. 

                                Certainty Value = 60.0 

                         R3 : If x2 = termC then class 2. 

                                Certainty Value = 60.0 

                         R4 : If x2 = termD then class 1. 

                                Certainty Value = 84.6 

 49.3 

 4.11 x2

x3

          Lower Approximation with Certainty Value 

 R1 : If x3 = termA then class 1. 

                                Certainty Value = 100.0 

           Upper Approximation with Certainty Value 

R2 : If x3 = termB then class 2. 

                                Certainty Value = 95.2 

                         R3 : If x3 = termC then class 3. 

                                Certainty Value = 88.9 

 94.7 

 4.12 x3
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x4

          Lower Approximation with Certainty Value 

R1 : If x4 = termA then class 1. 

                                Certainty Value = 100.0 

                         R2 : If x4 = termD then class 3. 

                                Certainty Value = 100.0 

           Upper Approximation with Certainty Value 

R3 : If x4 = termB then class 2. 

                                Certainty Value = 91.3 

                         R4 : If x4 = termC then class 3. 

                                Certainty Value = 90.0

 96.0 

 4.13 x4

“x4”

4.14 R1  R2 lower

approximation R3  R4 upper approximation  96.0

KESOM_MEP

           Lower Approximation with Certainty Value 

R1 : If x4 = termA then class 1. 

                                Certainty Value = 100.0 

                         R2 : If x4 = termD then class 3. 

                                Certainty Value = 100.0 

           Upper Approximation with Certainty Value 

R3 : If x4 = termB then class 2. 

                                Certainty Value = 91.3 

                         R4 : If x4 = termC then class 3. 

                                Certainty Value = 90.0

 96.0 

 4.14 
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4.1.3

    (KESOM)

 6 

    

(KESOM)

1.

(Certainty Value)

 100%

 50%

 4.9  4.12

  2. 

  3. 

 4.5 

 4.8

 4.20 

KESOM KESOM_MEP KESOM

 6  94.7%

KESOM  ReFuNN [7]

KESOM_MEP  4 

 96.0% KESOM_MEP

ReFuNN [7] 

C-MLP2LN [7] 



53

 4.20 KESOM KESOM_MEP

Method #Rules  #Condition Fuzzy Rule Accuracy (%)

KESOM 6 0 No 94.7% 

KESOM_MEP 4 0 Yes 96.0% 

ReFuNN [7] 9 26 Yes 95.7% 

C-MLP2LN [7] 2 2 No 95.7% 
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4.2

 (Wisconsin breast cancer database)

 2  (Benign)  458 

 (Malignant)  241  699  9      

x1 Clump thickness x2 Uniformity of cell size x3 Uniformity of cell 

shape x4 Marginal adhesion x5 Single epithelial cell size x6 Bare nuclei x7

Bland chromatin x8 Normal nucleoli x9 Mitoses 4.21

4.21

x1 clump thickness                    Nominal Scale 1-10 

x2 uniformity of cell size          Nominal Scale 1-10    

x3 uniformity of cell shape       Nominal Scale 1-10    

x4 marginal adhesion                 Nominal Scale 1-10 

x5 single epithelial cell size Nominal Scale 1-10    

x6 bare nuclei                            Nominal Scale 1-10 

x7 bland chromatin                    Nominal Scale 1-10    

x8 normal nucleoli                     Nominal Scale 1-10    

x9 mitoses                                 Nominal Scale 1-10    

c class Nominal Scale 1 = Malignant 

2 = Benign

4.2.1 (KESOM)

 4 

A1 (Self-Organizing Map 

Process) Self-Organizing Map Matlab SOM Toolbox 

Component Plane, Color Bar Label

 4.15  4.23 Component

Plane Color Bar 
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Label

(a)      (b) (c)

 4.15

(a) Component Plane x1 (b) Color Bar x1 (c) Label 2

(a)      (b) (c)

 4.16

(a) Component Plane x2 (b) Color Bar x2 (c) Label 2

Malignant 

Benign

10

6.0

5.0 

1.0 

Malignant 

Benign

10

3.0

2.0 

1.0 
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(a)      (b) (c)

 4.17 

(a) Component Plane x3 (b) Color Bar x3 (c) Label 2

(a)      (b) (c)

 4.18

(a) Component Plane x4 (b) Color Bar x4 (c) Label 2

Malignant 

Benign

10

3.0

2.0 

1.0 

10

3.0

2.0 

1.0 

Malignant 

Benign
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(a)      (b) (c)

 4.19

(a) Component Plane x5 (b) Color Bar x5 (c) Label 2

(a)      (b) (c)

 4.20

(a) Component Plane x6 (b) Color Bar x6 (c) Label 2

Malignant 

Benign

10

3.0

2.0 

1.0 

Malignant 

Benign

10

3.0

2.0 

1.0 
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(a)      (b) (c)

 4.21

(a) Component Plane x7 (b) Color Bar x7 (c) Label 2

(a)      (b) (c)

 4.22

(a) Component Plane x8 (b) Color Bar x8 (c) Label 2

Malignant 

Benign

10

6.0

5.0 

1.0 

Malignant 

Benign

10

3.0

2.0 

1.0 
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(a)      (b) (c)

 4.23

(a) Component Plane x9 (b) Color Bar x9 (c) Label 2

A2 Component Plane Label (Component

Plane and Label Analysis) Component Plane Color Bar 

Component Plane Color Bar 

Component Plane

A3 (Feature Extraction Process)

4.22

(3.1) ( ) 87.4 (92.4-5.0) 

accepted accuracy list x2, x3, x5, x6 x8

Malignant 

Benign

10

3.0

2.0 

1.0 
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4.22

 Accepted Accuracy List 

x1 60.4 No

x2 92.4 Yes

x3 90.8 Yes 

x4 85.8 No 

x5 89.6 Yes 

x6 89.4 Yes 

x7 77.4 No 

x8 89.6 No 

x9 76.3 Yes 

A4 (Generated Knowledge Based)

(3.2) 1 92.4%

4.24

KESOM

              R1 : If uniformity of cell size > 3 then malignant else benign

92.4%

4.24

4.2.2

(KESOM_MEP)

5

B1 (Self-Organizing Map 

Process) Self-Organizing Map Matlab SOM Toolbox 

Component Plane, Color Bar Label

 4.15  4.23
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B2 (Minimization Entropy Principle 

Algorithm) potential threshold point 

minR , maxR ,

(3.3)  x1

[0,10.7] x2 [0,12.0]  x3  [0,11.8] x4

[0,10.4] x5  [0,10.0] x6  [0,12.8] x7  [0,10.2]      

x8  [0,11.0] x9  [0,9.9]

 4.23 

Benign Malignant

Min Max Min Max 

x1 1.0 5.1 4.2 8.5 

x2 1.0 3.8 2.6 9.2 

x3 1.0 4.2 2.5 9.1 

x4 1.0 3.8 2.2 8.1 

x5 1.7 4.9 2.7 8.1 

x6 1.0 4.9 1.8 9.7 

x7 1.1 4.3 2.5 8.1 

x8 1.0 5.9 1.9 8.4 

x9 1.0 1.9 1.1 8.6 

4.23

9 x1 x9

potential

threshold point entropy potential threshold 

point (3.4) (3.12) potential

threshold point entropy member_list  4.24
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 4.24 potential threshold point member_list

Member_list

x1 4.15, 5.15 Benign, Malignant 

x2 2.55, 3.85, 9.15 Benign, Malignant 

x3 2.95, 4.25, 9.05 Benign, Malignant 

x4 2.15, 3.15, 3.85, 8.00 Benign, Malignant 

x5 2.65, 3.25, 4.95, 8.05 Benign, Malignant 

x6 1.75, 2.45, 3.00, 5.00, 9.65 Benign, Malignant 

x7 3.35, 4.40, 8.05 Benign, Malignant 

x8 1.80, 2.15, 4.75, 5.85, 5.95, 8.35 Benign, Malignant 

x9 1.15, 1.25, 2.00, 7.90 Benign, Malignant 

B3 (Creating Fuzzy Set) potential

threshold point member_list (3.15)

(3.15)  4.25  4.33

 4.25  2 x1

 4.26  3 x2
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 4.27  3 x3

 4.28  4 x4

 4.29  4 x5

 4.30  5 x6

 4.31  3 x7
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 4.32  6 x8

 4.33  4 x9

B4 (Creating Linguistic 

Term Using Membership Function) Color Bar 

4.25  4.33 

(3.16) (3.17)

 4.25 x1

Interval Linguistic Term

0.0-4.6 termA 

>4.6 termB 

 4.26 x2

Interval Linguistic Term

0.0-3.1 termA 

3.2-6.5 termB 

>6.5 termC 
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 4.27 x3

Interval Linguistic Term

0.0-3.5 termA 

3.6-6.6 termB 

>6.6 termC 

 4.28 x4

Interval Linguistic Term

0.0-2.6 termA 

2.7-3.4 termB 

3.5-5.9 termC 

>5.9 termD

 4.29 x5

Interval Linguistic Term

0.0-2.9 termA 

3.0-4.0 termB 

4.1-6.5 termC 

>6.5 termD

 4.30 x6

Interval Linguistic Term

0.0-2.0 termA 

2.1-2.7 termB 

2.8-3.9 termC 

4.0-7.3 termD

>7.3 termE
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 4.31 x7

Interval Linguistic Term

0.0-3.8 termA 

3.9-6.2 termB 

>6.2 termC 

 4.32 x8

Interval Linguistic Term

0.0-1.9 termA 

2.0-3.4 termB 

3.5-5.3 termC 

5.4-5.9 termD

6.0-7.1 termE

>7.1 termF

 4.33 x9

Interval Linguistic Term

0.0-1.2 termA 

1.3-1.6 termB 

1.7-4.9 termC 

>4.9 termD

B5 (Knowledge Extraction Using Rough 

Set) -

(3.18) (3.19)

50%  4.34  4.42
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x1

          Lower Approximation with Certainty Value 

          Upper Approximation with Certainty Value 

R1 : If x1 = termA then class 2. 

                                Certainty Value = 95.2 

                         R2 : If x1 = termB then class 1. 

                                Certainty Value = 77.8 

 80.4 

 4.34 x1

x2

          Lower Approximation with Certainty Value 

 R1 : If x2 = termC then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x2 = termA then class 2. 

                                Certainty Value = 96.5 

                         R3 : If x2 = termB then class 1. 

                                Certainty Value = 93.1

 92.7 

 4.35 x2
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x3

          Lower Approximation with Certainty Value 

 R1 : If x3 = termC then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x3 = termA then class 2. 

                                Certainty Value = 94.9 

                         R3 : If x3 = termB then class 1. 

                                Certainty Value = 96.9

 92.3 

 4.36 x3

x4

          Lower Approximation with Certainty Value 

R1 : If x4 = termD then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x4 = termA then class 2. 

                                Certainty Value = 94.6 

                         R3 : If x4 = termB then class 1. 

                                Certainty Value = 82.4 

                         R4 : If x4 = termC then class 1. 

                                Certainty Value = 94.1

 85.8 

 4.37 x4
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x5

          Lower Approximation with Certainty Value 

R1 : If x5 = termD then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x5 = termA then class 2. 

                                Certainty Value = 98.1 

                         R3 : If x5 = termB then class 1. 

                                Certainty Value = 87.5 

                         R4 : If x5 = termC then class 1. 

                                Certainty Value = 90.3

 89.6 

 4.38 x5

x6

          Lower Approximation with Certainty Value 

 R1 : If x6 = termA then class 2. 

                                Certainty Value = 100.0 

                         R2 : If x6 = termE then class 1. 

                                Certainty Value = 100.0

           Upper Approximation with Certainty Value 

R3 : If x6 = termB then class 2. 

                                Certainty Value = 66.7 

                         R4 : If x6 = termC then class 2. 

                                Certainty Value = 60.0 

                         R5 : If x6 = termD then class 1. 

                                Certainty Value = 90.5

 90.1 

 4.39 x6
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x7

          Lower Approximation with Certainty Value 

R1 : If x7 = termC then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x7 = termA then class 2. 

                                Certainty Value = 93.1 

                         R3 : If x7 = termB then class 1. 

                                Certainty Value = 91.7

 90.7 

 4.40 x7

x8

          Lower Approximation with Certainty Value 

R1 : If x8 = termA then class 2. 

                                Certainty Value = 100.0 

                         R2 : If x8 = termD then class 1. 

                                Certainty Value = 100.0 

                         R3 : If x8 = termF then class 1. 

                                Certainty Value = 100.0

           Upper Approximation with Certainty Value 

R4 : If x8 = termB then class 1. 

                                Certainty Value = 83.3 

                         R5 : If x8 = termC then class 1. 

                                Certainty Value = 87.5 

                         R6 : If x8 = termE then class 1. 

                                Certainty Value = 93.8

 86.1 

 4.41 x8
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x9

          Lower Approximation with Certainty Value 

R1 : If x9 = termD4 then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x9 = termA then class 2. 

                                Certainty Value = 84.4 

                         R3 : If x9 = termB then class 1. 

                                Certainty Value = 91.3 

                         R4 : If x9 = termC then class 1. 

                                Certainty Value = 95.7

 79.0 

 4.42 x9

“x2”

4.43 R1 lower approximation R2 

 R3 upper approximation  92.7

KESOM_MEP

         Lower Approximation with Certainty Value 

 R1 : If x2 = termC then class 1. 

                                Certainty Value = 100.0 

          Upper Approximation with Certainty Value 

R2 : If x2 = termA then class 2. 

                                Certainty Value = 96.5 

                         R3 : If x2 = termB then class 1. 

                                Certainty Value = 93.1

 92.7 

 4.43 
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4.2.3

    (KESOM)

 1 

    

(KESOM_MEP)

1.

(Certainty Value)

 100%

 50%

 4.34 

 4.42

  2. 

  3. 

 4.25 

 4.33 

 4.34 

KESOM KESOM_MEP KESOM

 1  92.7%

KESOM

NEFCLASS [7] KESOM_MEP

 3  92.7%

KESOM_MEP

NEFCLASS [7] 
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 4.34 KESOM KESOM_MEP

Method #Rules  #Condition Fuzzy Rule Accuracy (%)

KESOM 1 0 No 92.4% 

KESOM_MEP 3 0 Yes 92.7%

NEFCLASS [1] 3 24 Yes 92.7% 




