
9

2

“ - ” (Self-Organizing Map) 

(Minimization Entropy Principle) (Fuzzy Set) (Rough Set)

2.1  (Self-Organizing Map) 

 1  2 

(Competitive Learning) 

(Neighborhood Function) 

(Learning Rate) 

2.1.1 (Competitive Learning) 

(Input Layer) 1 (Output Layer) 1 2.1 [28] 

(Weight Vector) 

Euclidean Distance 

“Winner-Takes-All Learning” 

X , W

X

i Euclidean Distance (2.1)

)()( tWtX i                     (2.1) 
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 2.1 (The competitive learning network) 

    

c cW

(2.2)

)()(min)()( tWtXtWtX i
i

c  (2.2) 

X Wnew , Wold

 (2.3)

oldoldnew WXWW                   (2.3)

 2.2 (Wnew)

X
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 2.2

2.1.2

 2.3

 2.3
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 2.3  5 

 2 

(Neighborhood) c

 1 i Wi1

 2.3        

X , n t

(2.4)

)(),...,(),()( 21 txtxtxtX n                 (2.4) 

 1  2 

Wi(t)

i t li1 l

 (2.5)

)(),...,(),()( 21 twtwtwtW iniii                (2.5)

(Competitive

Learning) Euclidean

Distance

 (2.6)

n

j

ijji wxtWtX
1

2)()()(               (2.6)

Best Matching Unit (BMU) 

t Wc(t) c

BMU  (2.7)
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)()(min)()( tWtXtWtX i
i

c                         (2.7)

BMU BMU

BMU

Wi(t+1) , )(t )(thci

(Neighborhood Function)  (2.8)

)()()()()()1( tWtXthttWtW iciii (2.8)

BMU BMU

BMU

 1 :

, (Neighborhood Function) 

(Learning Rate) 

 2 :

 3  6

 3 : t X(t)

-

n

j

ijji wxtWtX
1

2)()()(

- Best Matching Unit (BMU) 

)()(min)()( tWtXtWtX i
i

c
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- BMU

BMU

)()()()()()1( tWtXthttWtW iciii

 4 :

 5 :

 6 :

 3

2.1.3 (The Neighborhood Function)

)(thci

 2 (The Bubble-based Neighborhood) 

(Gaussian-based Neighborhood)

2.1.3.1 (The Bubble-based 

Neighborhood)

   )(tN c BMU

c t )(tN c

 (2.9)

)(;0

)(;1
)(

tNi

tNi
th

c

c

ci                    (2.9)

   BMU

BMU BMU

 (2.10)

)();(

)(;)()()()(
)1(

tNitW

tNitWtXttW
tW

ci

cii

i                 (2.10)

 2.4
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 2.4

 2.4 

)(tN c  3 

2.1.3.2 (The Gaussian-based 

Neighborhood)

BMU

BMU

id

cd BMU ic dd

c BMU i )(t

t

 (2.11)

)(2 2

2

t

dd

ci

ic

eh                     (2.11)

 2.5 

c BMU i
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 2.5  ( )(t )

BMU

BMU

2.1.4  (Learning Rate) 

          )(t

 1 

1)(0 t

0 , t N

 (2.12)

N

t

et 0)(                    (2.12)

2.2 (Minimization Entropy Principle)

[29]
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 2 

 2.6 

 2.6  2 

x

xmin xmax (x)

p[xmin, x] q[x, xmax]  (2.13)

)()()()()( xSxqxSxpxS qp                (2.13)

(2.13) p(x) p, q(x)

 q p(x)+q(x) = 1

Sp(x) p  Sq(x) q

(2.14) (2.15)

))(ln)()(ln)(()( 2211 xpxpxpxpxS p
               (2.14)

))(ln)()(ln)(()( 2211 xqxqxqxqxS q
            (2.15)
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 pk(x) k p

qk(x) k q (2.16)

(2.19)

)(xp k
=

1)(

1)(

xn

xnk                  (2.16)

)( xp =
1

1)(

n

xn
                 (2.17)

)(xqk =
1)(

1)(

xm

xmk                 (2.18)

)( xq =
1

1)(

n

xm
                 (2.19)

nk(x) k p, mk(x)

k q, n(x)  p, m(x)  

q, n p

q

2.3 (Fuzzy Set) 

[0, 1] 

{0, 1} [22] 

(Fuzzy Variable) Linguistic

“ ”

{ , , }

(Term Set) 

2.3.1

(Threshold)

A

 2 - 40 ix i
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)( iA x

3020);20(
)2030(

1
ii xx

         0 ;  others 

               1 ; 30ix

(Threshold)

 30  30 

 ( A)

 (2.20)

30)( iiA xx                   (2.20)

 2.7

 2.7 A

 2.7 x  ( )

y  0 ( A)  1 (

A)  30 

 (2.21)

 (2.21)

 0  ;
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             (2.21)

 2.8  (2.21) 

 2.8 A

 2.7 

 2.8 

[0, 1]  25 

 0.5 

 25 A

29

 29 

 0.9

2.3.2 (Membership Function) 

,

2.3.2.1

   

 1 cba

a, b, c

 (2.22)
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)( iA x

babxaax
ab

ii ,);(
1

cbcxbxc
bc

ii ,);(
1

    0 ; others 

babvaav
ab

rr ,);(
1

    1 ; cxb i

dcdvcvd
cd

rr ,);(
1

    0 ; others

)( iA x

(2.22)

   2.3.2.2 

 1 

dcba a, b, c d

 (2.23)

(2.23)

2.4 (Rough Set) 

(Lower Approximation) 

(Upper Approximation) [25]

2.9

  0  ;

   0  ;
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 2.9

U X

(Lower Approximation) B X

(2.24)

XxBUxXB )(:                  (2.24) 

(Upper Approximation) 

B X (2.25)

XxBUxXB )(:               (2.25) 


