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Abstract: From an information point of view, only the size of knowledge granularity

is taken into account, while the importance of attributes cannot be objectively and

comprehensively measured. First, starting from the perspective of algebra, the concept of

approximate boundary accuracy is proposed. Afterwards, according to the definition of

relative fuzzy entropy, this paper proposes two new concepts for relative information

entropy and enhanced information entropy. Compared with relative fuzzy entropy, the

proposed information entropy has an obvious magnification effect. Two new methods of

attribute reduction are subsequently proposed by incorporating approximate boundary

accuracy into relative information entropy and enhanced information entropy. Computing

U/(B ∪ b) while making full use of U/B can greatly reduce the computational overhead

on time. Finally, through the experimental analysis and comparison, it is validated that

the proposed algorithm has feasibility and effectiveness in both reduction quality and
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0 Ú ó

o÷8nØ[1-2]´�
&EXÚ¥?nØ°(!���!��N&E�;.�êÆó

ä. 8c, ®¤õA^uêâ�÷!ÅìÆS!5K)¤!�æ�ä!ºxýÿ�+�[3-7].

á5�{´o÷8nØïÄ�Ø%SN��, �3�±«©UåØC��¹e, GØP

{�á5, ^���á5�O�k��, l���{��J. Cc5, o÷8ïÄö�JÑ


õ«á5�5�Ýþ�{, ¿±d�Ä:�Oéõéuªá5�{�{. éuéuªá

5�{�{�8B�üa: �ê*Ú&E*. cö±Ø�©E'X�Ä:, ïÄá5éØ�

¥(½©af8�K�, ±�êª�ª½Âá5�5, Ì��{kÄu�«��{[8-10]Ú

Äu�OÝ
�{[11-13]. �öl&EâÝ�Ä, ïÄá5éØ�¥Ø(½©af8�K�!

k�Ýþ�£�âÝ��.

&E�´d�àu 1948cJÑ�ÝþÔ�G�Cz�Vg[14], �5Åì�ïÄö�

Ú\o÷8¥, ^uØ(½5&EÝþ. �A/, Äu��á5�{�A$)[15-21]. �I

�[15]�Ñ
Äu^�&E��á5�{�{; ²[16]JÑ
“Äu^�&E��Cq�{”,

�{�â¢SA^�I�k�/éP{á5?1��, �k�Or|D(!|Z6�Uå,

éÄu^�&E��ûüLá5�{å�
�õÚÖ¿�^; Ü�u[17]�â�
�9�


ÝUÝþØ(½5�A:, JÑ
3ûüXÚ¥?�^�&E�Ú�é�
��Vg, �â

�3�£âÝ[©L§¥Ly�üN5, y²ü«��Ün5, |^�cV\�{����

�{�{, �Ù¦&E��{�þJø
ë�.

yk�Äu��á5�{�{, õê=l&EØ��ÝÝþá5�5, é�k<k�

(Ü�ê*5½Âá5�5. �I�3©z [15]¥�Ñ¿y²
�ê*�&EØ½Â�á

5�5äk�r�pÖ5: �ê*�Ä(½©af8�K�, &EØ�ÄØ(½©af

8�K�. á5�5Ýþ�{��*5, ��K��á5�{(J9XÚ��m�Ñ. �


¯�!O(é����á5, k7�nÜ�Äõ«Ï�, kÅ(Ü�ê*9&EØ�A

:, ½Â�«�\�¡�á5�5Ýþ�{. ,	, yk�Äu��á5�{�{k�p

��mE,Ý, �k�u?�ÚU?.

�éþã¯K, ©z [19]JÑ
Cqûü�, k�(Ü�ê*e�Cq°Ý�&EØe

�^��, ��
�«��¡�á5�5Ýþ�{. �?�Ú&Ä�*!�¡�Ýþ�

{, �©JÑ
�«#��ê*e�&E��.——Cq>.°Ý&E�, k�/(Ü
�

ê*�&EØ�A:. Äk3�ê*eO��«�é>.°Ý�K�, JÑ¿y²
Cq>

.°Ý�Cq°Ýäk�ÓüN5, Ó��JÑ
k���^�“?��Cq>.°Ý”; Ù

g, l&EØ�Ý�Ä, ±©z [17]��é�
��Ä:, JÑ
�é&E�ÚOr&E�V

g, y²
�©JÑ�ü«&E��üN5�Ün5, Ó�'�é�
�äk��á5�

��^; ,�, ò?�Cq>.°Ý�ü«��KÜ, �)
#��{�{; ��, ÏL¢�

� 6 «Óa�{3�{�mÚ�{�{á5ê�¡?1
'�, ¿ò�{(J3 SVM©a

ìþ|^»�ÄØ?1
�'ëê�½, ÏL�ò��{?1
©a°Ý��y.

�©ÄuCq>.°Ý&E�JÑ�é&E��{�{ (Approximate Boundary Accu-



1 3 Ï ù�u, �: Cq>.°Ý&E��á5�{ 99

racy Entropy, ABAE) 9Or&E��{�{ (ABAE′). 3�{L§¥, duCq>.°Ý�

é&E�9Or&E�¥y�î�üN�¹, l��{�Ün5Jø�â. Ó�, #�.

3Ó�^�eïþá5�5�, '©z [17] ��é�
�k²w����^, �#�{U


¯�ÀJÑ���á5Jøk��å». du�©�{¿©�Ä
(½©aÚØ(½

©aé�{�K�, ¤±#�&E��.��¡; �©�¢�êâ©Ûkåy¢
#�.e

��{�{��15!k�5. ,	, �â¢�����, #�&E��.e�`³ (�m5

U9�{�þ) 9�3�Øv (Él+Çp$�K���), ��á5�{��{ÀJJøÜ

n�ë�.

1 o÷8�'Vg

½½½ÂÂÂ 1 �½ûüL DT = (U, A, V, f), Ù¥ U ´�|��k��é�8, A = C ∪ D,

C �^�á58, D �ûüá58, V =
⋃

a∈C∪D

Va, Va ´á5 a ���, f : U ×A → V ´��

&E¼ê, = ∀a ∈ A, x ∈ U k f(x, a) ∈ Va; á5f8 B ⊆ A û½��Ø�«©'X

ind(B) = {(x, y) ∈ U2|∀b ∈ B, f(x, b) = f(y, b)}, (1.1)

Ù¥, 'X ind(B) ò�� U Uá5 B y©õ��da, �{P� U/B.

555��� 1 �½ûüL DT = (U, C ∪ D, V, f), Ù¥ U ´��k��é�8, C �^�á

5, D �ûüá5, B ⊆ C, b ∈ C − B, e U/B = {B1, B2, · · · , Bm}, K U/(B ∪ b) =
m
⋃

i=1

Bi/b,

� U/(B ∪ b) ⊆ U/B.

yyy ²²² (1) e ∀(x, y) ∈ U/(B ∪ b), �â½Â 1 ��, ∀a ∈ B ∪ b, f(x, a) = f(y, a),

= ∀a ∈ B, f(x, a) = f(y, a) � f(x, b) = f(y, b), K ∃Bi ⊆ U/B ¦ (x, y) ∈ Bi × Bi, qÏ

� f(x, b) = f(y, b), ¤± (x, y) ∈ B2
i � (x, y) ∈ U/b, du U/B = {B1, B2, · · · , Bm}, �

U/(B ∪ b) ⊆
m
⋃

i=1

Bi/b.

(2) ,	, b� ∀(x, y) ∈ Bi/b, Bi ¥¤k��3á5 B þØ�«©, Bi/b L«òêâ

8 Bi þ���2Uá5 b[y, Ï (x, y) ∈ Bi/b, ¤± f(x, B ∪ b) = f(y, B ∪ b), �â½Â 1 �

�, (x, y) ∈ U/(B ∪ b), ¤± Bi/b ⊆ U/(B ∪ b), Ï (x, y) äk?¿5, �
m
⋃

i=1

Bi/b ⊆ U/(B ∪ b).

nÜ (1)(2) ¤�, U/(B ∪ b) =
m
⋃

i=1

Bi/b.

(3) U/B L«ò�� U Uá5 B ?1y©, U/(B ∪ b) ò�� U Uá5 B ∪ b y©, d

u B ⊆ (B ∪ b), ¤± U/(B ∪ b) y©´ U/B y©�\[, = U/(B ∪ b) ⊆ U/B, �= U/(B ∪

b) � U/B k�î��üN5.

½½½ ÂÂÂ 2 � ½ û ü L DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , 8 Ü X ' u

á 5 8 B � e C q B(X)! þ C q B(X)! � « � POSB(X)! > . � BND(X)! K «

� NEG(X), k

B(X) = {x ∈ U |[x]B ∩ X 6= ∅} =
⋃

{[x]B ∈ U/B|[x]B ∩ X 6= ∅}, (1.2)

B(X) = {x ∈ U |[x]B ⊆ X} =
⋃

{[x]B ∈ U/B|[x]B ⊆ X}. (1.3)

w ,, o ÷ 8 � þ ! e C q 8 ò Ø � © � ¤ � « � ! K « � 9 > . �, Ù ¥, � «

� POSB(X) = B(X), >.� BND(X) = B(X) − B(X), K«� NEGB(X) = U − B(X).
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½½½ÂÂÂ 3 �½ûüL DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , 8Ü X 3 ind(B) e�

Cq°Ý½Â�[19]

αB(X) =

∣

∣

∣
B(X)

∣

∣

∣

∣

∣

∣
B(X)

∣

∣

∣

. (1.4)

½½½ÂÂÂ 4 �½ûüL DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , 8Ü X 3 ind(B) e�

Cq>.°Ý½Â�

βB(X) =
|POSB(X)|

|BND(X)|
. (1.5)

555��� 2 �½ûüL DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , Cq°Ý αB(X) �C

q>.°Ý βB(X) äk�Ó�üN5, � βB(X) > αB(X).

yyy ²²²

βB(X) =
|POSB(X)|

|BND(X)|
=

∣

∣

∣
B(X)

∣

∣

∣

∣

∣

∣
B(X)

∣

∣

∣
−

∣

∣

∣
B(X)

∣

∣

∣

=

|B(X)|
|B(X)|

1 −
|B(X)|
|B(X)|

=
αB(X)

1 − αB(X)
.

(1) � αB(X) O��, 1−αB(X) ~�, K αB(X)
1−αB(X) O�; � αB(X) ~��, 1−αB(X) O

�, K αB(X)
1−αB(X) ~�, ¤± βB(X) � αB(X) üN5��.

(2) βB(X) − αB(X) = αB(X)
1−αB(X) − αB(X) − αB(X)2

1−αB(X) > 0

nÜ (1)(2), αB(X) � βB(X) äk�Ó�üN5, � βB(X) > αB(X), y..

�
O���Ú�, ���3 [0−1]�m, òCq>.°Ý?�, ½ÂXe.

½½½ÂÂÂ 5 �½ûüL DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , 8Ü X 3 ind(B) ?�

Cq>.°Ý β′
B
(X) = αB(X)(2−αB(X)), éw, β′

B
(X) = −(αB(X)− 1)2 + 1, � αB(X) ∈

[0, 1] �, β′
B
(X) ∈ [0, 1].

555��� 3 �½ûüL DT = (U, C, D, V, f), ∀B ⊆ C ∪ D, ∀X ⊆ U , Cq°Ý αB(X) �?

�Cq>.°Ý β′
B
(X) äk�Ó�üN5, � β′

B
(X) > αB(X).

yyy ²²² (1) Ï β′
B
(X) = −(αB(X)−1)2+1, �αB(X) �, e αB(X) O�, K (αB(X)−1)2

~ �, −(αB(X) − 1)2 ¬ O �, = β′
B
(X) O �; Ó n, � αB(X) ~ � �, β′

B
(X) ~ �, ¤

± αB(X) � β′
B
(X) äk�Ó�üN5.

(2) β′
B
(X)−αB(X)=αB(X)(2−αB(X))−αB(X)=αB(X)−αB(X)2 =αB(X)(1−αB(X)).

Ï αB(X) ∈ [0, 1], αB(X)(1 − αB(X)) > 0, ¤± β′
B
(X) − αB(X) > 0 = β′

B
(X) > αB(X),

y..

2 Cq>.°Ý&E�

2.1 �é&E�!Or&E�

½½½ÂÂÂ 6
[17] �½ûüL DT = (U, C, D, V, f), - U 3ûüá5 D þ�y©� U/D =

{Y1, Y2, · · · , Ym}, éu ∀B ⊆ C, - U 3^�á5 B þ�y©� U/B = {X1, X2, · · · , Xn},

ûüVg8�é�£ B �?�^�&E�� H(DB) = −
m
∑

j=1

|U|
∑

i=1

[µB
Y j(xi)lb µB

Y j(xi) + (1 −
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µB
Y j(xi))lb (1−µB

Y j(xi))], �é�
�� E(DB) =
m
∑

j=1

|U|
∑

i=1

µB
Y j(xi)(1−µB

Y j(xi)), Ù¥, µB
Y (x) =

|[x]P∩Y |
|[x]P | L«�£ B Vge�o÷äáÝ¼ê. �é�
���d/ª�

E′(DB) =
n

∑

j=1

m
∑

i=1

|Xi|
|Xi ∩ Yj |

|Xi|

(

1 −
|Xi ∩ Yj |

|Xi|

)

, (2.1)

?�^�&E���d/ª�

H ′(DB) = −
n

∑

i=1

|Xi| ×
m

∑

j=1

[ |Xi ∩ Xj |

|Xi|
lb
|Xi ∩ Xj |

|Xi|

+
(

1 −
|Xi ∩ Xj |

|Xi|

)

lb
(

1 −
|Xi ∩ Xj |

|Xi|

)]

. (2.2)

½½½ÂÂÂ 7 �½ûüL DT = (U, C, D, V, f), éu ∀B ⊆ C, - U 3^�á5 B þ�y©

� U/B = {X1, X2, · · · , Xn}, - U 3ûüá5 D þ�y©� U/D = {Y1, Y2, · · · , Ym}, ¡

AE(DB) =























m
∑

j=1

n
∑

i=1

|Xi|
[

1 − P (Yj |Xi)
/

P (Yj |Xi)
]

, 0 6 P (Yj |Xi) 6
1

2
,

m
∑

j=1

n
∑

i=1

|Xi|
[

1 − P (Yj |Xi)/P (Yj |Xi)
]

,
1

2
< P (Yj |Xi) 6 1

(2.3)

�ûüá5 D �éu^�á5 B ��é&E�, Ù¥, AE(Amplify Entropy)(DB) ´*�&

Ò�5, P (Yj |Xi) =
|Xi∩Yj |
|Xi|

, P (Yj |Xi) = 1 −
|Xi∩Yj|
|Xi|

, AE(DB) ��d/ª�

AE(DB) =























m
∑

j=1

n
∑

i=1

|Xi|
[

1 −
|Xi ∩ Yj |

|Xi|

/(

1 −
|Xi ∩ Yj |

|Xi|

) ]

, 0 6
|Xi ∩ Yj |

|Xi|
<

1

2
,

m
∑

j=1

n
∑

i=1

|Xi|
[

1 −
(

1 −
|Xi ∩ Yj |

|Xi|

)/ |Xi ∩ Yj |

|Xi|

]

,
1

2
6

|Xi ∩ Yj |

|Xi|
6 1.

(2.4)

½½½nnn 1 �½ûüL DT = (U, C, D, V, f) ¥, 3½Â 7 �^�e, e U/Bi+1 ≺ U/Bi (Ù

¥, K Bi, Bi+1 ⊆ C), K AE(DBi+1
) 6 AE(DBi

).

yyy ²²² �,�d'X3 U þ/¤�y©� U/Bi+1 = {X1, X2, · · · , Xn},  U/Bi =

{X1, X2, · · · , Xk−1, Xk+1, · · · , Xl−1, Xl+1, · · · , Xn, Xk ∪ Xl}´ ò y © Bi+1 ¥ � , ü � y

© Xk � Xl Ü¿� Xk ∪ Xl ���#y©, D = {Y1, Y2, · · · , Ym}�´ U þ���y©.

(1) � 0 6
|Xi∩Yj |
|Xi|

< 1
2 �,

AE(DBi
) = AE(DBi+1

) + |Xk ∪ Xl| ×

m
∑

j=1

[

1 −
|(Xk ∪ Xl) ∩ Yj |

|Xk ∪ Xl|

/(

1 −
|(Xk ∪ Xl) ∩ Yj |

|Xk ∪ Xl|

)]

− |Xk|

m
∑

j=1

[

1−
|Xk ∩ Yj |

|Xk|

/(

1−
|Xk ∩ Yj |

|Xk|

)]

−|Xl|

m
∑

j=1

[

1−
|Xl ∩ Yj |

|Xl|

/(

1−
|Xl ∩ Yj |

|Xl|

)]

,

AE∆ =AE(DBi
) − AE(DBi+1

)

=

m
∑

j=1

[

|Xk ∪ Xl| ×
(

1 −
|(Xk ∪ Xl) ∩ Yj |

|Xk ∪ Xl|

/(

1 −
|(Xk ∪ Xl) ∩ Yj |

|Xk ∪ Xl|

))
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− |Xk| ×
(

1 −
|Xk ∩ Yj |

|Xk|

/(

1 −
|Xk ∩ Yj |

|Xk|

))

− |Xl| ×
(

1 −
|Xl ∩ Yj |

|Xl|

(

1 −
|Xl ∩ Yj |

|Xl|

))]

= |Xk ∪ Xl| ×
(

1 −
|(Xk ∪ Xl) ∩ Yj |

|Xk ∪ Xl| − |(Xk ∪ Xl) ∩ Yj |

)

− |Xk| ×
(

1 −
|Xk ∩ Yj |

|Xk| − |Xk ∩ Yj |

)

− |Xl| ×
(

1 −
|Xl ∩ Yj |

|Xl| − |Xl ∩ Yj |

)

.

Ï� Xk ∩ Xl = ∅, ¤± |Xk ∪ Xl| = |Xk| + |Xl|, |(Xk ∪ Xl) ∩ Yj | = |Xk ∩ Yj | + |Xl ∩ Yj |.

� |Xk| = x, |Xl| = y, |Xk ∩ Yj | = ax, |Xl ∩ Yj | = by, w,k x > 0, y > 0, 0 6 a < 1
2 ,

0 6 b < 1
2 . ¤±,

AE∆ =

m
∑

j=1

[

−(x + y) ×
ax + by

x + y − ax − by
+ x ×

ax

x − ax
+ y ×

by

y − by

]

=

m
∑

j=1

(ax + by)[xb(1 − a) + ya(1 − b)]

(x + y − ax − by) · (1 − a) · (1 − b)
> 0.

(2) � 1
2 6

|Xi∩Yj|
|Xi|

6 1 �,

AE(DBi+1
) =

m
∑

j=1

n
∑

i=1

|Xi|
[

1 −
(

1 −
|Xi ∩ Yj |

|Xi|

)/ |Xi ∩ Yj |

|Xi|

]

=

m
∑

j=1

n
∑

i=1

|Xi|
(

2 −
|Xi|

|Xi ∩ Yj |

)

,

AE(DB) =AE(DBi+1) + |Xk ∪ Xl| ×

m
∑

j=1

(

2 −
|Xk ∪ Xl|

|(Xk ∪ Xl) ∩ Yj |

)

− |Xk|

m
∑

j=1

(

2 −
|Xk|

|Xk ∩ Yj |

)

− |Xl|

m
∑

j=1

(

2 −
|Xl|

|Xl ∩ Yj |

)

,

AE∆ =AE(DBi
) − AE(DBi+1

)

=

m
∑

j=1

[ |Xk|
2

|Xk ∩ Yj |
+

|Xl|
2

|Xl ∩ Yj |
−

|Xk ∪ Xl|
2

|(Xk ∪ Xl) ∩ Yj |

]

.

� |Xk| = x, |Xl| = y, |Xk ∩ Yj | = ax, |Xl ∩ Yj | = by, w, x > 0, y > 0, 1
2 6 a 6 1, 1

2 6 b 6 1,

AE∆ =

m
∑

j=1

[x

a
+

y

b
−

x + y

ax + by

]

=

m
∑

j=1

xy(a − b)2

ab(ax + by)
> 0.

nÜ (1)(2) �, AE(DBi+1
) 6 AE(DBi

), y..

duþã3¦�é&E��, zg��ä
|Xi∩Yj |
|Xi|

�����, O\XÚm�, e¡é�

é&E�?1U?.

½½½ÂÂÂ 8 �½ûüL DT = (U, C, D, V, f), éu ∀B ⊆ C, - U 3^�á5 B þ�y©

� U/B = {X1, X2, · · · , Xn}, - U 3ûüá5 D þ�y©� U/D = {Y1, Y2, · · · , Ym}, ¡

AE′(DB) =

m
∑

j=1

n
∑

i=1

|Xi|
[

1 −
|Xi ∩ Yj |

2 |Xi|

/(

1 −
|Xi ∩ Yj |

2 |Xi|

)]

(2.5)
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�ûüá5 D �éu^�á5 B �Or&E�.

½½½nnn 2 3Ø� U ¥, á58 Bi+1 3 U þ�y©� U/Bi+1 = {X1, X2, · · · , Xn}, á5

8 Bi 3 U �y© U/Bi = {X1, X2, · · · , Xk−1, Xl+1, · · · , Xn, Xk ∪X l}, y© U/Bi+1 ¥�ü�

�dfy© Xk, X l Ü¿��#��dfy© Xk ∪ X l. U/D = {Y1, Y2, · · · , Ym}´ûüá

5 D 3 U þ�y©, K AE′(DBi+1
) 6 AE′(DBi

).

yyy ²²²

AE′(DB) =AE′(DBi+1
) + |Xi ∪ Yj | ×

m
∑

j=1

[

1 −
|Xi ∩ Yj |

2 |Xi|

/(

1 −
|Xi ∩ Yj |

2 |Xi|

)]

− |Xk|

m
∑

j=1

[

1 −
|Xk ∩ Yj |

2 |Xk|

/(

1 −
|Xk ∩ Yj |

2 |Xk|

)]

− |Xl|
m

∑

j=1

[

1 −
|Xl ∩ Yj |

2 |Xl|

/(

1 −
|Xl ∩ Yj |

2 |Xl|

)]

,

AE′
∆ =

m
∑

j=1

[

|Xk|
( |Xk ∩ Yj |

2 |Xk|

/(

1 −
|Xk ∩ Yj |

2 |Xk|

))

+ |Xl|
( |Xl ∩ Yj |

2 |Xl|

/(

1 −
|Xl ∩ Yj |

2 |Xl|

))

−
|(Xk ∪ Xl) ∩ Yj | · |Xk ∪ Xl|

2 |Xk ∪ Xl|

/(

1 −
|(Xk ∪ Xl) ∩ Yj |

2 |Xk ∪ Xl|

)]

.

� |Xk| = x, |Xl| = y, |Xk ∩ Yj | = ax, |Xl ∩ Yj | = by, w, x > 0, y > 0, 0 6 a 6 1,

0 6 b 6 1,

AE′
∆ =

m
∑

j=1

( ax

2 − a
+

by

2 − b
−

(x + y)(ax + by)

2x + 2y − ax − by

)

=
m

∑

j=1

2xy(a − b)2

(2x + 2y − ax − by)(2 − a)(2 − b)
>0.

¤±, AE′(DBi+1
) 6AE′(DBi

), y..

555��� 4 �½ûüL DT = (U, C, D, V, f), éu ∀B ⊆ C, - U 3^�á5 B þ�y©

� U/B = {X1, X2, · · · , Xn}, - U 3ûüá5 D þ�y©� U/D = {Y1, Y2, · · · , Ym}, Or&

E�'©z [17]��é�
��&Òr, = AE′(DB) > E(DB).

yyy ²²² d½Â [6]!½Â [8]��

AE′(DB) − E(DB) =

m
∑

j=1

n
∑

i=1

|Xi|
[

1 −
|Xi ∩ Yj |

2 |Xi|

/(

1 −
|Xi ∩ Yj |

2 |Xi|

)]

−

m
∑

j=1

n
∑

i=1

|Xi| ·
|Xi ∩ Yj |

|Xi|

(

1 −
|Xi ∩ Yj |

|Xi|

)

=

m
∑

j=1

n
∑

i=1

|Xi|
([

1 −
|Xi ∩ Yj |

2 |Xi|

/(

1 −
|Xi ∩ Yj |

2 |Xi|

)]

−
|Xi ∩ Yj |

|Xi|

(

1 −
|Xi ∩ Yj |

|Xi|

))

.

�
|Xi∩Yj |
|Xi|

= x � 0 6 x 6 1, K AE′(DB)−E(DB) = 2−2x
2−x −x(1−x) = (1−x)[(x−1)2+1]

2−x > 0,

y..
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2.2 Cq>.°Ý&E�

½½½ ÂÂÂ 9 � ½ û ü L DT = (U, C, D, V, f), - U 3 ^ � á 5 B þ � y © � U/B =

{X1, X2, · · · , Xn}éu ∀B ⊆ C, U 3ûüá5 D þ�y©� U/D = {Y1, Y2, · · · , Ym}, û

üá5 D �éu^�á5 B �Cq>.°ÝCq>.°Ý�é&E��

ABAE(D|B)=























m
∑

j=1

n
∑

i=1

[1−β′
B(Yj)] · |Xi| ·

[

1−
|Xi ∩ Yj |

|Xi|

/(

1−
|Xi ∩ Yj |

|Xi|

)]

, 06
|Xi ∩ Yj |

|Xi|
<

1

2
,

m
∑

j=1

n
∑

i=1

[1−β′
B(Yj)] · |Xi| ·

[

1−
(

1−
|Xi ∩ Yj |

|Xi|

)/|Xi ∩ Yj |

|Xi|

]

,
1

2
6
|Xi ∩ Yj |

|Xi|
61.

(2.6)

Cq>.°ÝOr&E��

ABAE′(D|B) =

m
∑

j=1

n
∑

i=1

[1 − β′
B(Yj)] · |Xi| ·

[

1 −
|Xi ∩ Yj |

2 |Xi|

/(

1 −
|Xi ∩ Yj |

2 |Xi|

)]

, (2.7)

Ù¥, β′
B(Yj) � Yj 3 ind(B) e�?�>.°Ý, 1 6 i 6 n, 1 6 j 6 m.

3á5�{¥, kÄu�ê*��{, �kÄu&E*��{. �ê*��{Uk�Ý

þ�£���5, �é�£âÝ���Ýþ�JØn�; ��, &E*��{Uk�Ýþ�

£âÝ���, éu�£���5%åÃÃü. w,, �l�ê*½&E*,��¡ïÄá

5�{, þäk¡¡5. d½Â 9 ��, Cq>.°ÝOr&E�k�(Ü
&E*��ê

*�A:, �éuDÚ�&E��.ó, Q�Ä
��5, q�Ä
�£âÝ���, l

U
�¡!�*/Ýþo÷8¥�Ø(½5¯K.

½½½nnn 3 3�½�ûüXÚ S = (U, C, D, V, f) ¥, éu ∀B ⊆ C Ú a ∈ C − B, k

ABAE′(D|B) > ABAE′(D|(B ∪ a)), ABAE(D|B) > ABAE(D|(B ∪ a)).

yyy ²²² Ï�Cq>.°ÝOr&E��½Â´dCq>.°Ý�Or&E�|Ü

¤, ¤±e¡lùü��¡y².

(1) d U/B ½ Â 9   S ' X≺� �, U/(B ∪ a)≺U/B, é u k ∀Y ⊆ U ,
∣

∣YB

∣

∣ >
∣

∣YB∪a

∣

∣ �
∣

∣YB

∣

∣ 6
∣

∣YB∪a

∣

∣, d½Â 5��, β′
B(Y ) =

|YB|/|YB|
2−|YB|/|YB|

6
|YB∪a|/|YB∪a|

2−|YB∪a|/|YB∪a|
= β′

B∪a(Y ).

¤±, 1 − β′
B∪a(Y ) 6 1 − β′

B(Y )

(2) � U 3ûü D þ�y© U/D = {Y1, Y2, · · · , Ym}, d½n 2 ��

n
∑

i=1

∑

X∈U/(B∪a)

[

1 −
|X ∩ Yi|

2 |X |

(

1 −
|X ∩ Yi|

2 |X |

)]

6

n
∑

i=1

∑

X∈U/B

[

1 −
|X ∩ Yi|

2 |X |

(

1 −
|X ∩ Yi|

2 |X |

)]

,

= AE′(D|B) > AE′(D|(B ∪ a)).

Ón, d½n 1 ��, AE(D|B) > AE(D|(B ∪ a))

nÜ (1)(2) ��, ABAE′(D|B) > ABAE′(D|(B ∪ a)), ABAE(D|B) > ABAE(D|(B ∪ a)).

3 á5�{�{ (ABAE)

d½n 3��, Cq>.°ÝOr&E� (½�é&E�)´��äk�î�üN55

Æ�¼ê, Ïd�±/ÏCq>.°ÝOr&E� (½�é&E�)�A:, 5Ýþá5�

5, ¿±d��â, O��{8.
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½½½ÂÂÂ 10 �½�ûüL DT = (U, C ∪ D, V, f), éu ∀B ⊆ C, e�3 ABAE′(D|B) =

ABAE′(D|C), �éu ∀a ∈ B, k ABAE′(D|B − {a}) 6= ABAE′(D|C), K¡ B � C �éuû

üá5 D ���Cq>.°ÝOr&E���{.

½½½ÂÂÂ 11 �½�ûüL DT = (U, C ∪ D, V, f), éu ∀B ⊆ C, ∀b ∈ C − B, Ká

5 b 3 S ¥, �éuá58 B 3ûüá5 D e��é&E��5�

Sig(b, B, D) = ABAE(D|B) − ABAE(D|B ∪ {b}), (3.1)

Or&E��5�

Sig′(b, B, D) = ABAE′(D|B) − ABAE′(D|B ∪ {b}). (3.2)

Ï�3O�&E�L§¥, �3�þ�O� |Xi ∩ Yj |, Xi �y© U/B �fy©, Yi � U/D �

fy©. ¦ùü�fy©��8��è�Xe.

char[ ] intersect(string X , string Y )

{ Char[ ] Z;

int i = 0, j = 0, k = 0;

while( i < X .length && j < Y .length)

{ if ( X [i] == y[j])

{ Z[k + +] = X [i]; i + +; j + +; }

else if ( X [i] > Y [j] )

j + +;

else

i + +; }

return Z; }

d intersect (string X , string Y ) g � � �, � © ¦ ü � 8 Ü � � 8 � m E , Ý

d |X | |Y |ü� |X | + |Y |, Ù¥ |X |�8Ü X �Äê, |Y |�8Ü Y �Äê.

3¦�é&E��L§¥, �3X�þ�¦ U/(B ∪ b) Ú½, �â5� 1 ��, |

^ U/B �(J, 2é U/B z�fy©Uá5 b���ØÓ¦\[, ù����!�XÚ

m�. äN��{ 1!�{ 2.
�{ 1 Cq>.°ÝOr&E�9�é&E��O�

Ñ\: ûüL DT = (U, C, D, V, f), y©

U/B = {X1, X2, · · · , Xn}, U/D = {Y1, Y2, · · · , Ym}, � B ⊆ C

ÑÑ: Cq>.°ÝOr&E� ABAE′(D|B), �é&E��ABAE(D|B)

int ABAE′ = ABAE = 0;

int type;

for ( i from 1 to m ) //m � U/D fy©�ê8

{ int t1=t2=t3=t4=count=0;

input type;

for ( j from 1 to n) // n � U/B fy©�ê8

{ count = count + |Xj |;

temp = intersect (Xj , Yi).length; //ÚOeCq����ê

if (temp = = |Xj |) then

t1 = t1 + |Xj |;

else if (temp = = 0)

t2 = t2 + |Xj |;

else { switch( type ) {
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case 1: //O�Or&E�

t3 = t3 + |Xj | ·

2
“

1 −
temp

|Xj |

”

2 −
temp

|Xj |

; break;

case 2: //O��é&E�

if
“

0 6
temp

|Xj |
≺

1

2

”

t4 = t4 + |Xj | ·
h

1 −
temp

|Xj |

.“

1 −
temp

|Xj |

”i

;

else t4 = t4 + |Xj | ·
h

1 −
“

1 −
temp

|Xj |

”. temp

|Xj |

i

; }

break; } }

t2 = count – t2; //ÚOþCq���ê

ABAE = ABAE +

„

1 −

t1

t2

2 −
t1

t2

«

· t4; ABAE′ = ABAE′ +

„

1 −

t1

t2

2 −
t1

t2

«

· t3; }

�{ 2 ÄuCq>.°ÝOr&E��{9�é&E��{

Ñ\: DT = (U, C, D, V, f);

ÑÑ: R.

step 1 R = ∅, C′ = C;

step 2 O� U/C, U/D;

step 3 O�^�á5 C �éûüá5 D �Cq>.Or&E� ABAE′(D|C), �é&E

� ABAE(D|C);

step 4 while ( 1 )

{ O� Sig′(bk , R, D)¸ Max
bi∈C′

Sig′(bi, R, D) ½ Sig(bk , R, D) = Max
bi∈C′

Sig(bi, R, D), 1 6 i 6 |C′|.

ekõ�á5��5Ñ�����, Kl¥?À�� bk;

R = R ∪ bk; C′ = C′ − bk;

if (ABAE′(R|C) = ABAE′(D|C))

ÑÑOr&E���{ R;

if (ABAE(R|C) = ABAE(D|C))

ÑÑ�é&E���{ R; }

�{Ì���mm�3u¦&E�, z\\��á5�, �#O�Cq>.°Ý9&E

�. du|©|^U/B ¦ U/(B ∪ b), ¦�O� ABAE′ ��mü�O(|U |); 3¦á5�{�, z

gÀJ�����á5\\�{8, �{����mE,Ý� O(|C|2|U |).

4 ¢�©Û

�?�Ú�y�©Cq>.°ÝOr&E�!�é&E��{�{�Ù¦Óa�{�

5U, |^ Windows7 XÚ, muóä� VS2012, CPU 2.3G, S� 4 GB �¸e?§. �©À

^ UCI ÅìÆSêâ¥¥�6 �êâ8ÿÁ: � Tic-Tac-Toe Endgame (Tic) êâ8, 958 �~

ê, 10 �á5, 2 ��ªa; � Zoo êâ8, 101 ��~, 17 �á5, 7 ��ªa; � Ecoli êâ8,

336 ��~, 8 �á5, 8 ��ªa; � Lymphographyêâ8 (Lymph), 148 ��~, 19 �á5,

4 ��ªa; � Chess King-Rook vs. King-Pawn(Chess) êâ8, 3196 ��~, 37 �á5, 2 ��

ªa; � Mushroom(Mush) êâ8, 8124 ��~, 23 �á5, 2 ��ªa.

�©�±eäk�L5�A��{?1'�: � Äu^����{ (Conditional Entropy,

CE)[15]; � �é�
� (Fuzzy Entropy, FE)[17]; � ÄuCqûü���{ (Approximate Deci-

sion Entropy Attribute Reduction, ADEAR)[19]; � |Ü^�� (Combine Conditional Entropy,

CCE)[20].

¢�l�{(J!©a°Ý!$1�mþ'�. L 1 �Ñ
ØÓ�{3þã 6 �êâ8þ
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��{�¹, Ù¥ RN ���á5�{�Äê. ÏLL 1 ��, CE!FE!CCE3 «�{O�á5

�5�, �´�7&E*e�&E�ïÄ, �Ä&E�âÝ, K��{�J. � ADEAR òC

q°ÝK\&E�!ABAE òCq>.°ÝK\�é&E�!ABAE′ òCq>.°ÝK\O

r&E�O�, k�(Ü�ê*!&E*��{, �¡!�*/Ýþá5�5, 3L 1 � 6 �

êâ8¥, þk�Ð��{�J.

LLL 1 ���{{{(((JJJ'''��� (���{{{ááá555êêê)

Tab. 1 Comparison of reduction result(residue number)

DataSet RN CE FE CCE ADEAR ABAE ABAE′

Tic 8 8 8 8 8 8 8

Zoo 5 9 5 5 5 5 5

Ecoli 5 6 6 6 5 5 5

Lymph 6 8 6 7 6 6 6

Chess 29 30 30 29 29 29 29

Mush 4 5 5 5 5 5 4

$1�mþ, �©�{ ABAE!ABAE′ ��{ CE!FE!CCE �'�, XL 2 ¤«.

LLL 2 $$$111���mmm'''���

Tab. 2 Comparison of run time

DataSet CE/s FE/s CCE/s ADEAR/s ABAE/s ABAE′/s

Tic 8.73 6.76 0.36 0.101 0.103 0.089

Lymph 3.124 1.36 0.126 0.053 0.054 0.048

Mush 300.22 166.92 24.88 1.80 1.88 1.67

d L 2 � �, � é � Ó � ê â � {, ABAE � { � $ 1 � m � � u CE!FE, d

u ADEAR � ABAE �{3O� U/B �|^p��{, !��þ�XÚ�mm�, �éá

5�5O��O�þ��, ¤±�m5Uþvkõ��É. ABAE′ ' ABAE �{�
�äÚ

½, �ÏL|^&E�*��A:, ¯�é����á5, \¯�{��Ý, ¤±�m�`�.

�?�Ú�yÄu&E��{!Äu�«��{[21] ({¡ FBS) 9�©�{�©aO(

5, ò��{����{(J�� SVM ©aì�Ñ\. �Jp SVM ©aìé���©a°Ý,

± 20% êâ�ÿÁ8, 80% �Ôö8, Ø¼êæ^“»�ÄØ”, N�.�KF¦fþ.9»�Ä

Øëê, |^�ò���y��{5µ�¤k��{©a°Ý, Xã 1 ¤«.

ã 1 ©a°Ý'�

Fig. 1 Comparison of classification accuracy

ÏLã 1 �©a�J��, ABAE′ 3êâ8 Tic!Zoo!Ecoli!MushþþU¼��p©a
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°Ý��{(J; Äuü�&E���{�{ CE, �{(J�©aO(ÇØp, du�üX

�Ä&E���{O�á5�5; FBS �{��{©aO(Ç, 5U�½, �õê�¹e

� ABAE′ �©a°Ý$, du3Ýþá5�5�, ��ÄûüL¥�����«©�J, �

�ÄK«���m�«©Uå. AO´3|^�«��{O�á5�5�, ~¬Ñyõ�^

�á5�á5�5��Ó��¹, DÚ��{´�ÅÀJ��. duzgO�á5�5Ñ´

O��é�5, ¤±�ÅÀJ�á5¬K�e�gá5�ÀJ. eæ^�©�ü«��&E�

��{, ¿(Ü�ê*e�Cq>.°ÝO�á5�5, �±k�Ýþ��m�[��É, l

¦�3�Y�êâ©aó�¥, ÐyÑ�©�{3©a�Jþ�`³.

�
ïÄl+:é�{��{K�, |^îªålO����é�m��mål, 2|

^.��OKO�l+:�ê. þã 6 �êâ8O����l+:�ê: Tic � 0; Zoo � 2;

Ecoli � 4; Lymph � 5; Chess � 188; Mush � 156. �l+:êÓ��oê�'~�l+Ç, K

�êâ8�l+Ç: Tic � 0j; Zoo � 19.8j; Ecoli � 11.9j; Lymph � 33.8j; Chess � 58.8j;

Mush � 19.2j. þã 6 �êâ8¥, ABAE′ 3êâ8 Chess 9 Lymph þ©a°Ý$u FBS �

{, Ï�êâ8 Chess!Lymph k�p�l+Ç, dul+Ç��3K�
 ABAE′ �©a5U.

�'�e, FBS �{Él+:Ç�K���, ÏdÙ©a°ÝpuABAE′. �él+Ç¯K, �

Jp ABAE′ ©a5U, 7L�Ä3á5�{�c, ¦þæ^l+:uÿ�{, éÑl+:, ±~

�l+:éá5�{�K�.

5 ( Ø

á5�{´o÷8nØïÄ�9:��, 2�ïÄö�õê�l�ê*½ö�l&E*�

O�'á5�{�{. �©KÜ�ê*Ú&E*�A:, �O�«O�á5�5��{, ¦©

a°Ý�p. ,	, du3O� U/(B ∪ b) �, ¿©|^ U/B �&E, ¦¦�da��m��~

�, !�XÚm�.

e�Úó�, �ÄXÛ3�±p°Ý©a��¹e, ~��{�O�þ, �?�ÚJp�{

��m5U, ±9�ÄXÛòO��y��õØ?nì(Ü, ü$�{��mE,Ý.
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