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Abstract One of the focuses of rough set theory is attribute reduction. In an ordered information

system, the information quality and significance of attributes are defined. Relationships between them and

attribute reductions are investigated, based on which, a heuristic algorithm for obtain attribute reductions

is presented, and the time complexity of the algorithm is also shown. Finally, the validity of the algorithm

have been depicted by an practical example.
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8OA�����
�Æ���()
,$���. 1998 	 Greco �� [17−18] �������ÆBIC(
)
	�!�)J��
���,$(), PC�����
����D.

QK�!�)J��
C�����DE��� 
32, .	��� 
ÆE, FF�� ��Æ�
�!G
��. �R!S4.	��Æ� Æ
TG, ,$��Æ� Æ���!G
��. C
U, !�
�� ��Æ� Æ, .	�HLC������Æ��
/), �M��IHI��/)
$JÆ.

2 \]^_`

Ka 1 VNL�M (U, A, F ) #���� (IS), ��, U = {x1, x2, · · · , xn} �WJ$A0N�K, V
#��; A = {a1, a2, · · · , am} �WJ$A�Æ�K; F = {fa : ∀a ∈ A} � U 4 A 4
L��K, ��,
fa : U → Va (∀a ∈ A) V#��L�; Va ��Æ a 
B�.

O ≤ ��� U 4
XL��. P ≤ MOPY�Y0VFZ[
, QV (U,≤) #\C�. 0QR

x, y ∈ U , RN x ≤ y � y ≤ x !
�E", QV x, y �O]
, ^QV#�O]
. RN\C� (U,≤) 


&S��
QP&LS6�O]
, QV(&S�#Q [19].

Ka 2 O (U, A, F ) #����. 0QR�Æ a ∈ A, P a 
�ÆB Va �TC�� ≤ �_�Q, QV
a �R`
. P0QR
 a ∈ A, a 6�R`
, QV (U, A, F ) #C���� (OIS).

Ka 3 O (U, A, F ) #C����. 0QR
 B ⊆ A, TG U 4
XL��
R≤

B = {(x, y) ∈ U × U : fa(x) ≤ fa(y), ∀a ∈ B},
V R≤

B #C���� (U, A, F ) 4
)J��. U5, R≤
B �PY�Z[
, %��0V
, S���+��,

T R≤
B(x) = {y ∈ U : (x, y) ∈ R≤

B}, V# x 
)J�. Q U/R≤
B = {R≤

B(x) : x ∈ U} _� U 

&ab.
bc 1[6] O (U, A, F ) #C����, R≤

B # (U, A, F ) 4
)J��. Q0QR
 x, y ∈ U ,
1) P B ⊆ A, Q R≤

A ⊆ R≤
B V R≤

B =
⋂

a∈B

R≤
a ;

2) P B ⊆ A, Q R≤
A(x) ⊆ R≤

B(x) V R≤
B(x) =

⋂
a∈B

R≤
a (x);

3) P y ∈ R≤
B(x), Q R≤

B(y) ⊆ R≤
B(x) V R≤

B(x) = ∪{R≤
B(y) : y ∈ R≤

B(x)};
4) R≤

B(y) = R≤
B(x) ⇔ ∀a ∈ B, fa(x) = fa(y).

�U�3�����
V&32 [1−2] .
Ka 4 O (U, A, F ) �C����, a ∈ A. RN R≤

A−{a} = R≤
A , QV�Æ a � A ���c 
 (� 

"
); ^Q, V a � A ��c 
.
�c 
�Æ�C������ "
, RN)W,�����Xd, �We�C����
����;

*Y, P,C�����Xd
&c 
�Æ, Q
Te��C����
��.
Ka 5 O (U, A, F ) �C����. RNX&�Æ a ∈ A � A �6�c 
, QV�Æ� A �fE


; ^Q, V A �*T
.
0�*T
�Æ�YY, ��gZ$h"�Æ, OF0���.
Ka 6 O (U, A, F ) �C����, A ��$c �ÆM�
�KV#�Æ� A 
Æ, T� Core(A).
Ka 7 O (U, A, F ) �C����, B ⊆ A. RN R≤

B = R≤
A, QV B #C���� (U, A, F ) 
��

�; P B # (U, A, F ) 
���, V0QR
 a ∈ B, R≤
B−{a} �= R≤

A, V B #C���� (U, A, F ) 
��.

UI, Core(A) = ∩{D : D ⊆ A, D � (U, A, F ) 
��}.

3 deV]^fWghijh

KZ [13] )������ 
32 [15] �34�����, .	�����
�Æ��(). �U)K
Z [13] �
�� 32�34C�����, [�C����
�Æ��.

Ka 8 O (U, A, F ) �C����, B ⊆ A, U/R≤
B = {R≤

B(xi) : xi ∈ U}. TG B 
�� #

I(B) = 1 − 1
|U |2

|U|∑

i=1

|R≤
B(xi)|,

��, |X | /\�K X 
!�.
bc 2 O (U, A, F ) �C����. Q0QR
 B ⊆ A, I(B) ≤ I(A).
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kl O B ⊆ A, 
ÆE 1 �, 0QR
 xi ∈ U , R≤
A(xi) ⊆ R≤

B(xi). �� |R≤
A(xi)| ≤ |R≤

B(xi)|. , 

TG 8 ]i I(B) ≤ I(A).


RÆE]i���
^TT�.
Km 1 O (U, A, F ) �C����. Q0QR
 B ⊆ A,

B � (U, A, F ) 
��� ⇔ I(A) = I(B).

Km 2 O (U, A, F ) �C����. Q0QR
 a ∈ A,

a �c 
 ⇔ I(A − {a}) < I(A).

kl O a �A ��c 
. Q R≤
A−{a} �= R≤

A . , 7� x ∈ U , _i R≤
A−{a}(x) �= R≤

A(x). 

R≤

A ⊆ R≤
A−{a} �0QR x ∈ U , R≤

A(x) ⊂ R≤
A−{a}(x). S
TG 8 Oi I(A − {a}) < I(A). Y!, O a ∈ A,

V I(A−{a}) < I(A). Q
TG 8� 1− 1
|U|2

∑|U|
i=1 |R≤

A−{a}(xi)| < 1− 1
|U|2

∑|U|
i=1 |R≤

A(xi)|. 
 R≤
A ⊆ R≤

A−{a}
O�, 7� xi ∈ U _i R≤

A−{a}(xi) �= R≤
A(xi).j�� R≤

A−{a} �= R≤
A . ] a #c 
.

bc 3 O (U, A, F ) �C����. Q0QR
 B ⊆ A, B �fE
 ⇔ ∀a ∈ B, I(B − {a}) < I(B).
Km 3 O (U, A, F ) �C����. Q Core(A) = {a ∈ A : IA−{a}(a) < I(A)}.
kl a ∈ Core(A) ⇔ A − {a} ����
 ⇔ R≤

A−{a} �= R≤
A ⇔ R≤

A ⊂ R≤
A−{a} ⇔ I(A) > I(A − {a}).

T� 2, 3 .	�^��� ^TC����
�Æ`\
().

Km 4 O (U, A, F ) �C����. Q0QR
 B ⊆ A,

B ��� ⇔ I(B) = I(A), V ∀a ∈ B, I(B − {a}) < I(A).

M��� , �_OFi4C����
���F�Æ��
^TT�, `OHic �Æ
�Æ`\.
%0��a�Æ�^� , � Æ�-RabbF- . #R,��� !S4�3�Æ� Æ
32. F�
� 
�c8&Y -�Æ
� Æ�-.

Ka 9 O (U, A, F ) �C����. �Æ a ∈ A � A �
� ÆTG#:

SigA−{a}(a) = I(A) − I(A − {a}).
`�O, ! A = {a}, � Sig(a) /\ Sig∅(a), Q Sig(a) = I({a}), ��, U/R≤

∅ = U , I(∅) = 0.

4cTG/d�Æ a ∈ A � A �
� Æ
 A �Xd a e�Æ
�� �c
8&Y- .
bc 4 O (U, A, F ) �C����. Q0QR
 a ∈ A,

0 ≤ SigA−{a}(a) ≤ 1 − 1
|U | .


T� 2 FTG 9 ]i�Æ`\��Æ� Æ
��.

Km 5 O (U, A, F ) �C����. Q0QR
 a ∈ A,

a �A ��c 
 ⇔ SigA−{a}(a) > 0.

Km 6 O (U, A, F ) �C����. Q0QR
 B ⊆ A,

B ��� ⇔ I(B) = I(A), V0QR
 a ∈ B, SigB−{a}(a) > 0.

Km 7 O (U, A, F ) �C����. Q Core(A) = {a ∈ A : SigA−{a}(a) > 0}.

4 ]n]^fV\]^_`ghopq^


T� 5FT� 7O�,C���� (U, A, F )
Æ Core(A)���Æ� Æ8�f
g/�Æ,]c 
�Æ_�
�K. 
�Æ�%

VÆ#Qa��
S�, _R, ÆO�#-%&��
!S. 
T� 6 �,
�Æ Core(A) 
!S4, `a#4�K B ⊆ A, MO Core(A) ⊆ B, V0QR
 a ∈ B, SigB−{a}(a) > 0, ]
∀a ∈ B − Core(A), SigB−{a}(a) > 0 
�Æ]O. 
TG 9, .	�UTG:

Ka 10 O (U, A, F ) �C����, B ⊆ A. 0QR�Æ a ∈ A − C, a ���Æ� C 
� ÆTG#:

SigC(a) = SigC∪{a}−{a}(a) = I(C ∪ {a}) − I(C).

4cTG/d���Æ� C �
�Æ a ∈ A− C ���Æ� C 
� Æ
 C �dh a e��Æ
�
� 
�c8&Y- . SigC(a)
Bb8, Yd�Æ a ∈ A−C ���Æ� C �b� . , Ok SigC(a)
�#'#%&�Æ��
*����, Fie+,JG.
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TG 10, �
�Æ� ÆHiÆ Core(A) 
!S4, c*de A �Æ�LS!f
%� 
�Æd
h4Æ�X, f4��� ��g&�Æ� A 
�� , ]OHiC����
�Æ��.

C����
Æ��Æ��/):
rs C���� (U, A, F ).
rh C����
Æ���.
Step 1 j/C������� A 
�� I(A).
Step 2 Core(A) := ∅. j/X&�Æ a ∈ A � A �
� Æ SigA−{a}(a). P SigA−{a}(a) > 0, Q

Core(A) := Core(A) ∪ {a}. %ei4
 Core(A) #�Æ� A 
Æ.
Step 3 j/Æ Core(A) 
�� . P I(Core(A)) = I(A), Qg	Æ Core(A) ]#C����
�Æ

�� (R" Core(A) # (U, A, F ) %&��); ^Q, P I(Core(A)) < I(A), ij Step 4.
Step 4 k C = Core(A), 0�Æ� A − C �lij:
1) 0X&�Æ a ∈ A − C, j/�Æ� Æ SigC(a);
2) de�Æ a _�MO SigC(a) = maxa′∈A−C SigC(a′), C := C ∪ {a}.
3) P I(C) = I(A), Qg	 C(R" C # (U, A, F ) 

&�Æ��); ^Q, k 1).
�U��4c/)
"GllÆ:
j/Æ Core(A) maj/ |A| * SigA−{a}(a).
j/�Æ��a j/ SigC(a) 
*�%h#: |A| + (|A| − 1) + · · · + 1 = |A|(|A| + 1)/2 = O(|A|2).
#�j/ SigA−{a}(a)(j/ SigC(a) �j/ SigA−{a}(a) 
"GllÆ*h),  -�lj/:
1) j/ |A| &ab.
�iKZ [20] O�, j/X
&ab
"GllÆ# O(|U |2), _Rj/ |A| &ab
"GllÆ#

O(|A| × |U |2).
2)#�j/ U/R≤

A � U/R≤
A−{a},a j/ |A|−1� |A|−2*m. j/
*m
"GllÆ#O(|U |2).

_Rj/(/m
"GllÆ# (|A| − 1 + |A| − 2)×O(|U |2) = O(|A| × |U |2). _R, j/
* SigA−{a}(a)

"GllÆ# O(|A| × |U |2).

j/ I(A) � I(A − a) 
"GllÆ# O(|A| × |U |2).
g&/)
"GllÆ#: (|A|+ |A|(|A| + 1)/2)×O(|A| × |U |2) =

O(|A|3 × |U |2).
t 1 / 1 .	����� (U, A, F ), �� U = {x1, x2, x3, x4,

x5, x6}, A = {a1, a2, a3, a4}.

/ 1 �, 0QR
�Æ a ∈ A, �ÆB� Va = {1, 2, 3}_�Q, ]

a ∈ A 6�R`
. , ���� (U, A, F ) �C����.
Step 1 
TG 3, R≤

B = {(x, y) ∈ U × U : fa(x) ≤ fa(y)}, ]i

�Æ� A _�
)J�:

m 1 uvwxy (U, A, F )

U a1 a2 a3 a4

x1 1 2 1 2

x2 3 2 2 2

x3 1 1 2 1

x4 2 1 3 1

x5 3 3 2 3

x6 3 2 3 2

R≤
A(x1) = {x1, x2, x5, x6}, R≤

A(x2) = {x2, x5, x6}, R≤
A(x3) = {x2, x3, x4, x5, x6},

R≤
A(x4) = {x4, x6}, R≤

A(x5) = {x5}, R≤
A(x6) = {x6}.

, Oi�� A 
�� I(A) = 1 − 1
|U|2

∑6
i=1 |R≤

A(xi)| = 5
9 .

Step 2 
TG 9 -i�Æ ai � A �
� Æ#:

SigA−{a1}(a1) = I(A) − I(A − {a1}) =
5
9
− 5

9
= 0, SigA−{a2}(a2) = I(A) − I(A − {a2}) =

5
9
− 5

9
= 0,

SigA−{a3}(a3) = I(A) − I(A − {a3}) =
5
9
− 5

12
=

5
36

, SigA−{a4}(a4) = I(A) − I(A − {a4}) =
5
9
− 5

9
= 0.

S
T� 7 �, Core(A) = {a3}. V I(Core(A)) = I({a3}) = 11
36 .


� I(Core(A)) �= I(A), ij Step 3.
Step 3 k C = Core(A) = {a3}. 0 A − C = {a1, a2, a4} j/n&�Æ���Æ C 
� Æ:
1) SigC(a1) = I({a1, a3}) − I(a3) = 4

9 − 11
36 = 5

36 , SigC(a2) = I({a2, a3}) − I(a3) = 5
9 − 11

36 = 1
4 ,

SigC(a4) = I({a3, a4}) − I(a3) = 5
9 − 11

36 = 1
4 .

2) 
� SigC(a2) = SigC(a4) = max
a∈A−C

SigC(a) = 1
4 , L C1 := C ∪ {a2}, C2 := C ∪ {a4}.
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3) 0QR
 i = 1, 2, I(Ci) = 5
9 , V I(Ci) = I(A).

SÆ Core(A) = {a3}, C1 = {a2, a3}, C2 = {a3, a4} n#C����
��.

5 z{

�Æ���'#��������
%&�ÆS�. #�HL�Æ��, ��
	�!���-���
 �
�Æ��/). QKn0)J��_�
C����
	���
�� 32, ,$�!��� 

�����Æ��
^T(). C
U, TG�C����
�Æ� Æ, .	�!��� ��Æ� Æ

�Æ��/). M��IYd, �/)�i4C����
�Æ��.
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