
1 33 ò 1 3 Ï g Ä z Æ � Vol. 33, No. 3

2007  3 � ACTA AUTOMATICA SINICA March, 2007¢�o÷8nØ9á5�{� & 1, 2 �Æt 1Á � �©Ú\á5Úá5f82Â�Ý�Vg±9�m¥�2ÂC�'X§JÑ2ÂC�'Xe�¢�o÷8*��.. 3¢�o÷8nØ¥§|^2ÂC�'X3�Û¥y©�N�¬§�¤8Ü�e!þCq§;�
Pawlak o÷87Lþzêâ�æ�. ,	§�©�Ñ
¢�o÷8�á5�{½ÂÚ�«�%�{§©Û
�{á58Ü��þ. ��§ÏL¢~�y
�©nØÚ�{��(5Úk�5.'� ¢�o÷8nØ§á5�{§2Â�Ý§2ÂC�'X§2Âî¼ål¥ã©aÒ TP18

Real Rough Set Theory and Attribute Reduction

XIAO Di1, 2 HU Shou-Song1

Abstract The notions of general important degree of an attribute and attributes subset are introduced, and thereupon

a kind of general Euclidean distance and a general neighborhood relation are set up. And then a real rough set theory

based on the general neighborhood relation is proposed. The theory partitions the universe into tolerant modules under

general neighborhood relationship the give the lower and upper approximation of the set without discretizing the data.

Furthermore, the definition and greedy arithmetic of attribute reduction in real rough set theory are proposed, and the

quality of reduction results is analyzed. Finally, an example is given to show the validity and effectiveness of the theory

and method of this paper.
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ûüXÚ§§ØI�²LlÑzL§§�âá5�AÆ½Â
á5�2Â�Ý§l�±#Ýþ�m¥���m��q5ål§,�±2Âî¼ålǑÄ:�¤
�m¥�2ÂC�'X§3d'Xe½Â
¢�o÷898Ü�'XÚ5�.,	§�©�Ñ
¢�o÷8nØ�á5�{�½Â§§� Pawlak o÷8nØ�á5�{½ÂØÓ. ¢�á5�{´±�Û���©aǑXú:§ Pawlak á5�{´±�Û�(½5©aǑXú:. �´ö�âØ(½©a�8Ü���Ä
¢�á5�{��þ¯K§Ïd§é(½5©aǑ´k�J�.

2 á5�2Â�Ý½n 1. 3 Pawlak o÷8nØ¥§á5�Ý��Ǒ"´Tá5��{�7��¿©^�.

Pawlak o÷8¥�á5�Ý´�é(½5ûü���KǑ?1ïÄ�. e¡0��«2Âá5�Ý§§´�é¤kûü��ïÄ�.½n 2. �½ûüXÚ S = < U , C ∪ d, V >,

U/d = {d1, d2, · · · , dr(d)}, ∃ a ∈ C, � a(di) ⊂ V ,L«á5 a éAûü di �á5�f8«m. XJk
a(di) ∩ a(dj) = φ§(i 6= j, i, j = 1, 2, · · · , r(d))§K



254 g Ä z Æ � 33òk U/a = U/d ¤á.½n 2 `²§XJ��á5§éAØÓ�ûü��8´pØ���§Kù�á5�±��y©�Û§��ûüá5y©��. �,§ù�á5ǑÒ´���á5§́ á58�Ø. Ïd�±`§é��á5��m§�a«m�É��§�N´�âdá5��ä©a§ÏdTá5Ǒ��¶e,á5��a«m����§KTá57LéÜÙ�á5��AÆ�å?1ûü©a§�A/§ù�á5��ÝǑÒ�f
. ùp��ÝÒ´2Â�Ý§§Ýþ�´é�Û�ûüUå§�é(½5ûü���KǑ§Ý.½Â 1. �½ûüXÚ S = < U,C ∪ d, V >§
U/d = {d1, d2, · · · , dr(d)}§∀ a ∈ C§½Âá5 a �2Â�ÝǑ

σg(a) =
8
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1 − 1

C2
r(d)

r(d)
X

i 6= j

i, j = 1

a(di) ∩ a(dj)

max cross(a(d))
Ù�

1 ∀i, j, a(di) ∩ a(dj) = φ

(1)Ù¥ C2
r(d) L«l r(d) �ê¥� 2 �|Ü§a(di) ∩

a(dj) ⊂ V L«á5 a éAûü� di �á5�f8�éAûü� dj �á5�f8��8Ü©§max cross(a(d)) ⊂ V L«á5 a éA�Üüüûü��á5�f8�¤k�8¤�����«m. ½Â 2.�½ûüXÚ S =< U,C∪d >§U/d =

{d1, d2, · · · , dr(d)}§∀B ⊆ C§Ká5f8 B �2Â�ÝǑ
σg(B) =
8
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:

1 − 1

C2
r(d)

r(d)
X

i 6= j

i, j = 1

B(di) ∩ B(dj)

max cross(B(d))
Ù�

1 ∀i, j, B(di) ∩ B(dj) = φ

(2)Ù¥ C2
r(d) L«l r(d) �ê¥� 2 �|Ü§B(di)∩

B(dj) L«á5f8 B éA�ûü di ¤���á5�«��§éA�ûü dj ¤���á5�«���8§max corss(B(d)) L«á5f8 B éA�Üüüûü¤k��Ü©¤�����«�.~. e¡�Ñ��{ü�¢êûüL§©Û�e2Âá5�ÝÚ2Âá5f8�Ý�½ÂÚO�. �¢ê�ûüLXL 1 ¤«

L 1 ¢ê�ûüL
Table 1 Real decision table

U a1 a2 a3 d

x1 1.6 0.4 5.7 1

x2 2.2 0.6 6.8 1

x3 1.9 0.4 5.3 2

x4 3.4 0.5 4.8 2

x5 2.0 0.4 6.9 3

x6 2.9 0.6 7.5 3éþ¡�ûüL§U/d = {d1, d2, d3} =

{{x1, x2}, {x3, x4}, {x5, x6}}. á5 a1 �á5���Ǒ max cross(a1(d)) = [1.9, 2.9]§§�2Âá5�ÝǑ
σg(a1) = 1 −

1

C3
2

3
∑

i6=j

a1(di) ∩ a1(dj)

[1.9, 2.9]
=

1 −
1

3
(
[1.9, 2.2] + [2.0, 2.2] + [2.0, 2.9]

[1.9, 2.9]
) = 0.533Ó�/§á5 a2, a3 �2Â�Ý©OǑ σg(a2) =

1
3
§σg(a3) = 1. á5 a2 éA��ûü��8Ü�é�§Ïd§�2Â�ÝÒé�§=éûü©a��Ïé�. á5 a3 éA��ûü��8þØ��§Ïd§�2Â�ÝǑ 1§=�³/ù��á5?1©a.�á5f8 B = {a1, a2} ⊂ C§Ká5f8

B éA��mǑ± a2, a1 Ǒîp�I/¤����m§Xã 1 ¤«. max cross(B(d)) Ǒã 1 ¥�
A!B!C!D!E Ú F «��oÚ.

ã 1 üá5�á5f8éAûü�����y©
Fig. 1 Decision-making intersect range partition relative

to attribute subsetûü d1 �ûü d2 � B �8 B(d1) ∩ B(d2)



3Ï � &�µ¢�o÷8nØ9á5�{ 255Ǒ A \ B �«�§ûü d2 � d3 ûü� B �8
B(d2)∩B(d3) Ǒã 1 ¥ B \þ D �«�§ûü d1�ûü d3 � B �8 B(d1)∩B(d3) Ǒ B \þ C �«�.²O���§

B(d1) ∩ B(d2)

max cross(B(d))
=

(2.2 − 1.9)(0.5 − 0.4)

(2.9 − 1.9)(0.6 − 0.4)
=

3

20

σg(B) = 1 −
1

C2
3

3
∑

i 6= j

i, j = 1

B(di) ∩ B(dj)

max cross(B(d))
=

1 −
1

3
(
0.03 + 0.04 + 0.09

1.0 ∗ 0.2
) =

11

15,	§dO���§á58 C �2Â�ÝǑ
σg(C) = 1.½n 3. �½ûüXÚ S =< U,C ∪d, V >§e
B1 ⊆ B2 ⊆ C§K σg(B1) ≤ σg(B2).½n 4. é�ûüXÚ§XJ§�á58�2Â�Ý��Ǒ 1§KTXÚ¥�ûüa´�5�©�§ÄKÒ´�5Ø�©�.¢Sþ§ûüXÚá58�2Â�ÝeǑ 1§L²A^Tá58�±Ǒ�Û?1(½5�©a.XJá58�2Â�ÝØǑ 1§KTûüXÚ¥��ûüa�m�3�8§ù
���Ü©ÒØU(½©a§Ïd�±|^o÷8nØ?1ïÄ.

3 �m�á52Â�Ýî¼åléõ�¹e·�Uì��m��q5r8Üy©ǑeZ�f8§���â,«L«àa�þ�OK¼ê(½y©�(J. �
~^�ålÝþ�±�Ǒù«�q5Ýþ. �~^�Ò´î¼ål§~Xþ�àa§g|�N��Ñ´æ^ù«Ýþ�{.�´ÊÏ�î¼ål==´ÿþ��3AÆ�m¥�¢Sål§vk�Äz�AÆ�þé��y©�ØÓKǑ§Ïd=lÊÏål�ÆÝÝþ��m��q5§é©a��Ø�!½¥�¥/©Ù���5`§��©a(JØ¬é�. Ïd§·�JÑ|^1 2 !¥�á52Â�Ý§½Â�«�m�2Â�Ýål§§�±�Ä�z�á5�AÆA:9é©aûü�KǑ§Ïäk���©a�q5§Jp©a�O(Ç.½Â 3. � xxx,yyy ∈ Rn§a1, a2, · · · , an L« Rn�m¥� n ���§K xxx,yyy �á52Â�Ýî¼

ålǑ
dg(x, y) =

√

√

√

√

n
∑

i=1

σg(ai)(xi − yi)2{¡Ǒ2Âî¼ål. Ù¥ xi, yi(i = 1, · · · , n) Ǒ
xxx,yyy 3����þ�©þ.XJØ�Äá5�2Â�Ý§ǑÒ´Ø�Ä���þ�AÆ�¹§z���3�m¥���©þØäkAO�AÆ§*dÑ��§=
σg(ai) = 1,∀ i§K2Âî¼ål{zǑÊÏ�î¼ål. Ïd�±`î¼ål´2Âî¼ål���A~.

4 ¢�o÷8nØ� U Ǒ��!k��8Ü§¡�Ø�¶A Ǒá58Ü A = {a1, a2, · · · am}§¿�á5�8Ñ´ëY�¢ê�. ·��Ä2Âî¼åle�����'X.½Â 4. �?¿ x, y ∈ U§B Ǒ A ����k�á5f8§XJe¡�Ø�ª¤á
dB

g (x, y) =

√

∑

ai∈B

σg(ai)(xi − yi)2 < δÙ¥ δ Ǒ�¢ê§K¡ y ´ x 3 B e��� δ 2ÂC�§Ǒ�±` (x, y) ÷v δ 2ÂC�'X.5� 1. δ 2ÂC�'X÷vg�5Úé¡5§�Ø÷vD45§Ïd´�N'X.r x 3 U ¥�¤ká5f8 B e� δ 2ÂC�¡� x � B- 2ÂC�a§P� [x]δB§=
[x]δB = {y ∈ U |dB

g (x, y) < δ}½Â 5. � U ǑØ�§X ⊆ U§A Ǒ�Ná58Ü§B ⊆ A§KX 3á5f8 B e�¢�eCq8Ú¢�þCq8©OǑ
BXR = {x ∈ U |[x]δB ⊆ X}

BX
R

= {x ∈ U |[x]δB ∩ X 6= φ}

X 3á5f8 B e�¢�þ!eCq8��¡� X 3á5f8 B e�¢�>.8§P�
BNR

B (X). = BNR
B (X) = BX

R
− BXR.½Â 6. é x ∈ U,X ⊆ U§�Ä2ÂC�'Xe x äáu X �§Ý

µδ
X(x) =

|[x]δB ∩ X)|

|X|
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| • | L«Äê. w,§µδ

X(x) ∈ [0, 1].

Pawlak Ø�©E'Xe�o÷äáÝ¼ê�½ÂǑ
µB

X(x) =
|[x]B ∩ X)|

|[x]B |ü«o÷äáÝ¼ê½Â�«O3u§��©1´ØÓ�. Ø�©E'X´�«�d'X§§½Â�
[x]B ´���da§a¥����mÑäk�d�^�¶2ÂC�'X´�«�N'X§§½Â�
[x]δB ´���Na§=a¥����mØä��d^�§�Uä��q�A5.5� 2. 2ÂC�'Xe�¢�o÷äáÝ¼êäke¡�5�µ

1) e µδ
X(x) = 1§K x ∈ BXR Ø�½¤á¶

2) e µδ
X(x) = 0§Kk x /∈ BX

R ¤á¶
3) e 0 < µδ

X(x) < 1§K x ∈ BX
R¶

4) é?¿ x ∈ U§X,Y ⊂ U§� X ∩ Y = φ§K
min(µδ

X(x), µδ
Y (x)) ≤ µδ

X∪Y (x) ≤

max(µδ
X(x), µδ

Y (x)).5� 2 L²µ1)=����éu�8Ü�2ÂC�o÷äáÝǑ 1§ǑØU(½ù����½áuù�8Ü§ǑÒ´`ù���Ø´T8Ü�(½��§�´�U���. ù«�¹Ï~3�Û¥¹kØ�Nûü�¬u). �2ÂC�'Xe�o÷äáÝ�U�	���8Ü�m�Cq'X. 2)Ú
3)�Ø�©E'Xe�o÷äáÝ�5��Ó. 4)L²XJ�Û¥kü�Ø���8Ü§�o��éuùü�8Ü�¿8�2ÂC�¢�o÷äáÝ����0uù���©Oéùü�8Ü�2ÂC�¢�o÷äáÝ���m.

5 ¢�o÷8�á5�{½Â9á5�{��%�{½Â 7. � B ⊆ C§e÷ve�^�µ
1) σg(B) = σg(C)¶
2) ∀B′ ⊂ B§σg(B

′) 6= σg(C)K¡ B Ǒ C ��{§P� RED(C). ¤k�{��8¡�á5�Ø§P� CORE(C)§
CORE(C) = ∩RED(C)ùpæ^Äuá5�2Â�Ý�Beam|¢[5]�{?1á5�{.

Ñ\µûüXÚ S =< U,C ∪ d >§U/d =

{d1, d2, · · · , dr(d)}§C = {a1, a2, · · · , an} ÑÑµá58 C �õ��{.�{Ú½Xeµ
1)O�¤kü�á5�2Â�Ý σg(ai)(i =

1, 2, · · · , n)§/¤ n � 1–�|. ¿O�á58 C �2Â�Ý σg(C)¶
2)l σg(ai)(i = 1, 2, · · · , n) ¥ÀJ k ����éA�á5 (k L« Beam �°Ý)§¿±ù
á5�Ǒå:m©á5f8�|¢¶
3)\��#á5� k �á5¥�z��þ¡§/¤ k(n − 1) � 2–�|§ǑÒ´ù��ã�|�º�Ǒ 2¶
4) O�z�� t–�|�á5f8�2Â�Ý§¿ÀJ2Â�Ý��� k �á5f8¶
5)23ù k� t–�|�Ä:þ\þ��Ø3d

k � t–�|¥�Ù�á5/¤¤k�U� (t+1)–�|¶
6)E 4)� 5)§��,� t–�|/¤�á5f8�2Â�Ý���u σg(C)§�où� t–�||¢Ê�§Ù�� (k − 1) � t–�|KUY|¢§��ǑU��§�á5f8�2Â�Ý���u σg(C) KÊ�¶
7) ������ σg(C) ��� t–�|éA�á5f8Ò´á5�{�(J.ùp� Beam |¢�{k�:��?U§Ò´���|¢(J¥ t–�|¥ t �º��UØÑ´�Ó�. ù´ÏǑd?|¢(å�OK�� Beam |¢�{ØÓ§Ïd(JǑØÓ.Ú Pawlak o÷8�á5�{��§¢�o÷8�á5�{Ǒ´Ø���. �oéuõ��{�á5f85`§=��á5�{(J´���Q. ùp�â�{�á5f8éuy©��ûü�Ø(½�>.8���5�äá5�{��þ§¿�Ñ±e½Â.½Â 8. �½ûüXÚǑ S =< U,C ∪ d, V >,

U/d = {d1, d2, · · · , dr(d)}. � B1, B2 ∈ RED(C),Ñ´á5 C ��{, XJ ∑r(d)

i=1 |BNR
B1

(di)| <
∑r(d)

i=1 |BNR
B2

(di)|, K¡�{ B1 ��þ�u�{
B2. ù�½Âá5�{��þ´ÏǑ·�F"����{á583�Óu��á58�©aUå��Ke§¿U�Ø(½©a����ê����.

6 ¢~�y±�|,.ÔÌÅ��æ�1êâǑ~§ïá¢ê�ûüXÚXL 2 ¤«.
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Table 2 Real decision system needing attribute reduction

U a1 a2 a3 a4 a5 a6 d

x1 1.11562 -0.07397 0.131876 5.0598 0.007014 -0.00046 1

x2 3.24466 -0.20627 0.408133 5.0666 0.062166 -0.00398 1

. . . . . . . . . . . . . . . . . . . . . 1

x10 8.58631 -0.60029 1.07413 5.12339 0.516987 -0.03475 1

x11 1.41824 -0.06275 -0.01219 5.05872 0.018001 -0.00082 2

x12 2.67102 -0.12168 -0.00732 5.05847 0.069575 -0.00313 2

. . . . . . . . . . . . . . . . . . . . . 2

x20 9.23811 -0.56749 0.017876 5.05891 1.63701 -0.08979 2

x21 1.18606 -0.09501 -0.13191 4.89014 0.829897 -0.05499 3

x22 1.02323 -0.06498 -0.23608 4.98404 0.257833 -0.01412 3

. . . . . . . . . . . . . . . . . . . . . 3

x30 2.02422 -0.1082 -0.22963 5.02577 0.248544 -0.01203 3L 3 õ«o÷8�{'�
Table 3 Compare of manifold rough set method�8 a.¢�o÷8 Pawlak o÷8 �C°Ýo÷8á5�{8 {a1, a3, a4, a5} {a1, a3, a4, a5} {a1, a3, a4, a6} {a1, a3, a4, a5}�{$��m 783 (ms) 1476 (ms) 2997(ms)D(���©aUå (�(Ç) 93.3  63.3  80 #���©aUå (�(Ç) 80  30% 60%�{'� �` �� û��éL 2 �ûüXÚ?1¢�á5�{§¿^�kD(���Ú#���Ǒ�y8§� Pawlako÷8Ú�C°Ýo÷8�á5�{?1©aUå�'�§Ù¥ Pawlak o÷8æ^Ø�©EÝ
�{[6]?1�{§�C°Ýo÷8æ^©[7] ¥�CqO��{�{§(JXL 3 ¤«.ùp¢�á5�{¥§Beam �°Ý k = 2§�´ÏǑ���k��á5f8�2Â�Ý�á5�8�2Â�Ý�Ó§Ïdá5�{�(J�k��8Ü§Ǒ {a1, a3, a4, a5}. ù«�{�{�I�O�á5Úá5f8�2Â�Ý§�§�$��m�'uÙ��ü«�{�{��éõ. Ø�©EÝ
�á5�{�{�'�zü����Ø�©Eá5f8§�k²LÛ�!Ü�$�§¤±$��mÑ�. �C°Ýo÷8�á5�{��¡§§��â8Ü���!K�O�ÑÛÜ�éO�ÚCqO�§Ïd$��m��.,	§lL 3 �'���§¢�o÷8á5�{�(Jé 30 �\D( (D(ǑpdxD(§��

Ǒ 0.00001) ����Ú 10 �#���©aUåÑ�uÙ�ü«�{. Ïd¢�o÷8nØéù�ûüXÚ�©aUå�`§�C°Ýo÷8�{Ùg§ Pawlak o÷8�{��.

7 (å��©ïÄ
¢ê�¥o÷8nØ��
¯K§X¢�o÷e!þCq8§¢�o÷äáÝ¼ê§¢�á5�{�. ¿�JÑ
¢�á5�{��«Äu Beam |¢��%�{§éõ�á5�{(J©Û
�{��þ. lnØþÚ¢~�yþ`²
¢�o÷8nØ´�(Úk��. �´§éu¹k�Âá5�ûüXÚ§¢�o÷8nØ´Ø·^�§§=é¢ê+��J��§Ïd'�·Üó§þ�A^.
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