
1 24ò1 2Ï
2007c 04�

� � n Ø � A ^
Control Theory & Applications

Vol. 24 No. 2
Apr. 2007

���«««ÄÄÄuuukkkSSSááá555ûûûüüüXXXÚÚÚ©©©aaa555KKKJJJ���üüüÑÑÑ

Ü©�

(ÜSe>Æ�+nX,ñÜÜS 710061)

Á�:©a5K�°Ý�ûu©a�{��E.Ø©3nÜ©ÛÄ�o÷8ÜVg9Ù�{�{�Ä:þ,�ã

�«ÄuOK�kSá5ûüXÚ�êâ�÷�{.�dÄk0�
ÄukSá5ûüXÚ�8ÜL�,,�
|^kSá5ûüXÚ¥OK8�á58�Ä�A��EþeCq*Ð�.,��OK8ûüXÚ�o��'ë
ê.¿?�ÚJÑ�A�êâ�{�©a5KJ��{.���Ñ
^d�{�{kSá5ûüXÚ��~,¢�
(JL²d�{�÷Ñ�5K{ö,�äÜn5Ú��5.
'�c:êâ�÷;o÷8;ûüXÚ;OK;©a�þ
¥ã©aÒ: TP181 ©zI£è: A

Classification rule extracting strategy based on decision system with
ordered attributes

ZHANG Wen-yu
(Department of Management, Xi’an Post and Telecommunication College, Xi’an Shaanxi 710061, China)

Abstract: The precision of classification rule is decided by the construction of classification algorithm. By the
concepts and attribute reduction algorithm of basic rough set, a data mining algorithm based on the ordered character of
attribute in decision system is proposed in this paper. First, the aggregation expression in decision system with ordered
character of attribute is briefly introduced. Then, based on the basic characterization of criteria sets and attribute sets in
decision system with ordered attributes, the upper and lower approximation expansion models are constructed to obtain the
four relative parameters in decision system with ordered attributes. Thirdly, the corresponding data mining and classification
rule extracting algorithm is constructed by using the proposed approach. Finally the rationality of the ordered attribute
reduction method is validated by simulation example, and the result shows the rules mined by the method are concise and
reliable.
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1 ÚÚÚóóó(Introduction)
êâ�÷´�c<ó�UÚêâ¥Eâ�ïÄ

9:��. 8c, kNõÄuÅìÆS!�ª£O
9ÚOÆ�5K¼��{,Cc5�o8nØ��
êâ�÷Jø
�óä,Ù�Ñ�5K°õ�
Bu�;Ú¦^. o÷8´Å=êÆ[Z.Pawlak3
1982[1,2]cJÑ��«©Ûêâ�êÆnØ,ÙA:
´ØI�ýk�½,
A�½á5�êþ£ã,
´��l�½¯K�£ã8ÜÑu,�âØÓ�*
ÿ:ré�8y©¤�da5(½�½¯K�Cq

�,léÑT¯K¥���A�ÚS35Æ[3].
�©3{ãÄ�o8Ä�Vg�Ä:þ, æ^

á5�kSA�éûüXÚ?1{z?J�5

K,¿|^�~éT�{?1
Ün5�y.

2 ÄÄÄ���ooo÷÷÷888(Basic rough set)
½½½ÂÂÂ 1 ¡S = (U,Q, {Vq}, f)��£L«X

Ú. Ù¥: U���k�8, ¡Ø�; Q���k�

8,¡á58Ü; Vq�á5q ∈ Q���; f : U → Vq

��ü�,¦Ø�U¥?����á5q3Vq¥�,

����. XJQd^�á58ÜCÚûüá58

ÜD|¤, C, D÷vC
⋂

D = φ,C
⋃

D = Q, K¡
S�ûüXÚ.
½½½ÂÂÂ 2 - S = (U,C

⋃{D}) ��ûüXÚ,
B ⊆ C, ½Â B �Ø�©E'X IND(B) �
IND(B) = {(x, x

′
) ∈ U2|∀a ∈ B, a(x) = a(x

′
)},

a(x)���x3á5aþ��.e(x, x
′
) ∈ IND(B),

ÂvFÏ: 2005−07−28;Â?UvFÏµ2006−04−30.
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`²�â®k�&EØUòxÚ x′«©m.
½½½ÂÂÂ 3 -8ÜVd L«ûüá5d���, Ø

���5,�Vd = {1, 2, · · · , r(d)},Kûüá5dò

Ø�Uy©¤{Y1, Y2, · · · , Yr(d)}, Ù¥Yk = {x ∈
U |d(x) = k, 1 6 k 6 r(d)} , d(x)�ûüá5d3é

�xþ��,8ÜYk ¡�ûüXÚS�1k�ûüa

½ûüVg.
|^Ä�o8nØéûüXÚ?1êâ�{

8c®²kéõ��{¿3¢SA^¥��
�

U�¤J. ~XÄu����{�{!Äu©EÝ

��{�{!Äu&E���{�{!Äuå

l¼ê��{�{[4∼11]�, z«�{Ñäk�g
�A:9A^|Ü. e¡3Salvatore Greco, Roman
Slowinski[12]��ÇJÑ�ÄuOKûüXÚ�ê
â�{��{Ä:þJÑ�kkSá5ûüXÚ

�êâ�÷#�{,¿òÙA^u>&�ä�þµ
d¥.

3 ���kkkkkkSSSááá555���ooo÷÷÷CCCqqq(Rough approx-
imation with ordered attributions)

3.1 ÄÄÄ������nnn(Basic theory)
ÄukSá5�êâ�÷�{Ó�A^uX½

Â1¤«�ûüXÚ¥,�´ûüXÚ¥�á5´Ï
L,«4O4~^S?1üS/¤�OK�.é
u∀q∈C,�q��OK,K�3`k'XSq,¦xSqy

L«/�éá5qó, x���y��Ð0, KSq

´½Â3Uþ���D4��kS'X. ��, é
u∀q ∈ C, qØ´OK´á5,K�3�d'XIq,
¦xIqy �Ä�o8nØ¥��d��'X, =§
÷vg�5!é¡5ÚD45. IPC>�C¥�

OKf8, C=�C¥�á5f8=C>
⋃

C= =
C, C>

⋂
C= = φ. �éu∀P ⊆ C, IPP >�

�¹3C¥�OK8, =P > = P
⋂

C>, P=��

¹3C¥�á58, =P= = P
⋂

C=, �÷vP =
P >

⋃
P=,P >

⋂
P= = φ. -Rp ´��Uþ�g

�ÚD4��'X, =Rp ´3UþÜ©kS�

'X, °(/`, éu∀P ⊆ C, �½ÂRpXe:
∀x, y ∈ U, xRpy,��=�eq ∈ P >K�3xSqy'

X, eq ∈ P=, K�3xIqy. XJP ⊆ C> 9xRpy,
KL«éu∀q ∈ P , x`kuy.2Â/ù,-CL =
{CLt, t ∈ T}, T = {1, 2, · · · , n}, ´Uþ���y

©8,=éu∀x∈U , xáu�=áu��CLt∈CL.
b½∀r, s ∈ T ,er > s,KCLr ���`uCLs �

��. CLa�y©�LUþé��nÜµd: ��
�é� uCL1 ¥, �Ð�é� uCLn ¥, Ù¦
�é�áuCLr.

lCLy©Ñu,�½ÂXe8Ü:





CL>
t =

⋃
s>t

cls,

CL6
t =

⋃
s6t

cls.

éu∀P ⊆ C,-{
R+

p (x) = {y ∈ U : yRpx},
R−

p (x) = {y ∈ U : xRpy}.
éux ∈ U , R+

p (x)L«3OK8¥`kux�

é��3á58P¥�x�d�é��Ú. aq/
R−

p (x) L«3OK8P¥�x`k�é��3á5

8P¥�x�d�é��Ú.
3.2 ÄÄÄuuuOOOKKK���þþþeeeCCCqqq***ÐÐÐ���...(Upper and

lower approximation expanding model based
criteria)
b�Pp �g��, �±`x ∈ U (�á

uCL>
t �duR+

p (x) ⊆ CL>
t . éuP ⊆ C,t ∈ T ,

y ∈ U �UáuCL>
t �du���3��é

�x ∈ CL>
t ¦�3OK8P¥y`kux93á5

8P¥y�dux, =y ∈ R+
p . Ïd�ÄP ⊆ C, á

uCL>
t �¤ké�8, (�/�¤
CL>

t �eC

q, �UáuCL>
t �¤ké�8�¤
CL>

t �

þCq.
/ª£ãXe: ∀t ∈ T9∀P ⊆ C, �½

Â�éPóCL>
t �eCqPCL>

t , 9�éP

óCL>
t �þCqPCL>

t :



PCL>
t = {x ∈ U : R+

p ⊆ CL>
t },

PCL>
t =

⋃
x∈CL

>
t

R+
p (x).

Ón��eCqPCL6
t �þCqPCL6

t �êÆ

L«.
aqÄ�o8½Â,�©JÑ
ÄuOK8ûü

XÚ��'ëê,¿òÙA^3�kOKûüXÚ
�êâ�{�{¥.
ëëëêêê 1 éu∀t ∈ T9P ⊆ C, �½ÂCL>

t

�CL6
t �©aXê�{

αp(CL>
t ) = card(PCL>

t )/card(U),

αp(CL6
t ) = card(PCL6

t )/card(U).

�£P'uy©CL�©aXê�: αp(CL) =∑
t∈T

{αp(CL>
t ) + αp(CL6

t )}.
ëëëêêê 2 éut ∈ T9∀P ⊆ C, �½ÂCL>

t

�CL6
t �Cq°Ý�{

∂p(CL>
t ) = card(PCL>

t )/card(PCL>
t ),

∂p(CL6
t ) = card(PCL6

t )/card(PCL6
t ).

�£P'uy©CL�Cq°Ý�: ∂p(CL) =
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∑
t∈T

{∂p(CL>
t ) + ∂p(CL6

t )}éuCq©a�Ø°(
5,�½Â�éPóCLy©�Cq�þ{¡�©

a�þ�

ëëëêêê 3 �£P'uy©CL�©a�þ�

γp(CL) =

∑
t∈T

card(PCL>
t ) +

∑
t∈T

PCL6
t )

∑
t∈T

card(PCL>
t ) +

∑
t∈T

PCL6
t )

.

§L«
ûüL¥¤kP -�(©aé��¤kP -
�U�(©aé��'. �
L«©a��éC
q,�½Â©a��.
ëëëêêê 4 �£P'uy©CL�©a���

βp(CL) =
card(POSp(CL))

card(U)
=

∑
t∈T

card(
⋃

X∈CL
>
t

PX) +
∑
t∈T

card(
⋃

X∈CL
6
t

PX)

card(U)
.

z���f8P ⊆ C e÷vγp(CL) =
γc(CL) K¡�CL����{, P�REDCL. =
�{c�y©CL'u��^�á58Ü�©

a�þ�±ØC. ���kOK�ûüLØ�
���{, ¤k�{��¡�TûüL�Ø. P
�CORECL, CORECL =

⋂
REDCL.

3.3 ÄÄÄuuu���kkkOOOKKKûûûüüüXXXÚÚÚ���êêêâââ���{{{���

{{{(Data reduction algorithm based on decision
system with criteria)

3.3.1 ëëëêêê£££ããã(Parameter description)
�ûüXÚ¥�^�á5C¥km�á5:

C1, C2, · · · , Cm , Ù¥m1��kSá5, m2��

ÃSá5. ûüá58ÜD�y©�CL = {Clt,

t ∈ T}, T = {1, 2, · · · , n}.éz��^�á5CiO

� ± e4� ë ê: αCi
(CL), ∂Ci

(CL), γCi
(CL),

βCi
(CL), -HCi

ÚJCi
©O�ù4�ëê��ê

²þÚAÛ²þ, SCi
= HCi

+ JCi
�^�á5�

�5Xê.
3.3.2 ���{{{LLL§§§(Algorithm procedure)

Step 1 Ñ\ûüL�^�á5�ûüá5,²
(^�á5¥�kSá59ÃSá5¿«©û

üa;
Step 2 ©OO���ûüa'u��^�á

5�þeCq,>.���ÚK�;
Step 3 éu^�á58ÜC,O�Vc(CL);
Step 4 -Ð©�{á58C0��;
Step 5 ©OO���^�á5�ëê,O�Ù

�5XêSCi
,¿�¤8ÜS;

Step 6 lS¥�Ñ���, òéAá5\\�

{á58C0¥,O�VC0(CL),¿òSCi
lS¥íØ;

Step 7 XJVC0(CL) < VC(CL), K=Step 6,
ÄK=Step 8;

Step 8 C0¥�¹�^�á5=�^�á58

ÜC����{.
�Ø�Äá5�kSA��,d�{B�ðC�

IOo÷8Ü�á5�{�{,l�y
�kk
Sá5�o÷8êâ�{�IOo÷8�á5�{

�{���5.

4 ���~~~(Example)
3L1¥,>&�ä�þµd�I��d±e6�

á5£ãµC1,C2,C3,C4,C5,D©OL«�äK1U
å!�Ö��!&EDÑ�ò!¥%Û�!PlI

�!>&�ä�þ.
L 1 >&�ä�þûü

Table 1 Telecommunication network quality decision

Ø�U C1 C2 C3 C4 C5 D

X1 p õ � L1 î Ð

X2 ¥ õ � L1 î �

X3 ¥ õ � L1 î Ð

X4 $ �� � L1 ØU�� �

X5 ¥ �� á L1 ØU�� �

X6 p �� á L1 ¥� Ð

X7 ¥ �� � L1 ¥� Ð

X8 p õ � L2 ¥� Ð

X9 ¥ õ � L2 î Ð

X10 $ �� � L2 ØU�� �

X11 ¥ �� á L2 ¥� Ð

X12 p �� á L2 ¥� Ð

dL��, C1,C2,C3,C5´OK, Ï�§�á5
�´kS�, C4´��á5, Ùá5��Æ´Ã
S�, D´ûüá5, ½Â
ü�kSûü, �[
/ùµp>¥>$, õ>��, á>�, ¥�Pl>î

Pl>ØU?n��, Ð>�, Ù¥>�/`u0

ÎÒ.
4.1 ÄÄÄ���ooo888���{{{������{{{(((JJJ(Reduction result

based on rough set method)
dÄ�o8�{¥�Äu���{,½Âcl1 �

>&�ä�þ�ûüa, cl2 �>&�ä�þÐûü

a.²LO�,ûü5K�(O�L§Ñ)
R1: (C1=p)y(>&�ä�þ=Ð);
R2: (C1=¥)C(C4=L2)y(>&�ä�þ=Ð);
R3: (C1=¥)C(C2= ��)y(>&�ä�þ=

Ð);
R4: (C1=¥)C(C2=õ)C(C4=L1)y(>&�ä

�þ=Ð)D(>&�ä�þ=�);
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R5: (C1=$)y(>&�ä�þ=�);
R6: (C5=ØU?n��)y(>&�ä�þ=�);
R7: (C1=¥)C(C3=á)C(C4=L1)y(>&�ä

�þ=�).
4.2 ÄÄÄuuu`̀̀kkk999ØØØ���©©©EEE'''XXX���CCCqqq���{{{

(((JJJ(Approximation reduction result based on
priority and indiscernibility relation)
½Âûüacl61 �>&�ä�þ�õ���

�¹, cl>2 L«>&�ä�þ���Ð��¹, Ï
��kü�ûüa, Ïcl61 =cl1 9cl>2 =cl2. O�
cl619cl>2�C—-þeCq9>.�©O�

Ccl61 ={4, 10}, Ccl61 ={2, 3, 4, 5, 7, 10},
BnC(cl61 ) = {2, 3, 5, 7},
Ccl>2 = {1, 6, 8, 9, 11, 12},
Ccl>2 = {1, 2, 3, 5, 6, 7, 8, 9, 11, 12},
BnC(cl>2 ) = {2, 3, 5, 7}.

cl61�Cq°Ý�0.63, cl>2�Cq°Ý�0.86,©
a�þ�0.67. �k���{=Ø, Redcl(c) =
COREcl(c) = C1, C4, C5;K��ûü5K�

R1: (C1=p)y(>&�ä�þ���Ð);
R2: (C1���¥)C(C4=L2)y(>&�ä�þ

���Ð);
R3: (C1=$)y(>&�ä�þ�õ��);
R4: (C1=¥)C(C4=L1)y(>&�ä�þ=Ð)

D(>&�ä�þ=�);
R5: (C5=ØU?n��)y(>&�ä�þ=�).
Äu`k9Ø�©E'X�o8�{�ÄuØ

�©E'X�o8�{�':
* 5Kê8~�,5K|^���á5ê9£ã

Î,�°õ;
* á5��{ê8~�;
* �{ºX
á5
kSA�.�Ø�Äá5�

kSA��,d�{B�ðC�IOo÷8Ü�á
5�{�{,l�y
�kkSá5�o÷8ê
â�{�IOo÷8�á5�{�{���5.
o÷8ÜnØ®²2�A^uêâ©Û!ã�

?n!(Ñ£O!ûü|±©ÛÚêâ�÷�+

�,¿��
é�¤õ.�©3Ä�o÷8ÜnØ�
Ä:þ,|^ÄukSá5�êâ�÷�{,U
¯

�/3ûüXÚ¥�÷Ñ5K,��÷Ñ�5K{
ö,�äÜn5Ú��5.
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