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ANTR] AR, 28 10O e b Xt 5CH0 S S I o oA
I AbHE

Ja& PR A R L B AR . SOk [14]
FHPC SRR 2 1 T —Ff 2204k X i) {8 5 3R 1% bz £k in
AEE AL, SCHR [15] 1) 2 T 4% oR 550 A 455 R0 KL RS 42
FE T JNAL Parzen pRER, 2 T — BB 9 5L T AL
Parzen pREX Y k T 4B 3 B0k, DA & 3 JOOKG B .
SCHR [16] 42 T — BB 19 5 T 7 AT 4 1 AL
EAREBERNS, DI S BB R b e e )y .
A B F WA A & A o 2 U AY
0T T P P AN i MRS T N Y S L A R s
T B A OGN A T2 WAL 380 28 Xk Jirt 4 %
o (A R A B AR, B A W%
WA A R b o B 22319 K Critic AL
H S P SE A LR & B, Critic WAL T334
HEF, BRI T OCHRPEXT R AR i S e, S R T AR
SR PRI SE A, LA 2 ROy 2 B AT

Ay il e 2 SulORE A 4 1) i M 24 T oK B LR B A
i P X6 LR S s M AN () 14 T A8, AR SR T A Critic
IRA L AL SR SRR B (Y S M 2 W vk . B o6,
T X P SR S AN [R], H Critic AL T
R R AR SRR A g MR B, S A 1R R
B BRI, B ISR IR OC ZR B, o FH A R 25 o
A B IAL LRI OC FR B A AH 56 e SCRE T, #)
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VE RPN F AR b, HEATIBIEZ T . 76 UCT
PErR Y 10 B 4 AT SC g Sk, 25 R,
Critic WA A& OB B 4 1) Ja8 1 249 17 530 1 AN Y
REAE RN AE B, IR RE 4R & o0 2 HERf %

1 tHXEP
1.1 4PiEtARt &
WE—MEHRARGS =(U,C,D,f), ZE 5= h

m A JE PR B X R A, Hod, U = {x, 50, ,x,)
HETRERES, C={ar, a2, ,a, ) HEEAR I 558
VESE 4, D e B4 f (o) R x 6
Hea; B HUE .

EX1 MWTHEERGES HER UTHIER
x; € U, M x, 78 U L AY4RIRS (x) e XN
§(x)={x;€U,4(x,x;) <6} (1)
A 6 HABB AR x WES UMLK 4N
U FHFEE R g, B (U, 4) 08 B & =3 8], % FAEE R
X1,%,%3 € U, AT L

1) A(x1,x2) > 0,25 HALY x; = 00,4 (x1,x,) = 05

2) A(x1,%) = 4 (x,%1);

3) A(x1,x3) < A(x1, %) +A(x0,%3) 0

EX 2 HE—NHITANUAV,LG, A=
CUDHCND=g., H, UNXEE, C hE&NTE
P&, D MR IR RS, V NIRTEEES, FUEER
PREL. 4 D NAEE A REG R, iR G B R
RYL[NDS)={U,CUD,V, 6}

E X3 4w — DA R % [NDS] =
{U,CUD,V, f,6}, K, U = {x;, x5, ,x,} WA IREEA
45, BCC,Vx e U, KN, HEMETH BIE U LY
PR, & LA
Ny = {(x:,x) Ix;,x; € UH.x; € 65(x,),6 > 0} (2)
s 65 () = {x; € Ud (x,,x)) <6} TR EJBET
£ B 1Y 0-4R3K, 6 = OB, SR RAE WEM LR

EX 4 4E— BB YSRRGINDS |={U,CUD,
V.f.0}, G X, X, Xy UTE D KI5y, BCC
AR U L ABIRSE 2R Ny, 65 ()RR X TE B L1 6-48
B, 0 D TR B A LIl N U

Ny(D) = | JN5(X) (3)
i=1

Ny(D) = Ny(X;) (4)
i=1

A

Np(X) = {16 (x)NX # @,x; € U} (5)

Np(X) = {x;l05 (x;) € X, x; € U} (6)

FAN, D TR ET % B (IEWCN [pos]s(D) =
Ny(D), 738}y [neg 15(D) = U—Ng(D), 1 1K
[bnd]5 (D) = Np(D) — Ng(D) .

EX S5 G —MEYSERGINDS |={U,C U D,
V.f.6), THEBERWES CHYT4, N DX T &
PEF5E B AR Ny
¥s(D) = |[pos]sz(D)|/|U| 0<ys(D)<1 (7)

EX 6 LHE— MBI RG[NDS |=(U,CUD,
V,f.6}, BCC, #JBYEF5E B E:

1) y5(D) =yc (D);

2) Vae B,vp_a (D) <yp(D).

WFR @Y T4 B RIBEES CH—A B L.
1.2 Critic l8#%

Critic IRAYE & H Diakoulaki 2 t1: ) —Ff b 8
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k=1
(14)
M Xy, x0, X3 € U, IIAUE B8 RREOHE 2 20 K &R
1) [wdlp(x1,x)>0, 24 HAL Y x; =, 0 [wd]p (xy,
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3) [wdlp (x1,x3) < [wd)p (x1, %) + [wd]p (X2, X3) o
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TAE, 0 MIESLE W@t 74 B S x e U B/
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()i = 1,2, n}#l
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&Pk T4 B L AL 548 Bk, BD 25
Va, € B, INALERIEOC R Rk
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P

A AR 56 BB, M w(a) > 1EF, W R &
a TETT R EE; Mw(a) < 18, R ZEME
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WOC R AR . RVINA B3 0 R R AL G AR R Y
PR, i G2 i) SR O0C Z 2 AL S 3 0% 3 A 4 481

MR3 HEFERGS, [WN], IR
0T U AT & x, x, W6 B R RO R, I
HARE E 8 v A 15 R BRI 1 56 B Sk .

MR4 AEEERSES, BIcB,CC, X T o
N E LR, Vi, x; € U, #AT [WN1y, € [WN], o

IIEEH E(x x;) € [WN]g,, W x; € [w6 5 (X)), H
PEIT 2 13, [wols, (x) C [Wéls, (x,), HIHE, x; € [wolp, (x),
Bl (x;,x)) € [WN 50 WA [WNIg, CIWN], o

MRS 4w 2 N IEEE S, Fil 6, 6,<6, MHER
(¥ BC C, #A [WNI; < [WNI; .

WA #i(xi, x) € [WN1G M, € [woly (x), [wdls(x;,

x)<6,<8, . L, x;€elwsly (x), B (x;,x)) € [WNI5

WA [WNIY C [WNT3 .

EX 11 AEGBRSES, XCU,BCC, [wéls(x)
K xAE B L S-MAL AR, W X X+ B b R
PIRIR R

E Y, x; €U,

[WN](X) = {xil[wéls (x)NX # @,x; € U} (18)
[WN15(X) = {xil[wé]s (x;) € X, x; € U} (19)
Y IWNI(X) = [WN1,(ORF, BB X A7 U A

RBILOE F ARG RN ), WIATT LA, X U L

B — AN TIAS & SR 4

EX 12 HEFBRGES, BRAMEEMNCH
T4, BCC, U/D={X,X,,--, X)) 8 DTE U E R
55, WD T B BYIAL b NI IRR

k

[WNI,(D) = | JIWNT,(X) (20)

i=1

k
[WN1,(D) = | JIWN1,(X) (21)

738, DT B IE B A S8R 3 88 A3 )
RN [Wposly(D) = [WN], (D), [Wnegl, (D) =U
[WN1;(D), [Wbnd], (D) = [WN1z(D)—[WN],(D). 4
RS T AR, BB R ERAE [R], B R RS i
. MIEBAE A N AREAR AR B, 3R i v T4k
B YLK JE M4 D ARG S B YL RLAE F1 A
il e ) R

EX 13 HEFERAES CHEMREME, DA
RIRRE, B &M B F4E, BCC, [WN), U L
I AIAL AR BAR L 5 2, ) D X T B A HINACAR Mt 135
R
[wyls (D) = |[Wpos],(D)|/|U| (22)

MR BE S e 1 25 M 1 B SR e P A
FH G, HOARE A (BB, T B AT TR AR DG PR B R, B
JE 4R B T T D BYRE S B .

H PR BT 2 TR, ARORSEE LR 1 B Y /N R OE
G, Y@ 74 B b Y & PERE I, o-fin A 4R 45k
/N, DT B R AR BOR, MO R . [
L, MEBT 5 AT, 5 AR AR R RN R B G,
& R, HOAE BN

WO REBR T 5 8 P 82 K/ KRB B 2 A1 G
Hh, W 5 R A AR KRR o i S XS L
TS, I8 SofREL A 2 AR5 52 1 4% 50 <08 SulREL S 452 114 44
JEE, U BASCER X 1 A A AR B A S

ST R GE—MERRGE, Horh, U Nk
ARZEN6], C = {ay,ap, a3, a3 HAFAPBVELE, D = {d) WYUK
JRTEEE . FEASATLIBE TN 2 28 Dy = {x1, x0, x5, x4, X5, X6}
F D, = {x7, X5, X0, X105 X11, X12} 0

GE 2N RS B ={ar, a2}, By ={as,a4}, 2B
B2 0 R 0.01, W JE 74 B, B, T Ay 5-4B kN
K2R, ATUEM, DXTEMET 4 B B, 1
EB R U, Wy =y, =1, B B IERLT DRRE
Y5 B, LT D WRE AT

AE I E B R GEh, JEmtE T4 B, B, T AL
BIRANEE 3 i . LIS R [Wpos]s (D) = {xa, X3, X4,
[(Wposlg, (D) =
BEIS Dwyly = 0.5, [wyl, =0.67. 3 iz Il AL 48 BORLKE

X10, X115 X12} 5 {x2, X3, X5, X, X7, X, X11, X12},
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SRR BT, B, T BT D Y RE S IR T B, LAl
T D IYRE
*1 REBRGLIHES

Table 1 Statistical information of an information system

U a a, as a, d
Xy 0.06 0.91 0.11 0.08 1
X 0.03 0.92 0.32 0.10 1
X3 0.03 0.43 0.31 0.14 1
X4 0.06 0.41 0.45 0.11 1
Xs 0.05 0.68 0.67 0.13 1
X6 0.09 0.12 0.81 0.14 1
X7 0.08 0.69 0.23 0.03 2
X3 0.12 0.21 0.39 0.07 2
Xy 0.10 0.89 0.61 0.03 2
Xi0 0.14 0.93 0.78 0.09 2
Xt 0.13 0.41 0.74 0.07 2
X12 0.14 0.43 0.91 0.03 2

#*2 B, B,RISHE
Table2 Neighborhood of B, and B,

U B, B,

X {1} {xi}
X2 {22} {x2}
X3 {3} {x3)
x4 {oxa} {xa}
X5 {xs} {xs}
Xo {xs} {x6}
X7 {x7} {x7)
X {xs) {xs)
Xo {20} {xo}
Xi0 {x10} {x10}
X {xn} {xn}
X2 {x12} {x12}

&3 B, B, IR
Table 3 Weighted neighborhood of B, and B,

U B, B,

X {x1, X2, x5, X7, X0} {x1, %2, xg}
X2 {x1, X2, x5} {x1, X2, X4}
X3 {3, x4, x5} {x3, x5}

X4 {xs, x4} {x2, X4, X5, X10}
Xs {x1, %2, 23, x5, X7} {x3, x4, X5, X6}
X6 {x6, x5} {xs, X6}

X7 {x1, x5, x7} {x7, X9}

X8 {6 » X3, X115 X12} {15 x5, X0, X11}

X9 {x1, X7, X9, X10} {x7, X9, X12}
10 {xo, x10} {x4, x5, X105, X11}
11 {xs, x11, x12} {xs, x10, x11}

12 {xg, X115 X2} {xg, x12}

i FH AR BORLBS 42 15F, B, #l B, 81T D WY BE S
SRR Y, Gl SR A g R R 4 TR,
B, VE R 5 A T S s 0 1 Tl SR VAT S R B, A M R AR
FEEIF (WA R o SR, FH A 4B SR Al £ X6F L
IR, 7T %0 B, L+ D W RE 1 F B, L fl
FDMEES . GRS ISR,

Fa THER

Table 4 Experimental results

HER 2 /%
JEtE T
KNN SVM
{a;,a,} 75 83.3
{as, a4} 83.3 91.7

23 EHiEER

EX 14 HE-MEERRGE S AR -1 Ebk
THBCC, EtEaeC-B, W JEM: a X 2 3 8 M
D [ fInAS e FE 2

[Wsigl(a, B, D) = [wylgiq (D) = [wyls (D) (23)

J& 1 a X PSR JE P D IAUE M R OR
SRk B SR B A B a, WIREINE T a J5, B
FKIEME D XS JEYE B BB BE 358 in () R

FH Critic WAL i i A 40 SR e 45 1) Jag 1 24 ff 4
AR AT

N B | AR EEAE

W 297 JE M4 Red.

BB BRI TRRIE D — b b3

;2 M) MK AR ERF
B FbR 2

HB3 T 10) TR M 2 ] A A OE R 4K
F A TR YRR wh s PR H

L4 FHNODIE AN EENE R R,
K2R RAE M BGE, M1 8 AR EE S
(#(13)).

FBS WIRILAREE T4 Red (H % o

B e6 A (22) IR JE P AR B

FBT A HE23) R M I AUS 1
JE, PR A e T R A R e

B8 CUINAUR MR R E TR, AT
IR, TN BREE R AT 11,

pZ N o A S SN DD ) | PANEE ES ]
JEMEF4E Red 1o

FB 0 DR RS WA
a; M (22) T Wy lkeqiia) (D), R IPE R 7,

LB HIkL

Fkp, e A B | SRR, RS
BN AfE R TFE. LR 1~ L84 v, A Critic
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WA T3 A B P A, 2P 9K 6 MR 8
PR B o 5 (X (14) ) 3158 B BEAS B9 AL 4T
e (A(15)), MR A SBT3 454> 43 S A
BRI AR (50(19)), PR LG JF BT A T iz Bl 4k
(21D, PR AR AR (X(22) ) .

F AR I AR R 2 T BUC IS B BRIk s
PEAE G, AR AR /D 2 S EUR AR IR PR SR S =S
Sh e, AR S e AN ] ) KA A 5 S A [ ) 28
PSR, PERHER R

3 SSERESH

S50 B % ] UCT 5088 2 b 10 A 5508E 48 4
P Y SEAE BN 5 B, BIAES B0 4 A RE A
BB YRR AR 25 EE R T iy B v i D Y
Wi hAa o NEYE, B MBIEE A
54 A JE M, £ BUIR 4R 1 0 B R B0

by WA SCERVR A RO, 2 i 0 JE T
B AR H o 20— 2 0 E 24 7 5 B 14 3 25 e .

#5 BREES

Table 5 Dataset information

Hllite AL JETERL
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Table 6 Experimental results of classification accuracy %

¥Rk B Original NRS Entropy A3
KNN 94.92 97.22 96.11 95.52
wine
SVM 97.72 98.33 98.30 97.75
KNN 66.15 71.95 70.06 69.61
glass
SVM 67.69 65.89 65.45 68.82
KNN 70.63 76.89 76.79 79.34
wpbc
SVM 74.77 77.95 80.47 80.39
KNN 74.35 74.74 74.34 74.94
diab
SVM 76.83 76.57 76.17 76.17
KNN 58.55 64.61 63.67 64.62
bupa
SVM 57.68 66.41 67.41 68.41
KNN 66.03 68.97 69.15 69.41
horse
SVM 70.27 72.15 71.57 73.77
KNN 93.65 91.90 91.90 91.90
seeds
SVM 92.06 92.86 91.43 92.86
KNN 94.11 97.65 98.23 98.24
divorce
SVM 94.11 98.14 98.23 98.24
KNN 88.70 93.55 93.79 93.89
hev
SVM 89.83 93.04 94.06 94.57
KNN 70.40 72.80 73.00 73.80
german
SVM 73.50 77.00 76.80 78.40
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Table 7 Number of attributes after reduction

e Bk Original NRS Entropy ARSCHE:
KNN 13 6 5 4
wine
SVM 13 6 6 6
KNN 9 7 6 5
glass
SVM 9 8 8 6
KNN 33 7 7
wpbc
SVM 33 8 7 6
KNN 8 7 8 8
diab
SVM 8 4 4 7
KNN 6 6 6 4
bupa
SVM 6 6 6 4
KNN 27 10 12 10
horse
SVM 27 8 13 12
KNN 7 7 7 7
seeds
SVM 7 5 7 3
KNN 54 3 5 5
divorce
SVM 54 8 5 5
KNN 14 7 5 5
hev
SVM 14 4 5 6
KNN 20 9 10 8
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SVM 20 14 15 14
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An attribute reduction algorithm of weighting neighborhood
rough sets with Critic method
WU Shangzhi" ", REN Yixuan’, GE Shuyue', WANG Litai', WANG Zhining'

(1. College of Computer Science and Engineering, Northwest Normal University, Lanzhou 730070, China;

2. Wu’an Tax Bureau, State Taxation Administration, Handan 056300, China)

Abstract: Compared with classical rough sets, neighborhood rough sets can process non-discrete and high-
dimensional data, and get simplified data without reducing the ability of data processing. An attribute reduction
approach of weighting neighborhood rough sets using the Critic method is proposed, aiming at the problem that every
attribute in neighborhood rough sets has the same weight and every attribute has varied influence on decision making.
Firstly, the Critic method is used to weigh the conditional attributes, the weighted distance function is introduced to
calculate the neighborhood relationship, and then the weighted neighborhood relationship is obtained. Secondly, the
weighted neighborhood rough sets are constructed, the attribute dependency and importance are used to evaluate the
importance of the subset, the isometric search is used to find the best threshold, attribute reduction is carried out, and
the optimal attribute subset is found.Finally, the experimental verification is carried out with 10 data sets in the UCI
database, and the performance of the attribute reduction algorithm is compared with that of traditional neighborhood
rough sets.The outcomes of the experiment demonstrate that the algorithm is able to guarantee the classification
accuracy of the reduced data in addition to obtaining the minimum attribute reduction set.It has effectiveness and
practical application value.

Keywords: Critic method; neighborhood rough set; attribute reduction; weighted neighborhood relationship;

attribute dependence degree
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