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Attribute reduction algorithm of numerical information system based on
weighted neighborhood entropy

CHEN Baoguo', DENG Ming' *, CHEN Jinlin’
(1. School of Computer Science, Huainan Normal University, Huainan 232038, Anhui, China; 2. College of Electronic and Infor-

mation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Jiangsu, China)

Abstract . In the attribute reduction of neighborhood rough set, each attribute was given the same weight and could not make better
attribute selection. To solve this problem, a neighborhood conditional entropy attribute reduction algorithm with attribute weight was
proposed. The weight of conditional attributes was evaluated by the correlation coefficient between conditional attributes and decision
attributes. Based on the weight method, an improved neighborhood relation was proposed, which was called weighted neighborhood
relation. The corresponding weighted neighborhood rough set model was also proposed. Based on the weighted neighborhood rough
set model, the weighted neighborhood entropy model was further proposed, and the monotonicity of the weighted neighborhood con-
ditional entropy was proved theoretically. A new attribute reduction algorithm for numerical information system was proposed by u-
sing the weighted neighborhood conditional entropy as the heuristic function. The experimental results showed that the proposed at-
tribute reduction algorithm had better attribute reduction performance.

Keywords : numerical information system; neighborhood rough set; attribute reduction; attribute weight; neighborhood entropy

0 5=

JE R L TR PR AR L #5 2 BOR 2 4 B2~ PRl S5 T 1 FE ST S N A, R MR 2 g i) H
A2 25 BRI 4R vh TUAR BN AR SCRYARRAE (JB R ) | A 2 25 FRAIR 20 2 e ) TUORG J2 , 37 A 2 T B 2 30T )i

75 B #9:2022-09-08
ESTE : ZRUE SR A SRR 58 H 50 H (KI2018A0469,KJ2021A0972)
F—EERN FREE(1978— ), B LB RN B8, i1, EEN5E 7 O RRESE R BdET28E . E-mail ; bgehen0706@ 163.com
« WSEE RN B (1976— ), B LBEE N B WA S0, 1, 205807 M8 25 BACEL 3 REBdn Ak B
E-mail : mdeng76@ 163.com



34 R K 2% % W (T % R 554 4

RECIE RS ORDRE SR IR HEA TR MR 24 AT 0 B TR AR G MR SR TR OC R R L A
Ak PR OB R, LS B R SR A A R R R R A i AE R 2 W R B R AL AR
e AR i s DA 4% 3T I YR AR AR e RU(E B S Y 3k ol A5 15 48 19 R P 24 1R ARk T I — R B9 JR PR
PeR >,

PTARSR S0 BUH ARG AR A E A ISR I T 2R MRS . SCHRL 6 ] 10 B M5 B R S #
T RBBICRUBE £ | M) AT Sl 5 RO B2 ) e S U O MM B A5 B R SR PR 2 TS0 o SR [ 7 ) 4 <183
REARPEA TR , 4 HH B R SR AT oM R SR AR | R DB L i DR SR R BT T R M2 i 30k . SCRR( 8 ]
KA e ) AT SR R B AT 1 oy ) BRI BT — i T A loR A B 1y 1 S Um PR g 006 . SR 9]
XA R R S AT AR, B L T ke T R AR ISR AR AR TR | [R] IR L S L A P A BT . SR [ 10 ] T AR 0k
REAEAETY | 3t —Fh AR i Jm AR 2 g 50k o SCHRL 11 )k QB SRURE S 2647 At it — AR 208 delok
BEAEREAY I HE— 2D B A AT oM A 2 P AR 32, [] B s AR O 1 S M 2 T B30 o SRR [ 12 ] 76 <R S8k
Rl v A Hh A3 A £ B B i S P AR AN SE 1, R ELER ) —Fhm PR 2 g 580k . SCRR[ 13 DR AT oRLRE 4R
i R RIEBEATAS & PR — BT A RS B R GRSk SCAK[ 14 ) 7 48 ot RE 2 rh i 1
SR BT L BRI R4 Hh — R U U B IR PR 2 g 0 . SCHRL 15 ] 7R AT BORDAE 45 Hh 2 1 4T SR RUR:
JERIREE st — MR 2 R

H AT, ARIORLRE 4R 0 SO B U 8 2R G0 MR 29 1 (9 E 2 05 b s AR 102 SRTAT, AT $RE 1Y 11 5
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1 <P EER

W MBI B RGERR N I=(U,T=CUD) Kb U= {x, ,x,, - x,| HEERENIRE;x, e y
B i XSG T AERRENRREIEE C=1a,,a,,,a,] HERBRGEFIBIESE  IRBHHXT
RV xEUTEFZKMIEIEY a € C THIBIEMERR A a(x), H a(x) eR;D={d} WEERGERRKIRIELE I
FoEIRIESE D, T LIE S S B RIS R0, %858 U/D=1{D,,D,, D, |,
EX 1 HEASEMICEE R RS 1= (U, T=CUD) , MBI T4 ACC 18I U T & 14k
RE SN
Ny=1(x,y) €UXUIA,(x,y) <8},

1.8 WABBE R INARECE A B AR EGA, (x,y) IXTS x By 78 A R A9 IXITT 9 1 S BE B9 B A bR
Ax=( X Ha(x)=a(x 1)
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WX RV x € U - TABEIC R W] LA S X g A8 SRS AR (IS, AR SR8, 3Rl nf (x) = {y € U
(x,y) €Ny}
BN 2 AR R RS 1= (U, T=CUD) , B T4 ACC M@ MAT I E Rl N IR
AN XCUEABEECR N, T ol E RYARIECT I RUHLRESE NV, (X) R4 E I LR N, (X) 7305 SR -
Ni(X)={x€Ulnj(x) CX},
N(X)= {xeUln(x) NX#T},
VXCU fEABBOCR Ny IIERIRA P (X) = Ny(X) , B8R B) (X) = Ny (X) -N(X) , X Ik
GL(X)=U-Ny(X) .
W U R E L D PSRN u/D=1{D,,D,,---,D,| , IR APKIEELE D E4FHIE AR
N} B B AR IRk 5T AR HLRE A NV, (D) FARIER S LT MRS 4R NV, (D) 7350 %E M -
M= U, WD),
N(D)= U NiD).

IR IELE D EABHIOER N, FIIEX B P, (D)= Ny(D) U8 By (D)= N\(D)-N3(D) , HiIX 45
A GY(D)=U-Ny(D),

2 AEABH MR B 5 E B
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LRI
2.1 MESMEHES SRR

Z AR R IGE B RS = (U, T=CUD) %} F U={x,,x,,,x,| 1 C={a,,a,,,a,} , % UF CH
FREOH

a(x,) a)(x,) - a,(x)
a,(x,) ay(x,) - a,(x,)
al(;Cn) Clz(;fn) am(.xn)
R B MELE D 7RIS U F e i P SR Im) =
W=(d(x,) d(x,) - d(x,))",

K d(x) FmRx g x YORIEYESE D T HBTEE.

AR C= {a,,a0, -, a, | BN ERRERN 0=(0(a) wla) - wo(a,)). WE
B IR ROz AL Ry — A e A ) 8, iy

" =arg min | Po-¥ | *, (1)

L || - | FOR IR R

% " =054 Po=P,1 @' Po=®" W, 1] LifiE o= (P @) &"W, HZE Y @D Al 5
(1) AT .

J(w)= || Po-V| *+| @],

A J(w) Z— DN eR%L

J(@) FHCN 0 B, KBS/ ME L B T () = 20" (@Po-W) +20=0, NItL(@ P+E)w=0"W, HH E N
BN 0= (D P+E) ' D"V,
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X SR A AS B AL ) 1 oo, HoP 2R § DN ITE o, IILERHE |, | BN 2R EYE o, FIDRSEE TS D 2Z A1)
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o, =(0,(a) oy(a,) - oyla,)),

o (a;)= mxlola) |

il w(a;) |
Rl E SC 3 T LIS,

w,(a)=0,1<ism,

i

Zwmd(a) m,
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TN 4 HIEERIE SRR [=(U,T=CUD) , B IESE C R FIAR AL E M i w,,, 0t
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Wi=1(x,y) € UxUIA(x,y) <8},
Ao A% (x,y) FoRXTS x Ry BT RCTE (9 B T S 07 G BE B RE R BB, E LR AY (x, y) =

[ Y (wula) - la(x)-a(y) )] pi@HE 2,
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MGV x € U SEFAUE AR IOC R 15T B AR IR, B AR E 4R, 2R 0 Wi (x)={y e Ul (x,y) €
Wits

MR 1 AT Vx,y,z€U,ACC, 5 TR X AT I 0 JEFE B9 R ok 2500 2 .

(1) A(x,y) =05

(2) AP(x,x)=0;

(3) Apw(x,y)=A%(y,x) ;

(4) Aw(x,z) SAP(x,y) +AP(y,2) o

IERR 2B SR B T I S S it 8 B e 1 o, nT DA B RS B 1 AT

M2 HVacA,o,(a)=14:

(1) A(x,y)=A,(x,y) ;3

(2) Wi=N3;

(3) wi(x)=nj(x),

IERR MG RE X1 ORIRE X4 AT B REUE IR 2 T

W 2 WTLAE SRR EE M 2 o P R PR BRCEA(EES A 1, RIS 8 3 A R 45 AR
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b, W HEAT B AR AN G2 42 A HURE ST D353

EX 5 FEABMMIEE R RS I= (U, T=CUD), 5B TS C R4 2 i br v L 15 4
@, ACCHE RSB RN Wi IBA Y XCUTE Wi T 0 FACEE BT SRS 48 W7 (X) A R 4R

B SRR SR WS (X)) 43 3E S -
Wi(X)={xeUlwi(x) CX}, Wi (X)= {xeUlwi(x) NX#D|,
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VXCU ERESSHOC R W T IIERSENP S (X) = Wi (X) 1R800 B (X)= Wi (X) -Wi(X) , fitIX
BN G(X)=U-W5(X),
W U ek B S D FiE TIPSRk U/D=1{D,,D,, D, | ,JRE S D TEAE LRI E R
W T R AR SRR T I A W (D) AR AR ISR i gE W (D) 733l 5 S
Wy (D)= u W (D)), W’ (D)= u W °(D;) .

PR R MESE D 7R AR I OC R W TB@EDWJ PA(D)— W (D), HRE R B(D)= W (D) -
Wi(D) ,iX3H G (D)= U-Wi(D),

M EE AN, A TR AR5 2 0 1T SR DR X3 R 43 2493B 4 ok 26 L 408 488 56 2 )
RO RN X S 4y
2.2 WELBIHE

SCHR[ 24 ] 8 —Fh &R S0 B S, I LRI TPl 25 808L s 1 R 32 52 5 e ) MM R B A1 o & Sl

— B B I A A G AR I SR

EX 67 HEAHAICRE R RS 1= (U, T=CUD) ,U=|x,,x,,,x,| , FRIFBEEFEACCHIE
IERIRSE TR A N B4 B FHE AC C BRI
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Ing (x) |
9’

n

Eﬁ(A)z_l ilog
n o
|”A( i) |

X -log NG x, AESICN 1R B i fjﬂ]“%x AORESR, BISCRK[ 24 A IR P B9 R

EiiiEe *H%E"J’f%j{\o AEAMESE 2.1 o3& 11 A E AR £ v, B & PR IR T — A, 38 J& M A A
FEAS T8 AR, R A X G T AR ) (AR 0T AR5 3, A BIF 9044 38 2ok 0 G A i AR 1S o A4 18
SIS EL BPEA 6 G2 (R M, 32 T 4 S — ol ) 205 380008 , R =22 S A 4 38
ENX T ZEAEHARKEERRS I=(U,T=CUD) ,U={x,,x,, -, x,| , A @IEEE C RE D 1 br
VEALAE 5N o, ,AC C 1 E IACESRESE R Wo A XEME T8 ACC IAESN N E,(A) =
o wi(x) | Iwi (x,) |
- z . log, Y

o

BRSPS IR L 0<E,(A) <log,n, 4 HAL Y Vxe U H w’ (x)= U, E;(A)=0;4HI Y Vxe UH
w (x)=xB},E;(A)=1log,n,

EIE 1 AR 6<6 B4 Es(A) =E (A) .

IERA  ARIEACE AR E X, Y 6<6’ , AV xe U, w’ (x) Cw(x), HILI L E;(A) =E;(A)

EIE 2 HEMHETHEACBCC,IBA E(B)=E,(A),

IR HIEACEARIEERE L, S ACBC O, AV xeU,wi (x) Cws (x), I 2 E,(B) =E,(A),

EX 8 FEAWARKER ARG I=(U,T=CUD) ,U=|x,,x,,,x, |, FMHEEE C K2 R
HEAAE N 0, JBHETE A,BCC AR5

E(A.B)= _i lwd (x,) Nw (x,) llogz lwd (x,) Nws (x,) 1 ,

i=1 n n

AP 0<E,(A,B) <log,n,
B3 AEABEIR SR 2 LT KR E,(A,B) =E(A) ,Es(A,B) ZE(B) .
HWERA X TFVxe UL,
wi(x) Nwg (x) Swi (x,),wh (x) Nwi (x) CSws (x,),
R 4l A E ARSI 50 Y 8 T LIAS 3] E;(A,B) =E,(A) ,Es(A,B) =E,B) .,
EX 9 FIEMHAISRERRGE [=(U,T=CUD) ,U={x,,x,, x| , FRMHEE C KSR 1R
HEALAE N 0, JBETHE BCC KT AC C HIALE SRR S
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ES(BlA)z _i lWA(xi)nWB(Xi) |10g2 |WA(xi)5mwB<xi)|O
- " lwy (x;) |
Rl i, R IEPER D KT A C C AR SBISAHH
E(DIA)= - i |WA<Xi)m[xi]Dllog2 |WA(x;)n[x,-]D|
" Wi () |

K[ x ], FARXNE x, ENIK,

PR R A5 A A EE A B

I 4 T4 E BCACC,Il4 E,(DIB) =E,(DIA) .

MR RIS RSB E L, AT ARV xe U,w (x)=(wi (x)N[x],) U(wi(x)N(U-[x],)),
Bl w? (x)= 1w (x)N[x],1+Iws(x)N(U-[x],) 1.

FEIHL, wi(x)=1wi(x) N[x], 1 +Iwi(x) N(U-[x],) 1, ¥ Iws (x)N[x],1=p,, Iwi(x)N(U-[x],) =

pl
4y wi () N [x]pl=py, 1w (x) N(U=[x], >l—qB,%M\ﬁE(Dlm-—prAlogz o E(DIB)=
A A
Pl
_7zp310g2 i i©
i=1 Pstds

\ w 1
5 SUBRBKf(x,y) = —xlog, —(x0,y>0) H z=—— HF4
)C+y x+y

: X
—=-——-log, —=z-log,z-1
x+y

o

N HF(z-log,z-1)' _l_ﬁ Hz—fe(o 1], BipR ﬁa*f—z log,z—1 BB, 24 z=1 B B/ ME

af —0. i f>o LB RS £ ) S8 B T A 725 B 1 1

T BCACC, I AMRIEAE SIS M E LAl BRI Vxe U,wd (x) Swl (x) IBAlw (x) N[x], I <
lwl;(x)m[xJnl’lwi(x)ﬂ(U_[xL))|$|W‘;(x)m<U_[x]D)|’E|]pA$pBE-QA$qBD

WRYxe UM wi (x)={x},w)(x)={x}, ﬁB/A\pA—pB=1HqA—qB—O Iﬂ'JE(DIA)—O Es(DIB)=0;
I<p,<py H 0<q,<qy, WA f(pa,a:) <f(ps,a5)c HI— _Zf(pA q;) Zf(pg q5) . 1

E,(DIB)=E,(DIA),
SEHR 4 R0 R AR A (A T L T B AN e
R 7 P 4 G AL T A1 S5 A0 ) B 1 X FAR S SR (S B R % 1= (U, T=CUD) ,[@EFHE AC

C, I AL T AR IR S A JE O<E,(DI1A) <r log, io

HYxeUREwl (x)=UHI[x],l=— %B&Jﬁtﬁﬂlﬁﬁﬁbﬂi AHE IS E R R Es(DIA) = rlogz o
EVYxeUME ws (x)={x] ,%K/A\Jttaﬂliéwﬂﬁ%ﬁﬂmd\@ E,(DIA)=0,

3 ETRENFHMEMLHHE

2.2 AR T T AN E AR 06 R A AR U B T A AT T AN IR AR A R 1 BAE | T M B ]
DU 50D R R s 405 B RGN — N/ NE T4 | %8 M 145 5 R 1R B PR 4R 5 M ) B B A H
WAE ST, X BR Gk BRI AG HAY M A B 3 T A AR ek 4% 14 32— Fh &0 (5 B R S0 R
PR,
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EX 10 ZEABEAIREER RS 1= (U, T=CUD) , &M@Y C KFAS 2 B b5 HE L AL [m) o0

o AEMETE ACC ERFMEESE C — DB, A ALY .
E,(DIA)=E,(DIC), (2)
YacA,E(DIA-{a} )>E,(DIA) (3)

e (2) PR IE YA D S TR PEATRI 4R A DU SRR R E 5 B 228 C YA SR 1
HAlE . K (3) b BRI A DR IR RS LB E e . R, BRI A 2— 1 S5EEe%E C A
A AR EE SBIAR AR EL Y e/ N A T4

X PAEE R L {8 7 B T A M T AR AR R IR R (= AN IS Y, SR TR AL 5
RIS A IR Z R WS L3 o SOE REE MO R, AU o Lo R R SR A
MIBPETHE . 45 TR R T AU AR A SO B S PPAl — A B PEARXS T— M@ Ik 4R 1Y B

EX 11 FEBHMAMIRGEE RS I= (U, T=CUD) , xR MHE C KA 2] AR MEALEE 7] &4
o T TIRETFEACC, EXEHEYacA FEEETE A THNEMESZE s, (a,A,D)=E;(DIA-{al)-
EJ(DIA),

EXEMY ae C-A TEEMETHE A THINTEMEEE 5 (a,A,D)=E;(DIA)-E;(DIAU {a}),

SRR 1 I g W R e R R B A T R R ST O I R IR A R R Bk 1 b s R
TEUG 3 A M A T R R, BT AR 1 S P X S AR i Y FLUGE o A e R I ] 9
KRt JE PE T B TUAR B E . SR 1 TP A SR 6 B TR IR AR /IR A, T AR AT R
& T DLl % R eI R Bl e R B 7RI B RS B(E & () B AR IUE A T IR 0

Bk 1 T ACE SRR B SR EURE B RS R A R

BN SREIYSRE B RS 1= (U, T=CUD) 488112 85

W JEPEA e,

TR WIRIETEAR e—O;

B2 ORMFMEEE C IMFREENE o,;

$B, 3 while C-e#J do

for Ya€ C-e do
HHJEMEY a e C-e TEEVET4E ¢ TIINTIEPEEEE 5, (a,e,D);
end for
il C—e AN IEEELZE R RVEN a,, , ] a,, =argmax (s, (a,e,D) ) ;
if 5., (a,.,,e,D)>0 then
e—eUfa,,|;
else
break ;
end if

end while

W4 for Yace do

HHEJEME Y ace TEBYET 5 ¢ THINEREIETRESE 5, (a,e,D) ;

if s, (a,e,D)=0 then
e—e—taj;
end if

end for

FBS REEEAR e,

TERE T 2P RR 2 RGBS C MPREINE M o, G R EZRE S o(1CH-1UL)
% 3 il ok AR e R R A R IE MR I S o (1C12 -1 U1?) PB4 S e v
BREHAT I TUR BB BRI Z R o1 C1P-1U1?), B8 A Bk 1 i I ) 52 4
RHo(Ici?-1Ul?),
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4RI
AT A0 AR S0 6 0 B B E1RRBIRAE
e ke 1SS e i | S S o A Table 1 Experimental data set
ARSI BIRIDSSIEME TR 3 80T o w9
M, BRI RGBS (BRI s 5 ;
T#F http://www.ics.uci.edu) W5 1 iR, XLk 2 ionos 351 33 2
BAR L BERIZE AL,y 1 TH R 1 1 40 % 1 3 wbe 569 30 2
K TE WL, R 6 B Ke T A M (AT 00— (L ;_‘ biodeg ; (l)gj ‘1‘; i
— =3 N . mess

[0.1). KBHARRAHEETERERSE S Wi o . :
dows 7 AN NHLIG I, Zb BEER A B RR /R U % CPU, 7 segment 2310 19 7
45k 3.1 GHz, NN 8 GB, 8 musk 6 598 166 2

TERE 1P A SEL S S SRR TR SR AR 175 3t A ] B AR AR 32, %o B3 1k 1 s Pk 24 1
SRR EEMEN . b TG ISR A S S, A St A IR VB R 77778 0.02,0.4 ] N LL 0.02
R[] B 4 S BB A SR 3 AR A T 56, SR FH 147 28 S IE 7 v SR BRI R 4 19 J& 1 20 ff 45 5%, B8 e X
BRI R 58T SVM 43228 F1 C4.5 43 a5 2 Rl e (R 40 RS 1 L 11 I AR 4Rl 42
T3 R UER IS S5 SR A R Y T KR S SVM 4320k BE RIS C4.5 43 28K B, 3 B s B i i
LRI EE R MK 1 iR,

1.0 9 1.00 14
0.9 3 0.95 12
0.8
N = 0.90 1
& 0.7 621& % 0.85 o 1
0.6 2 %2080 &
o H KO =
05 4 SHE R 0.75 6 =
] — SVM R =~ SVMJIIHEIE =~ SVMJIRHEIE
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Table 2 Attribute reduction length comparison
Sl et — IS I — —
AR 1 HACRIL 2 FBSIL 3 LR 4 G LB RS
wine 13 8.2 5.0 5.0 5.0 5.0
ionos 33 10.5 5.5 6.4 6.2 5.6
wdbc 30 8.8 7.4 7.4 8.0 6.8
biodeg 41 12.6 9.3 7.2 8.2 8.0
mess 19 12.5 10.0 10.6 11.4 9.2
gearbox 72 15.4 12.8 13.3 11.2 11.0
segment 19 11.7 8.5 9.3 9.2 8.7
musk 166 23.2 18.5 20.3 17.6 16.5

M 2 v LLE TR 8 M2 R R AR vT LA sk 2 S, B Xt T musk ZdE 4R S FhUE ML R BA Y
TR E M T 85080 4 v ) AN AH DG & e, T A 85 B0 A RIUASERN 45 4, 4 v 080 ) R R IR RE L 7E K 2 BB
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Table 3 SVM classification accuracy of attribute reduction

W RHEA - . SVM 3SR - —
A 1 [N ) A 3 R 4 EN T =R

wine 0.854 7+0.003 8 0.915 2+0.006 7 0.881 6+0.003 7 0.896 4+0.006 2 0.908 0+0.005 9 0.938 7+0.004 4
ionos 0.848 2+0.071 7 0.916 3+0.082 2 0.887 4+0.081 3 0.900 2+0.099 4 0.896 5+0.053 9 0.912 5+0.066 5
wdbc 0.8759+0.014 4 0.941 2+0.009 2 0.947 6+0.011 2 0.934 1+0.013 2 0.961 9+0.008 4 0.970 7+0.005 7
biodeg 0.8117+0.0155 0.820 0+0.016 4 0.8306+0.011 4 0.812 0+£0.009 3 0.834 0+0.0117 0.841 3+0.010 3
mess 0.689 8+0.024 8 0.740 7+0.017 9 0.766 1+0.022 7 0.7835+0.020 8 0.750 7+0.021 8 0.760 2+0.015 7
gearbox  0.827 2+0.0117 0.846 6+0.020 1 0.8342+0.017 1 0.858 8+0.014 3 0.8355+0.0139 0.8652+0.017 4
segment  0.548 1+0.009 5 0.6829+0.0129 0.673 6+0.013 6 0.703 9+0.008 1 0.686 7+0.018 9 0.718 3+0.007 2
musk 0.780 6+0.0109 0.836 7+0.017 9 0.847 8+0.010 7 0.842 4+0.013 3 0.8312+0.016 3 0.866 8+0.019 8




42 K K % % M (T % R %545

Fa JRHEAMN C4.5 AN

Table 4 C4.5 classification accuracy of attribute reduction
C4.5 73 JNGE
HBS % 1 FBGIS 2 HHSTA 3 HBR L 4 ENLEDERES
wine 0.8450+£0.0106  0.9365+£0.0135  0.926 1+0.0074  0.9652+0.0067  0.958 6+0.008 1  0.953 4+0.004 9
ionos 0.8349+0.0077  0.8568+0.0122  0.8432+0.0067  0.8875+0.0049  0.8739+0.0040  0.902 8+0.006 7
wdbc 0.8512+0.0033  0.907 2+0.0060  0.9303+0.0067  0.9289+0.0074  0.8957+0.008 8  0.9422+0.0053
biodeg 0.751 0+0.019 1  0.803 8+0.0157  0.808 5£0.0138  0.8192+0.0146  0.8015+0.0152  0.828 4+0.010 3
mess 0.671 5£0.016 6  0.7155+0.0123  0.7149+0.004 5  0.7027+£0.0130  0.693 6+£0.0121  0.736 3+0.012 9
gearbox  0.804 8+0.0170  0.867 6+0.0148  0.9174+0.0129  0.908 9+0.0129  0.889 5+0.0124  0.896 6+0.011 5
segment 0.6428+0.0134  0.731 7+0.0174  0.7234+0.0148  0.6925+0.0135  0.7058+0.0116  0.7455+0.012 5
musk 0.8502+0.0262  0.8442+0.0202  0.864 8+0.0243  0.8725+0.0241  0.8425+0.0198  0.8925+0.0229

3B AT I [ 2 36 U R 1 240 1 SRR AT R A8 o5 — T B b, ARl 4 FhowS e Sk 5 AR S S 0 A
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Table 5 Time comparison of attribute reduction

AR S JEféace S

el B TE]/s
RS 1 LR 2 LL# AR 3 LA 4 LN ST ERTS
wine 2.24 3.38 3.61 2.55 2.50
ionos 30.28 43.05 57.80 37.99 34.02
wdbe 56.31 77.20 83.98 54.74 68.22
biodeg 141.52 167.16 190.07 161.73 156.22
mess 134.14 168.77 198.95 141.12 139.19
gearbox 714.67 883.94 1 095.48 823.45 739.68
segment 248.78 318.45 375.80 285.86 278.94
musk 2 975.58 3 875.05 4272.65 3 583.60 3 102.37
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Table 6 Rank of SVM classification accuracy results
Bl — — — — -
RS AL 2 RS 3 HER . 4 AW
wine 4.500 3.000 2.000 3.500 2.000
ionos 5.000 3.500 2.500 4.000 1.500
wdbc 4.000 4.000 1.000 3.000 2.000
biodeg 3.000 3.000 2.000 3.000 1.500
mess 5.000 3.000 3.000 3.500 1.500
gearbox 5.000 3.500 2.500 4.000 1.000
segment 4.500 3.000 3.500 4.500 2.000
musk 5.500 4.000 3.000 3.500 1.500
-4y 4.563 3.375 2.436 3.625 1.625
£TCAS HPRKEEL R
Table 7 Rank of C4.5 classification accuracy results
Bt %
OB 1 OB 2 FEBH: 3 HEHH: 4 AW E
wine 4.000 3.000 2.000 2.500 2.000
ionos 5.500 4.000 2.500 3.500 1.500
wdbc 4.500 4.500 2.000 3.000 2.000
biodeg 4.000 3.500 3.000 3.500 1.500
mess 4.500 4.000 2.500 3.500 2.500
gearbox 5.000 3.000 2.500 3.000 2.000
segment 4.000 3.500 3.500 3.500 2.500
musk 5.000 3.500 4.000 4.500 2.500
SEIy 4.563 3.625 2.750 3.375 2.063
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