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Abstract Feature selection is a very vital technology in data preprocessing. In this method, some most
effective features are mainly selected from the features of original data sets, which is aimed to reduce
the dimension of data sets. Accordingly, the performance of the learning algorithm can be improved. In
the feature selection algorithms based on the neighborhood rough set model, without considering data
uneven distribution, there currently exist some defects in the neighborhood of object. To solve this
problem of data uneven distribution, variance is adapted to measure the distribution of the data, and
the binary neighborhood space is redefined, then the rough set model of the adaptive binary
neighborhood space is proposed according to this binary neighborhood space. As well as, the new
rough set model of the adaptive binary neighborhood space is combined with the neighborhood
intuitionistic fuzzy entropy as the method of the evaluation of features, and then the corresponding
feature selection algorithm is also constructed. The experimental results of UCI show that the
proposed intuitionistic fuzzy entropy feature selection algorithm can select smaller feature subsets
which have higher accuracy of classification, at the same time, the intuitionistic fuzzy entropy feature
selection algorithm based on adaptive neighborhood space rough set model also has less time consumption.

Therefore, the proposed feature selection algorithm has stronger superiority in this paper.
Key words rough set; neighborhood; variance; binary neighborhood space; neighborhood intuitionistic

fuzzy entropy; feature selection
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/'CIF);J (1)21‘/11:';2 (x)—

lJ”;b1 (.T)}/j”:&) (x) —

/,(H:;il (I)

/l”:iz (I).
Zi Lk, A
1— u”'li1 () l*y,”__li2 (x)
J Y ode < J o dr.

/AH_B] () /AII‘B)(I)

W IECIFY ) < IECIF®). i B
Bl 2. 4kZLf) 1, AR RS B R NIS=
(U,ATU{d} V. OInER 1R, Bs={a}.B, =
{aisar}» By ={ai assas ), X BRATAT LLAGE] Uld
&F BB, . By 14050 B B .
Ul{d}={D,,D,},H D =
{xysxssxs ). A

{2129 525} Dy =
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IE(IFg;(,):%[IE(IF,P;II )+HIEF)]=0.00;

1E(1F1j7d>:i[1E<1ngl ) HIEIF))]=0.14;

IECIF:) :—[IE(IF ) +HIEF;)]=0.78.

BAGERWER 5 PG R TE(IF) ) <
IECIFY )<IECIF).

DAPERR 5 AT LA Hh o B2 k4 0 i HE 4%
S5 4T B RS 1 O RS B 3K S A AR T
Jo 5 B Sk FRATT R 2 S5 408 3 D AR ) A AT T R

P T AR AR
4 HFIEEFEE

S AE 1 AR SRR 5 B S Y — AN EE Y
VEZ W98 N RTE X 7 A T IR A M#F5E 0 Ju H
FEAROMURE SRR A op L H A B A 2 R ARRAE R B L
1) G0 35 F T M 4 R 1 AR AE R AT L 4R
Sof 0 )R IE e R R RT3 T RN A A 4 AIF R B
Bkl

M T B O A b X R S A Z I E R
i g SRR R AR R B AR E 3 AT mOR A L X
AN B T X G R A Y SRR RO AR ST
3 AN A Bk — 2B B T RO A 1 R R ik L A B
O PE LA 2 A WA SeEk 16 35 T
B AR ELAT A 15 S AR G N T R AR
DAL 3R ATTRE 1 3 I e R0 3 s TRDAFL ARG £ 450 7R il 5 268
ol L AR 8 Sk e s AE R A SRR A 2 R

TE X 10, FHXFZY . BARL R A B RS NIS=
(U, AT U { }\/f>BcATﬁM§HNHmn—
IEAFY), 3 H Ya € B, #84& IE (IF5,' ) >
TECTF) R AFR B &K T AT WA X 2.

EX 1., BHEEE. KRR EE RS
NIS=WU,ATU{d},V.f),BCAT.Ya€ B,E XL
a fEB FETURKEMEd HWEEE N

SIG(a,B.d)=I1E(IF:,) —IECIFES ).

FEAR SCHE Y PR AE S B B b, TR S L 11
T ) R P R AR O A ST A BR AL HC A R i B
P 7 2L B AR T AR,

YRR IR R B R S% NIS= (U, ATU{d}
Vo) R T BRI i ) & 2% B MR Al s X6, 3.
& et AT dhagAsJE v T & A s 28 )y 22,

Bk 1. BN % Vary (D) (D, € U/{d})
Varg.

WiAN:NIS=WU,ATU{d}, V., ), AT={a,,
Qs s saiar )3

%AJ.ILH ﬁﬁ Varar.

Stepl. IR IFKIEME 4 XI5 Ul{d}={D;,
D,,.D,}.

Step2. X F UNd} A RHKIE D, iH AL
AR EME T2 WIEHE AT N D, %%
NH
Var xr (D) ={Var, (D;),Var,, (D), Var,

Step3. H Step2 W45 R LIS H] .

Var ar = {Varar (D)) ,Varar (Dy) -+, Varar (D,) }.

WU =n, |AT|=c, B2 H L 1 B} L4
BEA OCe+1Dn).

AR U A& AR RS aNS, (U,
M E Y2 €U ) aNSy(x) . i BEAT, H ik
FRANAE 2 Pros.

ik 2. T8 aNS;U).

WA :NIS=WU,ATU{d}.V, ) .BEAT H
P VRBIEE AR 0 Varar s

it :aNS,U).

Stepl. MRHEH L 1 MLEH TR FTA 3 D,
1E B={ai a,say b N A BYERBEELE o
0% v Oy | ARHESE L 6 %

Step2. ¥ TX 4 v, €U iHEHE B FE4E

(D)},

B={a,a, st A |p

PERIAB IR 20" () XL a, € Box, € D, [ 4530
K ScHRL26 It 87k « |
Step3. 4l Step2 15 %
aNSy(U)={aNSp(x,)aNSp(xy) =+,
aNSp(x)}.
X Y
aNSy(x)= {n?:? (x) ,nﬁg‘ (x:) 5o ,ni%; (x)}.

k2w, U =n, |U{d} | =m, 1 Stepl
(¥ I ) 52 2% B A OGm X | B s i F Step2 SR HI SCik
(26 4 H I HE e 0 3k 1 0 40 4k, ok 45 e (1) 52 2% 1 R
O X1bn) JIf 4 Step2 WyBF & 24 K OC[B| X
nX1bn) . IS 2 W R 22 B OC| B | X
(m+nXlbn)).

Wt 2 K13 a NS, (U I 28t 7] LA &
38 N 40 Sk B ASR LA an Bk 3 R,

B3R 3.0 T A IS N AR B I TECTFGD.

BN :NIS=WU.,ATU{d}.V.f).BSAT H
cvap ARS8 Varar;
i TECTFE).
Stepl. MBIHEEE 21585 aNS,U).

B={ay.as,
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Step2. Xt F I D, €U/{d):

Step2. 1. AV, €U K prt () svps ()
weh G < RABEX S |

Step2. 2. WA mwp (20 = 0. A #AT 1E
(IFE) < TECIFE ) 5 Gupp (o)) & MHEAT TE
N Jh”’ﬁl e,

s (x;) S
, ;

(IFp )< IEIF) )+

D

Step2. 3. X} F Step2. 2 A 45 R E— 4R

ﬁIE(IFﬁl Vo [ MR X8+

Step3. X} T Step2 i fif A kR 3K it 5
IECIF )< 1E(FY,) +IEUFD ).
Step4. i [F] f & 45 1

IECIF} )<

IECIFY,) = IECIFY).

1
|U/{d} |
Sk 3 h (Ul =n. [UNd) | =m 2ESE 2 1955
R 1, Step2 WY 22 FE R OCI B X ), ] Step2 %
Step3 MR 2% A OC| B Xmn) , i1 F Stepl A4 HT
] 5 2% o Ry B0 2 WIS ) S 2 i, T LA RSB0 3 1Y
WA E 2 R OC|B| Xmn+ | Bl X (m+nX1bn)).

T T AR 3 AR SO B R R AR R R Ak LR
AR SEVAELJR: < R 408 30 SR AR R I A J A Y R
JE AR5 B R TE T A 1Y) Ja A 1R 95 i M R R e K
(0 Ja P A 24 T AR G v, B B S R SR R Ak
FAFJE AR B I 2 1R 4 5 BRI Oy B 28 YRR AIE T
PEAE L. BRI NSk 4 PR,

Bk 4. T AR G OB IR A0 RRAE L RS
(feature selection based on neighborhood intuitionistic
fuzzy entropy, FSNIFE),

WA :NIS=W.ATUd}. V. ) AREEELR 6.
ZEB{E A=0.001;

B th AT AR B red.

Stepl. ¥tk :red= . n=0,IE(IF;,) =1,
[ % For n FI R E SR 2 1 2 1 SRR« /

Step2. W& Varar. [ » WRIEEE 1/

Step3. X TJEMEYa, EAT—red:

Step3. 1. BB o WWEERE SIG(a, red,
A =IEUFs,) —IECIFsY ), [« RAEEE 3 M
FEX 11 %/

Step3. 2. ¥k Step3. 1 w5 2 ¥ fie K&
PR32 R a BRI a0 A red .

Step4. K #EAT Step3, B3 & SIG(a, ,red,
D)< o red =AT W5 1k

Step5. & [IZE R red.

WU =n. [AT | =c. |U/{d} | =m TEF 1 4
R e AR R PR R S5 R O LA R A IR A
Stepd [ ] 5 2% B A

OCcXmn+m—+nXlbn) + (c—1) X
Cmn +2m+nX1lbw) + =+ (c—1+1) X
(Umn +1Gn+nX1bn))) =

!
OCGmn +m~+n X 1bn) X DJile—i+1).
i=1

[T I A B30 R e () &2 2% B Ry
O(mn +m—+nXl1lbn) X

1

Dric—i+ 1) +0Wc+1D Xn),

i=1

B

g2 93 .
O((Bcl 21 ;r(3c+2)[>><

(mn+m-+nXlbn)+ (c+1) ><n).

M [=c B}, LR A AT B IR B £ . R I R
B IR 52 2% B
43¢+ 2¢
o(—5—
BEEOLT »m <o, [B A SCHT 2 W) 457 AIF 38
PR M A) 42 2 BE R #E it O Xn X 1bn).

><(mn+m+n><lbn)+(c+1)><n> ,

5 XIBaWH

T B UEAS SC AT B 0 R AR 2 5 BR B AT AP
FATE B H FE AR 3 AR AL
SRR BT ANAS SCHR HY A0 e A 0 45 530k 40 1) % ] —
UG AR HEAT IR0 5 A J5 38 A X Ll A5 AN TR 1 SR 45
SR VPG 2 A M BE L HC b R B8 Y VT Ak 20 ) 38 1o Ry
TIE 3 5 00 Bl i B8 35 A 0 B[R] R0 AR AR 4 1Y 43 2
K EE 3 A HR AR BL.

5.1 XfEH

AT UCT Hdl B3R T 8 A Hdie 46 HLAK AR
BN 2 FioR. O A AR PR 00 ) oy < B
THAF B 8 — Tl B AOBTRLRES 4R R AE E £ (feature
selection based on information entropy of fuzzy
rough set, FSFRSIE) 53k 5 TR HLKE 4 14
fIF % $E (feature selection based on fuzzy rough set,
FSEFRS) 737 R AL T A50M) 458 450 KL 4 14 17 AiF 1E 42
(feature selection based on fuzzy neighborhood
rough set, FSFNRS) % vk %), 3 #6850 vk 0] D B 4%
is T e g B e v TR D 19 BR s P i A0 A 2
FATT T B H I AT AR HE AL AH R T IR UE B 1
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T3 ZEAAREANAS  FRATTIX B SR A 22 1E AR AL 28 48k L 725 46
AN 27 = (= 20D [T — i) 242 S5 B E IR
AT L0 1] =Z ).

AR B BT A K A8 AT 0 B A 3 B8 R Intel®
Core™ i3 CPU 550,3. 2GHz f1 2. 0GB RAM 11§ PC
Bl b4 RS Windows 7, S50 T R FH Y 4 198 T
HAy Java. 73205 B 091 H 58 R F) S 45 1] & #L (support
vector machine, SVM) I J& 3 # (decision tree,
DT)3X 2 Fh /3245

Table 2 UCI Data Set

F2 UCIEESE
Id Name Objects Attributes Classes
1 yeast 1484 8 10
2 wine 178 13 3
3 mess 1151 19 2
4 wdbe 569 30 2
5 iono 351 34 2
6 biodeg 1055 41 2
7 sonar 208 60 2
8 move 360 90 15
8

Number of Selected Features
Classification Accuracy/%

—+— Number of Selected Features

—— SVM
-5 DT
9 . . . . . 45
0. 00 0.01 0.02 0.03
)
Fig. 1 yeast data set result

Bl 1 yeast FHm L5 R

20
] R
5 15f S
< Q
& £
b - § Q
2 10t g
° &
E 5 —+— Number of Selected Features |40 O
—— SVM
- DT
1 1 1 1 1 30
0 0.1 0.2 0.3
)
Fig. 3 mess data set result

3 mess BB EL

i T AR A5 & Y BUEL X 4R AR o B 0 &5 SR 2L A
AR T B 52 ) PR AE AR SC Y SR (FSNIFE) 1R
TR Z R0, RATTHZE o MBS N TREERE &
I R AE 2 FRATT I SR o AR B AS AR B AR X )
AR BERAE DA W AT S5 58 i T B ol 4
(8 RF AR H AN — A S 3 A28 DX ] Y 28 B AN —
WIS 85 J5 KA1 45 B, yeast, wine, mess FUHE 5 1Y
X [a] 3 Bk 0. 01,0, 3], 2K 4 0. 01; wdbc, iono,
biodeg ¥4 % i X 0] £ B K [0. 01,0. 5], B KK
0. 01 ;sonar ZUHE ALY IX 0] BE BCR [0. 01, 1], B KR
0. 01;move F4fs 4 19 X [ £ Oy [0. 1,8, B K
0. 1. R J5 XFEHE 45 A2 A 4P 3o 42 N AT R AR S £
S, IR S BEHL(SVMD Rl S (DT) ax 2
Tt 73 25 25 X R AR AR 45 3R A 97 38 U E s 1155
HOy2Ks . FSNIFE 5532 16 I A7 B8 48 1 45 2R
1~8 T 7. e 2 1 52 6 235 TR 30k BRUOK 43 2K0KG FiE e o
HABBE A 0 S/ FFAE ¥4 . i T [/ — 4R AE
ERTEAE G345 T W 53 805 B2 JF A —#F BRIt AR 5
253 2 MR PESS R 405y SVM A DT X
2 Fh o JS 4R R B I RRAE 4R

20 100

10

Number of Selected Features
Classification Accuracy/%

—— Number of Selected Features

—— SVM
—&— DT
. . . . A 80
0 0.1 0.2 0.3
5
Fig. 2 wine data set result
K 2  wine B 545
40 100

Number of Selected Features
Classification Accuracy/%

—— Number of Selected Features

—— SVM
—=— DT
L L L L L L L L L 80
0 0.1 0.2 0.3 0.4 0.5
5

Fig. 4 wdbc data set result

Bl 4 wdbe Bl 455
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40 95

30

20 185

10 |, 180

Number of Selected Features

—+— Number of Selected Features

—— SVM
—&—- DT
1 1 1 L L L 1 1 1 75
0 0.1 0.2 0.3 0.4 0.5
S5

Fig. 5 iono data set result

Kl 5 iono K 4E 45 R

Number of Selected Features

—+— Number of Selected Features

—— SVM
—&—- DT
1 1 1 1 1 1 1 1 1 65
0 0.1 0.2 0.3 0.4 0.5
S

Fig. 7 sonar data set result

&l 7 sonar B & 4k

5.2 $H{EEHEF

F 3 0% 4 PEIRAE SVM 43 28 28 T 3k £ 19 FR1E
TR IR K 40 4 FVEELE DT 202K 4 T
Ve B FEAE 1 4R 0 JEROEE R M AT R R SR )R
PERECH L IX 4 R LA REAR AT MO N £ 2 R 8
P JEH X T 8 s 5 sonar, move. X i B BESE A Y

Table 3 Feature Selection Results of 4 Algorithms in SVM
R3 FEBSYM M4 MEERFEEFEER

Data Set  Total FSFRSIE FSFRS FSFNRS FSNIFE
yeast 8 6 7 6 4
wine 13 8 7 7 7
mess 19 12 13 12 11
wdbe 30 14 15 13 13
iono 34 13 12 12 10

biodeg 41 17 19 15 15
sonar 60 15 17 15 14
move 90 19 21 17 17

Classification Accuracy/%

Classification Accuracy/%

45 88

35

25+ /1 180

15

Classification Accuracy/%

—+— Number of Selected Features |

Number of Selected Features

—— SVM
—=— DT
3 AR ———
0 0.1 0.2 0.3 0.4 0.5
S5
Fig. 6 biodeg data set result

¥ 6 biodeg %k 4 45 1

(2]
(=}
T

S
=}

165

Number of Selected Features
Classification Accuracy/%

—+— Number of Selected Features |

20 1 —— SVM 60
- DT
L 55
0 1 2 3 4 5 6 7 8
S5

Fig. 8 move data set result

K 8 move $HE & 45

Table 4 Feature Selection Results of 4 Algorithms in DT
T4 DEBDOITN4MEEHEEFER

Data Set  Total FSFRSIE FSFRS FSFNRS FSNIFE
yeast 8 6 7 6 4
wine 13 9 8 9 8
mess 19 13 12 14 12
wdbe 30 15 15 13 14
iono 34 12 14 11 10

biodeg 41 16 18 17 16
sonar 60 16 17 14 14
move 90 21 22 18 19

AR 22 B SR AR AT A 36 R 1 TUAR T 1 o AT 44 B 1
RRAE e P ) B, S5 AP LLBGX 4 PR 2 26
iR A5 2R nl R AR R o Kt 4 v AR SO 4R
9 FSNIFE 8503 2 £ 09 55 Ak %0 H He A 53 vk 2
SOINEY > B FSNIFE 533k 68 5T v 20 Ml i 12 Hh
BHE A v D SUA O RRAE . PRI 7E T e 1Y 2 T 4
J7 11 » FSNIFE 53.3% 5 B AR k.
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5.3 iEfTHIE

9 JoR I 4 FhEVETE BT A B 4 T AR i
FEAB AT FT TH AE (4 B[R] X6 L 5 3 A B ) O S B39k aE
AT 10 W B 0 F- B0 ). i FAS [R) BoHE 48 5018 0
FE B[R] 1) 85 GO — A R 3R AT 43 JF o i 1A
9 0 LLFE M T M 3 R AR ST 4R
FSNIFE 53 BT I #E i B ] fe 0. 3X 02 T ax 4 Fif
Bk  FSFRSIE 54 3k fil FSFRS 5503k 19 1) (8] 52 24
FER O X n?), FSENRS 55 vk (1 i} i) & 2% BE
OCeXn®) M A CHY FSNIFE 5532 i B 8] 52 4% iy
O XnX1bn) , H ¢ oA LB, »
FRXF LA ECE . I Y c<n B, FSNIFE & 4 1Y
IFE] R 24 B R R O X 1b n) , J&3X 4 Fh & v vh I
(. DR AE 52 iz F o FSNIFE 553200 25 01 PRk 1
VPR R R T 4.

700
Il FSFRSIE
MM FSFRS
L __ [ FSFNRS
[1 FSNIFE
500
2 —
()
E 400
=
on
g
£ 300
5
R~
200 +
100 | H
0 L IO
wine wdbc iono sonar
Data Set
(a) Results of one part of data sets
7
Il FSFRSIE
6 r [ FSFRS -
[ FSFNRS
5 [ FSNIFE
@ L
Qo
E
i
w A
g
g _
g 3
X
S 2t
| H
0
yeast mess biodeg move
Data Set

(b) Results of the other part of data sets

Fig. 9 Running time comparison of 4 algorithms
in each data set

P9 4 B LT 45 B 42 12 47 I ) e A

5.4 HEBE

T K 4 Bl R AR B B PR RE L FRATT
5132 FH SR 1 AL CSVIVD FI PSR (DT) 3% 2 %4y
AR Xt 5. 2 A rf b N A9 4 Ak 2 % 45 IR BE 4T 0 2
G IR BRI DL 72 JERTRE . R S0 10 WL e &
OrIORT R X 10 RS0 I B {8, BT A 45 2R 3k 5
22 6 7R, £ SVM 732848 10 70 R BE 45 3 b, B
T yeast. wine BrHEAEAb A HOE L FHAE 14 19 2
JORTBE W T AR A (9 73 285 B 5 78 DT 70 e 4w 19
ORI BESE R B A BOHE SR A T A I O S
P AR MR A 23 2 R K U I AR B 4 v A7
TEAR 22 M P R AR 3k 6 00 0 B AT Y o 2 AT 1 THT 32
M) o DRI o o B30 EA T R AR e AR A b 2. 32 5 ISR 6
e BRI RELR % AT 0 SRS BE Y fe R AH. T LA
# 3 FI5K 4 rp FSNIFE 53 06 % Hh iR 7 S 75 R
H8 Al 4 B B 1 ST

Table 5 Average Classification Accuracy in SVM of All
Feature Selection Results in Table 3

RS RIPFTABEEBRLERESVM B EASEBE X

FSFRS

Data Set Raw Data FSFRSIE FSFNRS FSNIFE

yeast 56.2668 55.5931 55.7278 55.5931 56.2668
wine 98.3146 97.6417 97.2462 98.0145 97.2462
mess 67.5934 67.2648 67.6478 66.2148 67.9304
wdbce 97.7153 97.3329 97.2146 98.8432 98.2846
iono 88.6040 89.4725 88.2459 89.7425 90.6214
biodeg  85.5924 85.4867 86.2454 84.6248 86.5429
sonar 75.9615 78.3295 75.5527 77.2139 76.1246
move 74.7222 76.6254 75.6354 75.6508 77.6521

Notes:Bold data represent maximum value.

Table 6 Average Classification Accuracy in DT of All Feature
Selection Results in Table 4
R6 RAPFEHEEREREDINFEARPEBE %

FSFRS

Data Set Raw Data FSFRSIE FSFNRS FSNIFE

yeast 57.0081 56.8059 57.4798 56.8059 57.0081
wine 03.8202 94.3587 93.7524 93.7524 94.6548
mess 64.3788 65.0245 63.9547 64.3495 65.2489
wdbce 03.3216 93.7428 94.5358 95.1247 94.5157
iono 91.4530 90.2457 91.4530 92.0124 92.7561
biodeg  82.3697 83.3544 81.6482 82.0043 82.5316
sonar 71.1638 72.6547 73.2459 73.9427 74.2194
move 69.7222 71.3581 72.6548 73.1498 73.3458

Notes:Bold data represent maximum value.
LRGP IR MR PSS 2R VBVR IS AT I ) O 2 RS
X3 AT M E T A 3 FiRRAE i BT L A SR
A9 FSNIFE 833% AT DG £ ) 5 /0 5 A7 R0REiE L OF:
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X8 1 9 43 K B JL T A A 28 oy 1 HL B3k
iz AT [E) B 4. A ot FSNIFE 225 % T 504 09 45
TIEBE$E 230 A 1Y, A E 3 T At B0 3k o EL AR e

H T A SO 4 iy Bk s ] &2 2% Bl O(c® X X
I n) TSI 565 H 3 BRI 1) Ay g P ¢ 2 B BB 46 IR
MR A TR R B H R T X R R R L R
TR N 25 AR A ARAR s R e A SC T 42 9 AT 328
PR RIS 4 R A K 00 B 4 TR R A A R
P I A SRR E H.

6 HERIE

AR SCE X T AR R R 4 510 9 A 25 1 B B
AT )AL SR ek Ty 2 2 A 4 o A A O O
W ST ZOnR A 8] L A A5 A 40 B =S [ E S F
SRR €/ (NS TP AR /s G S B A vk | $ = ey L]
P REL R 2 TR 5 5 J 47 T B H A A TR 45 5 08 Jel L
BRI 5 SCT —FiOHT AR AE DAL 77 30, 9 45 AR
ARRIE B £R 3005, UCT SLIR 45 R R W 5 A i
A E B R B SR AR R R B KR ks T
I ¥ 7601 7 O JEE 0 AT 2 B iy B P R AR SRS A8 e
(Y W RN R i3 IR MR AT P s 1 4
FERY AR IR, 5T R T B — P IR R U A A
AR HOT
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