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Abstract The granular ball neighborhood rough set model is an improved rough set model that integrates
granular computing and neighborhood relations, capable of effectively handling continuous-valued data. How-
ever, existing models struggle to reasonably evaluate attribute importance under inconsistent attribute weights,
leading to the risk of mistakenly removing key attributes during attribute reduction. To address this issue, we
propose an attribute reduction algorithm for the granular ball neighborhood rough set model based on informa-
tion entropy weighting. First, attribute weights are assigned by combining the internal distribution characteris-
tics of attributes with the correlation between conditional and decision attributes. Second, an improved model
based on the weighted granular ball neighborhood relation is constructed, and the corresponding attribute re-
duction method is defined. Finally, attribute reduction is implemented based on the average purity of granular
balls. Extensive experiments are conducted on multiple UCI datasets. The results show that the proposed
method not only achieves a high attribute reduction rate (up to 76.92% ), but also significantly improves the
average classification accuracy of classifiers such as Support Vector Machine (SVM) and K-Nearest Neighbors
(KNN), increasing by 1.57% and 1.58% , respectively. Moreover, the method demonstrates stronger adapt-
ability and stability in processing high-dimensional and complex datasets, indicating promising application po-
tential.

Keywords granular computing; attribute reduction; information entropy; weighted granular-ball neighbor-

hood relationships; granular-ball neighborhood rough set
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Fig. 1 Sample distribution in native feature space
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PN O(m) , BRI, 3255 125 1 BN ) 52 2% 32
O(n) +0(m) = O(max(m,n)),

3 EBISH

A 25— B S AS SO 307 15 1Y
HARLAE LR

RIGH T PMREEERLE IS = (U A,
D), KU = {x;,2,, 51,4 = {a,,a;,a5} ¢

B, A o = 2 WEME o, B Rényi
H,(a;).

Hy(a) == log((2)* + ()" + (4

6
Tyey Ly
(§)+ () =065,
[F3, 61 H, (a,) = 0.56,H,(a;) = 0.56,
K1 REFERG

Tab.1 Decision information system

U a, a, a, D
X, 1 2 1 1
x, 8 3 2 2
X 6 3 8 2
Xy 3 1 1 1
Xs 1 5 2 1
Xg 2 1 5 2

SRIE AR SUCR R i S R
MI(a,;D) =0.22, MI(a,;D) =0,
MI(a;;D) = 0.41,

s AT LIS 2B AT w = (0.38,0,0.62),



1

R RRL , 45 T RTINS A R Bk S ORI 41 1 24 ) D7 7% - 135 -

JEPEIBUS 1532 AR
GB, = {x,,%,,%5| ,GB, = {x,,%,} ,GB; = {x,},
BT, purity)] = 1,
M B = {a,,a, | B IHEARBIRRIK N
GB, = {x,,x,} ,GB, = {x,,x5},
GB; = {xs%,Gth = %xﬁ}o
JEEt, purityy, = (1 +1/2 +1 +1)/4 = 0.875
purityy ,# B = la,,a; | ARZERRGEHEME
AR R,
M B = {a,,a;] B, RN ERERA
GB, = {x,,x5} ,GB, = {x,,x;},
GB; = “74%’034 = %xS}o
I, purityy = 1 = purity; ,#t B = {a,,
HERGHEELREER
BB = {a,a| B, 1FRHRE
GB, = {x,,x5,%!|,GB, = {x,,%,},
GB;y = {x,}.
I B, purityy, = (273 + 1 +1)/3 = 0.89
purity} ,#( B = {a,,a,| AN RZGEELRENENH
Ayfaia R,

as } IEJL:TX

4 K5

4.1 LWIZE
4.1.1 3£
ARSI i 2 8 gk B UCT $idis 4
B, BARERNEE 2 BiR. A THBRERE = 40 ok
(s , (AR [ R AE ELAT AT B, 76 5256 ks i
A JE B E R I b R L 20,1 ] X R N,
2 TREIREMNIEARF L

Tab.2 Basic information of experimental databases

LIRS FEARK JE %R B3
Inis 150 4 3
Wine 178 13 3
Seeds 210 7 3
Sale 440 7 3
Raisin 900 7 2
Iranian 3150 13 2
Rice 3810 7 2
Landsat 6 435 36 7
4.1.2 stk

ARSI T 2 L 5 T SR IORDRE 48 1) J 1424

fRT 33125 (NRS) iU R AR SO RS 42 1Y) Jag M 24 1 a0k
( GBNRS) YRy A By 1, A B3R 3
JER SARSCOT AT R A

BT AR £ 1 & M 29 RT3k (NRS) = %
SR IO 28 0 B8 Rl 23 Sl AR AR RIS it
LBIARRIZE Y _E AR AT A A B s B AN
P, I i e e R S M OR E
PEXF PR A TTHR , R F A K 38 R 07 vk Sk i
a4

WL BR AR UK 8 J 14 2 R 3575 (GBNRS) « %
SR A AR N IS N AR RO B AL e
ERPERER A5G T RLBRTT I k-means R, fiE
A TE J M 2 RTINS A 2R B
4.1.3 M 3E4F

R T B EAS SCER A T R IA AR Bk
RIS B 1) Ja 1 2 ) SR A RO, 23 AE 20
R IR EABATI ] 3 AN B R AT o0 #

1) 210 SR e B A o W 1Y
FEAERICE o5 IR R A K 1 L ], T T i R AR
VePETnARE , BIEOR B B (5 R R [R) i, BEAS
EBRZ/DITUREONE SRR . ZITRIRRE N

[A| — lreduction |

Al
FCH : reduction K& A TR 4E .

2) 3G AR oy AR I I K 4R b
AOIER 2023, T T AR A PR RE , RIS X 37
odh i B g

3) 3B AT I [a) J2 48 R AL 18 5 07 125 5l g 2 S Y
FEERAR 387 Pl 0 B 1], FH 4 B 1K
R, RIEEVEAE S BRI A i ) jsAs
4.2 IBHHER

AT A SE 5 H 3 AL B A Intel (R) Core
(TM) Ultra 5 125H(1.20 GHz) #132.0 GiB AN
A NTEFHL, FE B AT B 2R 5554 Python
3.12.7,

4.2.1 #HEEikix

h Y BB T T bR 7 2% SR TR R S 4R Uy T
fITERE2 5, L NRS Al GBNRS 1 R ik, I
HE—25 L IEWGBNRS 5 9 il 5 o 530 125 7 J8
Y1) FRBOR AR L S R B R TR

NRS .GBNRS #11 IEWGBNRS 3 Fl 7 7E 8 1~
ol tle B2 fy 25 28 b Y s P BO0 te s 3
7o M3 HRT LI £, GBNRS 277 5 J8 145k
%/ ,NRS £2 £, Ifif IEWGBNRS 4F & Z A,

x 100%

red _ratio =
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Fig.3  Attribution counts comparison after reduction

— R AR O T AR TR TR
BRI RE ), 24 ) A8 AR O BR TUAR & 1 Y
RE B . N2 3 29T 5 R M B 2 TR 3200
FE AT 0L, GBNRS 25 3£ 4 Iris , Seeds , Sale | Iranian .
Landsat £l 4 BRI I i A 20 ) 38, R %
FRICAR BRI BE 1 iR . 7E Wine 1 Raisin %4
£ I, TEWGBNRS Hui5 f5 5 29 18] %2, 78 Rice H4f
£ |, 5 GBNRS F I AR 1y 20 faf %, Hm T
NRS, {HAEHAWE 4 b, R T NRS {HA
S GBNRS, PR TR U PEIR i, J&
AR e fle P A i Jee P Y R A

K3 AR

Tab.3 Comparison of attributes

NRS GBNRS _ EWGBNRS
LR S o AIHES o 2 pon RS

/% /% /%

Iris 4 0 2 50 3 25
Wine 8 38.46 7 46.15 3 76.92
Seeds 5 2857 3 57.14 4 42.80
Sale 3 5714 2 7142 3 5714
Raisin 4 42.85 6 1428 3 57.14
Iranian 6 53.84 4 69.23 8 38.46
Rice 5 2857 3 5714 3 5714
Landsat 24 33.33 10 72.22 14 6L11

4.2.2 pEMERE

N T FRGEHIE RS AN [F) 2 7 5 B e S R A

KPERE, 70 LR 3 MG BE I 5 LA T U8R #fE A Ak
A R AR R AIE 23 [B] ( native feature space, NFS) {E
RFEMELR o L 5 R EXT L, T DAY b b T
ANV SR T P 24 7 I B AR r) R B A T4 T
PREFAAZ I 2 BT B, XA H 0 2 0 R e
il VRS A % 24 TR SR 43 RAICR B SE PRS2

AR T A W AL (support vector ma-
chine, SVM) FiI K if 4P ( K-nearest neighbors,
KNN) P 2 B () 5328 o S5 SR 18 ], A 3¢
H SVM Jp 2l th A% sR BB B R poly ™, TE {2
H'E o 1.5, KNN g2 derh i) K EHIIBC S,
XFF IEWGBNRS 81 GNRS 8k, HoRiBR 2 AR
PR R AEEE B AR 0, PRI TC T 3 AR AR
XF T NRS B 5, A4 B 0 o A
AR, B4 O NFS 5 3 FhJy 78 SVM
oy A B REE R XT LR, 2 4y SVM 425
RS REE RN . FTLLE E], IEWGBNRS J7 ik
TEZAER A BRI T A Ty . BRI
= ,IEWGBNRS f£ Iris . Seeds fll Sale Z{{E £ I {1
ST FRUERA R 53 I L NFS $215 17 0.95% 3. 41% Fil
1.30% . %tF Iranian $3E 4 IEWGBNRS {7}
5 NFS 7 {HAHEL NRS J5 ik, HUEw S48 7 1
0.95% . £ Wine %45 4E I, NRS Jy ik R IR A,
FXF NFS R T 6.30% , 1fif IEWGBNRS J5 310
FEAR T 0.40% , o A IR E T . 7 Rice F
Landsat 0 3% 4 I, IEWGBNRS J %k 5 NFS £ #
FEAFE -, A2 53 53 O 0. 930 2 1 0. 870 44X
P4 T 0. 19% F110. 30%

1.00 -
Y.
0.95k

090 -

—%—NEFS

0.80
NRS
0T —=—GBNRS
o —2— [EWGBNRS
0.70
) @ & & & $ N &
NS & F & & P
R o o & @ \fb
AT

K4 SVM 7p2ds B IR X L

Fig.4  Accuracy comparison on SVM classification
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Tab.4 Classification results on SVM

WIE%E  NFS  NRS  GBNRS IEWGBNRS
Tris 0.9619 0.9619 0.9428  0.971 4
Wine 0.9520 0.8890 0.9200 0.9120
Seeds 0.8707 0.8503 0.8911  0.904 8
Sale 0.7207 0.7207 0.7207  0.733 7
Raisin ~ 0.8587 0.8476 0.8603  0.857 1
Tranian  0.9120 0.8970 0.8607  0.9120
Rice 0.9321 0.9280 0.9265  0.9302
Landsat  0.8734 0.8712 0.8443  0.8704
Average  0.8852 0.8707 0.8708  0.8865

AL, AT 8 HE#f 58K B, IEWGBNRS J i
SERHERRR N 0. 886 5, Hfii FH NFS (0. 885 2) #2
BT 0.13%, [t NRS J7#: (0.870 7)) #&m T
1.58% , tt. GBNRS J5 % (0.870 8) #£ & 7T
1.57% ,

K5 iy NFS 5 3 Fy ke KNN 7p 264 B 47
REERAYXT L, 2 5 o KNN 732688 BRYIr2as
Rxrt. nJLUE $|, IEWGBNRS J5 518 2 B ds
R LRI T HA I %, BAKKF , IEWGBNRS
JFEEAE Wine  Iranian Seeds | Sale . Raisin Z{{E4£E |
(¥ 53 JEUER 253 3 L NFS 3275 T 1.86% 0. 77% |
0.04% 3.04% 0.75% . 1 iris $yE4E 15 NFS 14
TIN5, 1E Rice HlatE I, IEWGBNRS J5ik Y
GBNRS Jr= B AHIE, ¥y 0.916 8, FF Landsat
48 £ b, IEWGBNRS J5 i It NFS [ T
3.00% ,

1.00
0.95‘

0.90

i 0.85
25:0.80
B
& e
~~0.75 —»—NFS
NRS
0.70
~—GBNRS
0.65 —A—TEWGBNRS
0.60 ‘ ‘
\'*\% SN & NS & & & &
&8 e§ S Qj’\ \<1§ X \?&\b
iR

KIS KNN 324t Bior 2R BEx Le I

Fig.5 Accuracy comparison on KNN classification

25 KNN 724k
Tab.5 Classification results on KNN

¥yig  NFS  NRS
Tris 0.9333 0.9333 0.9111  0.9333

GBNRS [EWGBNRS

Wine 0.9629 0.8704 0.9629  0.9815
Seeds 0.9425 0.8381 0.9380 0.9429
Sale 0.6287 0.6287 0.6742  0.659 1
Raisin 0.8592 0.8481 0.8592 0.8667
Iranian 0.9446 0.9005 0.8878 0.9523
Rice 0.9125 0.9177 0.916 8 0.916 8
Landsat  0.9124 0.9062 0.8586  0.8825

Average  0.887 0 0.8554 0.8761 0.8919

AN, DT 2 E 1 %0k, IEWGBNRS J7 1k
SEXUHERRR A 0. 891 9, i A NFS (0. 887 0) 4%
BT 0.49% , b NRS J5 ik (0.855 4) #2531
3.65% , tt GBNRS J5 i (0.876 1) & T
1.58% ,

RSG5 R K W], IEWGBNRS Jr i 78 Ab
XU AR 5, HOT- 453 28 IE S 34358 NFS i
$ETt, ULBHIZ 7 L Re % SE A AU AZ IR B AL, W]
DATE T A 50 1 [ B 8 e A S e 1k o AR
& ,IEWGBNRS J7iLfE 25018 00 B — 2 L
P, IUHIELE Wine FI Iranian £l 48 F3RIMR o
4.2.3 EATETE) AR

XIS RS A7 I [R] EA T B A o0 B, A DG &6
Ring 6 frn, AJLAF ], NRS 7£ Iris F1 Wine />
RUERAE b, R i B s ) e 38, s AT s ] dg 3
45 T GBNRS F1 IEWGBNRS, 4R, £ Iranian .
Rice ,Landsat 25 %8 JHUBE 9 £ 46 4 |, NRS i3
AT [A] S 2 15, 4 0l S 78 Landsat 045 4 |,
NRS iz 4TI AR E] T 770. 523 1 s, 7688 HoAth PR
PRl . GBNRS 7E Seeds , Sale 45 Hr 45 FILB (1) 44
P bR R AT, is AT i) 4350 24 0. 800 4 s Al
0.983 2 s, SRIMAERAEAE L L Ryst i KT
IEWGBNRS, {H45 4 F NRS, Jt H 2 7 Landsat %%
JE4E I+, GBNRS (U5 180. 074 4 s, K KALF NRS
e . IEWGBNRS 7E Raisin A1 Iranian Z(354E -
(B TR K L 43508 5. 773 0 s 1 10. 607 8 s,
{AFERE % KA %4 4 I, 40 Landsat, IEWGBNRS
R T B EWILROR , UFT 149.493 0 s, 1]
HLF NRS I GBNRS,
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Tab.6 Running time comparison of three algorithms

:K 0.90 \

$fﬁ S
Kpige NRS GBNRS  IEWGBNRS
Iris 0.030 1 0.180 7 0.190 2
Wine 0.126 9 0.691 3 1.297 9
Seeds 0.081 9 0. 800 4 0.810 8
Sale 0.292 9 0.983 2 0.327 3
Raisin 1.019 3 2.361 1 5.773 0
Iranian 25.403 8 24.550 0 10. 607 8
Rice 21.520 7 15.705 5 15.766 0
Landsat 770.523 1 180.074 4 149.493 0
1.00 Wine
0.98
0.96
0.94
et
2092
%}? 0.90
<5 0.88
0.86
0.84 ——SVM
0.80

705 1.0 1520 25 3.0 3.5 40

ZHUA

4.3 SURFESN

SRR ABE 3T SRR A 52 s v H 1) T
FOL IR RS RIS ER) AR B 408 R e £ 468 70 v
TR RS ECN o, BUE T B IERNLE G T
o3, REE W JRAE A AN b T 28 o 1E
(0,4 ] D[] b A [s] BN A [v) i £ 1) 70 2RRG 2
F R IR, B a KA K 0.5, 1 Fa >0 Ha
# 1, NI, 00 T8 7 ASASRIBUE X3R5
ARSI , 33X HL B 8 XA A BB D 19 Wine K5 #is
LA SRR B Z 1 Tranian B 46 AT 240
oA, TR ZE RN 6 FR

Tranian

1.00
0.98 ——SVM

0.
0.5 1.0 1.5 2.0 2.5 3.0 3.5 40
ZHA

K6 AFEEHEE L o B REE T

Fig.6 Parameter sensitivity of « on different datasets

TEXTE 6 it 7R ) Wine 1 Tranian 048 5 9E 47
SR, PTUASH DU R 2518 X F Wine i
4, a=1.5 if, SVM F1 KNN 153285 i 53 5l
iK% 93. 60% Fi1 98. 63 % [PFJIEAH , 72 B L Ao A 7R L
A ARz AR T) . SR, BiE S HUE N iE—2
B, PSR AL M RE Y HE BN R RR 1 T R 4y
MY o =3.5 I}, SVM H1 KNN it 43 2085 B 15 [
AR, 5K 86.40% il 87. 04% . Xif T Ira-
nian FHE4E 0T DOAS R R, S « =2 B,
SVM F1 KNN ) 73 28 4 B 35 31 o & A, 230
91.20% M1 95.23% , {HAAFEME, M a=3.5
BF,SVM [ 70 K B B 3% T R & 84.22% , KNN
(RS EE AR X BTt

2% b, Wine I Iranian 2B £E7E SVM F1 KNN
PR 2585 110 53 S0KS BE 4 6 2 BB I A8 T T
B, HAE o =2 HYBRHE B IEME, IR Y o =2
B, AT LAE A D7 TR R34 o = A 5 ), 2
W/ INHE S S M s 4
4.4 LIGLR

IEWGBNRS 15 %13 iof 25 & % J& 0.5 B Ml

Reényi i , 7T LAV J M 110 3 0 A i, RE AR
P B 00 43 A0 FVRRAE S JE R A . I A RIS
S INAR WS A e T B AR AR A AL
(AN, (A5 24 T 2o 2 v BB 405 B8 IR 2t % B3
SCHERRAE (1 g P 24 ] 3 B A 5 50 11 52 B
PP PR T4 R L T A vE R PR AR R A
I RMERE . a2 /AT B R SEER 25 1, vl LIS
T 3 K458

1) IEWGBNRS 5 %I (1) 24 fj % fi & 0] ik
76.92% , 1 ¥ 2y fa] 32y 51.96% , 4t T NRS
(35.35% ) fl GBNRS % (54.70% ) Z [a], 1ER
[F%C P8 4 T, IEWGBNRS 19 2 i & 3% o = T
NRS (AR ZHE L FILT GBNRS iR, X3k
HF 38 3 Ay ek 408 SolREL RS 4 1) S T AR R
B RCVR Y 1 B DI A 24 A R SR
FEORSHE R FRIERERE o OFIAS R s B R AIE 30T 22
JEYERIVE T, SCREM A B @ M T8, i 42
Tt TR SR PERE

2)1E SVM F KNN 43248 | IEWGBNRS
RUTEPR IS 32 a0 ST X ERf 3253011 h 88. 65%
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F189. 19% , 343K 8 d5z =y /K-, 5 AR AT JE M AL
) GBNRS #% Y #f tb 7 5 42 & T 1.57% Fi
1.58% ., 3 H IEWGBNRS #i B! 75 K Z 501 oL T
RERS IR IFEIR T I NG, E R e R A R R
PR AR S R B 5, ik 7 IEWGBNRS
T3 5 I e B RR AR 0 73 AT 55 B DTk, B0
I JE PEINAL, IEWGBNRS #5258 5B 5 45 &5 th f B4
HERHE  RBRIUARE M, AT EETH 0 25k BE .

3) IEWGBNRS #8U7E Landsat X FPEEE K H.
JEMER A S AR AE FAs T TIFA] Sy 149.493 0 s,
5 NRS MHEL 1948 1 621. 030 1 s, fER[H] A 3%
$ETF. B IEWGBNRS B RUE & 4k B R E 5
A UHIEAE IR MR R A LT, REAS T 4K
i Ah PRASCHE  Jr B O A 3 o P DA R . B
BRI SZ 22 1 9 3G i, IEWGBNRS #5754 g
% TG b X Bk R, RS 1 28 R R R 3 A 43 2

PEfE.
5 #iE

BT BT RLER AT SR S A5 7 A B A
HA—ERE AR BRE, SR T — M TS B
TR ER S A S R SR PR 2 T 50k o Tk
Y S TR A AR AT A S S AR TR A - Pk
SRR ] (Y SIS JEE A A T LIRS RCASURIL ], A
ST T IO Bk 48 SR B A58, 5 LT A
PR PELI TR T3 1% o B UET5 A Rk, AR SO
T UCT Bdla e e %o HL S5, R 3 A - (b
HEAL AL B]AY SR RAIE 25 18] (JC 2 a7 ) |k 40 e
REAR 1) B 1 24 ) 33 (JCALER ) Bk 1 L Bk 408
HURESE 1 & 1 29 a1 50k (015 BmR G ) o 7E 8
RIS SRR SRR IAA SO R 5 i AV A
WA AR TE SVM I KNN 22K 28 1 F- 4 R
EREA L BRICAR R YE , PR B SR A, IR 5
TR IR RE

AR Z A B BRI T KA
PERE  (HAT5A — LB R RRAG Bt — PR . Ak, 2
THAE B Rk A R A s 24 BT 5 R LA
MR IUASTT AT R o A R B2 T 2 A
72— AR R R AL AT 5, L
i — PR T A I RCR s [R I 7E S BRI A e P )
B BN T R S DN A B dle R
EXESE TR S R ELA D E PRI, K A
IR AL PRAE S, b e 5 0% 45 S5 1

IR 2 BRI AL R K, KA 2 S0 B B S ]
R E LR T 58 BEAh, AT A4S & 2 KL BEH
RESE I, TR TS (5 5 IR 78 220 B2 P18 b 19 1o
P, RE T SE BN R s S P2 R R .
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