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Granular-ball Neighborhood Rough Set Based on Density Peak
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(1. School of Science, Chongqing University of Posts and Telecommunications, Chongging 400065, China;,
2. Key Laboratory of Cyberspace Big Data Intelligent Security, Ministry of Education, Chongqing 400065, China)

Abstract: Attribute reduction is one of the commonly used techniques in data analysis and modeling. The granular-ball neighborhood
rough set, which can adaptively set the neighborhood radius, enhances the accuracy and robustness of attribute reduction. However,
current granular-ball generation methods face problems of uncertain numbers and unstable distributions. To address this issue, this
paper proposed a granular-ball generation method based on density peaks. By using density peak points and the nearest centroid
points as centers, this method ensures that the centers are composed of sample points, thereby enhancing the interpretability of granu-
lar-balls. Based on this new granular-ball generation method, a granular-ball neighborhood rough set model based on density peaks
was derived. This model overcomes the limitation of using the positive region for attribute reduction in granular-ball neighborhood
rough sets. And accordingly a backward attribute reduction algorithm was designed. The above algorithm was tested on multiple da-
tasets. Experimental results show that, compared to existing methods, the new model achieves stable performance during the granu-
lar-ball generation process, and the reduced attributes significantly enhance classification performance.
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Fig. 1 Multiple unstable results of 4-means granular-balls generating on the same data set
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Fig. 2 The process of generating density peak granular-balls

2.2 NEIKEEWMEEBRAE

i % W E R R R 2 5, X T 4 i
IR bR R A A R %8 R W AR S KO 3B A
OB BGOSR S R AR A B R I E
L= N /N TTE I ' A P i S < Il 1% <
% B W L B ) 7 e 8 3 5 At R o
ML, IS A A kLK B 5 1 AL R .
A SO T H B ALK R AT 0T T B

o I RE K2 AR ALK G = (¢, i, L)

P =C(cy, 712, 05), 4 C,-,Cj’<r,-+rjﬁﬂL,UllJiAﬂﬂiX

WAKEREE . X THE R ER, TR RN
A S B0 B BB B BT B 3 B AR AR S R
P ER G, I F AT RRLER 1 2 AR

IXFE ) & R ik BE AT A5 2 55 AUR AN AF
Bk BR AT 208 8l , AR GIE TR BRER O bl SR R
AK o I R I R K A T I AR OR T A%
SR ER AR BT W Y R R 35 M R A R T

BER B A S AT i Bt . L, 5881
DPGBG Bk ik 1 FrR .

iR 1 T R E R R0 R Bk AE K
RT3

BN BIED, RERZE<U,C.D,g>,
ali i [ P

gy by < T R W R BRI 2R G

@O th2eFIEE CiHR T A A8 4 R I B 4R
FE D (M), &8 /N B R AL T 1T 2% 19 #E 2 E
S E TN

@ i H d. 2805050 19 R % BE D, FN s
i B R A AR /NIE S Ly

@ HEHEAS=D,L,, VB4 H
Vi Ry %5 B AR AT, AT RS

@ i FH % B WAl SR A R Bk ko, IR 1T
R ER AR R BPRL BRI G = (¢ ri 1)

® For G do



R2E A ST W AR R SIS SR Al 1097
THE B T Wk BR G 19 4 BE P JEYE a B E R L
dpG
If P{*" << P then gl B.D)=—
TEELEED,Q,D >N (12)
End If PldpG — 1’
End For

© X B4~ % T“ﬂl“*ﬂj? GP AT EESRI .
,J<n+nmm
A RS SN (S F TRIUE= SIS 7 )
B 15 B8 00 % IR BK G
End If

® % th BE T8 0 (R kL K A1) K Gt
2.3 ETEEERIKEMEELER A EEE

ZNRER G S R A E SRR TR S PN R iR
L e S B R U R IR 4P BlURH A 4R (Density
Peak Granular-Ball Neighborhood Rough Set, DP-
GBNRS ) #2850 RL, I DLtk Sy S6 6 152 3 )5 )
(11 DPGBNRS J& 14 24 fii] 553 o

EXS HE-NPRERGL S, F,G>,%
B W S I IR IR A R Gl = (¢, ry L) X
FALBFEA S o, € G a, BIABIE SR -

o(a,)={aES|Va €GP, d(a,, c;)<r,},
Hrbd(a,, ¢;) RRFEAR S o, B3R ¢ BFE S

BN 6 TERIRRG M, 5 Wk R G X
ST B TEACSH BRI lE
XN

(6)

Gy (A)={a.€U|o(a)=A |, (7)
Go(A)={a€U|s(a)NAZ¢),  (8)
M GY(A)F Gy (A) I, % 1 e Bk 40 BOHL

BB 2 (G (A), Gy (A)).

EXT7 HisF5%EARIE LK 55

1 AT
POS (a)=G) (A), (9)
NEG:(a)=S—G,(A), (10)
BND(a)=G o (A)— Gy (A), (1)
o SCRT IR A R B AR A ST T Y R BR

BRSO AR o PR I AR e A gl R R R 1 2
T, FEAS AURT JE Y SR SRy 1R R KO 2 R AR
U IE S

EXS8 XFTREARG <S,F,G>,F=
CUD, %M EBCD, a=C— B, W%

Horr N RIORTE S5 T8 R 48 B R A= i iy 28 B2 oy
1Y) %% B R 3k NP AR AR B i

TE & T 2 T B, DA IE 38 N AL )RR AR B 1R
Ko FERE T PRI bR HE o BEEE S 1 AR R AL
FEA S 2, Wiz s 41 & 53 25 fig )
G o PRI, 4 R 0GR K %) A1 SRS £ R P
R AR A 2 R .

ik 2 T R0k Ek 0y 2 SO RS 4R )R
(EFANTICRTS

WA BIEED, IRKRGE<U.C.D,g>;

Bl R 4E R,

O MPEFE 1, AR Ll R 1Y% B
BB YR Git = (cori )

@ R=;

® For each R,= C — q, do

HEREANEEHAAS R T B IEBAEAR
Ndp(}

PR, , (Wﬁ/@Nd‘(—max(N“()

Ko

If N> Ng“ then
R=R,,C=R,N°
Else
R R
End If

= N®o,

End For

@ i ARER,

WKl 3 fras , 76 A8 [R) A9 B 48 b, 9 ok Bk
A BOR A AR T Bl A O AN AR . 3 (a)
GBNRS #5 8, 0] LB & & 21 &R 20 b Bk 19 35k 0
FEATE B FE A 5 b 2 B e R s 1Al iy
25 B AL B . 7E GBNRS #EH i | 5xX #E B 3R .0
CINDEISTE TR SO £ W= R S (N 22
il 3 FE A BROOAE R AR I B #E T R R Y
faj dle = AT Bt . 1 3 (b) AR SR H ) DPG-
BNRS #E 8, 78 4l 5 [6] o0 1 B4 T, A8 i kr
BRECE T, I HLBER O H S PR AR AR AT A
't DPGBNRS #2789 28 i 1 F A= B 1E 38 i 17 s
PR 24 1 0 JRy B, S BRAE AR A 677 I PR 24 1



1098 PN === QS PN s =Y

48(6) 2025

(a) GBNRSHEY 4 B 4B 15
B3 GBNRSHA A DPGBNRS A L
Fig. 3 Comparison between GBNRS model and DPGBNRS model

3 SH

N T B UEA SCRT 4 H Y DPGBG %1% Fil DP-
GBNRS Jg 14 24 i 53 v i P RE A AR FE Ay
H DPGBG 5 2 Fl 4% 4t (9 3 T k—means ) GBG
AL R AT B ) RS P B A . AR SCHR T K
Hz 2B T (K-Nearest Neighbor, KNN) 4328 5 1k I
7 ¥ 1] & ML (Support Vector Machine, SVM) &
12 %8 NRS | K 48 380 # B 4 (Hypersphere Neigh-
borhood Rough Set, HSNRS)'*! GBNRS Fl DP-
GBNRS ) 2 1 25 R AT WA 2 LU 3o

ARATHEI T 18 Fp UCT /A TF B Hia 48 , o 45 2k
Bt e OSSR R LR 1. A
R AR S — S A ENL L 17, %t
FHLECAS T 32 GB 1 3l A Bl HLAF BUAF it 4 (Dy-
namic Random Access Memory , DRAM ) F1 Intel fi;
% 17-10700 CPU @ 2.90 GHz, 7E Python 3.10.9
H i Ji] PyCharm 2023.3.1 JF & BRES A7 4 2
3.1 MIEkAE R HIET B E FEAN S RIS E XS L

TEAR T SC0 R A X Xia SE 2 10 B9k Bk A
B R AR S M A 3 T R L AR R K AR
Sk PRI 1E) U AR Al SRR e R X . H
TAE G GBG B K U T k—means 1 Bl B H
R4 R mg, B GBG #1538 47 10 WK K i i
(1] 1 #E () 7 {8, FARZE S a0 3R 2 PR .

WA R 2, N MEAT a0 R 2548 - 78 K %k
P 5 I, DPGBG 535 (1 I 1] 74 #E 2K T 42 11
GBG k. XUt , i TSR E A 2>, DP-
GBG B39 7T LUAG 280 kb 48 FH R BR 2B B 850%

[J B, o T )78 DPGBG 87 A4 il 25 R i Fa
FE M, A SO PR R AL AR B BRERHET T T St

(b) DPGBNRS#&:Z 4 pf By 4B13

K1 EHHEE

Table 1 Datasets used in the experiments

i Y/ FEARR FRIEEL P
1 dataR2 116 9 2
2 lymphography 148 18 4
3 hepatitis 155 19 2
4 wine 178 13 3
5 sonar 208 60 2
6 Glass 214 9 6
; Algerian_forest_fires_dataset_UP- o1 10 )

DATE
8 heart 270 13 2
9 cleveland 297 13 5
10 heart2 303 13 5
11 iono 351 34 2
12 HVNT 606 100 2
13 credit 690 15 2
14 Diabetes 768 8 2
15 Pima 768 8 17
16 fourclas3 862 2 3
17 tic—tac—toe 958 9 2

18 Parkinson_Multiple_Sound _Recording 1 040 27 2

XTI o X GBG B IE ST 1T 10 IR T 29 4 1
BRES B K/ NERE, 25 R sk 3 R 4 R
W5 3% 3 FE 4, A HER 4518 . GBG B ik
2 R EA T A B BR BRI B B A R
P, B AR A SR 1 B R AR RN B /ME Z 8] A A
MKRZEN ., M2 T, DPGBG % 2 4 W A= i 1
ERECHR LA R, 20 o S Rs o HLnT 5, 7B
TR RE 45 T P 45U R T AR Ak
3.2 BUHAEMSEBEXTL
TEART L8 b, 1 S8 X DPGBNRS 19 & P
24 17 45 B 5 NRS . HSNRS F1 GBNRS 4 J& £ 2



REA A T LR A R BR AT SOREL A 1099

R2 ARk R A AL
Table 2 Comparison of time consumption for GBG algorithm
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Table 3 Comparison of numbers for GBG algorithm

B GBG DPGBG
Hillde GBG  DPGBG HE PR RREREC R/NMREC 23
dataR2 0.3340 0.1137 1 70.7 80 66 55
lymphography 0.363 8 0.1326 2 66.8 79 52 80
hepatitis 0.398 3 0.128 8 3 69.6 77 64 73
wine 0.4914 0.086 8 4 68.8 75 66 44
sonar 0.407 3 0.165 2 ) 80.8 104 74 99
Glass 0.2177 0.2370 6 173.7 185 166 139
Algerian_forest_fires_dataset_ UPDATE 0.074 0 0.0709 7 43 55 35 39
heart 0.7123 0.2301 8 154 166 140 130
cleveland 0.738 8 0.3487 9 224.2 234 219 145
heart2 0.948 4 0.4399 10 228.5 239 221 152
iono 0.4359 0.3255 11 65.2 92 49 123
HVNT 1.669 0 1.503 12 376.8 396 361 158
credit 1.244 9 0.682 2 13 362.8 346 382 285
Diabetes 1.228 3 1.008 1 14 3474 315 367 363
Pima 2.6323 2.8753 15 702.3 709 698 483
fourclas3 0.264 2 0.258 1 16 30.9 36 25 25
tic-tac-toe 1.507 8 1.9112 17 412.1 434 368 419
Parkinson_Multiple_Sound _Recording 1.8361 1.416 4 18 413.8 439 386 410
I 0.8613  0.6629 WE 216.2 225.6 207.8 179
AR AEAT A o o X NRS iR pe SOSBUE SR T =AU ol H AN [ B

7] J5, A SCREH T 0.02,0.04, -++, 0.40 4 20 A
[, 26K o 0.02,
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Fig. 4 Comparison of stability for GBG algorithm
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H{EkFE , DPGBNRS Bk 1.3.5.6.7 M
10 4~ % 4 45 /9 3% BLAE T GBNRS & ik Al
HSNRS #.%% , 78 HH DPGBNRS 53 2 78 52 22 4
L BEAE A AU AT R M2 T . R4S DPGB-
NRS 532 76 5 73 £ 4 1 oK fig 35 3 NRS 8%
2R A Z D ERE LRI A, %
W AR 251 T B A WA

FEARTT W 38 43 51 R BUKNN (K BUE R 5)
F1SVM (1ibSVM A 8K A bR E0) B F 43 25 2%,
FH 20 155 Jir SR A Jg o, B ML 6 5 3094 1Y I 3k 4 3t
102, AR M A3 JEMER N 2 5 FToR .

M5 BRI A5 Rk F T LA DU 45
W EZ AN BIESE L, DPGBNRS &k B H T
BT Y A3 28 E B R, R 0 2 AE wine FI Algeri-
an_forest fires dataset UPDATE $(## 4 |, DPG-
BNRS 57k R B2, 43 51k 2 T 0.9815 F
0.972 6 1 = MEBR % . AR B L,
BA R RS G0 H At B B BE IR AE — O
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Table 4 Reduct ratios related to deriving reducts

Heynde NRS HSNRS GBNRS  DPGBNRS
1 0.777 8 0.3333 0.1111 0.1111
2 0.666 7 0.444 4 0.166 7 0.2222
3 0.8421 0.263 2 0.157 9 0.052 6
4 0.769 2 0.1538 0.1538 0.384 6
5 0.816 7 0.066 7 0.050 0 0.100 0
6 0.3333 0.555 6 0.2222 0.1111
7 0.800 0 0.500 0 0 0.100 0
8 0.769 2 0.2308 0.2308 0.3077
9 0.769 2 0.6923 0.076 9 0.307 7
10 0.769 2 0.307 7 0.076 9 0.1538
11 0.8529 0.4412 0.558 8 0.147 1
12 0.9800 1.0000 0.1900 0.020 0
13 0.666 7 0.9333 0.1333 0.266 7
14 0.250 0 0.3750 0.250 0 0.3750
15 0.250 0 0.8750 0.1250 0.6250
17 0.1111 — 0 0.1111
18 0.963 0.555 6 0.1852 0.1111
¥H 0.669 8 0.4829 0.1581 0.206 2

T — R HNRS 74 17 D Edfi 4 (tie—tac—toe) b IEiEAS 3]
R GRS TR

FR5 KNNAwSVM ok 56 kAo 5
Table 5 Classification accuracy of KNN and SVM classifiers

. KNN 735 SVM 7 i
U NRS HSNRS GBNRS DPGBNRS NRS HSNRS GBNRS DPGBNRS
1 0.7143 0.678 3 0.5714 0.685 7 0.742 8 0.7429 0.600 0 0.771 4
2 0.7778 0.7759 0.8000 0.7556 0.666 6 0.7111 0.7555 0.7111
3 0.723 4 0.8381 0.744 7 0.808 5 0.702 1 0.787 2 0.808 5 0.808 5
4 0.9259 0.768 4 0.962 9 0.9815 0.9259 0.8519 0.981 4 0.9815
5 0.698 4 0.6519 0.8412 0.7619 0.9811 0.6349 0.793 6 0.730 2
6 0.384 6 03803 0.2813 0.359 4 0.353 84 0.359 4 0.3126 0.3594
7 0.8378 0.9425 0.9178 0.9726 0.8243 0.9315 091738 0.958 9
8 0.567 9 0.7173 0.7407 0.777 8 0.604 9 0.666 7 0.7407 0.728 4
9 05111 0.564 2 0.606 7 0.5955 0.622 2 0.550 6 0.550 6 0.5843
10 04725 0.563 1 04725 0.549 5 0.560 4 0.560 4 0.560 4 0.5495
11 0.9717 0.862 9 0.857 1 0.904 8 0.9716 0.914 3 0.895 2 0.876 2
12 0.5330 05421 04451 0.560 4 04780 04780 04287 04780
13 0.6812 0.860 7 0.826 1 0.8357 0.6135 0.8213 0.816 4 0.862 1
14 0.7229 0.718 4 0.7359 0.770 6 0.753 2 0.770 6 0.7575 0.7835
15 0.1385 0.152 6 0.2078 0.2035 0.134 2 0.2251 0.2337 0.1948
17 0.3933 - 0.878 5 0.670 1 0.7152 - 0.836 8 06701
18 0.4936 0.8499 0.8910 0.9808 0.5321 0.9103 0.891 1.000 0
eIl 0.620 5 0.679 2 0.693 0 0.716 1 0.668 9 0.682 2 0.698 8 0.708 7

1 —FRHNRS 7645 17 4 B 5 (tic—tac—toe ) | J6 1k 159 B A7 50 1Y 2 fay 45 4 .
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