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1.1 fEkit&

EX 11" APWIEd DS =W,AT UD.V.f) #rR—PRKERG, HhU={x, 2,2, ) &—4Xf
ZHES A REGAT ={aas,sa, ) BRFHBHENES.D ZRRKEME:V 2—HABHENES. /-
UXAT =V FnWeift R 2 L ARk 5% & 40 o] DA b s S — A~ 04l NS =<(U,AT U D), H
D={d},d ¢ AT, AT 1 D={.

\ Ao N . . N N SN 1 <
X2 AU RS WA S AT S B KR GB Il ¢ MR - IS T o = o D, =
4 i=1

% Z |, —c ..o, FRRERGB X4 . c WRERGB " FTA XS E O r BB ERGB i 5t 4

e MPHIEE, [| 2, - c || Fm o, 8l AIEE.

EX 3 AU RLsENIESAREE.GB = (GB,.GB,,.GB, ) &AMk skas .68, U
GB, U+ UGB, =UKIR= R H WY j MRIRGB, WTLLERR R :GB, ={z | z € U,Ax,c,)or, . o,
A se) TR U TN E e St e, MEBER o Rlr 5508 GB, Mo RREE R B2, oK,k
Bk GB; #fH; )Rz, hiEk GB; 4.

EX 4 AR RG NS=<U., AT U D) .5 j ARERGB,; MR ik sk & b s K xf
G R B PERAA  IC R d (GB). i —2  RLER I 26 B 5 R 3R bR 28— Sr X 5 R BR v I A 6 52 0 L A
| {x, €GB, : d(x,)=d(GB )} | . ) .

: GB. | MR, | GB, | WHRIER GB, RSB d () =
d(GB;) RRMG o, WIRESRERIRE S8R T HHRR A o, MRS SRR 2.
1.2 RrekepiE A&

EX S FEABWHRIE RS NS =WU. AT U D) . 3HEEM B S AT f1 X S U.X HX TR Byfkisk
ELVFERW T :GBR,X = {2, € U,x, € GB,(B) | GB,(B) N X # ¢},GBR, ={x, € U,x, € GB,(B) |
GB,(B) © X }.HH.GB, (B) £/RTEIBIETHE B TTENS EARME j AREk.

EX 6 FEBBMIE ARG NS= (U, AT U D) 1,58 D I U %1508 L 5N, Fm hU/D=
(X1 Xoe o XV AHEEN B S AT R E M D AHXTF B fORiBk R . LR R 51T .

L L

GBR,D = U GBR,X,.GBR,D = U GBR X .

EX 75 FEARIRIR R RS NS =WU., AT U D) . WHEER B S AT .a € B35 B AW & LR #
AN&AF:(DCRT ,(D) =CRT ,,(D).(2)Ya € B.CRT,, ,, (D) % CRT .. (D). B $i#xH AT B)—1 %)
. o CRT J& FHF J 4 24 f7 (0 A 1 B . A 9 J3E 0 AT L2 A AT B i e T8 Mk A S e i o 2 1 0 52, i
JH 0 TE $8% L AT 9 B L A %5 7 GBNRS A, Xia 25050 5% R Bk v il A 14 2l BE A by A o B2 4 L DA AR 455 7 B
ali B 1 A B 25 Hh T JE M 2 AT A

EX 87 FEARIR IR RGNS =(U. AT U D) WU oS R p A2 B RIs ik B8 B S AT,
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=R IIE, BB S R4 R 3 AN E A MAS B X 8L B IES, POS ., 58, NEG F134 558, BND , 3143 5% H %
BRCRH I A 53 s A N s, X T 45 5 B BRI S 80 (0 B) , =S IRRFRR AN T . (P EP(X [ [2 ) =a W2 €
POS(X);(B) #F B < PX | [z]) <a,ll z € BND(X);(N) &# P(X | [z ] <pB. ] x € NEG(X).

2 BETHREASHHN=ZXEEAE

2.1 ETFHIKEERSHHNESHEN

GBNRS H (R BKGE H 3 T K-means B8, B BUAEEE N 1O EAEAR —BO FILEEE /N T 1N FRFEAR —
FO PRLER N — eV il PSR 2 0 O X H & T (R — PSR S AR AR B (BB Sy 1 RO | T s S Xk
MR 2% T [ SRS I REAS (SR FE/IN T 1 BRLBRO T TEHE 43 0 138 33X W SR 1K , LA T 4 T M 3P A s PR & 5 1Y
IrRBES.

WE 1 s, AR E PSS T AR S S AN — 0k Bk
AR ELAT R [R) A A AR 28 531 B0 R i B (L HS PN R A AR 43 A
AL AR B 1) B 1(h) H S e A 43 A 1T AR v 28 1) 3
LTI A 1 W FL A 2 3 e ) T SR A% 4 4 TGk 2 T X
— 255, AR ARARORE IR A Rl 2D 3 5 e (L BE 4 O3 AN UFE
mrm H 2 S BUrRR ZR KRB E G i EE, T O BHEAA FIORE () B A F ik
Jas PR 2 7 285 S L TR Ik, AR SR X 30 B DX OR[N S R AR Hl SRR R
GYAT B HORE B, 8 LANF . Fig.1 Two granular balls with identical

samples in the boundary region
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TEVEAG T8 PR 5 70 2 RE J7 I BRI 5 XS AN — BORLER S, 28 v X8 [R] B 4 — BORLBR 22 18] ) 25 T3] 2%
WA A 2R R AOR L BRI B SR PR ST 7R — B & o AR AR R AR 25 AT [ 26— EIORBR 20 A7 8 5K 4
VLTI 4R 5 X IS P 25440 114 20 1 3 1 B85 5 2 =2 o 3 [7) 26 — EIORE Bk 23 A1 e 2 I, U T 8 1 55 s 4 4 5 119 O
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{3 35T BCOMRIIR I A S5 056 TN R 2 CP = D0 (1/S) 30 .S, 1 j 44

NPT AR S 1 Rk ER L 22 (8] Y7 B T T 20 2 3 00 vh — EOREBR A 2 8] 23 A B0 R EORE B R S
1, AR U — A RLBRIS L, S, O 1.

G 12 LT RORREA GG WS AR AT . DP, == 3 1/S)+ - 3o, /D).

EX 9 FEASEHRERG NS=WU., AT U D) $.3MEER B AT .a € B, B [A# i 2 T 544
it Bk B WAT l—A2f5 . (DDP ) =DP ' .(2)DP ) # DP . ,DP || FRBIEHES B R
ST AT BB 1) SF- Y 4

EX 10 FEAPL R RSG5 NS =<U., AT U D) H.3EEH B S AT .a € B.JgY:a 2T B HNERE
PEE B K . Sig™ (a,B,D) =DP \, —DP_, .

EAAM FHERI B C AT a € (AT —B) @M a XT B WANT B EEEMT .

Sig™“(a,B,D)=DP, . —DP .
Sig™" (a,B,D) itk & e o 762 58 2 7 4 93 e A B ST Sig ™ (0. BLD) < 0 FR a TUA.
Sig®™ " (a B,D) MW T @M o A JE M T4 X Rk 5 B 5iHk, Sig™ (@ . B.D) > 0 F/R a &R
e iy
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% B3 5 o R AR B AR OCHE T K JE M AR R 23 Sl 9 DG 58 AH DG U AR G 3 LT 2 ] I A T A R
ARG 1 HEBR BT A AN AR G T M, 81 i O B 55 A OC @ PR 1 0 gk A7 i — B B AR 45 1 7 — M AL T DPuri-
ty 5 SCRIFR DP) ) =3 249 ff 7 1.

EX 11 (EBERFE ARG NS=U. AT U D) Plld i85 AT PR mik Ltk £ S AT 9 DP JFR
PEEAE (e B ¥ T A 510 I8 PE R 4y o 8 28 P Ahd (Attributes with high-DP) | fi 3E J& P 4
Amd (Attributes with medium-DP) FlJGkJE M4 Ald (Attributes with low-DP) :

Ahd , , (a) ={a € AT | DP(a) = aDP(AT)},
Amd,,, (a)=1{a € AT | BDP(AT) < DP(a) < aDP(AT)},
Ald , , (a) ={a € AT | DP(a) = pDP(AT)}.
Hr, DP(a) BRfEIENE o FETHARSAMNAE .DP (AT) RRERERBEEES TR TRBEREARSMGL
aifE, (ay B) [0, 1] 1A BIHE.

S e T B S 1 R4 SRR Iy i 0 B M R AR A AR A R SR A AN Rk PR
J& PR IS SRR BE T H0, FFHEBR TC AR BUTE G R R 8 51 A = S P 3, WIS GBNRS A7 R4 4 /)M g 18 s 4 10
P AR B LT DP ) = SR A Db AR g s 1 TR

Bkl XT DP W= masE B b = arg max{Sig"™"" (a syred ,D)}
WA AR RS NS=(WU,ATUD),(a\ B
Wi red If DP (red U {b}) > DP (red) then
YR RRIERIT S A AT Je AT 45 Jm Ve I Rk 43 i) red = red U {0} ,Amd = Amd —
L2 HHE AT AT & EER DP {b}
L3 AR BE (a, B4R M AT R 15 B And . end While
Amd Fl Ald 8% 6 For each a € red
L4 L red=Ahd If Sig"™ " (a,red ,D) << 0 then
$8 5  While DP (red)<DP (AT) and Amd #) red =red —{a)
T8 a € Amd SR8 Sig™ " (asred ,D) BT Kl red

BWEREARECH | U | AR ECH | AT | AERIEEECN | Amd |51 BB 43 90 A4 B4 B8 Mok Bk 25
B DP LI E 2 EEL M O AT | XU | 5256 2 By Be 7 S SR 0 F 7 i 17 e 3k Ja 1k o &1 42 38 g Mk ot
Bk, ZBEA R O U [ X AT [P 4 3 BB TTARTBIERN E 2L R O U | X| AT | s it 558 sk
IR ZRBE R O U [ X| AT |9).

3 ZWHH

AR 38 3 5 A 22 Oy A R L S, 36 R AR ST 4R A i A At B A AR RS Y FE PyCharm H{fi ] Py-
thon 3.9 SEH, SEEFEFRAE R 480 Windows 10, Intel(R) Core(TM) i5-10300H CPU @ 2.50 GHz AbFH 2§ |
16 GB WAF R TTHE AL 1T
31 TRHERIEE

SCERAE T 12 4 UCT Bdle 4 HAR IR 1 FrR . L KNN(K =5)1F b 30 288 EAT 10 3738 LB AIE , 3F
il Min-Max XF #8088 #5475 — L AL 2.

3.2 Hiklkee

R TR I BT R 2 T GA 0k B PR RE L K AR Xk DGBNRS 5 NRSY | GBNRS!M | MGBNRS Fi1
GBRS" 8 555 3647 T X% He 43 #7. [R i DGBNRS SR H 5 MGBNRS A [a] (1 bz 2R 2B B =X 2080 3k 4 i =X
RE A% 78 73 I AR 245 B A b 3005 800 43 A1 L e Ah , S 4 T B0 s 7 AN [R5t 48 B i 3 7 e AR SO R Y 1
HZH Ca s ) IR T8 28 B AE 5 T A2 R 5 H5 8 4R AR 1iE 3 2 A 5.

FK2HH T RBEEAN G MEMECE. 2 7%, DGBNRS 78 2 80508 4 S TR E ML 7K,
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6 IR M B 1 D P O A B 7 AR HE 2 F L GBNRS HT MGBNRS H 2% i 1] ) B3k 55 W6, Jag 44 ) Bk 265y 4 <7
20 ] 1 JE R R i 1< 5 T GBRS RIS SCH 35 2R FH AT 160 385 00 54w, S8 000 0 05 30 0oF 0 2847 STk ) Js 8 [ L E 4%
FEDR A5 0 2 RE 7 14 [ IR 54 SRS 130 A Js 1 1 4.

x1 HE£EER

Tab. 1 The information of datasets

1 credit 690 15 2 7 iono 351 34 2
2 sonar 208 60 2 8 wdbc 569 30 2
3 german 1 000 19 2 9 wine 178 13 3
4 horse 368 23 2 10 htru2 17 898 8 2
5 heart2 303 13 5 11 abalone 4177 8 29
6 hepatitis 155 19 2 12 letter 20 000 16 26

R2 AFKE
Tab. 2 The reduction length

No. Original NRS® GBNRS™S! MGBNRS™! GBRS™ DGBNRS| No. Original NRS® GBNRS™! MGBNRSS! GBRS™ DGBNRS
1 15 11 15 13 5 6 7 34 14 8 8 4 3
2 60 24 57 47 13 11 8 30 24 29 28 3 21
3 19 11 16 14 13 5 9 13 10 10 11 6 9
4 23 15 20 20 4 4 10 8 8 5 5 4 4
5 13 9 11 11 7 4 11 8 6 7 7 7 5
6 19 13 13 17 6 8 12 16 16 15 15 11 14

3BT HBLAE 12 DB E A ISMER R R £ 3 1, DGBNRS 7E 2 BU80E 4 B0 et 45
T 3R W TR T 1 AE 24 T I M 1 [R) B R A DR FE BT 1 43 S PR BB XT T sonar . horse Fl letter (4% £E . DGBNRS
AR TR B I A AR5 S5 5 VR 1 22 BE /N AP R B R 1 58 1 SR B O AR SO B I Bk e S B M
2 181 50 B A A A R B A3 S A e R AT T R T
£3 HEEWME

Tab. 3 The classification accuracy

No. Original NRSE GBNRS!?! MGBNRS!?] GBRS!HY] DGBNRS

1 0.87140.042 0.865+0.042 0.86740.028 0.87340.033 0.872+0.037 0.88710.035
2 0.816+0.065 0.841+0.046 0.841+0.072 0.84140.069 0.89340.039 0.879+0.043
3 0.709+0.036 0.737+0.048 0.734+0.023 0.73140.037 0.747+0.043 0.75540.040
4 0.77140.081 0.796+0.082 0.825+0.051 0.83440.042 0.8581+0.042 0.84040.044
5 0.551+0.069 0.598+0.049 0.591+0.058 0.613+0.050 0.606+0.058 0.62410.053
6 0.800+0.112 0.846+0.063 0.851+0.077 0.876+0.090 0.882+0.068 0.89010.077
7 0.848+0.069 0.87140.044 0.88340.030 0.883+0.030 0.903+0.041 0.90910.043
8 0.967+0.025 0.972+0.023 0.972+0.019 0.97440.020 0.972+0.022 0.97710.016
9 0.943-+0.060 0.955+0.036 0.966+0.029 0.978+0.126 0.972+0.040 0.98910.024
10 0.97740.004 0.91440.046 0.97840.004 0.97840.004 0.97840.004 0.979£0.004
11 0.5254+0.050 0.529+0.034 0.527+0.057 0.52740.057 0.529+0.041 0.53240.029
12 0.97940.004 0.979+0.004 0.979+0.004 0.97940.004 0.98340.004 0.979+0.004

3.3 SHSW
(SR (o, ) B BB 0T 45 SRAE REAT — G Y SZ WA LA german B4 5 0 9], 76 [ & B=0.35 B4 FF , Bifi
F a M 0.60 HEAME 0.85, A& K MR R LR —EIsh.24 «=0.75 B, B LRSI E 5 2 %
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RSP 10 B 1 2 02 5 W 00 R T PR R0 43 L Ok — 20 5 S Sk Ik i R A R B SR IR S2 45 T AR SUAR
PP BRI 1 4y S ME B R B (s B) AL I AR AR O b o 1 BUEE Bl 0.60~0.90, 8 1Y HRU(E 115 Bl Oy
0.20~0.40, K0 0.05. 1 T o 5 B 43 AIPE T 29187 (00 15 I8 P 4R 5 R L BR AN A OGB4 &, M ek 28 JE
BB, 43 28 o ff 3R A £ B 2 AR Ak

3.4 HEXE

T B E T B A v 2 R (4 A RO RN TR L FRATT IR T T B P 0 S A B SR 3R ST R B R
WEAN AR ARG R F S DP BEHO Al 525 2 CFF B AR 170 1 AN 38 i = 32 2 faf i o) f:
B ER A SIS AE 12 D EEE F S R IGEB MGBNRS Hl5¢ # 45 %1 DGBNRS 1EXF F . 52 56 45 7 4n % S1
Ji7R.

H e S1 AT, BARTED BB 48 FIR Al SE 50 1 AT Bl 52 56 2 48l MGBNRS 36 28BS O AR, (H7E 251
BAE AR b T A SIS 1 R AL SE S 2 AH e MGBNRS SR 3UA 748 Tt [F] i & 30, R He ol 5 A B 78 35 4
Bl A B BT A B AORAS 1 5E AR AN 6 Y AR B 2 R T D[R] 1 R AL
35 ZHBEESH

e T B AR G it S A R A L PR RE 22 5 B A SCH T DGBNRS il 5 A LA
e B S B AT T Friedman £ 55 Al Nemenyi K 55 , 2886 560, B 58 F A9 JLRR 3 1k HAG — 8 10 W 38 1 22
St L ZE R SR S3 K.

MBS ] S3 A AT AW EE 3], A SCRT$R 58 1 5 RAW (Original) \NRS,GBNRS [#J°F- ) #k 22 K F CD=2.50,
X R WR G TR A B BE B AL TR A vE . 5 MGBNRS #l GBRS M I B AR A 3 B % 25 5, (H O B P RE LA
24T MGBNRS #l GBRS.

4 #ig

TR X GBNRS Ja 4 2 fi] i Bk 400 52 368 Ji 1 4 45 70 2 8 7 10 00 A9 AN A2 3 ol 45 5 R BR PN B AR AR 23
A FHOREER 5] B A A 0 A1 Xob L 3ok 0 B2 R AT A0 i 07 — Fof il ) 88 e ofe 0 e b A AT S PR 24 A e AR R ST
=SCURE X @ M =4 A S BT T T T B A = S 2 A Ak BT e 2 TR R e ) e S i —
R SR o 5 AE LR /D 110 Ja M R SR A 0T o T 1 24 AT 7E 12 D UCT $dls b iy 52 3 45 SR R WY, AR SCHR i 3
T REAG LU A 1 Ja A PR A o e T iy 14 240 7 A SC T 41 5 025 A i BUOAE BRAE AR 118 JLART 20 A I 2 52 1) 2 M A
AH T 3 — 5 R 22, T RE 2 0 MR AR 5 0 2R RE T A I W 7 A S AR LS Y AR R R T B BB R
F B2 i, Q0% BE MR 3 A5 LD B R AR R 2 H) S T

Bt 5% DB F R (DO1:10.16366/j.cnki.1000-2367.2025.06.26.0004 ).
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Three-way attribute reduction based on granular-ball neighborhood rough set

Xin Xianwei*", Ding Xiaodi*, Pang Wenli®, Ma Yuanyuan®, Xue Zhanao®

(a. School of Computer and Information Engineering(School of Artificial Intelligence) ; b. Henan Provincial Key Laboratory of Education

Artificial Intelligence and Personalized Learning; c. College of Software, Henan Normal University, Xinxiang 453007, China)

Abstract: This paper proposes a three-way attribute reduction algorithm based on GBNRS. First, a purity measure
based on granular-ball sample distribution is constructed. By simultaneously considering the sample distribution within granular
balls and the distribution among granular balls, the traditional measure is improved to evaluate the contribution of attribute
subsets to decision classification more accurately. On this basis, a three-way decision mechanism is introduced to divide attrib-
utes into core, candidate, and redundant attributes, enabling hierarchical screening and progressive reduction, thereby reducing
the risk of misjudgment and improving reduction quality. Finally, comparative experiments with multiple methods are conduc-
ted on 12 UCI public datasets. The results show that the proposed algorithm can reduce the reduct length while maintaining
good classification performance.

Keywords: granular-ball computing; granular-ball neighborhood rough set; attribute reduction; three-way decision
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Tab. S1 The classification accuracy under different modules

No. MGBNRS  +DP e  + = Ak DGBNRS | No. MGBNRS  +DP#H  + =4k DGBNRS
1 0.873 0.877(4) 0.875(4) 0.887( 1) 7 0.883 0.863 0.877 0.909( 4)
2 0.841 0.846( 4) 0.850( 4) 0.879( 4> 8 0.974 0.975( 4) 0.973 0.977( *)
3 0.731 0.729 0.742(A) 0.755(4) 9 0.978 0.977 0.972 0.989( 4)
4 0.834 0.815 0.823 0.840( 4) 10 0.978 0.979( %) 0.979( 4) 0.979( 4)
5 0.613 0.600 0.621C4) 0.624( %) 11 0.527 0.531C4) 0.532( %) 0.532( 4)
6 0.876 0.851 0.851 0.890( 4) 12 0.979 0.979 0.979 0.979

‘ CD=2. 50
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Fig.S3

[ES3 ANV EELE o R EIGNemeny i48396

The Nemenyi tests between different algorithms on classification accuracy



