$sat 56 WA k¥ %R O(T % kD 2024 4F 12 J1
Vol.54 No.6 JOURNAL OF SHANDONG UNIVERSITY (ENGINEERING SCIENCE) Dec. 2024

XEHS :1672-3961(2024) 06-0038-11 DOI:10.6040/j.issn.1672-3961.0.2023.198

— M HERNEN SHEHEESENEAREE

! ﬁ$”*%m% PR RS Rk
(LEETREYREERT , VLV B9 B 330099 ; 2.1 064 /K A5 B PRI RN 5 48 RE Ak 3y S0 6 =8 (F B TR, VT
4 E 330099)

WE. AU ENFERE R EINR TR REARE T BN T RE | R RFA BB KA B T bl
ML REAERTACEZHRENERE AARERNESTERAEENERE, T ES T EFRNREZERAEN TR
B, mBAREZTIEBRENELE, DO ETRENIRE B — AR EL S REEG R AR, BHERAFNB AKX
S M2y R Fik A3 B OB o 2 I Bk A R Am ik RS IR SE ok A AR IR K 548 R0 45 A A Sk AR v A7 SRR T AR
YRR A BRI E AL N F L, @i N K F B 4 (University of California Irvine, UCT) # ¥ 4 # 47X. 56,
IR T ey A A 2 M,
KEWR: S EAARE B EFTR)E B TR BEY M B L
HESSES TPIS M ERAREES: A
SRR, 42 S 6, AF . — R Rk AR R BRI SRR B 2 T TR [ 1) AR RS2 (T2 ,2024,54(6) :38-48.
XIE Li, YE Jun, LAI Pengfei, et al. An improved granular reduction algorithm for pessimistic multi-granularity rough sets[ J |. Journal of
Shandong University ( Engineering Science) , 2024, 54(6) ;38-48.

An improved granular reduction algorithm for pessimistic multi-granularity
rough sets
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Abstract: Aiming at the issue that non-kernel granularity significance couldnot be effectively measured by internal and external
granularity significance, leading to premature convergence of reduction due to lack of effective heuristic information, a positive
domain change was proposed to measure the significance of kernel granularity, and the change of boundary set was used to measure
the significance of non-kernel granularity. The new measurement method could measure not only the significance of kernel
granularity but also that of non-kernel granularity. Based on the new granularity significance, an improved pessimistic multi-
granularity reduction algorithm was proposed. Compared with the heuristic attribute reduction algorithm of sample selection, the
fuzzy e-approximate reduction algorithm of information entropy, the reduction algorithm of granularity acceleration and the feature
selection algorithm of neighborhood discrimination index, the new algorithm could reduce the number of iterations and found the
granularity reduction subset more efficiently. Through the experimental analysisof University of California Irvine (UCI) data sets, it
was proved that the algorithm was effective and practical.
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Table 2 Comparison of importance of different particle sizes
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Table 4 Experimental data set information

s G/ TS SR JBTEAEEL FHEL
1 Lung cancer 32 56 3
2 Molecular biology 106 57 2
3 Breast tissue 106 9 6
4 LSVT 126 256 2
5 Iris 150 3
6 Seeds 210 7 3
7 Column 310 3
8 Climate model 540 20 2
9 Banknote 1372 5 2

10 Magic telescope 19 020 11 2
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Table 5 Comparison of classification accuracy results

- SRR
AT SCHR[23 )5k SCHR[ 24 559k SCHR[ 25 Bk SCHR[ 26 )55k

1 0.948 2 0.944 8 0.913 6 0.921 1 0.900 4
2 0.892 2 0.934 1 0.941 8 0.861 0 0.897 1
3 0.6825 0.576 8 0.471 7 0.423 8 0.421 0
4 0.808 4 0.804 7 0.774 5 0.795 6 0.800 2
5 0.988 7 0.924 7 0.963 2 0.956 3 0.984 2
6 0.914 3 0.891 4 0.900 0 0.904 2 0.964 2
7 0.8323 0.760 0 0.819 4 0.790 0 0.800 0
8 0.914 4 0.907 4 0.929 6 0.940 7 0.922 2
9 0.978 7 0.924 7 0.963 2 0.987 5 0.987 3

10 0.851 2 0.824 7 0.724 7 0.834 0 0.708 8
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Table 6 Comparison of numbers freduction

B A TTE

ity NI A SCHR[ 23] B SR 24] B CHR[ 25 ] B HR[ 26155
1 8 10 9 12 9
2 10 9 6 10 11
3 2 3 4 6 7
4 56 68 82 74 59
5 1 3 3 3
6 6
7 3 2
8 15 12 17 16 12
9 2 2 2

10 6 8

H 6 . ARWF5T 5 1E Lung cancer  Breast tissue \LSVT . Iris . Column , Banknote , Magic telescope 4
PR b 2y AT Hi R B4 £ 7F Seeds \Banknote ZUHiE4E -, SCHR[ 26 | 531% S A SR 53 1 (R I 24 1T 4K
£ Climate model Z(#E4E I, SCHR([ 23,26 | A AP AR5 5 . SVARRT I AR S 0] I s Bt 48 BAY
B2 TR
424 PRI

W 5 FVEIE AR RLEE 2 T 45 SR A T 300K 8 AR, et R B AT S, RERIUAR S B R fg
IR, AfRi %



5 6 3] ST, A — i S0 U 2 P RS B B2 24 T 512 47

R=[ (1A1-1R,,1)/1A1]x100%.
5 FVEILTE 8 AR LA R T R a5 R 2 FroR ., B IRl 2 AI 1. 7E Lung cancer Breast tissue
LSVT Iris ZUHG4E I A5 S005 AR RE 29 TR 3 35 i, 53 501 R 85% (78% \78% \15% 5 {E Seeds KUHGHE I, A
GRS SR 26 | B HIE], JR A5 T B I 2 1 % £ Molecular biology . Column , Magic telescope %4 #fi £
b AR ST SEE S SR [ 25 ] B A, IRAS T AN O 20 1R R 78 Banknote $UH4E I, AHIF ST S R SCRR 23,
25-26 | iE—FE, RFRREUS TR AT %, 25 1R AW T AT 2808 E SE 1 TR BE 29 T BE A A 2%
BRITAE B, A4 S Rk a7, A B A g
90 I e

—A— R4 —w— SRS
——SCHR[26)53:

80
9

70

60

50

RI%

40

30

20

10 1 1 1 1 L L L 1 1
Lung Molecular Breast LSVT  Iris  Seeds Column Climate Banknote Magic
cancer biology tissue model telescope

Bt
El 2 Zfai i

Fig.2 Comparison of reduction rates

5 %%

BEXT R A 04 LR A 1S Fh 2 B2 DAL R A B B O 5 A A1 R AR UK JE 24 R T IA AP AR AN AR
IR 4 HH — LB U 2 MRS S 38 o B A 58 SO ik, 28 HV ORI (1 Tl B2 88, HL A R He AR AR S 170 B 22
B, B AR R X DR B o BT R B T 8 O 5 PR, TR — i S ) S 2 A B
JFEA T 51k, BE A ROt R BIRLIE 24 ] 188, bRl S5 B2 AR 0] 52 2% 88 i o SE ik TRk A
RAERISEANE . ABETEAAELL AN AT 7 i Rl T 58 & 2R RS EURGE T Bk 2y fif ]
XHHESE £ R GUN 2200 BE L TR i S EEWTFE 0 A s A TR R T 2 4 7 ik A RUX 0 1 KL JE A AR
JEE 2 SR BE R E R (AN X o AR AR B B T UA KL 4 R i — AP BT A FELA

SE 3k :

[1] SONG S M, REN X J, HE J, et al. An optimal hierarchical approach for oral cancer diagnosis using rough set theory and an
amended version of the competitive search algorithm[ J]. Diagnostics, 2023, 13(14) :2454.

[2] PEDRYCZ W. Granular computing for data analytics: a manifesto of human-centric computing [ J]. IEEE/CAA Journal of
Automatica Sinica, 2018, 5(6) : 1025-1034.

[3] ALFEO A L, CIMINO M G C A, GAGLIARDI G. Concept-wise granular computing for explainable artificial intelligence[J].
Granular Computing, 2022, 8(4) . 827-838.

(4] BT, TR, W, HUBEH A MRS S A0 R 2 SRR [ 1), FHSEHL TR 510, 2021, 57(3) ; 87-93,
GAO Tianyu, WANG Qingrong, YANG Lei. Data mining model based on attribute dependability enhancement of rough set
[J]. Computer Engineering and Applications, 2021, 57(3) : 87-93.

[5] WANG H, GUAN J T. A dynamic framework for updating approximations with increasing or decreasing objects in multi-
granulation rough sets[ J|]. Soft Computing, 2023, 27(9) . 5257-5276.



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

[6] QIAN Y H, LIANGJ Y, YAO Y Y, et al. MGRS; a multi-granulation rough set[ J]. Information Sciences, 2010, 180(6) :
949-970.

[7] SUNB Z, ZHANG X R, QI C, et al. Neighborhood relation-based variable precision multigranulation Pythagorean fuzzy rough
set approach for multi-attribute group decision making[ J]. International Journal of Approximate Reasoning, 2022, 151 1-20.

[8] ZHANG X Y, JIANG J F. Measurement, modeling, reduction of decision-theoretic multigranulation fuzzy rough sets based on
three-way decisions| J ]. Information Sciences, 2022, 607 1500-1582.

[9] ATEF M, ATIK E F E A. Some extensions of covering-based multigranulation fuzzy rough sets from new perspectives[ J]. Soft
Computing, 2021, 25(8): 6633-6651.

[10] 5KkWT, FRh, #° DU, A%, BEThIACKLE A9 Z R0 E MRS LR T]. 421 5 ER3E, 2015, 30(2) ; 222-228.

ZHANG Ming, CHENG Ke, YANG Xibei, et al. Multigranulation rough set based on weighted granulations[ J]. Control and
Decision, 2015, 30(2); 222-228.

[11] kS, RAEME, AN, ZREIRRGRELA R RLE RS T]. AR, 2018, 45(2), 152-156.

SHI Jinling, ZHANG Qiangian, XU Jiucheng. Optimal granularity selection of attribute reductions in multi-granularity
decision system[ J]. Computer Science, 2018, 45(2), 152-156.

[12] Bk, W R, Bk, VR AR T O T RIRA R AV (1], Bt s i ( AARIE) |, 2022, 58(4) : 594-603.
LU Ping, CHANG Yuhui, QIAN Jin. Parallel knowledge reduction algorithm using knowledge granularity [ J]. Journal of
Nanjing University ( Natural Science) , 2022, 58(4) : 594-603.

(13] Zepify, JBROR. 2B FOIE 0 Sepm k2 [ 7] Ay 5 N TRBE, 2022, 35(5) : 387-400.

LI Jinhai, ZHOU Xinran. Attribute reduction in multi-granularity formal decision contexts [ J ]. Pattern Recognition and
Artificial Intelligence, 2022, 35(5) : 387-400.

[14] R, $Fte. —FhlE 2R RS h Bk EE 2y Sk [ 7] By 5 N T RE, 2012, 25(3) @ 361-366.

SANG Yanli, QIAN Yuhua. A granular space reduction approach to pessimistic multi-granulation rough sets[ J |. Pattern
Recognition and Artificial Intelligence, 2012, 25(3) . 361-366.

[15] U, BT, ZREIRFMBEE TR 2R [ T]. THRHIRE, 2017, 44(5) : 199-205.

SANG Yanli, QIAN Yuhua. Granular structure reduction approach to multigranulation decision-theoretic rough sets [ J].
Computer Science, 2017, 44(5) : 199-205.

[16] dkm, Db, AR, HeT5 B ik i R0 2ok B R SRR EE LY RT[ 7). B RO ( A AR %), 2015, 51(2)
343-348.

MENG Huili, MA Yuanyuan, XU Jiucheng. The granularity reduction of pessimistic multi-granulation rough set based on the
information quantity[ J]. Journal of Nanjing University ( Natural Science) , 2015, 51(2) ; 343-343.

(17] s, S, TR AN, 26T T Rl Ak B AR ARG BE AR 2 b EERLRE R BE 2T [ ] THRAALRR:, 2016, 43(2)
83-85.

MENG Huili, MA Yuanyuan, XU Jiucheng. Granularity reduction of variable precision pessimistic multi-granulation rough set
based on granularity entropy of lower approximate distribution[ J]. Computer Science, 2016, 43(2) ;. 83-85.

(18] WAL, TR1G, (IWIER, 4%, 2R BB SORLIE LY Ry Rl ik [0 ] THREHLNN, 2017, 37(12) : 3391-3396.

HU Shanzhong, XU Yi, HE Minghui, et al. Effective algorithm for granulation reduction of multi-granulation rough set[ J].
Journal of Computer Applications, 2017, 37(12) : 3391-3396.

[19] $i#, R, B8, & TN ZREREART]. maiizs ik K54, 2019, 51(5) : 636-641.
WENG Ran, WANG Junhong, WEI Wei, et al. Multi-granulation attribute reduction based on discernibility matrix [ J].
Journal of Nanjing University of Aeronautics & Astronautics, 2019, 51(5) : 636-641.

[20] ARSCHE, iy, skt 45, SETHEMEI 2R HIRE SR RLRE TR ik [T ], B Rt R 22 ( AAARLE) |, 2021, 51(1):
141-149.

ZHENG Wenbin, LI Jinjin, ZHANG Yanlan, et al. Matrix-based granulation reduction method for multi-granulation rough
sets[ J]. Journal of Nanjing University ( Natural Science) , 2021, 51(1); 141-149.

[21] pimeg, TR/ & TR EE BN Ut [ ] R INBHE AR (A ARBRERR) | 2021, 38(4) : 79-84.

LU Jiaxue, WANG Xiaoyan. Improvements to the granularity importance formula[J]. Journal of Suzhou University of
Science and Technology ( Natural Science Edition) , 2021, 38(4) . 79-84.

[22] ek, shPbA, BN, % —MHEE RS EEE R = SZPJORBIRI 1], TEPLE, 2019, 46(2) ; 236-241.
XUE Zhanao, HAN Danjie, LU Minjie, et al. New three-way decisions model based on granularity importance degree[J].
Computer Science, 2019, 46(2) . 236-241.

(T#% 56 W)



