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Abstract: Spectral clustering is an unsupervised learning clustering method, which has the advantages of
convergence to the global optimum and is applicable to arbitrary shape sample space. However, the simi-
larity matrix constructed by traditional methods can not reflect the approximate relation between data
sometimes, so the clustering results are not good. Granular computing can solve this problem well. By
granulating the data in the neighborhood and re-measuring the approximate relation between the data from
the perspective of granules, a spectral clustering method based on neighborhood granules is proposed.
Firstly, the single attribute of the sample was formed into the neighborhood granules by the way of neigh-

borhood granulation, and then the granule vector was constructed by combining the granules belonging to
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the same sample. By using two kinds of neighborhood granule distance formula defined, the constructed
grain vector was measured by distance, and the radial basis function was used to generate a similar matrix
for spectral clustering. Finally, the performance of the spectral clustering algorithm combined with neigh-
borhood granules was tested using the UCI datasets for validation. The algorithm’'s performance was evalu-
ated in two aspects: neighborhood parameters and distance measurement methods of neighborhood granule
vectors. The results were compared with those of traditional clustering algorithms. The experimental re-
sults showed that the similarity matrix constructed using neighborhood granulation is feasible and effective
for spectral clustering.

Key words: granular computing; spectral clustering; clustering; neighborhood; granule vectors
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Iris 0.868 0 0.868 2 0.623 0 0.744 5 0.716 3 0.507 3 0.719 5
Seed 0.679 0 0.712 6 0.656 8 0.634 1 0.704 8 0.611 5 0.675 2
Wdbc 0.7547 0.748 6 0.497 1 0.798 4 0.730 1 0.672 1 0.538 3
Glass 0.173 7 0.236 0 0.112 2 0.204 1 0.161 7 0.146 7 0.158 8
pima-indians-diabetes 0. 114 5 0.117 2 0.105 4 0.009 8 0.102 3 0.069 4 0.072 7
Heart 0.447 0 0.447 0 0.352 9 0.086 1 0.369 2 0.275 1 0.162 6

3 2 v, 7Ei@ i CP #EATHRETEAL BT, 7F Heart M1 pima-indians-diabetes 248, KT 48 k7 1
B 2 PSR IEA LR R I T HAMB L. 7E Glass Ml Seed B, F T 438000 26 X IE 85 1Y 3% R 2%
FOEVERE R, 1E Iris 1 Wdbe ¥cdE v, 2 Mo R FEG 0 BARA & TIRIG IS R KL, Bl R
B3R, AP REAS A ISR T GMM Bk F AL T K r 40 A0 3k R 28 k.

M 3 Ao, TR Id ARI A7 BEPEAL B, 7F Iris. Heart. pima-indians-diabetes Fll Seed 4 %% 4 4&
Hr, 2 FhE RS RIS SRR R MR R AL TS . PEREAR 0 T HM A L. 7E Glass B4 rh, T <P S0k 44
R B A TE R e R AL, E Wdbe T Glass B¥g 8, 3T K Im 4P AY% R 2B 3 i e B AL T
HoA 5.

UL b SE 6 25 AT DL Y A T A0 28 I B0H S v . T AR ORI B 1 5 R S SR R R L T A%
GG RAEF Y, JF HAR T R 2B L. RETERL B L, B ki AR 48 Ar ik T GMM il 5
T K T AR Ry 35 SRk (H U i 4B ORI B 0 A AR AU B i A 3 o M RE AR AR A5 20 5 e D0 0A0 1k 1 1 RE i A
RO AR Y. S E AR, R SR SRR SR SOk A H R ES5 M B HUS 1 28wk, (A5 2 72 5
AT ZHT AR B AL B, SRR AL B, PN AR ) B R B O R T () 6% ) R B A AR PN 1R [
et DU . R b S ) A R o B R S B K a i 2 T A 06 R, NI T 17 1% SR G A SR M. X (7595 R 3
RE 6 70 AN [R] TR AR 1Y B0 2 H R e 90 1 R 4 1 PR RE.

5 #ig

AR SCHS G i RIS PR A B L ORORLT R A S R AR SR TR T AR Uk Y T R R
. IR NOR QB EOR AL T AR T B35 R I AR LA M A b i AR fE R EAT AR BOR AL . (A5 AR R
FOPRL 1) fE B AT A SR k. DRI 8 DA BROORE ) i B O SR TR I ) [ A A X AR e A A Y A
ALLREL ¥4 B RE 0 1 s S e il 22 ) 9 5 2R, AT 0 13 SR G I SRR RE. i), A SCHE R WA UCT % i
B AT T SRR AIE , 45 R R U T AR ORL A 3 SRR T AR LA G 07 iR T R AOR BRI . X — S
S RAEA I AR B B 4 LA 20 1 96k, UEW] T 5E T AR BORE Y 1 SR 2 TRk 0 T AT R AT S



10 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 46 %
S % 3k
[1] ZADEH L A. Toward a Theory of Fuzzy Information Granulation and Its Centrality in Human Reasoning and Fuzzy Log-

[2]

[3]
(4]

[6]
(7]

(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]
(16]

[17]
[18]

(19]

[20]
[21]
[22]

[23]

ic [J]. Fuzzy Sets and Systems, 1997, 90(2) . 111-127.

LIN T Y. Data Mining and Machine Oriented Modeling: a Granular Computing Approach [J]. Applied Intelligence,
2000, 13(2): 113-124.

YAO Y Y. YAO B X. Covering Based Rough Set Approximations [J]. Information Sciences, 2012, 200: 91-107.
WIZEHE. SRuE e, AR, B NAKEBERINLA IR — R EIE 57k (). BRERSEFM. 2016, 11(6):
743-757.

RUAN ] H, WANG X P, SHI Y. Developing Fast Predictors for Large-Scale Time Series Using Fuzzy Granular Support
Vector Machines [J]. Applied Soft Computing, 2013, 13(9): 3981-4000.

KM, BNEAE, Tas . BT REHLILR PR SR AR w5 A TR R T [T, T2k, 2012, 40(2): 273-279.
Bod, WV, sk R, B LT AREOML B AR 10 ZARIC o SRR AR RS IR [T BT R 5 kKR, 2015, 52(1):
56-65.

WANG C Z, HU Q H, WANG X Z. et al. Feature Selection Based on Neighborhood Discrimination Index [J]. IEEE
Transactions on Neural Networks and Learning Systems, 2018, 29(7): 2986-2999.

KOk, M. RERELGE ] AN, 2019, 39(7): 1869-1882.

M=z, e, X0, & K BEREFEBRE S0 U i PLER 5 &R, 2018, 28(6): 90-92.

SINAGA K P, YANG M S. Unsupervised K-Means Clustering Algorithm [J]. TEEE Access, 2020, 8: 80716-80727.
PROFUE ., GG, A W], 2%, SR EERRF LG [J]. RO SR E. 2020, 57(2): 378-394.

A, EMER, KA, SF. AN E DBSCAN kS8 ks [T, AN TR S5, 2019, 55(5): 1-7, 148,
ELL. Bk, IR S BT OPTICS R 270 AR IR At [T, JHSTHLEL T . 2018, 38(1): 73-78.
IV, B4 mlbE PR R 4 DBSCAN I B 2650 [T, iHRHL TR SN, 2022, 58(14): 73-79.
RODRIGUEZ A, LAIO A. Clustering by Fast Search and Find of Density Peaks [J]. Science, 2014, 344(6191):
1492-1496.

Gl RAR, X, TR FRAAN EM S EERGRERT [J] DBMETFREILR S, 2015, 36(7):
1602-1606.

AR, GREf, AR, S R IE T A M AL 22 A BR AL I AR R TR [T, THEEALE R, 2023, 46(2): 422-435.
COHEN-ADDAD V, KANADE V, MALLMANN-TRENN F, et al. Hierarchical Clustering: Objective Functions and
Algorithms [ M] //Proceedings of the Twenty-Ninth Annual ACM-SIAM Symposium on Discrete Algorithms. Philadel-
phia, PA: Society for Industrial and Applied Mathematics, 2018: 378-397.

FIBE, B, fLERE, & I REAEM LR [T, AL T RS M, 2021, 5714 . 15-26.

FLOTHE . IV B, AEL B TR ) B IR S AR ) B B AR [T, BT, 2010, 38(8): 1880-1885, 1891.
CHEN X J, HONG W J, NIE F P, et al. Spectral Clustering of Large-Scale Data by Directly Solving Normalized Cut
[C] //Proceedings of the 24th ACM SIGKDD International Conference on Knowledge Discovery &. Data Mining. Lon-
don, United Kingdom: ACM, 2018;: 1206-1215.

EH . BRBUEL, W Rk, AL SR T AREURLIL B R Ak [T, PR AR (A ARBERRD . 2024, 47(1): 40-47.

REHE H£=2F





