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Density peaks clustering algorithm with nearest neighbor optimization for
data with uneven density distribution
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China)

Abstract: Data with uneven density distribution are those where the distribution of samples varies in sparsity between
class clusters. When dealing with uneven density datasets, the density peak clustering (DPC) algorithm tends to find the
center of class clusters in the higher density area and assign samples from sparse class clusters to dense class clusters. To
avoid these defects, this paper proposes a density peaks clustering algorithm with nearest neighbor optimization (DPC-
NNO) for data with uneven density distribution. The DPC-NNO algorithm combines the reverse nearest neighbor and
k-nearest neighbor to define a new local density that improves the local density of sparse samples, allowing the algorithm
to find class cluster centers more accurately; shared nearest neighbors are introduced to define the assignment strategy to
calculate the similarity between samples and construct a similarity matrix to make the samples of the same class clusters
more closely related and avoid the wrong assignment of samples. In this paper, we compare the DPC-NNO algorithm
with IDPC-FA, DPCSA, FNDPC, FKNN-DPC, and DPC algorithms. Experimental results show that the DPC-NNO
algorithm can achieve excellent clustering results on uneven density datasets, and the comprehensive performance of the
DPC-NNO algorithm is better than other comparison algorithms on complex datasets and UCI datasets.
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Jain Compound
EESU RS
AMI ARI FMI Arg AMI ARI FMI Arg-
DPC-NNO 1 1 1 11 0.8762 0.8829 0.9150 9
IDPC-FA 1 1 1 — 0.7922 0.8327 0.8815 -
DPCSA 0.2167 0.0442 0.5924 - 0.8392 0.8284 0.8707 -
FNDPC 0.5961 0.7257 0.905 1 0.47 0.8516 0.868 4 0.904 6 0.38
FKNN-DPC 0.7092 0.8224 0.9359 43 0.8467 0.843 0.888 4 7
DPC 0.6183 0.7146 0.8819 0.8 0.8250 0.6362 0.7236 4.6
Cth3 Ring
RIEE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 1 1 1 4 1 1 1 5
IDPC-FA 0.8758 0.8327 0.8786 — 1 1 1 -
DPCSA 0.7891 0.6538 0.7547 - 1 1 1 -
FNDPC 0.8758 0.8327 0.8786 0.45 0.5508 0.5651 0.7892 0.47
FKNN-DPC 1 1 1 22 1 1 1 6
DPC 0.6866 0.5135 0.6473 0.1 0.3517 0.3019 0.6857 0.1
Cmc Ls
RIEE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 1 1 1 12 1 1 1 5
IDPC-FA 0.8093 0.8421 0.9027 - 0.7076 0.6274 0.7325 -
DPCSA 0.6656 0.576 1 0.7454 — 0.7252 0.5999 0.7129 —
FNDPC 0.8093 0.8421 0.9027 0.28 0.756 4 0.6898 0.7808 0.37
FKNN-DPC 1 1 1 49 0.8719 0.8179 0.8735 48
DPC 0.3857 0.266 1 0.5377 5 0.766 5 0.6894 0.7779 0.9
Pathbased LineBlobs
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.9482 0.9695 0.9796 5 1 1 1 5
IDPC-FA 0.8442 0.8593 0.9067 - 1 1 1 -
DPCSA 0.7073 0.6133 0.7511 — 1 1 1 —
FNDPC 0.5751 0.5067 0.706 5 0.01 0.7794 0.7179 0.8148 0.11
FKNN-DPC 0.9305 0.9499 0.9665 9 1 1 1 7
DPC 0.5573 0.5082 0.6848 0.4 0.8375 0.8237 0.8842 4.2

Pathbased Z(# 52 B, AR VPN Fe AR E A X 2 1,5
25 S b HoAth o b Bk 7. 48 B ATIA, 1B DPC-NNO
SR B 3 AT AN Y1 B £ 1 SRR AT

] 3 5 DPC-NNO $L9%: 01 5 Fh st bl 55095 6] 25 i
A Cme B EMRRE R F3ITHANMER
AN AR A, AS TR AR AN [F) B € 336 AT X 7). Cme X
4 FH — A 3 S AR [0 IS A R 7 A i [ K e
B % 4b # Cmce 35 #5: DPC-NNO il FKNN-DPC
SRV RE A B R 1Y 38 28 45 R IDPC-FA Il FNDPC .
5 BLRE AR B IE 0 (0 A% PO, (ELAE 20 TE T A B AR B 1
;1 DPCSA F1I DPC 5575 25 75 ¥ 5 268 % v 48 21 5 A
KL, FER R RN E.

33 ERBIBEMNIWRERSH

it 5 5AE DPC-NNO 5.3 (14 % ik, 4 _E ik
6 PhEE X B R HUE SR AT R K, B R R AR A
PASEAR IR 28 55 R 3= (R 0 B 4R, SRR A ()
FAEZZ B G UM S 2 H Ol I 10 B 4 B2 55 K 4
FI T RTIR IE ZR BE R A(E . R 5 N6 TR
FRBEEX B B B R RS PP e bl iR
5 il 7x: DPC-NNO. IDPC-FA F1 FKNN-DPC % 2 %t
IR E A A 1 R R AR B ; DPC-NNO B AE Ab 2
Sticks- Db, Circle3.R15- Elliptical . Forty ¥ #5421, iF
W F8 FR1E ) M B K AH; IDPC-FA 5% /F Aggregation.
Sticks., Forty #4fs £& () PFA FE B 279 1; FKNN-DPC
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Aggregation 788 2 7
Sticks 512 2 4
Db 630 2 4
Circle3 1897 2 3
R15 600 2 15
D31 3100 2 31
Elliptical 500 2 10
2d-20c 1517 2 20
Forty 1000 2 40
A3 7500 2 50

34 UCIHBEMSIBER SR

UCT 4 45 00 7 thh 5t b B SEAZ AR 1 0, xof 2Lt
17 BT DL — 25 561 DPC-NNO Sk (14 2. A&
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(1) UCTHU 4 SE I A B R 6 firoR. 3R 7 N6 Fh B
TETE UCLEUE S SRR 45 SR PN FE #r.

% 7 B oon, X T Iris 3t #E ££, DPC-NNO.
DPCSA. FKNN-DPC. FNDPC fll DPC .72 [ 5 2534
FAHF], IDPC-FA Sk B8R M i — % . fE AL 3 Ecoli
A AL I, DPC-NNO 5% 1) 58 28 3 R & X T~ IDPC-
FA 5735, B 40 T H A 5%, X T Wine. Tonosphere
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NNO FE B R RBORT%F EL .
4 & W
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AR, N Bk 1A L AR SO Tl )
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Aggregation Sticks
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.986 6 0.9920 0.998 3 18 1 1 1 2
IDPC-FA 1 1 1 — 1 1 1 -
DPCSA 0.9537 0.9581 0.9673 - 0.7634 0.6360 0.7443 -
FNDPC 0.9864 0.9913 0.9932 0.02 1 1 1 0.22
FKNN-DPC 0.9905 0.9949 0.9960 20 1 1 1 7
DPC 0.9922 0.9956 0.996 6 4.1 1 1 1 1.7
Db Circle3
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 1 1 1 9 1 1 1 19
IDPC-FA 0.6526 0.5033 0.6999 — 0.4629 0.4385 0.7652 -
DPCSA 04136 0.1096 0.4689 - 0.2950 0.0833 0.5242 -
FNDPC 0.643 1 04412 0.6700 0.74 0.4236 0.2732 0.5863 0.29
FKNN-DPC 0.5107 0.2718 0.5793 19 0.7063 0.6139 0.7790 32
DPC 0.5185 0.2794 0.5853 4 0.3596 0.3015 0.604 8 0.3
R15 D31
ARG
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.9938 0.9928 0.9933 17 0.9637 0.9479 09513 43
IDPC-FA 0.9938 0.9928 0.9933 — 0.9575 0.9402 09421 -
DPCSA 0.9885 0.9857 0.9866 - 0.9552 0.9353 0.9374 -
FNDPC 0.9938 0.9928 0.9933 0.03 0.9555 0.9364 0.9385 0.04
FKNN-DPC 0.9938 0.9928 0.9933 27 0.9654 0.9523 0.9538 28
DPC 0.9938 0.9928 0.9933 0.6 0.9572 0.9384 0.9404 1.0
Elliptical 2d-20c
RRGE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.9956 0.996 0 0.998 0 7 0.9914 0.9917 0.9922 14
IDPC-FA 0.966 8 09701 0.984 — 0.9916 0.9921 0.9954 -
DPCSA 0.9197 0.8002 0.8248 - 0.9943 0.994 1 0.994 4 -
FNDPC 0.9790 0.966 8 09701 0.04 0.9913 0.9916 0.9921 0.06
FKNN-DPC 0.908 1 0.8607 0.8795 14 0.9659 0.9353 0.9404 7
DPC 0.9790 0.966 8 0.9701 0.8 0.9913 0.9916 0.9921 2.7
Forty A3
PRSI A7
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 1 1 1 5 0.9898 0.984 1 0.9845 41
IDPC-FA 1 1 1 - 0.9907 0.9872 0.9875 -
DPCSA 1 1 1 - 0.9839 0.9722 0.9728 -
FNDPC 1 1 1 0.02 0.9878 0.9880 0.9882 0.03
FKNN-DPC 0.9880 0.9740 0.9749 3 0.992 6 0.9880 0.9882 22
DPC 1 1 1 0.2 0.9876 0.9814 0.9818 0.3
#*6 UCIHIESE
itk FEARAR Hlm e FIEAN L itk FEARAR R AR FIEAN L
Iris 150 4 3 Inonsphere 351 34 2
Wine 178 13 3 Libras 360 90 15
Seeds 210 7 3 Dermatology 366 33 6
Ecoli 336 8 8 Wdbc 569 30 2
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Iris Wine
EESU RS
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.8831 0.9038 0.9355 7 0.8885 0.9134 0.9435 30
IDPC-FA 0.8623 0.8857 0.9233 — 0.7675 0.7713 0.8478 -
DPCSA 0.8831 0.9038 0.9355 - 0.7480 0.7414 0.8283 -
FNDPC 0.8831 0.9038 0.9355 0.11 0.7898 0.8025 0.8686 0.26
FKNN-DPC 0.8831 0.9038 0.9355 22 0.8481 0.8839 0.9229 8
DPC 0.8831 0.9038 0.9355 32 0.7695 0.7703 0.8474 24
Seeds Ecoli
RIEE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.7608 0.8121 0.8742 7 0.6425 0.6911 0.7725 13
IDPC-FA 0.7299 0.7670 0.844 4 — 0.6638 0.756 1 0.8284 -
DPCSA 0.6609 0.6873 0.7918 - 0.4406 0.4593 0.6467 -
FNDPC 0.7136 0.7545 0.8361 0.07 0.4833 0.5618 0.7178 0.35
FKNN-DPC 0.7757 0.8024 0.868 2 9 0.5878 0.5894 0.7027 2
DPC 0.7298 0.7670 0.8444 0.7 0.5223 0.4109 0.5545 2.1
Inonsphere Libras
RIEE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NN 0.4021 0.5272 0.7977 41 0.5546 0.3405 0.3920 10
IDPC-FA 0.1355 0.2183 0.6432 - 0.5733 0.3816 0.4247 -
DPCSA 0.1335 0.2135 0.6390 — 0.5388 0.3095 0.3791 —
FNDPC 0.1630 0.2483 0.6531 0.06 0.5494 0.3290 0.3869 0.17
FKNN-DPC 0.3485 0.4790 0.7716 8 0.5554 0.3459 0.404 4 10
DPC 0.1484 0.2306 0.6449 1.8 0.5832 0.3626 0.4190 0.5
Dermatology Wdbc
RRGE
AMI ARI FMI Arg- AMI ARI FMI Arg-
DPC-NNO 0.8759 0.8853 0.9038 4 0.7248 0.8176 0.9169 28
IDPC-FA 0.8638 0.8772 0.9018 - 0.6237 0.7423 0.8829 -
DPCSA 0.7470 0.6099 0.6922 - 0.3361 0.3771 0.7595 —
FNDPC 0.7933 0.8029 0.8441 0.17 0.607 6 0.7305 0.8758 0.05
FKNN-DPC 0.806 6 0.8361 0.8709 35 0.6423 0.7613 0.8894 2
DPC 0.8354 0.8389 0.8715 1.5 0.6375 0.7548 0.8876 0.7
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