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Abstract:
need to specify the number of clusters artificially, and the clustering results are sensitive to parameters. To address the

Clustering is a typical and important data mining method, but most of the existing clustering algorithms

above shortcomings, this paper proposes a heuristic clustering algorithm based on sub-game perfect equilibrium (HCSPE).
The algorithm fully exploits the information of the distribution characteristics of data points themselves and obtains the
adaptive parameter values by heuristic methods, so that the local density attribute values of data points are derived with ob-
jectivity and universality, and the sensitivity of clustering results to parameters is reduced. Based on the idea of game, the
two attributes of local density and relative distance are integrated to form the competitiveness of data points, and the auto-
matic calculation of the number of clusters and the determination of cluster centers are completed by relying on the competi-
tion mechanism. The experimental results on several data sets of different sizes and types show that the performance index-
es of the proposed algorithm are better than other algorithms in general, and the clustering results are more in line with the
objective requirements.
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R AIE 2 28 PN RH N B E R 0 R 0 R B R O
Parabolic %45 48 (1 T2 R 522 12 A8 H 2 () i BRABDH ;
Ring B4 5 & A 52 22 () ik B 7] 5 Zigrag Bl P, —
ORI S, AR R AR R R BOE S . #

6(a) & 6(b) 415 DPC 53 Fl HCSPE 5. %F 6 4K
P S A 2k B IR 6 ] LT W7 Y HCSPE B3k
() Ab BESE B WAL T DPC A gk, HH A7 A Bl sc i i 3
AT . RS IR 25 LR B HCSPE 8 06 A8 /] 43 A
FRIE 0 B A HA A R E R i

o]

(a) DPCEENS 6 a4 i 4k B4

Ko MRS EAEA R ERE B RAER I

4.4.2 WEMEIRTMER

W 5 FP X} B 5 HCSPE 78 13450 5 L R4 %t
LE S 45 2 34 N EBIEM 8 AR A 25 R 43 A a3k 2 .3
3K AT

R2 OTEEE B3ANBUIRE LIRG DBIERIIH R

Al gE K-Means DBscan DPC EC DPC-DBFN HCSPE
dbmoon 0.793 6 0.8334 0.834 7 0.794 3 2.457 8 0.701 2
fish 0.4719 0.250 0 3.5526 0 0.250 0 0.0156
FuzzyX 1.1152 3.788 2 0.697 1 1.0456 71226 0.5482
glass 0.898 3 2.003 4 0.363 5 0.736 6 4.288 0 0.298 4
haberman 0.965 5 23752 3.1873 1.2313 0.420 8 0.103 5
Iris 0.407 7 0.6525 0.3917 0.3917 0.3917 0.267 4
Parabolic 0.770 3 0.968 4 0.809 0 0.808 2 3.2575 03649
Ring 1.348 7 1.148 7 1.839 4 0.743 5 3.1325 0.564 7
seeds 0.7175 0.776 4 19195 0.724 2 0.687 1 0.659 7
wdbe 0.504 4 0.562 1 1.040 1 02724 0.226 5 0.158 7
Wine 0.4817 0.986 5 3.3209 0.433 1 2.920 8 0.401 1
Wine_Quality 0.6177 3.176 6 1.145 6 0.5499 2.632 1 05126
Zigrag 0.908 4 0.976 0 0.7912 0.697 0 0.7814 0.609 8
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R3  oMEAT I3 BIRE LIRIF SCIERM LI LE

Bt K-Means | DBscan DPC EC DC- HCSPE
DBFN
dbmoon 0.668 5 0.6299 | 0.6287 | 0.6481 0.1134 | 0.785 4
fish 0.7312 | 0.9489 | -0.0221 | -0.6934 | 0.9489 | 0.868 7
FuzzyX 0.5395 0.1066 | 0.4536| 0.3846| 0.3007 | 0.608 7
glass 0.7001 | -0.0828 | 0.7206 | 0.6627 | —0.246 7 | 0.765 4
haberman 0.5274 | -0.5179 | 0.0129| 03171 | 0.8294 | 09102
Iris 0.8442 | 0.7478 | 0.8431| 0.8431| 0.8431 ] 0.9255
Parabolic 0.7012 | 0.5509 | 0.6436| 0.6439| 0.0043 | 0.8201
Ring 0.5280 | 0.5233 | -0.1593 | 0.6948 | 0.2107 | 0.598 0
seeds 0.6855 0.5038 | 0.1088 | 0.6526 | 0.6773 | 0.8952
wdbe 0.8343 0.6326 | 0.7413| 0.6906 | 04562 | 09125
Wine 0.8193 0.1386 | -0.3636 | 0.6050 | -0.2458 | 0.8977
Wine_Quality | 0.7722 | -0.6552 | 0.5182 | 0.7526 | -0.7523 | 0.871 1
Zigzag 0.6422 | 03479 | 04658 | 0.6083 | —0.008 0 | 0.658 9

2% 2 I, XF T DBLES A , HCSPE 78 K3 4 B s
£ S TR A R T W B0 20 0 Ak Ak R 2

R AT — 5 2 oA 22 () ELA AR AR LR . 7 fish
BAREE T HCSPE B R IE AN EC B . ECR L
BT HAT 55 22 2 B B B SR T R 5%, fish B4
LA MR RAFRNG G b B S o B, Bk
I B e K T2 NIE B . DBIFSAR{E M 0, 3RS T
(S5 IE B
2% 3 T, %) T SC 4845 , HCSPE 76 K384 B 42
RS TR A R B IR RE S A AR R R
AR BT AE I RS A 5 L FR 2 M =2 (] AT #5
HEES . {HAE fish Bl 4 b, HCSPE () 2 BLEE A 1 DPC-
DBFN; 7E Ring B4 , HCSPE [ R PSSR AU EC.
2 4 A H, X F CHI48 FR , HCSPE 78 K &8 43 £ g
f FHUS T 5 i g 0L, BP0k e 8 il 15 7 RS 2
S AF—FdE S AL TR A 2 B E Y [
B, S T] ors gt 5 5008 46 o0 i R B 43 B . [ db-
moon ZL P 4E th , HCSPE 1% 3% 1 45 3 A N K-Means ; 7F
fish 454 , HCSPE A9 R IL 45 A 4 DPC-DBFN.

R4 OTERTE BNHIBE LIRB CHIIEIRM LIRS

g K-Means DBscan DPC EC DPC-DBFN HCSPE
dbmoon 2 808.15 2459.94 2451.93 2 628.33 1.19 2 562.85
fish 1747.71 25 468.35 315.78 2540.65 26 468.35 25 641.21
FuzzyX 717.44 52.86 378.16 407.23 0.64 729.36
glass 173.71 33.01 12.21 23.54 42.27 256.98

haberman 238.99 0.75 16.67 21.95 24.68 541.33
Iris 496.65 568.54 493.88 493.88 493.88 658.12
Parabolic 1493.68 914.26 1235.26 1236.40 0.62 1 659.97
Ring 429.79 549.62 64.58 898.86 4.51 1 320.01
seeds 310.50 185.27 23.62 337.04 289.31 541.60
wdbe 1300.21 965.36 292.58 4 309.15 659.23 4 658.11
Wine 505.42 4.65 5.21 2167.10 5.21 3 654.74
Wine_Quality 2816.87 0.32 19.13 1816.50 35.55 2965.13
Zigzag 1117.94 391.29 736.71 951.15 1.48 1206.33

Wt 5 R b B A A BOUE AR A R R B
Sk EAE B0 fE R 1. HCSPE AH %8 T 58 o (5 149 48 1k - DBl

PETHE B AN E 7 ok . A AT DU, HCSPE 8 ik
% T #£ data2 (haberman ) 3% 3% 4E L) M data8 ( dbmoon)
BOYE 50 SC H8 b LT 2845 10 25 SFAK T 3 o (E A
N SNl TN I = T e B s S R
FT.
4.4.3 SPEMERRIEMER

$ 5 RS L 5 HCSPE 78 13 /i 4 kT3
FL S5, #5351 5 AN AR AN 76 br B0 45 A an 36 5 T
Hor G153 F (EE 2B UE N 1.

W32 5 ] KL ), HCSPE 8 ¥E7E Purity #5475 AH
BT HAB S ARG T 45 % 1 O %, 6 HCSPE B3k 4l
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AR AR P BLE B 20 P 500 o A 2 X Y P R e Purity
7€ haberman $(4fi #£4b , HCSPE 553 NMIF645 F 1145 =5

Py H AL BB HCSPE S0k 5 AL A
A3 L . BRAE seeds BUdla 4R 41, HCSPE 53k 75 F, R4
bR I T BB RS F (i 45 A R AR
AR — DX IE SR A R T RE ) . 7EBE
7 U, L PR ST A 0 ) AR T8 7 T L B e S A
S AR, BRI AR IE Py — E BIRAS R . HCSPE
BEYEAE haberman Fl wdbe P88 45 149 F, (B 120 8 T 0
PRS0 E 1 Bk A AT

B 5 Tl LU AR D R AR A R B B
HE(E, BB 1, HCSPE ARAS TSR A A AL 5 T Bt
& 8 T/ . AYLAF H  HCSPE $535BR T #¢ haberman ${
AR NMIFRAR_E BT3RS RAR T SR A, 16 HoAD

RAE

,S,——hL/;\\:gcté)i:i
N

18  HCSPE SR ZEAESMBAR bR L A% e S g 45 5

Bdla e iy =N bR LIS 1T, o Purity 47
PRESETHOUA IR B e/, F 8 b B3 THU AL IR B ok

RS OMERE TN HIEE LIRG S FIMBISRH KRS R

B s br glass haberman Iris seeds wdbe Wine Wine_Quality
Purity 0.878 5 0.702 6 1.000 0 0.804 7 0.855 8 0.887 6 0.994 9
NMI 0.034 4 0.0152 07336 0.1152 0.405 4 0.574 4 0.001 9
K-Means Precision 0.996 2 0.567 8 1.000 0 0.7320 0.746 5 0.8799 0.989 8
Recall 0.2637 0.5959 0.595 1 0.3532 0.779 3 05227 0.356 8
F_beta 04170 0.5815 0.746 1 04765 0.762'5 0.655 8 0.524 6
Purity 0.869 1 0.967 3 1.000 0 0.8714 1.000 0 0.887 6 0.9937
NMI 0.704 2 0.027'5 0.587 6 0.791 4 0.000 0 0.574 4 0.009 0
DBscan Precision 0.795 1 0.9235 0.700 6 0.7772 1.000 0 0.8799 0.9856
Recall 0.8329 0.601 3 0.658 2 0.9759 0.3379 05227 0.3562
F_beta 0.8136 0.728 3 0.603 1 0.865 3 0.505 1 0.655 8 0.5233
Purity 0.990 6 0.702 6 1.000 0 0.804 7 0.855 8 0.887 6 0.994 9
NMI 0.034 4 0.0152 07336 0.1152 0.405 4 0.574 4 0.001 9
DPC Precision 0.996 2 0.567 8 1.000 0 0.7320 0.746 5 0.8799 0.989 8
Recall 0.2637 0.5959 0.595 1 0.3532 0.779 3 05227 0.356 8
F_beta 0.4170 0.5815 0.746 1 04765 0.762'5 0.655 8 0.524 6
Purity 0.878 5 09183 1.000 0 0.9529 0.042 1 0.1516 0.8399
NMI 0.428 1 0.0382 0.733 6 0.702 4 0.204 4 03123 0.010 8
EC Precision 0.8427 0.880 1 1.000 0 0.990 4 0.007 6 0.0492 0.7230
Recall 0.371 8 0.635 1 0.595 1 0.587 4 0.9865 0.600 9 0.354 6
F_beta 0.5160 0.7378 0.746 1 0.737 4 0.0152 0.090 9 04758
Purity 0.6635 09125 1.000 0 0.966 6 1.000 0 0.8425 0.619 1
NMI 0.297 3 0.002 6 07336 0.576 4 0.000 0 04129 0.0127
DPC-DBEN Precision 0.520 1 0.989 3 1.000 0 0.936 3 1.000 0 09105 05122
Recall 0.370'5 0.6108 0.5951 0.548 6 0.5316 04465 0.362 4
F_beta 04328 0.755 3 0.746 1 0.6919 0.6942 0.5992 0.424 4
Purity 0.990 6 0.993 4 1.000 0 0.995 2 1.000 0 0.9213 1.000 0
NMI 0.780 4 0.023 1 0.983 4 0.809 1 0.405 4 0.582 1 0.0156
HCSPE Precision 0.8755 0.956 4 1.000 0 0.901 1 0.796 5 0.8124 0.8754
Recall 0.896 5 0.7912 0.659 8 0.896 5 0.803 3 0.598 6 0.689 9
F_beta 0.8859 0.8659 0.7950 0.798 7 0.799 8 0.689 3 0.771 6
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