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Abstract: Membrane computing, known as P systems or membrane systems, is a novel class of distributed and parallel computing
models. This paper proposes a membrane clustering algorithm using hybrid evolutionary mechanisms to address data clustering problem.
It uses a tissue P system consisting of three cells to find the optimal cluster centers for a data set to be clustered. Its object is used to
express candidate cluster centers, and the three cells use three different evolutionary mechanisms: genetic operators, velocity-position
model and differential evolution mechanism. Particularly, the velocity-position model and differential evolution mechanism used in the
process are the improved versions proposed in this paper according to the special membrane structure and communication mechanism.
The hybrid evolutionary mechanisms can enhance the diversity of objects in the system and improve the convergence performance. Under
the control of the hybrid evolutionary mechanisms and communication mechanism, the membrane clustering algorithm can determine a

good partition for a data set. The proposed membrane clustering algorithm is evaluated on three artificial data sets and five real-life data
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sets and compared with k-means and several evolutionary clustering algorithms. Statistical significance tests have been performed to
establish the superiority of the proposed membrane clustering algorithm.
Key words: membrane computing; P system; tissue P system; data clustering; membrane clustering algorithm; hybrid evolutionary

mechanism
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Fig.2 Flow chart of the membrane clustering algorithm
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e EAOLHISAT 100 T 4R

Table 2 Experimental results on AD_5 2
£2 fEAD 52 ERyszib SR
I SI CS

Average Std. Average Std. Average Std.
Hybrid-P systems | 326.438 4 0.0 0.512 1 0.0 0.6035  0.046

PSO-P systems 326.4408 0.0012 | 0.5112 0.003 | 0.6051 0.053
DE-P systems 3264397 0.0001 | 0.5115 0.001 | 0.6048 0.052

Methods

k-means 3324781 3.1286 | 04115 0.093 | 0.6573 0.231
GA 3283165 04792 | 04921 0.038 | 0.6152  0.093
PSO 3264486 0.0128 | 0.5083  0.017 | 0.6098  0.065
ACO 326.4523  0.0344 | 0.5059 0.019 | 0.6082  0.068

PSO-ACO 3264411 0.0075 | 0.5108 0.003 | 0.6065 0.055

Table 3 Experimental results on Square 4

# 3 Af Square 4 L ysLEs &R
In SI CS
Average Std. Average Std. Average Std.
Hybrid-P systems | 2 379.7357 0.0 0.478 9 0.0 0.5782  0.025
PSO-P systems 2379.7369 0.0032 | 0.4778 0.003 | 0.5797 0.031
DE-P systems 2379.7364  0.0005 | 0.4780 0.0 0.5793  0.033

Methods

k-means 2386.0035 45217 | 02631 0.125 | 0.5986  0.132
GA 23803325 0.6319 | 03842 0.059 | 0.5845 0.076
PSO 2379.7437 0.0226 | 04662 0.027 | 0.5822  0.041
ACO 2379.7921 0.0428 | 04615 0.032 | 05813 0.044
PSO-ACO 2379.7386 0.0083 | 04775 0.005 | 0.5799  0.038

Table 4 Experimental results on Sym 3 22

R4 £ Sym 3 22 FHSzIG LR
I SI CS

Average Std. Average Std. Average Std.

Hybrid-P systems | 1247.693 3 0.0 0.530 5 0.0 0.6352  0.025

PSO-P systems 1247.6962 0.0025 | 0.5288 0.007 | 0.6362  0.038
DE-P systems 1247.6957 0.0009 | 0.5292 0.0 0.6359  0.036

Methods

k-means 12554572 3.8725 | 03279 0.135 | 07352  0.137
GA 12493619 12163 | 04658 0.048 | 0.6427  0.085
PSO 1247.7225 0.0149 | 0.5269 0.009 | 0.6381  0.059
ACO 1247.7586 0.0315 | 0.5251 0.017 | 0.6379  0.053
PSO-ACO 1247.6971 0.0053 | 0.5283  0.003 | 0.6375 0.042
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Table 5 Experimental results on Iris

x5 A Iris LIS g5 R

Method In SI CS
ethods Average Std. Average Std. Average Std.
Hybrid-P systems | 96.6555  6.3246x107" | 0.5509 0.0 0.6973  0.015
PSO-P systems 96.686 5 0.002 6 0.5438 0.006 | 0.708 6  0.038
DE-P systems 96.6792  8.7451x10” | 0.5471 0.001 | 0.6992  0.033
k-means 104.117 0 12.456 3 0.3347 0.174 | 0.9328  0.547
GA 99.834 7 5.5239 0.4655 0.089 | 0.8861 0.418
PSO 97.235 6 0.3513 0.5223 0.016 | 0.7895  0.225
ACO 97.253 8 0.4152 0.5138  0.021 | 0.7582  0.147
PSO-ACO 96.694 3 0.008 9 0.542 1 0.007 | 0.7315 0.053
Table 6 Experimental results on LungCancer
3 6 1F LungCancer L 5256 45 5
Methods i St s
Average Std. Average Std. Average Std.
Hybrid-P systems | 126.4540 1.0094 | 0.0734 0.012 | 0.4749 0.039
PSO-P systems 126.48906 1.0118 | 0.0722  0.014 | 0.5236  0.045
DE-P systems 1264935 1.0134 | 0.0728 0.014 | 0.4899  0.042
k-means 139.4072 7.3136 | 0.0337 0.063 | 0.8039  0.582
GA 129.5219  4.496 1 0.0513  0.041 | 0.6831 0.153
PSO 127.2311  1.1528 | 0.0694 0.022 | 0.6028  0.088
ACO 1273144 1.2936 | 0.0689  0.026 | 0.5932  0.093
PSO-ACO 126.5012 1.0215 | 0.0721 0.015 | 0.5548 0.058
Table 7 Experimental results on Newthyroid
%= 7 {f Newthyroid 1) 5256 45 ]
In SI CS
Methods Average Std. Average Std. Average Std.
Hybrid-P systems | 1872.3576 11.0485 | 0.3352 0.013 | 0.6325  0.231
PSO-P systems 18724135 11.0573 | 03349 0.014 | 0.6488  0.245
DE-P systems 18723927 11.0498 | 03351 0.013 | 0.6386  0.242
k-means 18862526 16.2189 | 0.2483  0.057 | 0.8526  0.692
GA 1875.1145 13.5834 | 0.3285 0.034 | 0.7834  0.458
PSO 1872.5123  11.0923 0.3341 0.015 0.7198  0.352
ACO 1872.5625 11.104 5 0.3337 0.016 | 0.7155 0.356
PSO-ACO 1872.4273 11.0668 | 0.3349 0.014 | 0.6894 0.261
Table 8 Experimental results on Wine
=8 ft Wine LHsEIG4E
I SI CS
Methods Average Std. Average  Std. | Average Std.
Hybrid-P systems | 16292.2554 0.0393 | 0.5659 0.0 0.8928  0.032
PSO-P systems 16292.2563 0.0397 | 0.5650 0.003 | 0.8953  0.035
DE-P systems 162922559 0.0395 | 0.5656 0.0 0.8932  0.033
k-means 163124317 9.4269 | 03623 0.062 | 0.9973 0.147
GA 16298.4235 2.1523 | 0.4391 0.046 | 09126  0.095
PSO 162922571 0.1531 0.5563 0.022 | 0.8969 0.041
ACO 162922592 0.1672 | 0.5527 0.037 | 0.8973  0.039
PSO-ACO 16292.2569 0.0398 | 0.5648 0.006 | 0.8958 0.036
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Table 9 Experimental results on Livedisorder
=9 £ Livedisorder I ffy5256 45 H

I SI CS
Methods Average Std. Average Std. Average Std.
Hybrid-P systems | 9 851.7214  1.2092x10™> | 0.5547 0.0 0.7236  0.025
PSO-P systems 9851.728 6 0.0007 0.5539 0.004 | 0.7245  0.038
DE-P systems 9851.7246  5.6315x107° | 0.5543  0.001 | 0.7241  0.032
k-means 9 868.325 7 7.927 4 03891 0.056 | 0.8236  0.354
GA 9856.142 8 1.9523 04125 0.037 | 0.7351 0.134
PSO 9851.738 5 0.0356 0.5437 0.013 | 0.7286  0.098
ACO 9851.746 8 0.069 2 0.5293 0.025 | 0.7291  0.083
PSO-ACO 9851.730 5 0.001 8 0.5535 0.009 | 0.7258  0.051

56, AT EE Hybrid-P systems 5 & [ AN 4 PSO-P systems #1 DE-P systems [1)5%F LU 45 576 BT 14
P 4E b 5 T AN A PSO-P systems Fll DE-P systems,Hybrid-P systems 3 51K J,, /A1 CS 18 LA & B & H)
ST B 31X 3 B 7 0% F 197 & B A AL o1 70 £ T I 2R 2R B30k S B vk e Uy T A S B R IR 3 A AR e 25 R
Hybrid-P systems Fl DE-P systems $4{%J- PSO-P systems.iX ij ] Hybrid-P systems fil DE-P systems 3J Lt PSO-P
systems 504, (H P B 4 k.

H I BATLEE Hybrid-P systems 5 HAth 4 i 2R S8 515, Hybrid-P systems Fl PSO-ACO fEi% 8 M4k 13k
74T A J, (E AT CS {f LA S 5 =5 () ST {E.IX W Hybrid-P systems il PSO-ACO 7 5L UF If R 801 5 UL 7] 1,
e A FI,Hybrid-P systems (1128 RERE 47 T- PSO-ACO $i: £ b5t 7 J5 [, Hybrid-P systems J Lt H0Ath 5 Fi 2
KRBT N 2 AL A 2805 00 N Hybrid-P systems 733 T 24 0 BRI bR vE 2 1% 45 36 W], Hybrid-P
systems 4 5 I 145 FE

SIS & LI K BL A M el DA a0 R £598:(1) BZLER P RS N AE ML BT I k1R S 2R 2 B A S 4 1 o
BRI e L R R B b 15 (2) YA HE AL DA B S0t 1) 3 8 - 67 e 88 280 R 222 43 3 A WL 1) e 08 A L oSk
JEESR S RE B SR 2 1 e

Wilcoxon FRAN 462 —Ff A7 AE A K 4E S 5080 T B3 PER 0 )7 vk 9256 vh IR e B 3 AR 56
TE 5% W F b 5E B RN B AR 37 6 AN, 0 SR N T 6 Bl R 24T 7 (hybrid-P systems,k-means,GA,
PSO,ACO #l PSO-ACO), HoH1 B — AN i Al Y JE 0L 23 il A X 2 5l 4 EOESEAT 100 TR ST 4Lk &
2~ 9 PG T IR L E R AR B AR SRS EVE TN I — 2R ST TSR X e 2k R I Hybrid-P systems
(1) 350 1k R LU LA 5 AN SR S R0E 1) S 34 1 e B

R TR WX R R G 2 1L AT SRk T AN G B A B R AR R e ISP Y
B 2 TRV AT Y 35 P 22 ) AR T g — B T2 T A 21 S 38 M 2 TR A S8 8 1k 22l S B AR I L3R T Hybrid-P
systems X 215 HoAt 5 AN 21 A AT ART— 20, V1 SR 1) Wilcoxon RIS 36 T AE )l (1) PR (32 52 2% IR ).

K10 4 T XL & | Wilcoxon FRAE 56 ¥ 25 R AL 10 H BT (1) PELR KT 0.05(5% 2 34 1 40),
X W DL PR B o 45 48 SR e S 6 5 SR SE T Hybrid-P systems BT 7= A2 B 311 ST P A& S8 vE 83 i A
FABIRAFF ).

Table 10 Results of P-values produced by Wilcoxon’s rank sum test

R 10 1 Wilcoxon FEARE 56 7= A2 1) P-{H &5

Data sets k-means GA PSO ACO PSO-ACO
AD 52 1.1876x107* 1.3589x107* 1.7323x1073 1.0048x1073 0.009 5
Square_4 1.2035x107* 1.2461x107* 1.2348x1073 1.1253x1073 0.0183
Sym 3 22 1.1980x107* 1.2238x107* 1.7951x107 1.1321x107° 0.006 8
Iris 1.2246x107* 1.3043x107* 3.4128x107° 1.5871x1073 0.0127
LungCancer 1.2073x107* 1.2936x107* 2.3526x107° 1.2148x1073 0.014 6
Newthyroid 1.2125x107* 1.2724x107* 2.1136x107° 1.2463x1073 0.020 5
Wine 1.2572x107* 1.2197x107* 2.4258x107 1.1279x107° 0.015 8
Livedisorder 1.2319x10™* 1.2468x107* 2.2541x107 1.2246x1073 0.0122
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