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Abstract: Regarding to the characteristic of Gbest model and Lbest model in original particle swarm optimization,
a neighborhood topology structure is developed, called multi-cluster structure. Moreover, a varying neighborhood
strategy based on multi-cluster is proposed to coordinate exploration and exploitation. Furthermore, the information
dissemination of several topologies is analyzed theoretically, and the statistical properties of canonical topologies
and varying neighborhood topology are analyzed from graph theory. Gaussian dynamic particle swarm with several
canonical topologies and varying topology are tested on five benchmark functions which are commonly used in the
evolutionary computation. Experimental simulation results demonstrate that dynamic probabilistic particle swarm
optimization with the varying neighborhood topology can solve complex optimization problems and escape from
local optimal solutions efficiently. The results also reveal that the proposed method enhances the global search
ability obviously.
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Table 1 Topology of particle swarms on different stage of evolution
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Iteration numbers Topology
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Table 2 Comparison of information dissemination speed in several topologies
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Fig.4 S values in different evolution stage
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Table 3 Comparison of average degree and average length of nodes among different topologies
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Fig.5 Average degree and average length of nodes in different evolution stage
when applying varying topology
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Table 5 Comparison of test results of five benchmark functions

5 5 A brrE e 2 I RO

Function Algorithm Min Median Mean STD MAX Success proportion (%)
CPSO 2.26E-12 | 1.85E-08 | 1.10E+03 | 3.45E+03 | 2.00E+04 90
GDPSO (Gbest) 4.20E-31 | 8.45E-25 | 1.67E-01 | 1.65E+00 | 1.65E+01 93
Sphere GDPSO (Lbest) 2.28E-07 | 9.59E-07 | 1.27E-06 | 1.16E-06 | 8.89E-06 100
GDPSO (Square) 6.23E-12 | 2.91E-11 | 4.40E-11 | 5.85E-11 | 4.27E-10 100
GDPSO (Dynamic) | 3.99E-29 | 1.14E-27 | 1.21E-08 | 3.83E-08 | 1.21E-07 100
CPSO 0.00E+00 | 9.72E-03 | 4.96E-03 | 4.88E-03 | 9.72E-03 48
GDPSO (Gbest) 0.00E+00 | 8.43E-05 | 1.76E-03 | 3.23E-03 | 9.72E-03 22
Schaffer F6 GDPSO (Lbest) 0.00E+00 | 9.68E-07 | 9.28E-04 | 2.46E-03 | 9.72E-03 58
GDPSO (Square) 5.55E-17 | 1.11E-05 | 9.47E-04 | 2.20E-03 | 9.72E-03 48
GDPSO (Dynamic) | 0.00E+00 | 2.58E-09 | 6.06E-04 | 2.01E-03 | 9.72E-03 74
CPSO 3.95E-12 | 5.27E-02 | 9.09E+00 | 3.01E+01 | 1.81E+02 77
GDPSO (Gbest) 0.00E+00 | 1.47E-10 | 1.20E-02 | 4.15E-02 | 2.71E-01 96
Griewank GDPSO (Lbest) 7.77E-07 | 5.18E-04 | 4.13E-03 | 8.33E-03 | 4.41E-02 96
GDPSO (Square) 1.90E-11 | 9.21E-11 | 1.11E-03 | 5.19E-03 | 4.65E-02 98
GDPSO (Dynamic) | 0.00E+00 | 0.00E+00 | 1.80E-03 | 7.96E-03 | 6.10E-02 100
CPSO 43726 80.8 8.13E+05 | 8.00E+06 | 8.00E+07 55
GDPSO (Gbest) 21.521 30.349 114.44 313.11 2981.1 79
Rosenbrock GDPSO (Lbest) 10.32 27.594 56.059 39.252 156.02 85
GDPSO (Square) 22.639 26.305 37.705 25.189 140.48 92
GDPSO (Dynamic) 0.000 3 21.571 25.659 9.564 37.146 98
CPSO 42.7830 96.5110 | 100.3500 | 30.2950 | 180.2300 55
GDPSO (Gbest) 10.9450 20.894 0 24.8350 19.3670 | 160.8100 90
Rastrigin GDPSO (Lbest) 46.152 0 87.2920 86.480 0 18.756 0 | 125.580 0 78
GDPSO (Square) 7.058 2 23.158 0 49.2010 455810 | 166.9500 81
GDPSO (Dynamic) 0.000 0 15.063 0 17.130 0 11.159 5 29.848 7 98

Table 6 Comparison between the different PSO algorithms with varying topology
6 AR S A EH ) PSO SLVE I LEAL

Benchmark functions
Sphere Rosenbrock Griewank Rastrigin
Mean value of other PSO algorithms 6.8E-07 45.573 0.011 556 26.376 5
Mean value of the proposed algorithm 1.21E-08 25.659 0.001 80 17.13
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