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ITCSO algorithm for solving high dimensional optimization problem

ZHANG Weit, WEI Wan-feng, HUANG Wei-min
(College of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: In order to improve the optimization efficiency of a competitive swarm optimization (CSO) algorithm, an
improved triple competitive swarm optimization (ITCSO) algorithm is proposed for solving high-dimensional
optimization problems. Firstly, a triple competition mechanism is used to improve the optimization efficiency of the
algorithm. Simultaneously, the better convergence basis of the winners can improve the cognitive ability of the losers,
and can guide the adaption direction of particles to improve the exploration ability. Secondly, the strategy that the losers
with superiority fitness can learn from the winning subgroup is proposed, which can enhance the social cognition ability
and reduce the number of evaluations, and can greatly improve the global search ability. Finally, the winning subgroup
self-competition and the variation of losers with inferior fitness based on winners is proposed to enhance the local
explore ability, which can avoid the algorithm falling into local optimum. In order to demonstrate the feasibility of the
ITCSO algorithm, the stability and the convergence are proved by calculating the eigenvalues of the state transition
matrix and using the limit analysis method. Several benchmark test functions are adopted to verify the performance of
the proposed ITCSO. The experimental results show that, compared with other algorithms, the ITCSO not only has high
optimization efficiency, but also has outstanding global search and local explore ability, which is more suitable for
solving the high-dimensional problems.

Keywords: particle swarm optimization; competitive swarm optimization; high dimensional optimization; triple

competition mechanism; local explore; convergence analysis
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F 1 EXEATE O MR B S MR (1000 4E)

R £z CSO MCSO PSO ICSOA ImCSO ITCSO
best 2.44e+02 3.14e+02 1.60e+02 1.08e+02 2.31e+02 1.57e-107
worst 2.82e+02 3.57e+02 3.21e+02 1.49¢+02 2.56e+02 3.08e-104
f1
mean 2.60e+02 3.24¢+02 2.12e+02 1.24e+02 2.43e+02 6.65¢-105
var 2.11e+02 2.24e+02 2.73e+03 2.12e+02 7.73e+01 1.18e-208
best 9.26e+04 1.12e+05 6.00e+03 5.61e+04 1.78e+04 0.00e+00
worst 1.05e+05 1.31e+05 1.20e+04 7.78e+04 2.27e+04 0.00e+00
f2
mean 9.91e+04 1.22e+05 9.00e+03 6.69¢+04 1.99¢+04 0.00e+00
var 2.74e+07 4.62¢+07 4.85¢+05 6.01e+07 2.53¢+06 0.00e+00
best 5.02e+05 7.00e+05 1.94e+04 1.50e+05 3.90e+04 9.97e+02
worst 6.85¢+05 9.61e+05 2.45e+04 2.90e+05 5.72e+04 9.97e+02
I3
mean 5.70e+05 8.06e+05 2.20e+04 2.16e+05 4.81et+04 9.97e+02
var 4.20e+09 6.41e+09 2.87e+06 2.60e+09 3.77¢+07 4.00e-03
best 5.28e+03 5.95e+03 5.10e+03 4.32¢+03 1.03e+03 0.00e+00
worst 5.68¢+03 6.18e+03 6.81e+03 5.34e+03 1.18e+03 0.00e+00
fa
mean 5.44¢+03 6.06e+03 6.35¢+03 4.66e+03 1.10e+03 0.00e+00
var 1.85e+04 5.33e+03 3.56e+05 1.14e+05 2.56e+03 0.00e+00
best 4.88e+00 5.25e+00 2.97e+00 5.74e+00 2.90e+00 8.88e-16
worst 5.31e+00 5.75e+00 3.58e+00 5.35e+00 3.05e+00 8.88e-16
Is
mean 5.11e+00 5.47¢+00 3.26e+00 5.57e+00 3.00e+00 8.88e-16
var 1.84¢-02 2.47e-02 3.46¢-02 1.57e-02 6.20e-03 0.00e+00
best 1.01e+00 1.29e+00 2.14e-01 5.00e-01 2.89¢-01 0.00e+00
worst 1.17e+00 1.16e+00 4.42e-01 7.76e-01 3.89¢-01 0.00e+00
fe
mean 1.11e+00 1.23e+00 2.85e-01 6.22¢-01 3.16e-01 0.00e+00
var 3.00e-03 1.80e-03 5.00e-03 7.10e-03 1.20e-03 0.00e+00
best 3.24e+02 3.71e+02 2.19e+02 1.40e+02 8.20e+01 3.55e-56
worst 3.77e+02 4.24e+02 4.90e+02 1.67e+02 9.61et+01 6.09¢-54
Iz
mean 3.50e+02 3.95e+02 2.79¢+02 1.55e+02 8.86e+01 2.62¢-54
var 3.46e+02 4.70e+02 9.08e+03 8.96e+01 2.57e+01 4.30e-108
best 2.89e+07 2.57e+07 6.91e+06 3.24e+09 1.02e+08 6.46e-75
worst 6.22e+07 8.08e+07 1.56e+07 8.79¢+09 1.50e+08 1.70e-31
fs
mean 4.80e+07 4.97¢+07 1.14e+07 5.38¢+09 1.24e+08 3.41e-32
var 1.33e+14 3.75e+14 1.14e+13 4.29¢+18 4.72¢+14 4.66e-63
best 2.94e+02 3.38e+02 1.36e+02 2.59e+02 6.98¢e+01 8.62e+01
worst 3.21et+02 4.20e+02 1.89e+02 3.38e+02 8.08e+01 8.80e+01
fo
mean 3.07e+02 3.86e+02 1.58e+02 2.99¢+02 7.46e+01 8.71e+01
var 8.28e+01 7.98e+02 3.26e+02 6.78¢e+02 1.91e+01 5.14e-01
sum 0/9 0/9 0/9 0/9 1/9 8/9
it
rank 5 6 3 4 2 1
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