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Abstract  In particle swarm optimization (PSO) and bare bones particle swarms optimization
(BBPSO), particle positions at every generation can be regarded as random variables. Based on
the comparison of probability density distribution functions of the position variables in the two
algorithms, this paper proposes an improved bare bones particle swarm optimization algorithm,
which is guaranteed to converge to global optimum solution with probability one. There are
following strategies in improved algorithm: (1) According to the diversity of individual fitness,
the mean of Gaussian distribution of each dimension is controlled adaptively. The action mechanism
of which was analyzed. This strategy can increase the dispersal of distribution center and reduce
the concentration of particle around the center; (2) A new boundary condition, which works like
a mirror wall, is applied. The method can greatly improve the algorithm to find the optimal
solution in probability; (3) In order to balance the exploration and exploitation ability for different

periods, particle chooses its exemplar according to different population topologies during evolu-
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tionary process. At the beginning of the process, random topology is adopted to increase population
diversity. At the later stage of the process, global topology is employed for a more accurate
search. The algorithm is compared with other improved variations of PSO, e. g. » GPSO(Global
PSO), LPSO (Local PSO), FIPS (Fully Informed Particle Swarm), CLPSO (Comprehensive
Learning PSO), HPSO-TVAC(Hierarchical PSO with Time-Varying Acceleration Coefficients) ,
APSO (Adaptive PSO), DMS-PSO (Dynamic Multi-Swarm PSO), OPSO (Orthogonal PSO),
OLPSO(Orthogonal Learning PSO), ALC-PSO(PSO with an Aging Leader and Challengers),
and it is compared with the standard version as well as the improved versions of BBPSO, e. g. ,
BBJ2(BBPSO with Jumps), ABPSO(Adaptive BBPSO), SMA-BBPSO(BBPSO with Scale Matrix
Adaptation) , and so on. The comparison was done on CEC2013 benchmark functions. Non-parametric

test is carried on experimental data. The results show that the proposed algorithm has a better

overall performance on the test functions.
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swarm optimization algorithm

(BBPSO) is proposed by Kennedy in 2003. It is based on

Bare bones particle
particle swarm optimizer (PSO) which is proposed by Kennedy
and Eberhart in 1995. PSO is easy to implement, but there
are parameters to be adjusted according to different kinds of
objective functions. Furthermore, how the particle works is
still mysterious and it is very difficult to grasp in one’s mind
how the particle changes its position. Based on the previous
study on particle trajectory in PSO, Kennedy carries on a
further study. He suggests that the whole velocity part of
the particle swarm formula can be dropped. The new position
of particle is a sampling point form Gaussian distribution.
This is the update strategy of particle position in BBPSO.
BBPSO is a simpler algorithm with no parameter to be
adjusted; moreover, BBPSO has shown potential for solving
single objective optimization problems over continuous search

space. However, it also suffers from premature convergence.

The methods which are employed to improve the performance
of PSO can also implement on BBPSO, such as changing the
population topological structure, combining with other opti-
mization algorithms and putting variation disturbance onto
particles.

In this paper, we use a new point of view to observe
BBPSO and PSO. As we know. there are random numbers in
the update formula of particle position in PSO. So we can
regard the particle position as a random variable, which is the
same in BBPSO. It is precisely because the statistical regularities
of position random variables in different algorithms are
different, the algorithms can exhibit different properties. The
probability density function of the position random variable
shows the search mode of a particle: the search scope and
probability to search a certain region. To the best of our
knowledge, there is no analysis from this aspect to explain
how the particle works. Viewed at this angle, the working
mode of a particle in PSO is clearer, so as the effect of the
velocity item: not to change the shape of the probability
density function, but to shift it. In BBPSO, new position of
a particle is a sampling point from Gauss distribution and the
velocity item is removed. The centre of Gauss distribution is
restricted. The centre can be shifted randomly in an appro-
priate range to compensate for the influence of dropping the

velocity item.



