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ABSTRACT 
Particle Swarm Optimization (PSO) is a population-based 
stochastic optimization algorithm that has been applied to various 
scientific and engineering problems. Despite its fast convergence 
speed, the original PSO is easy to fall into local optima when 
solving multi-modal functions. To address this problem, we 
present a novel initialization strategy, namely Space-based 
Initialization Strategy (SIS), to help PSO avoid local optima. We 
embed SIS into the standard PSO and form a novel PSO variant 
named SIS-PSO. The performance of SIS-PSO is validated by 13 
benchmark functions and the experimental results demonstrate 
that the SIS enables PSO to achieve faster convergence speed and 
higher solution accuracy especially in multi-modal problems. 

Categories and Subject Descriptors 
I.2.8 [Artificial Intelligence]: Problem Solving, Control Methods, 
and Search – heuristic methods.  

General Terms 
Algorithms, Performance, Experimentation. 

Keywords 
Multi-modal function, History information, Sub-region, SIS-PSO, 
Space-based initialization strategy. 

1. INTRODUCTION 
Particle swarm optimization (PSO) has been successfully applied 
to various scientific and engineering problems [1-4] for it 
performs well in solving unimodal problems. However, it is easy 
to fall into local optima due to the lack of strategies to jump out of 
local optima. There exist approaches for improving PSO such as 
via adopting time-varying parameters controlling strategies [5], 
combining PSO with other algorithms [6], or change the 
operations of PSO [7]. 

This paper studies the initialization strategy for PSO and proposes 
a novel initialization strategy, i.e., Space-based Initialization 
Strategy (SIS). SIS contains two primary operations: sampling 
operation and dividing operation, respectively. In each generation 
of the SIS, the sampling operation collects a fixed number of 
samples and the dividing operation finds out the best sample for 
further space division. By doing this, the range of large regions 

will diminish exponentially. As a result, the solution accuracy is 
improved. We embed SIS into the standard PSO and form a novel 
PSO variant named SIS-PSO. 

2. MAIN PROCEDURE OF SPACE-BASED 
INITIALIZATION STRATEGY 
Step 1) Initialization: Divide each dimension of the search space, 

Si, into two equal sub-regions s1
i and s2

i. The boundary of 
s1

i and s2
i is [li,(li+ui)/2] and [ (li+ui)/2, ui]. Each sub-

region is associated with a probability pr, which is 
initialized as 0.5. The initial population X is empty. 

Step 2) Sampling: Use the roulette wheel strategy to sample p 
solutions from the search space. In detail, each dimension 
epi of a sampled solution EP = (ep1,ep2 ,…,epn) is sampled 
by two methods, the possibility of each method is Pg and 
(1－Pg). Detailed information is showed as equation (1): 
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(1) 
where α is a random number in (0,1) and [lk

i,uk
i] is the 

boundary of sub-region sk
i selected by the roulette wheel 

strategy. 
Step 3) Further division: Suppose the best solution among the 

sample is denoted as BP (bp1,bp2,…,bpn). For each sub-
region si

j that bpi belongs to, further split the sub-region 
into two and associate each new sub-region with a 
probability pn. The probabilities of the other existing sub-
regions are all equal to (1 2 ) / ( 1)pn c− × − , where c 
represents each dimension of the search space Si that has 
been divided into c sub-regions as predefined in this paper. 

Step 4) Population update: If the number of solutions in the initial 
population is smaller than the predefined population size 
PS, insert the best solution BP into the initial population X. 
Otherwise, replace the worst solution in the initial 
population with BP in the case that BP is better than the 
worst solution in the initial population X. 

Step 5) Termination check: The termination criterion is defined as 
the maximum number of fitness evaluations that can be 
used by SIS. If the termination criterion is satisfied, 
procedure of SIS is completed and X is returned to PSO as 
its initial population. Otherwise, return to step 2 for 
another iteration of SIS. 
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 TABLE II: The Result of GPSO, CLPSO and SIS-PSO, in SIS-PSO, the SIS Run 60000 FEs and PSO Run 140000 FEs 

GPSO CLPSO SIS-PSOFunc FEs 
Mean Stddev Mean Stddev Mean Stddev

1 200000 1.55e-026 1.41e-051 2.62e-009 1.12e-009 6.28e-042 8.93e-082
2 200000 2.46e-018 1.47e-035 1.96e-006 4.88e-007 1.35e-027 4.38e-054
3 200000 3.37e+002 1.55e+006 1.04e+003 2.27e+002 9.42e-002 4.40e-003
4 200000 6.56e-001 1.09e-001 1.13e+001 1.26 5.06e-002 6.49e-004
5 200000 3.26e+003 2.60e+008 1.81e+001 1.15e+001 4.08e+001 1.63e+003
6 200000 0 0 0 0 0 0 
7 200000 8.95e-003 1.38e-005 6.40e-003 1.62e-003 2.05e-003 5.04e-007
8 200000 -9818. 2.61e+005 -12569.5 3.83e-005 -12569.5 1.09e-023
9 200000 2.75e+001 1.02e+002 5.27e-003 3.74e-003 0 0 

10 200000 3.01e-014 9.14e-028 1.67e-005 3.19e-006 1.11e-014 3.77e-030
11 200000 1.98e-002 8.80e-004 7.04e-007 5.02e-007 5.57e-002 1.80e-003
12 200000 6.91e-003 6.68e-004 1.10e-010 5.87e-011 1.68e-032 4.63e-066
13 200000 1.09e-003 1.08e-005 2.20e-009 9.48e-010 7.75e-032 1.21e-062

3. EXPERIMENT AND ANALYSIS 
In the experiment, 13 benchmark functions are used for validating 
the performance of SIS-PSO. Among the functions, functions 1-7 
are unimodal functions and functions 8-13 are multi-modal 
functions [8]. 
This paper also compares SIS-PSO with GSO and CLPSO. The 
parameters are set as TABLE I: 

TABLE I: Parameter of GPSO, CLPSO and SIS-PSO:  
Algorithm pg p pn PS w c1 c2 v

GPSO — — — 50 0.9-0.4 2 2 0.2
CLPSO — — — 50 0.9-0.4 2 2 0.2

SIS-PSO 0.975 100 0.49 50 0.9-0.3 2 2 0.05
SIS-PSO 0.975 100 0.49 50 0.9-0.3 2 2 0.05

where pg is the mechanism selection possibility of SIS, p is the 
sampling size of the SIS, pn is the possibilities of most recently 
obtained sub-regions, PS is the population size of PSO, w is the 
inertia weight of PSO, v is the maximum velocity of particles in 
PSO. Because the initial particles of SIS-PSO are likely 
surrounding the global optimum, the inertia weight and the 
maximum velocity in SIS-PSO are thus smaller than those in 
CLPSO and GPSO for achieving faster convergence rate and 
getting better solutions. 
The result accuracy of SIS-PSO, GPSO and CLPSO is showed in 
TABLE II. In all functions, the convergence speed of SIS-PSO is 
much faster than CLPSO and GPSO. There are two reasons 
attributing to this phenomenon: one reason is that the SIS binary 
divided sub-regions contain great solutions, and focus on 
searching these sub-regions to exponentially increase the 
convergence rate; the other reason is that the inertia weight w  and 
the maximum value of velocity v are decreased. In other words, 
SIS-PSO can increase the convergence rate by adjusting the 
parameters of PSO with regardless of the influence of local 
optima. Though in f5 and f11 the other algorithms perform better 
than SIS-PSO, they are worse than SIS-PSO in other 11 functions. 

4. CONCLUSION 
This paper presents a Space-based Initialization Strategy (SIS), 
which can gather the solutions around the global optimum with 
relatively low computational cost. This strategy is applied when 
initializing the PSO for assisting PSO to avoid local optima. 
Thirteen functions have been utilized to validate the performance 
of SIS-PSO and the paper makes a comparison with the GPSO and 
CLPSO. The results show that the SIS is efficient, especially for 
solving multi-modal functions. 
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