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Abstract 
Particle swarm optimization (PSO) is an intelligent 
optimization algorithm, which searches a solution 
space to find the optimal solution. Balancing the 
exploration of the search space at the beginning of the 
optimization process and exploitation of good solutions 
at the later stages is required for a successful outcome. 
This research aims to investigate how the use of 
population diversity and a dynamic topology involving 
gradually increasing directed neighbourhoods (GIDN) 
can provide this balance between exploration and 
exploitation. In this model, each particle is initially 
connected to a small number of neighbours, which 
allows for exploration of the search space. Additional 
neighbours are connected to each particle during the 
optimization process using PSO population diversity, 
specifically positions diversity, as a measure. 
 
1. Introduction 

Particle swarm optimization (PSO) was first 
proposed in 1995 by Eberhart and Kennedy [1]. PSO 
was developed through the simulation of a simplified 
social model, birds flocking and fish schooling. The 
PSO optimization process uses a population of particles 
that explore a solution space, defined by a fitness 
function. Each particle is defined by a position (xt) 
within the search space and a velocity (vt). At each 
iteration (t) of the optimization process, particles 
evaluate their fitness at their present position with 
respect to the fitness function. The positions and 
velocity of each particle is then updated, allowing the 
particles to search the solution space. The update 
equations are as follows: 

 
𝑣𝑡+1 =  Χ ∗ (𝑣𝑡 + 𝑐1𝑟1(𝑝𝑖𝑖 − 𝑥𝑡) + 𝑐2𝑟2�𝑝𝑔𝑖 − 𝑥𝑡�) 

𝑥𝑡+1 = 𝑥𝑡 + 𝑣𝑡+1 
where r1 and r2 are randomly generated numbers 
between 0 and 1, c1 and c2 are positive constraints and 
Χ is the constriction factor ≈ 0.72984 
 
1.1.  Population Diversity in PSO 

Shi and Eberhart defined several diversity measures, 
including the population position diversity [2]. Their 
research showed how these measures could be used to 
identify the convergence/divergence state of the current 
population. Engelbreacht defines the position diversity 
of a swarm (S) of size ns and dimensionality nx as [3]: 
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1.2. PSO with GIDN 

A new dynamic topology called “gradually 
increasing directed neighbourhoods (GIDN)” was 
introduced by Liu et al. in 2011 [4].  This topology 
allows from a balance of exploration and exploitation 
during the optimization process by gradually increasing 
the number of particles in each particle’s 
neighbourhood. Eventually the particles will be fully 
connected allowing for exploitation of good positions. 
 
2. Current Research 

This research aims to combine the position diversity 
measure with the GIDN topology. By adding new 
neighbours based on the furthest Euclidean distance 
from a given particle it is hoped that this will keep the 
population diverse during the early stages of the 
optimization process. 

 
3. Methodology 

Simulators of the Standard PSO, PSO with GIDN 
and one measuring the swarm’s diversity have been 
developed and tested using benchmark functions. An 
additional simulator combing diversity and GIDN is 
being developed and will also be tested using the 
benchmark functions. These results will be compared to 
those of the other simulators.  
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