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Informe Ejecutivo
Tı́tulo:

PSO-1.0-2008: Implementación del Algoritmo de Cúmulo de Partı́culas Geométrico

Resumen:

En este informe se presentan detalles sobre el diseño y la implementación del algoritmo de
Cúmulo de Partı́culas Geométrico (GPSO, Geometric Particle Swarm Optimization). Se trata de una versión de PSO que utiliza un marco de operación basado en espacios geométricos
y mediante el cual se obtienen versiones del algoritmo para trabajar con cualquier representación básica (continua, binaria y entera). Como resultados anejos se incorporará el software
generado en bibliotecas actuales (MALLBA) y disponibles en sitios web, además de incorporar en estos sitios manuales de uso e instalación.

Objetivos:
1. Describir el diseño e implementación del algoritmo GPSO.
2. Implementación de la versión binaria de GPSO.
Conclusiones:
1. GPSO ha sido empleado con éxito en varios trabajos de comunicaciones y genética.
2. GPSO es fácil de implementar y requiere un reducido conjunto de parámetros
Relación con
entregables:

CO: PSO-2.0-2008 (simultáneo o aconsejable de leer)
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Executive Summary
Title:

PSO-1.0-2008: Geometric Particle Swarm Optimization Implementation

Abstract:

This report summarizes the main design and implementation features of the Geometric Particle Swarm Optimization (GPSO) algorithm. It is a novel version of PSO which enables
us to generalize this algorithm to virtually any solution representation in a natural and
straightforward way, extending the search to richer spaces, such as combinatorial ones. Additionally, the software implementation of GPSO was generated within the skeleton structure
of the MALLBA library. This implementation is available (public) in the dedicated web site
together with installation and using manuals.

Goals:
1. Describing both design and implementation of GPSO.
2. Implementation of the binary version of GPSO.
Conclusions:
1. GPSO has been successfully used in several works applied to telecommunications and
genomics.
2. GPSO is easy to implement and requieres few configuration parameters.
Relation with
deliverables:

CO: PSO-2.0-2008 (advisable reading)
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1.

Introduction

Particle Swarm Optimization [6] is a Swarm Intelligence technique initially developed for continuous optimization
problems. However, many practical engineering problems are formulated as combinatorial optimization problems
and specifically as binary decisions (which is the case in feature selection). Several binary versions of PSO can be
found in the literature [4, 7]. Nevertheless, all these versions are ad hoc adaptations from the original PSO and
therefore their performance is usually improvable. A recent version called Geometric Particle Swarm Optimization
(GPSO) [8] enables to generalize PSO to virtually any solution representation in a natural and straightforward way,
extending the search to other search spaces, such as combinatorial ones. This property has been demonstrated for
the cases of Euclidean, Manhattan and Hamming spaces in the cited work. In this report we describe the design and
implementation of GPSO, and showing the main differences with regards to the canonical PSO.
The remaining of the report is organized as follows: Section 2 briefly describe the canonical PSO algorithm. The
GPSO is presented in section 3. Finally, conclusions are drawn in Section 4.

2.

Particle Swarm Optimization

Particle Swarm Optimization [6] is a population based metaheuristic inspired in the social behavior of birds
within a flock, and initially designed for continuous optimization problems. In PSO, each potential solution to the
problem is called particle and the population of particles is called swarm. In this algorithm, each particle position
xi is updated each generation g by means of the Equation 1.
i
xig+1 ← xig + vg+1

(1)

i
is the velocity of the particle and is given by
where factor vg+1
i
vg+1
← w · vgi + ϕ1 · (pig − xig ) + ϕ2 · (bg − xig )

(2)

In this formula, pig is the best solution that the particle i has stored so far, bg is the best particle (also known
as the leader) that the entire swarm has ever created, and w is the inertia weight of the particle (it controls the
trade-off between global and local experience). Finally, ϕ1 and ϕ2 are specific parameters which control the relative
effect of the personal and global best particles (ϕ1 = ϕ2 = 2 · U N (0, 1)).
Algorithm 1 describes the pseudo-code of PSO. The algorithm starts by initializing the swarm (Line 1), which
includes both the positions and velocities of the particles. The corresponding pi of each particle is randomly initialized,
as well as the leader g (Line 2). Then, during a maximum number of iterations, each particle flies through the search
space updating its velocity and position (Lines 5 and 6), it is then evaluated (Line 7), and its pi is also calculated
(Lines 8). At the end of each iteration, the leader b is updated.
Algoritmo 1 Pseudocode of PSO
1: initializeSwarm()
2: locateLeader(b)
3: while g < maxGenerations do
4:
for each particle xig do
5:
updateVelocity(vgi ) //Equation 2
6:
updatePosition(xig )// Equations 1
7:
evaluate(xig )
8:
update(pig )
9:
end for
10:
updateLeader(bg )
11: end while

Geometric Particle Swarm Optimization

3.

Geometric Particle Swarm Optimization

The recent version of PSO called Geometric Particle Swarm Optimization (GPSO) [8] enables to generalize PSO
to virtually any solution representation in a natural and straightforward way, extending the search to other search
spaces, such as combinatorial ones. This property has been demonstrated for the cases of Euclidean, Manhattan and
Hamming spaces in the cited work.
The key issue in this approach consists in using a multi-parental recombination of particles which leads to the
generalization of a mask-based crossover operation, proving that it respects four requirements for being a convex
combination in a certain space. A convex combination is an affine combination of vectors where all coefficients are
non-negative. When vectors represent points in the space, the set of all convex combinations constitutes the convex
hull (see [8] for a complete explanation). This way, the mask-based crossover operation substitutes the classical
movement in PSO and position update operations, only adapted to continuous spaces. For Hamming spaces, which
is the focus in our work, a three-parent mask-based crossover (3PMBCX) was defined in a straightforward way:
Given three parents a, b and c in {0, 1}n , generate randomly a crosso-ver mask of length n with symbols from the
alphabet {a, b, c}. Build the offspring o by filling each position with the bit from the parent appearing in the crossover
mask at the position.¥
The weight values wa , wb and wc indicate (for each element in the crossover mask) the probability of having values
from the parents xi , gi or hi , respectively. These values associated to each parent represent the present influence of
the current position (wa ), the social influence of the global best position (wb ), and the individual influence of the
historical best position found (wc ). A restriction of the geometric crossover forces wa , wb and wc to be non-negative
and add up to one. Figura 1 shows a typical operation scheme of the three parent mask-based crossover.
Three Parent Mask-Based Crossover (3PMBCX)

Selected
Features
current (a)

hbest (b)

gbest (c)

Parents
1 0 1 1 0 0 1 1 1 0 0 1 1

Offspring
1 0 1 0 0 0 0 0 1 0 0 1 0

0 1 1 0 0 1 0 0 0 0 0 1 0

1 1 1 0 0 0 1 0 1 0 0 1 0

Mask

Number of non-common bits: nu = 8

a a c b a c c b c b b a c
* *

1 * 0 * *

* * 0 0 1 *

Number of common bits: 5
Number of commonly selected features: nc = 2

Figura 1: Three parent mask-based crossover operation
The pseudocode of the GPSO algorithm for Hamming spaces is illustrated in Algorithm 2. For a given particle
i, three parents take part in the 3PMBCX operator (line 5): the current position xig , the social best position bg and
the historical best position found pig (of this particle). The weight values wa , wb and wc indicate for each element
in the crossover mask the probability of having values from the parents xig , bg or pig , respectively. A constriction of
the geometric crossover forces wa , wb and wc to be non-negative and add up to one. These weight values associated
to each parent represent the inertia value of the current position (wa ), the social influence of the global/local best
position (wb ) and the individual influence of the historical best position found (wc ).
Algoritmo 2 Pseudocode of Geometric PSO for Hamming spaces
1: initializeSwarm()
2: locateLeader(b)
3: while g < maxGenerations do
4:
for each particle xig do
5:
xig+1 ← 3P M BCX((xig , wa ), (bg , wb ), (pig , wc ))
6:
mutate(xig+1 )
7:
evaluate(xig+1 )
8:
update(pig )
9:
end for
10:
updateLeader(bg )
11: end while
GPSO has been successfully used in the recent literature. For instance, it was used in [1] for gene selection in
Cancer datasets. As evaluated in this work, the three-parent mask-based crossover makes the offspring inherit the
shared selected features present in the three parents involved in the mating. In this case, as established in Definition 3,
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only one offspring is generated, which represents the new position of the current particle. Here, non-shared features
are inherited by the offspring corresponding to the ith parent ({a, b, c}) of the mask. This way, we can state (and
experiments confirm this), that the 3PMBCX crossover operator for Hamming spaces of GPSO is specially suitable
for the feature selection problem, showing thus an implicit property of the studied algorithm.
In [3, 5], GPSO was applied to the Mobile Location Management (MLM). It is an important and complex
telecommunication problem found in mobile cellular GSM networks. Basically, this problem consists in optimizing
the number and location of paging cells to find the lowest location management cost. In this work, GPSO was
customized for the MLM problem by using the concept of Hamming spaces. The results were very encouraging for
current applications, and show that GPSO outperformed existing methods in the literature.
We have implemented the proposed GPSO algorithm in C++ following the skeleton architecture of the MALLBA
library [2]. This way, there are available both sequential and parallel (island based) versions of our algorithm. The
software can be found in the following URL http://neo.lcc.uma.es/software/mallba/index.php.

4.

Conclusions

This report summarizes the main design and implementation features of the Geometric Particle Swarm Optimization (GPSO) algorithm. It is a novel version of PSO which enables us to generalize this algorithm to virtually any
solution representation in a natural and straightforward way, extending the search to richer spaces, such as combinatorial ones. Additionally, the software implementation of GPSO was generated within the skeleton structure of the
MALLBA library. This implementation is available (public) in the dedicated web site together with installation and
using manuals. GPSO has been successfully used in several works applied to telecommunications and genomics.
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