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Abstract. This paper presents a novel symbiotic multi-swarm particle swarm op-
timization (SMPSO) based on our previous proposed multi-swarm cooperative
particle swarm optimization. In SMPSO, the population is divided into several
identical sub-swarms and a center communication strategy is used to transfer the
information among all the sub-swarms. The information sharing among all the
sub-swarms can help the proposed algorithm avoid be trapped into local minima
as well as improve its convergence rate. SMPSO is then applied to portfolio op-
timization problem. To demonstrate the efficiency of the proposed SMPSO algo-
rithm, an improved Markowitz portfolio optimization model including two of the
most important limitations are adopted. Experimental results show that SMPSO
is promising for this class of problems.
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1 Introduction

Portfolio Optimization (PO), also known as mean-variance optimization (MVO), is
risk management tool which allows you to construct optimal portfolios considering
the trade-off between market risk and expected returns.

PO problem is NP-hard and non-linear with many local optima. Mathematical pro-
gramming methods have been applied to this problem for a long time [1, 2, 3]. Nowa-
days, a number of different heuristic algorithms have been proposed for solving this
problem, including genetic algorithms (GA) [4, 5], simulated annealing [6], neural
networks [7] and others [8, 9, 10].

However most of the PO models used in those pioneer works may often be consid-
ered too basic, as it ignores many of the constrains, such as the transaction fee and
whether short sale is permitted, and the upper and the lower bounds of proportion of
each asset in the portfolio. In this work, we use a modified PO model considering the
transaction costs and no short sales. The main motivation of this study is to employ an
improved multi-swarm cooperative PSO (MCPSO) for the modified PO model.

MCPSO was firstly proposed by B. Niu in 2005[11], which is inspired by the phe-
nomenon of symbiosis in natural ecosystems, where many species have developed
cooperative interactions with other species to improve their survival. MCPSO has
been successfully applied in many problems, including function optimization [11],
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neural networks training[12], fuzzy modeling designing[13] etc. In this paper we will
apply an improved MCPSO, i.e. symbiotic multi-swarm particle swarm optimization
(SMPSO) to find efficient portfolio by solving the PO model.

The rest of the paper is organized as follows. Section 2 gives a review of PSO and
a description of the proposed algorithm SMPSO. Section 3 describes portfolio optimi-
zation model. Section 4 gives the detailed experimental studies. Finally, conclusions
are drawn in Section 5.

2 PSO and SMPSO

2.1 Particle Swarm Optimization (PSO)

The basic PSO is a population based optimization tool, where the system is initialized
with a population of random solutions and the algorithm searches for optima by
updating generations. In PSO, the potential solutions, called particles, fly in a D-
dimension search space with a velocity which is dynamically adjusted according to its
own experience and that of its neighbors.

The position of the ith particle is represented as % = () g i)
where xgelly, ugl > de[l, D] > iy, u, are the lower and upper bounds for the dth
dimension, respectively. The rate of velocity for particle i is represented
aS, = (v;1,v;9.v;p) » 1S clamped to a maximum velocity vectory, . -, which is specified
by the user. The best previous position of the ith particle is recorded and represented as
P =(Py.Ps.s Pp), which is also called ppest. The index of the best particle among all the

particles in the population is represented by the symbol g, and rg is called ghest. At

each iteration step, the particles are manipulated according to the following equations:
Vig =Wig t Ryep(Fy = xig) + Ryco (P o = %9 (1)
Xid = Xid *Vid- 2)

Where w is inertia weight; ¢ and c, are acceleration constants; and R, R, are

random vectors with components uniformly distributed in [0, 1]. For Eq. (1), the
portion of the adjustment to the velocity influenced by the individual’s own ppest
position is considered as the cognition component, and the portion influenced by
ghest is the social component. After the velocity is updated, the new position of the

ith particle in its dth dimension is recomputed. This process is repeated for each
dimension of the ith particle and for all the particles in the swarm.

2.2 Symbiotic Multi-swarm Particle Swarm Optimizer (SMPSO)

In our previous proposed MCPSO algorithm, the population is divided into several
sub-swarms, in which some sub-swarms are master swarms and the other sub-swarms
are slave swarms. Both the master and slave swarms have different properties. The
master swarms update particles information according to the slave swarms and their
own. While the slave swarms update the particles information only based on their own



