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abstract
In this paper, we discuss the portfolio selection problem with transaction costs under
the assumption that there exist admissible errors on expected returns and risks of assets.
We propose a new admissible efficient portfolio selection model and design an improved
particle swarm optimization (PSO) algorithm because traditional optimization algorithms
fail to work efficiently for our proposed problem. Finally, we offer a numerical example to
illustrate the proposed effective approaches and compare the admissible portfolio efficient
frontiers under different constraints.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
In 1952, Markowitz [1] published his pioneering work which laid the foundation of modern portfolio analysis.
Markowitz’s mean–variance model has served as a basis for the development of modern financial theory over the past
five decades. With the continuous effort of various researchers, Markowitz’s seminal work has been widely extended. In the
mean–variance portfolio selection problem, previous research includes Refs. [2–4]. More researches on portfolio selection
may be found in Refs. [5–7].
Recently, a number of researchers have investigated fuzzy portfolio selection problems. Tanaka et al. [8] proposed the
portfolio selection model based on fuzzy probabilities, which can be regarded as a natural extension of Markowitz’s model
because of extending probability into fuzzy probability. By using fuzzy approaches, the experts’ knowledge and investors’
subjective opinions can be better integrated into a portfolio selection model. Ida [9], Lai et al. [10] and Giove et al. [11]
constructed interval programming models of portfolio selection. Zhang and Nie [12], Zhang et al. [13], and Zhang and
Wang [14] discussed the admissible efficient portfolio selection under the assumption that the expected return and risk
of assets have admissible errors to reflect the uncertainty in real investment actions and gave an analytic derivation of
admissible efficient frontier when short sales are not allowed on all risky assets.
It is well known that transaction cost is one of the main concerns for portfolio managers. It has an important effect
on the portfolio optimization and the frequency of time rebalancing the portfolio. Arnott and Wagner [15] found that
ignoring transaction costs would result in an inefficient portfolio. The experimental analysis done by Yoshimoto [16] also
verified this fact. Moreover, when some more realistic constraints such as transaction costs, bounded constraints, liquidity
constraints, minimum transaction lots constraints, and cardinality constraints are considered, the portfolio selection
problem becomes a complex programming problem and traditional optimization algorithms fail to find the optimal solution
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efficiently. Therefore, many researchers solve the complex constrained portfolio problems by using heuristic algorithms.
For example, Xia et al. [17] designed a genetic algorithm for portfolio selection problem with order of expected returns.
Chang et al. [18] used heuristics algorithms based upon genetic algorithms, tabu search and simulated annealing for the
cardinality constrained mean–variance model. Speranza [19] used linear programming based heuristics algorithms for a
portfolio optimization model with transaction costs, minimum transaction units and limits on minimum holdings. Jobst
et al. [20] designed two heuristic solution procedures, ‘integer restart’ and a two-stage ‘reoptimization’ heuristic, for the
mean–variance model with buy-in thresholds, cardinality and round lots constraints. Fernández and Gómez [21] presented
heuristics algorithms based upon neural networks for the standard Markowitz mean–variance model with cardinality and
bounding constraints. Crama and Schyns [22] applied simulated annealing to a portfolio problem with cardinality, turnover
and trading constraints.
However, there are few researches in modelling and solving portfolio selection problems by using the particle swarm
optimization (PSO) algorithm proposed by Kennedy and Eberhart [23,24] in previous work. In this paper, we will discuss the
admissible portfolio selection problem with transaction costs and bounded constraints. We also present an improved PSO
algorithm for the portfolio selection problem.
The organization of this paper is as follows. We present the admissible portfolio selection model with transaction costs
and bounded constraints in Section 2. An improved PSO algorithm is designed to solve the corresponding portfolio problem
in Section 3. A numerical example is given to illustrate our proposed effective means and approaches, and the admissible
portfolio efficient frontiers under different constraints are compared in Section 4. Some concluding remarks are given in
Section 5.
2. The admissible portfolio selection model with transaction costs
We consider a portfolio selection problem with n risky assets. Let rj be the expected return rate of asset j and let xj be the
proportion of capital to be invested in asset j, j = 1, 2, . . . , n. In order to describe conveniently, we set x = (x1 , x2 , . . . , xn )0 ,
r = (r1 , r2 , . . . , rn )0 , and e = (1, 1, . . . , 1)0 . Then the expected return and variance associated with the portfolio x =
(x1 , x2 , . . . , xn )0 are, respectively, given by
E (r ) = r0 x,

D(r ) = x0 vx,

where v = (σij )n×n is the covariance matrix of expected returns.
Markowitz’s mean–variance model of the portfolio selection problem may be described by the following quadratic
programming:
x0 vx
r 0 x = r0 ,
e0 x = 1,
x ≥ 0.

min
s.t.

(1)

In order to apply the model (1) in a practical investment problem, we need to estimate r and v = (σij )n×n . Let the
observation data on returns of assets over m periods be given. At the discrete time k (k = 1, 2, . . . , m), n kinds of returns
are denoted as a vector rk = (rk1 , rk2 , . . . , rkn )0 . The expected return r = (r 1 , r 2 , . . . , r n )0 and covariance v = (σij )n×n are
given as follows [12,13]:
rj =

m
X

X
m
(hkj rkj )
hkj ,

k=1

σ ij =

m
X

j = 1, 2, . . . , n,

(2)

k=1

(rki − r i )(rkj − r j )hkij

X
m

k=1

hkij ,

i, j = 1, 2, . . . , n,

(3)

k=1

where hkj is a possibility grade to reflect a similarity degree between the future state of asset j and the kth sample offered by
experts, hkij is a possibility grade to reflect a similarity degree between the future state of the relation between asset i and
asset j and the kth sample offered by experts.
Since rj , j = 1, 2, . . . , n are affected by uncertain factors, the expected returns and risks of assets cannot be predicted
accurately. In Zhang and Nie [12], Zhang et al. [13], and Zhang and Wang [14], the admissible average return and covariance
are respectively defined as
rj∗ = r j + φj ,

φjl ≤ φj ≤ φjh ,

j = 1, 2, . . . , n,

(4)

and

σij∗ = σ ij + εij ,

εijl ≤ εij ≤ εijh ,

j = 1 , 2 , . . . , n,

(5)

where φj is the admissible error for r j , φjl and φjh are the lower and upper bounds of φj , εij is the admissible error for σ ij , εijl
and εijh are the lower and upper bounds of εij .

