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ABSTRACT 

The business environment is fully characterized with uncertainties. The decision maker,

when selecting a portfolio, frequently deals with insufficient data. In this conditions, to

minimize risk and maximize future returns proper portfolio model must be designed. The

use of deterministic and stochastic models leads to unrealistic results. Using fuzzy models

allows the removal of this drawback and also permits the incorporation of the expert

knowledge. In this thesis the application of fuzzy theory to portfolio selection is presented.

The state of application problem of fuzzy theory to portfolio selection has been given. It

was found that the existing portfolio selection models are mainly oriented to partial

fuzzification of deterministic linear programming models (mainly to model uncertainty in

the return) without the incorporation of fuzzy risk. These models do not always allow

effective management of the conflict between expected return rate and risk and suffer fron;ı

high computational complexity resulted from using the classical fuzzy linear programming

approach. In this thesis a fuzzy portfolio selection model based on fuzzy linear

prograrnınıng solved by genetic algorithm is proposed. Fuzzy logic is utilized in the

estimation of expected return and risk. Using fuzzy logic, managers can extract useful

information and estimate expected return by using not only statistical data, but also

economical and financial behaviours of the companies and business strategies.

In the formulated fuzzy portfolio model, fuzzy set theory gives chance of possibility trade­

off between risk and return: This is obtained by assigning satisfaction degree between

criteria and constraints and defining tolerance for the constraints in order to obtain goal

value in objective risk function. Using the formulated fuzzy portfolio model, a Genetic

Algorithm (GA) is applied to find optimal values of risky securitieswith a computational

complexity than by existing methods."

The modelling of portfolio model have been performed by usingstatistical ~ata taken from

Istanbul Stock Exchange. The simulation of fuzzy portfolio model has been done by using

Matlab Package. The comparative results of fuzzy model with deterministic portfolio

model satisfy the efficiency of the proposed method.
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uRODUCTION / 

e financial and economicperfonnance/r companie~are determinedby analyzing

mpany financial statementş.,that incluq~such important information as profit margins,

rum to stockholders, growth in sales, return on equity and minimization of risks. This

ormation is useful for investors, creditors and other external users to plan their work. In

· thesis we take a closer look at how information can be combined, analyzed and

odelled to find many important financial decisions in investment. This is achieved by the

velopment of portfolio model. Portfolio selection model determines optimal strategy for

- ding optimal values of portfolio proportions for each of the securities.

Business managers make financial investments to improve their income and to meet the

target (desired) return for the assets. To implement this idea they use different optimization

models. These models are basically probabilistic models. The presence of uncertainty in

investment and insufficiency of information about problem domain forces managers to be

aııtious in expressing their views. The uncertainty in finance is traditionally dealt with by

probabilistic approaches. The probability theory is one of the main tools used for analyzing

uncertainty. But it cannot describe uncertainty completely since there are such uncertainty

factors that differ from the random ones and a number of empirical studies show limitation

of using probabilistic approaches in characterizing the uncertainty in finance. The

frequently changeable economical and political situations influence company activities and

cial markets. For this reason in most cases information content of investors allows to

express their views "fuzzy" or vague in terms to structure portfolios, so that the target

return, which is assumed to be higher than risk-free rate, is met. This condition requires

managers to hold portfolio of risky assets. Such portfolios may be structured on the base

of imprecise views.

Fuzzy set is a powerful tool used to describe an uncertain environment with vagueness,

ambiguity or some other type of fuzziness, which are always involved in not only the

finance but also the behaviour of the financial managers' decisions. In a fmancial

optimization model using fuzzy approaches, quantitative analysis and qualitative analysis,

the experts' knowledge and the managers' subjective opinions can be better integrated.

During the construction of a portfolio model it is important to have statistical data taken

from companies financial operations that determine average return and standard or

absolute deviation defining risk of investment. Additionally an investor can take into
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count and complete his knowledge with other information, such as economical and

financial behaviours of the companies, government policies, business strategies, etc. Also

ubjective factors, such as manager's accuracy when focusing on certain portfolio of assets

may be useful. This information depends on many factors that can be estimated

quantitatively by expert perceptions. All qualitative and quantitative information are

dominant to define expected return of portfolio. In order to deal with all mentioned

information it is proposed to use fuzzy set theory proposed by Zadeh [1].

There are number researches works about construction of fuzzy portfolio selection. In

these fuzzy portfolio optimization models securities expected returns are accepted as

arithmetic means of historical returns. That is, the expected returns are determined with the

crisp values. However, this would not lead to the best result when there are uncertainties in

finance and/or available data are insufficient. In these conditions, the investor usually

formulates his view about the expected return by using fuzzy terms. In this paper the fuzzy

expected return is introduced and used in construction of portfolio selection model.

The fuzzy portfolio selection is performed in several complex situations. These are its

difficult uncertain nature, selection of assets by their expected profitability. This is

complex optimization problem. The existing fuzzy portfolio selection models are mainly

oriented to partial fuzzification of deterministic linear programming models. The solutions

of these models are suffer from high computational complexity resulted from the

conversion of fuzzy linear programming models into standard crisp one. In this situation a

better solution can be obtained by applying directed random search method such as

Genetic Algorithms (GA). The use of GA in portfolio optimization allows us to find

global optimal solution with a computational complexity less than by existing method.

The aim of this thesis is the construction of fuzzy portfolio selection model in investment

based on GA that will help to minimize portfolio risk for a given level of return (or

maximize portfolio return for a given level ofrisk). To construct such a portfolio model we

have to take into account the character and source of uncertainty, which are appropriate to

financial operations of most companies. In this thesis the fuzzy set theory is applied to deal

with such types of uncertainties.

The constructed portfolio will take into consideration expected return, accessible risk

preference of investors and nature of assets. Taking into account the above mentioned, the

expected values of returns and accessible portfolio risk are determined by expert
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perception in fuzzy form. While determining these values manager can use qualitative

(statistical) and quantitative information. Using the fuzzy values of these parameters the

construction of fuzzy optimization model is considered.

The thesis consists of introduction, four chapters, a conclusion, a list of references and

appendices.

In chapter I a review on portfolio selection problem is given, the developed portfolio

selection model is described, The state of art understanding of fuzzy portfolio selection is

given, and the research problem is described.

In chapter II, the state of application problem of fuzzy portfolio selection for security

investment is given. The concepts of fuzzy expected return and fuzzy risks are explained.

The fuzzy constraints and fuzzy objective function are formulated. Fuzzy portfolio

selection model is presented.

In chapter III the application of Genetic Algorithm (GA) for solving deterministic and

fuzzy portfolio selection problem are considered. GA operators are used for finding

optimal values of securities. The main operations of genetic algorithms (GA) that are often

used for optimization problem have been described. The implementation of algorithm for

deterministic and fuzzy portfolio selection is given.

In chapter IV the computer modelling of fuzzy portfolio selection is given. Software

development for fuzzy portfolio selection is described. As a numerical example the

application of fuzzy portfolio selection to Istanbul Stock Exchange is considered. Analysis

of the efficiency of obtained results is presented. Comparative results of fuzzy portfolio

selection with deterministic one are described.
"

Conclusion includes the important results obtained from the thesis.
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CHAPTER I 

REVIEW ON USAGE OF FUZZY TECHNOLOGY 

IN PORTFOLIO CONSTRUCTION 

1.1 Overview 

Construction of portfolio starts with defining future performances of available securities

and construction of the model that performs the choice of portfolio. In this chapter state of

art of portfolio selection for security investment problem will be considered. The

application problem of fuzzy technology to portfolio selection problem will be analyzed.

Research problem statement will be presented.

1.2 State of application-Pr-0blem--of.-fuz.zy systems for portfolio selection 

The main goal of portfolio construction in investment is to determine, as accurately as

possible, the combination of assets that will produce the most satisfactory outcome for the

investor, over a defined investment period. Each individual investor from the point of view

of investment management tries to increase income by making optimal decision in his

investment policy. Investors have different financial goals, different levels of risk tolerance

and different personal preferences. These characteristics are often defined as objectives and

constraints. Mainly in objectives and constraints return and risk that is handled can take

parts. It's a balancing act between risk and return with each investor having unique

requirements, as well as a unique financial outlook - essentially a constrained utility

maximization objective.

The finding relation between these parameters is the major problem of portfolio

management in finance. The ideal goal-in portfolio management is to create an optimal

portfolio derived from the best risk-return opportunities available given a particular set of

risk or return constraints. To be able to make a decision, it must be possible to-quantify the

degree of risk in particular opportunities. In a investment portfolio the more shares or

assets held, the greater the risk reduction. Factors that may influence risk in any given

investment vehicle include uncertainty income, interest rate, inflation, exchange rates, tax

rates, the state economy . In addition, an investor will assess the risk of given investment

(portfolio) with the context of other types of investments. One way to control portfolio

risk is via diversification, whereby investments are made in a wide variety of assets so that

the exposure to the risk of any particular security is limited. If an investor owns shares in
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nly one company, that investment will fluctuate depending on the factors influencing that

ompany. If that company goes bankrupt, the investors may lose all of the investment. If,

wever, the investor owns shares in several companies in different sector, then the

·· elihood of all of those companies going bankrupt simultaneously is greatly diminished.

Thus, diversification reduces risk. However, it is impossible to eliminate all risk

ompletely even with an extensive diversification. Although bankruptcy risk has been

onsidered here, the same principle applies to other forms of risk.

The goal is to hold a group of investments or securities within a portfolio within a portfolio

potentially to reduce the risk level suffered without reducing the level of return. To

measure the success of a potentially diversified portfolio, covariance and correlations re

onsidered. Covariance measures to what degree the returns of two risky assets move in

tandem. A positive covariance means that the returns of the two assets move together

whilst a negative covariance means that they move in opposite direction. Covariance for

two investments x and y is defined as :

Cov (x,y) = Ip(x-x)(y-y).

Where pis the probability.

Trying to minimize risk it is not enough to invest in many securities. It is necessary to

avoid investing in securities with high covariance among themselves. The investors would

diversify across industry because firms in difference industries especially industries in

difference economic characteristics have lower covariances than firms within an

industry [1].

As mentioned above, in portfolio selection an investor must make choice about optimal

distribution of assets among different selection. Designing the correct portfolio model of

assets requires modem, powerful and reliable mathematical tools and programs. The

finding optimal values of expected return and risk measured by the variance are main

problem of portfolio selection. It is the aim of the portfolio manager to find a portfolio that

maximizes expected return under given risk level or a portfolio that minimizes risk under

given return level. Unfortunately asset having high returns usually have high risk.

There are number of research works about construction of portfolio models. The first

contribution in portfolio analysis was given by Prof. Harry Markowitz [2]. According to

his model, investors facing portfolios with the same risk will choose the one with bigger



profitability, and facing portfolios with the same profitability will choose the one with the

minimum risk. This model is called mean-variance model of Markowitz. The core of the

Markowitz mean-variance model is to take the expected return of a portfolio as the

investment return and the variance of the expected returns of a portfolio as the investment

risk. According to Markowitz for a given return rate, one can derive the minimum

investment risk by minimizing the variance of a portfolio; or for a given risk level which

the investor can tolerate, one can derive the maximum returns by maximizing the expected

returns of a portfolio. In this model for given xi e S securities, where S is the set of

investment alternatives (securities), and a level p of expected return the model is

formulated as follows:

- 1 ~ ~ a x x ----> minimize ~ r:~Z--L..,. L..,. y ı J •
T IES }ES

Subject to

nIR1x1 ?:. pD,
j-1

J-1

(1.

where xi represents the percentage of money invested in security i, RJ =E(Rj) is random

variable representing the return of security i, oij is the covariance between returns of

security i and of security j, D is total portfolio expenditure, p is minimal rate of return

required by investor. The most commonly adopted assumption for this model is
il

multivariate normally distributed rates of return. This model is known as quadratic

programming model.

The main input data for the Markowitz mean-variance model are expected returns and

variance of expected returns of these securities. Simplifying the number and types of the

input data has been one of the main research topics in this field. Although some

breakthroughs, such as the Index Model, have been implemented, all of these methods

have some drawbacks due to some known reasons (3].

Some problems arise when applying mean-variance model. These are following:

6
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Increasing the number of securities of portfolios affects the increasing the size of the

covariance matrix that will be difficult to estimate.

quadratic programming models are usually far more difficult to solve than correspondingly

sized linear ones.

in mean variance model the rates of return of assets follow a multivariate normal

distribution.

To overcome these disadvantages, some authors have suggested to transform the nonlinear

portfolio problem into a linear one [ 4, 5], which avoids to compute second order moments,

and then to solve it using linear programming algorithms. Following Sharpe's work on

linear approximation to the mean-variance model, many attempts have been made to

introduce risk measures which (for discrete random variables) result in solving Linear

Programming (LP) problems. While the simplest LP computable risk measures of the mean

absolute deviation or the Gini's mean absolute difference may be viewed as some

approximations to the variance, shortfall or quantile risk measures are recently gaining

more popularity in various financial applications.

Konno and Yamazaki proposed to use absolute deviation risk function as objective

function and formulated mean absolute deviation (MAD) portfolio optimization [4]. The

MAD model, a special case of the piecewise linear risk model, has been shown to be

equivalent to the Markowitz model under the assumption that returns are multivariate

normally distributed. That is, under this assumption, the minimization of the sum of

absolute deviations of portfolio returns about the mean is equivalent to the minimization of

the variance. They approximate the expected value of random variable by the average of

the realization of the random variable over tl:i'e T periods of the time horizon. This model

support the following three arguments:

a) In the formulation of the MAD model, there is no requirement for the covariance matrix

of asset returns,

b) the relative ease with which a linear program can be solved compared to a quadratic

one- thus large scale problems can be solved faster and more efficiently,

c) mean absolute deviation portfolios have fewer assets- this fact implies lower transaction

costs in portfolio revisions.



This model is formulated as

z = _!_f \i:crjt -RJ )x} I~ minimize
T ı-ı ;=ı (1.3)

Subject to

nIR1x1 '2 pD,
j-1

j-1

(1.4)

The random variable Rj still represents the rate of return, while xj is the amount of money

invested in security j. According to Konno and Yamazaki, rjt is the realization of the

random variable Rj during the period t and is obtainable through historical data.

Alternative models in which different scenarios for the rates of returns are taken into

account are described in [5]. In particular, they assume that the mean of Rj can be

estimated as

T

Ir11
1-1R = E[R1] = -TJ (1.5)

where T is the length of the time horizon. By using auxiliary variables the model can be

written as

1 ~ ...z =- ~Yı ~ mınımıze
T ı-ı (1.6)

Subject to

8


