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Abstract
As it is well known there are few “starting points” in portfolio optimization process, i.e. in the stock selection
process. Famous Markowitz’ optimization model is unavoidable in this job. On the other side, someone may
say that the indicators of the fundamental analysis must be the starting point. Beside that, the suggestions of
the technical analysis must be taken into consideration. There are really numerous studies of the each
approach separately, but it is almost impossible to find researches combining these approaches in logic and
efficient unity.
The main task of the paper is to find out if these approaches are complementary and if they are, how to apply
them as efficient unit process. The empirical part of the study uses share sample from the Croatian stock
market. Beside Markowitz’ MV model, fundamental and technical analysis, big role in the paper has an
original multi-criterion approach.
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1. INTRODUCTION
The problem of choosing the optimal portfolio is of huge importance for all the investors on developed
capital markets, especially on emerging capital markets as the Croatian capital market. Analysing securities
is as important for small, individual investors or for big, institutional investors. When selecting the optimal
portfolio, it is important to analyse securities thoroughly, which includes fundamental and technical analysis,
and the use of Markowitz’ M-V (mean-variance) model and multi-criteria approach. Only after a detailed
analysis of all the information gathered by these methods, the investor can engage in trading stocks. This
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papers’ goal is to analyse and evaluate different methods for analysing the values and prices of stocks in
portfolio selection process, to indicate the importance of each method, and to study the specifics of their
application on the Croatian capital market. The goal is to select the right combination of methods which will
provide us with an optimal portfolio and minimise investment risks.

2. THEORETICAL OVERVIEW
2.1. Fundamental analysis
The fundamental analysis is based on determining the value of stocks, and implies analysing all the available
facts of the business entity, in order to bring out the conclusion about the quality of securities that is
important in decision making process when buying a particular stock. The goal is to identify undervalued
companies in order to make above average profits.
After detail economy and industry analysis, it is important to analyse company’s financial statements and
indicators. It is well known that both financial statements and financial indicators can be different for
financial and non-financial companies. Therefore, only the indicators that can be calculated both for financial
and non-financial companies are used in this paper. Financial indicators used in this paper are (Belak,

1995):

EPS 

Net _ income
Total _ asset

(1)

ROE 

Net _ income
Total _ equity

(2)

Net _ income  Dividends _ on _ preferred _ stock
Average _ outs tan ding _ shares

Dividend _ yield 

Annual _ dividends _ per _ share
Pr ice _ per _ share

P/E 

P / EBIT 

ROA 

Market _ value _ per _ share
EPS

Market _ value _ per _ share
Earnings _ before _ int erests _ and _ taxes _ per _ share

P/S 

Share _ price
Re venue _ per _ share

(3)

(4)

(5)
(6)

(7)
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P/B 

Stock _ price
Total _ assets  In tan gible _ assets _ and _ liabilities

(8)

2.2. Technical analysis
Starting point in technical analysis represents a graphical display of the motion in prices and volumes of
stocks. Out of the analysis of stock prices in the past, special methods of technical analysis attempt to run
conclusions about their movement in the future. The goal of technical analysis is to forecast stock prices with
an aim to determine the favourable moments to buy or sell stocks. For technical approach to the market
analysis it is important to know the concept of trends, i.e. the direction of market movements, and technical
indicators, among which the most common used, are (Murphy, 2007):


Moving average (MA)



Bollinger bands



Momentum



Relative strength index (RSI)



Moving average convergence divergence (MACD)

2.3. Markowitz’ model
Using Markowitz' model it is possible to select a portfolio, out of all possible portfolios, whose relation
between expected return and risk matches the investors’ investment philosophy. Therefore, more
conservative investor will require lower rate of risk, which means lower revenue. The portfolio that gives the
lowest variance of return of all portfolios having the same expected return, or the one that has the highest
expected return of all portfolios having the same variance, is called Markowitz’ efficient portfolio
(Aljinović, Marasović, and Tomić-Plazibat, 2005). Considering that every efficient portfolio has the highest
revenue along with defined rate of risk c, mathematically we may define efficient portfolio as follows
(Aljinović, Marasović and Šego, 2008):

max E ( R )

  c

subject to:
N


i 1
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N

where:

E ( R )    i E ( Ri )   'E ( R)  E ( R)'

(12)

i 1

    'S   

N

N

   
i 1 j 1

i

j

ij

.

(13)

2.4. Multi-criteria approach
Multi-criteria approach implies decision making using a number of criteria along with huge importance of
decision marker in that process. PROMETHEE method (Preference Ranking Organisation Method for
Enrichment Evaluation) is developed to help the decision maker in solving a multi-criteria problem, i.e. each
pair of actions is compared according to each criterion (Marasović, 2006). Unlike the PROMETHEE
method that compares alternatives and ranks them, multi-criteria programming in portfolio optimisation
provides a portfolio and allows an absolute evaluation of each possible portfolio by comparing it with two
fiction portfolios: the ideal ( P ) and the anti-ideal ( P ). The optimal portfolio is the one that solves (Tomić-

Plazibat, Aljinović and Marasović, 2006):

Max (P)
N

subject to:


i 1

i

 1 i 0   i   Mi ,

(14)
(15)

N

where

( P)   w j  j ( P)

(16)

P   P' S

(17)

πP = (π1, π2,…, πN)

(18)

SP = (s1, s2,…, sN)

(19)

j 1

 i : proportion invested in share i, i ∈{1,2,...,N} in portfolio P,
 M : maximum proportion to invest in share i in portfolio P,
i

N is the number of pre-selected shares which can be included in portfolio P.

3. AN APPLICATION TO THE CROATIAN CAPITAL MARKET
In this paper fifteen most traded shares (Irala and Patil, 2007; Tang, 2004) from the Zagreb stock exchange
with good fundamentals have been singled out: ATPL-R-A, DDJH-R-A, DLKV-R-A, ERNT-R-A, HT-R-A,

125

Croatian Operational Research Review (CRORR), Vol. 2, 2011

IGH-R-A, INA-R-A, JDPL-R-A, LEDO-R-A, LKPC-R-A, PODR-R-A, PTKM-R-A, ULPL-R-A, VIRO-RA, and ZABA-R-A, in the period from 1st November 2007 to 1st November 2009.
Using the Markowitz’ model, efficient portfolios and efficient frontiers have been calculated. For each
security from the sample we take the closing price at the end of each day. Firstly we calculate the daily
returns for each security and then daily mean daily variance and daily standard deviation. By programming
in MATLAB, we calculated ten efficient portfolios and efficient frontiers for Croatian capital market in
observed periods. The range of solutions is given from the lowest to the highest possible daily return, with a
proportion of shares in the portfolio which lies on the efficient frontier and their daily risk and return.
Table 1: Efficient portfolios for Croatian capital market from 01.11.2007 to 01.11.2009.

Source: The authors’ calculation

There is a significant discrepancy between the efficient frontiers for the years 2008 and 2009, i.e. their risk
and return. Given results show that in general the efficient portfolios consist of the same 5 shares and that the
civil engineering companies are not included in any portfolio. Considering the importance of variables other
than risk and return, selection of the optimal portfolio becomes a multi-criterion problem.
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Table 2: Efficient portfolios for Croatian capital market from 01.11.2007 to 01.01.2009.

Source: The authors’ calculation

Table 3: Efficient portfolios for Croatian capital market from 01.01.2009 to 01.11.2009

Source: The authors’ calculation
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Figure 1.

Efficient frontier 2009

Efficient frontiers for 2008 and 2009

To apply proposed multi-criterion model, we had to calculate the followings: price to sales ratio, price to
earnings ratio, price to book ratio, earnings per share, return on equity, return on asset, price to earnings
before interests and taxes ratio, dividend yield, expected return, standard deviation, beta and turnover rate.
The values of all criteria for the years 2008 and 2009 are shown in tables 4 and 5. The indicators from the
financial statements are shown relative to the industry average.
Table 4: Stock’s values for the constructed criteria for 2008

Source: Authors

Thresholds values are given by ranking method (Babić, Aljinović and Tadić, 2009) based on the opinion of
the experts. The research was conducted based on multi-criteria programming in portfolio optimisation. In
his case the linear preference criterion is used, which includes one threshold which define strict preference
area.
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Table 5: Stock’s values for the constructed criteria for 2009

Source: Authors

Threshold respects the relation:

p j  p j 

f j ( P)  f j ( P)
2

(20)

In table 6 weight of each criterion is shown.
Table 6: Weight of each criterion

Source: According to experts’ evaluation and ranking method

By programming in MATLAB we get solutions given in table 7 and 8. The optimal portfolios are calculated
in considering maximum proportion constraint firstly by 20%, secondly by 30%, thirdly by 50% and finally
without maximum proportion constraint. Analysing the given results we can conclude that the optimal
solution depends on the maximum proportion constraint. However, lowering the maximum proportion
constraint does not increase significantly the number of shares in an optimal portfolio, since the quality of
the shares in a diversified portfolio is important. This also confirms the results given by the Markowitz
model on the Croatian capital market.
Using several most commonly used technical analysis indicators (Colby 2002, Marphy 2007, Prohaska
1994), technical analysis is carried out on ERNT-R-A. Indicators used in the research are: moving average,
boolinger bands, relative strength index, momentum and moving average convergence divergence.
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Table 7: Optimal portfolios for 2008

Source: The authors’ calculation

Figure 2.
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Technical analysis of ERNT-R-A

Table 8: Optimal portfolios for 2009

Source: The authors’ calculation
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4. CONCLUSIONS
This paper has theoretically and empirically explored important and inevitable methods for stock selection in
an optimal portfolio. These methods include fundamental and technical analysis, Markowitz modern
portfolio theory and multi-criterion approach. The aim was to investigate if they are complementary or not
and to determine the way to combine them into the optimal process of portfolio selection. The research was
conducted on a sample of 15 most traded stocks on the Croatian capital market, which have shown good
fundaments, in the period from September 1st 2007 to September 1st 2009. The research revealed that these
methods are complementary; they interlace, supplement and confirm each other. In the portfolio selection
process it is necessary to include each of the methods mentioned, because only by combining them it is
possible to perceive all the relevant factors for selecting stocks in an optimal portfolio, which leads to the
best results. In the different stages of the decision making process one method could be more important than
the other. For the purpose of selecting stocks in a portfolio it is important to start with fundamental analysis.
After selecting the good stocks, it is possible to carry out an optimal portfolio using Markowitz model or
multi-criteria approach, considering that they lead to the same results, but the right moment to buy or sell
stocks is defined by the technical analysis. It can be said that technical analysis eliminates the lack of
dynamism of the Markowitz’ and multi-criterion optimisation model. Each investor who wants to generate
above average profits should be familiar with all the methods mentioned.
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