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1. Introduction

The construction of a pro table investment portfolio is a di cult task
and can by tackled from the point of view of various disciplires. There are
many methods that allow constructing a portfolio, such ase.g, Sharpe's
model or Markowitz model. Most of them are viewed as multi-citeria opti-
mization problems, (see [1,2]), or econometric problems dar as forecasting
of future prices is concerned €.g., see [3,4]). The multi-criteria optimization
approach as well as econometric models.g, GARCH (see [1, 2, 4,5]) take
usually into account historic share prices and through timeseries analysis
evaluate risk and returns. Models built for forecasting albw short term in-
vestments only. In our search for pro table long term invesiment portfolio
we will concentrate not only on the share prices but also on mncial con-
dition of the traded rm. We are convinced that a long term inv estment
portfolio should consist of the best companies (see [2,6)7]Therefore, the
selection of companies that constitute portfolio will be baed on analysis of
their nancial reports. This leads to statistical analysis that results in se-
lecting the best companies from the economic view point. Oneannot argue
which methods are best. They can be used on di erent stages gortfolio
construction.
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2. Selection of companies

Warsaw Stock Exchange Index, WIG, comprises many companiedut
some of them are not traded often enough for our needs; someeatraded
for a certain time and disappear from the Index. Therefore, W& have cho-
sen 15 companies within WIG-20 and have added to this numberufther
9 companies from WIG. The set includes Boryszew, ‘wiecie, >ywec, Or-
bis, Agora, Jutrzenka, PKNOrlen, Djbica, Kity, Telmax, Sok 026w, KGHM,
Kable, TPSA, Comarch, Budimex, Prokom, Irena, PGF, Krosno, Vistula,
Compland, Elektrim, Swarz|dz.

3. Cluster analysis

For the chosen set of companies the clusters analysis was figmed. Its
aim was to distinguish groups of companies that are similarThe taxonomy
based on share prices can be found in [8,9]. Here the analysims based
on similarity measure between stocks characterized by 8 verus economic
indicators suggested in [10]: return on equity, return on asets, amount
due turnover, inventory turnover, liabilities turnover, a ssets turnover, debt
margin, pro tability ratio (see Table 1).

The rst 7 ratios are connected with fundamental analysis ofthe inves-
tigated company, only one indicator, the ratio of pro tabil ity, was based
on the stock price. The economic ratios were calculated badeon nancial
reports for the year 2003. The pro tability ratio was calculated based on
daily stock prices in 2003. The ratio values build an obsentton matrix.
Before any further analysis can be done, the observation maitt has to be
normalized. Many di erent methods of normalization have been discussed
in e.g, [11 14]. First of all the ratios are stated in di erent scales. More-
over, some of them have disstimulating values, which mean$at high values
are not desired from the point of view of a general charactezation of the
company. The normalization methods play an essential role fnen one in-
tends to aggregate the variablesi.e., instead of using 8 variables describing
a company uses one variable, being a linear combination of ¢hinitial set
of variables. The methods of ranking companies by aggregaij ratios have
been discussee.g. in [10]. The coe cients of linear combination of n ratios
are calculated as

p Y

VAL
=1 Vi

(1)

whereV,; is the coe cient of variation of the i-th indicator. The method of
aggregating ratios allows ranking the companies. Our aim jhhowever, to nd
groups of companies that are similar and to distinguish thos coe cients that
are responsible for similarities and dissimilarities betwen the companies.
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TABLE |
Matrix of indicators for the year 2003.

ROE ROA Amount Inventory Liabilities Assets Debt Prot-
due turnover turnover turnover margin ability
turnover ratio
Agora 0.00 0.00 51.9 6.6 35.6 574.6 0.217 0.000
Boryszew 0.18 0.11 71.8 55.8 126.0 333.2 0.39 0.007
Budimex 0.09 0.03 86.5 14.9 85.6 226.5 0.599 0.000
Compland | 0.05 0.02 1144 33.0 94.5 278.7 0.587 0.000
Comarch | 0.090 0.035 1247 17.5 96.5 376.1 0.536 0.002
Dibica 0.166  0.105 84.6 45.8 89.1 290.3 0.365 0.003
Elektrim 0.000 :057 779 8 231.3 972.8  0.889 0.002
Irena 0.062 0.041 152.4 59.5 96.4 430 0.343 0.001
Jutrzenka | 0.057 0.046 95.8 39.1 454 260.7 0.193 0.002
Kable 0.049 0.020 81.3 35 259.7 4423 0.586 0.004
Kity 0.127  0.079 56.9 50.4 99.4 3358 0.380 0.003
KGHM 0.103 0.047 411 64.9 148.5 660.3 0.539 0.001
Krosno 0.079  0.037 63.1 106.7 120.5 331.1 0.540 0.002
Orbis 0.037 0.025 22.1 7 124.4 1112.7 0.328 0.001
PGF 0.112 0.068 26.3 39.3 48.9 200.2  0.389 0.001
PKNOrlen | 0.112 0.068 26.3 39.3 48.9 200.2 0.289 0.001
Prokom 0.006 0.003 129.9 4.6 181 540.1  0.455 0.001
Soko2éw 0.029 0.016 38.6 18.3 66.3 197.3 0.443 0.001
‘wiecie 0.217 0.136 69.2 23.7 90.5 304.7 0.372 0.001
TPSA 0.053 0.022 63.7 2.7 211.7 868.9  0.583 0.000
>ywiec 0.185 0.122 33.3 15.9 118.3 486.4  0.338 0.000
Vistula 0:193 0:069 54.8 72.8 159.2 2713 0.643 0.004
Swarzidz | 1.317 0.111  336.1 20.8 2925.3 34741 0.916 0.002
Telmax 0:111 0:084 112.6 7.4 78.8 346.5 0.237 0.004

Before calculating the distances between the companies weenormalized
the ratios according to the formulas owed to Kuku?a (see [1)1] All ratios
with stimulating values (return on equity (ROE), return on a ssets (ROA),
assets turnover, pro tability ratio) were calculated according to the formula:
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_ Xij minj Xij
max Xij minj Xij '

()

while the disstimulating ratios (amount due turnover, inventory turnover,
liabilities turnover and debt margin) values were recalcuated by

max. X.. X..
zj = 1= 1 ()

max; Xj  min;j X;

The obtained matrix is a normalized matrix which can be used ér further

analysis. Based on the normalized matrix the squares of Eudean distance
between the companies were calculated and then the clusteo$ similar com-
panies were obtained by Ward's method [15], (see Fig.1).
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Fig. 1. Dendrogram obtained using Ward's method.

We have distinguished 7 clusters see Table Il. In order to examine
more precisely the similarities within companies that belmg to the same
cluster we use the Principal Component Method (PCM).
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TABLE Il
Clusters of companies obtained using Ward's method.

Cluster
1 Agora, Orbis 5
PKNOrlen, Soko26w, >ywiec
2 Boryszew 1

3 Budimex, Compland, Comarch, PGF | 8
Prokom, TPSA, Kable, Elektrim

4 Dibica, ‘wiecie, Kity 5
Irena, Jutrzenka

5 KGHM, Vistula, Krosno 3

6 Swarz|dz 1

7 Telmax 1

4. Principal Component Method

The Principal Component Method (PCM) is frequently used in socio-
logical, psychological and marketing research, (see [1&B}. It can be used
to rank the companies but its main application is distinguishing ratios that
determine division into clusters as well as examining the diersity of the
considered stocks. The PCM was applied to normalized matrixwvith the
normalization formulas (2) and (3). The normalized matrix has been addi-
tionally standardized according to the formula(z;  x;)=s. The correlation
matrix was used to distinguish principal components and thevVarimax rota-
tion for ease of interpretation, (see [16,17]). The eigentaes and correlation
coe cients are shown in Table IlI.

The obtained values are given by

rZin =G i (4)
where: g; is the component of thei-th eigenvector of the variablex;, j =

relation coe cients between a given component and originalvariables. The
absolute values of the correlation coe cients indicate the relative impor-
tance of original variablej in the new derived componenti. The indicators
with the largest absolute values have the strongest discrimation power and
in uence in the most signi cant level the division of companies into clusters
as far as two or three principle factors are concerned. We havobtained
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TABLE I
Rotated factor matrix with three largest eigenvalues. Souce: our own calculations.

Factor

Zy Z; Z3
Indicator M2,x; M2,% l23x;
Return on equity (ROE) 0:892 0.026 0.432
Return on assets (ROA) 0:169 0:077 0.939
Amount due turnover 0.874 0:003 0:031
Inventory turnover 0:122 0.809 0:142
Liabilities turnover 0.975 0:011 0:128
Assets turnover 0:925 0.145 0.068
Debt margin 0.663 0.065 0.421
Pro tability ratio 0:053 0:817 0:073
Eigenvalue 3.94 1.40 1.15
% of variance 49.27 17.53 14.42
Cumulative % 49.27 66.80 81.22

Indicate largest correlation coe cients.

the following rotated matrix (see Table Ill) with three comp onents with
eigenvalues greater then 1 that account for ove81% of total variance of the
original variables. This means that instead of 8 ratios we ca concentrate
on 3 extracted components. The rst component explains almst 50% of
the total variance. It is highly positively correlated with liabilities turnover
and amount due turnover, and negatively with assets turnove and return
on equity. Over 17% of total variance is accounted for by the second com-
ponent. The second component is highly correlated with invetory turnover
and pro tability ratio. The third component is correlated p ositively with
return on asset. Debt margin has little discrimination powe. The mean
values of the ratios with largest discrimination power for 7 distinguished
groups of clusters are presented in Table IV.

The companies in cluster 6 are characterized by large returon equity
and very large liabilities and assets turnover. The compars in cluster 2
and 4 are characterized by large return on equity and modera&t inventory,
liabilities and assets turnover. What distinguishes the dlisters 2 and 4 is
very high value of pro tability for cluster 2 that consists of one stock only,
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TABLE IV

Mean values of the ratios with largest discrimination power Source: our own
calculations.

ROE ROA Amount due Inventory Liabilities Assets Pro tabil.
Cluster turnover  turnover turnover turnover  ratio

0.07 0.05 34.44 17.42 78.70 514.24 0.001
2 0.18 0.11 71.80 55.80 126.00 333.20 0.007
3 0.07 0.02 94.66 17.50 157.45  481.40 0.001
4 0.13 0.08 91.78 43.70 84.18 324.30 0.002
5 0.00 0.00 53.00 81.47 142.73  420.90 0.002
6 132 0.11 336.10 20.80 2925.31 3474.10  0.002
7 0:11 008 112.60 7.40 78.80 346.50 0.004

namely Boryszew. Cluster 7 has negative value of return of edgy and
large value of pro tability. Clusters 1 and 3 have moderate \alues of return
on equity and small values of pro tability. Cluster 5 has smadl values of
ROE and ROA. The analysis indicates that the best companiesrbm the
long term investment point of view are in cluster 2. The PCM ha some
other applications. It enables ranking the companies. Muliplying the rst
component scores by the scores of the standardized matrix observation we
obtain distinct values describing companies, (see [12, 16] The values can
be used to rank the companies. The results of such ranking antbmparison
with linear ordering obtained with use of the synthetic variable, aggregated
with formula (1), are shown in Table V. One can see that the beisthree
companies are the same for each method. We verify the portfol by buying
one share of each stock: Boryszew, ‘wiecie, >ywiec, Orbis, Agra, in January
2004. If we sell the shares at the beginning of November 200%d pro t
obtained is 9%.

5. On-line investment strategies

The above portfolio construction allowed choosing a group focompanies
that might perform well on the WSE. The method, however, doesnot an-
swer the question how to divide the capital between the stock This can
be determined by optimization techniques (see [1,2]) or by mline invest-
ment strategies applied to a chosen set of companies. We haperformed
the Universal Portfolio (see [8,18]) strategy on Warsaw Stok Exchange in
the period when Agora trading price was rapidly falling down The port-
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TABLE V

Comparison of rankings obtained by synthetic variable and ly PCM. Source: our
own calculations.

Linear ordering by Values of the
PCM synthetic variable
Boryszew 11.48| Boryszew  0.636
‘wiecie 10.52 | ‘wiecie 0.630
>ywiec 10.45 | »ywiec 0.630
Orbis 10.41| D}bica 0.586
Agora 9.81 | Orhis 0.567
Jutrzenka 9.29 | Kity 0.564
PKNOrlen 9.28 | Swarz|dz 0.554
Dibica 9.10 | PKNOrlen 0.548
Kity 9.09 | Jutrzenka 0.537
Telmax 8.38 | PGF 0.525
Soko2éw 8.11 | Comarch 0.525
KGHM 6.40 | Agora 0.523
Kable 6.24 | TPSA 0.523
TPSA 6.24 | KGHM 0.518
Comarch 5.78 | Kable 0.512
Budimex 5.49 | Budimex 0.507
Prokom 5.26 | Soko?ow 0.507
Irena 4.59 | Prokom 0.489
PGF 452 | Irena 0.485
Krosno 4.27 | Compland 0.471
Vistula 4.21 | Telmax 0.465
Compland 3.76 | Krosno 0.463
Elektrim 2.73 | Elektrim 0.462
Swarz|dz 12.05 | Vistula 0.396

folio consisted on two stocks, Agora and Dibica. Without any analysis of
distribution of returns, without any care about the nancia | standing of the
considered rms, the method gradually eliminated Agora fran the portfolio
(see Fig. 2). In view of that result the Universal Portfolio seems to be a good
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method to be applied for Warsaw Stock Exchange. The only disdvantage is
computational complexity and the need to track on-line daily trading prices
of a vast amount of stocks.

Fig. 2. The percentage of capital invested in Agora, January2003.

We have also made calculations for Universal Portfolio consting of two
assets, PGF and Djbica. The results are shown in Fig. 3 and Fig4.
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Fig.3. The changes of wealth invested in Agora and Djbica forthe universal
portfolio strategy in January 2003 i.e., in the period of Agora trading price rapid
decrease.
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Fig. 4. The percentage of wealth invested in PGF for the univesal portfolio strategy
for two assets PGF and D}bica in January 2004.

6. Conclusions

The multivariate classi cation methods allowed choosing ompanies that
can be regarded as good from the point of view of an investor. ie PCM
enabled investigating the structure of similarities between companies in the
same clusters. It also allowed distinguishing ratios that lve little discrimi-
nation power as well as those that in uence the diversity within companies.
It is worth noticing that both, the method of aggregating coecients and
the PCM indicated Boryszew as the best company. Fig. 5 shows #thstock
prices of Boryszew from the beginning of 2004 until November(d4.

The computations we have made for WGPW proved that standard ax-
onomy methods can be e ective when they are supported by priciple com-
ponent analysis (or discriminant analysis). It seems that god results in
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Fig.5. The stock price of Boryszew from PCM.
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portfolio management can be obtained by Universal Portfolb method. In
contrast to standard methods of portfolio diversi cation, the above men-
tioned methods are not complicated and do not require advared mathe-

matical calculus. The computations were made with support 6 SPSS and
Excel.
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