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The aim of this article is show the concept of using of the Discrete Markov 
Chains to predict economic phenomena. This subject is important for two reasons. 
The first of them are models based on Markov chains use the statistical informations 
obtained during the investigation processes. Another important reason is the fact that 
this way of modeling is highly flexible and can be used to simulation of economic 
phenomenas. In this paper authors describe the idea of modeling and present the 
example of simply model of patient population of primary health care and show 
preliminary simulation results. 

Keywords: Economic Behaviour, Primary Health Care, Stochastic process 
modeling, Markov Chain Monte Carlo, MCMC, PHC 

1. Introduction 

This article focuses on the subject of using discrete Markov Chains in 
prediction a lot of processes but especially in economics in the management of 
health care. Markov Chains was discovered in 1906 by Andriej Markov, the 
Russian mathematician. Then this theory was developed by Andriej Kolmogorov. 
In the beginning of the article, authors present the method of finance the Primary 
Health Care System. Described inter alia: fee for service, capitation, fixed fee 



260 

(salary) and fee for the case. There are systems which are used currently in the 
world. The next part of the article presents methodology – the stochastic process 
modeling (stochastic process, the Markov Chain Process, Markov Chain Monte 
Carlo Simulation and Metropolis-Hasting algorithm). After the theoretical parts, 
authors to conducted a simulation experiment about the behavior of patients of 
Primary Health Care System in Poland and final conclusion. Because the discrete 
Markov Chain can be used in many areas the article shows also other the field of 
economic where this simulation experiment have application.  

Until now the Discrete Markov Chains were used in the financial risk 
management, in particular in banks and insurance companies. In the banking 
system were used in estimating the credit risk and in the study of changes in the 
behavior of users of credit cards. In the insurance systems inter alia in the system 
of Bonus-Malus. The Bonus-Malus system is a rating system which is used in the 
motor insurance, to the price adjustment communications products. In this system, 
the transition between classes depends on the number of the injuries suffered by the 
insured during the period of contributory (see [10]) for example in Poland it is a 
one year.  

Other areas where the Discrete Markov Chains were used to predict in 
economics was the capital market. Investigated the trading on the Warsaw Stock 
Exchange and other processes occurring in the capital market and made predictions 
about probable, further investment of stock market investors (see [12]). In addition, 
portfolio analysis can be performed by using the Discrete Markov Chains. It was 
also checked and described in literature (see [13]).By using the Discrete Markov 
Chains were also carried out an analysis of regional convergence. Analyzed may be 
whether and how quickly the regions with lower than average income can move 
"upward" and to the long-term, invariable distribution (see [8]). Because other 
classical methods of analysis of convergence were often criticized, the analysis of 
the convergence of both internal and external using the Discrete Markov Chains is 
now becoming increasingly popular (see [15]). 

In prediction in health economics by Discrete Markov Chains interesting is 
the model which allows to model the transition of a population of patients through 
a series of health states that are followed over time. It can be include for example: 
living with a particular disease; having a treatment; being cured; having 
complications; or becoming deceased. We have a probability that a patient staying 
in their existing state or moving to a different one. By this simulation it is possible 
to predict worsening or improvementing of patients health (see [11]). 

The possibility of using the Discrete Markov Chains in the economics is 
virtually unlimited. The every process, which meets the basic assumptions 
discussed in the theoretical part of this article, it can be predicted by using this 
method. 
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2. Primary Health Care System 

Primary Health Care (PHC) is a multidimensional and country-to-country 
diverse part of the health care system, thus it is a real challenge for modeling these 
systems. The international research team used existing data sets, reports, 
publications as well as gray data and opinions of key informants to provide 
innovative international comparisons of PHC systems in Europe. In Poland, as in 
other Central and Eastern European countries, the methods for reliable monitoring 
of care provided to patients has not been introduced in primary health care. 
Moreover, the data collected by the National Health Found are not be published. 
The above situation makes difficult take steps in family physician practices to 
improve the quality of care (see [1, 2]). 

The world currently uses the following methods of financing PHC (see 
[1]):Fee for service  (is the pay gap between a doctor service providers, or any 
other professional employee), Capitation (a system in which a physician or other 
medical worker or trader receives a fixed amount for each person covered by the 
care), Fixed fee (salary,) Fee for the case (the way in which the payment service 
provider receives a fixed salary for a comprehensive investigation in a particular 
case, or disease entity).  

All the described methods of finance primary health care based on the number 
of patients served at the facility. It follows that an efficient way simulation of PHC 
will be a simulation number of patients in a time range. 

3. Stochastic process modeling  

Many stochastic processes used for the modeling of financial marks, biological 
systems, social systems and other systems in engineering are Markovian. To 
simulate the process can be used Markov Chain Monte Carlo (MCMC). In 
statistics, MCMC method is a class of algorithms for sampling from a probability 
distribution. Probability distributions can be found the context of Bayesian data 
analysis. The goal will be to find parameter values in a probabilistic model that the 
best explains the data. It is based on known information (a priori). The created 
mathematical models are then created some posterior. Such approach guarantees 
that solution is influenced by the known data, therefore the models are often more 
accurate than obtained with other methods (see [2, 8]). In this section, the  
author will describe basic definitions from stochastic theory, the Markov Chain 
process, Markov Chain Monte Carlo Simulation and the Metropolis-Hasting 
algorithm. 
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3.1. Stochastic process 

A stochastic process 
n

X   is a family of random variables indexed by parameter n

(this parameter can by associated with time). Formally, a stochastic process for 

probability space ),,( PFΩ  and measurable space 
),( �S

. The sample space Ω

is a set of outcomes, where an outcome is the result of a single execution of a 
stochastic model. F is set of all events in the model and P is the probability 
measure. The probability measure is the function returning an event’s probability 

])1,0[:( →FP this can by. The S-valued stochastic process is a collection of S-
valued random variables on �. The stochastic process is indexed by a totally 

ordered set T. That is, a stochastic process X is the collection }:{ TnX n ∈ . 

3.2. The Markov Chain process 

Markov Chain is a stochastic process where we transition from one state to 

another using a sequential procedure. We start Markov Chain in the state 0x , and 

use a transition function )|( 1−nn xxp , to determine the next state, conditional on the 

last state. We can say a stochastic process }0:{ ≥nxn is a Markov chain if for all 

times 0≥n and all state Sjiii n ∈,,...,, 10 : 
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ijP  denotes the probability that the chain moves from state 1−nx  to state nx . This 

value is referred to as a one-step transition probability. The square matrix 
SjiP ∈= ),(P  is called the one-step transition matrix and each row sum to one (see 

[6, 11]). 

3.3. Markov Chain Monte Carlo Simulation 

Markov chains are relatively easy to simulate from, they can be used to 
sample from an a priori unknown and probability distribution. Monte Carlo 
sampling allows one to estimate various characteristics of a distribution such as the 
mean, variance, kurtosis, or any other statistic of interest to a researcher. Markov 
chains involve a stochastic sequential process where we can sample states from 
some stationary distribution. 

The Markov Chain Monte Carlo (MCMC) method is a general simulation 
method for sampling from posterior distributions and computing posterior 
quantities of interest. MCMC methods sample successively from a target 
distribution. Each sample depends on the previous one, hence the notion of the 
Markov chain.  
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Monte Carlo, as in Monte Carlo integration, is mainly used to approximate an 
expectation by using the Markov chain samples. In the simplest version 

( )��
=

≅
n

t

t

S

g
n

dpg

1

.
1

)()( θθθθ

Where g is a function of interest and ��are samples from )(θp on its support 

S. This approximates the expected value of )(θg .With the MCMC method, it is 

possible to generate samples from an arbitrary posterior density )|( yp θ and to use 

these samples to approximate expectations of quantities of interest (see [6],[10]). 

3.4. Metropolis-Hasting algorithm 

To illustrate the work of all MCMC methods the Metropolis-Hastings method 
has been described. 

Suppose our goal is to sample from the target density )(θp . The Metropolis-

Hastings method creates a Markov chain that produces sequences of state: 
nθθθ →→→ �

10

where )(tθ  is a state at iteration. The samples from the chain, after burning, reflect 
samples from the target distribution )(θp . In this algorithm, we initialize the first 

state from a random value. We then use a proposal distribution )|( 1−nnp θθ  to 

generate a new candidate state *θ , that is conditional on the previous state. The 
proposal distribution is chosen by the research and good choices for the distribution 
depend on the problem. To the choose proposed distribution, we can use e.g.: 
maximum entropy, nuclear estimators, and transformation groups. 

The next step is to either accepted or reject proposal state. The probability of 

accepting the state *θ  is: 

�
�

�

�

�
�

�

�
=

−−

−

)|()(

)|()(
,1min

1*1

*1*

ni

i

qp
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α

To decide on whether to accept or reject the proposed state, we generate a 
uniform deviate u. If α≤u  the proposal is accepted and the next state value is 

equal *θ , else we reject the proposal and next state value is equal to the old state 
value. We continue generating new proposals conditional on the current state of the 
method, and either accept or reject the proposals. This procedure continues until 
the sample reaches convergence. At this point, samples ���� the samples from the 
target distribution )(θp . 
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This can be converted into an algorithm as follows:

1. Generate initial value of �, and set u=0θ  and i = 0; 
2. Set max iteration number �; 
3. Repeat: 

a. i = i +1 , 

b. Generate proposal *θ  from )|( 1−nnp θθ �

c. Calculate the accepted probability:�

�
�

�

�

�
�

�

�
=

−−

−

)|()(

)|()(
,1min

1*1

*1*

ni

i

qp

qp

θθθ

θθθ
α , 

d. Generate � from a uniform (0; 1) distribution, 

e. If � 	 
, accept new state and *1 θθ =−i , else set 1−= ii θθ ; 
4. Until i = N. 

The fact that asymmetric proposal distributions can be used allows the Metropolis-
Hastings procedure to sample from target distributions that are defined on a limited 
range (see [9], [6]). With bounded variables, care should be taken in constructing a 
suitable proposal distribution. Therefore, the sample will move towards the regions 
of the state space where the target function has high density. However, note that if 
the new proposal is less likely than the current state, it is still possible to accept this 
“worse” proposal and move toward it. This process of always accepting a “good” 
proposal, and occasionally accepting a “bad” proposal ensures that the sampler 
explores the whole state space and samples from all parts of a distribution 
(including the tails). In the numerical experiments, all algorithms have been 
prepared by the authors. 

Figure 1. Real data histogram with Normal Density Function
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4. Simulation Results 

In this section, will be described an example of simulation. For the purpose of 
the classifiers verification − the data gathered during the research project 
"Optimisation of the Polish financing system for the Primary Care Units"  
(in Polish: 'Optymalizacja polskiego systemu finansowania podstawowej opieki 
zdrowotnej' − see [1]). The data was collected in years 2009-2011. This simulations 
are based on data from 2010 for the five years old patients from the  
PHC units. 

In 2010, in this age group was 621 visits. The average value of the day for 
normalized value of data is advice about 1.7, while the standard deviation is about 
0.0027. The maximum number of visits in a single day to 9 and the minimum 1. 
We used this information to estimated number of the visit in PHC units in  
next year. 

How we can see in figure 1 density function describe this data have Normal 
form. In simulation we show result for native density function (Poisson density) 
and Normal density function. 

4.1. Poisson density function example 

For native case of density function we can define acceptation function in 
Metropolias-Hasting algorithm as: 

��
�
�
�
�

�

�

��
�
�
�
�

�

�
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−

−

−

−
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*
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8

i

e

e

i

θ

µ

θ

µ

α
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where � is the expected value. 
Simulations result for this acceptation function have been showed in figure 2.  

Figure 3 present density function for simulation result. Total number of visit in this 
simulation was 11296. Value of mean visit per day was 1.7014 and standard 
deviation have value 0.0025. As it is easy to see, all the parameters describing 
density function in five years old group have been preserved by simulation. 
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Figure 2. Comparison real data with simulation result for normal density function 
�

Figure 3. Simulated data histogram with Poisson Density Function 
�
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4.2. Normal density function example 

In this case, the function of acceptance State the Metropolias-Hastings will 
take the form of: 

( )
( )�

�

�

�

�
�

�

�
=

− σµθ

σµθ
α

,,

,,
,1min

)1(
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2

2

2

)(

2

1
),,( σ

µ

πσ
σµ

−
−

=

x

exp

Where � is the expected value and standard deviation �.  
Simulations result have been showed in Figure 4. In the simulation have been 

888 visits or expected value was approximately 1.8 and the standard deviation of 
about 0.0026. Figure 5 present density function for data form simulation. 

�

Figure 4. Comparison real data with simulation result for normal density function 
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�

Figure 5. Simulated data histogram with normal density function 

5. Conclusion  

This paper present simple example using Markov Chain Monte Carlo method 
in simulation health economics of polish primary health care. As it is easy to see 
the results of the simulation for Poisson and Normal distribution (Figure 2 and 
Figure 4) are similar. In this case, it is shown that this simple model is good to 
simulation of behavior patient in different year groups. The study has proven the 
need for further research of complexity model of Primary Health Care unit. and 
will be the subject of further work.
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In the paper the relationships between current and capital account balance and 
GDP are analysed, both from the economic analysis and applied points of view. 
Next the assumptions, method of analysis and results of our investigation of these 
relationships are discussed in details. We used yearly data for the Visegrad Group 
countries in 1994-2015. We applied two versions of linear econometric models and 
a power one for panel data and for every country separately. 

Keywords: balance of payments, current and capital account, external financial 
stability, the Visegrad Group countries  

1. Introduction 

Since 1990, the economies of the former European centrally planned 
economies (some of them are referred to as emerging economies) have started 
process of "catching-up" with advanced economies. This process required external 
net capital inflow, which is equal to the difference between inflows and outflows of 
foreign capital to the country. This difference in the given year is recorded on the 
current and capital account (CCA) of the balance of payments of the country 
concerned.  

These emerging economies have become net recipients of foreign capital, 
particularly in the period just before and after their accession to the European 
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Union, when net EU transfers had become extremely important. As of present, 
possible constraints of capital flows into these countries and subsequent reversal of 
direction of the net capital flows can have a significant negative impact on their 
future GDP growth rates.  

Therefore, in the paper we analyse empirical relationships between GDP and 
the CCA balance. We examine these relationships for the Visehrad Group countries 
(V4). These countries entered the EU at the same time in 2004. In addition, the 
Czech Republic, Slovakia and Hungary are the main Poland’s economic partners 
among the Central European countries. In this study we use annual data for the 
longest possible period: from 1994 to 2015. 

The analysis of the results and, in particular, similarities and differences for 
different countries on the basis of panel data estimations will indicate, among 
others for the macroeconomic politicians of these countries, current and potential 
risks to financial stability of the individual economies. 

2. Selected recent empirical studies 

Analysis of the foreign assets and liabilities covers causes and effects of 
imbalances on the current and capital balance of the payments account. Initially, 
foreign assets and liabilities were associated with the flows of goods only. Later on 
services and recently also capital flows have also become subjects of the CCA 
analyses [36].  

The relationships between the CCA balance and GDP were topic of a number 
of recent empirical analyses. Edwards [10] analysed these relationships and stated 
that the CCA balance changes are only indirectly dependent upon the level of GDP 
(through the level of investments) while substantial positive changes of the CCA 
balance have negative influence on GDP. Moreover, he proved that the CCA 
balance changes are correlated with the economic crisis.  

In connection with the growing imbalances of the CCAs in the United States, 
Gruber and Kamin [13] made in 2005 a panel regression of the CCA-to-GDP ratio 
for 61 countries from 1982 to 2003.Their studies confirmed the strong link between 
the crisis and the CCA balance and explained also growing imbalances in the 
global financial market. In 2010, Jordà, Schularick and Taylor [21] stated that 
increasing negative ratio of the CCA-to-GDP was an important factor of financial 
crisis, though with a much smaller effect as compared to the credit-to-GDP ratio. 
The different approach presented by Bagnai [5; 6] confirmed statistically relevant 
positive relationship between the CCA-to-GDP ratio and the State-Budget-deficit-
to-GDP. In 2011 Frankel and Saravelos [11] found out that the CCA balance had 
no significant effect on GDP, while the impact of external debt on the level of GDP 
turned out to be statistically significant.   
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There are also dynamic balance-of-payments analyses within the framework 
of intertemporal theories [12]. These theories combine the absorption approaches  
[20] and elasticity ones [26, Ch. 10 and 13] and take into account the macro-
economic forecasts of relative price changes and their impact on future (stochastic) 
changes in savings and investments. In the intertemporal approach to the balance of 
payments it is assumed that the level of net foreign liabilities accumulation is 
limited in time by the terms of their repayment.  

3. Relationships between GDP and CCA balance in current economic realities 

Discussions on the importance of foreign imbalances have been renewed since 
numerous financial crises in the 1990s [28]. Then the Summers thesis that the 
balance of payments should not be a cause of the crisis of payments, if the public 
national finances are balanced, has also been called into question [9]. Therefore 
ability of the country to honour its foreign commitments became the basis for the 
external evaluation of financial stability of the economy.  

A lot of empirical investigations have been done by the IMF staff [e. g. 32; 1; 
2; 27] and EU analysts [25] after the outbreak of the financial crisis in 2008 and 
then of the sovereign debt crisis in the Economic and Monetary Union (EMU) in 
2010. In particular, attempts were made to determine the proper, from the point of 
view of financial stability, level of the CCA-to-GDP ratio. Exceeding this level 
implies a "bad" equilibrium in the sense of Blanchard [7; 24]. The dominant 
indicator of the short term external equilibrium has become the ratio of current 
account (CA) to GDP. Currently the average of this relation over a period of the 
three consecutive years is used by the European Commission [33, art. 3 & 4] with 
the threshold of  - 4% for the deficit economies and +6% for the economies with 
surplus on their current account. European Commission constructed likewise a set 
of indicators named Alert Mechanism Report (AMR) [3]. This set, along with the 
levels of reference [33, art. 3 & 4] is important in the assessment of the financial 
stability of the country [15]. On this basis, the European Commission elaborates In-

Depth Reviews (IDRs) for countries for which the indicators show the risk of loss 
of financial stability. The European Central Bank (ECB) joined these analyses 
indicating, among others, that not net but gross assets and liabilities position 
characterizes the potential currency and time mismatches risk [14]. 

Also the IMF has carried a number of empirical studies having practical 
implications. They analysed conditions for the stable CCA-to-GDP ratio and 
estimated as function of the structural variables, actual values of economic policy 
variables and the differences between actual values of economic policy variables 
and the expected ones [27]. In order  to keep at the steady state net foreign 
commitments to GDP, the GDP growth rate in every future period t = 1, ..., n, 
should be at least equal to the growth rate of net liabilities to non-residents. 
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Therefore, one needs to determine under what conditions the CCA growth rate 
would not be greater than the GDP growth rate. That requires ability to manage 
variables influencing this ratio.  

4. Subject, assumptions, method of analysis and sources of statistical data 

We assumed, first, that we shall investigate the relationships between GDP 
and the CAA balance for the V4 basing on panel data and separately for each 
country. Second, in order to receive comparable results we have decided to use 
annual data at current prices in USD available in the OECD and the IMF statistical 
sources [16, 17, 18, 19]. Third, we have chosen period 1994-2015, with, more or 
less, the last two Juglar business cycles included (data on the balance of payments 
before 1994 are not published by the IMF). Thanks to that the results obtained are 
not random but rather reflect long-term relationships. Fourth, in order to eliminate 
the impact on the results of changes in USD exchange rates against national 
currencies, we have included the average annual values of the respective exchange 
rates (�jt). Fifth, we took into account two important events that had occurred in 
the analysed period: the biggest, since the Great Depression years of 1929 to 1933, 
world economic and financial crisis 2007-2008 and the subsequent debt crisis in 
the EMU countries. The effects of these shocks in the V4 were observed in years 
2008-2015. In the same period these countries have benefited from the European 
Union aid programmes. Unfortunately, one cannot split the effects of these two 
events. Nevertheless we used dummy variable (DV) for years 2008-2015. 

Estimates were made on non-stationary data because of relatively short time 
series and due to the fact that for various countries stationary data we obtained for 
the differentiated series. In such a situation, it would be difficult to compare the 
estimates of corresponding structural parameters for different countries. Therefore, 
to eliminate the impact of trends on the values of GDP, we have used a time 
variable t. 

Next we have assumed that the dependency of GDP on the CCA balance can 
be expressed by linear functions as well as by power ones. Due to the fact that 
there were both positive and negative values of the CCA balances, we have used 
the CCA as well as the CCA+ and the CCA− (positive values were assigned to the 
last two variables). 

Basing on of the above assumptions, we estimated two x five linear functions: 

����������             (1a) 
and 
�

   (1b) 



274 

and five power ones: 

                                                       (2) 

where:  
j = 1, 2, 3, 4, 5  – panel, Czech Republic, Hungary, Poland, Slovak Republic; 
t = 1, 2, …, 22  – 1994, 1995, …, 2015. 

We assumed that each of the 15 equations can be estimated by the OLS 
method, taking into account that equations (1a) and (1b), and after appropriate 
transformations also (2), are linear ones. Estimates were made with the help of the 
Excel spreadsheet [8]. Identified errors in this sheet do not apply to, as it seems, x 
our calculations [31]. 

In addition, already at verification of the different equations, we removed (one 
by one) the most insignificant statistically variables. On the last stage we used two 
dummy variables to take into account unusual situations: 1a): �l

5j * Z
-
t + �l

6j * Z
+

t; 
1b): �l+

5j * Z
-
t + �l+

6j * Z
+

t and 2: Z-
t^ �p

5j * Z
+

t^ �p
6j, respectively, where:  

Z− = 1 for standardised residuals < −2 and 0 elsewhere and Z+ = 1 for standardised 
residuals > 2 and 0 elsewhere. 

6. Discussion of results 

In statistical terms the results of the survey are surprisingly accurate. The 
values of the adjusted coefficients of determination in all 15 models are well above 
0.95 (cf. rows 14 in Table 1, and 15 in Tables 2 and 3). At the same time, the 
values of the panel version of the Durbin-Watson statistics (DW) are located either 
between dU and 4 – dU or in close proximity to the lower end of this interval.  

Further on, we present interpretation of the estimates of these structural 
parameters that are both statistically (t-stat >2.0) and economically relevant. By the 
interpretation of the estimates, a special attention should be given to the "scaling" 
factor in relation to the level of GDP and also to the expression: “ceteris paribus” 
(remaining unchanged) that occurs in each and every case. 

6.1. Linear models 

The estimates of the constant in linear panel models confirm the expectation 
that in the analysed period, ceteris paribus, the values of GDP in the Czech 
Republic and Hungary were similar to the average value, while the Poland’s GDP 
was higher by about $140 billion, and Slovakia’s smaller by a little more than $60 
billion (cf. rows 2-5, column 3 in Table 1 and Table 2). These values show the 
diversity of the potentials of these economies. 

According to both panel models and linear ones, there was a significant 
positive relationship between GDP and the time trend (cf. rows 6 in Table 1 and 
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Table 2). On average, in the analysed countries, GDP increased each year, ceteris 

paribus, by $7.5 billion. Similar value was for Hungary and only somewhat smaller 
for the Czech Republic. In Poland, which as the only country remained a "Green 
Island" during the recent crisis of 2008-2009, increase in GDP was slightly more 
than 2.5 times larger than the average one, and in Slovakia, which has suffered the 
most during this crisis it was equal to about 1/3 of the average. The estimated 
annual increases are equal to: 4.5%, 7.4%, 6.0% and 4.8% of the GDP of the 
respective countries (in the order of their English names). 

The CCA balances according to models (1a) in all countries were inversely 
correlated with GDP (cf. row 7 in Table 1). These results are consistent with theory 
and other research studies. In the Czech Republic and Hungary, reduction of 
negative or increase of positive balance by $1 billion, ceteris paribus, caused, on 
average, a decrease of GDP of about $2.6 billion, in Poland about $2.2 billion, and 
in Slovakia below the $1 billion (43%, 37%, 11% and 35% of annual increases in 
GDP, respectively, as measured by the values of the estimates standing by the 
variable t. The scale of the impact of the CCA changes on GDP corresponds to the 
importance of foreign trade to GDP for these countries. 

Table 1. Estimations results of Model (1a) 
Description Panel CZ HU PL SK 

1 bj / t Stat bj t Stat  t Stat bj t Stat bj t Stat bj t Stat 
2 CZ   146.7 7.96       
3 HU     58.5 12.23     
4 PL 141.2 12.51   252.0 11.77   
5 SK -62.9 -6.60   56.2 8.34 
6 t 7.5 8.99 6.1 9.66 7.0 22.97 19.3 18.20 2.6 12.04 
7 CCA -7.3 -10.28 -2.6 -3.18 -2.6 -11.30 -2.2 -6.19 -0.9 -3.08 
8 � -0.1 -2.23 -3.7 -7.23 -0.3 -10.21 -58.2 -8.70 -52.7 -7.04 
9 DV 53.8 4.07 18.0 1.94 11.8 2.58 55.2 3.86 29.5 8.81 

10 
Z- 

-102.2 -3.95       
11 PL: 1999; 2000   
12 

Z+ 
204.6 8.27 35.6 3.28     19.4 5.17 

13 PL: 2013 - 2015 CZ: 2008   SK: 2007 
14 R2 / R2

sk 0.974 0.959 0.985 0.980 0.992 0.990 0.992 0.990 0.994 0.992 

Source: Authors’ calculations based on data published by IMF and OECD 

In view of the abovementioned results, the relationship between the CCA and 
GDP in the panel model does not look reliable (approximately 3 times higher than 
in the first three countries and more than 8 times higher than in Slovakia). The 
reason for this is most likely a significant value in the panel model of estimate 
standing by the dummy variable Z+ (it will be discussed later on). 

Breakdown of data on the CCA balance into two variables corresponding to 
their positive and negative values allowed for deriving additional conclusions. First 
of all, there were very similar periods in which these balances were negative: 
Czech Republic (1994–2012); Poland (1996–2012); Slovakia (1996-2011); 
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Hungary (1994-2008). Positive balances for Poland, Slovakia and the Czech -
Republic have been recorded after the outbreak of the debt crisis in the EMU, 
while in Hungary the financial crisis caused a decline in the deficit. In all the V4 
the restrictive financial policy led to reduction of the budget deficit improved the 
CCA balance. 

Second, the algebraic signs of all the respective estimates are in line with 
expectations (cf. rows 7 and 8 in Table 2).  

In the Czech Republic and Hungary, the improvement of balance resulted in 
similar reductions in nominal GDP (ca. $6.0-7.0 billion and $4.0 billion, i.e. 5.0% 
and 4.2% of the GDP, respectively). In addition, in the case of the Czech Republic 
the positive CCA is the only statistically significant variable and relevant estimate 
is about 2.5 times higher than in the Model (1a). This result should be approached 
with caution due to the fact that there were only 3 (in 2013-2015) out of 22 positive 
the CCA balances. Nevertheless, basing on estimate of the corresponding slope 
coefficient in the period 2012-2015 equal to 3.83 (GDP decreased by almost $25 
billion, and the CCA balance improved by nearly $6.5 billion), one can conclude 
that the relationship is only slightly overestimated, if ever. 

Table 2. Estimation results of Model (1b)
Description Panel CZ1 CZ2 HU PL SK 

1 bj / t Stat bj t Stat bj t Stat bj t Stat bj t Stat bj t Stat bj t Stat 
2 CZ   157.4 7.39 150.4 8.79       
3 HU   58.9 14.85     
4 PL 136.6 10.48 238.2 9.86   
5 SK -64.6 -6.14 52.7 7.98 
6 t 7.5 7.96 6.4 8.08 7.4 13.62 7.6 20.95 19.2 16.40 2.4 11.67 
7 CCA- -8.4 -8.41 -1.8 -4.43 -2.7 -5.39 -1.5 -3.67 
8     CCA+  -7.5 -3.34 -6.1 -3.48 -4.0 -7.55 

  9 � -0.2 -3.39 -3.9 -6.35 -3.9 -8.24 -0.3 -12.43 -55.5 -7.47 -49.0 -6.72 
 10 DV 44.8 3.10 20.2 2.04 8.9 2.16 53.0 3.39 30.8 9.58 
 11 

Z- 
-109.4 -3.83      

 12 PL: 1999; 2000    

 13 
Z+ 

200.2 6.54   39.8 4.02 13.3 3.08   20.0 5.72 
 14 PL: 2013; 2014  CZ: 2008 HU: 2013  SK: 2007 
 15 R2 / R2

sk 0.968 0.953 0.977 0.972 0.985 0.982 0.995 0.993 0.990 0.988 0.995 0.993

Source: Authors’ calculations based on data published by IMF and OECD 

In the case of Hungary the negative CCA balance is also statistically 
significant. Increase of its absolute value by $1 billion resulted in, on average, 
ceteris paribus, GDP growth by a little less than $2 billion (1.9% of the average 
GDP in the analysed period). It is only little (about $0.8 billion) less than according 
to the Model (1a). Both estimates reflecting the relationship between the CCA 
balance and GDP in Hungary in the model (1b) are highly reliable - their weighted 
average is equal to the relevant result for this country in the Model (1a).  
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In turn, in the case of Poland and Slovakia statistically relevant are the 
negative CCA balances only, and the estimates are about 1.5 times higher, than in 
the Model (1a). In this case, one of the reasons is, without a doubt, taking into 
consideration only 5 and 6, respectively, out of 22 observations. In addition, 
determinants of different reactions of GDP to the increase of negative and positive 
CCA balances are widely discussed in literature [10, 13, 11, 27].

The USD exchange rates in national currencies were also negatively 
correlated with the GDP (cf. rows 8 in Table 1 and 9 in Table 2), but there are wide 
differences between the respective values for the individual countries. These 
differences are much less important after their scaling relative to the average 
exchange rates. On average, the increase in the USD exchange rate by: 1 grosz 
(0.33%) caused, ceteris paribus, reduction of the Poland’s GDP by nearly $550-
582 million; one eurocent (1,19%) - the Slovakia’s GDP by about $490-545 
million; 10 halers (0.39%) - the Czech Republic’s GDP by about $370-390 million; 
1 forint (0,48%) - a decline in Hungary’s GDP by about $300 million. So, a 1% 
change of the USD exchange rate in national currencies, resulted, on average, 
ceteris paribus, in changes of GDP in the Czech Republic by $0.41-0.42 billion, in 
Hungary by $0.63 billion, in Poland by $1.81−1.91 billion and in Slovakia by 
$0.37−0.40 billion.  

According to the both linear models the estimates standing by DV are positive 
(cf. rows 9 in Table 1 and 10 in Table 2). This shows that the examined countries 
benefited, ceteris paribus, on the balance of economic crisis and its consequences 
on the one hand, and EU financing on the other: Hungary in the amount of 
approximately $10 billion (7.5% of GDP in 2008), Czech Republic about $20 
billion (7.7%), Poland up to 55 billion USD (10.0%), and Slovakia about $30 
billion (30.6%). These values, ceteris paribus, testify the importance of the impact 
of external economic factors (before 2008 and from 2008 to 2015) on the 
relationships between the CCA balances and GDP for the surveyed countries.  

In addition, in three Models (1a) and in four (1b) ones there are dummy 
variables (Z- and/or Z+) reflecting, ceteris paribus, specific situations (cf. rows 10-
13 in Table 1 and 11-14 in Table 2). Unusual situations according to the both 
models have occurred: in Slovakia in 2007, in the Czech Republic in 2008 and in 
Poland in the years 1999-2000 and 2013-2014, as well as in 2015 (according to 
Model (1a)) and in Hungary in 2013 (according to Model (1b)). In the case of 
Slovakia in 2007, the inflation rate decreased from 4.5% to 2.8% and nominal GDP 
grow-th in national currency increased from 8% to 10.6%. At the same time, GDP 
measured in USD increased by almost $25 billion (more than 21% over the 
previous year). This was the result of, among other things, 17% appreciation of the 
Slovak koruna against the USD. In addition, there was an inflow of cross-border 
capital in 2008. In the Czech Republic there were capital inflows and the 
appreciation of the Czech koruna at 13%. The result was a one-time increase in 
GDP of about $35-40 billion (16% of the GDP of the country in the relevant year 
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and 25% y/y). But at the same time, DV became statistically insignificant. Related 
to this was the fact that after 2008, the average level of GDP in the Czech Republic 
was 16% lower than GDP in 2008. Hence, the Czech Republic benefited from EU 
financing in 2008-2015 only in 2008; while in subsequent years this financing was 
“cancelled out” by the negative effects of the crisis and its consequences until at 
least 2015. In turn, the rapid growth of Hungarian net exports to $10 billion in 
2013 as a result, inter alia, of the depreciation of the forint in respect to the USD 
by 25% caused (according to Model (1b)), one-time sharp increase in GDP equal to 
$13 billion (9.6% of the GDP in the relevant year). By contrast, in Poland the 
unusual situations were only in relation to the other three countries. In 1999-2000, 
GDP was decreased by more than $100 billion USD (29% against its average 
theoretical level in 1999-2000) as a result of the so-called cooling down of the 
business cycle. On the other hand, in 2013-2015 there was an average increase of 
GDP just over 200 billion (13% of its average theoretical GDP level over the 2013-
2015 period). This was due to the acceleration of investments financed from EU 
funds. 

Summing up, we detected strong linear relations between the GDP and the time 
trend, the CCA balance, the USD exchange rate, the business cycle and inflows of 
EU funds in all V4 in 1994-2015. These results, although quite heterogeneous 
throughout the analysed countries, are consistent with the economic theory. 

6.2. Power models 

Estimates of all the constants and structural parameters as implied by the 
variable t are statistically very significant (see columns 2, 4, 6, 8, 10, 12 and 14 in 
rows 2-6 in Table 3). Their values have no straightforward economic interpretation. 

Both economically and statistically relevant are only the estimates for the 
negative CCA balance in the panel model and both models for Hungary. Reduction 
by 1% of the  CCA deficit in the countries in question in the analysed years, ceteris 

paribus, resulted in, on average, reduction of GDP in these countries in those years 
by about 0.05% (from 0.035% to 0.075% in Hungary). In addition, statistically 
relevant are estimators standing by the positive CCA balances in models for 
Hungary, Poland and (almost) the Czech Republic. Their absolute values are 
similar to those discussed above (0.06 in case of Hungary and 0.038 and 0.033 for 
the Czech Republic and Poland, respectively) but their algebraic signs are 
inconsistent with theory. The causes of such results can be: a very small number of 
observations and, perhaps, inappropriate estimation method. However, the 
introduction of Z+ in the models for the Czech Republic and Hungary resulted in a 
significant decrease in statistical significance of the CCA+. To sum up, according 
to the power models, statistically and economically significant influence on the 
GDP had a negative CCA balance in Hungary and in the panel. None of the two 
variables describing the CCA balance had significant statistically and economically 
impact on GDP in the Czech Republic and Slovakia while in Poland the positive 
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CCA balance had relevant statistically but irrelevant economically impact on the 
GDP.  

In line with expectations and statistically very significant are all the estimates 
standing by the exchange rates. At the same time we see clearly their similarity in 
countries that have not the common currency (cf. row 9 in Table 3). The growth of 
USD of exchange rate by 1%, ceteris paribus, resulted, on average, in a decline in 
GDP of the Czech Republic by almost 1.3%, Poland - by slightly over 1%, and 
Hungary - by about 1.2%. Clearly higher was the exchange rate elasticity of GDP 
in Slovakia (1.9%). This is due to the Mundell-Fleming trilemma [29; 37]. The 
member country of the EMU has no independence in shaping the exchange rate 
and with the free movement of capital has no freedom in shaping its monetary 
policy. The relevant estimate in panel model (-0.8) is difficult to the economic 
interpretation because of diversity of levels of the USD exchange rates in national 
currencies. 

DV is statistically significant in three power models: panel and for Poland and 
Slovakia. In Poland, the GDP in the period 2008-2015, ceteris paribus, was higher 
than the respective theoretical values, on average, e0,1524 = 1.16 times, and in 
Slovakia: e0,2453 = 1.28 times (higher by 16% and 28%, respectively). These results 
correspond largely to the results obtained on the basis of both linear models (10.0% 
and 30.6%, respectively). However the result for the entire analysed group: e0,2825 = 
1.33 times (higher by 33%) seems incredibly high. In addition, ceteris paribus, 
Slovakia’s GDP in 1994 and 2007 was higher than the corresponding theoretical 
values by 64% (e0.4939 = 1.64) and 48% (e0.3895 = 1.48), respectively and in 1999 
and 2001 was lower, on average, by 28% (e-0.3243 = 0.72). Problem Y2K and events 
related to the crisis of the dot-com boom may be the justification of the decline. On 
the other hand beginning of the adjustment of the economy for membership in the 
EMU could result in 2007 increase. In turn, GDP of the Czech Republic in 1994 
was higher than the respective theoretical value (basing on panel model) by 48% 
(e0.3895 = 1.48) and, on average, in 1994 and 2015 was higher (on the basis of the 
model for this country) by 12% (e0.1097 = 1.35). In addition, the Hungary’s GDP in 
1994 was larger than the corresponding theoretical value by 35% (e 0.3025 = 1.35).  
Interesting that in all the models the unusual results have been recorded for the first 
year of the survey (1994). 

7. Conclusions and final remarks  

Relations between GDP and the CAA balance have been examined from the 
time of Hume. Recently they have become of particular interest in connection with 
the financial crisis of the 90. of the last century. Currently they are of even greater 
concern of politicians (governments) and practitioners (investment banks, etc.) 
because of threats of the crises related to the external imbalances of economies.  
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Also economic analysts have carried out a large number of empirical studies 
of these relationships. Results of these studies, in general, confirm the existence of 
negative relation between the CCA balance and GDP. 

The results of our investigations for V4 in 1994-2015 are more or less in line 
with them. Nevertheless further investigations of these relationships are required. 
In particular, dependencies between the CCA balance and GDP in terms of VAR 
models as well as between the components of the CCA balance and GDP should be 
analysed with the help of both linear models and nonlinear ones.   
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Table 3. Estimation results of Model (2) 

Source: Authors’ calculations based on data published by IMF and OECD

Description 
Panel CZ1 CZ2 HU1 HU2 PL SK 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

  1 bj  / t Stat bj t Stat bj t Stat bj t Stat bj t Stat bj t Stat bj t Stat bj t Stat 

  2 CZ 6.1239 26.6 8.1130 52.59 7.9984 76.53         

  3 HU 7.5411 19.7 9.2030 28.18 8.7137 42.15     

  4 PL 5.2965 56.6 5.4698 96.99   

  5 SK 2.3979 42.8 1.9483 23.74 

  6 ln t 0.5073 20.0 0.3609 26.29 0.3827 42.70 0.7307 29.09 0.7923 65.53 0.6004 34.22 0.6230 16.19 

  7 ln RBK− 0.0480 2.9 0.0738 3.34 0.0352 4.26 

  8 ln RBK+ 0.0374 1.84 0.0595 2.21 0.0330 2.69 

  9 ln � −0.8203 −11.2 −1.2901 −30.76 −1.2706 −44.88 −1.2164 −18.31 −1.1397 −27.96 −1.0403 −18.39 −1.9026 −12.42 

10 ZS 0.2825 6.3      0.1524 5.19 0.2453 4.18 

11 
Z−

−0.3243 −3.5         

12 SK: 1999; 2001  

13 
Z+

0.3895 4.4 0.1097 5.41   0.3025 6.91   0.4939 4.42 

14 CZ: 1994; SK: 2007  CZ: 1994; 2015  HU: 1994  SK: 1994 

15 R2 / R2
sk 0.999 0.987 0.996 0.995 0.998 0.998 0.990 0.987 0.996 0.996 0.996 0.995 0.989 0.987 
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In the paper some issues connected with indexing documents in the Polish 
language are discussed. Algorithms for stemming and part of speech tagging, 
important in the process of text analysis and indexing are shortly described. Next 
their suitability to the Polish language, which has a very extensive inflection, is 
discussed. The usefulness for stemming and part of speech tagging of large 
dictionaries with inflected forms, like WordNet and open-source dictionary of Polish 
language is also described. Two dictionary structures enabling effective word 
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1. Introduction 

Natural language processing is one of the oldest subjects of computer science. 
The language in the written form saved as a digital document is a good material for 
automatic text processing. One of the tasks of automatic text processing is indexing 
of documents. Growing data resources, particularly on the Internet, resulted that 
need for automatic indexing has grown. Indexation process is the first stage of the 
search support in a given context and is the basis of information retrieval. The main 
goal of an information retrieval system can thus be defined as "finding material 
(usually documents) that satisfies an information need from within large collections 
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(usually stored on computers)" [1]. After indexing Information Retrieval Systems 
can select and rank documents according to users’ queries. To start the text analysis 
some initial processing is necessary. Inflexion and various forms of words are the 
first problem that must be defeated. The main issue related to indexing is to reduce 
inflectional and sometimes derivationally related forms of a word to a common 
base form. It can be solved with stemming the most important technique used in 
this case. There are many stemming algorithms available, best known: the Lovins 
stemmer [2], Paice/Husk stemmer [3] and the Porter stemmer [4, 5]. The literature 
review about stemming can be found in the second chapter of work [1]. Most of the 
stemming methods are good in the English language. There were also attempting to 
adapt these methods to the East European languages [6] or Polish language [7]. 
Another important issue during indexing is to identify the part of speech. Part of 
speech tagging is the process of classifying word in a text as corresponding to a 
particular part of speech nouns, verbs, etc. Issues connected with this technique are 
described in [8]. Nowadays in English texts part of speech tagging is fairly accurate 
[9], many English language taggers are listed at [10]. Some methods were imple-
mented for the Polish language [11]. 

To simplify stemming and part of speech tagging processes, we can use large 
dictionaries. In the English language such frequently used dictionary is WordNet 
[12]. WordNet is a large lexical database of English. Nouns, verbs, adjectives and 
adverbs are grouped into sets of cognitive synonyms (synsets), each expressing a 
distinct concept. The synsets are interlinked by means of conceptual-semantic and 
lexical relations. The easiest way to stem by brute force, is to use a dictionary, like 
WordNet, which lists all words together with their stems [13]. WordNet is useful 
for part-of-speech tagging but one problem appears. In English a large percentage 
of word-forms are ambiguous. For example if we have sentences “plants need 
light” and “he plants flowers” we have to recognize is “plants” noun or verb? This 
means that in addition to the data from the WordNet it is necessary to take account 
of the context. 

2. Dictionary structure for effective word search 

In languages which have a very extensive inflection, stemming is not an easy 
task. The Polish language is one of them. In this language, the following parts of 
speech inflect: verbs, nouns, numerals, adjectives, and pronouns. The number of 
forms is also very large. Some verbs have about a hundred different inflectional 
forms [14] created on the basis of the infinitive. In the paper design of a dictionary 
structure to store words and their inflected forms is presented, and examining its 
search efficiency is discussed. This structure is part of a larger system for the au-
tomatic indexing system for agricultural texts in Polish on the semantic described 
in [15-17]. In the system, indexer works in two steps. During the first step, a vector 
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of words in the base form with the part of speech tags is prepared. In the second 
step semantic tagging according to AGROVOC [18]. AGROVOC is a thesaurus in 
SKOS format, covering food, nutrition, agriculture, fisheries, forestry, environment 
and other areas of interest of the Food and Agriculture Organization of the United 
Nations. It consists of over 32,000 concepts connected with semantic relations and 
is available in 27 languages, among them is Polish.  The process of semantic tag-
ging was described in [17]. In this paper we concentrate on the first step i.e. prepar-
ing vector of words in the base form, using the prepared dictionary structure.   

In the beginning, it was necessary to choose the appropriate source dictionary. 
WordNet was originally prepared for the English language. Currently different ver-
sions of WordNet in several languages were created. Among them Polish version, 
called plWordNet, was developed at Wrocław University of Technology [19]. 
However, we had not the appropriate tools that enable easy integration plWordNet 
with our system. Finally it was decided that indexing system in Polish will be 
based on the database of words with inflected forms from an open-source diction-
ary of Polish language [14]. This dictionary is an open project licensed under the 
GPL and CC SA. It is continuously updated and contains more than 200000 rec-
ords. Moreover it is possible to download the text file with one of the several types 
the of dictionary, such as a spelling dictionary or inflection dictionary. In our pro-
ject we decided to use a text file with inflection dictionary to create a structure con-
taining the whole inflection dictionary together with part of speech tags.  

The text file with inflection dictionary consists of lines in the form: base form, 
a list of inflected forms, for example for potato we have: “ziemniak, ziemniaka, 
ziemniakach, ziemniakami, ziemniaki, ziemniakiem, ziemniakom, ziemniakowi, 
ziemniaków, ziemniaku”. The method for preparing dictionary structure in memory 
is following. The entire dictionary after loading is stored as an array of auxiliary 
structures defined as { String baseForm; int numberOfForms; int grammaticalCat-
egory;  String[] inflectionForms; }. The fields for base form, a number of forms 
and inflection forms table are filled immediately. The inflection dictionary contains 
only words. It does not have special tag for the parts of speech. To recognize parts 
of speech, a special algorithm is applied as described in [15]. After that, the array 
of auxiliary structures for all base forms is ready to use. To allow faster searching 
of words there are prepared the additional array of pairs, word and index of its base 
form in the array of auxiliary structures, for all words. This is obviously redundan-
cy, each word is stored twice, in the inflectionForms array and array of pairs, but 
this allows speed searching. The array of pairs has near four million records and is 
sorted to allow the binary search. So prepared dictionary structure allows efficient 
construction of vector of words in the base form with the part of speech tags of the 
corresponding text. Each word from the analyzed text is searched (binary search) in 
the array of pairs and then the index of the base form is found, and word is being 
replaced by its base form. Of course some kinds of words, which are used only for 
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the building of sentence, have to be ignored. These mentioned words are conjunc-
tions, particles, pronouns or prepositions. This causes a reduction in the size of the 
vector of words corresponding to the analyzed text. If in the analyzed text appears 
an unknown word, i.e. not present in the dictionary, it is added to the dictionary 
and remains in the resulting vector of words. Grammatical form in this case may 
not be specified. Such a situation in the texts in the Polish language appears when 
we have the words in a foreign language. Generally, these are the Latin, English or 
other language names, for example, species of plants, animals or chemical com-
pounds, like Latin zea for maize (kukurydza in Polish). The resulting vector is in 
the second step of the algorithm indexed according to terms from AGROVOC. 

3. Dictionary structure based on a trie 

A subsequent search of words in a sorted array containing almost four million 
items takes some time. Of course on modern computers, this is an acceptable time. 
However, an attempt was made to create a more efficient structure. The trie is a 
kind of search tree but unlike a binary search tree, no node in the tree stores the key 
associated with that node; instead, node stores only a part of key [20]. If a key is a 
string trie node stores typically only one character. It is easy to see that all the de-
scendants of a node have a common prefix of the string associated with that node.  

Figure 1. Words with the common prefix in trie 

In the Figure 1 trie for words: z, zi�b, ziem, ziemi, ziemia, ziemi�, ziemniak, 
ziemniaka, ziemniaki, zim, and zima, is presented. Black node means the end of the 
word. We have to note that more readable would be the attachment of the labels 
with the characters to the edges. In this situation, we have to add an empty start 
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node and to the edge between it and the current node z assign label z. This does not 
change the general idea of the implementation of which will be described below. 

The dictionary structure has been modified using trie. The first part of imple-
mentation does not change; the array of auxiliary structures stayed the same. How-
ever, instead of the array of pairs, word and index of its base form in the array of 
auxiliary structures, special trie was constructed. We have to note that before enter-
ing to a trie all characters are converted to lowercase. In the inflection dictionary 
we have forty different characters, the Polish alphabet, space, hyphen, dot, apostro-
phe and é (in several borrowed phrases in French). We had to add to this set dollar 
sign, which overrides all other characters in addition to the listed. This is important 
during the searching process, if the analyzed text contains a word with another 
character, for example, the word in German like München, such character is re-
placed by $. Finally, character | was added as the end of word sign and together we 
have forty two characters: $, a, �, b, c, �, d, e, �, f, g, h, i, j, k, l, ł, m, n, �, o, ó, p, q, 
r, s, �, t, u, v, w, x, y, z, �, �,  , -, ., ', é, |. To speed up the search, huge array of 
blocks having a size forty two was created. Each block represents trie node. Index 
of a cell corresponds to one of the forty two characters (0 for $, 1, for a, etc.), value 
of a cell points to proper next block. Thanks to this solution, checking each charac-
ter takes constant time. In the Figure 2 sample block is presented, for simplicity, 
pointers to the next blocks are not typed. 

Figure 2. Sample block represents trie node 

Cell for the index of the end of the word is not empty. It should consist index 
of the basic form in the array of auxiliary structures. But in our trie a cell, indexed 
by ‘|’, contains an extra pointer, which indicates to a list of homonyms. This list 
consists of indexes of the basic forms in the array of auxiliary structures. Homo-
nyms are not too common in the Polish language but their distinction is necessary 
for the proper analysis of the text. For example word maj� in Polish language is 
inflected form from: mai� (adorn something green twigs and flowers), maja (spider 
crab), maja (in Indian philosophy: the illusion), Maja (feminine name), Maja (a 
member of a group of native American peoples speaking languages of the family 
may), Maja (river in Russia) and mie� (to have). Of course, in a vast number of 
cases, the list consists of one element. In the Figure 3 fragment of the trie for words 
zi�b and zima is presented. In this case both words refer to only one base form. For 
simplicity, nodes (blocks) were shortened.  As we said, the array is huge and con-
sists of 268775010 integer cells every of size 32 bits. It means that we have 
6399405 nodes in our trie (268775010 = 6399405*42). Our application for index-
ing was implemented in C# language and needs about 2 GB of RAM memory.  
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We have to note that a trie where each node is a separate array of size 42 required 
even more memory. 

Figure 3. Fragment of trie 

We have to note that a trie where each node is a separate array of size 42 re-
quired even more memory. Of course in many nodes the majority of the cells con-
tains a value of zero. However, adopted extensive solution allows for faster search-
ing of words. 
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4. Comparing effectiveness of dictionary structures

As we said the application was implemented in C#. For binary search standard 
Array.BinarySearch method was used. To compare the search results of two dic-
tionary structures we selected several publications from Agricultural Engineering 
Journal (In�ynieria Rolnicza - IR) the same that were used in the paper [17].  “Text 
A” is “Information system for acquiring data on geometry of agricultural products 
exemplified by a corn kernel” (Jerzy Weres: „Informatyczny system pozyskiwania 
danych o geometrii produktów rolniczych na przykładzie ziarniaka kukurydzy”. IR 
2010 Nr 7);   “Text B” is “Assessment of the operation quality of the corn cobs and 
seeds processing line” (Jerzy Bieniek, Jolanta Zawada, Franciszek Molendowski, 
Piotr Komarnicki, Krzysztof Kwietniak: „Ocena jako�ci pracy linii technolog-
icznejdo obróbki kolb i ziarna kukurydzy”. IR 2013 Nr 4); “Text C” is “Methodo-
logical aspects of measuring hardness of maize caryopsis” (Gabriel Czachor, Jerzy 
Bohdziewicz: „Metodologiczne aspekty pomiaru twardo�ci ziarniaka kukurydzy”. 
IR 2013 Nr 4); “Text D” is “Evaluation of results of irrigation applied to grain 
maze” (Stanisław Dudek, Jacek �arski: „Ocena efektów zastosowania nawadniania 
w uprawie kukurydzy na ziarno”. IR 2005 Nr 3);  “Text E” is “Extra corn grain 
shredding and particle breaking up as a method used to improve quality of cut 
green forage” (Aleksander Lisowski, Krzysztof Kostyra: „Dodatkowe rozdrabnian-
ie ziaren i rozrywanie cz�stek kukurydzy sposobem na poprawienie jako�ci 
poci�tej zielonki”. IR 2008 Nr 9); and  “Text F” is “ Comparative assessment of 
sugar corn grain acquisition for food purposes using cut off and threshing methods” 
(Mariusz Szymanek: „Ocena porównawcza pozyskiwania ziarna kukurydzy 
cukrowej na cele spo�ywcze metod� odcinania i omłotu”. IR 2009 Nr 8).   

Additionally, we have prepared two “artificial” texts. “Text X” contains two 
thousand times word contains, this word is not present in the dictionary. “Text Y” 
contains two thousand times word niewybielały, this word is exactly in the center 
of the array of pairs for first dictionary structure and should be immediately found 
by the binary search algorithm. “Text Z” contains two thousand times word 
niewybielałych, because this word is next to word niewybielały, binary search al-
gorithm should perform the maximum number of steps.

The results of the test are presented in Table 1 – Table 9, in the header of the 
table we put the number of words in the particular text. The measure is the number 
of processor ticks. Every test was taken three times for one loop, ten, and one hun-
dred loops. The reason is that .NET Just In Time compiler prepares methods before 
the first run, if we run method next time compiled method code is in memory. The 
result is a certain overhead during the first loop. One hundred loops better show 
aspect ratio between efforts in searching in every dictionary structure. For example 
in Table 1 we can see that overhead for trie search is about 2300 but search itself 
about 75.  For binary search overhead is about 4600 but search itself about 22511. 
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Table 1. Text A (1655 words) 
Number of loops Binary search Trie search 

1 27143 2451 
10 231255 3062 

100 2255729 9730 

Table 2. Text B (2622 words)
Number of loops Binary search Trie search 

1 43324 2834 
10 357828 3828 

100 3496724 14223 

Table 3. Text C (2286 words)
Number of loops Binary search Trie search 

1 34909 2631 
10 310671 3584 

100 2997137 12091 

Table 4. Text D (1429 words)
Number of loops Binary search Trie search 

1 22365 1688 
10 188085 2183 

100 1820936 7533 

Table 5. Text E (1618 words)
Number of loops Binary search Trie search 

1 27169 1993 
10 223974 2588 

100 2188365 9224 

Table 6. Text F (1963 words)
Number of loops Binary search Trie search 

1 30110 2328 
10 261135 3020 

100 2550236 11431 

Table 7. Text X (2000 words) 
Number of loops Binary search Trie search 

1 36035 239 
10 353907 955 

100 3534087 8011 



292 

Table 8. Text Y (2000 words)
Number of loops Binary search Trie search 

1 3273 324 
10 30857 1812 

100 314067 16244 

Table 9. Text Z (2000 words)
Number of loops Binary search Trie search 

1 42541 377 
10 414514 2113 

100 4147762 19061 

It can be noticed that trie search depends on the linear way on the length of 
searched word and is very fast. In particular, this can be seen by comparing the 
“Text Y” and “Text Z” the longer search is connected with fact that the word 
niewybielałych is two characters longer than niewybielały. We know that binary 
search depends logarithmically on dictionary size, but for particular text it depends 
on the position of searched word in the dictionary. Trie search generally for aver-
age text is 200 times faster than binary search. 

5. Conclusions and future work 

We examined two dictionary structures for text analysis in particular for in-
dexing text. Tests have shown that the structure based on the trie makes searching 
many times faster. Both compared dictionary structures doubled all words in the 
dictionary in order to ensure the effective search. However, the structure using trie 
extremely utilizes RAM memory. The reason is that the alphabet has as many as 40 
+ 2 characters, and consequently every node of trie requires an array of such size. 
Many cells in of such arrays are empty. In the future work, we should investigate 
the structure that compromises the advantages of both tested structures. 
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This work contains selected results of research on modelling identification of 
Polish Power Exchange (TGEE) on the example of the figures quoted on the Day 
Ahead Market (DAM) on TGEE in Poland. In order to obtain a model of the TGEE 
system on the beginning it was conducted to identify the figures for the period 
01.01.2013-31.12.2015 obtaining discrete parametric model arx in MATLAB and 
Simulink environments using System Identification Toolbox (SIT). The resultant 
model was converted to a continuous parametric model, and that one on a continu-
ous model in the state space. On the basis of obtained equations of state and outputs, 
there was interpreted a state variables and parameters of the selected model, i.e. se-
lected elements of the matrix A and matrix B. Research continues. 
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1. Introduction 

Models of state variables are used for many years, especially in technical sci-
ences and economics, especially in automation, robotics and electrical engineering. 
They were used at the various models and methods for the preparation of models of 
state variables depending on the object of research. One of the older and still cur-
rent position is work of S. H. �ak named “On state-space models for systems de-



295 

scribed by partial differential equations” [27], in which a comparative analysis was 
performed and proposed usage of partial differential equations in state variables 
models. 

Works of other authors [2, 10, 12-15] are related to systems and linear sys-
tems or brought to the linear systems modelled using equations of state and output 
for different specific situations. For example, in work entitled “A Self-Organizing 
State Space Type Microstructure Model for Financial Asset Allocation” [2] is 
shown self-assembled state space, which was used to model the allocation of finan-
cial assets. 

On the other hand, in [10, 12-15] there were shown typical modelling solu-
tions in state space using various methods of describing domain systems. An inter-
esting approach in this area was proposed by T. Kwater & P. Krutys in their work 
[5], which presented a proposal for a systematic division of the object for the pur-
pose of decentralization of the calculations, which is associated with the so-called. 
synthesis estimators and conducting a calculation of the last subsystem. 

Author of this article is also focused on usage of modelling in the state space, 
who has published, among others, work related to modelling of Polish Power Ex-
change (TGEE) [7-8, 16, 21] inspired by the work relating to, among others, use of 
modelling methods in the state space in the power and energy sector, including 
modelling power exchanges [17-20, 22-24]. 

This work is an attempt to continue the previously published works of author-
ship or co-related to the identification and parametric modelling in the state space 
of TGEE [7-8, 16, 21], in which it is shown, inter alia, that in order to perform 
system identification TGEE there were downloaded figures from the website Pow-
er Exchange related to the DAM for the period starting from 01.01.2013 until 
31.12.2015 and highlighting 24 input variables related to the total volume of deliv-
ered and sold electrical energy (ee) of all transactions on the trading session for a 
given hour of the day in different hours of the day [MWh] and a single-sized output 
on the resulting average volume weighted price ee of all transactions on the trading 
session for a given hour of the day [PLN / MWh] to give baseline for creating MI-
SO type models1 [1, 9, 25].  

Afterwards, there was performed identification modelling in order to receive 
discrete parameter TGEE system model for each hour of the day while adopting 
different accounting periods with the progress of one year or progression of one 
hour for all the input quantities and a single output.  

These models were converted to continuous parametric models, and there re-
sulting models were converted on a continuous state space using MATLAB and 
Simulink environments [3-4, 15-18, 21-24]. 

                                                 
1MISO – Multi Input Single Output.  
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2. Parametric model of TGEE system 

As a result of identification there was obtained a total of 35 models of devel-
opment, wherein detailed interpretation was delivered under the present study us-
ing 24 MISO type models. A total of 35 distinguished 6-month periods covering 
conventional 184 days each of them having progress of one month2. As a first of 
models, there was obtained parametric discrete linear type arx model (discrete-time 
arxp1441 model) 3, as for example p1 for the period lasting from 01 January 2013 
up to 30 March 2013 (�1 period) obtaining discrete parametric model arxp1441 in 
form of:   

),()()()()(
24

1
11 tetuzBtyzA i

i

i +⋅=⋅ �
=

                                                   (1) 

where:                                                                             
,09293,007714,02834,04456,01)( 4321

1
−−−− ⋅−⋅+⋅−⋅−= zzzzzA

,006013,00006017,00109,000546,0)( 4321
1

−−−− ⋅−⋅+⋅+⋅= zzzzzB

,01078,001305,00049,00049,0)( 4321
2

−−−− ⋅+⋅+⋅+⋅−= zzzzzB

.......,......................................................................
,002492,00001805,0006143,0003674,0)( 4321

24
−−−− ⋅−⋅+⋅−⋅−= zzzzzB

t – days, t=1-184,  

z – discrete time shift operator, 

i – hours of a day (0-1, 1-2, …, 23-24), i=1-24, 

                                                 
2 In the absence of suitable days in the months of the considered period, data was supplemented from a day of the 
previous period. 
3

It is estimate parameters of discrete arx model using least squares, where syntax is next: sys = arx(data,[na nb 
nk]), sys = arx(data,[na nb nk],Name,Value), sys = arx(data,[na nb nk],_,opt). arx does not support continuous-
time estimations. Use tfest instead.  
sys = arx(data,[na nb nk]) returns an ARX structure polynomial model, sys, with estimated parameters and covari-
ances (parameter uncertainties) using the least-squares method and specified orders. 
sys = arx(data,[na nb nk],Name,Value) estimates a polynomial model with additional options specified by one or 
more Name,Value pair arguments. 
sys = arx(data,[na nb nk],___,opt) specifies estimation options that configure the estimation objective, initial 
conditions and handle input/output data offsets. 
Data - Estimation data. Specify data as an iddata object, an frd object, or an idfrd frequency-response-data object. 
[na nb nk] - Polynomial orders. 
[na nb nk] define the polynomial orders of an ARX model, na — Order of the polynomial A(q).  
Specify na as an Ny-by-Ny matrix of nonnegative integers. Ny is the number of outputs, nb — Order of the poly-
nomial B(q) + 1, nb is an Ny-by-Nu matrix of nonnegative integers. Ny is the number of outputs and Nu is the 
number of inputs, nk — Input-output delay expressed as fixed leading zeros of the B polynomial.  
Specify nk as an Ny-by-Nu matrix of nonnegative integers. Ny is the number of outputs and Nu is the number of 
inputs. 
Estimation options, opt is an options set that specifies estimation options, including: input/output data offsets, 
output weight. Use arxOptions to create the options set. 



297 

ui(t) – i-th input of a model concerning a volume of electricity (ee) delivered 

and sold in i-th hour of a day [kWh], 

y1(t) – output of a model for the average price received in a volume of electrici-

ty (ee) sold in hour 0-1 of a day,  

e(t) – error of discrete model.     

The structure of obtained polynomials appears in works [6-7,16,21]. This was 
followed by the conversion of a linear discrete parametric model arx441 to a con-
tinuous parametric linear th model4 resulting tharxp1 model in form:  

),()()()()(
24

1
11 tetusBtysA i

i

i +⋅=⋅ �
=                                                 (2)

where: 
,432,403,2832,2267,14861,2)( 2345

1 +⋅+⋅+⋅+⋅+= sssssA

,1899,03446,01368,002865,002115,0)( 234
1 +⋅+⋅−⋅+⋅−= szzssB

,4137,0,05493,02267,005832,002829,0)( 234
2 +⋅−⋅+⋅−⋅= sssssB

.......,......................................................................
,2106,004904,01018,0006151,00108,0)( 234

24 −⋅−⋅−⋅+⋅−= sssssB

,36,1712,3802,3051,15532,3)( 2345 +⋅+⋅+⋅+⋅+= ssssssC      
  

t – days, t=1-184,  

z – continue time shift operator, 

i – hours of a day (0-1, 1-2, …, 23-24), i=1-24, 

ui(t) – i-th input of a model concerning a volume of electricity (ee) delivered 

and sold in i-th hour of a day [kWh], 

y1(t) – output of a model for the average price received in a volume of electrici-

ty (ee) sold in hour 0-1 of a day,  

e(t) – error of continue model. 

                                                 
4 d2c - Convert discrete-time LTI models to continuous time. Syntax:  sysc = d2c(sysd), sysc = d2c(sysd,method) 
Description. d2c converts LTI models from discrete to continuous time using one of the following conversion 
methods: 'zoh'.Zero-order hold on the inputs. The control inputs are assumed piecewise constant over the sampling 
period, 'tustin'Bilinear (Tustin) approximation to the derivative, 'prewarp'. Tustin approximation with frequency 
prewarping, 'matched' - Matched pole-zero method of [1] (for SISO systems only). The string method specifies the 
conversion method. If method is omitted then zero-order hold ('zoh') is assumed. See "Continuous/Discrete Con-
versions of LTI Models" for more details on the conversion methods.
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3. Model of TGEE system in state space 

Subsequently, continuous parametric model tharxp1 was converted to continu-
ous linear model in states space ss, obtaining eventually matrixes in states space in 
following form as i.e. for period p1 (matrixes are described in details in section 4): 
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0054,00024,00018,00064,00023,00097,00118,00021,00024,00031,00045,00101,0

0008,00032,00008,00083,00013,00036,00071,00048,00023,00007,00035,00118,0

0032,00028,00008,00011,00024,00050,00037,00006,00034,00005,00030,00027,0

0015,00077,00042,00128,00051,00031,00100,00094,00013,00001,00089,00099,0

0132,00139,00041,00043,00184,00196,00068,00083,00219,00176,00049,00266,0

...

...

0037,0236,00139,00026,00053,00034,00019,00020,00177,00316,00141,00106,0

0063,00016,00010,00019,00045,00007,00012,00003,00055,00136,00073,00036,0

0002,00134,00079,00021,00016,00017,00001,00010,00079,00149,00071,00043,0

0012,00056,00089,00122,00021,00037,00103,00099,00020,00139,00172,00108,0

0159,00218,00108,00133,00091,00001,00039,00146,00134,00480,00259,00119,0

1p )B(

[ ],20000)1( =pC

.0)1( =pD

and thereby into continuous model in the states space form: 

�

(4)�



299 

�

�

where: 
x1(t) - the state variable x1 as the power resulting from the delivered and sold ee 

in 0-1 hours, while interpreting the element a11 as the frequency of its changes in 

the date of sale [1 / day], 

x2(t), x3(t) -  state variables respectively expressing the electricity sold per day, 

x4(t) - the electricity supplied to the power exchange and sold during the period 

of measurement, 

x5 (t) - the power resulting from the delivered and sold ee in 0-1 hours, while 

interpreting the element a11 as the frequency of its changes in the date of sale [1 / 

day].

On the basis of the state variable x5 (t) and using the equation for determining 
the state variable x1 (4) it is possible to interpret the state variable x1 as the power 
resulting from the delivered and sold ee in 0-1 hours, while interpreting the element 
a11 as the frequency of its changes in the date of sale [1 / day]. 

Further, on the basis of the state variable x1(t) and using the equation for 
definition of state variable x2(t) and the state variable x3(t) it is possible to interpret 
them as state variables respectively expressing the electricity sold per day. Finally, 
the interpretation of the state variable x4(t) results from the interpretation of the 
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state variable x3(t) as well as from the equation for the determination of the fourth 
state variable and can be interpreted as the electricity supplied to the power 
exchange and sold during the period of measurement, which is stated as 184 days 
[8, 16 ]. 

4. Interpretation of selected results 

Based on control and systems theory, matrix A corresponding to the degree of 
internal organization of the TGEE system binds state vector with the derivative of 
the state vector [4, 20]. Based on equations of state (4) and resulting therefrom 
block diagram shown on Fig. 1, it can be seen, inter alia, that derivatives of all state 
variables are dependant of state variable x5, also derivative of the state variable x2

and derivative of the state variable x3 are dependant of state variable x1 and deriva-
tive of the state variable x4 is dependant of state variable x3 and derivative of the 
state variable x5 is dependant of state variable x4. 

Based on control and systems theory, it can be also noticed that, matrix B cor-
responding to the level of control demonstrates the effect of all input variables for 
all state variables, wherein the effect is of some size and negative input from others 
positive. 

Due to the fact that the matrix C has only one nonzero component (fifth one), 
thus the output equation is of the form: 

).(2)( 5 txty ⋅=                                                      (5)  

Analysing a change trends of matrix A, B, C and D dimensions can be con-
cluded that during the examined period there were structural changes and change 
trends of values of their elements can be concluded, that there occurred parametric 
changes, hence the important issue is to obtain a catalogue of models of state vari-
ables for defined periods of time, for example with one year progresses. Resulting 
matrix A occurring in the individual stages of development is presented in Table I, 
and the matrix B in Table II. 

Changes of values for element a11 in 24 periods of TGEE system develop-
ment are shown on Fig. 2, wherein it can be noticed, inter alia, that there were 
changes in the above mentioned periodical matrix elements of internal organization 
of the process (matrix A) around value 0,35000, where minimum value of it oc-
curred in eight period of development (01.08.2013-31.01.2014) and was 0,1250 
and maximum value did not exceed 0,50000, a21 element of the matrix A expresses 
the impact strength of a state variable x1 on the derivative of the state variable x2.  

Moreover, on Fig. 3 shows a changes od periodical values of a15 element in 24 
periods of TGEE system development around value -0,25, wherein minimum value 
of element a15 was achieved in periods 1 and 16, while maximum value of this 
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element was achieved in periods: 8, 12-13 and 19-22, where this maximum value 
was respectively: 0,19 and zero, and on Fig. 4 are shown interesting changes of a55

element in 24 periods of TGEE system development around value equalled -3,0. It 
can be noticed that this element never had positive values, while maximum value 
was zero in periods of 12-13 and 19-22, while minimum value in periods 5-6 and 
13-14.  

Table 1. Summary of selected elements values of the matrix A corresponding to the degree 
of internal organization of TGEE 

Source: Own elaboration in MATLAB and Simulink environments [3]

Description of the 
model 

Values of selected elements of the matrix A 

� period a21 a32 a43 a54 a15/a14 a25/a24 a35/a34 a45/a44 a55

p1 01.01.2013-30.06.2013 0,5000 1,000 4,000 4,000 -0,5540 -1,3873 -1,7521 -3,6676 -2,8676

p2 01.02.2013-31.07.2013 0,5000 2,000 2,000 8,000 -0,2797 -1,0252 -1,4958 -2,0157 -3,2727

p3 01.03.2013-31.08.2013 0.2500         2.0000         2.0000         8.0000   -0.2448   -1.0996        -1.5389       -2.1386     -3.5517

p4 01.04.2013-30.09.2013 0.5000         2.0000         2.0000         4.0000   -0.3395 -2.0844 -2.1985 -4.0978 -3.3050

p5 01.05.2013-31.10.2013 0.5000         2.0000         2.0000         4.0000   -0.3468 -2.1622 -2.2256 -4.2055 -3.5186

p6 01.06.2013-30.11.2013 0.5000         2.0000         0.2000         8.0000 -0.2911 -1.1024 -1.4506 -2.2901 -4.1016

p7 01.07.2013-31.12.2013 0.2500         2.5000         2.0000         4.0000   -0.4140 - 1.2566 -1.9227 -3.3819 -2.3759

p8 01.08.2013-31.01.2014 0.1250         2.0000 2.0000 4.0000 0.1846 -1.4084 -0.9899 -3.2601 -1.6988

p9 01.09.2013-28.02.2014 0.2500 2.0000 2.0000 4.0000 -0.3694 -1.6132 -1.1822 -3.3317 -1.6709

p10 01.10.2013-31.03.2014 0.2500 2.0000 2.0000 4.0000 -0.3163 -1.3743 -1.0224 -3.1449 -1.2903

p11 01.11.2013-30.04.2014 0.5000 2.0000 2.0000 4.0000 -0.4147 -2.2887 -2.1859 -3.8134 -2.4452

p12 01.12.2013-31.05.2014 0,2500 2.0000 4.0000 0.0000 -0.3860 -1.3351 -1.8590 -2.5671 0.0000 

p13 01.01.2014-30.06.2014 0.5000 2.0000 4.0000 0.0000 -0.2430 -1.8984 -2.1113 -3.8843 0.0000 

p14 01.02.2014-31.07.2014 0.5000 2.0000 4.0000 8.0000 -0.3852 -1.4672 -1.9734 -4.2235 -7.5991

p15 01.03.2014-31.08.2014 0.5000 2.0000 2.0000 8.0000 -0.3851 -1.5451 -2.5042 -2.7603 -5.0615

p16 01.04.2014-30.09.2014 0.2500 2.0000 2.0000 8.0000 -0.5057 -1.4762 -2.2659 -2.5861 -4.6380

p17 01.05.2014-31.10.2014 0.2500 2.0000 4.0000 4.0000 -0.3099 -0.9250 -1.3556 -3.9836 -3.2402

p18 01.06.2014-30.11.2014 0.2500 2.0000 2.0000 4.0000 -0.2378 -1.8966 -2.1137 -3.8883 -2.9390

p19 01.07.2014-31.12.2014 0.5000 2.0000 4.0000 0.0000 -0.2747 -0.7153 -1.4383 -2.3307 0.0000 

P20 01.08.2014-31.01.2015 0.2500 2.0000 4.0000 0.0000 -0.3392 -0.8070 -1.4815 -2.3178 0.0000 

P21 01.09.2014-28.02.2015 0.5000 1.0000 4.0000 0.0000 -0.3268 -1.2904 -1.4913 -1.934200   0.0000 

P22 01.10.2014-31.03.2015 0.5000 2.0000 4.0000 0.0000 -0.3948 -0.8319 -1.7686 -2.6376 0.0000 

P23 01.11.2014-30.04.2015 0.2500 2.0000 2.0000 4.0000 -0.2414 -1.8164 -2.0733 -3.9265 -3.1011

P24 01.12.2014-31.05.2015 0.5000 2.0000 2.0000 8.0000 -0.3131 -1.2087 -1.6871 -2.3750 -4.2163
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Figure 1. Block diagram of system state variables TGEE model for 24 input variables  
related to the volume of electricity sold in the specific hours of the day with medium price 

of electricity generated in an hour 0-1 for periods of measurement pi, where i = 1 − n

Source: Own elaboration in Simulink [3] 
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Table 2. Summary of selected elements values of the matrix B corresponding to the TGEE 
control level 

Description of the model Values of selected elements of the matrix B

� period b21 b32 b43 b54 b15

p1 01.01.2013-30.06.2013 -0,0810 -0,0004 0,0130 0,0095 0,0007

p2 01.02.2013-31.07.2013 0,0003 -0,0007 0,0164 0,0902 0,0015

p3 01.03.2013-31.08.2013 0,0004 -0,0009 0,0039 0,0392 -0,0068

p4 01.04.2013-30.09.2013 -0,0058 0,0001 0,0022 0,0211 0,0098

p5 01.05.2013-31.10.2013 -0,0056 -0,0021 -0,0003 0,0098 0,0272

p6 01.06.2013-30.11.2013 -0,0087 -0,0053 -0,0044 0,0387 0,0118

p7 01.07.2013-31.12.2013 -0,0004 0,0004 0,0047 0,0075 0,0692

p8 01.08.2013-31.01.2014 0,0082 0,0290 0,0211 0,0378 0,0106

p9 01.09.2013-28.02.2014 0,0331 0,0544 0,0278 0,0850 -0,0151

p10 01.10.2013-31.03.2014 0,0180 0,0569 0,0138 0,0719 -0,0347

p11 01.11.2013-30.04.2014 -0,0007 0,0092 0,0056 -0,0122 0,0173

p12 01.12.2013-31.05.2014 0,0016 0,0200 0,5340 0,0000 0,0180

p13 01.01.2014-30.06.2014 -0,0020 0,0192 0,0007 0.0000 0,0164

p14 01.02.2014-31.07.2014 0,0063 0,0146 -0,0221 0,0482 -0,0200

p15 01.03.2014-31.08.2014 0,0007 0,0088 0,0108 0,0525 -0,0614

p16 01.04.2014-30.09.2014 -0,0043 0,0051 -0,0006 0,0124 0,0011

p17 01.05.2014-31.10.2014 -0,0040 0,0174 0,0033 0,0368 -0,0343

p18 01.06.2014-30.11.2014 -0,0107 0,0081 -0,0038 0,0015 -0,0711

p19 01.07.2014-31.12.2014 -0,0205 -0,0140 -0,0406 0,0000 0,0149

P20 01.08.2014-31.01.2015 -0,0105 -0,0163 -0,0764 0,0000 0,0185

P21 01.09.2014-28.02.2015 -0,0164 -0,0237 -0,0592 0,0000 0,0202

P22 01.10.2014-31.03.2015 0,0075 -0,0061 0,0173 0,0000 0,0428

P23 01.11.2014-30.04.2015 -0,0078 0,0033 -0,0069 0,0183 0,0037

P24 01.12.2014-31.05.2015 -0,0003 0,0286 -0,0157 0,0590 0,0501

Source: Own elaboration in MATLAB and Simulink environments using SIT [3] 
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Figure 2. Changes of a21 element of A matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of a21 element of A matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 

Figure 3. Changes of a15 element of A matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of a15 element of A matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 

Figure 4. Changes of a55 element of A matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of a55 element of A matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 
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Figure 5.. Changes of b21 element of B matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of b21 element of B matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 

Figure 6. Changes of b54 element of B matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of b54 element of B matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 

Figure 7. Changes of b15 element of B matrix in 24 periods of TGEE development.  
Symbols: X axis – long time, Y axis – changes of b15 element of B matrix 

Source: Own elaboration in MATLAB and Simulink environments using SIT 

Individual elements of the matrix A and B can be given a specific 
interpretation that results from the interpretation of the state variables, while 
interpretation of state variables is convenient to start from the equation output (5) 
[19]. Variable output in this is an average price obtained from the sale of electricity 
in hours 0-1 in conventional 182 days resulting from the identification period of 
model [PLN / MWh], and then, assuming that element c11 of matrix C is expressed 
in units of [PLN / MWh2], then the state variable x5(t) can be interpreted as 
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electricity energy delivered and sold at TGEE during 0-1 hour in relevant period of 
trading on the DAM [MWh]. The elements of the matrix A in Fig. 2 - a21, Fig. 3 - 
a15, on fig. 3 - a55 take constant values for some models in subsequent periods 
measured for this reason that the relationship between a derivative of one variable 
state and another state variable respectively have not changed, which means that 
during this period there has been no corresponding change in the system of internal 
organization DAM, which requires in-depth study of structural-parametric, eg. 
using root lines Evans.  

On the basis of the state variable x5 (t) and using the equation for determining 
the state variable x1 (4) it is possible to interpret the state variable x1 as the power 
resulting from the delivered and sold ee in 0-1 hours, while interpreting the element 
a11 as the frequency of its changes in the date of sale [1 / day]. 

Further, on the basis of the state variable x1(t) and using the equation for 
definition of state variable x2(t) and the state variable x3(t) it is possible to interpret 
them as state variables respectively expressing the electricity sold per day. Finally, 
the interpretation of the state variable x4(t) results from the interpretation of the 
state variable x3(t) as well as from the equation for the determination of the fourth 
state variable and can be interpreted as the electricity supplied to the power 
exchange and sold during the period of measurement, which is stated as 184 days 
[8, 16 ]. 

5. Conclusions And Future Research 

It is possible to receive a real system model as an equivalent block diagram of 
TGEE in the process of parametric identification using figures quoted on the DAM 
TGEE. In the process of stepping identification it was obtained 35 types of para-
metric discrete linear TGEE models which were further converted to 35 parametric 
continuous models and afterwards to 35 continuous models in state space. 

For the 24 models, there were examined changes of all non-zero elements of 
the matrix A and selected five elements of the matrix B noticing interesting regu-
larities of TGEE development. We found further that based on the received models 
it is possible to interpret the test results, including state variables and parameters - 
elements of the matrix A and matrix B, not to mention the possibility of carrying 
out extensive research using methods of economic analysis are described, among 
others, at J. Paska work “Ekonomika w elektroenergetyce” [11], or system analysis 
described at works of J. Tchórzewski [18-20] taking into account the risk manage-
ment strategy for the power exchange [26]. Research continues. 
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In the paper the benefits of the use of cloud computing are presented. It concerns 
the development of the cloud technology. With developing of the cloud computing 
tools, it is observed the big transformation in IT industry. Cloud computing has big 
impact also on economic side of the society. It is not possible to imagine the future 
development of the company and the whole economy without taking into considera-
tion the benefits of cloud computing. The article is a source of knowledge for com-
parison with our own research on the benefits of cloud computing, but those results 
will be shown in the future articles. 
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1. Introduction 

Nowadays every single entity is looking for the way to decrease its expenses. 
The main aim of inventing the cloud computing was not just to improve the infor-
mation technology in purpose to make the process faster and less complicated, but 
to get economic value of using the cloud. Decreasing of time consuming (which is 
also connected with economic benefit, as it is known that the time is money), de-
creasing the money spent on IT support and so on made the cloud computing the 
part of economic science which is called Economics of Information. 

Among the main specialists, who worked on problem of the use of infor-
mation and its role in economy it should be highlighted the following scientists [2]: 
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• Kenneth J. Arrow, who pointed in his research the problem of asymmetric 
information as a result of unequal access to information of economic enti-
ties, what has negative influence on economy. 

• William S. Vickey, who got Nobel Prize for research on allocation of re-
sources in conditions of asymmetric information; 

• George A. Akerlof, Andrew Michael Spence, Joseph Stiglitz, who got No-
bel prize for research on asymmetric information; 

• and there are plenty others, who made big contribution into Information 
Economic Science. 

Among other research papers related to the use of information systems in 
economy, it should be pointed the work “Digital Depression”, written by Dan 
Schiller. This book is about influence of information technology on economic cri-
sis. Author showed the role of digital technology for global economy, financial and 
production networks etc. [4]. 

It should be mentioned the book written by Joe Weinman titled “Cloudonom-
ics: The Business Value of Cloud Computing” among the literature about cloud 
computing. There is possible to find one of the best definition of business value of 
cloud computing,. The author defined the term Cloudonomics as short abbreviature 
of Economics of Cloud Computing. In the book, there are presented many aspects 
of cloud computing such as: its precise definition, role of cloud in economies of 
scale, competitive advantage and customer value, the advantages of cloud etc. [5]. 

The current development of cloud computing, different published forecasts, as 
well many initiatives taken by international organizations and the governments of 
many countries in the world, shows the rapid development of solutions based on 
this computing model in the coming years of XXI century. 

2. Definition of the cloud computing and its benefits in company management 

The first draft of the cloud computing definition was created by The National 
Institute of Standards and Technology of the United States Department of Com-
merce in November 2009. "They went through many versions while vetting it with 
government and industry before they had a stable one." That first version was post-
ed to the NIST cloud computing website in July 2009. In January 2011 that version 
was published for public comment as public draft SP 800-145. The definition pre-
sented by The National Institute of Standards and Technology of the United States 
Department of Commerce tells that  the cloud computing it is:  

"model which allows versatile, convenient, on-demand network access to a 
shared pool of configurable computing resources (like the network, servers, stor-
age, applications and services) that can quickly provide and share with minimal 
effort management or with minimal interaction with the service providers” [12].  
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The NIST definition lists five essential characteristics of cloud computing:  
• on-demand self-service,  
• broad network access,  
• resource pooling,  
• rapid elasticity or expansion, and  
• measured service.  

It also lists three "service models" 
• software,  
• platform and  
• infrastructure),  

Some "deployment models"  like private, public and hybrid categorize ways to 
deliver cloud services to stakeholders [12]. 

Cloud computing connecting technology, service and application into self-
service tools, which are accessible by Internet. The main types include clouds pub-
lic, private and hybrid; the most important services offered by such clouds are 
Software as a Service (SaaS), Platform as a Service (PaaS) and Infrastructure as a 
Service (IaaS). These cloud services can be provided with data centers located 
anywhere in the world, which has important economic as well political conse-
quences. Those three types of cloud computing base on its location [11]: 

• Public Cloud: located outside of entity (the user of cloud). The user has 
limited access to cloud infrastructure. Working in this cloud does not re-
quire the special equipment, apart Internet access. It is very convenient for 
those, who is looking for fast and cheap access to data; 

• Private Cloud: is opposite to the public cloud. The purpose of use of such 
cloud is working in the cloud inside one organization with many users. 
Such type of cloud computing gives the possibility to build the cloud by 
taking into consideration all company preferences and needs, what is of 
course costlier; 

• Hybrid Cloud: is a combination of private and public cloud. 

One can propose the simplest definition of the cloud which tells that: “cloud com-
puting is the model of access to the data, its storage and processing” [3]. 
The easiest way to imagine the cloud computing is to see it on the graph 1. 

Cloud computing is a new computing model that can bring significant benefits 
to consumers, businesses and governments, while being a source of new threats and 
challenges. [6].  Cloud computing is the next stage of industrialization (standardi-
zation, increasing scale, widespread availability) in the provision of computing 
power in the same way that the supply of electricity made in industrialization. 
Thanks to standardized interfaces users can leave the details to the experts, so that 
it is possible to achieve much greater economies of scale by those multiple users 
than could ever be possible in case of  those individual users.  
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Figure 1. General structure of Cloud computing 
Source: [3] 

Figure 2. Types of cloud computing 
Source: made by authors using materials presented in [3] 

Joe Weinman defined the following attributes among the economic benefits of 
the use of cloud computing for company [5]: 

• Common infrastructure - gives possibility to decrease the money spent on 
Information Technology equipment (for example: no need to have own 
server); 

Hybrid Cloud 

Public Cloud Private Cloud 
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• Online accessibility - means that in purpose to use the cloud service the us-
er needs only the Internet access. Cloud does not exist without network; 

• Location independence - means that users can access the cloud services at 
any location they are; 

• Utility pricing, where users of the cloud pay only for the service they cur-
rently use, so called pay-per-use pricing; 

• On-demand resources, which gives possibility for users to allocate the right 
quantity of resources at the right time. So, the users get all information 
they need based on their current real time demand. 

The majority of Internet users benefit from cloud computing in the form of web-
mail services and less use of Internet applications to share content. For consumers, 
the main advantages of the cloud are convenience, flexibility, reduced cost, ease of 
use, ability to share content, improved access to information and web content, au-
tomatic maintenance and updating and potentially greater safety [6]. 

For businesses, the biggest advantage is to avoid capital expenditure on IT 
and the ability to customize the size of IT resources; means lower entry barriers, 
faster introduction of new products to market and the ability to support the creation 
of innovative SMEs. Companies can also effectively work together through project 
management and collaboration services in the cloud [6]. 

Government administration can benefit from cloud technologies by improving 
the quality and innovation within the framework of e-government services, which 
provides citizens and businesses. These services can reduce the administrative bur-
den on citizens and businesses. There are already examples of public administra-
tion, both at local and national level, which has adopted or plans to adopt cloud 
services, and more and more governments develop comprehensive strategies for 
cloud computing [6].  

The benefits of adoption cloud computing can be illustrated made in 2011. on 
behalf of the  EU Commission study, which shows that 80% of organizations that 
have gone in a cloud model computing thus reduced costs by 10-20%. Other bene-
fits include furthermore: more telecommuting opportunities (46%), greater effi-
ciency (41%), normalization (35%), as well as new business opportunities (33%) 
and greater access to markets (32%). All available economic analyzes also confirm 
the importance of cloud computing and provide significant growth in this field 
around the world [13]. 

3. The use of cloud computing in European Union 

The EU has ambitious digital agenda, dating to 2020 year, which identifies 
many specific actions to achieve a strong and competitive European digital single 
market, and in this context it is considered as an important part of the overall EU 



314 

strategy for growth. As part of this agenda technological model called "cloud com-
puting" was gaining in importance due to its expected macroeconomic benefits, for 
example, help start-ups to small businesses in entering the market. The "cloud 
computing” model can support innovative new Internet applications and save tax-
payers' money used by the administration to provide ICT [13]. 

Figure 3. The use of cloud computing in Europe, EU-28, 2014 
Source: http://ec.europa.eu/eurostat/statistics-explained/index.php/File: 

V2_Use_of_cloud_computing_services,_2014_(%25_of_enterprises).png 

Figure 4. Enterprises with high level of dependence on cloud computing services,  
2014 (% of enterprises) 

Source: http://ec.europa.eu/eurostat/statistics-explained/index.php/File: 
V2_Use_of_cloud_computing_services,_2014_(%25_of_enterprises).png 

Based on the figures 3 and 4, one can make the following conclusions [1]: 
• 19 % of all EU enterprises were using the cloud computing; 
• Poland is situated among the countries, where cloud computing was used 

the less; 
• 46% of enterprises used advanced cloud computing services (highly de-

pended). 49 % of enterprises used not advanced cloud (medium level), 
among which the first place belongs to manufacturing. So not only for in-
formation and communication activity cloud computing service is im-
portant. With technological progress in future all economic activities might 
use only the advanced cloud. 
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Unfortunately, in Poland the use of cloud computing is not popular in compar-
ison with other EU countries. Enterprises should get more knowledge about cloud 
in purpose to trust it and to be able to discover all possible benefits of its use. 

The market for cloud model according to last year's edition of the TOP200 
Computerworld report, is worth 611 million PLN. These were only 0.6% of the 
total ICT market (105.3 million PLN) and 4.8% of the value table largest IT ser-
vices providers in Poland (12.8 million PLN). The findings confirm the estimates 
Computerworld TOP200 analytical center IDC, according to which part of cloud 
computing in the Polish IT services market is about 4%  [13]. 

We know that the cloud computing services are going to the Polish market 
with some delay compared to the old EU countries. Therefore, it is important to 
show what is the rate of change in Poland compared to other countries, which will 
assess whether or not we make up for the delay 

Small-scale use of cloud technology by Polish companies illustrate the Cen-
tral Statistical Office of Poland, which informed that in 2015 year, only 7.3% of 
enterprises in Poland have used any form of cloud computing. The mean value still 
is overstate by large companies and corporations, for which the rate was 24.7%. 
But it is worth noting that at the end of 2016 already 18% of companies in Poland 
benefited from the cloud  [8].  
The use of cloud computing services by economic activity, EU-28, 2014 is shown 
on the Figure 5. 

Figure 5. The use of cloud computing services by economic activity, EU-28, 2014 
Source: http://ec.europa.eu/eurostat/statistics-explained/index.php/File: 

V2_Use_of_cloud_computing_services,_2014_(%25_of_enterprises).png 
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Figure 6. Degree of dependence on cloud computing, by economic activity,  
EU-28, 2014 

Source: http://ec.europa.eu/eurostat/statistics-explained/index.php/File: 
V2_Use_of_cloud_computing_services,_2014_(%25_of_enterprises).png 

Commvault's (a publicly traded data protection and information management 
software company headquartered in Tinton Falls US) experts have prepared a 
statement of the five most important trends in software that in 2017 a significant 
impact on business development. In the first place it was mentioned cloud compu-
ting. Currently, it is used by 18% of Polish companies. In 2017 years this percent-
age will significantly increase. The potential of cloud solutions will be increasingly 
used. Steadily increasing openness to the cloud for data storage backup and archive 
both based of global providers as Amazon Web Services (AWS) or Rackspace  
(a managed cloud computing company based in Wind-crest, Texas, USA) as  
well as local, specialized service providers tailored to the needs of the local  
market [8]. 

It is important to emphasize that broad access to the ERP in the cloud can sig-
nificantly help small businesses. Providers hope to have a large potential for 
growth in 2017 [9].  

4. Conclusions 

In the article, it was defined the term of cloud computing, types of cloud and 
highlighted the main attributes connected with the use of cloud. It is not possible to 
imagine the development of economic science without the chapter about economics 
of cloud computing. Nowadays technological progress influence every single part 
of human life. It is important for the users (for example companies) to know what 
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is cloud and to be able to benefit from the its use. Understanding the conception of 
cloud computing will help for users to save money and to reduce the amount of 
missed opportunities. 
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In the paper, Support Vector Machine (SVM) methods are discussed. The SVM 
algorithm is a very strong classification tool. Its capability in gender recognition in 
comparison with the other methods is presented here. Different sets of face features 
derived from the frontal facial image such as eye corners, nostrils, mouth corners 
etc. are taken into account. The efficiency of different sets of facial features in 
gender recognition using SVM method is examined. 
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1. Introduction 

Support Vector Machine (SVM) is one of the strongest classification methods 
[36-38]. One of the features that can be examined with the help of SVM is gender 
[11, 15-18, 24-27]. There are various gender classifications methods and they can 
be divided into two groups: feature-based and appearance-based methods [32]. 
They are briefly discussed in Section 2. The methods of gender recognition use 
different approaches but usually they are trained and tested on the subsets from the 
same database. When they are tested on the same e.g. FERET database [31] they 
show accuracy around 90%. When the testing and training databases are different, 
the methods’ accuracy drops to 60-70%.  
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In the previous papers [1, 2, [33] we concentrated on the skin color 
classification as well as the general approach to the gender recognition. Finding 
skin color pixel is important in face detection. On finding a face at the picture, e.g. 
[3], one can examine the face to extract its features. After that we examined several 
classification methods of the gender of the face. We derived a conclusion that using 
SVM can provide very good result [33]. Our assumption is also based on a strong 
bibliography research [11, 15-18, 24-27].   

It must be taken into account that computer designed methods and 
applications are also suitable for mobile devices. The mobile apps can have the 
same functionality as the desktop ones, but mobile devices have often worse 
hardware specification. 

Many authors have presented works using SVM in the context of facial 
recognition [11, 16-18, 24-27, 39, 40]. However, there are no works showing the 
possibility of using facial geometry features in the SVM classification [45]. The 
authors used the appearance-based methods. There are also no works focused on 
the problem of choosing a minimum set of features that can give satisfactory 
results. This problem can be important in mobile devices. In this paper, we want to 
show that it is possible to use only two geometric facial features to construct a 
classifier that gives satisfactory (though not always optimal) results. 

The paper is organized as follows. Section 2 presents a brief  description of 
gender classification methods including various face recognition aspects. In 
Section 3, Support Vector Machine (SVM) method is presented. Section 4 presents 
Alex Martinez face database and the sets of features we derived from it for the 
research presented in the paper. A brief description of face databases like the 
FERET one is also provided here. Section 5 presents the method of facial features 
extraction from the images from AR database [43]. Next, we show the results  of 
using different subsets of the whole set of the facial features using SVM method to 
find the best results of the gender classification. Section 6 contains the discussion 
and conclusions regarding the use of the presented classification methods in mobile 
applications, too.

2. Gender classification methods 

Gender determination is often the first step in the automatic 
recognition/authentication process. This process have to start with finding face area 
on the image. It can be done by skin color pixels detecting. Then the area of the 
skin color pixels is checked whether it can be classified as a face e.g. using 
template matching methods. The several approaches to the skin color classification 
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were presented in our previous papers [1, 2]. Nowadays, there is a method very 
popular and helpful in face detection that was presented by Viola and Jones [3]. On 
finding a face at the picture, e.g. [3], one can examine the face to extract their 
feature for future processing. 

The second step in the process of gender recognition is feature extraction.  
In the gender recognition task, we can distinguish two methods of feature 
extraction: geometric based and appearance based. The first one requires finding 
the facial characteristic points as nose, mouth, eyes, ears or hair, called fiducial 
points. The geometric relation between these points (fiducial distances) are used as 
a feature vector in the classification process. The importance of these distances in 
the gender discrimination tasks is confirmed by the psychophysical studies  
[4, 14, 28-30]. 

Appearance based methods works on the pixel values of images that were 
previously transformed on the local or global level. At the local level, the image 
can be divided e.g. into lower windows or specific face regions such as mouth, 
nose or eyes. This approach preserves natural geometric relationships which can be 
used as naïve features. This approach can be very computationally demanding 
because of a very large number of features because each pixel is treated as a 
feature. In our research we decided to use geometric facial features. 

The third step in the gender recognition process it is choosing the proper 
classification method. In the gender recognition task various classification methods 
are used: neural network [7, 8], hyper basis function networks [4], radial basis 
function networks [5], Gabor wavelets [6, 9], Adaboost [10, 12, 13], Support 
Vector Machines (SVM) [11], linear discriminant analysis (LDA) [11], Self 
Organizing Maps (SOM) [13], Bayesian classifiers [11] etc. In Table 1 we show 
the selected works that use different classification methods. It can be seen that the 
most popular classifier is SVM.  

The best results were reported by Zheng et al. [26] - for CAS-PEAL database– 
99.8%, and for FERET database 99.1%. However, Zheng et al. selected only 
frontal face images from the datasets. Based on the results presented in Tab. 1 the 
best classification efficiency was obtained with the SVM algorithm that is why we 
also use it in our research.  

Table 2 presents the results for the FERET database and the Web testing 
databases conducted by Makinen and Raisamo [32]. These authors compared the 
selected gender recognition methods using the same preprocessing and testing 
methods as original authors. In the first case separate sets of the FERET images 
were used for training. In the second case all FERET datasets were used for 
training. 
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Table 1. Comparison of the selected gender classification methods 

Author Classifier Training data Test data Efficiency [%] 

1 Moghaddam (2002) 
[15] 

SVM-RBF FERET cross validation 96.62 

2 Shakhnarovich (2002) 
[10] 

Adaboost Web images cross validation
video seq. 

79.00 
90.00 

3 Sun (2002) [11] SVM UNR cross validation 95.30 

4 Castrillon (2003) [16] SVM+ 
temporal fusion

Video frames  98.57 

5 Buchala (2005) [17] SVM –RBF Mix (FERET, 
AR, BioID) 

cross validation 92.25 

6 Jain (2005) [18] SVM FERET FERET 95.67 

7 Baluja (2006) [19] Adaboost FERET cross validation 94.30 

8 Fok (2006) [20] Convolutional 
neural net. 

FERET cross validation 97.20 

9 Aghajanian (2009) 
[21] 

Bayesian Web images Web images 89.00 

10 Demirkus (2010) [22] Bayesian FERET Video seqs. 90.00 

11 Wang (2010) [23] Adaboost Mix (FERET, 
CAS-EAL , 

Yale) 

cross validation ~97.00 

12 Alexandre (2010) [24] SVM-linear FERET FERET 99.07

13 Li (2011) [25] SVM FERET FERET 95.80 

14 Zheng (2011) [26] SVMAC FERET 
CAS-PEAL 

FERET 
CAS-PEAL 

99.10 
99.80 

15 Shan (2012) [27] SVM-RBF LFW cross validation 94.80 

Table 2. Results for the FERET images 

 FERET images without hair Web images without hair 

Method  Classification rate [%] Classification rate [%] 

Neural network 92.22 65.95 

SVM 88.89 66.48 

Threshold Adaboost 86.67 66.29 

LUT Adaboost 88.89 66.19 

Mean Adaboost 88.33 66.14 

LBP + SVM 80.56 67.25 

Source: based on the Mäkinen E., Raisamo R. [32]
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It can be seen that the results obtained for the FERET testing set are 
significantly better than the results obtained for the web images. It can be a result 
of a greater similarity of the training and testing sets when FERET set are used in 
both cases. The other reason is that  the web images used as a testing set have more 
quality variations, so they are more difficult to be classified correctly. 

3. Support Vector Machine in gender classification 

In the SVM algorithm data is divided into two groups using the decision 
function specified by a subset of training samples called Support Vectors [36-38]. 
Support vectors are the data points that lie in the closest distance to the decision 
surface and using them the hyperplane margin can be maximized. . Optimal 
separation is achieved by the hyperplane that has the largest distance to the nearest 
training-data point of any class.. If the original feature space is not well-
conditioned (dataset is not linearly separable) it can be mapped to a higher 
dimensional feature space where the training set is likely separable. The SVM 
provides non-linear function approximations by mapping the input vectors into a 
high dimensional feature space where a linear hyperplane can be constructed. 
Although there is no guarantee that a linear hyperplane will always exist in the 
higher dimensional feature space. In practice it is quite possible to construct a 
linear SVM in the projected space. The optimal hyperplane is in the form of: 
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where k is the kernel function, while f(x) determines the category of x. Constructing 
an optimal hyperplane is equivalent to determining nonzero �i. Any vector xi that 
corresponds to a nonzero �i is a supported vector of the optimal hyperplane. The 
number of support vectors is usually small and it allows producing a compact 
classifier. 

Choosing the most appropriate kernel function depends highly on the problem 
at hand and fine tuning its parameters can easily become a tedious and 
cumbersome task. The motivation behind the choice of a particular kernel can be 
very intuitive and straightforward depending on what kind of information we are 
expecting to extract from the data. The kernel function needs to be a scalar product 
in some feature space. A sufficient condition is that the kernel matrix is positive. 
Some common kernel functions that fulfill this condition are e.g.: 

• the polynomial kernel 
dT cyaxyxk )(),( +=      (2) 
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• Gaussian kernel or Gaussian Radial Basis Function (RBF) 
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• exponential kernel 
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In our experiments Gaussian kernel function has been used because of the best 
results it gave.  

SVMs can be used to solve various problems. Experimental results show that 
SVMs achieve significantly higher search accuracy than traditional query 
refinement schemes. Gender classification can be carried out with the use of 
different methods, like LDA or Fisher’s Algorithm. In Fisher’s Algorithm we have 
to calculate the Eigen vectors and its value for training data which can be skipped 
in SVM. SVM is very often used in the gender recognition problem as one of the 
algorithms, which provides the best results [26, 39-42]. 

4. Facial databases 

The FERET database [31] is the most often used as a training set for gender 
classifiers. The classification efficiency is the ratio of correctly classified test 
examples to the total number of test examples. The most popular method of results 
testing is cross validation, but many authors report also that they train and test 
results on the different datasets [32]. 

The comparison of various facial recognition methods based on their 
classification efficiency is very difficult, because researchers use different datasets 
and parameters for their methods evaluation. Even if authors use the same FERET 
database, they don’t have to use the whole of it. They can select the different 
subsets of images which are more or less difficult to classify. In our experiments, 
we used a part of  AR face database [43] containing frontal facial images without 
expressions. The AR face database was created by Aleix Martinez and Robert 
Benavente in the Computer Vision Center (CVC) at the U.A.B. It contains over 
4,000 color images corresponding to 126 people's faces (70 men and 56 women). 
Images show frontal view faces with different facial expressions, illumination 
conditions, and occlusions (sun glasses and scarfs). The pictures were taken at the 
CVC under strictly controlled conditions. Images are of 768×576 pixel resolution 
and of 24 bits of depth. 

We used a subset containing 92 frontal face images: 49 women and 43 men. 
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5. Results of classification using Support Vector Machine  

In our research we have taken into account 11 facial characteristic points 
(Fig.1): RO - right eye outer, RI – right eye inner, LI - left eye inner, LO - left eye 
outer, , RS and LS – right and left extreme face point at eye level, MF- forehead 
point, M – nose bottom point, MM – mouth central point, MC – chin point and Oec, 
the anthropological face point has coordinates derived as an arithmetical mean 
value of the points RI and LI. The points were marked on each image manually. 
These features were described in [30], 34, [34] and are only a part of facial 
geometric features described in [14]. The coordinates are bounded with Oec point 
and their values are recalculated in Muld units [30], [34], where 

mmMuld 5.0101 ±=      (5) 

Muld is equal to a diameter of the person iris and it is constant for each person 
from 4-5 year of his/her life [44]. For each picture Muld unit was measured 
separately and all coordinates and distances are also denoted in that unit. Hence, 
the face is scaled in the person own Muld unit [34][35]. 

The chosen points allowed to define 7 distances which are used as a features 
in the classification process: 

1. Distance between anthropological point and mouth center, further referred 
shortly as MM. 

2. Distance between anthropological point and chin point (MC) 
3. Chin/jaw height (MC-MM).  
4. Distance between nose-end point and chin point (MC-M). 
5. Face width at eye level (RSLS). 
6. Distance between outer eye corners (ROLO). 
7. Face height (MF-MC). 

Figure1. Face characteristic points [34, [34], image from [43] 
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It is important to create mobile classification applications but mobile devices 
have very various hardware and OS specifications. That is why our aim has been to 
build classifiers as simple as possible. In our research, from the set of features 
described and derived above we have taken subsets and test classification 
efficiency using that subsets. We want to choose a minimal feature subset or 
subsets that will give the best classification results.  

The results of the experiments presented in Table 3 have shown that the 
classification error is smaller than in the methods shown in Table 2. It means that 2 
features are sufficient to obtain  satisfactory classification results. The best results 
are shown in Table 3.  

Cross validation method was used to verified the classification results. Eight 
sets of 10 objects (5 women and 5 men) were used. The best results we obtained 
using 2 features: distance between eye outers and distance from anthropological 
point to the chin point. For this pair error rate is 17,5 %. 

Table 3. Results for all sets of 2 features 

 Features 1 MM 2 MC 3 MC-MM 4 MC-M 5 RSLS 6 ROLO 7 MF-MC

1MM X 72,5% 76,3% 72,5% 76,3% 73,8% 70,0%

2 MC   X 72,5% 75,0% 76,25% 82,5% 70,0%

3 MC-MM     X 67,5% 71,3% 53,8% 70,0%

4MC-M       X 77,5% 77,5% 73,8%

5RSLS         X 68,8% 73,8%

6 ROLO           X 65,0%

6. Discussion and conclusions  

In our research, we choose from the set of features described and derived in 
Sec. 4 subsets having 2 features. The classification efficiency of the SVM 
algorithm was evaluated by using that subsets. We wanted to show that such a 
minimal feature subset (2-elements) can also give satisfactory classification results. 
It has appeared that one feature connected with the height and one connected with 
the width of the face can give the classification rate around 82%. 

In the paper, we focused on gender classification using SVM method and 
testing it in the mobile applications. Because of the mobile hardware variety and 
different OS specifications we built classifier as simple as possible. The results of 
classification presented in Table 3 vary from the results shown in Table 2 for web 
images even if we used only 2 features to the classification. Nonetheless, that 
classification based on 2 features is very easy to implement and utilize in mobile 
applications. 
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In the paper the concept of Shared Service Center (SSC) for public 
administration is introduced. Processes and models of SSC are defined, but from the 
point of view of one of the main purpose of public administration– delivering public 
services. It is proposed to, while planning and implementing SSC, not only focus on 
designing services for organizational units participating in the SSC, but also to 
design solution for e-services for citizens. So the emphasis should be put, not only 
on modelling supporting processes just like for planning the implementation of 
commercial SSC, but also on core processes. Specific legal solutions  are also 
pointed out, which are supporting this concept, from the point of view of 
organization of SSC (new Polish legislation) and from the point of view of funding 
the development of SSC (European Union operational programs supporting  
e-services for A2A and A2C). 
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1. Introduction 

One of the new problems today, for public administration is the problem of 
modelling and implementation of processes in the Shared Services Center. This 
concept has been operating in the business reality for a long time, and is derived 
from the idea of outsourcing, which is used in management practice since the 
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eighties.  Outsourcing as a term is derived from the English language and is an 
abbreviation of "outside-resource-using" which applies to an effective and efficient 
external resources usage. In the concept it is assumed that all companies using 
outsourcing base their activities on system solutions in the field of suppliers, 
buyers and subcontractors of goods and services [13]. 

The concept of outsourcing is interpreted as a process associated with the 
separation or isolation of joint actions in a methodical way involving the exclusion 
from the organizational structure of the company performed functions and transfer 
them to be performed by other economic entities. Such actions are preceded by the 
proper preparation for the separation and then modelling and implementation 
processes for Shared Services Center, including informatisation processes, all from 
the point of view of organizational and legal solutions. 

Thus the above-mentioned approach, outsourcing may concern both products 
and services and it should be noted that both the outsourcing as well as Shared 
Services Center concepts, models and methods of implementation has evolved and 
changed over time. The evolution of the outsourcing is shown in Fig. 1. The last 
phase shown in Fig. 1 is a “strategic choice on how to conduct your business” 
preceded by a point “concentrate on core business - focus on key activities”, in the 
context of SSC both of these statements are true for the current stage in which 
public administration in Poland is. 

Figure 1. The evolution of the concept of outsourcing. Source: [10] 

2. Service model of the SSC in public administration 

The concept of Shared Services Center, as mentioned before is derived from 
the definition of outsourcing,  in particular from one of its specific type, which is 
intersourcing. It involves the creation on the basis of several economic entities or 
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administrative units, separate entity dedicated to the provision of certain services or 
production of products for the participants of the agreement. 

Intersourcing as a way of cooperation is regarded as a deliberate form of 
business entities participation, in benefits of joint operation, which requires on tone 
hand the resignation from developing their own resources and processes in its own 
structure, but on the other hand gives the right to participate in the distribution of 
value-added due to the concentration of services [13]. 

In terms of intersourcing SSC is a separate organizational unit created to 
handle the assigned tasks and supporting processes, with orientation on services 
and products and sometimes also the resources to carry out shared activities as a 
separate and independent business unit. 

Characterization of SSC as an organizational unit is usually defined as an 
independent and separate system, performing functions of a support for 
organisational units, for the purpose of customer service, focused on the 
implementation of clearly defined objectives and continuous improvement, in 
particular with the solution of the problems of IT and legal nature. 

In this perspective, internal organization of SSC concerns performing 
business using its own resources. As a result among others, the following: 
– provision of clearly defined services and products, based on processes or 

knowledge, for the benefit of one or more entities within the group, 
– use of optimized and standardized processes, separated for supporting functions, 

to improve the handling of operational processes, 
– basing on process oriented on measurement of value, effectiveness and 

efficiency, together called the robustness of activities,  
– acting based on service-level agreements – SLA, agreed with internal clients in 

range of determining the type, scope, price and quality of services,  
– acting as a cost and profit center, fully responsible for managing its own costs, 

quality and punctuality of services. 
An example of SSC organization and operation is shown on Fig. 2. It is worth 

mentioning, the separation of the SSC functions of customer service on self-service 
and external client-service – with definition of principles discussed above, such as 
definition of scope of engagement (financial and accounting services), and range of 
SLA.  

In the case of SSC in public administration, function of customer service 
could be further separated into function of provision of services for the internal 
client – administration units and function of provision of services for the external 
client – the public, citizens and entrepreneurs etc. Such division is associated to the 
main purpose of public administration which is the mission to serve the public in 
terms of providing high quality public services in an accessible, fast and easy way, 
where the provision of services to internal client can be described as an support 
activity [4]. 
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Figure 2.  SSC model on the example of accounting services. Source: [11] 

Generally, the most common methods of organization SSC in administration 
are shown in Fig. 3 and comprise: 
Model 1: SSC created on the basis of the existing business unit of local 
government (separated as a department/office or as several business units managed 
by a representative of the president/mayor/district governor etc.), 
Model 2: SSC created on the basis of the existing organizational unit (e.g.as a unit 
responsible for providing shared accounting services for the educational units of 
the city with additional tasks and competencies in the area of shared services), or as 
a separate, new organizational unit to which there will be transferred human 
resources and technical resources to provide shared services. 

Figure 3. Models of providing services in the SSC in public administration. Symbols: LGU 
- Local Government Unit(f.e. City Hall), OUn – Organizational units from 1 to n 
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There can be distinguished three types of processes, and for public sector, in 
this case local government administration, it’s the same:  
– Supporting: covering outsourcing of supporting activities, to allow the 

administration to focus on the so-called "core business", 
– Main  – in banking core business: covering the outsourcing of business 

operational processes (ang. Business Process Outsourcing, BPO) related to the 
exclusion of processes creating value for the customer, 

– Management: covering outsourcing aimed to exclude from the structure of 
business entities, processes responsible for the development of the company [5]. 

When it comes to private sector, services that are mostly outsourced – excluded to 
the Shared Services Center, are the supporting and management processes, which 
allows organization to focus on their line of business - main activity. An identical 
approach should be applied to SSC in public administration, e.g. organizational 
units of the city, should be focused on the business for which it was established, 
whether it would be educational activities, healthcare activities or strictly 
administrative [7]. But creating SSC is not only an organisational problem, but it 
should be also planned and implemented  an IT platform of shared services, 
processes for both public services and internal SSC services should be predicted 
and planed, and such services should be planned in  the form of e-services. 

3. Legal solutions that underpin the use of SSC and e-services in local 

government in Poland  

The most important thing in terms of legal solutions, implying the possibility 
and in some cases the need for organizational changes among other in the scope of 
IT is the legal basis of SSC in polish local government administration, defined by 
the act of 25 June 2015 on the amendment of the Local Government Act and other 
acts (Dz.U.2016, pos. 1045, hereinafter Local Government Act), which apply since 
1 January 2016. However, in the scope of implementation and funding of  
e-services currently the most important guidelines are the European Union's 
Regional Operational Programmes, which has been prepared under the Regulation 
of the European Parliament and the Council (EU) nr.1303/2013 of 17 December 
2013. 

Changes in the acts on community, district and voivodship government level, 
in particular, introduces the following significant changes:  
– introduction of new rules of joining local governments or separated from them, 

processes, services and products, which involves the arrangement of rules and 
regulations, increased financial encouragement for voluntary aggregation of 
local governments and business entities e.g. increased participation in tax 
revenues, 
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– definition of regulation to ensure shared services in scope of administrative, 
financial and organizational processes (the scope can be further expanded), 

– legal solutions allowing to establish of the entity responsible for providing 
shared services, which, according to the local government act, may be the office 
of the municipality (city hall), other organizational unit of the municipality, 
organizational unit of the association of municipality/community and district, 
also applies to districts and voivodships, 

– equipment of Municipal/Community, District, Voivodship Council in  
competence to appoint which operational units should be a part of the SSC, and 
which units should be responsible for providing services to those units. 

It is worth noting that the legal situation regarding the possibility of creating shared 
services in the period before the change in Local Government Act of 2016, caused 
fragmentation in local government entities, which resulted that at the end of 2016, 
there existed 2809 local governments in Poland. There were over 59 thousand 
organizational units without legal personality, together with educational entities 
(schools), each obliged by the Public Finance Act to have separate financial plan, 
accounting policy, appointed chief accountant, handling human resources to strictly 
defined rules, etc. It was assumed that making possible for the local government 
entities, to separate groups of services into shared services centers, will result in 
improvement of the organization and last but not least cost reduction of the 
statutory activities.  

From the content of the act it is clear, that in order to establish SSC for local 
government units and other offices included in the public finance sector, it is 
essential to adopt adequate resolution, (e.g. on the level of City Hall, effective in 
the city), which should in detail determine units appointed to provide services, 
units appointed for the separation of shared services, the range of services to be 
provided, minimal requirements etc. 

In the case of local cultural institutions and other legal entities belonging to 
the public sector it is required to conclude an agreement with a unit appointed to 
deliver services, under which accession to shared service for these entities will 
occur, but only after notification of that intention to the executive authority of the 
local government. 

In this respect, the implementation of the adopted resolution, requires initial 
equipment of SSC in the property necessary for entrusted tasks performance, and to 
enable employment in SSC and the possible use of already employed people in the 
City Hall or in the organizational units of the City. 

Regional Operational Programmes (ROP) are the instruments of 
implementation of the Partnership Agreement, which is a document defining the 
strategy of intervention of European funds in Poland in the three EU policies in the 
perspective of 2014-2020, these policies called horizontal are: Sustainable 
development, Equal opportunities and Information society. 
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For example, in ROP for the Voivodship of Silesia years 2014-2020, it was 
planned twelve substantive priority axes and one axis dedicated to activities in the 
field of technical assistance for the program. From the point of view of delivering 
public e-services the most important it the Priority Axis II: Digital �l�skie, Action 
2.1 Support for the development of digital public services, whose task is to 
implement activities that contribute to increasing the availability of public  
e-services and an increase in the number of people using the services and public 
resources made available on-line in Silesia.  

The intervention supports public entities in the creation and development of 
modern electronically delivered services, with particular emphasis on services with 
high levels of e-maturity and integration of the public services on a one IT platform 
crated for the purpose of delivering e-services. 

Under the action  2.1, support will be granted to projects that contribute to the 
greater availability of public e-services, which will be implemented in particular in 
the areas of health care, public administration, spatial information (according to 
directive INSPIRE), support for entrepreneurship and business running, the 
digitization of learning, science and culture resources, and also in the area of public 
security. For projects carried out under action 2.1. will find use applicable laws, in 
particular provisions of the Act of 17 February 2005 on computerization of entities 
performing public tasks (Dz.U.2013.235 jt), the Act. of 4 March 2010. on spatial 
information infrastructure (Dz.U.2010.76.489 as amended. d.) and the Act of 28 April 
2011 on information system in health care (Dz.U.2011.113.657 as amended. d.). 

Within type of project aimed at creation of systems and applications that 
contribute to increase the access of citizens and businesses to digital public 
services, funding is available for projects involving the implementation of solutions 
in the area of information and communication technologies to facilitate the 
implementation of public tasks, with the exception of projects in the field of  
e-health. Projects in the field of e-government should be integrated with platforms 
ePUAP, PeUP (Platform of public e-services)and SEKAP (Silesia regional 
platform of e-services) and being compatible with other systems of higher and 
lower order. Made available as part of e-services projects, public registers should 
cooperate with other public registers. 

In summary, program “ROP for the Voivodship of Silesia years 2014-2020, 
Priority Axis II: Digital Slaskie, Action 2.1 Support of the development of digital 
services” is assumed to support a wide range of projects, however all planned 
investments must contribute to increased use of public e-services by citizens ( type 
of services A2C – administration to citizens) and business (type of services A2B – 
administration to business). They are also permitted investments for the 
implementation of the services within the administration (services A2A – 
administration to administration), but they should indirectly have the effect of 
increasing access to digital public services such A2B, A2C. 
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4. Shared Services Center, European and Polish practise 

Although in a worldwide practise concerning  Shared Service Centers, the 
emphasis is put onto the so-called support functions, namely accounting services, 
human resources, payroll, and particularly in the field of IT support, but also 
services are highly developed especially in the form of e-services, and there are 
many programs supporting such development.   

The percentage of Shared Service Centers created in the public sector in the 
world is growing from year to year and as of 2012 there was for Europe 34%, 
Australia 27%, Canada 26%, USA - local government 23%, USA - state 
administration 20%. 

In the countries that are implementing SSC model in administration, we can 
meet four organizational and legal models: 
Model 1, in which the internal local government competence center is created 
based on internal organizational unit specialized in the implementation of certain 
tasks (usually the one with most developed IT), providing services to 
organizational units belonging to the local government. For example, the City Hall 
creates the Shared Services Center, which takes over the tasks of accounting for all 
organizational units reporting directly to the City Hall. 
Model 2,  in which the local government provider of shared services, creates 
Internal Competence Center and begins to provide services for third parties, and 
can expand their customer group with other public entities operating in the city, for 
example, cultural institutions or agencies of other governments on the basis of 
agreements with other governments in the region. 
Model 3, in which there is a public-private partnership, and the government 
together with third-party vendor, brings to life an organizational unit, which 
provides shared services to local government units. This model is particularly 
applicable when beside the launch of the Shared Services Center it is required to 
carry out investments especially in IT infrastructure, often to extend not available 
at the particular moment, especially for small local governments.  
Model 4, in which a commercial vendor of shared services is de facto an 
outsourcer, in which shared services are ordered on the full commercial basis, from 
an external provider specialized in delivery of services for local government units. 

For several years, also in Poland, work in underway in the field of modelling 
and implementing of Shared Services Centers for various public administration 
units. One of the firs SSCs, was operating since1 January 2011  SSC at the Prime 
Minister's Office as an budget economy institution created by transforming the 
Service Center of the Prime Minister Office. Map of Shared Services Centers in 
Poland presenting the selected SSC in public administration is given in Fig. 4. 

�
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Figure 4. Map of selected SSC in public administration created in Poland. In private sector, 
Poland for many years now, is the main destination for international corporation in scope of 

service offshoring, resulting in creating many outsourcing centers and SSC in major  
Polish cities 

The core object of the above-mentioned Shared Services Center at the Prime 
Minister's Office, include provision of services to the Chancellery of Prime 
Minister, conducting joint or central procurement, printing services for government 
institutions, comprehensive services in the field of automotive in scope of servicing 
cars of different brands, organization of trainings, conferences, team building and 
individual vacations, etc. However, SSC at Prime Minister’s Office,  is focused, on 
the conducting joint purchases for the serviced units, which naturally brings 
significant cost savings, but often is associated with missed shopping or even 
unnecessary from the standpoint of units localised in the field. 

5. Shared Services Center in public administration as a platform and  

a foundation for providing public e-services  

Having in mind, mention in above sections issues concerning classical 
approach to SSC as an organization that provides services to internal customers, as 
well as solutions in the Polish and European law, supporting firstly creation of SSC 
in local governments, and secondly, providing high-quality e-services to the public, 
it is necessary to specify IT platform capable to cope with this task. It should be 
certainly the central system with high flexibility for modification, e.g. ERP  
class system (Enterprise Resource Planning system) which could be the core of 
SSC [9]. 
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The discussed solution supporting the SSC should consist of the following 
elements: 
– Portal containing elements of the communication of system with the 

environment (local government units employees and residents) built as a tool 
for content and knowledge management and sharing, 

– ERP system, covering typical modules of such system, a database and BI 
(Business Intelligence) system, 

– Modules crucial for specifics of the local government administration, such as 
budget and reporting, taxes and local fees, etc., 

– Workflow and "Document Management System", which is an supporting 
logical element closely integrated with  other modules of ERP System, 

– Other modules, such as documents repository, etc.  

When modelling processes for SSC in public administration, there should be 
awareness that not all of the processes require the implementation in a central 
system (in our discussion an ERP system). The processes such as handling fines 
and credentials, handling rental property and renovations and repairs, and many 
other should be left out as a separated systems but integrated with the host, so that 
the services they deliver could be jointly provided. 

Example of SSC organization that meets both the requirements for classic 
SSC and for  provision of public e-services to the citizens is given in Fig. 5. 

Figure 5. SSC in public administration model, taking into account the provision  
of e-services as a component of SSC 
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Figure 6. Processes that supports services provided to internal by the SSC 

Fig. 6 shows an example of the processes that can be provided by SSC for the 
local government – the city, in the scope of services provided to internal customers. 
According to the adopted in Chapter 3 mark, we can call them A2A services. The 
list provided in Fig. 6 in not complete, its scope is also dependent on the model 
adopted to the  approach to the implementation of the SSC. However, the purpose 
of these services and thus the whole SSC in local government should be providing 
support to deliver public services, which is the realization of one of the basic tasks 
of administration [6]. 

The example of such public e-services for residents, implemented by the main 
processes of public administration, are: 
Services for Citizens (A2C) - payment of the tax; municipal fee; the fee for 
perpetual usufruct; benefits for family; electronic recruitment to kindergartens, 
primary schools, secondary schools, high schools; filling in a tax return; 
information about all titles of tax and non-tax titles; electronic recruitment of city 
employees;    electronic status of affairs in the office, civic budget; interventions;  
Services for Entrepreneurs (A2B) - payment of tax; community fee; fee for 
perpetual usufruct; filing a tax return; information about all the titles of tax and 
non-tax titles; electronic public procurement. 

6. Conclusion 

Worldwide existing solutions, especially in Europe indicate that the direction 
of development of Shared Services Centers in Poland, in scope of modelling and 
implementation is valid. 



341 

Indigenous experience shows however, the necessity for a different shaping of 
SSC, based on the Polish experience and financial capabilities, especially to 
develop IT model for shared services centers. 

Approach proposed in the article, also imply the need to develop methods for 
modelling and implementing business processes for SSC, for both support and 
main processes [12]. 

In the article there were defined the basic information processes for  
e-administration in the local government possible to separate in the form of SSC 
and as an effect there was introduced a model of SSC for local government, for 
providing both internal (A2A) and external (A2C, A2B) services.  

Emphasis was also put onto legal aspects, which could serve the cause of 
delivering services for internal and external clients. 
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The work contains results of research on the possibility to improve the neural 
model of the Electric Power Exchange (polish: Towarowa Giełda Energii 
Elektrycznej – TGEE) in MATLAB and Simulink environment using evolutionary 
algorithm inspired by quantum computer science. The developed artificial neural 
network was trained using data for the Day Ahead Market, assuming the joint 
volume of supplied and sold electrical energy [MWh] as the input quantities in each 
hour of the 24-hour day, and average prices [PLN/MWh] as output quantities. The 
obtained model of the exchange system was improved using the evolutionary 
algorithm, and further improvement in the accuracy of the model by supplementing 
the evolutionary algorithm using quantum solutions, related to the initial population, 
crossover and mutation operators, selection, etc. were proposed. 

Keywords: Artificial Neural Network, Matlab Language, Modelling, Quantum 
Computation, Polish Power Exchange, Day Ahead Market 

1. Introduction 

Currently, there are numerous possibilities to model systems and processes in 
MATLAB and Simulink environment using, i.a. Matlab language and appropriate 
toolboxes such as, e.g. Neural Network Toolbox (NNT) – neural modelling, 
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Optimization Toolbox (OPT) – evolutionary modelling, Fuzzy Logic Toolbox 
(FLT) – fuzzy modelling, etc. Special attention was drawn to neural modelling 
method and evolutionary modelling method.  Using the first method, a neural 
model (NM) of Polish Power Exchange (polish: Towarowa Giełda Energii 
Elektrycznej (TGEE)) was obtained, and using the second method, the model was 
improved. As a result, an improved evolutionary-neural model was obtained 
[13, 17]. Further improvement and refinement of the neural model of the TGEE 
system using quantum solutions such as, i.a. initial quantum population and 
quantum crossover and mutation operators, quantum fitness function, quantum 
selection method was proposed.  

In this way, quantum-evolutionary modelling method for the improvement of 
the parameters of the neural model was obtained. The experiment was based on 
numerical data related to the TGEE system functioning within the company named 
Towarowa Giełda Energii S.A. (TGE S.A.), where purchase and sales transactions 
of electrical energy (ee) as commodity are carried out.  

The process of training the artificial neural network (ANN) to learn the model 
of the TGEE system, numerical data for the Day-Ahead Market (DAM) for the 
period from 1st January to 30th June 2015 were used. 24 input quantities related to 
the joint volume of ee in each hour of the 24-hour day [MWh]  and 24 output 
quantities related to the average prices obtained for ee sold [PLN/MWh]1 were 
assumed. The analysis of the literature on the subject showed that there were no 
works related to the possibility of using MATLAB and Simulink for the 
improvement of parameters of neural models of TGEE system using evolutionary 
method inspired by quantum computer science [1-8, 10, 12, 14].  

On the other hand, though, growing demand may be observed for methods of 
modelling of the TGEE system, including those related to the construction of 
replacement schemata for the purpose of testing sensitivity, and for simulations 
including forecast simulations [18, 20]. For the above mentioned reasons, both 
TGEE system and TGE S.A.2 as a subject of commercial law are within the scope 
of interest of both practice and science. Despite numerous attempts including 
works [1-8, 10, 12, 14], results of research related to the discussed problem, i.e. 
design and development of a quantum evolutionary algorithm in MATLAB and 
Simulink environment for the improvement of parameters of the neural model of 
TGEE within DAM have not been published so far. 

                                                 
1 so called average price weighted by the volume of all transactions during a stock exchange session for 
continuous quotations for a given hour of the 24-hour day. 
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2. Neural modelling of the TGEE system 

Neural modelling involves designing the ANN and teaching it the model of 
the system [11, 15]. At present, due to huge data amounts, the process of neural 
modelling requires to be preceded by cluster analysis, etc. that involves initial 
preparation of data for further processing [21]. Matlab language and Neural 
Network Toolbox (NNT) library were used while designing and teaching the ANN 
the model of the Polish Power Exchange system (TGEE), which was extensively 
described, e.g. in works [13, 18, 20, 24]. The following artificial neural network 
training rule was used in the algorithm:  

),,,,,(],[ EWAXTXnametraintrnet ii= ,                      (1) 

which rule returns as the object the artificial neural network defined in variable net

that consists of, i.a. matrices of weight values, vectors of bias values, etc., where: 
name – network name, X – input matrix of the network, T – expected values 
(Target), Xi – initial input lag of the ANN, Ai – initial lag of the hidden layer �W – 
errors related to weight values. Input and output data were normalized in order to 
improve the process of generalization of learning [21]. As a method of training the 
ANN, function “trainlm” was used, which is an implementation of Levenberg-
Marquardt (LM) algorithm, which was extensively described in works [11, 15]. The 
implementation of the ANN in the MATLAB and Simulink environment using the 
NNT, allowed for obtaining the neural model of the TGEE system in the component 
form, composed of two layers, with adder for the first layer determined first, 
followed by determination of summator for the second layer, according to the 
dependence: 
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where: 
wij – weight between i-th input to k-th layer of weights and j-th output, 
ui(t) – i-th input to k-th layer of weights at moment t, 
netj

k – sum of products of weights and input quantities to k-th layer as the 
argument of the activation function. 
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where: 
wij – weight between i-th input to k-th layer of weights and j-th output,  
ui(t) – i-th input to k-th layer of weights at moment t,  
netj

k – sum of products of weights and input quantities to k-th layer as the 
argument of the activation function, 

yj
k(t) – j-th output from k-th layer at moment t, with k=1 for the output from the 

first layer and k=2 for the output from the second layer. 
Examples of selected values of elements of weight matrix W1 (with the 

dimensions 24 x 24 elements) were presented in works [13, 17]. Training the ANN 
involved modification of values of weights in each layer in order to obtain a model 
resembling the real system. As a result of training, matrices of weights were 
equipped with knowledge that, after the completion of the process of ANN training, 
was in the values of relations between the neurons of the input layer, and the 
neurons of the hidden layer (W1) as well as between neurons of the hidden layer 
and neurons of the output layer (W2), and in biases.   

3. Evolutionary modelling of TGEE in MATLAB environment  

In order to obtain evolutionary model of ANN, a modified systematic 
evolutionary algorithm (MSEA) was developed, published, i.a., in works [16-17, 
19], in which the modified elements included the method to obtain the initial 
population (IP) and, consequently, parent populations (PP), as well as the method 
of obtaining the adaptation function. In order to improve the parameters of the 
ANN, the MSAE algorithm was implemented in Matlab language [13, 17], which 
resulted in the improvement of the parameters of the TGEE model as early as in the 
fourth generation (Fig. 1), and was visible in subsequent generations of the SAE 
algorithm, with minor changes in the degree of accuracy ranging from 0.9988 to 
0.99832, i.e. the average level of adaptation to the environment of 0.9981.  

Finally, weight values were obtained with the degree of accuracy from 0.9988 
to 0.99832, i.e. at the average level of adaptation to the environment 0.9981 [17]. 
Selected values were presented in works [13, 17]. In the model, the crossover 
operator was used, since the mutation operator did not give the desired results, 
which might have been caused by, i.a. the exhaustion of possibilities of 
improvement of adaptation during the crossover, and, consequently, further 
significant improvement was no longer possible.  

Therefore, the lack of significant improvement of the neural model as a result 
of the mutation operator was caused by very high degree of adaptation of the neural 
model to the TGEE system equal to 0.9981. Thus, other methods, such as quantum 
computer science methods were required to obtain further improvement of the 
neural model [3, 13, 16-17]. 
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In order to improve the parameters of the obtained neural model of the TGEE 
(NM), in the considered case the values of both weight matrices W1 and W2, a 
neural-evolutionary model (NEM) was developed, which allowed to improve the 
accuracy of the TGEE model in relation to the real model. 

Figure 1. The graph of adaptation (robustness) function relative to epoch in EA. 
Denotations: epoch – number of subsequent population, value of adaptation – the ratio 

between the reference value to the value obtained from the model. Source: [17] 

Results obtained from the neural model of the TGEE and neural-evolutionary 
model (neural model improved by means of SEA algorithm, based on Systematic 
Evolutionary Algorithm) were compared using a simulation model developed in 
Simulink [13, 17], which allowed to obtain the courses of selected output quantities, 
as in Fig. 3. The analysis of the discrepancies shows that the output quantities 
generated by the NEM were closer to the real system than the quantities generated 
by the NM [13, 17]. 

4. Quantum Evolutionary Algorithm for the improvement of parameters of 

the neural model  

In order to obtain the evolutionary model, a modified method of obtaining the 
adaptation function (AF) was developed. A basic block diagram was assumed, 
related to the modified systematic evolutionary algorithm (SEA) [18, 19-21], in 
which the following were determined using quantum methods: initial population 
(IP), robustness (adaptation) function (AF), crossover operator (CO) and mutation 
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operator (MO). Additionally, selection method appropriate for the conditions of the 
problem being solved was chosen. 

Next, the modified SEA algorithm, supplemented with quantum calculations 
(QEA) was used to improve the parameters of the neural model of the TGEE. For 
that purpose, quantum calculations were performed, which required performing the 
quantization of decimal numbers to quantum numbers, succeeded by dequantization 
of quantum numbers to decimal numbers when the calculations were completed. 
Both the process of quantization and dequantization requires the adoption of certain 
methods of conversion of decimal numbers to binary numbers, and, further, to 
quantum numbers [16-17].  

For the purpose of decimal numbers quantization, it is convenient to convert, 
e.g. the values of parameters of the neural model of TGEE, from decimal numbers 
into binary numbers, and assume that classical bits 0 and 1 are clean states, with the 
assumption that the quantum number obtained from the binary number represents 
clean states. The problem of computational complexity appears when mixed states 
of a quantum number are determined, even for one-qubit register. Then, it is 
possible to determine any number of mixed states for a given quantum number, with 
the assumption of the occurrence of superposition principle. It is then important to 
determine the probability of occurrence of |0> and |1> based on the superposition 
principle, i.e. after the assumption of boundary state described by the equilibrium 
state, e.g. assuming that � = �.  

Hence, from the superposition principle described by the following 
dependence: 2�2=1 the boundary between the areas of the two clean states with the 
value �=�= 0.71 is obtained. In order to obtain mixed states, the following steps are 
performed: for a clean state |0> (if it dominates) – a value from the interval (0.71÷1) 
is selected at random, and for a clean state |1> (if it dominates) – a value from the 
interval (0.71÷1) is selected at random, i.e. for the value of the clean state |0> a 
mixed state |M0> with the domination of clean state |0> is obtained, i.e. random 
selection from the dominant interval 0.71���1 and random selection of � from 
recessive interval 0���0,71, and similarly, for values of clean state |1> a mixed state 
ought to be obtained |M1> with the domination of clean state |1>, i.e. random 
selection of � from the dominant interval 0.71���1 and random selection of � from 
recessive interval 0� � �0.71.  

The above mentioned method allows for specification of unequivocal yet 
random method of determination of mixed states using a classical computer. 
Further, it is worth noticing that e.g. due to the fact that there may occur an infinite 
number of mixed states (let us assume that in this case, the infinity is the number of 
computational data e.g. 1000) in each qubit (which is a 2-row matrix), the number 
of occurrences |0> in 1000 cases for a clean state |0> is then selected at random, and 
the number of occurrences |1>  is calculated based on the superposition principle, 
and, similarly, the number of occurrences |1> in 1000 cases for a clean state |1> , 
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and the number of occurrences 0> is calculated based on the superposition principle 
(�2+�2=1).  In this way, pairs of mixed numbers are obtained, which are then further 
used for the purpose of narrowing the areas of occurrence of mixed states of 
quantum numbers.  

5. Possibilities of Improvement of the ANN using the Quantum Evolutionary 

Algorithm   

The possibility of improvement of ANN parameters, including the weights in 
both layers arises from increasing the degree of accuracy of the problem being 
solved, in accordance with the higher precision inspired by the quantum mechanics 
and computer science.  

One of first attempts to implement evolutionary algorithms inspired by 
quantum computer science was the work by Naranyan & More, 1996 [10], in which 
an attempt to implement a new EA was made, based on quantum calculations logic, 
and the conception of the existence of so called parallel universes. The proposed 
method was verified using the example of so called travelling salesman problem. 
Each universe was represented by its own population of chromosomes, and each 
chromosome was represented by a two-dimensional matrix with one row 
representing the route, and a letter representing cities, with the assumption that 
every route determined in the above mentioned way was different. Crossover 
involved the determination of a new generation of chromosomes by selecting 
individual genes from different universes, and if the letter repeated, a jump to the 
next different generation occurred. For this model, a proof proving that quasi-
quantum approach used in the evolutionary algorithm is better than the classic 
evolutionary algorithm was not given.  

Also, a method of representation of individual chromosomes using quantum 
gates was not indicated, i.e. neither a method for quantum representation of 
chromosomes nor alternative universes by means of quantum-evolutionary approach 
was not shown. Nevertheless, the accuracy of the travelling salesman problem being 
solved was improved. Another work, which presents results related to the 
implementation of quantum evolutionary algorithm, using quantum computer, was 
work by K. Han & J. Kim, 2000 [2], and shows the method of quantum-
evolutionary solution using the example of the discrete backpack problem.  

It was assumed that qubits represent base states of the chromosome, and a 
register is used for the representation of superposition of states of individual qubits. 
The process of improvement of the parameters of the model was implemented using 
rotation gates. This method used neither crossover algorithm nor mutation 
algorithm, which, obviously, limited the possibilities of finding a robust solution. 
The problem related to the implementation of the above mentioned algorithm was 
the lack of possibility to measure the quantum state, which, changed at the moment 
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of recording, which, in practice, made it impossible to use it to measure current 
quantum states. Therefore, indirect methods were used to perform measurements. 

The literature on the subject provides numerous similar attempts at finding 
quantum-evolutionary algorithms for solving various computational problems, such 
as works [1, 4-8, 10, 12, 14, 16], related to evolutionary solutions inspired by 
quantum computer science. However, among them there are no proposals, which 
would solve the problem of quantum calculations, including obtaining and using 
mixed numbers in the calculations, in the appropriate way, and increase the 
accuracy of modelling. The problem of mixed numbers was described, i.a. in works 
[16], in which a method of obtaining quantum numbers was proposed. Based on the 
above mentioned method of obtaining quantum numbers and fundamentals of 
quantum evolutionary algorithm, a method of quantum calculations that uses 
classical computers was developed. The method comprises the basic steps presented 
on Fig. 4. Let the need to determine quantum value of the adder net with the 
structure as in Fig. 2 arise. Determination of quantum numbers is shown on Fig. 3, 
using next equation: 
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Figure 2. Adder net1. Denotations: u1 … u24 – input signals to the ANN (here: the volume  
of ee in each hour of the 24-hour day), y1 – output signals from the ANN (here: average 

selling price of ee), w11 , w12… w1,24 – weights of layer W1 connected to neuron 1 (net1
1). 

Step 2. Conversion of values written in the binary system for input u1 and weight 
w1,1 here: 01 January 2015) into values in the quantum system (the dimension of 
state vector in Hilbert space must be the same as the dimension of weights vector): 
decimal values: binary values: u1=[0.000010001101], w1,1=[0.010011100001], 
quantum values (to two digits after the point): 
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Figure 4. Determination of quantum numbers 

Conversion of values written in the decimal system and conversion of values written in the 
binary system and determination of the quantum value of the neurone adder. 

Next, quantities �1 determined based on condition (16-1) using equation (10) and condition 
(16-2) are compared – equation (11) and (18) and (19) are compared, and the following is 
obtained as in equation (12). Finally, based on dependences (17) and (20) the following is 

obtained –equation (13). And finally is possible to obtain value as in equation (14).

START

Data Input (Data from DAM)

And further: �1=0,6902/�2=0,69058308 and, alternatively, it may be calculated from the 
condition (16-3) that �1=0,5368/0.99944528 =0,53709794, and from the superposition 
principle �’1=0.68036906. There are also other alternative solutions that result from the 

condition (16-4) determined in the analogical way. Therefore, substituting one of the above 
mentioned solutions into matrix (7), the following is obtained as in equation (15-1). In a 

similar way, by determining the remaining three elements of summator net(u), a convenient 
factored form of elements of matrix net(u) is obtained, readily available for use while 

determining the quantum value of output one for neuron 1 of the hidden layer – equation (15-
2).

The value of expression (16) or (17) becomes the input value to layer 2, which may also be put 
down in the complex form, not only with the help of Dirac notation. In a similar way, outputs 
from remaining neurons of the first layer (hidden layer) and second layer (output layer) are 
determined. The vector of quantum outputs from the output layer is also further used in the 

robustness function of the evolutionary algorithm for each individual from the parent 

It is necessary to substitute expression (6) into the dependence to obtain the quantum form of 
output from the artificial neural network as equation (16) and considering dependence (15), 
the following form of quantum output from the ANN as (17)

Next neurone ?

Print Results

END

Next net(u) ?
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6. Conclusions 

Quantum evolutionary algorithm was proposed, which was verified using 
numerical examples for the problem related to the improvement of parameters of the 
neural-evolutionary model of TGEE. For the purpose of quantum-evolutionary 
algorithm development, theory related to quantum computer science, and in 
particular, author’s own method of mixed quantum numbers determination was 
applied [16-17]. The research is continued in order to determine the degree of 
improvement of parameters of the neural-evolutionary model by supplementing the 
modified SEA algorithm with solutions from the field of quantum computer science.  
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