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THE APPLICATION OF THE ARIMA MODEL IN FORECASTING
THE PASSENGER TRAFFIC ON THE EXAMPLE OF BORDER
CROSSINGS BETWEEN THE SUBCARPATHIAN PROVINCE AND
UKRAINE
DOROTA DEJNIAK
Institute of Technical Engineering,
State Higher School of Technology and Economics in Jaroslaw, Poland

Accession of Poland to the European Union meant that its eastern border became
the external frontier of the Community. The next step in the European integration
was joining the Schengen Zone by Poland. Polish citizens may freely travel
throughout the Schengen Zone and the state was obliged to tighten its eastern
border. Under these circumstances conducting research on passenger traffic has
become a vital issue, with particular focus on the eastern frontier. In the article an
attempt is made at examining the possibility of forecasting passenger traffic on the
example of border crossing points between the Subcarpathian Province and Ukraine
using the ARIMA models. Confirmation of these possibilities seems to be crucial as
the number of people crossing the border is characterized by high variability and
sensitivity to the political situation. The study is based on the information provided
by the Polish Border Guard. The conducted time series analysis is of a multi-purpose
character. It may be used to support decision making processes of investment,
organizational, as well as socio-political nature.
Key words: passenger border traffic, ARIMA models, time series analysis

1. Introduction
Accession of Poland to the European Union meant that its eastern border
became the external frontier of the Community. The next step in the European
integration was joining the Schengen Zone by Poland. Polish citizens may freely
travel throughout the Schengen Zone and the state was obliged to tighten its eastern
border. Under these circumstances conducting research on passenger traffic has
become a vital issue, with particular focus on the eastern frontier. The data and
reports prepared by Central Statistical Office (GUS) provide information dealing
with the volume of passenger traffic, the purpose of their visit, and the structure of
expenses paid by foreigners. Due to a high sensitivity of the data, modelling of the
phenomenon in question poses some difficulties. Acquiring the right database is
problematic, as the examples of border traffic modelling available refer mainly to
air passenger traffic [8, 10, 11, 14].
The aim of the analysis presented in the article is to examine the possibility of
forecasting passenger traffic on the example of border crossing points between the
Subcarpathian Province and Ukraine using the ARIMA models. Confirmation of
these possibilities seems to be crucial as the number of people crossing the border
is characterized by high variability and sensitivity to the political situation. The
Subcarpathian Province is the area of Poland where the majority of incoming
foreigners, especially Ukrainian citizens, make their migration decisions. The
study is based on the information provided by the Polish Border Guard. For the
purposes of the analysis the monthly data on passenger traffic from January 2012
to December 2016 were used pertaining to the number of clearances performed by
the Border Guard. The data refer to the number of crossings by Ukrainian citizens,
not the total number of individuals crossing the frontier. The conducted time series
analysis is of a multi-purpose character. It may be used to support decision making
processes of investment, organizational, as well as socio-political nature.

2. Passenger border traffic at border crossings between the Subcarpathian
Province and Ukraine
The state border between Poland and Ukraine with a total length of 535
kilometers (15.2% of the total length of the Polish border) is at the same time the
external frontier of the European Union. Its length across the Subcarpathian
Province and the Lublin Province amounts to 239 kilometers and 296 kilometers
respectively.
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In the Subcarpathian Province, the Bieszczady Border Guard Department
covers the crossing points with Ukraine in Medyka, Korczowa, Krościenko,
Budomierz, Werchrata (a railway crossing point, freight traffic only) and Jasionka
(an air crossing point).

Map 1.. Border crossing points in the Subcarpathian Province [17]
Source: own preparation on the basis of [17]

Polish accession to the Schengen Zone resulted in the opening of borders for
Poles inside the European Union, but also made it more difficult for citizens of
Ukraine to cross the border (the need for having a visa). In order to facilitate the
border traffic an agreement between the Government of the Republic of Poland and
the Cabinet of Ministers of Ukraine on local border traffic was signed in March
2008, and entered into force on 1st July 2009. It was then modified by the Act of
25th June 2015 on the ratification of the Second Protocol between the Government
of the Republic of Poland and the Cabinet of Ministers of Ukraine on local border
traffic regime, signed on 17th December 2014 in Warsaw amending the first
Agreement.
The provisions of the agreement cover citizens of both countries living in the
border area stretching not further than 30 kilometers from the common border.
However, if some part of an administrative district lies between 30 and 50
kilometers from the border line, it is considered part of the border area. According
to the concluded agreement, the Polish border area in the Subcarpathian Province
comprises 588 locations in 43 municipalities and 8 districts. The border area
includes, inter alia, Przemyśl, Jarosław, Sanok, Zagórz, Lesko, Lubaczów. The
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municipalities on the Polish side cover an area of 13,400 square kilometers,
inhabited by 800,000 people. Ukrainian border area comprises 1,111 locations in
23 regions covering a total area of 24,000 square kilometers, inhabited by 1,200,
000 people. Local Border Traffic is the regular crossing of an external land border
by residents in order to stay in border area for example for social, cultural or
substantiated economic reasons, or for family reasons, for a period not exceeding
the time limit laid down in the Regulation (EU) No 1342/2011of the European
Parliament.
In the last several years at the Polish-Ukrainian border, there has been a
smaller increase of Poles going through clearance compared to the number of
cleared foreigners. Price relations between both countries and recently an unsettled
international situation in Ukraine are undoubtedly important factors influencing the
situation. The analyses of the data from the first half-year of 2017, and presented
by the Border Guard show that it is going to be a record-breaking year in terms of
the number of passengers cleared at the border crossing points within the authority
of the Bieszczady Border Guard Department (BBGD). Citizens of Ukraine
constitute 85% of people crossing the border. The number of Ukrainians crossing
the border on the basis of the Local Border Traffic (LBT) regime has been
decreasing significantly in favor of visa-free regime. This is a consequence of the
abolition of visa requirements for Ukrainians who use biometric passports since
11th June 2017. Currently, approximately 30% of Ukrainians cross the border
without a visa. In the first half-year of 2017, the Subcarpathian border was crossed
by more than 860,000 Poles, which constitutes an increase of approximately 1%.
On the other hand, in the first quarter of 2017 there was a 2.4% increase (compared
to the analogous data from 2016) of foreigners crossing the border into Poland
from Ukraine and a 4.9% decrease of Polish citizens crossing the border into
Ukraine [13].
High dynamics, variability and spatial distribution of cross-border traffic is
conditioned by a number of factors, the most important of them being geopolitical
situation, development of road infrastructure and economic situation for the crossborder trade.
The formal agreements on the local border traffic and recent events in Ukraine
have determined the size and directions of passenger traffic. As a result an increase
in border traffic, particularly the LBT, has been observed. It may be linked to
deteriorating economic situation in Ukraine resulting in the search for additional
sources of income, mostly in small-scale trade taking advantage of price
differences, and the possibility of employment in Poland. Changes in the level of
traffic concentration can be observed over a longer span of time. Initially, a
tendency towards its de-concentration dominated, which was associated with
opening of new border crossing points and their low capacity (choosing remote

158

border points). In the recent years the situation has changed considerably.
Concentration of passenger streams, mostly along the main routes can be observed.
In this case, an important factor is the development of Polish network of
motorways and express ways [2]. Poles travelling to Ukraine in order to purchase
excise goods are mainly residents of the immediate border area, choosing the
closest check points, taking advantage of the LBT. Undoubtedly, queues and long
border wait times have significantly contributed to the decline in the number of
Poles crossing the Ukrainian border [16]. Therefore, it is not surprising that there is
an interest in the train connection between Przemyśl and Kiev and that plans are
being made to launch a Kraków – Lviv connection.
In order to learn more about the structure of expenses paid by foreigners
crossing the border between Poland and Ukraine, the Polish Central Statistical
Office (GUS) conducted a survey, whose results are presented in the publication
entitled Ruch graniczny oraz wydatki cudzoziemców w Polsce i Polaków za
granicą w 2015 roku [13]. According to the survey, 10,700,000 crossings of the
Polish – Ukrainian border within the local border traffic (27.6% more than in 2014)
were reported. 56.6% of crossings at this section of the border were made by
foreigners (in 2014 – 53.6%). Within the LBT most foreigners (75.3%) crossed the
border several times a week; those who crossed the border several times a month
accounted for 18.3%, every day – 5.3%, several times quarterly – 0.9%, a few
times a year or less frequently – 0.1%, respectively. The estimated value of
expenses paid in Poland by foreigners crossing the Polish – Ukrainian border
within the LBT in 2015 amounted to PLN 2.9 billion (23.5% more than in 2014),
which constituted 44.6% of their total spending (41.3% in 2014). For all foreigners
crossing the border the majority of expenses (87.8%) was spent on non-food goods,
similarly to the total number of foreigners crossing the Polish – Ukrainian border
(86.5%). There were only minor differences in the structure of expenses of both
groups of foreigners. In 2015 the average spending in Poland by a foreigner
crossing the Polish – Ukrainian border within the LBT amounted to PLN 540 (3%
less than in 2014) and was 22.1% lower when compared to the average spending of
all foreigners crossing this border (including the LBT). The analysis shows that the
implementation of regulations facilitating border crossing has significantly
influenced the revival of traffic in the border region. It has also resulted in the
increasing number of commercial partnerships involving foreign capital. By the
end of 2015, in the area close to the border with Ukraine there has been a 124.3%
increase in the number of those partnerships since 2009.
On the above described factual conditions, the problem of modelling passenger
border traffic will be presented using statistical methods of analysis of time series
by means of ARIMA models.
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3. Model construction
ARIMA (Autoregressive Integrated Moving Average) models are a very
general class of time series models. Their construction is based on the phenomenon
of autocorrelation. These models form the basis for the forecasting method known
as Box–Jenkins [1] method. They can be used to model stationary time series and
those non-stationary time series which can be transformed into stationary ones.
There are three basic models of this class: autoregression models (AR), moving
average models (MA) and mixed autoregression and moving average models
(ARMA). The symbol I used in the model name indicates that a time series was
subject to differencing. In order to formulate an ARIMA model (p, d, q) a notation
stipulating the row of individual model components is used: autocorrelation – p,
differencing – d, moving average – q. The process of model construction consists
of parts relating to: identification, estimation, diagnostic checking [1, 3].
In the first stage, the initial identification of a time series in terms of
stationarity is made through checking the function of autocorrelation (ACF) and
partial autocorrelation (PACF). The fact that in stationary processes the
autocorrelation function decreases (as a rule, quite rapidly) is used to determine
whether the process is stationary or non-stationary. If the decrease of the
autocorrelation function is very slow, it means that the time series is non-stationary
and should be reduced to the stationary form using differencing. During the second
phase the parameters of given models are estimated. The identification phase
provides information on the possible variants of the process. The final choice is
based on an analysis of several criteria: relevance/validity of (the) model
parameters, mean squared error, information criterion. Then the model is subject to
the analysis of properties of the model residuals. If the model residuals are a white
noise process and there are no significant values of functions ACF or PACF of the
model residuals, the model can be used in forecasting. Otherwise, another model
should be chosen or the model should be identified again. Having estimated the
model parameters and their statistical significance checked, an assessment of
model fit should be made [3, 9]. From the goodness of fit tests based on the
analysis of correlation of residuals, the Q test should be used:
M

Q = n( n + 2) ∑ ( n − τ ) −1 rτ2 ( a )

(1)

τ =1

where ( ) is the function of autocorrelation of residuals, and M is the maximum
delay of this function. The Q statistics has the distribution of M-p-q degrees of
freedom. For testing the significance of parameters as well as for building
confidence intervals for the forecasts, it is important that a white noise has normal
distribution.
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Finally, the model should be used to make a forecast. The basic difficulty in
the use of ARIMA models is the fact that there is no way to automate the procedure
for their construction.
The article provides an analysis of the time series describing the volume of
passenger border traffic on the example of the Subcarpathian crossing points with
Ukraine. As the citizens of Ukraine constitute more than 80% of all foreigners
crossing the eastern border, the variable showing monthly data from January 2012
to December 2016 on crossing the border by the citizens of Ukraine into Poland
was selected to construct the model. The data was obtained from the Bieszczady
Border Guard Department. Modeling was preceded by an analysis of the data
pertaining to the number of border crossings by Polish citizens from and into
Poland, and Ukrainian citizens from Poland and into Poland. Statistica program
was used in order to construct the model.
Summary: citizens of Ukraine into Poland
Expected normal
K-S d=,10440, p> .20; Lilliefors p<,10

Chart of normality: Ukrainians into Poland
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5E 5
4,8E5
4,6E5
4,4E5
4,2E5

Ukrainians into Poland

4E 5
3,8E5
3,6E5
3,4E5
3,2E5
3E 5
2,8E5
2,6E5
2,4E5
2,2E5

Average = 3,6163E 5
Average-S td.deviation,
A verange+Std.deviation
= (2,9789E5, 4,2537E 5)
Averange-1.96* S td.deviation,
A verange+1,96* Std. deviation
= (2,367E 5, 4,8657E 5)

Figure 1. Basic statistics for the variable describing monthly number of border crossings by
the citizens of Ukraine entering Poland (own work)
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Linear multiple variables
Border T raffic
6E5

5E5

4E5

3E5

2E5
citizens of
Poland
citizens of
1E5
Poland
citizens of
Poland
0
citizens of
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 Poland

Poland from
Poland into
Ukraine into
Ukraine from

Figure 2. Line chart of variables describing the passenger traffic at the Subcarpathian part
of the border between Poland and Ukraine on a monthly basis (own elaboration)

After the initial analysis of relationship between the variables, a conclusion
can be drawn that there is no relationship between the amount of Polish and
Ukrainian citizens entering Poland and those leaving Poland. It confirms the
opinion about the influence of political situation and prices of goods, including
excise goods, on the volume of passenger border traffic.
Table 1. Correlations between variables relating to passenger traffic at the Polish –
Ukrainian border (own work)
Correlations (Border Traffic Copy) Marked correlation coefficients are
significant with p < .05000 N = 60
Poles from
Poles into
Ukrainians into
Ukrainians from
Poland
Poland
Poland
Poland
Variable
Poles from
Poland

1.000000

0.984250

0.324401

0.239433

Poles into
Poland

0.984250

1.000000

0.344845

0.255672

Ukrainians into
Poland

0.324401

0.344845

1.000000

0.961961

Ukrainians from
Poland

0.239433

0.255672

0.961961

1.000000
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To construct the ARIMA model we have used the variable describing
passenger border traffic at the Subcarpathian part of the border between Poland and
Ukraine referring to the number of crossings by Ukrainian citizens entering Poland.
The chart created suggests that it is a non-stationary time series which should be
submitted to differencing. The non-stationarity of the series is confirmed by the
autocorrelation function. For the assumed significance level α = 0.05, the
autocorrelation coefficients for delays of 1 to 14 months appeared to be statistically
different from zero. This confirms the earlier assumption that the time series of the
variable in question is non-stationary.
Autocorrelation function
Citizens of Ukraine into Poland
Opóźn Kor.

S.E

(Standard errors are assessments white noise)
Q

1

+,761 ,1259

36,49 ,0000

2

+,662 ,1249

64,60 ,0000

3

+,554 ,1238

84,64 ,0000

4

+,442 ,1227

97,62 0,000

5

+,417 ,1216

109,4 0,000

6

+,372 ,1205

118,9 0,000

7

+,364 ,1194

128,2 0,000

8

+,361 ,1182

137,5 0,000

9

+,363 ,1171

147,1 0,000

10

+,396 ,1159

158,8 0,000

11

+,432 ,1148

173,0 0,000

12

+,464 ,1136

189,6 0,000

13

+,362 ,1124

200,0 0,000

14

+,283 ,1112

206,5 0,000

15

+,187 ,1100

209,3 0,000

0
-1,0

-0,5

0,0

0,5

0
1,0

p

P. confidence

Figure 3. Coefficients of autocorrelation of the time series of border crossings by citizens
of Ukraine into Poland

The image of PACF function is not entirely clear. At the assumed significance
level α = 0.05, the values of the PACF function for the delays 1 and 13 are
significant.
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Partial autocorrelation function
Citizens of Ukraine into Poland
(Standard errors assuming the AR of k-1)
Opóźn Kor.

S.E

1

+,761 ,1291

2

+,198 ,1291

3

-,001 ,1291

4

-,066 ,1291

5

+,133 ,1291

6

+,034 ,1291

7

+,069 ,1291

8

+,054 ,1291

9

+,069 ,1291

10

+,119 ,1291

11

+,124 ,1291

12

+,091 ,1291

13

-,260 ,1291

14

-,121 ,1291

15

-,094 ,1291
0
-1,0

-0,5

0,0

0,5

1,0

P. confidence

Figure 4. Coefficients of partial autocorrelation of the time series of border crossings by
citizens of Ukraine into Poland

The given time series has been described using different ARIMA models.
The following criteria were taken into account when choosing the best model:
significance of model parameters, lowest mean squared error value and information
criterion. On the basis of the conducted analysis the ARIMA (1,1,2) model was
chosen.
Table 2. Summary, parameter assessment of the ARIMA(1,1,2) model
Data: Ukrainian citizens into Poland (Border traffic 26-07-17) Transformations:
D(1) Model:(1,1,2) Residual MS = 1474E6
Param
Asymptote Asymptote
eter Parameter
Std. error
t (56)

p

Lower limit of
Upper limit of
95% p.confidence 95% p.confidence

p(1) −0.980966 0.065486

−14.9799 0.000000

−1.11215

−0.849783

q(1) −0.547048 0.133989

−4.0828 0.000143

−0.81546

−0.278637

q(2)

3.2766

0.17596

0.729582

0.452772 0.138181

0.001807
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Having established the significance of assessments, we proceeded to the
analysis of residuals. The chart of residual autocorrelation function shows that
they are insignificantly differentiating from zero. Combined Q criterion for the
maximum delay is 23.51 with the test probability p = 0.0740 greater from the
standard significance level α = 0.05, which means that the selected model is
correct.
Autocorrelation function
Citizens of Ukraine into Poland: ARIMA(1,1,2) residuals;
Opóźn Kor.

S.E

(Standard errors are assessments of white noise)
Q

1

+,043 ,1269

2

+,066 ,1258

,38 ,8252

3

-,101 ,1247

1,04 ,7916

4

-,220 ,1236

4,22 ,3772

5

-,064 ,1225

4,49 ,4806

6

-,252 ,1214

8,81 ,1845

7

-,118 ,1202

9,77 ,2017

8

-,137 ,1190

11,09 ,1965

9

-,104 ,1179

11,88 ,2204

10

+,026 ,1167

11,93 ,2901

11

+,130 ,1155

13,20 ,2805

12

+,326 ,1143

21,36 ,0454

13

+,101 ,1131

22,16 ,0530

14

+,119 ,1118

23,29 ,0558

15

+,052 ,1106

23,51 ,0740

0
-1,0

p

,11 ,7377

-0,5

0,0

0,5

0
1,0

P. confidence

Figure 5. Chart of ACF of residuals of the ARIMA(1,1,2) model

Partial autocorrelation chart confirms that residuals constitute the white noise
due to the lack of significant correlations of autoregressive type.
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Partial autocorrelation function
Citizens of Ukraine into Poland: ARIMA (1,1,2) residuals;
(Standard errors assuming the AR of k-1)
Opóźn Kor.

S.E

1

+,043 ,1302

2

+,064 ,1302

3

-,107 ,1302

4

-,219 ,1302

5

-,038 ,1302

6

-,243 ,1302

7

-,168 ,1302

8

-,203 ,1302

9

-,233 ,1302

10

-,198 ,1302

11

-,075 ,1302

12

+,123 ,1302

13

-,075 ,1302

14

-,008 ,1302

15

+,056 ,1302
0
-1,0

-0,5

0,0

0,5

1,0

P. confidence

Figure 6. Chart of PACF of residuals of the ARIMA(1,1,2) model

Examination of the distribution of residuals confirmed approximately the
shape of normal distribution. Normal chart of residuals shows shaping of quantiles
against a straight line which corresponds to the quantiles of normal distribution. If
the points distribute on the line or close to it, it can be considered that the residuals
have normal distribution.
Normality chart; Citizens of Ukraine into Poland
ARIMA (1,1,2) residuals;
3

2

1

0

-1

-2

-3
-1,4E5 -1,2E5

-1E5

-80000 -60000 -40000 -20000

0

20000

40000

60000

80000

1E5

Value

Figure 7. Chart of normality of residuals of the ARIMA(1,1,2) model
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Having obtained positive results of the diagnostic check, the designated model
was recognized to be useful for developing the forecast. The model was used to
forecast the volume of passenger border traffic for Ukrainian citizens entering
Poland in subsequent three months. They were compared with the actual data
received from the BBGD. For one-step ahead forecast the error does not exceed
9%. The results of the calculations are presented in tables 3 and 4. The graphical
chart of the forecast is presented in Figure 8.
Table 3. Forecast determined for the ARIMA(1,1,2) model
Forecast; Model: (1,1,2) Seasonal delay: 12 (Border traffic 26-07-17) Data: Ukraine
citizens into Poland Database beginning: 1 Database end: 60
Lower
Upper
Obs.
Forecast
Std. error
90.0000%
90.0000%
no
61

444662.2

380447.4

508877.0

38393.98

62

441327.1

367537.4

515116.9

44118.83

63

444598.7

363095.6

526101.9

48730.67

Table 4. Forecast determined for the ARIMA(1,1,2) model compared
with the observed data

No of the next month

Forecast; Model: (1,1,2) Seasonal delay: 12 (Border traffic
26-07-17) Data: Ukraine citizens into Poland Database
beginning:1 Database end: 60
Forecast

Observed data

61

444662.2

435727

−2.05%

62

441327.1

406345

−8.60%

63

444598.7

435028

−2.20%
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Relative error

Forecast; Model: (1,1,2) Seasonal delay : 12
Citizens of Ukraine into Poland
Database beginning:

1

Database end:
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Figure 8. Forecast for three months of Q1 of 2017, using the ARIMA(1,1,2) model

4. Conclusion
An important decision-making tool can be obtained by making use of ARIMA
models. The advantage of using this type of models is that, despite many problems
connected with their construction and testing, we obtain information about the time
series structure and mechanism of its creation. Creating models for passenger
border traffic is very interesting due to its complex structure and huge sensitivity to
social and economic conditions. Construction of an ARIMA model requires using
over 50 observations, therefore a time step longer than a month could generate
incorrect forecasts and conclusions. There is a direct, positive correlation between
the volume of passenger border traffic and the expenses paid by people crossing
the border, therefore the obtained forecasts may be of business nature. They could
be used to support making decisions connected with communication infrastructure
and commercial infrastructure. The universal character of the study allows for the
use of ARIMA models in relation to research on border traffic at any section or
border crossing point. The forecasts obtained may be used to analyze regional
migration.
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AND THE EFFECTIVENESS OF CHANGING TARIFF GROUP
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After the introduction of the Energy Law in 1997, many enterprises started to
operate in the power industry, which is translated into the electricity prices
competitiveness. The further household tariff extension with more expensive rates at
peak times, and favorable lower rates during the night and off-peak hours, did not
result significantly change among users belonging to the most generic household
tariff G11 with a single electricity rate per KWh (Kilowatt hour) regardless time of
use. The article analyzes the electricity purchase and supply costs of the largest
households group belonging to G11 tariff and simulates the effectiveness of moving
from existing tariff group to the offered competitive tariff according to electricity
suppliers.
Keywords: tariff group, electricity price, electricity distribution rate, kWh

1. Introduction
Participants of the electricity retail market comprise, along the end-users (both
households and businesses), undertakings managing distribution network, including Distribution System Operators (DSOs) and electricity suppliers (trading companies). In total, there are approximately 17,05 million of end-users and among
them 90,3% (15,4 million) are the customers in G tariff group, with a great majority of household consumers (over 14,5 million). The rest of end-users are customers
belonging to A, B and C tariff groups [4]. Groups A (top, strategic clients) and B
(big, key clients) include the customers supplied from the high and medium voltage

grids, whereas group C are the customers connected to the low voltage grid, consuming electricity for the purpose of business activity and they are referred as
commercial customers.
For the households, powered at low voltage, the business entities have created
couple of different tariff groups, which differ by time zone (single or two time zone
meters) and whether electricity is used for heating or not. The most generic household tariff group is G11 – customers having single-time zone meters with a single
electricity rate per KWh (Kilowatt hour). The remaining tariff groups, G12 and
G12w, are time and weekdays dependent. G12 is effective between 10pm and 6am
and between 1pm and 3pm while G12w is additionally effective during the weekends (between 10pm on Friday and 7am on Monday).
The variety of households is large. The main division can be observed
between the urban and rural households. A typical urban household is defined as a
household located in a block of flats and using district heat. In 2015, this household
group comprised 38.1% of all households in Poland. In relation to households
residing in urban areas, this was 58% [3]. The average dwelling floor area
amounted to 50.5 m2 while the average annual consumption of electricity per 1 m2
is amounting to 32.6 kWh. Urban Households did not use solid fuels, heating oil, or
any form of renewable energy.
A typical rural household residing in a single-family house with a floor area
amounted to 108 m2, heated with solid fuels [3]. The average consumption of
electricity was by 17% higher than the national average for all households, but the
average consumption of electricity per 1 m2 of the house floor area was however
low, amounting to 24.2 kWh. This results from using a large average house area,
plots and different structure of refrigeration equipment for own food needs. Rural
households are often included in two zone tariff group (Fig 1).
Assigning individual household into a tariff group, the DSO uses developed
load profiles (Fig 1,2). The main criteria taken into account are: customer type,
historical or planned annual electricity consumption, technical connection point
parameters - such as phases number, and finally the use of a metering and
settlement system.
After the market liberalization, as users exercise their right to change
electricity suppliers, the number of TPA (Third Part Access) customers grows
dynamically every year, at the end of 2013, it reached 92,600 for business
customers and 135,600 for individual customers. This number remains still lower
compared to the majority of European energy markets. Poland is lagging far behind
developed markets, where the average number of customers switching electricity
supplier varies from a few to about a dozen percent annually, whereas on the most
developed markets, e.g. in the UK, it is over 20%. The article analyzes the
electricity purchase and supply costs of the largest households group belonging to
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G11 tariff and simulates the effectiveness of customers’ traffic within tariff groups
offered by electricity suppliers.
2. Household pricing policies
According to the regulation of the Minister of Economy dated on 18th August
2011 on detailed rules for calculating tariffs [5], The President of Energy
Regulatory Office (ERO) retains the obligation to annually submit electricity tariffs
for approval with regard to consumers of G tariff group (composed mainly by
households) connected to the grids of the DSO, and who have not switched
supplier. Electricity prices for these consumers are included in the DSO and supply
companies tariffs, approved by the President of ERO and published in “Branch
Bulletin of Energy Regulatory Office – Electricity”. Prices for other consumer
groups are shaped by the market. Tariff structure for householders contains two
main categories of pricing and rates [4]: network rates and electricity purchasing
price. The network rates include energy transmission and distribution (T&D)
services, expressed in PLN (polish currency) per kWh and the fixed component
concerning electricity measurement and billing systems for invoice settlement. The
second, energy pricing component contains electricity prices expressed in PLN per
kWh, which should cover the energy production costs, and the transitional fees (or
terminating long-term contracts). Electricity prices can be varied due to time zones
or seasonal period.
The household segment (G tariff) contains mainly G11 tariff group with a
fixed electricity price regardless the day and time of use (so-called single zone),
applied and G12 tariff group, with lower rate at night and higher in the day (socalled two-zone) (Tab 2). Two other sub tariff groups are used: G12r for those
using in addition electricity for promises and water heating. G12w tariff group with
economical fare nights and weekend rates [1].

Figure 1. Household segment tariff zone

Depending on the tariff plan the customers can benefit from lower prices per
kWh if the usage falls between certain tome zones. In tab.1 both sales and T&D
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rates for G11, G12, G12r and G12w are presented according to operating on the
polish market DSO [1]. G11 tariff has fixed price of 0.30 PLN/kWh for electricity
sale and 0.22 PLN/kWh for electricity T&D. G12r tariff plan has lower rate of 0.18
PLN/kWh between 10pm and 7am and between 1pm and 4pm while the higher rate
of 0.40 PLN/kWh is applicable outside these windows. The electricity T&D rates
fixed as 0.24 PLN/kWh during peak hours and a lower rate of 0.06 PLN/kWh when
off-peak. G12w has lower rate of 0.24 PLN/kWh for electricity purchasing during
the weekends and Monday – Friday between 10pm and 6am and between 1pm and
3pm while the higher price of 0.36 PLN/kWh is applicable outside these windows.
For this tariff group the T&D rates set respectively 0.26 PLN/kWh and
0.05PLN/kWh during the peak and off-peak period.
Table 1. Electricity prices and T&D rates in individual tariff groups
(1 Polish PLN ~ 0.25 Euro)
Tariff group

Fixed price

Peak

Off-peak

Electricity prices
G11

0.2969

G12

0.3464

0.2247

G12w

0.3625

0.2358

0.3980

0.1801

G12r

T&D rates
G11

0.2296

G12

0.2510

0.0580

G12w

0.2632

0.0583

G12r

0.2383

0.0615

Source: own preparation on the basis of EDO materials [1]

3. Dataset characteristics
An extensive research conducted since 2002 by the Polish Power
Transmission and Distribution Association PTPiREE [2] has produced a directory
of electricity consumer characteristics, and on this basis the so-called standard
profiles. The research finally conducted to the conclusion that, households settled
according to G12 tariff group do not use a significant more amount of energy
during the off-peak load zones than households settled in line with single zone rate.
A working day and weekend day average load entities profiles are presented in
Figure 2 and Figure 3.
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Figure 2. Working day hourly average load profiles according to
G11, G12 and G12w tariff

Figure 3. Weekend day hourly average load profiles according to
G11, G12 and G12w tariff
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It would seem that by choosing two-zone tariff group, customer should use
electric devices in such way that the maximum electricity consumption falls during
periods of cheaper electricity rate. While electricity consumption structure does not
show any significant difference between individual group users, the electricity
consumption and the network T&D costs in different settlement zones are
significant. This paper will compare individual hourly both consumption electricity
purchasing and T&D cost applying various tariff rates in accordance with available
DSO tariff groups (G11,G12, G12w and G12w) [1].
This study was performed based on historical data representing energy
consumption observed at 200 entities, including small and large households. The
data set included hourly data covering the time window between 1 January 2015
and 31 December 2015. The daily load curves have different shapes depending on
the day type (workday, Saturday, Sunday, or holiday) and the season. The analysis
focuses on the simulation of electricity purchasing and energy transmission and
distribution costs for households. Due to the fact that there were only a small share
in the total bearing costs, the fixed component concerning electricity measurement
and billing systems for invoice settlement and the transitional fees (for terminating
long-term contracts) are ignored.
3. Simulation of households electricity consumption cost based on different
tariff group rates
The G11 tariff is the most popular one used for households. The individual
costs of using electricity by households according to acting in polish market DSO
tariff are varied. Based on empirical analysis concerning electricity usage among
200 individual households belonging to G11 tariff, it results that in the analyzed
period between January 1 and December 31, 2015, 77% of them would have lower
bills concerning electricity purchasing, if they were moved to G12w tariff group,
and further 7% of them were moved G12 tariff. Only 16% of the analyzed
households should stay in their current G11 tariff. As presented in Table 2, the
summarized electricity consumption cost for all the 200 customers reaches 2 409
013 PLN. If the customers would chose appropriate tariff the electricity cost would
amount to 2 365 681 PLN what would give them savings of about 43 331 PLN
(1.44%). The savings are mainly due to the switching the tariff from G11 to G12w
– 34 862 PLN, and from G11 to G12r – 8 469 PLN.
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Table 2. Simulation of households electricity consumption cost based on
different tariff group rates
Tariff group
Electricity cost in G11
Electricity cost in G12/G12r/G12w
Customer savings due to switching
Electricity consumption cost after
switching the tariff
G11 tariff group
G12r tariff group
G12w tariff group
Total

Electricity consumption
costs [PLN]
2 409 013.47
2 365 681.60
43 331.88
Electricity consumption

Electricity consumption
cost [in %]
100.00
98.56
1.44
Customer saving

cost [PLN]
34 859.97
257 121.63
2 073 699.99
2 365 681.60

0
8 469.40
34 862.48
43 331.88

Source: own calculation on the basis of DSO [1] tariff rates

Concerning electricity trading, even the calculation indicates so many
households can make benefit while moving from the popular G11 tariff to other
available tariff groups like G12w and G12r, most of them remain at their current
G11 tariff and users migration in this segment is limited. This is due to the
insignificant value of bills reduction regarding electricity purchase. Another issue
is the level of margins in the household segment (G tariff). Price regulation with
respect to the G tariff group led to maintaining low margins on sale. For years they
were at the level between zero and merely a few percent [4].
Table 3. Simulation of households electricity T&D cost based on different
tariff group rates
Tariff group
T&D cost in G11
T&D cost in G12/G12r/G12w
Customer savings due to
switching
T&D cost after switching the
tariff
G11 tariff group
G12r tariff group
G12w tariff group
Total

Electricity T&D cost [PLN]
1 862 948.78
1 209 248.92
653 698.86

Electricity T&D cost [in %]
100.00
64.91
35.09

T&D cost [PLN]
0.00
110.57
1 209 139.35
1 209 249.92

Customer saving
0
69.18
653 629.70
653 698.88

Source: own calculation on the basis of EDO [1] tariff rates

However, the situation looks very favorable in the area of T&D fees. The
analysis shows also significant differences in distribution fees for households
belonging to different tariff groups. Almost 97% of households can reduce
significantly their bills concerning energy transmission and distribution moving
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from G11 tariff to G12w. The remaining users can slightly see profit in their bills
prescribing to G12r tariff.
As presented in Table 3, the summarized electricity T&D cost for all the 200
customers reaches 1 862 948 PLN. If the customers would chose appropriate tariff
the electricity T&D cost would be reduced to 1 209 249 PLN what would give
them savings of about 653 698 PLN (35.09%). The savings are mainly due to the
switching the tariff from G11 to G12w – 653 629 PLN, and from G11 to G12r 71
PLN.
Based on this empirical analysis concerning electricity usage among 200
individual households the share of revenues prescribed the network infrastructure
amount to 56,4% compared to 43,6% prescribed to energy sales. Consequently, this
policy limits in G11 tariff group both the households benefit from lowering
electricity prices on the wholesale market and the threat of competition from
contracts under the TPA mechanism.
4. Conclusion
This paper analyzes the electricity cost incurred by households and what
would be the most suitable and cost-effective for the end users while switching
tariff group. Although the most popular G11 tariff dedicated households named
basic tariff means transparent rules – one rate for electricity regardless time of use,
no need for planning and easy cost estimation, it remains the most expensive
comparing to other available tariff in this segment. Comparing G12w, G12r and
G11 tariffs, it can be concluded that increasing electricity consumptions during the
peak-off or night zones by running for example some equipment like washing
machines or dishwashers in the cheaper zone hours, will allow to change tariff
group and consequently lead to significant saving. On the other hand, the tariff
policy of dominant capital groups, accepted by the Energy Regulatory Office,
currently leads to a situation where the price differential of electricity itself is small
between them. Significant diversification of the whole cost of electricity use may
appear only after taking into account the T&D costs of delivery. Unfortunately,
individual household, are characterized – and hence blocked – by poor abilities to
evaluate and compare offers, as well as by low awareness of the market and
competitors.
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Nowadays, the data are available in a variety of formats such as relational database tables, xml files, rdf files or simply text files. Database systems have their own
query languages and tools for the manipulation of data. On the other hand, most of
today's applications are created in languages based on the object-oriented paradigm.
From the level of the programming language it is important to use different sources
of data in a uniform manner. The paper discusses the elements of the various query
languages such as SQL XQuery or SPARQL. And then shows the capabilities of
LINQ and its role in the creation of abstract data access layer. Then the possibilities
of LINQ extension are discussed. As the example, design and implementation of
LINQ provider for Allegro is presented.
Keywords: Query languages, LINQ, extension methods, .NET

1. Introduction
Today we have access to large amounts of data in digital form. The main
sources of data are electronic documents, Web pages, Web services and databases.
However, finding the right information is not always easy. We can search the documents using text search engines but this requires additional tedious analysis, for
web pages it is possible to use search engines but it also requires additional browsing dozens of result pages. For better structured data sources, there are available
tools for more precise searching. These tools provide query languages which can
help us during search process. The most known query language is SQL (Structured

Query Language) a standard for communication with relational databases, standardized by ISO [1]. Query languages are important in the implementation of information management systems. From the other side, currently in system implementation the biggest role play the programming languages based on the object oriented
paradigm. In general, the query languages like SQL are not integrated with object
oriented programming languages. Especially between object oriented languages
and relational databases, we have so called the object-relational impedance mismatch. Programmer must every time “immerse” query in the programming language used for the application. The query results must be converted to the types
available in the programming language. This means that an application code is not
uniform and developer needs to learn the syntax of query languages. In such situation, a solution which allows querying various data sources and easy integrates
with object-oriented environment is desired.
The rest of this paper is organized as follows: in Sect. 2 the most important
query languages, together with appropriate data sources are reviewed. In Sect. 3 a
LINQ technology is described. In Sect. 4 an implementation LINQ to Allegro is
presented. We finish with summary and brief remarks in Sect. 5.
2. Query Languages
Users want to find interesting information from the available data source. The
easiest method to do this is to ask about information in natural language. Today
such method is possible. User can type in a search engine sentence in natural language, sentence is parsed, key words are recognized, searching is performed and
results are presented. But the use of natural language unfortunately does not give
satisfactory results due to the lack of precision of the everyday spoken language.
Search engines, like Google, have advanced search options which help user defining more structured query. To define precise query we need well defined query
language. According to Encyclopaedia Britannica, query language, is a computer
programming language used to retrieve information from a database. Wikipedia
provides a broader definition of query language: it is computer language used to
make queries in databases and information systems. This definition stresses that the
data source can be any collection of data in information systems. Unfortunately, to
ask a precise query, it is necessary to know what the data structure is. Ideally, a
query language should allow users to formulate queries in an intuitive way. One
such intuitive way is Query By Example (QBE) [2]. It was defined at IBM for relational databases but many query languages use this idea. There are many visual
tools which help user construct query, for example Microsoft Access Query Design
Grid [3]. User prepares pattern and asks for “similar” objects to be retrieved from a
database, typically user fills the selected fields in the table, example object, document etc., and the database engine returns records containing the information from
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the filled-in fields. In query languages many depends on how the data are organized. Specific types of database have their own specific query languages. Mentioned earlier SQL is designed for relational databases and is based upon relational
algebra and relational calculus of tuples. For databases from different manufacturers, there are many mutations (dialects) of SQL, with many specific extensions
(Oracle PLSQL, Microsoft Transact SQL etc.). Declarative SQL syntax has become a model for other query languages. XQuery, that is, the XML Query Language, is a language created to search XML documents. XQuery is WWW Consortium standard [4]. XML documents have a hierarchical structure and the query
must contain the path to the items. To do that it uses XPath, another WWW Consortium standard [5]. SPARQL is a recursive acronym for SPARQL Protocol and
RDF Query Language. It is query language devoted to data in Resource Description Framework (RDF) format. Similarly to XQuery it is WWW Consortium standard [6]. RDF itself is based on the idea of making short statements about resources
in the form subject–predicate–object, known as triples and was initially designed
for Semantic Web [7]. We have to note that RDF data model is rather in graph than
hierarchical format. Despite the fact that most of the resources in the RDF are serialized in XML format [8], SPARQL has its own syntax based on triples which is
not based on XQuery. As was said earlier, object-oriented model is most popular in
nowadays applications. However object-oriented databases state now the market
margin and generally they have proprietary query languages. Standard for objectoriented databases - Object Query Language (OQL) [9] - was defined by Object
Data Management Group but it was never fully implemented in object-oriented
databases. Currently so called NoSQL databases become more popular, but they
have not one data model. NoSQL databases are representing rather wide spectrum
of technologies. Most popular are document databases, they are relatively close to
object-oriented model but do not support inheritance. Document data bases typically use JSON (Java Script Object Notation) format or its binary form BSON. Unfortunately almost every document database has its proprietary language for queries.
There is an interesting initiative for query and processing language specifically
designed for the JSON data model [10], but there are almost no implementations of
this proposal. Other interesting NoSQL database category is graph databases.
Mentioned earlier RDF data model can be classified in this category. There is
Gremlin, graph traversal language implemented in many graph databases [11]
which is almost standard. At the end of this short review of query languages we
have to note that search engines like Google or Bing have their own APIs for programmers. Such APIs are really query languages, but their capabilities are similar
to the advanced search properties in search engine [12, 13].
In conclusion we can say that due to the very diverse data formats, there is no
one standard for queries. An additional problem is that the existing query languages do not integrate well with popular programming languages. From pro-
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grammers point of view the tool that allows queries in an object-oriented manner is
needed, to provide good integration of programming language with different data
sources.
3. LINQ
LINQ (Language INtegrated Query) is a set of tools to analyze and manipulate data collections. It is a Microsoft .NET Framework component that adds native
data querying capabilities to .NET languages, although ports exist for other programming languages and environments. This technology came into use in 2007
with the third version of the C# language as part of the .NET Framework 3.5 [14,
15, 16]. LINQ technology is based on generic types, collections which implements
IEnumerable interface, extension methods, anonymous types, delegates and lambda
expressions. The first implementation was LINQ to objects and extension methods
were defined for enumerable collections of objects. The example presented in fig.1
illustrates LINQ to objects idea.
var longerWords = "SHORT TEXT TO LINQ ANALYSIS".Split()
.Where(x => x.Length > 4).OrderBy(x => x.Length)
.Select(x => new { word = x, length = x.Length });

Figure 1. LINQ to objects example

In the example method Split() divides string into array of words (strings) using space as separator. Array in .NET is IEnumerable and extension method Where
can be called on it. Method Where as an argument takes lambda expression (x =>
x.Length > 4). Result is enumerable and we can call another extension method
OrderBy with next lambda expression, and finally call extension method Select
with lambda expression, this last lambda expression creates anonymous type: pair
of word and its length. The most important methods are Where and Select. We
have to note that there are defined the contextual keywords used in query expressions, equivalent to most important LINQ methods. We can rewrite discussed code
in declarative style (fig.2).
var longerQuery = from w in "SHORT TEXT TO LINQ ANALYSIS".Split()
where w.Length > 4 orderby w.Length ascending
select new { word = w, length = w.Length };

Figure 2. LINQ to objects declarative style example

There are additional LINQ implementations in .NET framework: LINQ to
XML, LINQ to SQL, LINQ to DataSet and LINQ to Entities. There is another issue connected with LINQ implementations, large external data sources cannot be
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loaded whole into memory. We have to delay the loading data from the file until
this data will be actually needed. It is essential that such operations should be performed automatically. In .NET framework was introduced keyword yield and
thanks to it we have the automatic deferred execution. For our purpose most interesting is the LINQ to SQL provider. It allows LINQ to be used to query Microsoft
SQL Server databases (or other relational databases with appropriate drivers).
Since SQL Server data may reside on a remote server, and because SQL Server has
its own query engine, LINQ to SQL does not use the query engine of LINQ to objects. Instead, it converts a LINQ query to a SQL query that is then sent to SQL
Server for processing. Interface IEnumerable is used to iterate through the collection of objects and is not useful for external data source. For external data sources
like relational database the IQueryable interface was defined [17]. It is useful for
building a query that is translated into language understandable for a given source
for example SQL. IQueryable implements IEnumerable so all the LINQ extension
methods are available. Interface IQueryable (fig.3) defines two important fields of
type Expression and IQueryProvider (fig.4).
public interface IQueryable : IEnumerable {
Expression Expression { get; }
Type ElementType { get; }
// the provider that created this query
IQueryProvider Provider { get; }
}

Figure 3. Inteface IQueryable. Source: [17]

Abstract Expression class has a few dozen subclasses. Most important are:
BinaryExpression, ConstantExpression. LambdaExpression, MemberExpression,
MethodCallExpression and UnaryExpression. Especiall BinaryExpression gives
possibility to build binary tree, such expression trees are at the core of the LINQ
extensibility mechanism.
public interface IQueryProvider{
IQueryable CreateQuery(Expression expression);
IQueryable<TElement> CreateQuery<TElement>(Expression expression);
object Execute(Expression expression);
TResult Execute<TResult>(Expression expression);
}

Figure 4. Inteface IQueryProvider. Source: [17]

Provider has two methods CreateQuery and ExecuteQuery (fig.4). The expression tree is handed over to LINQ provider, which adapt the LINQ queries to be
used with the data source. The main task during LINQ implementation is to define
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proper provider, particularly Execute method. Moreover implementer has to prepare extension method for at least Where clause.
4. LINQ to Allegro
Allegro is a Polish online auction website. It primarily allows the sale of items
owned by the users. Potential buyers can search the site for items of interest to
them. Our goal was to create a custom LINQ provider to be able to browse the
service resources for buyers.

Figure 5. Allegro RSS channels generator page. Source: [18]
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Allegro allows the exchange of information between service and external
software and developers can integrate their own solutions with the Allegro data.
Allegro provides three ways to take advantage of the service. The first is WebAPI web service based on SOAP protocol, the second is REST API and the third RSS
channels. The first two possibilities are requiring an account on the Allegro and
they intended for commercial use by companies offering products for sale. For our
purpose best proved ids RSS service available at [18]. It does not require creating
an account and is totally free. In the figure 5, visual interface for RSS channels
generator is presented. It is easy to generate URL string which can be use as the
pattern during generating LINQ queries. Parameters after which we can search for
are: Title (name of item), SearchInDescription, ExcludeWords, Price, CategoryID,
OfferType, SearchType, CollectInPersonaly, PayU. Those fields can be used in the
Where clause. Unfortunately, there is one problem with CategoryID. Allegro uses
so many categories and subcategories, that the whole category tree consists of
thousands of items. Every category has its own identifier. Preparing the query we
need to choose the proper identifier corresponding to the category with the help of
the WebAPI methods or REST API, it is easier than using the RSS feed. This is not
problem for LINQ implementation but only for an application that uses it. During
testing we had to limit categories to a few basic ones. Example of generated pattern
(fig.6) includes category books about programming (90328).
http://allegro.pl/rss.php/search?string=C%23&category=90328&price_from=1
2&price_to=200&description=1&selected_country=1&search_type=1&postcode_e
nabled=1

Figure 6. Allegro RSS pattern
<item> <title>C# SPECYFIKACJA JĘZYKA - NOWA</title>
<guid isPermaLink="false">http://allegro.pl/c-specyfikacja-jezyka-nowai7022874587.html</guid>
<link>http://allegro.pl/c-specyfikacja-jezyka-nowai7022874587.html</link>
<pubDate>Sun, 29 Oct 2017 11:05:26 +0100</pubDate>
<description>Sprzedający: <a
href="http://allegro.pl/show_user.php?uid=17637436">BARCELONAS55</a><br
/> Cena Kup Teraz: 29,00 zł<br /> Do końca: 29 dni (wto, 28 lis 2017,
11:05:26)<br /> <a href="http://allegro.pl/c-specyfikacja-jezyka-nowai7022874587.html">Kup Teraz</a><br /> <br /> </description></item>

Figure 7. Item from Allegro response

In the response we receive list of items. Each item has the form as in the figure 7.
As we can see in every item we have only title (item name), pubDate (date of publication), description and link (item URI). Description includes some additional
information like price or auction deadline date, but to read them other actions are
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needed. This means that we can select only the mentioned four fields contained in
the response.
Implementation of LINQ to Allegro is described in [19] it is influenced by the
example implementations provided by Microsoft [20]. Main LINQ to Allegro classes are presented in the figure 8. Most important class is AllegroQueryable which
implements IQueryable interface [21]. Additional subclass of Expression was not
created, because functionality of BinaryExpression and LambdaExpression was
enough.

Figure 8. LINQ to Allegro classes
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class AllegroQueryContext
{
public static object Execute(Expression expression)
{
var stringURL =
new AllegroQueryContext().TranslateExpressionTree(expression);
XElement _allegroRSS = XElement.Load(stringURL);
return AllegroHelper.ParseAllegroXml(_allegroRSS);
}
private string TranslateExpressionTree(Expression expression)
{
return new ExpressionTreeTranslator().Translate(expression);
}
}

Figure 9. AllegroQueryContext class. Source: [2]

Important part of functionality is in AllegroQueryProvider class which implements IQueryProvider interface. AllegroQueryProvider uses AllegroQueryContext class which is responsible for connection with Allegro RSS service (fig.9).
Additionally AllegroQueryContext class has TranslateExpressionTree method uses
ExpressionTreeTranslator class which with method Visit translates parts of expression and extracts conditions from Where clause. Visit calls VisitEqual method for
every parameter: Title, SearchInDescription, ExcludeWords, Price, CategoryID,
OfferType, SearchType, CollectInPersonaly, PayU. VisitEquals has inside analysis
of conditions for every parameter. More details connected with implementation are
available at [21].
5. Conclusions and future work
Example implementations provided by Microsoft allow programmer to create
his own providers for each data source having its specific query language or even
simple interface. Those examples helped in LINQ to Allegro implementation. Tests
have shown that implementation of the LINQ to Allegro works and queries integrate with C# programming language in .NET environment. On the other hand, the
implementation is quite extensive, it was necessary to “packaging” simple operation in a fairly extensive class structure. Quite poor Allegro RSS service has caused
that the functionality of LINQ to Allegro is limited. Main part of implementation
was Where clause. The response data are in the XML format and it would be possible to implement much less complicated solution devoted to search Allegro data.
However such solution would lose a unified query style. In the future work, we
should extend our implementation by improving Where clause and by Select clause
filtering data like price or auction deadline date now included in description.
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The aim of this work is to study the structure of information and telecommunications technologies (ICT) usage in Polish enterprises in 2015. In this paper the
overrepresentation maps were considered as a tool of data mining. These maps are
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1. Introduction
Nowadays the worldwide rapid development of information and communications technologies (ICT) and its significant impact on economics, business, industry, science and many sectors of everyday life are observed. This transforms the
approach to thinking about innovation and becomes an important subject of research in recent years.
In the subject literature we can find a huge spectrum of definitions and information about ICT. The term “information and communication technologies” has
been used in scientific research since the end of the 90s of twentieth century. The
concept of ICT includes any products, tools and solutions of information technology (like computers, robots and other digital devices), communication (e.g. tele-

communication lines, wireless signals, audio-visual and telephone networks, fast
and efficient internet connections) and information manipulation (software, specialist systems, algorithms and models) with especially emphasis on applications of
these technologies for an easier and more efficient process of information transformation and transmission [9].
It is not surprising that the development and popularity of ICT have also been
reflected in the approach to business management, especially also in strategies for
enterprises. The necessity of introducing modern solutions is additionally supported by the processes of globalization and integration occurring in the worldwide
economy. The ICT solutions actually help to improve effectiveness and they are
the support for overcoming various barriers in business. Today it is necessary to
accelerate the implementation of ICT solutions to maintain business performance
and competitiveness [2, 5, 6, 13].
Information and communication technologies also may open new opportunities for polish enterprises [1, 12]. The results of scientific research indicate that in
Poland the degree of business adaptation of modern ICT solutions is lower than in
the world [10]. The situation is particularly unfavourable for small and mediumsized enterprises (SMEs). The undoubted significance of ICT for dynamic growth
is evidenced by programs realized by Polish Agency for Enterprise Development
including advanced support services, education and other activities stimulating
innovation. A key issue during process of such programs planning is to reach precisely the sectors and regions that are the most in need of support. This makes the
widely understood researches of this subject required.
The aim of this work is empirical study of the structure of information and
telecommunications technologies adoption in Polish enterprises in 2015. In order to
do this, the Internet connection speed and the level of expenses for various types of
ICT solutions were chosen to analysis. The differentiation of these factors was
studied versus the size of enterprises as well as their geographical localization
(considering individual voivodeships). The implementation of this type of research
allowed to know the degree of advancement in application of the information and
telecommunications technologies in individual regions of the country. In addition,
the sectors of ICT, for which the expenses are the especially high or low, are indicated, in case of small, medium-size and big enterprises.
The research method applied in this work was the grade correspondence analysis (GCA) and overrepresentation maps. This approach of data exploration is appropriate to visualize the data and to assess similarities and differences of the structure of implementation of ICT solutions in Polish enterprises. The main advantage
of the method is the transparency and legibility of the obtained results. This allows
to discover new, unknown, significant and understandable regularities in large data
volumes. The goal of this work is not so much to know precisely the individual
situation in each of the voivodeships, but to indicate the diversity in ICT adaptation
in enterprises across the whole country. The applied GCA method allows to carry
out this type of research.
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2. Data
The data employed in this article refer to ICT usage in Polish enterprises and
relate to the period of 2015 year. The database comes from the Central Statistical
Office of Poland. The data of this kind are the source of a great deal of information
and they deal with a lot of aspects of ICT application. This article focuses on two
of them: speed of internet connection and expenditures for various sector of ICT in
enterprises (like IT equipment, telecommunications equipment, financial leasing of
ICT devices, own development or modification of the purchased software). In addition, the information refer to individual voivodeships and size of the enterprises.
The chosen factors allow to analyze important aspects of ICT application in
Polish enterprises. The data about speed of internet connection provide knowledge
about advancement in information and telecommunications technologies used in
enterprises. On the other hand, the study of the structure of expenditures for various ICT solutions shows which of them are the most popular and how much money
the enterprises are able to spend on various kinds of modern technologies.
The applied data are presented in the tables 1 - 4.
Table 1. The number of enterprises using a certain speed of internet connection
in individual voivodeships

414

[2;10)
Mbit/s
3491

[10;30)
Mbit/s
4628

[30;100)
Mbit/s
3025

>=100
Mbit/s
2337

46

561

617

433

296

Voivodeship

<2 Mbit/s

Mazowieckie
Podlaskie
Dolnoslaskie

163

1729

2213

1095

780

Zachodniopomorskie

130

909

1316

596

396

Pomorskie

309

1589

1642

1151

641

Lubelskie

137

838

1242

477

390

Slaskie

329

3577

3532

2227

1342

Wielkopolskie

389

3101

2695

1657

1068

Kujawsko-pomorskie

117

1447

1591

720

445

Swietokrzyskie

132

645

653

303

236

Malopolskie

169

2722

2412

1373

818

Lubuskie

51

740

826

320

235

Lodzkie

237

2088

1428

993

588

Warminsko-mazurskie

82

972

786

499

195

Opolskie

74

656

708

339

107

Podkarpackie

213

1545

1555

574

326

Source: own preparation on the basis of the Central Statistical Office of Poland materials
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Table 2. The average expenditures (in Polish Zlotys) for various kind of ICT sectors
in individual voivodeships
Voivodeship

Financial leasing of ICT
devices

IT equipment

Telecommunications
equipment

Slaskie

650 141,89

72 364,53

73 042,84

Own development or modification of the
purchased
software
102 600,80

Dolnoslaskie

475 767,86

125 291,98

54 424,83

109 266,06

Malopolskie

254 340,43

83 354,72

64 613,09

63 629,39

Lodzkie

239 464,29

61 467,47

47 851,85

74 282,69

Zachodniopomorskie

133 806,45

42 589,47

32 267,41

43 271,43

Podkarpackie

300 827,59

63 819,90

20 799,19

186 571,43

Wielkopolskie

730 990,20

156 615,51

77 417,64

507 002,39

Lubuskie

243 620,69

34 724,14

14 349,69

188 093,33

Opolskie

66 666,67

43 232,46

15 232,76

58 037,50

Kujawskie

207 935,48

96 460,08

25 261,64

193 042,55

Swietokrzyskie

69 666,67

41 572,52

10 257,53

113 049,38

Mazowieckie

341 402,83

195 700,95

221 645,37

555 200,44

Pomorskie

115 462,37

147 779,02

157 216,97

204 589,04

Lubelskie

17 038,46

59 214,59

20 886,40

58 071,43

Podlaskie
Warminskomazurskie

38 444,44

86 682,01

30 587,91

116 480,77

8 611,11

32 584,80

25 901,59

48 760,00

Source: own preparation on the basis of the Central Statistical Office of Poland materials

Table 3. The number of enterprises using a certain speed of internet connection versus
the size of the enterprises

Small

2693

23002

[10;30)
Mbit/s
22582

Medium

305

3495

4675

3598

2357

Big

13

385

891

1043

915

Size

<2 Mbit/s

[2;10) Mbit/s

[30;100)
Mbit/s
11414

>=100 Mbit/s
7118

Source: own preparation on the basis of the Central Statistical Office of Poland materials
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Table 4. The average expenditures (in Polish Zlotys) for various kind of ICT sectors
versus the size of the enterprises
Size

Financial leasing of ICT
devices

IT equipment

Telecommunications
equipment

Small

33 267,71

15 773,01

98 959,75

Own development or modification of the
purchased
software
63 530,22

Medium

84 836,81

64 507,31

171 407,02

93 604,97

Big

1 063 879,05

742 832,28

1 149 200,00

1 984 663,43

Source: own preparation on the basis of the Central Statistical Office of Poland materials

3. Research methods
In order to analyze ICT usage in Polish enterprises, the grade correspondence
analysis (GCA) was applied. It is a data mining tool, which allows to analyze dissimilarity structures. This method was used to analyze for instance expenditure
structure in Poland [7, 8], attractiveness of internet packages [14], export structure
in European Union [3]. The computations were made using GradeStat. This software was developed at the Institute of Computer Science Polish Academy of Sciences (see http://gradestat.ipipan.waw.pl).
A structure of given objects could be considered as a vector of non-negative
values, which sum equals unity. The number of such vector depends on a number
of groups, in case of this study concerning speed of internet connection or group of
ICT expenditure. To compare two structures (two distributions), a concentration
curve and an associated index are used [11].
Let x = (x1,…,xk) and y = (y1,…,yk) denote some two distributions. In the unit
square joining points (0,0), (x1,y1), (x1+x2, y1+y2), …, (1,1) a polygonal chain is
obtained. This polygonal chain is the concentration curve of x distribution in relation to y distribution. The quotient

xi
denotes a slope of further sections of the
yi

polygonal chain to x-axis. After ordering coordinates of vectors x and y in such
x
a way, that i would be ascending, the concentration curve is called the maximum
yi
concentration curve. The maximum concentration index corresponding to the maximum concentration curve is called index armax. To be more formal, let concentration index be given as follows:
1

∫

ar = 1 − 2 ⋅ C (t )dt ,

(1)

0
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where C denotes conentration curve of the distribution x in relation to y. These two
tools – the maximum concetration and the concentration index – are used in GCA
algorithm.
Next, consider a matrix P which contains values of pij, where
m

k

∑∑ p

ij

= 1 , pij ≥ 0.

i =1 j =1

The main purpose of the GCA algorithm is to set rows and columns in such a way,
that all ar indices equal armax. GCA changes arrangement of rows and columns at
every step. The detailed description of criterion of rows and columns relocation
could be found in the literature [4]. The important advantage of GCA is setting
similar columns and rows next to each other. Another result of this method is the
possiblity to create some kind of plots, called overrepresentation maps. For this
purpose it is needed to calculate overrepresentation indices as follows:
p ij
hij =
,
(2)
pi+ p + j
where pi+ and p+j denote sum of columns and sum of rows, respectively. In the case
when the overrepresentation index equals 1, it means that distribution is of ideal
proportionality. Otherwise i.e. when hij is greater or smaller than 1, it means that
overrepresentation or underrepresentation, respectively, is observed. In practice it
means there exists a relationship between rows and columns.

4. Results
The ICT expenditures of all enterprises in Poland in 2015 reached the amount
of 6 859 971 Polish Zlotys. During this period there were 95 969 enterprises and 37
498 of them spent part of their funds on ICT. The structure of these expenditures
depends on certain factors. In Figure 1 the first map was presented. It shows structure of average ICT expenditures in each of Polish voivodeships. On the basis of
this overrepresentation map it can be stated that the biggest share of the ICT expenditures takes financial leasing of ICT devices (the widest column denotes the
biggest share of expenditures). Next columns respectively refer to own development or modification of the purchased software, IT equipment and telecommunications equipment. The purple color on the all presented maps represents overrepresentation, hence it could be noticed that for example in Slaskie voivodeship the
expenditures for financial leasing of ICT devices set over the average level of ICT
expenditures. On the diagonal of this overrepresentation map very similar hue is
observed, hence there is a dependence between ICT expenditures and a region
where the economic activity is carried. In can be concluded that some voivodships
have very similar structure of ICT expenditure. Based on the analysis of the
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overrepresentation map regarding the level of ICT expenditures, the following
three groups of voivodeships could be distinguished: the first group, which consists
of Podlaskie, Pomorskie, Mazowieckie, Lubelskie, Opolskie, Kujawsko-Pomorskie
and Warminsko-Mazurskie voivodeship (where the smallest role is played by leasing of ICT devices), the second group – Lubuskie, Wielkopolskie, Podkarpackie
(where you can observe lower than average expenditure on the purchase of telecommunications and IT equipment) and the third group – Zachodniopomorskie,
Lodzkie, Malopolskie, Dolnoslaskie and Slaskie (where the leasing of equipment is
popular, but the expenditures for modifying the purchased software and own development are significantly below average).

Figure 1. The overrepresentation map illustrating the expenditures structure in each of
Polish voivodeships (purple represents overrepresentation, gray underrepresentation and
white areas on the map refer expenses on average level)

When analyzing the next overrepresentation map (Figure 2), it can be noticed,
that the structure of average ICT expenditures in Polish enterprises varies depending on a size of an enterprise. For big enterprises almost ideal representation of
every category of expenditures is observed. Small and medium enterprises have
very similar structure of ICT expenditures. Furthermore, quite strong overrepresentation in case of financial leasing of ICT devices and underrepresentation for own
development or modification of the purchased software can be observed.
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Figure 2. The overrepresentation map presenting the expenditures structure in each of
enterprise size groups (purple represents overrepresentation, gray underrepresentation and
white areas on the map refer expenses on average level)

In the next stage of this research the analysis for speed of internet connection
in each of voivodeships and size groups of enterprises were made. The overrepresentation map (Figure 3) shows subtle overrepresentation of small enterprises with
low connection speed (below 10 Mbit/s). On the other hand, underrepresentation of
high speed of internet connection (over 30 Mbit/s) could be observed. The medium
and big enterprises have very similar structure of using speed of internet connection. In both of them speed over 30 Mbit/s is overrepresented and speed below
10 Mbit/s is underrepresented.
In the case of the study of the ICT usage in each of enterprise size group the
overrepresentation maps based on GCA version for equal rows were used. In this
way, the effects that complicate the interpretation of results were eliminated. They
were related only with the nature of the data, not the occurring phenomena. There
were such as the obvious higher level of expenditures in large enterprises (Figure
2) and the greater number of entities (separate contracts for the provision of the
Internet) for small enterprises (Figure 3).
On the basis of overrepresentation map in Figure 4 it can be stated that there
is no dependence between speed of Internet connection and voivodeship. It can be
noticed that in Pomorskie and Swietokrzyskie voivodeship speed below 2 Mbit/s is
overrepresented, the highest speed over 100 Mbit/s is overrepresented in Mazowieckie and Podlaskie, whereas in Warminsko-mazurskie, Opolskie and Podkarpackie speed over 100 Mbit/s is underrepresented. It can be concluded that the
biggest share of enterprises uses the speed of internet connection between 10 and
30 Mbit/s and between 2 and 10 Mbit/s.
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Figure 3. The overrepresentation map visualizing the usage of Internet connection speed in
each of enterprise size groups (purple represents overrepresentation, gray underrepresentation and white areas on the map refer expenses on average level)

Figure 4. The overrepresentation map showing the usage of Internet connection speed in
each of Polish voivodeships (purple represents overrepresentation, gray underrepresentation
and white areas on the map refer expenses on average level)
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5. Conclusion
The aim of this study was realized by analyses of two important aspects of
ICT application in Polish enterprises. The obtained results allow to formulate conclusions regarding both the applied data mining method as well as the investigated
issue.
The GCA and overrepresentation maps approach, by the easily and transparent identification of similarities and dissimilarities between variables, is a useful
data mining tool, especially in case of multidimensional data and large data volumes. The important advantage is the possibility of visualization, which makes
comparison, evaluation the similarities and discovering unknown regularities in the
data easier.
In this study a variation in the application of ICT solutions in Polish enterprises was noticed. The identified dissimilarities concern the location of enterprises as
well as their size. It can be noticed that the structure of expenditures in case of
small and medium enterprises are significantly different from those for big ones. In
addition, for various voivodeships the sectors with particularly good or much worse
usage of ICT can be identified. This kind of results can be used to indicate precisely the needs during planning of the enterprises development support programs.
It is worth considering to perform analogical analysis for more points in time.
These results would allow to know the changes and trends in the use of ICT in
Poland over longer time horizon. It could lead to conclusions regarding relations
between the economic development and the interest in modern technologies. The
addition analysis to study the diversity of the structure of ICT usage in particular
groups of enterprises separately for each voivodeship is also the future research
plan. This would complement the results of this work, the aim of which is to investigate the structure of ICT adoption across the whole country.
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The paper presents selected results of research on the use of artificial intelligence
methods, which are inspired by quantum computing solutions for modelling of electric power exchange systems. Methods used in the modelling of quantum data acquisition, quantization and dequantization of information as well as the methods of performing quantum computations were emphasized. Furthermore, we have analysed
the results obtained for the neural model and for the evolutionary algorithm inspired
by the quantum computer science. Eventually, the model was verified on the example of the neural model of the Electric Power Exchange (EPE).
Keywords: Artificial Intelligence Methods, MATLAB and Simulink Environment,
Modeling of Business Intelligence Process, Quantum Inspired Method, Smart Electric Power System, Electric Power Exchange System

1. Introduction
Due to the rapid development of nanotechnologies and the power system
technologies, flexibility towards its operation in terms of the smart electric power
system, including smart electric power grid, the demand for new modelling methods is rising. It requires increasing accuracy and robustness (as a specific balance
between efficiency and effectiveness).

At the same time artificial intelligence methods used in power system control are
rapidly growing. They are frequently used in smart metering, modelling of on-line
power transactions, in the development of micro-networks, and in numerous other
areas of power engineering with respect to the various subsystems of the power
system seen as a technical system, as well as broader - viewed as a technicaleconomic system [7, 14, 17, 21-25, 29].
Therefore there exists natural need to meet at least some of the demand for
new methods and tools for modelling of systems through the use of artificial intelligence methods supplemented with quantum computer solutions. Obviously, that
development is connected with the modernization of the existing power system
through robust mutual matching of all elements, and not only as their optimization,
but seen as methods insufficiently effective and efficient in this area of research
[1, 3-6, 9, 12, 15-19, 21-25].
Since 2010 the European Commission developed its own standards, which
were set up by a Group of Specialists with a well-defined work schedule for 20102020. In Poland those kind of topics are also being carefully researched, among
others between 2013-2014, the Energa-Operator carried out an informational and
educational project "Neonawyki-intelligent power grids", aimed at promoting development of the Intelligent Power Grids in Poland, and it is currently implemented
as a pilot project on Intelligent Helium Network called "Intelligent Peninsula".
It is assumed, for example, networks that use ICT to reduce the costs and increase efficiency, and integrate distributed sources of electricity, including renewable energy. Therefore, the smart grid concept requires interdisciplinary research
and application of modern technologies solutions to make system models more
flexible, which requires a combined view of power engineering processes with ICT
processes [21-27], by using quantum computing solutions.
2. Methods of artificial intelligence inspired by quantum computing solutions
The methods of artificial intelligence susceptible to the methods of quantum
computer science include: Artificial Neural Networks (ANN), Evolutionary Algorithms (EA), immunological systems (IMS) and cluster analysis methods (CA), etc.
[6, 10, 13, 18, 20, 28]. There have been already many successful attempts inspired
by artificial intelligence methods in quantum computer science, especially in order
to obtain quantum - inspired artificial neural networks and quantum - inspired evolution algorithms, to which a limited overview of the applied solutions is presented
in the available literature [6, 9-10, 12-19 , 21-26].
A specific artificial intelligence algorithm is then adopted and the method of
its quantum recording is selected, followed by the quantization of numerical values, calculations on quantum mixed numbers, and after the solution is obtained, its
quantization into decimal numbers. The evolution of evolutionary methods by
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means of quantum computing is related, among others, to using the possibilities of
quasi - parallelization of calculations introduced by quantum computers. In order to
implement the methods used in quantum computing, real data has been transformed
into binary and quantum ones. The proposed method of quantizing and dequantizing real numbers into quantum numbers [21-25] use the principle of superposition,
which for the qubit has the form:
(α ) 2 + ( β ) 2 = 1 ,

(1)

which for the multi-qubits circuits (for qudids) brings the problem to determining
the mixed numbers to the superposition of components:
n

∑ϕ
i =1

2
i

= 1.

(2)

Assuming that in the expression (1) α = β, it is possible to define the boundary of
the probability modules of the pure state of ket 0 and the pure state of ket 1.
This means that two states can be used to obtain the states of mixed value: first by
drawing from the dominating range (numbers in the range <0.71 ÷ 1>) ket 0 or ket
1 respectively and the second method by drawing from recessive intervals (numbers in the range <0 ÷ 0.71>) ket 1 or ket 0. In the literature, the Hadamard (H)
gate is most commonly used for quantizing mixed numbers, as a singleton quantum
gate representing by a 2-dimensional unitary matrix, which is an alternative proposition of quantization given in [18, 23-25]:
1
H=
2


1 1  
1 − 1 = 

 


1
2
1
2

1 
2 ,
1 

−
2 

(3)

where the vectors H | 0> and H | 1> are the basis in the space of states of one cubic
Hadamard's base.
The Hadamard gateway function for base vectors | 1> and |0> can be represented as
follows:
H0 =

1
2

(0 + 1)

and

(4)
1
H1 =
( 0 − 1 ).
2
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2.1. Quantum-Inspired Artificial Neural Networks
In the case of ANN inspired by quantum computer science, the first important step
was to quantify the weighted sums of individual output neurons in successive layers netij(t), it means that the sum of the product of the vector values of the weights
and the vector values of the input quantities are stored in quantum, for example, if i
= 1 in the hidden layer j = 1 [13, 16-17, 20-25]:
0.87 1 0.77 0.98 0.67 0.74 0.89 0.85 0.14 0.37 0.77 0.44
u1 = 
,
0.49 0 0.64 0.20 0.74 0.67 0.46 0.53 0.99 0.93 0.64 0.90

(5)
w 1 ,1

so:

0
= 
1

1
0

0
1

0
1

1
0

0
1

0 . 51
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0 . 51

 net 1
1
net11 ( u1 ) = w11
⋅ u1T =  11
1
 net 21

0 . 52
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0 . 49 
.
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1
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which ties different probabilities of modules of their main value in the case of net11
on the diagonal and have mixed values in left elements of matrix. Such obtained
value of products (net11) from each of neurons is an activation function argument
that creates hyperbolic tangent sigmoid transfer function tansig():

2

y11 (t ) = f ( net11 ) =
1+ e

1 
 net1 net12
−2  11
1
1 
 net21 net22 

− 1.

(6)

In order to determine the value of the activation function quantum matrix net11,
dequantization operation was performed.
In this case, an innovative solution using perceptron of ANN was proposed in
which as input to the neural network the quantum mixed numbers described in the
above square matrix expressing the quasi-mixed probability modules of pure states
are implemented, and the real value as the output, the values obtained from the
ANN (value netij) [21-25].
Selected results of comparative studies between the quantum neural network adder
neti for the first neuronal output layer for the first input and analogue values of the
perceptron adder of the ANN are shown in Figure 1. Selected results of comparative studies between the quantum neural network adder neti for the second neuronal
output layer for the nine input and analogue values of the perceptron adder of the
ANN are shown in Figure 2.

204

Figure 1. Selected results of comparative studies between the quantum neural network
adder neti for the first neuronal output layer for the first input and analogue values of the
perceptron adder of the ANN. Source: Own study in MATLAB and Simulink Environment
[Embedded MATLAB™, 2002-2016]

Figure 2. Selected results of comparative studies between the quantum neural network
adder neti for the second neuronal output layer for the nine input and analogue values of
the perceptron adder of the ANN. Source: Own study in MATLAB and Simulink Environment [Embedded MATLAB™, 2002-2016]

2.2. Quantum-Inspired Evolutionary Algorithms
In the examined neural model of the EPE system, the lowest possible number of
factors describing the system was chosen, based on the quotations on the Day
Ahead Market (DAM). Two types of quantities were taken: one type at the input,
delivered and sold electrical energy (ee) at a given hour of the day [MWh] and one
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type at the output of the system, the average price obtained from the sold ee at a
given hour [PLN/MWh] [8, 11, 16-17, 21-25].
The data used for modeling were collected from the DAM of the Polish Power
Exchange S.A. (PPE, PPE S.A.) in the period from 1 January 2015 to 30 June
2015. A perceptron of ANN (with one hidden layer) was taken to model the EPE
system, using the reverse error propagation learning method and tansig(net) activation function for the first neuronal layer expressed by the equation (6) and the
second neuronal layer function expressed by pureline(net) [13, 20]:

f a ( net ) = net ,

(7)

where net is the sum of the weighted input signal.
The grade and quality of the learning of the EPE model was measured by a mean
square error (MSE) expressing by means of a distance measure defined as the sum
of the squares of the difference between the corresponding values of the average
price of the model (ymi) and system (ysi):
i =n

MSE = ∑( ymi − ysi )2 .

(8)

i =1

The signal waveform shown in Figure 3 concerns the MSE error of the perceptron
ANN (EPE neural model) output values relative to the EPE (real data) system output values. During the daily hours the difference ranged from - 0.015 to 0,015.
Next, the ANN model was learned by the EPE system for DAM data, and then was
subjected to an evolutionary algorithm to improve the accuracy of the model [1617].

Figure 3. MSE error between output from neural model and output from EPE system.
Denotations: x-axis - next day of the period under test, y-axis - Mean Square Error for each
24-hour period. Source: Own study in MATLAB and Simulink using NNT [Embedded
MATLAB™, 2002-2016]
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Selected divergences between model and system responses for selected hours, i.e.
the highest for the 18 o’clock, the smallest for hour 23 o’clock and the average
5 o’clock is shown in Figure 4. As can be seen, the model reacts with some delay
to changes in the output values of the EPE system, but in a relatively faithful way
reproduces its value changes indicating that the evolutionary model is more accurate. Essential alignment of the neuronal-evolutionary model to the EPE system
generated in successive iterations of the SEA algorithm took place over four eras,
followed by slight changes in accuracy from 0.99832 to 0.99880.
The mutation operator was abandoned because of the unnoticeable changes in
modeling accuracy, which was a natural consequence of the very high degree of
adaptation of the neuron model to the EPE system, which was 0.9981, thus only the
crossing operator was used in the evolutionary algorithm.
In order to further increase the accuracy of the neural model of EPE system, an
attempt was taken to use both the ANN as well as the evolutionary algorithm by
using quantum computer methods, including mixed quantum numbers and quantum
computing method [21-25].

Figure 4. MSE error between exit of neuronal-evolutionary model and exit from EPSM
system for three selected hours, i.e. the largest at 18 o'clock the smallest 23 o’clock and the
average 5 o’clock. Denotations: axis x - consecutive day of the period under review for the
above three hours, y axis - MSE. Source: Own study in MATLAB and Simulink using
NNT [Embedded MATLAB™, 2002-2016]

Comparison of the neural model and the neural model corrected with Evolutionary
Algorithm for the selected hours, i.e. for the 1 o’clock, is shown in Figure 5, and
for 13.00 is given in Figure 6. The designed and implemented hybrid model of the
EPE system consists of a neural model complemented by an EA and is called the
neural evolution model [21-25].
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The EA has improved the parameters of the EPE system model by 0.2% in relation
to the real EPE system. Selected comparative studies on the weighted sum (neti),
i.e. weighted quantum adder and weighted neuronal adder for the hidden neuronal
layer for measured data at 4 pm o’clock, are given in Figure 7.
In the evolutionary model, it was assumed that the values of the neural model
weights are elements of the chromosomes, of which using the EA, the Beginning
Population (BP) is built through successive epochs to the Parental Population (PP).
Both weighing arrays (W1 and W2) obtained by teaching the ANN model of the
EPE system were treated as single individuals consisting of single chromosomes, in
which two sub-chromosomes represented by both weights were immersed: W1
matrix (between the input layer and the hidden layer) and W2 weight matrix (between the hidden layer and the output layer).

Figure 5. Comparison of modeling obtained with ANN and modified with EA methods, i.e.
the average price of ee obtained for the first hour in the period from 01.01.2015 to
30.06.2015 Source: Own study in MATLABA and Simulink Environment using Matlab
language [Embedded MATLAB™, 2002-2016]

Figure 6. Comparison of modeling obtained with ANN and modified with EA method, i.e.
the average price of ee obtained for 1 pm o’clock in the period from 01.01.2015 to
30.06.2015. Source: Own study in MATLABA and Simulink Environment using Matlab
language [Embedded MATLAB™, 2002-2016].
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Then, in the sub-chromosomes, individual rows of both weights were
plunged, which consisted of the values of the weights of the individual connections
between the neurons, being next to the bias and the parameters of the activation
function the basic parameters of the neural model of the EPE. Finally, the chromosome structure at time t was obtained as follow:
Ch i (t ) = [W1 W2] ,

(10)

where:
W1 = [[w11,1 w11,2 ... w11,24 ]
W2 = [[w21,1

w21,2 ... w21, 24

[w
] [w

12,1

w12,2 ... w12,24 ] [...]

[w
] [...] [w

124,1

22 ,1

w22 ,2 ... w22, 24

224 ,1

w124,2 ... w124,24 ]] ,

w224,2 ... w224, 24 ]].

As a measure of chromosome adaptation to the environment, the difference between the expected values of the neuron model (tj) and the mean values of the output signals from the system (yj) was taken, it was determined as the mean squared
error (in this case RMSE) of the form:
RMSE =

n

∑

j =1

1
(t j − y j )2 .
n

(11)

Figure 7. Selected results of comparative studies between neti, i.e., quantum adder and
neural adder for the hidden neuronal layer for measured data at 4 pm. Denotations: axis x time 4 pm on consecutive days in the period from 01.01.2015 to 30.06.2015, y axis: net1
value from hidden layer of ANN for neuron i = 1, Net Quant - net1 value from hidden layer
of ANN , Difference - difference between the adders of net1 for the artificial neural network
and the Quantum Artificial Neural Network. Source: Own study in Simulink Environment
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A quantum-evolution algorithm for improving the model parameters of the
natural EPE system contains the following basic steps, detailed in the work
[19-21]: determination of Quantum Initial Population, defining quantum adaptive
functions, matching quantum methods of crossing and mutation and establishing a
Quantum method of PP selection. The selection of individuals (chromosomes) for
the next generation of the PP was carried out by determining the degree of adaptation of individuals (chromosomes) to the mean value of output (average unit price)
on EPE, which was determined by equation (11). In this way, the values of adapting individual chromosomes to the EPE system were determined, and the next, the
selection of individuals for the next Parental Population (PP) was performed using
the tournament method. After selecting over 10 000 tournament groups, 20 000 of
PP individuals were selected [2,11,16-17,21-25].

4. Conclusion
In the following paper, Artificial Neural Network of the Electric Power Exchange model was designed and taught using data from the Day Ahead Market in
Poland. In order to increase the accuracy of the generated models of power systems
and their subsystems, such as the Electricity Power Exchange, we have designed
Evolutionary Algorithm which aided the improvements in the neural models’ parameters. Attention has been paid to the new method of quantizing and dequantizing information and methods of quantum computing used in quantum-neural and
quantum-evolution models were discussed in detail. The results obtained for the
neural model and for the Evolutionary Algorithm inspired by quantum computing
were also discussed and were verified on the example of enhancing parameters of
the model of the EPE system using quantum mixed numbers. Ultimately, the results aided resolving important issues.
Firstly, the method of improving ANN parameters as a model of a natural appropriate system in Electric Power Exchange for DAM data was developed with
the use of quantum solutions.
Secondly, a model of a system was implemented with the use of Matlab language and Neural Network Toolbox [2].
Thirdly, we have developed the assumptions and the method of improving
ANN parameters as a model of neural system of EPE using evolutionary algorithms and evolutionary algorithms inspired by quantum computing.
Lastly, appropriate models for comparative studies were constructed and we
have carried out comparative studies of neuronal models, evolutionary-neural model and quantum-neural models for real systems using Simulink. With regards to
further research, in the next steps simulations and sensitivity tests of neuronal
models of the EPE system for untypical input data on DAM should be performed.
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CLUSTER ANALYSIS OF MEDICAL TEXT DOCUMENTS
BY USING SEMI-CLUSTERING APPROACH
BASED ON GRAPH REPRESENTATION
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The development of Internet resulted in an increasing number of online text repositories. In many cases, documents are assigned to more than one class and automatic multi-label classification needs to be used. When the number of labels exceeds
the number of the documents, effective label space dimension reduction may significantly improve classification accuracy, what is a major priority in the medical field.
In the paper, we propose document clustering for label selection. We use semiclustering method, by considering graph representation, where documents are represented by vertices and edge weights are calculated according to their mutual similarity. Assigning documents to semi-clusters helps in reducing number of labels, further used in multi-label classification process. The performance of the method is examined by experiments conducted on real medical datasets.
Keywords: cluster analysis, semi-clustering, text mining

1. Introduction
Nowadays, especially in the area of medicine, there is a big need of automatic
classification of text documents contained in large repositories. The documents are
very often assigned to more than one class and then the application of multi-label
classification is necessary. However, in many cases occurrence of big number
of labels makes it difficult to obtain the required accuracy of multi-label classification task.

In the paper, we investigate the method of reducing number of labels, which
can be used in the pre-processing step of multi-label classification task. We propose to consider the documents as a social network, where the social graph depicts
relationships between documents represented by vertices, with edges indicating
mutual similarities. The documents are assigned to semi-clusters, and groups of
labels which occur together the most often are pointed out. The qualitative analysis
of the experiments conducted on real medical text document datasets showed
a potential of the proposed method in indicating the labels that mostly occur
together.
The remainder of the paper is organized as follows. Relevant work concerning
label space dimension reduction approaches is presented in the next section. Then
the methodology is described, including the description of all its steps. In the following section the experiments conducted on two datasets are depicted and the
results of qualitative analysis is presented. Finally, concluding remarks and future
research are shortly described.
2. Related work
There exist different approaches to handle the problem of big amount of labels
in multi-label classification tasks. From among them one should mention label
subset selection, when the reduced number of labels is used in the classification
process. Tsoumakas et al. [1] considered reducing label sets by using hierarchical
algorithm for multi-label classification. Balasubramanian and Lebanon [2] proposed the method which is based on the assumption that for multidimensional variables there exists a small subset of dimensions, such that all the remaining ones
may be expressed by their noisy linear combination. Read et al., in turn, eliminated
rare label sets and thus reduced the number of labels [3]. Bi and Kwok [4] proposed randomized sampling with the probability of class labels reflecting their
importance.
Hsu et al. [5] investigated Label Space Dimension Reduction (LSDR) approach. They used compressed sensing technique, taking into account sparsity of
the label space and projecting it into a compressed space of lower dimensionality.
LSDR techniques have been modified and investigated by many researchers. Lin et
al. [6] proposed using feature-aware implicit label space encoding instead of explicit encoding function. They showed that their approach to LSDR gives superior
classification performance. Another feature-aware approach to LSDR has been
proposed by Chen and Lin [7]. They based their conditional label space transformation on minimizing an upper bound of Hamming Loss evaluation measure.
The broad review of the label space reduction has been presented in [8]. The
research mainly concerned general cases not regarding data types.
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3. Methodology
The considered methodology deals with reducing the number of labels in the
tasks of multi-label classification of text documents. We use graph document representation to build groups that are not required to be separable and find out which
labels occur together the most often.

Figure 1. Scheme for the proposed algorithm

3.1. The method overview
Considering the document corpus, the proposed method consists of the three major
steps:
• Building graph representation. For each pair of documents in the corpus, the
similarity is calculated. Its value depends on the number of the same sequences
in both documents. As the result, we obtain an undirected graph in which vertices represent documents and edge weights are equal to the similarity degree.
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•

Semi-clustering. The semi-clustering algorithm is performed on the graph. For
each vertex, a list of semi-clusters is stored and the best one is chosen.
• Label selection. The content of clusters is transformed from documents to the
corresponding labels. Finally, cluster profiles are created, what allows to select
the best subset of labels.
The overview of the method is presented in Fig. 1, while the details of the steps are
described in the following subsections.
3.2. Graph representation

For the semi-clustering purpose, documents are treated as social network, thus
the graph reflecting their similarity can be constructed. In the considered solution,
vertices stand for the text documents and edges denote n-grams which appear in the
both connected documents. Since utilizing edge weights can provide better results
in social network searching [9], we determine their values as the similarity degree
of the two documents. The higher degree means higher similarity of the documents.
In the first step of constructing a graph representation, the list of all n-grams
appearing in the text corpus, is built up. However, unigrams are excluded, as the
minimum value of n is set to 2. For each sequence, a list of the documents in which
it occurs is constructed and respective edges are created. Their weights w(di,dj) are
calculated according to equation (1):
(n − 0 ,5 ) 2
w(d i ,d j ) =
(1)
max {|d i|,|d j|}
where n is the size of the sequence and di, dj represent the pair of documents, i ≠ j.
At the end, the edge score is normalized by the size of the bigger document.
Since the same two documents can have multiple edges, one for each n-gram,
the values should be aggregated. The aggregation procedure is presented in Fig. 2.
Even though an n-gram can be a part of another n-gram, only the longest one is
taken into account during the calculations. On the contrary to social graphs [10],
the proposed graph representation does not allow presence of loops, therefore process of their elimination is omitted.

Figure 2. Aggregation of the multiple edges
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3.3. Semi-clustering
Similarly to the social network of people, where a semi-cluster is defined as a
group of people who have strong relations with each other and weak ones with
people from outside, we will consider groups of similar documents. Namely, in the
proposed method, a semi-cluster is a group of documents of the biggest weight
values that was defined by (1). The major difference between clustering and semiclustering is that vertices can be associated with more than one semi-cluster. Such
approach is illustrated in Fig. 3.

Figure 3. Result of the semi-clustering algorithm

In our solution, the vertex-centric iterative model from Pregel [11] is adopted.
Each iteration is called a super-step and works on the results of the previous phase.
The input of the algorithm is a weighted, undirected graph that is created in the first
step of the proposed method and the output is a list of maximum Cmax semi-clusters
containing maximum Vmax vertices, generated for each document in the graph. Both
Cmax and Vmax are user-defined parameters, while each semi-cluster score Sc should
be calculated according to the following formula (2):
I − f B Bc
(2)
Sc = c
Vc (Vc − 1)/ 2
where Ic is the sum of internal edge weights, fB is the user-specified boundary edge
score factor, Bc is the sum of boundary edge weights and Vc denotes the number of
vertices in the semi-cluster. The value Sc is normalized with the number of edges in
a clique of size Vc, so that larger semi-clusters are not preferred.
In the initial super-step, each vertex adds itself to an empty semi-cluster, so its
size increases to 1. Afterwards, vertices send themselves to their neighbors which
check if they are already included in the semi-clusters. Otherwise, a new vertex is
added and a semi-cluster score is calculated. If any of the existing semi-clusters has
lower score, a new one is added to the list or replaces the worst one. Those lists are
sorted by semi-cluster scores and sent to another neighbors. The algorithm stops if
there is no improvement or when the user-defined number of iterations is reached.
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It should be stressed out that vertex will not be added to the semi-cluster if the
number of vertices equals Vmax. The same goes with semi-clusters and Cmax.
3.4. Label selection
The result of the previous step is a collection of semi-clusters, each containing
a group of vertices representing text documents. Since it frequently happens that its
size is too large, it is highly recommended to choose only the best semi-clusters, as
their scores are known.
When the semi-clustering part is finished, there is no more strict interest in the
documents, as we concentrate on the labels corresponding to them. For each chosen
semi-cluster, text documents are replaced with their assigned labels. The operation
of label grouping is presented in Fig. 4.

Figure 4. Grouping of the labels

Each document is given one or more labels so the size of clusters increases or
hardly ever stays the same. The final phase is to perform the cluster profiling which
selects the most relevant labels.
3.5. Datasets
In order to evaluate the proposed method, there will be considered two subsets
of a real text dataset of medical abstracts. The OHSUMED corpus [12] includes the
first 20,000 documents from 50,216 medical abstracts of the year 1991. The unique
task was to categorize them into 23 categories of cardiovascular diseases. After that
subset selection process, the number of documents was reduced to 13,929.
To ensure qualitative analysis of the proposed method small subsets of medical abstracts have been chosen. The first one includes 10 abstracts that are assigned
to the category C01 (bacterial infections and mycoses). The second one contains 10
abstracts which are given category C04 (neoplasms).
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4. Experiment results
The performance of the proposed method has been evaluated by experiments
conducted on the datasets described in Section 3.5. For building a graph representation, there was implemented the system in Java programming language. The graph
processing was done by using the open source Okapi library [13].
The input of the semi-clustering algorithm should consist of a weighted and
undirected graph. Since, in Okapi library, the direction of the edges should be specified, each edge has been considered twice, once in each direction.
For the both of the datasets, user-defined parameters were experimentally
chosen and have the following values:
• the maximum number of iterations k is 10 (default),
• the maximum number of clusters to shape Cmax is 100,
• the maximum number of vertices a cluster can have Vmax is 10,
• the boundary edge score factor fB is 0.5 (default).
4.1. Documents of category C01
In the first step, pairs of text documents were identified. The minimum value
of n was set to 2 according to Section 3.2. The pairs of documents with the same ngrams and their edge weight values are presented in Table 1.

0
2
4
1
2
1

Table 1. Pairs of documents with the same n-grams in the first subset
Documents
n-grams
Edge weight
8
haemophilu influenza type b
0.070809
human immunodefici viru
9
0.056667
hiv infect
6
gram neg
0.022959
9
compar control
0.015000
7
small intestin
0.014151
8
significantli lower
0.013006

As it can be noticed, there are 6 edges between 8 documents and the strongest
connections occur if there is more than one n-gram or the size of the sequence is
bigger than 2. The length of the documents and the graph properties are also taken
into account. The respective graph representation is presented in Fig. 5.
Two of the documents (3 and 5) that are not similar to others are omitted
when it comes to the next step. Then, for each text document the semi-cluster with
the highest score was suggested. Afterwards, the corresponding labels were taken
into account. Since their minimum number in the semi-cluster is equal to 5, only
those labels that occurred more than 20 percent times were chosen. The detailed
semi-clustering results are presented in Table 2. The second column contains semi-
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clusters for documents identified in the first one. The third column comprises labels connected with documents contained in the respective semi-cluster. Finally, in
the last column the profiles of the chosen labels are indicated.

Figure 5. The graph representation of the first subset
Table 2. Results of the semi-clustering algorithm for the first subset
Document
Semi-cluster
Labels
Profile
C01 C10
0
08
C01 C10
C01 C10 C18 C23
C01 C10
1
018
C01 C06 C23
C01 C10 C23
C01 C10 C18 C23
C01 C02 C06 C20
2
29
C01 C20
C01 C15 C20
C01 C05 C17 C19
4
46
C01
C01
C01 C05 C17 C19
6
46
C01
C01
C01 C02 C06 C20
7
279
C01 C23
C01 C20
C01 C15 C20
C01 C10
8
08
C01 C10
C01 C10 C18 C23
C01 C02 C06 C20
9
29
C01 C20
C01 C15 C20

While the size of the best semi-clusters found by the system equals to 2 or 3,
the number of the labels assigned to them varies from 5 to 9. As the result, 4 exclusive cluster profiles were recognized. The two of them are represented by 2 labels,
the other one by 3, and the last one by the single label.
Summing up, in the examined subset, there are 11 unique labels assigned to 8
documents that have at least one edge in the graph. Qualitative analysis showed
that the process of label selection allows to ignore some of them and choose the
most relevant ones. The mutual relations between bacterial infections and mycoses
(C01), nervous system diseases (C10), immunologic diseases (C20) and pathologi-
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cal conditions, signs and symptoms (C23) were revealed by the proposed approach.
There were also 7 labels reduced, such as virus diseases (C02), musculoskeletal
diseases (C05), digestive system diseases (C06), hemic and lymphatic diseases
(C15), skin and connective tissue diseases (C17), nutritional and metabolic diseases (C18) and endocrine diseases (C19).
4.2. Documents of category C04
Similarly to Section 4.1, all the pairs of medical abstracts with the same ngrams are identified for the second subset. Their data are respectively contained in
Table 3. Also in this case, the minimum value of n was set to 2.

16
10
13
13
13
16
17
12

Table 3. Pairs of documents with the same n-grams in the second subset
Documents
n-grams
Edge weight
17
patient year ag
0.044014
malign transform
11
0.025862
t cell
14
hospit patient
0.023438
16
patient ag
0.023438
19
gastric cancer
0.021845
18
ag year
0.017717
18
review patient
0.015845
15
monoclon antibodi
0.014423

There are 8 edges between 10 abstracts. Once again, the strongest connections
occur if the size of the sequence is bigger than 2 or if more than one n-gram can be
found. As it can be noticed in the Fig. 6, the graph structure is slightly different.

Figure 6. The graph representation of the second subset

For each text document the semi-cluster with the highest score was suggested
and the corresponding labels were taken into account. Similarly to the case of the
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previous dataset, we selected those labels that account for more than 20 percent.
All the results of the algorithm are presented in Table 4.
Table 4. Results of the semi-clustering algorithm for the second subset
Document
Semi-cluster
Labels
Profile
C04 C20 C23
10
10 11
C04 C23
C04 C16 C23
C04 C20 C23
11
10 11
C04 C23
C04 C16 C23
C04
12
12 15
C04 C12
C04 C12
C04 C23
C04 C12
13
13 16 17 18
C04 C12
C04 C12
C04
C04 C23
C04 C12 C23
14
13 14 16 17 18 C04 C12
C04 C12
C04 C12
C04
C04
15
12 15
C04 C12
C04 C12
C04 C12
16
16 17 18
C04 C12
C04 C12
C04
C04 C12
17
16 17 18
C04 C12
C04 C12
C04
C04 C12
18
16 17 18
C04 C12
C04 C12
C04
C04 C23
19
13 14 19
C04 C12 C23
C04 C23
C04

While the size of the best found semi-clusters varies from 2 to 5, the number
of the labels assigned to them is ranged from 5 to 10. As the result, 2 unique cluster
profiles were recognized and both of them are represented by 2 labels.
Qualitative analysis for the second subset showed that there are 5 unique labels assigned to the 10 documents. The mutual relations between neoplasms (C04),
urologic and male genital diseases (C12) and pathological conditions, signs and
symptoms (C23) were revealed by the proposed method. It should be stressed out
that prostate cancer was the most popular among men in the year of 1991 [14].
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Two labels were identified as eliminated: neonatal diseases and abnormalities
(C16) and immunologic diseases (C20).

5. Concluding remarks
In the paper the method of reducing number of labels assigned to text documents has been proposed. The presented technique consisted in considering social
network of documents and using graph document representations. Such approach
allows to build semi-clusters of documents and find out which groups of labels
occur together the most often. The research is focused on medical documents,
where the number of assigned categories is big, what makes difficult to obtain the
required performance of multi-label classification task. The qualitative analysis of
the two subsets of real medical text documents datasets showed the good potential
of the proposed method.
Future research will consist in incorporating the proposed method as the preprocessing step of multi-label classification technique that aims at reducing the
number of considered labels. Investigations will concern effectiveness in obtaining
the results of the required performance.
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