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Helena GLASER-OPITZOVA: Editorial

EDITORIAL
Vazeni Citatelia,

monotematické Cislo Casopisu Slovenska
Statistika a demografia je venované téme, ktora
pritahuje ¢oraz vacsi zaujem Statistickych uradov —
novym Statistikdm a novym zdrojom udajov.

Rozsah potencialnych zdrojov udajov
relevantnych pre oficialnu Statistiku zahffia udaje
zozbierané priamo Statistickym uradom
prostrednictvom Statistickych zistovani,
administrativne zdroje udajov a iné externé udaje,
ktoré su vacsinou vo vlastnictve sukromnych
spolo¢nosti.

Na rozdiel od minulosti, Statisticky produkt
patriaci do portfélia oficialnej Statistiky si dnes méze
vyzadovat kombinaciu alebo integraciu roéznych
vstupnych zdrojov udajov, vtedy hovorime
o multizdrojovej Statistike alebo sa jeden zdroj
udajov mbze opatovne pouzit na viacero S
Statistickych  produktov. Kombinaciou zdrojov Ing. Helena Glaser-Opitzova
udajov mézu Statistické urady vytvarat podrobnejsie
a v€asnejSie Statistiky a rychlejSie reagovat na udalosti v spolocnosti. Kombinaciou
udajov zo Statistickych zistovani s uz dostupnymi administrativnymi adajmi a inymi
externymi udajmi vratane ,big data® je mozné usSetrit naklady na zber a spracovanie
udajov a znizit zataZenie respondentov $tatistickych zistovani. Statistiky zostavované
z viacerych zdrojov vSak prinasaju mnozstvo novych problémov, ktoré je potrebné
prekonat, kym bude vysledna kvalita vystupov dostatocna a kym sa tieto Statistiky
budu méct vytvarat efektivne. Tvorbu Statistik z viacerych zdrojov komplikuje aj
skutoCnost, Ze sa mbézu vyskytovat' v réznych variantoch, kedZe subory udajov mozno
kombinovat réznymi spésobmi.

Cielom monotematického Cisla je prezentovat vyuzitie novych zdrojov udajov
konkrétne pre oblast cenovej Statistiky. Zdrojom udajov pre vypocet elementarnych
cenovych indexov, ktoré predstavuju zakladné stavebné prvky pre zostavenie Indexu
spotrebitel'skych cien, mdzu byt okrem udajov zo Statistickych zistovani
a administrativnych zdrojov predovSetkym transakéné udaje obchodnych retazcov,
napriklad pre oblast potravin a nealkoholickych napojov alebo udaje ziskané
web-scrapingom napriklad z internetovych stranok online predajcov Ciernej a bielej
techniky. V ¢lankoch tykajucich sa vyuzitia tychto novych zdrojov udajov autori
poukazuju aj na rieSenie parcialnych metodologickych problémov, ktoré suvisia s ich
implementaciou do produkcie cenovej Statistiky.

Citatela méze zaujat aj informéacia o konani medzinarodného workshopu krajin V4
tykajuceho sa rovnako modernizacie cenovych Statistik alebo informacia o iniciativach
Eurostatu v oblasti vyuzivania Big Data v oficialnych $tatistikach a transformacii tychto
iniciativ do podmienok Statistického uradu Slovenskej republiky.
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Helena GLASER-OPITZOVA: Editorial

Nové zdroje udajov prinasaju na scénu oficialnej Statistiky aj nové informacné
technologie. V oficialnej Statistike sa prejavil novy trend, revolucia v oblasti softvéru
s otvorenym zdrojovym kédom sa dostala aj do sveta oficialnej Statistiky. Objavili sa
dve softvérové prostredia, ktoré su vhodné na ulohy oficialnej Statistiky, a to R
a Python. Zatial ¢o Python sa povazuje za vypoctovo efektivnejsi, R sa povazuje
za vhodnejSi na Statistické ucCely nakofko v R existuju baliky pre takmer vSetky
Statistické operacie, od vyberu vzoriek az po vizualizaciu udajov. Vaésina narodnych
Statistickych organizacii (Statistickych uradov) v ramci ESS prechadza zo ,starych
softvérovych balikov“ vacsinou zalozenych na komerénych rieSeniach prave
na prostredie R. Touto témou sa zaobera aj jeden z vedeckych clankov, ktory
predstavuje balik R, ktory autor vyvinul pre spracovanie transakénych udajov
obchodnych retazcov, tzv. scaner data a pre nasledny vypocet réznych cenovych
indexov, bilateralnych aj multilateralnych. Jeden z informativnych ¢lankov zasa opisuje
navrhy rieSenia na stahovanie udajov z internetu v jazyku Python a moduly, v ktorych
mozno tento proces realizovat.

Uvedenym Cislom chce redakcia Casopisu Slovenska Statistika a demografia
prispiet k informaciam o inovaénych projektoch vramci Statistiky zameranych
na pouzivanie novych zdrojov udajov a s tym spojené zmeny v metodike, procesoch
a v IT nastrojoch.

Ing. Helena GLASER-OPITZOVA

Autorka je generalnou riaditelkou Sekcie vSeobecnej metodiky, registrov a koordinacie
narodného Statistického systému a zaroveri hlavnym Statistikom narodného Statistického
systéemu.
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Helena GLASER-OPITZOVA: Editorial

EDITORIAL
Dear readers,

The monothematic issue of the journal Slovak Statistics and Demography is
dedicated to the topic that is attracting increasing interest of statistical offices - new
statistics and new data sources.

The range of potential data sources relevant for official statistics includes data
collected directly by the statistical office through statistical surveys, administrative data
sources and other external data, mostly owned by private companies.

In contrast to the past, a statistical product belonging to the portfolio of official
statistics may today require a combination or integration of different input data sources,
then we are dealing with multi-source statistics or one data source can be reused for
several statistical products. By combining data sources, statistical offices can create
more detailed and timely statistics and respond more quickly to the events in society.
By combining data from statistical surveys with already available administrative data
and other external data, including "big data", it is possible to save costs for data
collection and processing and reduce respondent burden when carrying out statistical
surveys. However, statistics compiled from several sources bring a multitude of new
problems that need to be overcome before the resulting quality of outputs is sufficient
and before these statistics can be created efficiently. The production of statistics from
multiple sources is also complicated by the fact that they can appear in different
variants, as data sets can be combined in different ways.

The aim of the monothematic issue is to present the use of new data sources
specifically for the area of price statistics. In addition to data from statistical surveys
and administrative sources, the source of data for the calculation of elementary price
indices, representing the basic building blocks for the compilation of the Consumer
Price Index, can primarily be transaction data of retail chains, for example in the area
of food and non-alcoholic beverages, or data obtained by web-scraping, for example
from the Internet websites of online sellers of black and white technology. In the articles
related to the use of these new data sources, the authors also point to the solution
of partial methodological problems related to their implementation in the production
of price statistics.

The reader may also be interested in information on holding of an international
workshop of the V4 countries, also related to the modernization of price statistics, or
information on Eurostat's initiatives in the field of using Big Data in official statistics
and the transformation of these initiatives into the conditions of the Statistical Office
of the SR.

New data sources also bring new information technologies to the main focus
of official statistics. A new trend has emerged in official statistics, the open source
software revolution has entered the world of official statistics. Two software
environments have emerged that are suitable for the tasks of official statistics, namely
R and Python. While Python is considered more computationally efficient, R is
considered more suitable for statistical purposes as there are packages in R for almost
all statistical operations, from sample selection to data visualization. The majority
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Helena GLASER-OPITZOVA: Editorial

of national statistical organizations (statistical offices) within the ESS are switching
from "old software packages" mostly based on commercial solutions to the R
environment. This topic is also dealt with one of the authors of the scientific articles,
presenting the R package developed by the author for the processing of transactional
data of business chains, the so-called scanner data and for the subsequent calculation
of various price indices, both bilateral and multilateral. One of the informative articles,
in turn, describes proposals for a solution for downloading data from the Internet
in Python and modules in which this process can be implemented.

With this issue, the Editorial Board of the journal Slovak Statistics and Demography
wishes to contribute to information about the innovative projects within the field
of statistics focused on the use of new data sources and the related changes
in methodology, processes and IT tools.

Ing. Helena GLASER-OPITZOVA

The author is the Director of the General Methodology, Registers and Coordination of National
Statistical System Directorate and at the same time the Chief Statistician of the National
Statistical System.
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Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

Jacek BIALEK
Statistics Poland, Department of Trade and Services
University of Lodz, Department of Statistical Methods

SCANNER DATA PROCESSING AND PRICE INDEX CALCULATIONS
IN THE PRICEINDICES R PACKAGE

SPRACOVANIE UDAJOV ZO SKENEROV A VYPOCET CENOVYCH INDEXOV
V R BALIKU CENOVYCH INDEXOV

ABSTRACT

The main purpose of the work is to present the utility of the Pricelndices R-package
in the field of analysing the dynamics of scanner prices. The package can be a useful
IT tool for National Statistical Offices for at least several reasons. First, it enables
a comprehensive transition from raw scanner data to price indices, taking into account
all intermediate steps (e.g., product classification or product matching). Secondly, the
package's functions, through their parameterization, allow experimental work to be
carried out, such as setting thresholds for data filters or the length of the time window
for multilateral indices. Third, the package is written in the free R environment, which
does not generate any additional costs for its implementation.

The presentation of this R package is divided into the following areas: scanner data
preparing, data set characteristics, bilateral index calculations, multilateral index
calculations, extensions of multilateral indices, aggregation of index results, and
comparison of price indices. The paper presents examples concerning main package
features on the basis of data sets which are available in the Pricelndices package.

ABSTRAKT

Hlavnym cielom prace je predstavit vyuzitie balika R cenovych indexov v oblasti
analyzy dynamiky scanner data (transakéné data nazyvané aj udaje zo skenerov).
Balik m6ze byt uzitoCnym IT nastrojom pre narodné Statistické urady minimalne
z niekolkych dévodov. Po prvé, umoznuje komplexny prechod od nespracovanych
udajov zo skenerov k cenovym indexom, pricom zohladriuje vSetky Ciastkové etapy
(napr. klasifikaciu produktov alebo parovanie produktov). Po druhé, funkcie balika
prostrednictvom ich parametrizacie umoznuju vykonavat experimentalne prace, ako je
nastavenie prahov pre datové filtre alebo dizky intervalu (8asového okna)
pre multilateralne indexy. Po tretie, balik je vytvoreny vo volnom prostredi R, €o
nevytvara zZiadne dodato¢né naklady na jeho implementaciu.

Prezentacia balika R je rozdelena do nasledujucich oblasti: priprava skenerovych dat,
charakteristiky datovych suborov, vypolty bilateralnych indexov, vypocty
multilateralnych indexov, rozSirenia multilateralnych indexov, agregacia vysledkov
indexov a porovnavanie cenovych indexov. Clanok prezentuje priklady tykajuce sa
hlavnych funkcii balika na zaklade datovych suborov, ktoré su dostupné v baliku
cenovych indexov.

KEY WORDS
scanner data, Pricelndices package, price indices, multilateral indices

KLUCOVE SLOVA
udaje zo skenerov, balik Cenovych indexov, cenové indexy, multilateralne indexy
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Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

1. INTRODUCTION

The term “scanner data” refers to transaction data that specify turnover
and numbers of items sold by Global Trade Article Number (GTIN) code, European
Article Number (EAN) code or other barcodes [10]. Scanner data have numerous
advantages compared to traditional survey data: such data sets are much larger than
the traditional ones and contain complete transaction records, i.e. information about
prices and quantities along with the additional information about products, including
the grammage, unit, label with description, VAT, etc. In other words, scanner data
contain full information at the most detailed item level. The methodology for inflation
measurement by using scanner data has strongly evolved over the last few years (see
for instance: [1, 3, 5, 6, 7, 12, 13, 14, 20, 21, 23)).

Despite many benefits of using scanner data, their use is still associated with many
methodological challenges and problems. The main challenge on the IT side is to build
the right software that efficiently and quickly enables the transition from raw scanner
data to price indices. An example of such software is the Pricelndices package written
in the R environment [2] and available on CRAN and GitHub. Although some packages
dedicated to scanner data and price indices are available in the R environment (e.g.
IndexNumR by Graham White [10], /ndexNumber package by Alejandro Saavedra-
Nieves and Paula Saavedra-Nieves [15] or multilateral by Matthew Stansfield [16]),
their functionalities are much lower compared to the Pricelndices package and they do
not operate on a time variable in the sense of year-month-day. The Pricelndices
package contains a rich set of functions for the proceding scanner data and price index
functions (over 200 functions), which sets it apart from the other R packages in this
area. As it was mentioned above, the package can be a useful IT tool for National
Statistical Offices because: (1) it enables a comprehensive transition from raw scanner
data to price indices, taking into account all intermediate steps (e.g., product
classification or product matching); (2) the package's functions, through their
parameterization, allow experimental work to be carried out, such as setting thresholds
for data filters or the length of the time window for multilateral indices; (3) the package
is written in the free R environment, which does not generate any additional costs for
its implementation. The package has an open-source code so it can be modified
and extended by the Statistical Office.

The main purpose of the paper is to present the utility of the Pricelndices R package,
which can be divided into the following areas: scanner data preparing, data set
characteristics, price index calculations, extensions of multilateral indices, aggregation
of index results, as well as comparison of price indices [9]. The paper presents
examples concerning main package features on the basis of data sets which are
available in the Pricelndices package (e.g. milk, sugar or coffee datasets). As a result,
the reader will have the opportunity to perform all the examples presented on their own.

The structure of the paper is as follows: Section 2 presents the main package
features for scanner data preparing, including functions for classifying and matching
products, data filtering and imputing missing prices; Section 3 shows how to obtain
some statistical characteristics of the analysed scanner products, Section 4 describes
price index methods which are available in Pricelndices, Section 5 discusses the
aggregation methods; Section 6 shows some ways of presenting and comparing price
indices and Section 7 provides the main conclusions. The attached Appendix contains
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Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

reproducible R-language codes using the Pricelndices package and its included
scanner data sets.

2. SCANNER DATA PREPARING

In general, the procedure of scanner data processing consists of the following steps:
data cleaning P extracting information from the product description » classification
of products into COICOP (Classification of individual consumption by purpose) groups
» product matching » product filtering » data standardization » imputing missing
prices (optional) » price index calculations. All these procedures can be performed
in the Pricelndices package. Initial cleaning of the data set, i.e. removal of data gaps,
removal of zero prices and quantities and standardization of variable types, can be
performed using the data_preparing function. Sometimes a retail chain supplies
scanner data frames with additional columns specifying the basis weight (grammage)
and the sales unit of the products. This information, however, can be sometimes hidden
in the product label and then needs to be extracted. The data_unit function returns the
user’'s data frame (provided as a data frame by data parameter) with two additional
columns: grammage and unit. The values of these columns are extracted from product
descriptions on the basis of provided units. Please note, that the function takes into
consideration a sign of the multiplication, e.g. if the product description contains:
‘2x50g’, we will obtain: grammage = 100 and unit = g for that product (for the
multiplication parameter set to ‘x’). To get a good understanding of the function for
extracting information from a product label, please run Example 1 from the Appendix.

2.1 PRODUCT CLASSIFICATION
We can use the data_selecting or data_classifying function to classify products
into COICOP (Classification of individual consumption by purpose) groups.

The data_selecting function returns a subset of the user's data set obtained by
selection based on keywords and phrases defined by parameters: include, must
and exclude (an additional Coicop column is optional and provides an a priori known
product group). These parameters define those sets of phrases or keywords that can,
must or cannot appear in the product label, respectively. The function is based on text
analysis provided by stringr package [24] and is very effective when the product labels
(description column) are of good quality. Example 2 (Appendix) presents a selection
of UHT milks excluding low-fat milks from the milk collection included in the
Pricelndices package.

Alternatively, the data_classifying function can be used to classify the products
into homogeneous groups. This function predicts product classification by COICOP
levels using the selected, previously trained model for gradient-boosted decision trees
(Chen et al., 2021). Thus, first we need to build a model for the product classification
using the model_classification function, which is based on XGBoost algorithm from
xgboost package by [4]. The algorithm is modified to take into account not only numeric
columns (which is the case in the standard XGBoost algorithm) but also non-numeric
columns (such as product labels) or artificially created binary columns based on the
presence or absence of user-set keywords in the product description. We can save the
built model to disk (save_model) and import it at any time (load_model). To get
a good understanding of the function for product ML classification, please run Example
3 (Appendix). In the above-mentioned example the data COICOP data set with
correctly classified milk products to local COICOP 6 product groups is used. The user

Slovenska Statistika a demografia 3/2023 9



Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

may control the accuracy value obtained on the basis of training and testing data sets
(data_train and data_test, respectively) and observe the importance of the used

indicators (see Graph No. 1).

Graph No. 1: The level of errors while ML model training (left side) and importance of the
used indicators (right side) obtained in Example 3
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2.2 PRODUCT MATCHING

The next step in the procedure is to match products over time. This is an important
step, especially when considering the lowest level of data aggregation (barcode level).
This is because it can happen that a product changes the colour of its packaging
and consequently its description and the EAN code, while in terms of quality it is the
same product. Therefore, it is important to make sure that we follow the price evolution
of the same product. The function for product matching (data_matching) is based
on recling R package by van der Laan (2018) and it depends on the set of chosen
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Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

columns for matching. Product matching can be done only on the basis of its label (in
which case the onlydescription parameter has the value TRUE) or with the use of the
retailer codes (codelN) and/or external codes (EAN, SKU - see the codeOUT
parameter). These two approaches can lead to different numbers of the matched
products (see Example 4). Generally, in most cases of data matching, we compare
descriptions of products, and Pricelndices uses the Jaro-Winkler string similarity
measure for this purpose. One should also be aware that the ratio of the matched
products to all the available products is generally a decreasing function of time (see
Graph No. 2 with results for milk and coffee products obtained after using the
matched_fig function).

Graph No. 2: The ratio of the matched and available milk (left side) and coffee (right
side) products obtained via the matched_fig function
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2.3 DATA FILTERING

In the literature there is an ongoing discussion about whether or not to use data
filters for scanner data, and if so, what kind of filters to apply. As a rule, scanner data
indices are calculated using a dynamic approach, with most countries opting for the
monthly chain Jevons index. This method is commonly referred to as the dynamic
method [8]. The dynamic basket is determined using turnover figures of individual
products in two adjacent months, i.e. the product is included in the sample if its turnover
is above a fixed threshold determined by the number of products in a given product
group (the low sales filter). A filter for removing products with extreme price changes
(extreme price filter) and a filter for eliminating recalled products from sale (dump price
filter) are also often considered [19]. These filters can be used separately
or independently together using the data_filtering function (see Example 5 for coffee
products). Sometimes filtering is even applied to the weighted multilateral indices,
since the reduction of the data set always results in savings in terms of time needed
for index computations.

2.4 DATA STANDARDIZATION

If we know the product's grammage and unit of sale, standardizing prices
and quantities to a fuller unit seems reasonable. After all, manufacturers often use the
“trick” of lowering the grammage of a product with an unchanged price, which de facto
means an increase in the price of the product. In such a case, a qualitative adjustment
to normalize price and quantity is needed. In the Pricelndices package, this can be
achieved by using the data_norm function (see Example 6).

2.5 IMPUTING MISSING OR ZERO PRICES

The data_imputing function imputes missing prices (unit values) and (optionally)
zero prices by using carry forward / backward prices. The imputation can be done for
each outlet separately or for aggregated data (see the outlets parameter). If a missing
product has a previous price then that previous price is carried forward until the next
real observation. If there is no previous price then the next real observation is found
and carried backward. The quantities for the imputed prices are set to zeros. The
function returns a data frame (monthly aggregated) which is ready for price index
calculations.

3. DATA SET CHARACTERISTICS

The Pricelndices package includes a number of functions for determining the
characteristics of the analyzed scanner data sets (see [2]). In particular, we can
analyze the differences in product sales levels (sales_group), correlations between
product the prices and the quantities (pqcor_fig) or the level of product matching
(matched_fig). One useful feature is certainly the product function, which analyzes
the relationship the between matched products, new products, disappearing products
and all available products in the given period (see Example 7 and Graph No.3).
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Graph No. 3: The matched, new and disappering coffee products — results obtained via
the products function

products

Source: Pricelndices

4. PRICE INDEX CALCULATIONS

The current version of the Pricelndices package (ver. 0.1.7) includes: 6 functions for
calculating unweighted price indices, 30 functions for determining weighted bilateral
indices, 35 functions dedicated to chain indices, and 22 functions for determining
multilateral indices (unweighted and weighted — see CPl Manual (2004)). The
price_indices function is a general function that allows the User to calculate price
indices on a given dataset and for different parameters (such as the time window length
in case of multilateral indices or the elasticity of substitution in case of the CES index).
The above-mentioned function provides a data frame with index results. To compare
the price indices determined in this way, we can use the compare_indices_df function
(see Example 8 and Graph No. 4).

The package also includes extensions known from the literature for multilateral
indices [9], which allow the inclusion of data from the following month without having
to revise the price indices determined for the previous time window. Among the above-
mentioned methods there are not only splicing methods (combining the old and the
new time windows), but also FBEW (Fixed Base Expanding Window) or FBMW (Fixed
Base Moving Window) methods are included - cf. [2, 3]. Example 9 and Graph n. 5
present the multilateral GEKS index calculated for coffee products and extended by
using a half splice method together with the FBEW and the FBMW methods.

Slovenska $tatistika a demografia 3/2023 13




Jacek BIALEK: Scanner data processing and price index calculations in the priceindices R package

Graph NO. 4: Comparison of the selected price indices calculated for milk products
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Graph No. 5: Comparison of the GEKS index extensions calculated for coffee products
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5. AGGREGATION OF PARTIAL INDEX RESULTS

Aggregation of partial price indices over outlets within a retail chain is advisable, as
long as the retail chain follows a regional pricing policy. It should be borne in mind that
if the number of outlets of a given retailer is large (e.g., it is several hundred), the time
required to determine the final price index may increase substantially.

In the Pricelndices package, the final_index function allows the User to calculate
any price index with optional consideration of aggregation of sub-indices calculated for
the subgroups of products (then the User needs to indicate the grouping variable)
and/or outlets. The user can choose from several possible functions that aggregate
partial results, such as an arithmetic mean, geometric mean, the Laspeyres, Paasche
or Fisher formula. Example 10 demonstrates the aggregation of the Fisher indices
over subgroups of milk products (groups = TRUE) and the over outlets (defined in the
retID column with outlets = TRUE) where the Laspeyres formula is used for that
aggregation (aggr = "laspeyres"). The obtained results, with the January 2019 as the
fixed base month, are presented in Tab. No. 1.

Table No. 1: The final (fixed base) Fisher price index obtained after using the Laspeyres
aggregation over subgroups of milk products and over outlets

Period The final Fisher index
2019-01 1.0000000
2019-02 1.0002910
2019-03 0.9803976
2019-04 0.9929258
2019-05 0.9895008
2019-06 0.9872751

Source: Pricelndices

6. COMPARISON OF INDICES

The Pricelndices package includes two functions for a simple graphical comparison
of price indices and two functions for calculating distances between indices. The first
one, i.e. compare_indices_df, is based on the syntax of the price_indices function
and thus it allows us to compare price indices calculated on the same data set. The
second function, i.e. compare_indices_list, has a general character since its first
argument is a list of data frames which contain results obtained by using the
price_indices or final_index functions. The third one, i.e. compare_distances,
calculates (average) distances between price indices, i.e. the mean absolute distance
or root mean square distance is calculated. The next function, compare_to_target,
allows to compute distances between indices from the selected index group and the
indicated target price index. The last function, compare_indices_jk, presents
a comparison of selected indices obtained by using the jackknife method.

Example 11 and Table No. 2 presents a comparison of the selected monthly price
indices calculated for the coffee products sold in 2019 in one of Polish retail chains
and Example 12 and Graph No 6 presents sensitivity of these indices on the product
rotation in terms of the jackknife procedure (i.e. in each iteration one product is
removed from the sample).
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Table No 2: Mean absolute distances (p.p.) between the selected monthly price indices
calculated for the coffee products

Formula Jevons Chain Fisher GEKS
Jevons

Jevons 0.000 0.696 1.797 1.785

Chain Jevons | 0.696 0.000 1.634 1.466

Fisher 1.797 1.634 0.000 0.812

GEKS 1.785 1.466 0.812 0.000

Source: Pricelndices

Graph No. 6: Sensitivity of the selected yearly price indices on the product rotation
in terms of the jackknife procedure
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7. CONCLUSIONS

The Pricelndices package is a full-featured IT tool for the procedure of scanner data.
Its main advantages are: (a) no maintenance costs (R environment); (b) working with
a time variable of the year-month-day type and operating on unit values, which makes
the package very close to the practice of statistical offices; (c) wide functionality
allowing to carry out the whole path from raw scanner data to the calculation of price
indices; (d) wide range of available price index formulas.

The Pricelndices package can be useful for both the academics conducting
research on the theory and practice of price indices and for the employees of statistical
offices. Since many important features of the package are not discussed in this article
(e.g., the author's price indices: the Biatek index, the hybrid index, the GEKS-L, GEKS-
GL, GEKS-AQU, GEKS-AQI indices, and the Bennet and Montgomery price
and quantity indicators as well as many others) we refer the interested reader to the
package's documentation available at:
https://cran.r-project.org/web/packages/Pricelndices/Pricelndices.pdf.
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The author hopes that the added value of this article is the presentation of the
Pricelndices package based on real scanner data sets which are available in the
package. Some contribution of the paper is also the demonstration of the various
stages of scanner data proceeding supported by reproducible R language codes
included in the Appendix.
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RESUME

The article presents the basic functionality of the Pricelndices package, which was
developed for both academics and practitioners involved in implementing scanner data
to measure inflation. Specifically, the paper demonstrates how to prepare scanner data
sets, classify products into the appropriate COICOP groups, match products over time
and filter out the irrelevant sales. Of course the demonstration of the package also
covers the determination of price indices, their comparison and the aggregation of the
partial results over the retailer outlets and the product subgroups. The whole
presentation is supported by reproducible codes written in R language, which can be
found in the Appendix.

RESUME

Clanok predstavuje zakladnu funkcionalitu balika Cenovych indexov, ktory bol vyvinuty
pre akademikov aj odbornikov z praxe, ktori sa podiefaju na implementacii udajov
z0 skenerov sluziacich na meranie inflacie. Dokument konkrétne ukazuje, ako vytvorit
subory udajov zo skenerov, klasifikovat produkty do vhodnych skupin klasifikacie
COICOP, priradovat produkty v priebehu rokov a vytriedit irelevantné predaje. Ukazka
balika zahffia aj zistovanie cenovych indexov, ich porovnavanie a agregaciu
Ciastkovych vysledkov maloobchodnych predajni a podskupiny produktov. Sucastou
prezentacie su reprodukovatelné kody vytvorené v jazyku R, ktoré najdete v prilohe.
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APPENDIX

Example 1
> library(‘Pricelndices’)
> data_unit(dataU, units = ¢("g", "ml", "kg", "I"), multiplication = "x")

Example 2
> milkUHT<-data_selecting(milk, must="uht", exclude="low")
> head(milkUHT)

Example 3

#Building the model

> my.grid=list(eta=c(0.01,0.02,0.05),subsample=c(0.5,0.8))

> data_train<-dplyr::filter(dataCOICOP,dataCOICOP$time<=as.Date("2021-10-01"))
> data_test<-dplyr::filter(dataCOICOP,dataCOICOP$time==as.Date("2021-11-01"))
> ML<-model_classification(data_train,data_test,coicop="coicop6",grid=my.grid,

> indicators=c("description","codeIN","grammage"),

> key_words=c("uht",“2%"),rounds=60)

#Accuracy (while training)

> ML$figure_training

#Importance of the indicators:

> ML$figure_importance

#Data classification

> data_classifying(ML, data_test) #please compare the last two columns!

Example 4

> df1<-data_matching(dataMATCH, start="2018-12",end="2019-02",
> onlydescription=TRUE, interval=TRUE)

> df2<-data_matching(dataMATCH, start="2018-12",end="2019-02",
> precision=0.98, interval=TRUE)

> length(unique(df1$prodID))

> length(unique(df2$prodID))

Example 5

> data_filtering(coffee, start="2018-12",end="2019-03",
> filters=c("extremeprices","lowsales","dumpprices"),

> plimits=c(0.25,2), lambda=1.25, dplimits=c(0.7,0.7))

Example 6

> data<-data_unit(dataU,units=c("g","
# Normalization of grammage units

> data_norm(data, rules=list(c("ml","I",1000),c("g","kg",1000)))

ml","kg","l"), multiplication="x")
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Example 7

> list<-products(coffee, "2018-12","2019-12")
> list$details

> list$statistics

> list$figure

Example 8

> df_indices<-price_indices(milk, start = "2018-12", end = "2019-12",
> formula=c("jevons", "fisher", "chjevons","chfisher", "tpd"),

> names=c("Jevons", "Fisher", "Chain Jevons", "Chain Fisher",

> "Time Product Dummy"), window=c(13), interval = TRUE)

> compare_indices_df(df_indices)

Example 9

> df_geks<-price_indices(coffee, start = "2018-12", end = "2020-06",
> formula=c("geks_splice", "geks_fomw", "geks_fbew"),

> splice=c("half"), names=c("half splice", "FBMW","FBEW"),

> window=c(13), interval = TRUE)

> compare_indices_df(df geks)

Example 10

> final_index(milk, start = "2019-01", end = "2019-06",

> formula = "fisher", groups = TRUE, outlets = TRUE,

> aggr = "laspeyres", by = "description”, interval = TRUE)

Example 11

#Creating a data frame with index values

> DF<-price_indices(coffee,

> formula=c("jevons", "chjevons", "fisher", "geks"),

> start="2019-01", end="2019-12",

> window=c(13), interval=TRUE)

#Calculating average distances between indices (in p.p)
> compare_distances(DF)

Example 12

#This is a time-consuming procedure:

> comparison<-compare_indices_jk(coffee,

> formula=c("jevons", "chjevons", "fisher", "geks"),

> start="2019-01", end="2019-12", window=c(13),

> names=c("Jevons", "Chain Jevons", "Fisher", "GEKS"),
> title_iterations="Box-plots for iteration values")

> comparison$figure _iterations
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HEDONIC CONSUMER PRICE INDEX:
DIAGNOSTICS AND ANALYSIS OF VARIANCE

HEDONICKY INDEX SPOTREBITEL’SKYCH CIEN:
DIAGNOSTIKA A ANALYZA ROZPTYLU

ABSTRACT

Web scraping provides a new innovative data source that can be utilised in price
statistics by National Statistical Institutes. The prices of product-offers are
automatically downloaded from the internet, which allows a wider selection
of representative products in the consumer basket. The other advantage of scraping
online prices is that the user can obtain characteristic parameters of individual
products. These parameters are used in calculating a hedonic price index that is more
preferable for products with a high replacement rate. The hedonic regression assumes
that the natural logarithm of the product’s price can be explained by its characteristic
parameters. In many previous researches, the authors estimate hedonic price indices
for various products without any statistical verification of the fitted regression model.
In this paper, we carry out a thorough analysis of the hedonic regression model that
encompasses checking the model’s diagnostics and its initial assumptions. Moreover,
we use the analysis of variance to test contrasts between categories of individual
characteristic parameters. The categories without any contrast are merged together
and the hedonic price index is re-estimated. In the empirical study, we estimate
and compare the hedonic price indices for different scenarios using observed web
scraped prices from the Slovak market.

ABSTRAKT

Web scrapovanie poskytuje novy inovativny zdroj udajov, ktory mdzu narodné
Statistické urady vyuZit v cenovej Statistike. Ceny produktov sa automaticky stahuju
z internetu, o umoznuje SirSi vyber reprezentativnych produktov v spotrebnom kosi.
DalSou vyhodou scrapovania online cien je, Ze pouzivatel mdze ziskat charakteristické
parametre jednotlivych produktov. Tieto parametre sa vyuzivaju pri vypocte
hedonického cenového indexu, ktory je vhodnejSi pre produkty s vysokou mierou
fluktuacie. Hedonicka regresia predpoklada, Zze prirodzeny logaritmus ceny produktu
mozno vysvetlit jeho charakteristickymi parametrami. V mnohych predchadzajucich
vyskumoch autori odhadnu hedonické cenové indexy réznych produktov bez toho aby
Statisticky vyhodnotili spravnost regresného modelu. V tomto ¢lanku vykoname
dokladnu analyzu hedonického regresného modelu, ktora zahfha kontrolu diagnostiky
modelu a jeho pociatocnych predpokladov. Okrem toho pouZijeme analyzu rozptylu
na testovanie kontrastov medzi kategoriami pre jednotlivé charakteristické parametre.
Kategorie bez kontrastu sa potom zlu€ia a hedonicky cenovy index sa prepocita.
V empirickej studii vypoCitame a porovnavame hedonické cenové indexy pre rdézne
pripady, vyuZzitim web scrapovanych cien produktu zo slovenského trhu.

KEY WORDS
web scraping, online prices, consumer price index, hedonic regression, time-product
dummy regression
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KLUCOVE SLOVA
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regresia s ¢asovo umelou premennou

1. INTRODUCTION

In the past decade, National Statistical Institutes (NSIs) consider various alternative
data sources to supplement the traditional data collection of product prices. The online
collection, also called web scraping, of prices is one of these alternatives. Web
scraping can be automated and NSIs are able to gather all available product-offers,
which can be used to select a representative sample of product items for the consumer
basket. Noting that the traditional price collection only covers a limited number
of product offers due to extensive requirement for human resources. The research
paper [12] considers web scraping to modernise a data collection for Italian
harmonised consumer price index, in the context of the European project,
and evaluates its effectiveness. It states that a web scraping has a big potential as
a new innovative data source for price statistics.

Through web scraping, we usually obtain daily prices of products that are collected
from comparison website platforms, where multiple online retailers offer the same
product. This leads to a collection of multiple daily prices for the same product, which
need to be aggregated on a monthly level. In the paper [11], the author demonstrates
various methods for aggregating daily prices. The empirical analysis shows that the
geometric average(s) could be the most appropriate aggregation since it includes all
prices of selected products and it reduces the effect of extreme price values.

Moreover, web scarping allows obtaining characteristic parameters of individual
products that are assumed a significant determinant of the price of the product.
A well- known method for estimating a price index, which considers characteristic
parameters, is a hedonic regression. The advantage of the hedonic regression is that
it can include all products, without any requirement of its price observed in every
month. Additionally, new and disappearing products can also be included in the
estimation of the hedonic price index that is particularly important when the
replacement rate of products is substantially high. The guidelines [4] states that
hedonic price indices are more appropriate when the scale of replacement rate is high.

A comprehensive guide on hedonic regression models and corresponding price
indices is provided in [16]. Many other research papers, for example [5], [6] and [7]
among others, are dedicated to study hedonic regression models in the context of the
estimation of price indices. For example, the paper [5] concludes that a hedonic price
index is more suitable, when the characteristic parameters for products are observable,
than the time-product dummy price index. However, none of these shows
an examination of the model’s goodness of fit, statistical tests of the model's
assumptions, or any detailed analysis of individual characteristic parameters.

The objective of this paper is to carry out a thorough analysis of the hedonic
regression model in the context of the estimation of consumer price indices. The
individual categories of characteristic parameters are evaluated by using analysis
of variance, i.e., a contrast between a pairwise comparison of categories is tested
by different hypothesis tests. The categories with contrast that is not statistically
significant from zero, a test under the null hypothesis, are merged together and the
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hedonic price index is re-estimated. In the empirical study, we estimate and compare
hedonic price indices using observed web scraped prices from the Slovak market.

The paper is organised as follows. Section 2 shows a theoretical framework of the
hedonic regression and its corresponding price index. It also outlines a methodology
that can be used for the evaluation of the model goodness of fit and the analysis
of variance for categorical characteristic parameters. Section 3 shows the empirical
application of the discussed theory on the product category of refrigerators. Conclusion
discusses the results, issues with hedonic regression models and a potential further
research.

2. THEORETICAL FRAMEWORK

In this section, in the first part, we introduce a theoretical framework for estimating
a hedonic price index that is based on defining a hedonic regression model. In the
recently published guidelines by Eurostat [2], an estimation of the hedonic price index
is briefly outlined but no further details of testing the model diagnostics, or a statistical
significance of model parameters are provided.

In the second part, we discuss a theory of the analysis of variance (ANOVA) in the
context of the hedonic regression model. Moreover, we show the diagnostic tests that
are used for testing the model goodness of fit and its initial assumptions.

2.1 REGRESSION-TYPE MODELS FOR CONSUMER PRICE INDICES

We assume that the logarithm of the price of the product itemi, i =1, ..., n, can be
explained by its characteristic parameters, where a number of characteristic
parameters z;, with k = 1,...,K for each product item i is observable at the time period
t,t=0, ..., T. The time window T is defined by the user and it usually covers at least
one year, T = 12. The log-linear hedonic regression model can be defined as [2]:

T K
lnpf=6°+zatDit+Z,8kzik+ef (1)
t=1 k=1

where D} is a dummy variable that is assigned a value of 1 if the observed price
relates to the product item i at the time period t, and 0 otherwise. The parameters 9°,
dt, and B, are estimated through the ordinary least squares method, which yields 9°,
0%, and f. The regression model in Eq. (1) assumes that the random errors ¢! are
normally distributed with mean 0 and constant variance o2. Noting that in order for the
regression model to be estimable, we need to omit one dummy variable due to the
singularity issue of the covariate matrix. Thus, the time-dummy variable D} for the base
period t = 0 is omitted.

The exclusion of the base period from the estimation, and the logarithmic form of the
regression model, leads to a plausible interpretation of the estimated d's in the context
of consumer price indices. The estimated d%s are the percentage changes in average
prices between the time period 0 and t, where the characteristic parameters are
controlled for.
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Taking the exponential of the estimated d¢ leads to the following expression for the
hedonic price index [5]:

s o) = DO 0 [ g o o
Hleso(p )NO

where £,z2 and f,z. are the mean of estimated characteristic parameters effects at
the time period 0 and t, respectively, where zp = Y0z /N® and z = Y5tz /Nt are
the sample averages of characteristic parameters. A detailed derivation of Eq. (2) can
be found in [5]. Eq. (2) represents a hedonic price index that can be interpreted as
a geometric average of price changes, between the base period 0 and the current
period t, weighted by the mean effect of characteristic parameters. For the matched
sample of product items between the time period 0 and t, Eq. (2) simplifies to the
bilateral Jevons index; refer to [10] or [11] for further definitions.

Moreover, the hedonic regression model in Eq. (1) can be used for the missing price
imputation, that is, when a product falls out of offer in a particular month but it reappears
again next month, the estimated model can be utilised for the missing price prediction.

If we assume that the characteristic parameters of individual product items are
unobservable, a different version of the log-linear regression model can be used. The
time-product dummy (TPD) regression model is defined as [5]:

T N-1
Inpf = 6°+ZatDit+ZyiDi + ¢&f (3)
t=1 i=1

where D; is a dummy variable that is assigned a value 1 if the observed price relates
to the product item i, and 0 otherwise. Similarly as for the time dummy variable,
a dummy variable for the arbitrary product item i is not included in order to estimate
the regression model.

Similarly, the time-product dummy (TPD) price index can be expressed as [5]:

TPD = exp( at) Mexp [Z (Vt - VL)] (4)
Hleso(plo)No

where 7P and 7! are the mean of estimated product items’ effects at the time period
0 and t, respectively, where 3?9 = Y0 7;/N° and 3! = Yi.t7:;/Nt are the sample
averages of the estimated parameters 7. A detailed derivation of Eq. (4) can be found
in [5]. Again, for the matched sample of product items between the time period 0 and
t, Eq. (4) simplifies to the bilateral Jevons index; refer to [10] or [11] for further
definitions.

2.2 MODEL DIAGNOSTICS AND ANALYSIS OF VARIANCE

Both the hedonic regression model in Eq. (1) and the time-product dummy
regression model in Eq. (3) are assumed to be of the linear form. This linearity in the
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functional must be verified since its misspecification leads to incorrectly defined
random errors &f that further invalidates hypothesis tests for the fitted model(s).
Moreover, it can also indicate that the hedonic regression model has missing or omitted
characteristic parameters, which is a phenomenon that can cause erroneous hedonic
price indices.

The estimated random errors, or residuals, &} for Eq. (1) can be expressed as:

T K
& =Inp! —Inp} =Inp} — <50 + Z otDf + Z ﬁkzik) (5)
k=1

t=1

A similar expression can be shown for Eq. (3). To verify the aforementioned
assumptions of the fitted model, i.e., a normal distribution of the estimated residuals
and the assumption for a constant variance, we can use standard diagnostic tests that
are estimable by any statistical software in the regression procedure. We use the SAS
software, where the proc gim procedure displays, in a graphical format, the following
diagnostic tests:

Table No. 1: Diagnostic tests

Diagnostic test (plot)

Correctly specified model

Mis-specified model

Predicted vs observed
responses

The values are close to the
diagonal line.

The values that are far from
the diagonal line — the
predicted response is far
from the observed response,
i.e., the residual is large.

Residuals and predicted
residual

The values show no pattern —
a set of independent and
identically distributed random
variables.

The values follow a curve —
missing characteristic
parameters.

The values are ‘fan shaped’
— a hon-constant variance.
The values are not randomly
scattered — a correlation
between residuals
(autocorrelation in
responses).

Studentized residuals
versus the leverage

The values are in the range
2.

The values that exceed +2
can be considered outliers.

Residuals vs quantiles

The values are close to the
diagonal line.

The few values fall on a
diagonal line — outliers.
The left end of is below /
above the diagonal line —
long / short tail in the left.
Similarly, for the right end.

Source: SAS, Author’s construction

The manuscript [16] provides a comprehensive study of hedonic regression models
when the functional form of Eq. (1) is misspecified, particularly, due to the missing
characteristic parameters in the model.

Furthermore, we introduce a concept of the analysis of variance (ANOVA) that is
a general method for studying contrasts, or differences, between treatments of the
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categorical variable for the given response variable. In general, the ANOVA functional
form can be expressed as the general linear model. To formulate the terminology, we
have a number of observed prices, Nc, in each category (treatment) c = 1,..., C, for the
given characteristic (of the categorical format) parameter, and the linear ANOVA model
for the it" logarithmic price in the ct" category can be defined as [1]:

In pitc =putac+ gitc (6)

where u is the overall mean across all N observed prices and N =) N.. The
parameters ac represent the specific effects which are departures from the overall
mean specific to each category c. The errors &/, are the unexplained variation specific
to the i" observation within category ¢ and are assumed to be normally distributed with
zero mean and a constant variance 2. To be able to identify individual categories
uniquely, the constraint ;. a. = 0 has to be satisfied.

It follows that Eq. (6) can be rewritten in the form of the general linear model, where
the design matrix Xjj is defined as containing p scalar independent variables coded 0’s
or 1's for the response category memberships. It implies that Eq. (6) can be re-
expressed by setting Bo = u, B2 = a1, and so on to Bc = ac. Hence, it follows that Eq. (6)
has the equivalent formulation as:

c+1

In pitc = ZX(ic)j:Bj + gitc (7)
j=0

The design matrix X ; in Eq. (7) is equivalent to Eq. (1) for each characteristic
parameter zik that is of the categorical format. Eq. (7) includes all independent variables
in the model, including the time dummy variables, which serve as control variables
in the estimation. Noting that the parameter f;, usually for the last category c, is not
defined, also called a controlled category, to maintain a non-singularity of the design
matrix. It follows that the null hypothesis test for testing the statistical significance for
each category is defined as:

Hy:{B;—B.=0and B, —B.=0and..and .-, — B. =0} (8)

The F statistics is used for testing the hypothesis; a detailed derivation of the
hypothesis test is provided in [1]. Noting that the linear difference of ;s to the overall
mean of the characteristic parameter, instead of the controlled category, can also be
tested.

Moreover, we are interested in comparing the contrast between each category, not
only for the controlled category. The main reason is that the categories for which the
response is shown statistically indifferentiable can be merged into one category. This
could lead to a computational efficiency when dealing with a large number
of characteristic parameters that have multiple categories.
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The null hypothesis test for the pairwise comparison of contrasts between
categories can be defined as follows:

Ho:{Bi — B =0} fori+k (9)

The SAS procedure proc glm, through the statement LSMeans, carries out the
pairwise comparison; details can be found in [14], with a theory of the hypothesis test
discussed in [1]. Similarly, the contrast between a specific category versus multiple
other categories' can also be tested, which, in our case, is needed when we require to
merge more categories into another specific category.

Various other multiple comparison tests for the pairwise comparison were proposed
in the context of ANOVA. These tests are relevant for different types of experimental
design. In the case of the hedonic model, an experimental design is completely
randomized, i.e., we assume that prices are assigned to the categories completely
at random, with unequal sample sizes of product items within each category.

The Tukey method, first proposed in 1953 by Tukey in [17], which is considered
more conservative among other multiple comparison tests, is the most suitable in our
case. The Tukey’s confidence interval for the difference between categories i and k at
the a% significance level is defined as [1]:

pi-per (2222) Juse (24 1)

where q, ,_,,o iS a critical point at the a% significance level from the Studentised
range distribution and ri and r« are sample sizes of category i and k, respectively;
a detailed derivation is shown in [1]. If the confidence interval in Eq. (10) contains zero,
the difference between categories f; and gy, is not significant at the a% significance
level. The original Tukey's method was developed for the equal sample sizes
in categories. Hayter in [9] shows that the same form of interval in Eq. (10) can be used
for unequal sample sizes in individual categories, and that the overall confidence level
is then at least 100(1 — a)%.

3. RESULTS

In the empirical study, we use web scraped data to demonstrate an application
of the theoretical framework outlined in the previous section. Daily web scraped prices
of the product category refrigerators (ECOICOP 5-digit: 05.3.1.1, refer to [13]) are
available from 01 December 2019 until 31 December 2020. The prices of product
items, including its corresponding characteristics parameters, were scraped from the
website https://www.heureka.sk/. The aggregation of daily prices is carried out as
in [10], i.e., daily prices of product items are geometrically averaged on a monthly level.

Table No. 2 shows a list of the characteristic parameters that are used in the
estimation of Eq. (1).

" It has to be correctly defined, which depends on the number categories tested, in the contrast
statement in the SAS GLM procedure.
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Table No. 2: The characteristic parameters

Parameter Type (no. of categories)
Producer (vyrobca) Categorical (20)
Placement type (spésob umiestnenia) Categorical (2)
Noise (hlu€énost) Numerical
Design (prevedenie) Categorical (4)
Electricity consumption per year Numerical
(spotreba energie za rok)

Net volume of the fridge (Cisty objem Numerical
chladnicky)

Net volume of the freezer (Cisty objem Numerical
mraznicky)

Height (vyska) Numerical
Width (Sirka) Numerical
Depth (hibka) Numerical

Source: SO SR, Author’s construction

Graph No. 1: Model fit diagnostics — hedonic regression model in Eq. (1)
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Source: SAS, Author’s construction (Note: log_cena means log_price)
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Graph No. 2: Model fit diagnostics — time-product dummy regression model in Eq. (3)

Fit Diagnostics for log_cena
10 ¢ |0
o]
2
3 = sl I
S ks 8 g
2 E E
& (% 2 -106°
_] 0 - o —20 - o —20 - ')
T T T T T T T T T T T T T T T
5 6 7 8 9 5 6 7 8 9 02 04 06 08 1.0
Predicted Value Predicted Value Leverage
0.5 & 9 0.12 1
g - . 0.10
5 0.0 s ° a 0.08+
5 3 74 "
2 o, 2 0.06
%] ]
5] 00 S
o054 § L 64 o O 0.04
5 . 0.02 - L
_10 -1 o 000 I...nlA.Ml "‘ e, { )
T T T T T T T T T T T T T
-4 -2 0 2 4 5 6 7 8 9 0 5000 10000
Quantile Predicted Value Observation
40 Fit-Mean Residual
30 2 §
g Observations 13030
g 20 1 Parameters 1249
e Error DF 11781
0 -
104 MSE 0.0029
.14 o R-Square 0.9924
Adj R-Square 0.9916
013 T T T T
T T T T T T
-0.98 -0.62 -0.26 0.1 0.46 00 04 0.8 00 04 08
Residual Proportion Less

Source: SAS, Author’s construction (Note: log_cena means log_price)

The estimation of Egs. (1) and (3) is carried out in the SAS software, using the proc
GLM procedure. The overall hypothesis test, using F statistics, show that both
regression models are statistically significant at the 5% level. Additionally, all
parameters, displayed in Table No. 2, in Eq. (1) are statistically significant at the 5%
level. The full results are available from the author on request.

The graphs show the diagnostic tests, displayed in Table No. 1, for the fitted
regression models in Egs. (1) and (3), respectively.

Graph No. 1 shows that the functional form of Eq. (1) is mis-specified. The plot of
the residual vs predicted values shows a non-random distribution and a ‘megaphone-
like’ shape that indicates a correlation in random errors. This leads to a conclusion that
the random errors are not normally distributed and do not have a constant variance.
Moreover, the graph of RStudent vs predicted values has many points beyond the
limit(s) of +2 that shows a presence of outliers in the observed prices that can be
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inadvertently affecting the fitted model. From the second row of Graph n. 1, we can
infer that the large prices cause a violation of the distributional properties of the random
errors, which is seen in both the residual vs the quantile plot, the right end is far off the
diagonal line, and the observed (log_cena) vs the predicted values plot.

Similar conclusions, for the presence of outliers in the observed prices, can be
drawn for the fitted regression model in Eqg. (3). However, the plot of residuals vs
predicted values shows somewhat random distributions of values, which does not
indicate a correlation among random errors, or a violation of the normal distribution
assumption. In the third row, a distribution of residuals also resembles a normal curve,
albeit with long tails caused by many outliers. Hence, we can infer that the fitted
regression model is specified correctly, but the observed prices should be cleaned from
outliers on both sides of the distribution.

We proceed to carry out a pairwise comparison of individual categories for each
characteristic parameter. Noting that we have three categorical parameters, refer to
Table No. 2. Graph No. 3 shows a significance level (at a = 5%) for the pairwise
comparison.

Graph No. 3: Hypothesis test for the pairwise comparison of categories
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Source: SAS, Author’s construction (Note: log_cena means log_price)
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The red line(s), in individual plots, indicate that the difference between categories?
for the given characteristic parameter is not significantly different from zero, refer to
Eq. (9). For categories that show non-significant differences, we create a single
category. However, we consider the significance level for the difference at a = 10%.
The following table shows the categories that are merged into one category.

Table No. 3: Merged categories — pairwise comparison

Control (main) category Merged category
T12 T17

T12 T4

T14 T20

T14 T9

T15 T5

Source: Author’s construction

Noting that for the merger of multiple categories, we carry out an additional contrast
hypothesis test for in-between differences, for example, under the null hypothesis
Bri2 = Bri7 = Bra; refer to the SAS code in Annex B, particularly, the statement
contrast.

In the follow-up analysis, we proceed to test the hypothesis of the pairwise
comparison using the Tukey’ multiple comparison method in Eq. (10). The results,
which we display only for pairwise categories that are not significantly different from
zero, are shown in Table No. 4:

Table No. 4: Confidence intervals — Tukey method

Comparisons significant at the 0.05 level are indicated by ***.
vyrobca Difference Simultaneous 95% Confidence
Comparison Between Means Limits

T16 - T18 -0.085394 -0.177286 0.006497
T5 -T10 -0.006769 -0.048698 0.035159
T1 -T10 -0.022936 -0.062997 0.017125
T1 -T5 -0.016167 -0.054711 0.022377
T8 -T17 -0.056017 -0.113843 0.001808
T8 -T13 0.007288 -0.059478 0.074055
T13 -T17 -0.063306 -0.137796 0.011185
T14 -T15 -0.029089 -0.104795 0.046616
T3 -T15 -0.055178 -0.127308 0.016951
T3 -T14 -0.026089 -0.068946 0.016767
T3 -T4 0.025384 -0.010586 0.061355
T12 -T19 0.012626 -0.065001 0.090253

Source: SAS, Author’s construction

Similarly based on the Tukey's method, we merged the categories with non-
significant differences. Noting that the confidence interval that contains zero for the
pairwise comparison indicates that the difference between these categories is not
significant from zero. Table No. 5 shows the merged categories.

2 For the translation of individual categories refer to Annex A.
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Table No. 5: Merged categories — Tukey method

Control (main) category Merged category
T16 T18

T1 T10

T1 T5

T8 T17

T8 T13

T3 T15

T3 T4

T3 T14

T12 T19

Source: Author’s construction

Noting that after the merge of the categories in Table No. 5, the null hypothesis for
the Tukey’s test is rejected, at a = 5%, for all pairwise comparisons.

In the final stage of the analysis, we show the estimation of consumer price indices
for all scenarios. The hedonic consumer price index is estimated for four different
scenarios: original data, original data with interactions, post-pairwise and post-Tukey’s
merge of categories, respectively, along with the time-product dummy (TPD) consumer
price index. The following graph shows the results.

Graph n. 4: Consumer Price Indices — refrigerators
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Source: SOSR, Author’s construction

Graph No 4 shows that all indices have the same trend. The TPD index is the lower
bound in most of time periods. Adding the effect of interactions between characteristic
parameters in Eq. (1) shifts the hedonic index down, towards the TPD index. This could
indicate that missing parameters in the model might cause upward drift in the hedonic
index. The hedonic index, after merging categories with non-significant differences,
moves upwards. Noting that relatively big differences between individual price indices,
for example, almost 2% between the lowest and largest index value, is solely due to
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the specification of models, i.e., the number of parameters, explanatory variables,
in the model.

All results have been generated in SAS software and are available from the author
on request.

In general, based on the results, we can conclude that the number of characteristic
parameters in the model plays an important role in the context of the estimated price
indices. Therefore, it is important that all the relevant parameters of the particular
product are collected and included in the estimation of the model. Moreover, the
diagnostic tests show that extreme price values can cause a violation of the initial
model’s assumptions that can result in the erroneous price indices. The exclusion
of extreme prices should be considered.

4. CONCLUSION

At the outset of the paper, we demonstrate a theoretical framework of hedonic
and time-product dummy regression models. Additionally, a concept for diagnostic
tests of the fitted regression model is outlined, including the analysis of variance that,
in general, tests for the (average price) difference between categories of each
characteristic (categorical) parameter. The diagnostic tests are crucial for testing the
assumptions and the model’s goodness of fit. An incorrect functional form of the
regression model leads to errors in the estimated parameters, particularly, in hedonic
consumer price indices. Moreover, the ANOVA might indicate that some categories
of the characteristic parameters can be merged, which might lead to a minimisation
of the computational time in practice.

It is important to consider online prices in the calculation of consumer price indices
since the economic activity shows that consumers purchase some products online.
In the empirical study, we use web scraping, which is considered a new data source,
for collecting prices of products. The online daily prices are aggregated by using
a geometric average on a monthly level.

Moreover, in the empirical analysis, using online prices for the product category
of refrigerators from the Slovak market, we show that the functional form of the fitted
hedonic regression model is misspecified. This is shown in the inspection of the
diagnostic tests for the fitted model. The outliers play a role in the violation of the model
assumptions, in particular, the assumptions of the normal distribution of random errors
and its constant variance are not met. Hence, we are unable to confirm a suitability
of the hedonic consumer price index for this case.

To improve the model's performance, we might consider excluding the extreme
prices on both end of the distribution. On the other hand, these excluded product items,
if economically important, would not be reflected in the estimation of the hedonic
consumer price index. This shows that a disadvantage of web scraped data is that they
do not contain any information on sales.

We show that characteristic parameters, and its corresponding categories, are
statistically significant in determining the log-price of the product. Since some product
categories, with a high replacement rate, and availability of big pool of product items
require more complex formulas to capture the average price changes across time more
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accurately, we recommend that hedonic price indices are considered by National
Statistical Institutes for price statistics. Nevertheless, as demonstrated in the paper,
NSIs must conduct a thorough analysis of hedonic regression models before its
implementation in the production environment, either for estimating consumer price
indices or for missing price imputations.

Further research, which can be part of the ongoing project of the modernisation
of data sources for price statistics at the Statistical Office of the Slovak Republic,
should concern the analysis of splicing methods that are used for avoiding the revision
problem in consumer price indices when using multilateral methods.
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RESUME

The Statistical Office of the Slovak Republic examines the use of new data sources for
official price statistics. One of the alternative data sources for collecting prices
of products is the online environment. Web scraping is an automated way of online
price collection. The advantage of web scraping is that it does not require vast human
resources that are needed in the traditional data collection from physical stores.
Moreover, it also enables collecting characteristic parameters of individual products
that can be used in the estimation of the hedonic regression model. The hedonic
regression model can be used for the estimation of the hedonic price index, or for the
imputation of missing prices. The advantage of the hedonic price index is that it
captures the changes of all available products in the time window, including the new
and disappearing products. In this paper, we show the estimation of the hedonic
regression model and carry out various statistical tests to verify the model's
specifications. In addition, we analyse the statistical significance of individual
characteristic parameters, including a detailed analysis of variance for the categorical
variables. Based on the analysis, we propose adjusting the categories for individual
characteristic parameters that can reduce a calculation time when estimating the
hedonic consumer price index for big data in practice. In the empirical study, we show
the application, and compare hedonic consumer price indices for different scenarios,
for the product category of refrigerators. In paper is part of the project that deals with
the modernization of price statistics from the perspective of different data sources
at the Statistical Office of the Slovak Republic.

RESUME

Statisticky urad SR skuma vyuZitie novych zdrojov udajov pre oficialnu cenovu
Statistiku. Jednym z alternativhych zdrojov dat na zber cien produktov je online
prostredie. Web scraping je automatizovany spbsob zberania cien z internetu.
Vyhodou web scrapingu je, ze nevyzaduje vela ludskych zdrojov, ktoré su potrebné
pri tradi€énom zbere dat z obchodov. Okrem toho umoziuje aj zber charakteristickych
parametrov jednotlivych produktov, ktoré je mozné pouzit pri odhade hedonického
regresného modelu. Model hedonickej regresie mozno pouZit na vypocet hedonického
cenoveho indexu alebo na imputaciu chybajucich cien. Vyhodou hedonického
cenového indexu je, Zze zachytdva zmeny cien vSetkych dostupnych produktov
v Casovom okne, vratane novych a tzv. odchadzajucich produktov. V Clanku ukazeme
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odhad hedonického regresného modelu a vykoname rbzne Statistické testy
na overenie spravnosti modelu. Okrem toho analyzujeme Statisticku vyznamnost
jednotlivych charakteristickych parametrov, vratane podrobnej analyzy rozptylu pre
kategorické premenné. Na zaklade analyzy navrhneme upravit’ kategorie jednotlivych
charakteristickych parametrov, Coho désledkom méze byt napr. skratenie vypoc¢tového
Casu pri odhade hedonického indexu spotrebitel'skych cien pre velké data. V empiricke;j
Studii ukazeme aplikaciu vypoctu hedonickych indexov spotrebitefskych cien a ich
vysledky porovname pre rézne pripady, pri vypocte pouzijeme ceny pre produktovu
kategériu chladnicky. Prispevok je su€astou projektu, ktory sa zaobera modernizaciou
cenovych $tatistik z pohladu vyuZitia novych zdrojov tdajov v Statistickom Grade SR.
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ANNEX A
Acronym Producer (vyrobca)
T1 LIEBHERR
T2 GORENIJE
T3 WHIRLPOOL
T4 ELECTROLUX
T5 SAMSUNG
T6 BOSCH
T7 BEKO
T8 AEG
T9 CANDY
T10 LG
T11 SIEMENS
T12 AMICA
T13 PHILCO
T14 HISENSE
T15 LORD
T16 HAIER
T17 CONCEPT
T18 MIELE
T19 INDESIT
T20 ZANUSSI
Acronym Placement Type (sposob_umiestnenia)
vstavana built-in
volne stojaca free-standing
Acronym Design (prevedenie)
americke american
kombinovane combined
jednodverove one-door
monoklimaticke monoclimatic

ANNEX B

/* Hedonic Regression index - original data */

ODS GRAPHICS ON;
TITLE; TITLE1 "Hedonic Model - ANOVA";
FOOTNOTE;

FOOTNOTE1 "Generated by the SAS System (& SASSERVERNAME, &SYSSCPL)

on %TRIM(%QSYSFUNC(DATE(), NLDATEZ20.)) at %TRIM(%SYSFUNC(TIME(),

TIMEAMPM12.))";

ods output
parameterestimates=FE_parameters_h;
proc glm data=unmatched_index_2

PLOTS(maxpoints=none)=(DIAGNOSTICS RESIDUALS);
class vyrobca sposob_umiestnenia prevedenie cum_time (REF=FIRST);
model log_cena = cum_time vyrobca sposob_umiestnenia prevedenie
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spotr_energie_rok objem_chladnicka vyska sirka hlbka objem_mraznicka hlucnost /
SS3 solution;

LSMEANS vyrobca / PDIFF;

LSMEANS sposob_umiestnenia / PDIFF;

LSMEANS prevedenie / PDIFF;

MEANS vyrobca / TUKEY CLDIFF ALPHA=0.05;
MEANS sposob_umiestnenia / TUKEY CLDIFF ALPHA=0.05;
MEANS prevedenie / TUKEY CLDIFF ALPHA=0.05;

/* contrasts after pairwise */
contrast "AMICA vs CONCEPT/ELECTROLUX"
vyrobca 000-100001,
vyrobca 000-100000.50000 0 0.5;
contrast "HISENSE vs ZANUSSI/CANDY"
vyrobca 00000-10000001,
vyrobca 00000-10000000.50000000.5;
run;

TITLE; FOOTNOTE;
ODS GRAPHICS OFF;

[* TPD Regression index - original data */

ODS GRAPHICS ON;

TITLE; TITLE1 "TPD Model";

FOOTNOTE;

FOOTNOTE1 "Generated by the SAS System (& SASSERVERNAME, &SYSSCPL)
on %TRIM(%QSYSFUNC(DATE(), NLDATEZ20.)) at % TRIM(%SYSFUNC(TIME(),
TIMEAMPM12.))";

ods output

parameterestimates=FE_parameters_tpd;

proc glm data=unmatched_index_2
PLOTS(maxpoints=none)=(DIAGNOSTICS RESIDUALS);

class cum_time (REF=FIRST) id;

model log_cena = cum_time id / SS3 solution;

run;

TITLE; FOOTNOTE;
ODS GRAPHICS OFF;
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Helena GLASER-OPITZOVA, Petra MAZUREKOVA
Statisticky urad Slovenskej republiky

VPLYV PARCIALNEHO CASO\{EHO POKRYTIA UDAJOV ZO SKENEROV
NA PRESNOST CENOVYCH INDEXOV

EFFECT OF PARTIAL TIME COVERAGE OF SCANNER DATA
ON THE ACCURANCY OF PRICE INDICES

ABSTRAKT

V procese modernizacie a skvalitfiovania cenovych S$tatistik sa Statisticky urad
Slovenskej republiky snazi o implementaciu novych zdrojov udajov. Jednym
z moznych novych zdrojov su transakéné udaje obchodnych retazcov, nazyvané aj
udaje zo skenerov. Vyuzivanie takychto zdrojov vSak predstavuje vyznamnu
metodologicki zmenu. Jednou zo zasadnych zmien je zmena cenového konceptu.
Ceny ziskavané tradicnym spésobom ako tzv. pultové ceny, ktoré sa zistuju
v konkrétnom Case, suU nahradené priemernymi cenami za jednotku tovaru.
Na presnost’ jednotkovej ceny ma vplyv obdobie, ktoré berieme do uvahy pri jej
stanoveni. Ciefom tohto ¢lanku je zistit, €i a aky vplyv ma navrhované parcialne Casové
pokrytie sledovaného obdobia (2 tyzdne vs. mesiac) na hodnoty mesacnych cenovych
indexov.

ABSTRACT

In the process of modernizing and improving price statistics, the Statistical Office of the
Slovak Republic is attempting to implement new data sources. One of the possible new
sources is transaction data from retail chains, also known as scanner data. However,
the use of such sources represents a significant methodological change. One of the
fundamental changes is the shift in the price concept. Prices obtained in the traditional
way, known as shelf prices, which are determined at a specific time, are replaced by
average prices per unit of goods. The accuracy of the unit price is influenced by the
period taken into account when determining it. The aim of this article is to determine
whether and what impact the proposed partial time coverage of the observed period
(2 weeks vs a month) has on the values of monthly price indices.

KLUCOVE SLOVA
cenové indexy, transak¢éné udaje, bilateralne indexy, multilateralne indexy

KEY WORDS
price indices, transaction data, bilateral indices, multilateral indices

1. UVOD
Pouzivané zdroje udajov vo vSeobecnosti vyznamnym spdsobom ovplyvruju kvalitu
Statistického produktu a efektivitu Statistického procesu.

V oblasti cenovej Statistiky su datové zdroje o cenach tovarov a sluzieb
v podmienkach Statistického Uradu SR stale ziskavané prostrednictvom terénneho
zberu udajov. Zber udajov sa realizuje priamo v prevadzkach a obchodoch na celom
uzemi SR, kde obyvatelia obvykle nakupuju, a ceny, ktoré sa zistuju, su tzv. pultové
ceny. Ceny sa zistuju poc¢as prvych 20 dni sledovaného mesiaca a pri tradiCchom zbere
ide o ceny zistované v konkrétnom Case [22].
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V sucCasnosti sa vo svete tradi€ny zber cien v prevadzkach a obchodoch postupne
nahradza, najma v oblasti cien potravin, nealkoholickych napojov a tovarov beznej
spotreby udajmi zo skenerov alebo udajmi ziskanymi formou web scrapingu [20].
Meranie cien na zaklade udajov zo skenerov je uz niekofko rokov aktivnou oblastou
vyskumu aj v Statistickom drade SR. Ich pouZitie okrem inych vyznamnych
metodologickych zmien prinaSa aj zmenu cenového konceptu. Ceny ziskavané
tradi€nym sp6sobom su nahradené cenami za jednotku tovaru.

Podfa [1] jednotkova cena presnejSie odraza ceny, ktoré platia spotrebitelia poCas
celého sledovaného obdobia, ako zistenie ceny v konkrétnom Case pri tradicnom
zbere. Jednotkové ceny zohladruju zfavy a ich vplyv na mnozZstvo predaného tovaru.
Na presnost’ jednotkovej ceny ma vplyv obdobie, ktoré berieme do uvahy pri jej
stanoveni (napr. mesiac vs len 2 alebo 3 tyZzdne referenéného mesiaca). [4] tvrdia, Ze
jednotkové ceny pouzivané na konstrukciu CPI' by mali byt vypocitané za rovnaké
obdobie ako je obdobie, za ktoré sa zostavuje index (napr. mesiac), a nie za Ciastkové
obdobie. V praxi vSak Statistické Grady zodpovedné za zostavenie HICP?/CPI
Standardne pouzivaju Giastkové obdobie referenéného obdobia z dévodu vEasnosti®
a Casove] presnosti* poskytovania Statistickych produktov. Vzhlfadom na terminy
poskytovania transakénych udajov zo strany obchodnych retazcov a publikacnu prax
Statistického uradu SR predpokladame vyuzivat na stanovenie jednotkovej ceny prvé
dva kompletné tyzdne referenéného mesiaca. Vzhfadom na uvedené skutoCnosti je
nanajvys ziaduce vplyv nedostatocného €asoveho pokrytia kvantifikovat’ a vyhodnotit'.

2. VLASTNOSTI TRANSAKCNYCH UDAJOV

Transak&né udaje nazyvané aj udaje zo skenerov su pre Statistické urady relativne
novym zdrojom udajov, ich dostupnost sa vSak v poslednych rokoch zvySuje. Su to
udaje, ktoré zaznamenavaju maloobchodnici pri nakupoch spotrebitelov skenovanim
Ciarovych kdédov. Tieto udaje obsahuju pre kazdy predany tovar v obchode v danom
obdobi predané mnozstvo a predajnu/realizacnu cenu na urovni kdédu polozky.

Transak&né udaje za konkrétneho maloobchodnika a ¢asové obdobie predstavuju
tak vyCerpavajuci zoznam vSetkych kdédov poloziek, ktoré boli predané, ich trzby
a predané mnozstva. Umoznuju zostavit index zo vSetkych transakcii maloobchodnika
alebo obchodu, pricom do vypoctu vstupuju realizatné ceny produktov a umoznuju
zahrnut do CPI/HICP ovela viac poloziek v porovnani s tradiCcnym zberom cien.
Na porovnanie moézeme uviest, Ze pri tradichom zbere udajov v suvislosti
so spotrebitelskymi cenami tovarov a sluzieb za oblast potravin a nealkoholickych
napojov je kazda z vybranych predajni navstivena jedenkrat v mesiaci a za kazdého
reprezentanta sa v predajni vyberie len jeden produkt (spolu cca 142 konkrétnych cien)
[22] Oproti tomu pri udajoch zo skenerov ziskame informaciu za cely predaj daného

" CPI (Consumer Price Index) — Index spotrebitelskych cien meria celkovi zmenu spotrebitelskych cien
na zaklade reprezentativneho spotrebného ko$a tovarov a sluzZieb v ¢ase [22].

2 HICP (Harmonised Index of Consumer Prices) — Harmonizovany index spotrebitelskych cien bol
vytvoreny s ciefom poskytnut’ vysokokvalitny, porovnatelny ukazovatel inflacie spotrebitelskych cien
[22].

3 V¢asnost — vztahuje sa na obdobie medzi dostupnostou informacie a udalostou alebo javom, ktory
opisuje.

4 Casova presnost — slvisi s ¢asovym rozdielom medzi terminom zverejnenia Udajov a cielovym
terminom, ked mali byt udaje dodané napriklad v suvislosti s terminmi zverejnenymi v niektorom
oficialnom kalendari, ustanovenom predpismi alebo predchadzajicou dohodou medzi partnermi
(odchylka od harmonogramu zverejnenia).
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produktu v tyzdennom agregate. To v8ak znamena, Ze pri pouziti tychto udajov
na ucely zostavenia HICP/CPI musi djst k zmene cenového konceptu. Do vypoctu
cenovych indexov tak nebude vstupovat cena zistena v konkrétnom cCase, ale
priemerna cena za jednotku tovaru za dané sledované obdobie uréena takto:

priemerna cena = trzby / poCet predanych kusov

Znamena to tiez, Ze ak su k dispozicii informacie o trzbach, resp. predanych
mnozstvach, méZzeme kazdej polozke priradit vahu, €o otvara moznosti pouzit
na zostavenie cenovych indexov na Urovni elementarneho agregatu® aj indexové
vzorce pre superlativne indexy, ktoré su najpreferovanejSimi indexmi na ucely merania
CPI [3]. Superlativne indexy vyuZivaju ceny a mnozstva (t. j. vydavkové vahy) v oboch
porovnavanych obdobiach (referenéné obdobie a bezné sledované obdobie).

V doterajSej praxi vahy vydavkov bezného obdobia, ale ani referenéného obdobia
nie su zname, takZe v praxi sa Statistici pri zostaveni CPI spoliehaju na elementarnej
drovni na nevazené indexy a pri agregacii na vysSiu Uroven klasifikacie ECOICOP®
vyuzivaju fixné vahy, ktoré sa vztahuju na predchadzajuci rok.

3. ZDROJE UDAJOV A PRVOTNE SPRACOVANIE

V stéasnosti Statisticky urad SR prebera transakéné udaje za oblast potravin
a nealkoholickych napojov od piatich obchodnych retazcov na tyzdennej baze. Datove
subory obsahuju trzby a predané mnozstva jednotlivych tovarov vo forme tyZdenného
agregatu (od pondelka do nedele). Udaje sa na zaklade dohody medzi Statistickym
uradom SR a jednotlivymi obchodnymi retazcami zasielaju s oneskorenim spravidla 3
dni po ukonceni referenéného obdobia.

Na vstupe do informacného systému prebieha Strukturalna validacia suboru a pri
identifikovani zavaznych chyb je poskytovatel Udajov kontaktovany a poziadany
o poskytnutie opravného suboru.

Nasledne sa jednotlivé produkty zatrieduju do klasifikacie ECOICOP, ktora
rozdeluje kd$ tovarov a sluzieb do odborov (2-miestna), skupin (3-miestna), tried (4-
miestna) a podtried (5-miestna). Pre diviziu 01 — Potraviny a nealkoholické napoje
klasifikacie ECOICOP bola na ucely spracovania udajov zo skenerov, definovana
narodna, podrobnejsia 6-miestna uroven klasifikacie - ECOICOPG, ktora je spolo¢na
pre udaje vSetkych obchodnych retazcov, ktoré v suc€asnosti spolupracuju
so Statistickym uradom SR. 6-miestna Uroven bola definovana tak, aby vznikli
homogénne skupiny produktov.

Kazdy produkt by mal vstupovat do vypoltu indexu na elementarnej urovni
na zaklade svojej dblezitosti. V usmerneni Eurostatu [7] tykajuceho sa spracovania
transakénych udajov zo supermarketov, su odporu¢ané dva mozné pristupy k vyberu
poloziek, ktoré by mali byt zahrnuté do vypoctov, staticky a dynamicky pristup.

5 Elementarny agregat je najmensi a relativne homogénny subor tovarov alebo sluzieb, pre ktory sa
uréuje indexové c¢islo bez explicitnych vydavkovych vah. MdzZe byt definovany nielen na zaklade
charakteristickych viastnosti tovarov a sluzieb, ale aj s ohladom na regién a typ odbytiska, v ktorom sa
nachadzaju a predavaju.

6 ECOICORP je Eurdpska klasifikacia individualnej spotreby podla ucelu.
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Staticky pristup napodobriuje tradi€ny fixny vyber (spotrebitelsky k&S) s tym
rozdielom, ze dochadza k zmene cenového konceptu. Ceny ziskané tradiCnym
spésobom su nahradené cenami za jednotku tovaru z udajov zo skenerov a mnozina
produktov je vyrazne vacsia.

V pripade dynamického pristupu sa automaticky vyberaju produkty, ktoré su
v predaji su¢asne v oboch po sebe nasledujucich obdobiach/mesiacoch (tat+ 1,t+ 1
at+2,t+2at+ 3 atd.) s trzbami nad urCitou hranicou. Kazdy mesiac sa teda subor
jednotlivych vyrobkov, ktoré vstupuju do zostavovania indexu, vybera nanovo. Index
elementarneho agregatu sa vypoCita na zaklade suboru sparovanych
reprezentativnych tovarovych poloziek, ktoré sa skutoCne predavaju v dvoch
nasledujucich obdobiach.

Statisticky urad SR sa po mnohych analyzach a sledovani diskusii v ramci
europskeho Statistického systému rozhodol ist cestou dynamického pristupu, ktory
lepSie zohladnuje aktualnost predavanych produktov a je jednoduchS$i z pohladu
automatizacie procesu spracovania.

KedZe cenové indexy su publikované s mesacnou periodicitou, je potrebné
tyzdenné subory agregovat na mesacné. Tieto mesacné subory obsahuju agregované
hodnoty trzieb a predaného mnozZstva jednotlivych tovarovych poloziek za prislusné
vybrané tyzdne daného mesiaca a nasledne je vypocCitana priemerna cena
produktu/tovarovej polozky.

Na takto pripravené udaje su aplikované filtre v zavislosti od pouzitej metédy
na zostavenie indexu, ktoré z vypoCtu vyluCuju niektoré produkty. Filtrovanie
odstranuje produkty s extrémnou zmenou ceny vocli predchadzajucemu obdobiu
a dalej su odstranené dopredajové produkty (pokles v cene a sucasne vyrazny pokles
v trzbach). V pripade vyuzitia bilateralnych, resp. superlativnhych indexov sa aplikuje aj
fiter na malo predavané produkty. Viac o pouZziti filtrov v suvislosti s udajmi
zo skenerov sa uvadza v [11].

4. VYBRANE TYPY INDEXOV

Na vypocet cenovych indexov na zaklade transakcnych udajov je mozné pouzit
viaceré indexové metody (bilateralne, multilateralne, vazené, nevazené) ak nim
prisluchajuce indexové vzorce. Pri vybere vhodného indexu, ktory bude pouzity na
elementarnej urovni v procese kompilacie CPI/HICP, mozno pouzit dva hlavné
pristupy, axiomaticky a ekonomicky pristup.

Axiomaticky pristup znamena, Ze index spifia urgité $pecifické axiémy alebo testy,
na zaklade ktorych je mozné vybrat vhodny index. NajpreferovanejSimi testami su test
proporcionality, test sumernosti, €asovo reverzny test a test tranzitivity. [15].
Z axiomatického hladiska je Jevonsov index jednoznaCne indexom s najlepSimi
vlastnostami. Jeho nevyhodou je, Ze je to nevazeny typ indexu, do vypoctu nevstupuju
informacie o predanych mnozZstvach resp. trzbach ateda pri pouziti Jevonsovho
indexu plnohodnotne nevyuzijeme vyhody transakénych udajov.
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Jevonsov index mozno interpretovat ako geometricky priemer zmien cien takto [7]:
1

=T 2y
Jevons plm—l (1)

iEN

kde m je aktualne obdobie, m-1 je predchadzajuce obdobie a p; je cena i-tého
produktu v danom obdobi. Spotrebny ks je dynamicky a tvoria ho produkty, ktoré su
sucasne v aktualnom a predchadzajucom mesiaci v predaji a neboli vyluc¢ené filtrami.

Okrem axiomatického pristupu na vyber vhodného indexu je mozné pouzit aj
pristup ekonomicky, zalozeny na ekonomickej tedrii spravania sa spotrebitelfa, comu
zodpoveda pouzitie vazenych indexov, kde pouZzita vaha je odrazom predaného
mnozZzstva jednotlivych tovarovych poloziek.

Z indexov vyuzivajucich vahy su najviac preferované superlativne indexy Fischera
a Tornqvista. Toérnqvistov index je definovany takto [15]:

m-lygm

m-1m  _ pi" 2
ITornqvist - pm—l (2)
i

iEN

kde st =p" gl Tiewp? @l @ ST =pl"q"/ Zienpi"qi" su podiely
vydavkov v obdobi m-1 a m v danej skupine produktov, pricom q; su predané mnozstva
v danom mesiaci.

Tieto indexy porovnavaju zmenu ceny medzi dvoma po sebe iducimi obdobiami,
avSak pre publikaéni prax Statistického uradu SR v oblasti cenovej $tatistiky su
dolezité indexy k zakladnému obdobiu 0, t. j. k decembru predchadzajuceho roku.
Preto je potrebné medzimesacné indexy retazit.

IO,‘m — 10,1. 11,2 Im—l,m (3)

Ak sa v praxi HICP/CPI zostavuju z transakénych udajov vo vSeobecnosti sa
odporu€a na elementarnej urovni pouzivat retazené superlativne indexy z dévodu
vySSieho stupfia zhody jednotlivych kdédov poloZiek medzi dvoma nasledujucimi
obdobiami a predpokladu mensSich rozdielov v cenach a mnozstve. Tento predpoklad
vSak nezohladnuje existenciu vypredajov a zliav, ktoré mézu vyrazne zvysit mnozstvo
predaného tovaru, a to az niekolkonasobne. Po skonceni obdobia zlavy sa cena vrati
na pévodnu hodnotu. Obyvatelstvo vS§ak méze byt na dostatoCne dlhy ¢as zasobené
a bude trvat’ urcitu dobu, kym sa mnozstvo predaného tovaru vrati na pévodnu
hodnotu. Za tychto podmienok maju retazené superlativne indexy v porovnani
s nevazenymi indexmi tendenciu klesat’ a len postupne sa vracaju na pévodnu uroven.
Tento jav sa v odbornej literature nazyva chain drift. Jednym zo spdsobov, ako sa
v dbésledku predzasobenia tomuto javu vyhnut, je na vypocCet cenovych indexov
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na elementarnej urovni pouzit nevazené indexy, najma medzimesacny Jevonsov a ten
retazit, hoci aj retazeny Jevonsov index méze za urcitych okolnosti driftovat.”

V [18] navrhli postup, ktory poskytuje indexy superlativheho typu bez driftu,
prostrednictvom adaptacie teérie multilateralnych indexov, ktoré meraju agregovanu
zmenu cien medzi dvoma obdobiami na zaklade pozorovanych cien vo viacerych
obdobiach vratane dvoch porovnavanych obdobi. Multilateralne indexy boli vyvinuté
na porovnanie cien medzi krajinami (parita kupnej sily) a boli prispésobené
na porovnanie cien v ¢ase. Boli navrhnuté najma na pouzitie udajov zo skenerov.

Jednym z predstavitelov tejto skupiny indexov je GEKS-Tornqvistov index.
Multilateralna metéda GEKS pouziva bilateralne indexy (Torngvistov), ktoré su
vypocCitané medzi kazdou dvojicou ¢asovych obdobi v definovanom ¢asovom okne.

Pri aplikacii metddy je najprv potrebné uréit dizku intervalu (okna), na ktory sa ma
metdda aplikovat. Metdda sa spravidla uplatfiuje na dizku okna jedného alebo dvoch
rokov plus jedno obdobie (v pripade mesaénych udajov je to 13, resp. 25 mesiacov),
aby sa zohladnili aj produkty zatazené sezénnostou. Dizku okna budeme oznagovat
W. V ramci okna sa vyberie zakladné obdobie oznacené ako / a vypocita sa bilateralny
index medzi obdobim / a kazdym nasledujucim obdobim v okne. Postup sa opakuje
pre vSetky mozné alternativy /. Tymto spésobom je mozné ziskat maticu bilateralnych
indexov velkosti w x w pre vSetky mozné dvoijice jednotlivych obdobi v ramci ¢asového
okna. Multilateralny GEKS-Térnqvistov index je definovany takto [8]:

1

om _ 0,1 ILm W]
IGEKS—TE)rnqvist - | |(IT6rnqvis x ITdrnqvist)

lew (4)

Hore uvedené indexy su aplikované na elementarnej urovni, o v naSom pripade
znamena uroverni ECOICOPG6 pre kazdy obchodny retazec. Na vypocCet cenovej zmeny
na vysSej urovni agregacie klasifikacie ECOICOP sa pouziva index Laspeyresovho
typu s fixnymi vahami, ktoré sa vztahuju na predchadzajuci rok ako referencné
obdobie (y-1) [12]:

-1;y, -1
pym/y-1 _ LacaWa >
A - y—1 (5)

ZaeA Wa

kde w) 1 s( vahy zalozené na roCnych vydavkoch za vSetky polozky patriace
do elementarneho agregatu a bez ohladu na to, & boli zahrnuté do vypoctu
po aplikovani filtrov. Nasledne su takto vypocCitané indexy retazené k zakladné
obdobiu.

7 O retazovom indexe sa hovori, Ze driftuje, ak sa nevrati k jednotke, ked’ sa ceny v beZnom obdobi
vratia na uroverni, ktoru dosiahli v zakladnom obdobi. Retazové indexy su nachylné na drift, ked ceny
pocas obdobi, ktoré pokryvaju, koliu.
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5. ANALYZA VPLYVU CASOVEHO POKRYTIA

Ako uz bolo uvedené, jednotkové ceny pouzivané na konstrukciu CPI by mali byt
vypocCitané za rovnaké obdobie ako je obdobie, za ktoré sa zostavuje index (napr.
v naSsom pripade mesiac), a nie za limitované parcialne obdobie. V praxi sa vSak
Standardne pouzivaju parcialne obdobia z dévodu v€asnosti a Casovej presnosti
poskytovania Statistickych produktov. Vzhladom na terminy poskytovania
transak&nych udajov zo strany obchodnych retazcov a publikaénu prax Statistického
uradu SR predpokladame vyuzivat na stanovenie jednotkovej ceny prvé dva
kompletné tyzdne referenéného mesiaca.

Nasim cielom bolo formou referenéného porovnavania analyzovat’ vyvoj ¢asovych
radov cenovych indexov a kvantifikovat vplyv parcialneho c¢asového pokrytia
na 6-miestnej, narodnej urovni klasifikacie ECOICOP, pretoZe cenové indexy na tejto
urovni su zakladné stavebné prvky na zostavenie HICP/CPI. Porovnanie sme vykonali
aj na 3-miestnej urovni klasifikacie, pre skupinu tovarov Potraviny. Vystupy na tejto
urovni su pravidelne publikované a vzdy budu stredobodom zaujmu pre svoj vyznamny
vplyv na Zivotnu urover obyvatelstva.

Statisticky urad SR prebera transakéné Udaje od poskytovatelov na zaklade
dohody, na tyZzdennej baze vo forme tyZdennych a nie dennych agregatov, ¢o ma svoje
konzekvencie. Pri zostavovani mesaCnych suborov agregujeme trzby a predané
mnozstva za vybrané tyzdne. Pri zostavovani mesacnych suborov z udajov za celé
obdobie mesiaca, bolo potrebné stanovit urcité pravidla. Napriklad, v pripade
prelomového tyzdna, t. j. Cast’ dni v danom tyzdni patrilo do jedného mesiaca a Cast’
dni dodruhého, bolo zavedené pravidlo, Ze dany tyzden bude =zaradeny
do mesacného suboru k mesiacu, ku ktorému prisluchal vacsi pocCet dni daného
tyzdna.

Nasledujuca tabulka €. 1 porovnava jednotkové ceny v eurach vypocitané z udajov
za kompletné obdobie daného mesiaca a parcialne obdobie 2 tyzdfiov na urovni
vybranych produktov homogénnej skupiny cukor krystalovy.

Modrou a Zltou farbou je oznacena protichodna medzimesacna zmena ceny daného

produktu a zelenou farbou takmer 19-percentny pokles priemernej mesacnej
jednotkovej ceny produktu spésobeny parcialnym ¢asovym pokrytim.
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Tabulka ¢. 1: Porovnanie jednotkovych cien tovarov — homogénna skupina cukor

krystalovy
Jednotkova cena v eurach
Kéd produktu Opis produktu Mesiac Pokrytie
Parcidlne — 2T | Kompletné — 4T

4008671013004 | Cukor krystalovy 1kg 01 0,7826 0,7864
4008671013004 | Cukor krystalovy 1kg 02 0,7814 0,7789
4008671013004 | Cukor krystalovy 1kg 03 0,6574 0,7133
4008671013004 | Cukor krystalovy 1kg 04 0,7774 0,7793
4008671013004 | Cukor krystalovy 1kg 05 0,7813 0,7813
8588000178391 | Cukor krystalovy korunny 1kg | 01 t 0,7057 0,7139
8588000178391 | Cukor krystalovy korunny 1kg | 02 0,7178 l 0,7065
8588000178391 | Cukor krystalovy korunny 1kg |03 0,5643 0,6490
8588000178391 | Cukor krystalovy korunny 1kg | 04 0,7096 0,7059
8588000178391 | Cukor krystalovy korunny 1kg | 05 0,7139 0,7139
8588000178391 | Cukor krystalovy korunny 1kg | 06 0,6903 0,6943
8594003781131 | Cukor korunny krystalovy 1kg [ 01 0,7347 0,7334
8594003781131 | Cukor korunny krystalovy 1kg [ 02 0,7395 0,7365
8594003781131 | Cukor korunny krystalovy 1kg [ 03 0,5762 0,7094
8594003781131 | Cukor korunny krystalovy 1kg | 04 0,7670 0,7644

Zdroj udajov: Statisticky trad SR, vypoéty autoriek

BILATERALNE INDEXY
Najprv sme vplyv Casového pokrytia na vyvoj cenovych indexov analyzovali
pre dynamicky pristup kvyberu produktov anasledne sme zmenu ceny
na elementarnej urovni (ECOICOP6 a obchodny retazec) vypocitali ako bilateralny
nevazeny Jevonsov index (1) a vazeny Torngvistov index (2).

5.1

Na mesacné subory udajov trzieb a predaného mnozstva za vsetky tovary predané
v jednotlivych obchodnych retazcoch boli aplikované uz spomenuté tri typy filtrov
na o istenie udajov a to filter na extrémne zmeny ceny, na odstranenie dopredajovych
a malo predavanych produktov. Indexy vypocCitané na elementarnej urovni boli
agregované spolu za vSetky dostupné obchodné retazce pouzitim vzorca pre cenovy
index Laspeyresovho typu (5) na uroven ECOICOP6 alebo ECOICOP3 a nasledne
retazené k zakladnému obdobiu.

Vplyv parcidlneho &asového pokrytia na hodnoty avyvoj Jevonsovho
a Torngvistovho cenového indexu, ktoré su vypocCitané na urovni vybranych
homogénnych skupin produktov — mlieko Cerstvé plnotuéné a cukor krystalovy ilustruju
grafy €. 1 az 4. Modrou Ciarou je zobrazeny €asovy rad indexov, ktoré boli vypocitané
z mesacnych suborov udajov s parcialnym ¢asovym pokrytim 2 tyZzdnov, a oranzova
Ciara zobrazuje Casovy rad indexov, ktoré boli vypocitané nad kompletnou databazou
udajov, ktora pokryva celé ¢asové obdobie.
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Grafy ¢. 1 — 4: Porovnanie vyvoja mesacénych cenovych indexov na homogénnych
skupinach produktov , parcidlne (2T) vs kompletné ¢asové pokrytie (4T)
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Zdroj udajov: Statisticky trad SR, vypoéty autoriek

Grafy ¢. 5 — 8 : Porovnanie vyvoja mesacnych cenovych indexov na skupine produktov

— potraviny a nealkoholické napoje, parcialne (2T) vs kompletné casové pokrytie (4T)
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Zdroj udajov: Statisticky trad SR, vypoéty autoriek
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Na urovni homogénnych skupin produktov bol rozdiel hodnét indexov uplného
a parcialneho pokrytia v pripade niektorych produktov vyrazny (cukor krystalovy)
a v inych pripadoch minimalny. Hodnoty indexov na takejto nizkej urovni klasifikacie
nie su Standardne publikované, preto sme sa zaoberali porovnavanim aj na vyssej 3-
miestnej urovni klasifikacie ECOICOP, a to konkrétne pre skupinu 01.1 - Potraviny
a 01.2 Nealkoholické napoje. Grafy €. 5 az 8 zobrazuju vplyv parcialneho ¢asového
pokrytia na hodnoty a vyvoj Jevonsovho a Toérnqvistovho cenového indexu.

Mozno kons$tatovat, Ze parcialne Casové pokrytie ovplyvniuje hodnoty jednotkovych
cien av niektorych momentoch je tento vplyv aj protichodny, ale—nespdsobuje
systematické vychylenie cenovej urovne (tabulka €. 1).

Jednotkové ceny na rozdiel od ,pultovych® cien, ktoré sa vyuzivaju pri tradiCchom
pristupe k vypoCtu cenovych indexov, zohfadnuju zfavy aich vplyv na mnozstvo
predaného tovaru, a preto Casové pokrytie zohladnené vo vypocte jednotkovej ceny
logicky do urcitej miery ovplyvriuje hodnoty cenovych indexov. Velkost vplyvu zavisi
od skuto¢nosti, €i zfava predstavovala vyznamnu cenovu zmenu, €i sa tykala viacerych
produktov patriacich do spolo€nej homogénnej skupiny a €i boli produkty v zfave
v jednom alebo vo viacerych obchodnych retazcoch v priblizne rovnakom cCase.
Nemenej ddlezita je aj skutoCnost, Ci bol tovar ponukany v zfave len v priebehu
parcialneho ¢asového obdobia alebo prave len mimo neho.

Chybu, akej by sme sa dopustili pri parcialnom ¢asovom pokryti, t. j. pouzitim len 2
uplnych tyZdnov na stanovenie jednotkovej ceny tovarov do vypoctu cenovych indexov
k Uplnému casovému pokrytiu, sme kvantifikovali prostrednictvom priemernej
absolutnej percentualnej chyby na dizke intervalu 12 mesiacov definovanej ako:

MAPE = Ly12 1150
TR (6)

kde I} je index vypogitany vi-ty mesiac z kompletnych dajov zvycajne
zostavenych za obdobie tyroch tyzdiov a I?* je index vypocitany z Gdajov za obdobie
dvoch kompletnych tyzdrov i-tého mesiaca. Priemerna absolutna percentualna chyba
je miera relativnej chyby, ktora pouziva absolutne hodnoty, aby sa kladné a zaporné
chyby navzajom nerusili, a mozno ju interpretovat’ ako priemerny percentualny rozdiel
medzi hodnotami z modelu, ktory vyuziva parcialne Casové pokrytie sledovaného
obdobia a hodnotami z modelu, ktory vyuZziva upiné ¢asové pokrytie a ktorého hodnoty
povazujeme za referencné. Vysledky vypoctov su uvedené v tabulke €. 2.

Tabulka ¢. 2: Porovnanie priemernej rocnej absolutnej percentudlnej chyby

Produktova skupina klasifikacie Priemerna rocna absolutna percentualna chyba (MAPE)
ECOICOP
Jevonsov index Tornqvistov index
Mlieko cerstvé plnotucné 0,9574% 0,7069%
Cukor krystalovy 2,4894% 2,3794%
Potraviny 0,5189% 0,6626%
Nealkoholické napoje 1,0272% 1,4786%

Zdroj udajov: Statisticky trad SR, vypoéty autoriek
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Na zaklade vysledkov vypoctov uvedenych v tabulke €. 2 mbéZeme predpokladat,
Ze ak do Statistickej praxe zavedieme v suvislosti simplementaciou udajov
zo skenerov vypocet bilateralnych indexov, & uz vazenych, alebo nevazenych
a parcialne Casové pokrytie sledovaného obdobia, dopustime sa na 3-miestnej urovni
klasifikacie, t. j. na urovni Potraviny chyby mensej ako 1 % a v pripade Nealkoholickych
napojov menej ako 1,5%.

5.2 MULTILATERALNY PRIiSTUP

Ako uz bolo uvedené, v pripade implementacie transakénych udajov obchodnych
retazcov ako datového zdroja pre vypocet cenovych indexov, mézu byt cenové indexy
na elementarnej urovni vypocitané ako multilateralne indexy, t. j. indexy, ktoré meraju
agregovanu zmenu cien medzi dvoma obdobiami na zaklade pozorovanych cien
vo viacerych obdobiach. V pripade multilateralnych indexov sme vplyv parcialneho
Casového pokrytia analyzovali prostrednictvom GEKS-Torngvistovho indexu (4)
s dizkou &asového okna 13 mesiacov.

K referenénym hodnotam, ktoré boli vypocitané nad mesa¢nymi subormi udajov
s uplnym cCasovym pokrytim sme porovnavali hodnoty indexov vypocCitané nad
parcialnym ¢asovym pokrytim jednotlivych mesiacov, ktoré vstupovali do vypoctu, ako
aj hodnoty indexov, ktoré boli vypocCitané nad udajmi s kombinovanym pokrytim.
V pripade kombinovaného pokrytia, ktoré by sa tiez mohlo pouzit' v praxi, aktualny
sledovany mesiac bol pokryty parcialne (2 tyzdne) a predchadzajucich 12 mesiacov
bolo pokrytych kompletne.

Grafické znazornenie vplyvu Casového pokrytia na hodnoty cenovych indexov
pri pouziti multilateralneho pristupu su uvedené v nasledujucich grafoch.

Grafy ¢. 9 a 10: Porovnanie vyvoja mesacnych cenovych indexov (GEKS-Térnqvist)
na skupine produktov — ryza lupana a maslo Cerstvé, parcialne (2T) vs kompletné (4T)
vs kombinované (42T) ¢asové pokrytie
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Zdroj udajov: Statisticky trad SR, vypoéty autoriek
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Grafy ¢é. 11 a 12: Porovnanie vyvoja mesacnych cenovych indexov (GEKS-Térnqvist)
na skupine produktov — 01.1. Potraviny a 01.2 Nealkoholické napoje, parcialne (2T) vs
kompletné (4T) vs kombinované (42T) ¢asové pokrytie

potraviny nealkoholické napoje
1,08 1,08
1,07 1,07
1,06 1,06
5105 5105
5 1,04 5 1,04
2 2
8 1,03 8 1,03
1,02 1,02
1,01 1,01
1 1
012 3 456 7 8 9 101112 012 3 456 7 8 9101112
obdobie obdobie
GEKS_TORN_2T GEKS_TORN_4T GEKS_TORN_2T GEKS_TORN_4T
GEKS_TORN_42T GEKS_TORN_42T

Zdroj udajov: Statisticky trad SR, vypoéty autoriek

Podobne ako pri bilateralnych indexoch grafy €. 9 az 12 ilustruju vplyv parcialneho
Casového pokrytia na hodnoty avyvoj GEKS-Tornqvistovych multilateralnych
cenovych indexov, ktoré su vypocitané na urovni vybranych homogénnych skupin
produktov — ryZa lupana, maslo Cerstvé a na 3-miestnej urovni klasifikacie ECOICOP
- 01.1-Potraviny a 01.2 Nealkoholické napoje. Modra Ciara predstavuje hodnoty indexu
vypocCitaného nad mesa¢nymi udajmi s parcidlnym Casovym pokrytim 2 tyzdnov,
oranzova Ciara predstavuje hodnoty indexov vypocCitané nad databazou udajov
s uplnym cCasovym pokrytim a zelena Ciara predstavuje multilateralne indexy
vypocitané nad kombinovanym ¢asovym pokrytim.

Taktiez pri pouziti multilateralneho pristupu sa vypocCitala priemerna ro¢na
absolutna percentualna chyba (6). Hodnoty vypoctov su uvedené v nasledujuce;j
tabufke €. 3.

Tabulka ¢. 3: Porovnanie priemernej rocnej absolutnej percentudlnej chyby

Produktova skupina klasifikacie ECOICOP Priemerna ro¢na absolutna percentudlna chyba
(MAPE)
Parcidlne pokrytie Kombinované pokrytie
RyZa lipana 1,9177% 0,1902%
Maslo Cerstvé 2,3286% 0,0695%
Potraviny 0,2166% 0,0749%
Nealkoholické napoje 1,3214% 0,1002%

Zdroj udajov: Statisticky trad SR, vypoéty autoriek

Z porovnania vocCi referenénym hodnotdm indexov, ktoré boli vypocitané
nad databazou udajov s plnym ¢asovym pokrytim, vyplynulo, Ze aj pri multilateralnych
indexoch sa na urovni homogénnych produktovych skupin pri parcialnom ¢asovom
pokryti dopustame porovnatelnej chyby. Na urovni produktovej skupiny Potraviny (3-
miestna uroven ECOICOP) su vSak vysledky priaznivejSie a v pripade multilateralnych
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indexov je chyba spésobena parcialnym pokrytim niZSia (0,2%) oproti chybe viac ako
0,5 % pri bilateralnych indexoch.

Ci uz z grafov alebo tabulky &. 3 je zrejmé, Ze idealnym kandidatom na rieSenie
problému s parcialnym Casovym pokrytim je kombinovany pristup, ktory by bol
aplikovatefny v praxi. Probléemom su vSak samotné multilateralne indexy, ktorych
vypolet je naroény tak z pohladu samotnych postupov ako aj éasu. DalSou ich
nevyhodou je, Ze princip a metodiku ich zostavenia je velmi narocné vysvetlit beznej
populacii pouzivatelov.

6. ZAVER

Implementacia transakénych udajov do vypoctu cenovych indexov predstavuje
vyznamnu metodologicki zmenu jednak v spracovani zdrojovych udajov, ale aj
v procese ich kompilacie. Eurostat ako nas partner v europskom Statistickom systéme
poskytuje v tomto kontexte len odporucania a je na narodnych Statistickych uradoch,
aby si zvolili o najvhodnejSi postup a metddu spracovania vzhfadom na podmienky
v tej ktorej krajine. Pri vybere vhodnych pracovnych postupov treba zvazovat nielen
zabezpecenie kvality Statistického produktu z hfadiska presnosti, ale aj v€asnost
a Casovu presnost poskytovania Statistickych produktov. V realnej Statistickej praxi
teda hladame kompromisné rieSenie, ktoré zabezpecCi dostato¢nu kvalitu produktu
a nenarusi publikacnu prax poZzadovanu pouzivatelmi tychto produktov.

Ciefom ¢lanku bolo zistit, ¢i a aky vplyv na presnost ma kompromisné rieSenie
tykajuce sa parcialneho ¢asoveho pokrytia sledovaného obdobia (v naSom pripade
mesiac vs 2 tyZzdne), ktoré ma zabezpecdit v€asnost’ a Casovu presnost poskytovania
cenovych indexov. Analyza bola vykonana pre bilateralne typy indexov, vazeny
(Toérnqvistov) aj nevazeny (Jevonsov) atiez pre multilateralne typy indexov, ktoré
reprezentoval GEKS-ToOrnqvist.

Z vysledkov vyplynulo, ze vo vSetkych analyzovanych pripadoch je na urovni
produktovej skupiny Potraviny priemerny absolutny percentualny rozdiel medzi
hodnotami cenovych indexov vypocitanych nad databazou udajov s parcialnym
pokrytim oproti vysledkom nad databazou s pinym pokrytim mens$i ako 1 %, €o je viac
ako vyhovujuci vysledok. Okrem iného, narast alebo pokles cien z druhej polovice
mesiaca, ktoré nevstupovali do vypocltu cenového indexu, budu zohladnené
v nasledujucom mesiaci.

NavySe tak ako vyplynulo z analyzy tykajucej sa multilateralnych indexov, najlepSie
vysledky sme dosiahli kombinovanym pristupom k rieSeniu parcialneho pokrytia. Jeho
pripadna aplikacia v praxi si vSak vzhladom na mnohé komplikacie suvisiace jednak
s aplikaciou samotnych indexov ako aj Specialnou pripravou zdrojovych udajov bude
vyzadovat dalSi vyskum v oblasti metodoldgie a automatizacie spracovania.
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RESUME

Su€asna doba ponuka Coraz viac novych zdrojov udajov, ktoré mézu prispiet
ku skvalitneniu a modernizacii Statistik. Jednym z takychto novych zdrojov udajov su
transakcné udaje obchodnych retazcov, nazyvané aj udaje zo skenerov. Tieto udaje
moZzu velkou mierou prispiet k modernizacii Statistiky spotrebitel'skych cien, ktora patri
medzi vyznamné makroekonomické ukazovatele danej krajiny. Udaje obsahuju Gplné
informacie o predanych tovaroch a to okrem kddu a struéného popisu hlavne predané
mnoZzstvo a trzby za dané obdobie. Naproti tomu, ceny zbierané tradicnym spésobom
su ceny vybranej, relativne malej mnoziny tovarov, za ktoré je tovar ponukany.
Informacie o predanych mnozZstvach nie su dostupné. Implementacia transakénych
udajov do produkcie cenovej Statistiky znamena implementaciu mnohych
metodologickych zmien. Jednou znich je aj zmena cenového konceptu. Ceny
ziskavané tradi¢nym spésobom su nahradené cenami za jednotku tovaru. Jednotkové
ceny pouzivané na konstrukciu cenovych indexov by mali byt teoreticky vypocitané
zarovnaké obdobie ako je obdobie, za ktoré sa zostavuje index (napr. mesiac).
Vzhladom na terminy poskytovania transakénych udajov zo strany obchodnych
retazcov, publikaénu prax Statistického uradu SR a terminy poskytovania tatistickych
produktov ich pouzivatelom je nevyhnutné najst kompromis medzi presnostou
cenovych indexov aich v€asnostou a €asovou presnostou. Takyto kompromis
predstavuje parcialne ¢asovée pokrytie, t. j. vypoCet indexov sa realizuje nad databazou
udajov, ktoré nepokryvaju obdobie celého sledovaného mesiaca, ale len obdobie
napriklad 2 tyzdriov. Cielom prispevku je zistit' ¢i ma takéto kompromisné rieSenie
zasadny vplyv na uroven a vyvoj ¢asovych radov indexov a tento vplyv kvantifikovat.
Analyza bola realizovana pre bilateralne, vazené aj nevazené indexy ako aj
pre multilateralne indexy. Z vysledkov analyzy vyplynulo, Ze vo vSetkych
analyzovanych pripadoch bol na urovni produktovej skupiny Potraviny, t. j. na 3-
miestnej urovni klasifikacie ECOICOP, priemerny absolutny percentualny rozdiel
medzi hodnotami cenovych indexov vypocitanych nad databazou udajov s parcialnym
pokrytim oproti vysledkom nad databazou s plnym pokrytim mensi ako 1 %, ¢o
mbdZeme povazovat za viac ako vyhovujuci vysledok.

RESUME

The present time offers an increasing number of new data sources that can contribute
to the improvement and modernization of statistics. One such new data source is
transaction data from retail chains, also known as scanner data. These data can greatly
contribute to the modernization of consumer price statistics, which are among the
significant macroeconomic indicators of a country. These data contain comprehensive
information about the sold goods, including not only the code and a brief description
but also the quantity sold and the turnover for a given period. In contrast, prices
collected in the traditional way are prices of selected, relatively small set of goods, for
which the goods are offered, and information about the quantities sold is not available.
The implementation of transaction data into price statistics production entails several
methodological changes, including a change in the price concept. Prices obtained
in the traditional way are replaced by prices per unit of goods. Unit prices used to
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construct price indices should ideally be calculated for the corresponding period as the
period for which the index is compiled (e.g., a month). Given the timing of providing
transaction data by retail chains, the publication practices of the Statistical Office of the
Slovak Republic, and the deadlines for providing statistical products to the users, it is
necessary to find a compromise between the accuracy of price indices and their
timeliness and temporal accuracy. Such a compromise is represented by a partial time
coverage, which means that the calculation of indices is performed using a database
that does not cover the entire observed month but only a period, i.e., the first two weeks
of the given months. The aim of this contribution is to determine whether such
a compromise solution has a significant impact on the level and trend of index time
series and to quantify this impact. The analysis was conducted for bilateral, weighted
and unweighted indices, as well as for multilateral indices. The results of the analysis
showed that in all the analyzed cases, at the product group level "Food," i.e., at the 3-
digit level of the ECOICOP classification the average absolute percentage difference
between the values of price indices calculated using a database with partial coverage
(2 weeks) compared to the results using a database with full coverage was less than
1%, which can be considered as a highly satisfactory outcome.
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VYUZITIE JAZYKA PYTHON V OBLASTI WEB SCRAPINGU
THE USE OF THE PYTHON LANGUAGE IN WEB SCRAPING

ABSTRAKT

Prispevok sa zameriava na predstavenie zakladnych atributov web scrapingu
v kontexte v su€asnosti tak sklofiovanych pojmov, ako su nové zdroje Statistiky velké
data, strojové ucenie, umela inteligencia, Business Intelligence a pod. Opisuje navrhy
rieSenia stahovania udajov z internetu v jazyku Python a moduly, v ktorych mozno
tento proces realizovat. Specificky sa venuje aj prepojeniu oblasti strojového uéenia
s web scrapingom. V praktickej ukazke predstavujeme funkcionalitu jazyka Python
na ziskanie udajov z PDF dokumentov.

ABSTRACT

The paper focuses on presenting the basic attributes of web scraping in the context
of currently used terms such as new sources of statistics, big data, machine learning,
artificial intelligence, Business Intelligence, etc. It describes the Python language's
options for downloading data from the Internet and modules in which this process can
be executed. It is also specifically dedicated to connecting the field of machine learning
with web scraping. In a practical demonstration, we present the functionality of the
Python language for scraping data from the PDF documents.

KLUCOVE SLOVA
jazyk Python, web scraping, strojové ucenie, PDF dokument

KEY WORDS
Python language, web scraping, machine learning, PDF dokument

1. UVOD

Data su jednou z kfu€ovych hodndét v dneSnej dobe a ich objem neustale rastie.
Nové technolégie prinasSaju nové data, nové data generuju dalSie data, vznikaju nové
technologie a tento cyklus sa stale opakuje. Rozsiahla digitalizacia tento rast len
urychluje. Ale s rastom objemu dat vznika aj problém, a to zhorSenie ich kvality. Data
su cenné aktivum, ktoré je potencialne schopné priniest’ uzitok aj stratu. Kvalitné data
s vacSou pravdepodobnostou prinesu uzitok. Nekvalitné data v najlepSom pripade
neprinesu ni¢. Aby teda data priniesli 0zitok, je potrebné vediet s nimi spravne
manipulovat a vediet transformovat nekvalitné data na kvalitné. Rast objemu dat
vo svete prispel k vytvoreniu konceptu Data Drive Decision Making, ¢o znamena
rozhodovanie skoér na zaklade dat, faktov a metrik ako na zaklade intuicie. Tento
pristup umoziuje prijimat najlepSie rozhodnutie pre firmu. Na vyuZitie daného
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konceptu je vSak potrebné mat obrovské mnozstvo kvalitnych dat. A pokial firmy
vacsinou nemaju problémy s objemom dat, tak s kvalitou je to Coraz zlozZitejSie. Ziskat
znalosti z dat firmam pomaha proces, ktory je znamy ako Knowledge Discovery
in Databases (KDD). KDD sa sklada z rdéznych krokov,jednym je data mining
(dolovanie dat) [12]. Jednou z oblasti data miningu je prave web scraping.

Automatizované zhromazdovanie udajov z internetu je takmer také staré ako
samotny internet. Hoci web scraping nie je novy pojem, v minulych rokoch sa tato prax
CastejSie oznaCovala ako screen scraping, data mining, web harvesting alebo
podobne. Zda sa, ze vSeobecny konsenzus dnes uprednostiiuje web scraping [7]. Web
scraping je technologické rieSenie, ktoré extrahuje udaje z webovych stranok rychlym,
efektivnym a automatizovanym spdsobom a ponuka udaje vo formate, ktory je
Strukturovany a fahko pouzitelny. [3] Teoreticky je web scraping zhromazdovanie
udajov akymkolvek inym spdésobom ako prostrednictvom priamej komunikacie
s rozhranim webového servera (alebo samozrejme prostrednictvom ¢Eloveka
pouzivajuceho webovy prehliadaC). NajCastejSie sa to dosahuje napisanim
automatizovaného programu, ktory webovému serveru odosiela Ziadosti o urcité udaje
(zvy€ajne vo forme HTML a inych suborov, z ktorych sa skladaju weboveé stranky),
nasledne tieto udaje analyzuje s cielom ziskat potrebné informacie a data uklada
v ur€itom formate napriklad do datového skladu. V praxi web scraping zahfna Siroku
S8kalu programovacich technik atechnoldgii, ako je analyza udajov, rozbor
prirodzeného jazyka a zabezpecenie informacii [7].

Studia v [6] definuje web scraping ako prvy krok v procese dolovania dat. Samotné
dolovanie dat sa povazuje za sucast Business Intelligence (Bl), prvykrat rozpracované
Howardom Dresnerom z Gartner Group v roku 1989. Podla jeho nazoru je Business
Intelligence subor konceptov a metdd na zlepSenie procesu rozhodovania
v manazmente pomocou informacnych systémov, vyuzivajucich obchodné data. Podfa
Lifecycle Software Ltd. existuju dva prvky, ktoré odliSuju Bl systémy od inych, a to
integracia dat, teda Zlu€ovanie udajov z réznych zdrojov
a v roznych formatoch, a poskytovanie koherentného pristupu k nim: poskytovanie
technik na analyzu a vizualizaciu informacii novym spdsobom, zrozumitefnym
pre pouzivatefov [11].

Internet obsahuje nespogetné mnozstvo informacii rézneho druhu. Ci uz ide
o informacie o pocCasi, marketingoveé data, reSerSe a kvalitativnhe data, data tykajuce
sa socialnych sieti a mnoho dalSich, ich analyza mézZze napomdct k hibSiemu
pochopeniu konkrétnej problematiky. Tieto informacie vSak malokedy maju formu,
ktoru je mozné vyuzit na analyzu dat. Kazda webova stranka ma svoju Strukturu inu,
avsak spdja ich znackovaci jazyk HTML. Specificka forma tohto jazyka umozfiuje
pomocou nastrojov vyhladat konkrétne informacie a ulozit ich do CitatelnejSieho
formatu. Spbésob, akym nastroj vykonava tento ukon, je velmi podobny spésobu, aky
by pouzil bezny pouzivatel. Na internetovej stranke sa vyberu potrebné data, tie sa
nasledne skopiruju a viozia do tabulky. Takyto proces je mozny v pripade malého
poCtu dat, avSak ak sa jedna o pocet presahujuci tisice jednotiek, je tento proces
Casovo velmi narocCny. V tomto pripade je mozZzna nahrada pouZzivatela za robota, ktory
opakovane vykonava ten isty ukon [4].

Klasickym prikladom je napriklad kniZznica Selenium v programovacom jazyku
Python alebo Puppeteer v programovacom jazyku Javascript. Obe tieto metddy
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funguju na principe skrytého prehliadac¢a. Robot je nastaveny na urcitu webovu stranku
a z tej potom vyberie dblezité data. Ak nie je potrebna ziadna interakcia s webovou
strankou, metddy so skrytym prehliadacom su zbyto¢ne komplikované. Data je mozné
ziskat’ priamo z konkrétnej webovej stranky pomocou prikazu ,request®. Manipulacia
s datami je nasledne ulah&ena pouzitim kniznice Beautiful Soup programovacieho
jazyka Python [10].

Programovat web scraping od samého zaciatku je vSak ¢asto naroCna cesta. Dnes
uz existuje niekolko webovych aplikacii a rozSireni, ktoré scraping dat zvladnu bez
programovania. Konkrétnym prikladom je portal import.io [9].

Web scraping méze byt vyuzity na zhromazdenie datového setu obsahujuceho
informacie o online cenach na vytvorenie denného prehfadu cien. Web scrapingom
mozno preskumat a vyhodnotit' cenové praktiky vyuzivané spolo¢nostami pésobiacimi
v elektronickom obchode, resp. na realithom trhu. Banky ainé finan¢né institucie
pouZzivaju web scraping na analyzu svojej konkurencie. Banky frekventovane stahuju
data konkurentov, napriklad o tom, kde sa novo otvorili &i zavreli poboCky alebo tiez
napriklad na sledovanie aktualnej urokovej sadzby pri p6zickach. Tieto informacie
potom zakomponuju do svojich internych modelov a predpokladov. Niektoré
spoloCnosti sa tiez Specializuju na predaj pracovnych profilov pomocou zberu
a analyzy verejne dostupnych dat napriklad z LinkedIn [13]. V oblasti aktuarstva
to m6éze byt napriklad prehladavanie cenovych kalkulaCiek v ramci havarijného
poistenia.

2. PROCES WEB SCRAPING
Proces stahovania dat z internetu je mozné prvotne rozdelit do dvoch po sebe
iducich krokov (pozri obrazok €. 1):

1. ziskanie webovych zdrojov (webové stranky zdrojov),
2. extrahovanie pozadovanych informacii zo ziskanych zdrojov.

Konkrétne sa proces web scrapingu zacCina odosielanim poZiadavky HTTP
na ziskanie zdrojov cielenej webovej stranky. Tato poziadavka moze byt
naformatovana bud ako adresa URL obsahujuca dotaz GET, alebo ako Cast spravy
HTTP obsahujuca dotaz POST.

Len €o je poziadavka uspeSne prijatd a spracovana cielenou webovou strankou,
pozadovany zdroj bude z webovej stranky nacitany a potom odoslany spat. Zdroj méze
byt v niekolkych formatoch, napriklad vo formate HTML, XML alebo JSON. Zdroj méze
tiez obsahovat’ multimedialne data, ako su obrazky, audio alebo video subory. Teda
web scraping transformuje neStrukturované data 2z webovych stranok
na Strukturované.

Po ziskani webovych zdrojov proces extrakcie pokracCuje v analyze, preformatovani
a usporiadani dat Strukturovanym spdsobom. Délezitou suCastou web scraperu su
datové lokatory (Cize selektory) sluziace na vyhladanie dat, ktoré je potrebné z HTML
suboru extrahovat — obvykle sa pouziva XPath, selektory CSS, regularne vyrazy alebo
ich kombinacia.
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Zjednoduseny proces web scrapingu mozno popisat’ nasledujucimi krokmi (podla
[12], pozri tiez [1]):

Identifikacia cielovej webovej stranky.

Odosielanie poziadavky na URL adresu cielovej webovej stranky.
Ziskanie HTML koédu stranky.

Vyhladanie informacie v HTML kéde.

Ulozenie dat do Strukturovaného formatu (JSON, CSV a pod.).

oo~

Obrazok €. 1: Proces web scrapingu

—

Websites &
I ; B ]

Hf‘l:D

/ Web Scraping JSON

Software

:..u

2SDQDLDP JO 2|14 Ul DLDP PAUNLONULS

:

Zdroj: WebHarvy

Extrahované neStrukturované udaje z webovych lokalit je dalej potrebné
transformovat do potrebnej podoby hodnét a Struktury. Nasledne sa transformované
a Strukturované data ulozia do databazy, resp. vyexportuju v prislusnom formate.
Transformacia udajov teda méze pozostavat zréznych faz, napriklad z Cistenia
udajov, prevodu kédovanych hodnét, vypoctu novych hodnét a pod. Vyznamnu ulohu
tu zohrava vyuzitie réznych technik machine learningu, databazovych jazykov
a Statistickych metdd (explorativna analyza udajov). Pozri tiez kapitolu €. 4.

3. KNIZNICE JAZYKA PYTHON PRE WEB SCRAPING

Jazyk Python umoziuje pouZzivanie Sirokej Skaly Statistickych a grafickych technik,
ako napriklad regresna analyza, analyza Casovych radov, Statistické testy, zhlukova
analyza ai. V3etky tieto skutoCnosti z neho robia idealnu volbu pre Data Science,
analyzu Big Data a Machine Learning. linformacie o jazyku Python pozri v [8], resp.
v inej zodpovedajucej literature (tieto informacie tu neuvadzame).

Na rozSirenie moznosti jazyka sa v programovacich jazykoch pouZzivaju kniznice.
Kniznica je subor funkcii, tried, metdd atd., zhromazdenych na jednom mieste, ktoré
su potom vyuzZivané inymi programami. Napriklad pre web scraping v jazyku Python
su to tieto kniznice (podla [12]):
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Requests (https://docs.python-requests.org)

Requests je jednoducha kniznica, ktora umozrniuje odosielat HTTP poziadavky
pomocou Pythonu. HTTP poZiadavka potom vrati objekt odpovede so vSetkymi datami
(obsah, kddovanie, stav atd.). Nie je to kniznica vyluéne urCena pre web scraping, ale
predstavuje pre neho osnovu.

BeautifulSoup (www.crummy.com/software/BeautifulSoup)

BeautifulSoup je jednym 2z najjednoduchsSich nastrojov pre web scrapingu
v Pythone. Tato kniznica vyvinuta v roku 2004 poskytuje niekolko jednoduchych metdd
na vyhladavanie a extrahovanie potrebnych dat. Niekedy funkcionality tejto kniznice
uplne postacuju na vyrieSenie problému, a zaroven vysledny skript nebude obsahovat
mnoho kédov.

Tu vSak stoji za zmienku, ze moderné weboveé stranky je mozné rozdelit na 2 typy:
stranky so statickym obsahom a stranky s dynamickym obsahom. S druhym typom
stranok sa BeautifulSoup nevysporiada. To znamena, Ze ak webova stranka obsahuje
JavaScript alebo JQuery elementy, BeautifulSoup jednoducho nedokaze vyexportovat
obsah vo vnutri nej.

Na druhu stranu ma BeautifulSoup vyhodu oproti inym nastrojom a tou je jeho
schopnost automaticky detegovat koédovanie, €o umoziiuje spracuvat HTML
dokumenty so Specialnymi znakmi. Vie tak prevadzat prichadzajuce dokumenty
na Unicode (medzinarodny Standard, ktorého cielom je definovat kédovaciu schému
schopnu reprezentovat vacsSinu znakov pouzivanych v pisanych jazykoch spolu
s inymi symbolmi [15]) a odchadzajuce dokumenty na UTF-8 (8-bitovy Unicode
Transformation Format, je bezstratové koédovanie s variabilnou dizkou uréené
pre Unicode znaky [15]).

Selenium (https://www.selenium.dev)

Selenium je pévodne automatizovany testovaci ramec pouzivany na overovanie
webovych aplikacii naprie€ roznymi prehliadacmi a platformami. Selenium umozriuje
automatizovat webové prehliadaCe a ma kniznice pre rézne programovacie jazyky,
vratane Pythonu.

Selenium pouziva WebDriver na ovladanie webovych prehliadacov, ako su Chrome,
Firefox alebo Safari. Postupom €asu sa vSak zacala tato kniznica vyuzivat nielen
na testovanie aplikacii, ale aj na web scraping, a to vdaka svojej funkcionalite
a kompatibilite s JavaScriptom.

Selenium je uZzitoCny, ked je potrebné vykonat nejaku akciu na webe, napriklad
na vypifanie poli alebo formularov, rolovanie stranky, kliknutie na tlagidla, vytvorenie
snimky obrazovky. Dal$ou vyhodou Selenia je moznost fungovania s JavaScriptom.
Vie napriklad nacitat obsah vnoreny do prvkov JavaScriptu. Selenium tiez podporuje
tzv. headless prehliadace, €o su prehliadace bez GUI, ktoré sa spustaju v prikazovom
riadku. K vyhodam podobnych prehliadacov patri vacsia rychlost a mensia spotreba
pamate.

Scrapy (https://www.scrapy.org)

Scrapy je open source a kolaborativny ramec na extrahovanie dat z webovych
stranok rychlym, jednoduchym a pritom rozSiritelnym spésobom. V podstate ide
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o najkomplexnejSie rieSenie pre web scraping, ktoré poskytuje nastroje na prehliadanie
webovych stranok, stahovanie dat, ich analyzu a ukladanie. Scrapy podporuje
rozSirenie, €o prindSa moznost pridania proxy, spracovania suborov s cookies
a ovladania hibky prehliadania.

Dal$ou vlastnostou Scrapy je jeho asynchréonny spdsob spracovania poziadaviek.
To umoznuje extrahovat data rychlo aj z viacerych stranok naraz. Je v3ak zrejmé, ze

y v v

kedZe tento nastroj umoziuje viac, je tiez tazSie ho nastavit.

4. VYUZTIE TECHNIK STROJOVEHO UCENIA

Autor v [2] skima moznosti vytvorenia robustného algoritmu web scrapingu, ktory
je navrhnuty tak, aby neustale scrapoval konkrétnu webovu stranku, aj ked je HTML
kéd zmeneny. Algoritmus je urCeny na pouzitie na webovych strankach, ktoré maju
opakujucu sa Strukturu HTML obsahujucu udaje, pre ktoré je mozné pouzit web
scraping. Opakujuca sa Struktura HTML sa nachadza napriklad v spravodajskych
¢lankoch, videach, knihach a pod. V HTML tak vznika kod, ktory sa mnohokrat opakuje
a liSi sa tak napriklad len v nadpisoch. Dobrym prikladom méze byt napriklad Youtube.
Scraper funguje pomocou klasifikacie textu slov v kéde HTML a trénuje podporny
vektorovy stroj na rozpoznavanie slov alebo nazvov premennych. Klasifikacia slov
obklopujucich hfadané udaje sa vykonava s predpokladom, Ze buduce HTML webovej
stranky budu podobné sucasnej HTML, €o zase umoznuje vykonavat robustné
scrapovanie. Na vyhodnotenie jeho vykonu sa pouZziva webovy archiv, v ktorom sa
vykon algoritmu spatne testuje na minulych verziach stranky, aby sme ziskali
predstavu o tom, ako by mohol tento vykon v buducnosti vyzerat. Algoritmus dosahuje
rézne vysledky v zavislosti od velkého mnozstva premennych v ramci samotnych
webovych stranok, ako aj od minulych verzii webovych stranok. NajlepSia vykonnost
bola napriklad dosiahnutd na Yahoo news s presnostou 90 % z obdobia troch
mesiacov od zastavenia scrapera.

Standardny algoritmus scrapovania teda vyuziva statické cesty na navigaciu
programu cez HTML k hfadanym udajom. PouZitie statickych ciest v nestatickom
prostredi vedie k pokazeniu scrapera pri aktualizacii HTML vyZadujucej aktualizaciu
kodu, ktory scrapovanie vykonava. Frekvencia, s akou sa to musi robit, do znacnej
miery zavisi od webovej lokality a nemusi to byt prili§ ¢asto. Ak sa firma spolieha
na webovy scraper pracujuci vo dne aj v noci, jeho pokazenie by mohlo spdsobit
naruSenie procesov firmy. Kedze HTML je koéd v textovom formate, udaje musia byt
pre model strojového ucCenia preformatované do Ciselnej formy. Predspracovanie
udajov sa vykonava pomocou extrakcie textovych prvkov a vyuziva bag-of-words
model s dalSimi upravami na vytvorenie optimalneho vykonu. Predspracované udaje
sa vloZia do stroja Support Vector Machine (SVM, podporny vektorovy stroj) na
klasifikaciu udajov a extrahovanie udajov, ktoré sa pévodne pozadovali.

SVM su trénované prostrednictvom ucenia s ucitefom, o znamena, Ze udaje, na
ktorych je model trénovany, musia byt oznacené. SVM méze byt pouzity na klasifikaciu
alebo regresiu. SVM na Kklasifikaciu v N-rozmernom kontexte klasifikuje data
rozdelenim N-rozmerného priestoru nadroviny tak, aby bolo spravne klasifikovanych
¢o najviac bodov. [2] Pre optimalnu nadrovinu plati, Ze musi byt umiestnena v ¢o
najvacsom odstupe (angl. Maximal margin) od krajnych bodov, nazyvanych podporné
vektory (angl. Support vectors). Linearny variant tohto algoritmu sa pouziva, ked su
data linearne oddelitelné, CiZze oddelitefné linearnou nadrovinou. Algoritmus pracuje
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v pévodnej dvojrozmernej rovine dat. Nelinearna SVM sa pouziva, ked rovinu dat nie
je mozné rozdelit' linearne. Tu sa uplatiuje funkcia nazyvana jadrova transformacia
(angl. kernel transformation).

Obrazok €. 2: Priklad bag-of-words vektora

Raw Text Bag-of-words
vector

it

they

puppy
and

itis a puppy and it e
is extremely cute

aardvark

cute

=ml=lolol=]=|c|~

extremely

Zdroj: [2]

5. PRAKTICKA UKAZKA ZiSKAVANIA UDAJOV Z PDF DOKUMENTOV

Vacsinou je web scraping zalozeny na analyze Struktury webovej stranky, a preto je
dolezité pochopit jej princip. Existuju tzv. znacCkovacie jazyky, ktoré pomocou
Specialnych znaciek vysvetluju vyznam (sémantiku) réznych &asti textu alebo urcuju
vzhlad (format) jednotlivych Casti textu. K najvyznamnejSim znacCkovacim jazykom
patri HTML a XML. HTML a XML sa pouzivaju na ukladanie Strukturovanych dat,
pripadne na tvorbu vizualneho pohfadu webovych stranok. Tieto formaty definuju
obsah celej webovej stranky, zatial ¢o jednym z krokov web scrapingu je vyhladanie
konkrétnej informacie v zdrojovom kode. Na tento krok je mozné pouzit XML Path
Language (angl. skratka XPath). XPath je dotazovaci jazyk, ktory je uzitoCny pre
identifikaciu a extrahovanie €asti z dokumentov HTML/XML. Kazdy HTML alebo XML
dokument si mozno predstavit ako strom. XPath potom umoZzZnuje vyhladavanie
v podobnych dokumentoch pomocou dotazu. [12] KedZe ide o Siroku problematiku
na ukazku jednoduchého cenového web scrapera v jazyku Python pozri napr. [5].
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Obrazok €. 3: Proces scrapingu z PDF dokumentov

}v Unstructured Structured
Files Data

== @ python
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Zdroj: [14], upravené autormi

Niekedy vSak mézu byt udaje ulozené aj v nekonvencnom formate, ako je napriklad
PDF (obrazok ¢&. 3). Dalej teda budeme prezentovat pristup scrapingu z PDF pomocou
Python modulu tabula-py. Pre viac informacii odporuCame dokumentaciu na webovej
stranke: https://tabula-py.readthedocs.io/en/latest/.

Jednoduchsi pripad je, ak extrahujeme udaje z PDF v Strukturovanom formate. Ak
napriklad chceme prehfadat tabulku zvyraznenu na obrazku €. 4 — Strukturované
tabulkové Udaje, v ktorych su prehladne definované riadky a stipce. Extrahovanie
takychto udajov z PDF v Strukturovanej forme je jednoduché vyuzitim prave Python
modulu tabula-py. Potrebujeme len zadat umiestnenie tabulkovych uddajov
(koordinaty) na stranke PDF zadanim (hore, vlavo, dole, vpravo) suradnic danej
oblasti. Ak stranka PDF obsahuje iba ciefovu tabulku, potom ani nemusime
Specifikovat' oblast, funkcia tabula-py by mala byt schopna automaticky rozpoznat
riadky a stipce danej tabulky. NiZSie uvadzame kdd v jazyku Python na extrahovanie
udajov z PDF v Strukturovanej forme:

pip install tabula-py
pip install pandas

import tabula as tb
import pandas as pd
import re

file = 'moje_pdf_1.pdf'
data = tb.read_pdf(file, area = (300, 0, 600, 800), pages ="'1")
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Obrézok é. 4: Strukturované udaje v PDF a ich koordinaty

0 800 )
« Here are the 50 states in descending order of total
population.
The U.S. States are all quite different from each other. So, it should be no surprise that they have
very different population estimates. And, as the resident population of the United States has
continued to grow, the state populations are changing all the time.
It's not a state, but we've included the District of Columbia in the rankings. We haven't included
the territories, but
300 Puerto Rico would rank
Rank State July 2019 Estimate | Percent of Total Just ahead of Jowa in
terms of population.
1 California 39,512,223 11.91%
2 Texas 28,995,881 8.74% Some of the biggest
3 Florida 21,477,737 6.47% changes in terms of
4 New York 19,453,561 5.86% popula(ion grow[h have
5 Illinois 12,671,821 3.86% been Florida overtaking
6 Pennsylvania 12,801,989 3.82% New York for third
7 Ohio 11,689,100 3.52% biggest, and Utah,
8 Georgia 10,617,423 3.20% which gained five ranks
9 North Carolina|{ | 10,488,084 3.16% since the 2010 census.
10 Michigan 9,986,857 3.01%
600
v

Zdroj: [14]

Na implementaciu Statistickych analyz, vizualizaciu udajov a aplikaciu modelov
strojového uc€enia potrebuje analytik udaje obvykle v tabulkovej forme (panelové
udaje). Mnohé udaje su v8ak dostupné iba v nestrukturovanom formate (pozri obrazok
¢. 5).

Najskér importujeme udaje rovnakym spdsobom ako udaje v Strukturovanom
formate, pricom musime Specifikovat dalSie atributy na spravny import udajov:

file = 'moje_pdf_2.pdf'

df= tb.read_pdf(file, pages = 1", area = (0, 0, 300, 400), columns = [200, 265, 300,
320], pandas_options={'header': None}, stream=True)[0]
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Obrazok €. 5: Nestrukturované udaje v PDF a ich koordinaty
0 200 265 300 320 400

PAY RATE |[HRS || AMT

Gibson Regular|| $45| 80(S3,600
Net $3,956 oT S67.50| 10| S675
12/20/2019

12/01/19 - 12/14/19

Pitt Regular| $50| 55[52,750
Net $1,856 oT $75.00 0 SO
12/20/2019

12/01/19 -12/14/19

300 ¥
Zdroj: [14], upravené autormi

Tu pouzivame aj nastavenie na identifikdciu umiestneni vSetkych relevantnych
stipcov. Niekedy sa vyuziva metdda pokus-omyl. Ak existuji vo vstupe mriezkové
Ciary, ktoré oddefuju bunky, mdézeme pouzit’ lattice = True na automaticku identifikaciu
kazdej bunky. Ak nie, mdzeme pouzit stream = True a columns na manualne urcenie
kazdej bunky. Rezim stream bude hladat medzery medzi stipcami. Tieto nastavenia
su Casto velmi relevantné a mozu vyrazne vylepSit celkovy scraping.

Obrazok €. 6: Ziskané neStrukturované udaje z PDF

0 nan PAY RATE HRS AMT

1 Gibson Regular $45 80 $3,600
2 Net $3,956 oT $67.50 10 $675
3 12/20/2019 nan nan nan nan

4 12/01/19 - 12/14/19 nan nan nan nan

5 Pitt Regular $50 55 $2,750
6 Net $1,856 oT $75.00 0 S0

7 12/20/2019 nan nan nan nan

8 12/01/19 - 12/14/19 nan nan nan nan

Zdroj: viastny, podla udajov [14]

Nasledne ziskame udaje (obrazok €. 6), s ktorymi mézeme dalej pracovat.
Na manipulaciu s datovym ramcom mézeme vyuZzit' v jazyku Python napriklad kniznicu
Pandas a naprogramovat’ kod (tento postup tu pre rozsah a naro¢nost neuvadzame),
ktory udaje upravi do finalnej podoby (obrazok €. 7).
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Obrazok €. 7: Ziskané Struktiurované udaje z nestruktiurovanych udajov z PDF

Index &row Surname net amount pay date pay period
0 1 Gibson $3,956 12/20/2019 12/01/19 - 12/14/19
1 2 Pitt $1,856 12/20/2019 12/01/19 - 12/14/19

Index row OT Rate Regular_ Rate OT_Hours Regular_Hours OT_Amt Regular_ Amt
0 1 $67.50 $45 10 80 $675 $3,600
1 2 $75.00 $50 0 55 S0 $2,750

Zdroj: vlastny, podl'a udajov [14]

6. ZAVER

Web scraping je popularny spdsob ziskavania dat, ktory ma vSak ma aj slabé
stranky. Niektoré weby sa snazia zbavit web scraperov a pouzivaju tak rézne techniky,
ako sa vyrovnat' s neziaducim scrapovanim webu. Moderné rieSenia umoznuju takéto
nastroje detegovat a blokovat. Sem napriklad patria: CAPTCHA, Honeypot,
dynamicky obsah, zmeny Struktury webovy stranok, mnoho ¢astych HTTP poziada-
viek, IP blokovanie.

Niekedy vlastnici webovych stranok piSu o tom, &i je mozné kopirovat obsah ich
webu priamo na strankach, a to spravidla dole, v tzv. footeri stranky. Ak tam nie je ni¢
napisané, dalSim vhodnym krokom je otvorit subor robots.txt.

KedZe web scraping je extrakcia dat z verejnych webovych stranok, tieto stranky
niekedy obsahuju data, ktoré patria prave ich vlastnikom, na zaklade ¢oho vznikla
diskusia, Ci je web scraping legalny. Na tuto otazku stale neexistuje definitivna
odpoved. Na jednej strane su udaje zverejnené na strankach verejne dostupné,
na druhej strane to, Ze su tieto data zverejnené na internete, neznamena, ze ich méze
ktokolvek pouzivat. To plati najma pre citlivée data alebo osobné udaje, ktoré
podliehaju GDPR (General Data Protection Regulation) [12].

Prave prezentacie ukazky extrakcie udajov z PDF sa nemusia vyznamne dotykat
tychto problémov pretoze pouzivatel mdze vyuZit scraping na ziskanie udajov, ktoré
sa mozu tykat vlastnej firmy, resp. organizacie (faktury, vlastné zoznamy a dokumenty,
spristupnené a schvalené zdroje a pod.).

V sucCasnosti vela spolo¢nosti stale manualne spracuva udaje z PDF. Pomocou
predstavenej procedury mézu usSetrit ¢as aj zdroje automatizaciou tohto procesu
ziskavania udajov zo suborov PDF a konverziou neStruktirovanych udajov na udaje
panelové. Uvedme vSak, Ze aj tu je potrebné poznat zmluvné podmienky, resp.
povolenia autora PDF dokumentu na takéto operacie.

Prispevok bol vytvoreny v ramci projektov VEGA ¢. 1/0431/22; 1/0561/21.
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RESUME

V tomto prispevku sa zameriavame na Specificku problematiku scrapingu, ktorou je
extrakcia udajov z PDF dokumentov s vyuzitim modulu tabula-py jazyka Python.
Prezentujeme aj transformaciu nestrukturovanych udajov na Strukturované, ¢o méze
byt vyuzité aj pri klasickom web scrapingu.

Web scraping, web harvesting alebo extrakcia udajov z webu zahffia metody
na extrakciu udajov z webovych stranok. Softvér web scrapingu mdéze priamo
pristupovat na webovu stranku pomocou HTP protokolu alebo pomocou webového
prehliadaca. V suc€asnosti tento pojem zahfha automatizované procesy
implementované pomocou robota alebo webového prehlfadavaca na zhromazdovanie
a kopirovanie Specifickych udajov z webu, zvy€ajne do centralnej lokalnej databazy
alebo tabulky, na neskorsie vyhladavanie alebo analyzu. Scraping webovej stranky
zahima jej nacCitanie a extrakciu udajov z nej. Obsah stranky mozno analyzovat,
prehladavat a preformatovat a jej udaje skopirovat do tabufky alebo nacitat
do databazy. Prikladom m&Zze byt vyhlfadanie a skopirovanie mien a telefonnych Cisel,
nazov spolo¢nosti a ich URL alebo e-mailovych adries do zoznamu (scrapingovych
kontaktov). Okrem toho sa web scraping pouziva ako sucast aplikacii na indexovanie
webu, taZzbu z webu a dolovanie udajov, online sledovanie zmeny cien a porovnavanie
cien, scrapovanie recenzii produktov (na sledovanie konkurencie), zhromazdovanie
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zoznamov nehnutelnosti, udajov o poCasi, detekciu zmien webovych stranok a pod.
Webové stranky su vytvorené pomocou znackovacich jazykov zalozenych na texte
(HTML a XHTML) a Casto obsahuju mnozstvo uzitonych udajov v textovej forme.
Vacsina webovych stranok je vSak navrhnuta pre koncovych pouzivatefov a nie
na automatizované pouzivanie. V désledku toho boli vyvinuté Specializované nastroje
a softvér na ulahcenie scrapovania webovych stranok.

Existuje mnoho dostupnych softvérovych nastrojov, ktoré mozno pouzit na web
scraping. Takyto softvér sa mdze pokusit automaticky rozpoznat datovua Strukturu
stranky alebo poskytnut nahravacie rozhranie, ktoré odstrarnuje nutnost manualneho
zapisu kodu na scrapovanie webu, alebo niektoré skriptovacie funkcie, ktoré mozno
pouzit na extrahovanie a transformaciu obsahu, a databazové rozhrania, ktoré moézu
ukladat skopirované udaje v lokalnych databazach. Niektory softvér mozno pouZit' aj
na priamu extrakciu udajov z rozhrania API (Application Programming Interface) [16].
Jednym c¢asto vyuzivanym softvérom je jazyk Python (napriklad s vyuzitim modulu
BeautifulSoup). Strojové uenie mdze byt vyuZité na vytvorenie robustného algoritmu
web scrapingu, ktory je navrhnuty tak, aby neustale scrapoval konkrétnu webovu
stranku, aj ked je HTML koéd zmeneny. Algoritmus je uréeny na pouzitie na webovych
strankach, ktoré maju opakujucu sa Strukturu HTML obsahujucu udaje, pre ktoré je
mozné pouzit web scraping. Standardny algoritmus scrapovania teda vyuZiva statické
cesty na navigaciu programu cez HTML k hfadanym udajom. Pouzitie statickych ciest
v nestatickom prostredi ma napriklad za nasledok pokazenie scrapera pri aktualizacii
HTML. Techniky strojového u€enia sa vyuzivaju vtedy, ked udaje musia byt pre model
strojového ucenia preformatované do Ciselnej formy. Predspracovanie udajov sa
realizuje pomocou extrakcie textovych prvkov a vyuziva bag-of-words model s dalSimi
upravami na vytvorenie optimalneho vykonu. Predspracované udaje sa vlozia do stroja
Support Vector Machine (SVM, podporny vektorovy stroj) na klasifikaciu udajov
a extrahovanie udajov, ktoré boli pévodne pozadované.

RESUME

In this paper, we focus on the specific issue of scraping, which is the extraction of data
from PDF documents using the tabula-py module of the Python language. We also
present the transformation of unstructured data into structured data, which can also be
used in classic web scraping.

Web scraping, web harvesting, or web data extraction involves methods for extracting
data from web pages. Web scraping software can directly access a website using the
HTP protocol or using a web browser. Currently, the term includes auto-mated
processes implemented using a robot or web crawler to collect and copy specific data
from the web, usually into a central local database or table, for later retrieval or
analysis. Scraping a website involves its loading and data extracttion data from it.
The content of the page can be analyzed, searched and reformatted, and its data can
be copied into a table or loaded into a database. An example could be searching and
copying names and phone numbers, names of companies and their URLs or email
addresses into a list (scraping contacts). In addition, web scraping is used as part
of applications used for web indexing, web mining and data mining, online price
change tracking and price comparison, scraping product reviews (to track competitors),
collecting real estate listings, weather data, website change detection etc. Web pages
are created using text-based markup languages (HTML and XHTML) and often contain
a lot of useful data in text form. However, the most websites are designed for end users
and not for an automated use. As a result, specialized tools and software have been
developed to facilitate website scraping.
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There are many software tools available that can be used for web scraping. Such
software may attempt to automatically recognize the data structure of a page or provide
an upload interface that eliminates the need to manually write web scraping code, or
some scripting functions that can be used to extract and transform content,
and database interfaces that can store scraped data in local databases. Some
software can also be used to directly extract data from an Application Programming
Interface (API)[16]. One frequently used software is the Python language (for example,
using the BeautifulSoup module). Machine learning can be used to create a robust web
scraping algorithm that is designed to continuously scrape a specific web page even if
the HTML code is changed. The algorithm is intended for use on web pages that have
a repeating HTML structure containing data that can be web scraped. Thus,
the standard scraping algorithm uses static paths to navigate the program through
HTML to the searched data. For example, using static paths in a non-static
environment results in the scraper breaking when updating the HTML. Machine
learning techniques are used when data needs to be reformatted into numerical form
for a machine learning model. Data pre-processing is performed using text feature
extraction and uses a "bag-of-words model" with additional adjustments to create
optimal performance. The pre-processed data is fed into a Support Vector Machine
(SVM) to classify the data and extract the data that was originally requested.
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Informativny ¢lanok/Informative article
POTENCIAL VYUZiIVANIA BIG DATA V STATISTIKE (NESMIE NAM UJST VLAK)

THE POTENTIAL OF USING BIG DATA IN STATISTICS
(WE CAN'T MISS THE TRAIN)

ABSTRAKT

Prispevok sa zaobera iniciativami Eurostatu v oblasti vyuzivania Big Data v oficialnych
Statistikach a transforméaciou tychto iniciativ na podmienky Statistického uradu
Slovenskej republiky. Tieto iniciativy sa v su€asnosti realizuju prostrednictvom dvoch
projektov financovanych zo zdrojov Eurdpskej unie, pricom ich cielom je preukazat
vhodnost vyuzivania Big Data pri Statistickej produkcii v réznych sférach Statistiky.

ABSTRACT

The paper deals with Eurostat's initiatives in the field of using Big Data in official
statistics and the transformation of these initiatives into the conditions of the Statistical
Office of the Slovak Republic. These initiatives are currently implemented through two
projects funded by the European Union, while their goal is to demonstrate the
appropriateness of using Big Data in statistical production in various spheres
of statistics.

KLUCOVE SLOVA
Big Data, oficialna Statistika, cenové indexy, index socialneho napatia, pohyb
obyvatelstva, vykonnost ekonomiky
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Big Data, official statistics, price indices, social tension index, population movement,
performance of the economy

1. UVOD

Big Data prinasaju nesmierne doélezity rozmer do vSetkych sfér Zivota. Britsky
matematik Clive Humby uz v roku 2006 slavne povedal, Ze ,udaje su nova ropa®“.
Odvtedy za poslednych 16 rokov spoloCnosti vSetkych vefkosti a vo vSetkych
odvetviach vyhladavali a ukladali Coraz viac udajov o svojich zakaznikoch,
obchodnych operaciach, aby vedeli podporit’ svoj vykon a dosiahli stanovené ciele [1].

Treba povedat, Ze: ,Potencial Big Data pre oficialnu S$tatistiku spocCiva prave
v obrovskom mnoZstve informacii, ktoré obsahuju. M&ézu tiez pokryvat oblasti
spolocnosti, pre ktoré eSte neexistuju oficialne Statistiky. Ich velkost a objem mdzZe
viest k vy$Sej presnosti a ziskaniu vacsich detailov na tvorbu Statistik. Viysoka rychlost
ich produkcie mdze viest k CastejSim a vCasnejsim Statistickym odhadom a ich velka
rozmanitost’ zaroveri k tvorbe Statistik v novych oblastiach.”[2]

J

Z toho vyplyva, Ze ak Statisticky urad SR nevyuzije v dobe Big Data ich potencial,
moze prist komercny sektor a efektivne tieto udaje vyuZzit' a vytvorit tak suplement
k Statistickej produkcii, ktory sa Casom mdbze stat presnejSim, efektivnejSim
a zrozumitelnejsim. A preto nie je na ¢o &akat a je potrebné, aby sa Statisticky urad
SR vydal smerom k Big Data.
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2. VYCHODISKA NA VYUZITIE BIG DATA V STATISTIKE V PODMIENKACH SR

Statisticky urad SR ma povinnost azodpovednost za hradanie
a vyuzivanie vhodnych udajov na Statisticka tvorbu.

Statisticky Urad Slovenskej republiky je v zmysle §5 ods. 1 zakona &. 540/2001 Z. z.
zakona o Statnej Statistike ustrednym organom Statnej spravy pre oblast Statnej
Statistiky, je kontaktnym miestom pre Eurdpsku komisiu v ramci Eurépskeho
Statistického systému a koordinatorom Narodného Statistického systému.

Jednou zo zakladnych uloh Statistického Gradu SR je ziskavanie $tatistickych
udajov a Statistickych informacii potrebnych na posudzovanie socialno-ekonomického
vyvoja spolo€nosti, poskytovanie a zverejiiovanie Statistickych informacii, koordinacia
Narodného Statistického systému Slovenskej republiky a plnenie zavazkov
vyplyvajucich z medzinarodnych zmluv v oblasti Statnej Statistiky, ktorymi je Slovenska
republika viazana.

Realizacie projektov v sulade s iniciativami Eurépskej komisie
v oblasti Big Data pomézu zviditelnit a spropagovat Statisticky urad
SR.

Prave v suvislosti s vySSie uvedenym a s moznostou ziskavania datovych zdrojov
sa dlhodobo rozvija iniciativa Eurdpskej komisie prostrednictvom Eurostatu na
vyuzivanie Big Data v kontexte oficialnych Statistik. Tato iniciativa sa transformovala
do projektu ESSnet Big Data (Big data: from exploration to exploitation). Ciefom
projektu je integracia Big Data do pravidelnej tvorby oficialnych Statistik
prostrednictvom pilotnych prieskumov potencialu vybranych Big Data a budovania
konkrétnych aplikacii. Slovensko sa do tejto iniciativy zapojilo ako jeden z 28 partnerov
(https.//cros-legacy.ec.europa.eu/content/essnet-big-data-1_en).

Zavery iniciativy podla Eurostatu su:
- Udaje obsiahnuté na webovych strankach mézu byt prinosné pre oficialnu
Statistiku,
- tradi¢né spbsoby zberu mbézu byt obohatené tymito udajmi,
- Udaje mbzu poméct ziskavat dalSie indikatory, ktoré nie je mozné produkovat
z tradi¢nych zdrojov udajov,
- nevyuzivanim alternativnych zdrojov udajov v oblasti oficialnych Statistik
sa méze oslabit’ postavenie narodnych Statistickych uradov v prospech
podnikatelského komeréného sektora.

Preto sa aj Statisticky urad SR rozhodol prispiet k vytvaraniu pilotnych riedeni
na transformaciu Big Data do Statistickych produktov, Ci uz vo forme experimentalnej
Statistiky, alebo aj do oficialnych S&tatistik po overeni stability a vhodnosti vyuzitia
prislusnych udajov.

3. TRANSFORMACIA INICIATIVY EUROPSKEJ KOMISIE V PODMIENKACH
STATISTICKEHO URADU SR
Realizacia experimentalnej Statistiky nie je jednoducha a vyzaduje si relativne
vysoké finanéné a odborné kapacity. V obdobi rozvijania myslienok o vyuziti Big Data
v experimentalnej  Statistike  Ministerstvo  investicii, regionalneho rozvoja
a informatizacie SR vyhlasilo vyzvu, zameranu na zlepSenie vyuzivania udajov
vo verejnej sprave (https://www.mirri.gov.sk/projekty/projekty-esif/operacny-program-
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integrovana-infrastruktura/prioritna-os-7-informacna-spolocnost/vyzvania-a-
vyzvy/vyzva-c-opii-2019-7-10-dop/index.html ).

Cielom tejto dopytovo orientovanej vyzvy je realizovat projekty zamerané
na analytické vyuZitie udajov v definovanej problémovej oblasti s ciefom poskytnut
rieSenia na zlepSenie rozhodovania a zabezpec€enia fungovania verejnej spravy.

Statisticky urad sa zapojil do tejto vyzvy predloZzenim dvoch projektov, na ktorych
realizaciu prostrednictvom Ziadosti o nenavratny finanény prispevok ziskal zdroje
prave prostrednictvom predmetnej vyzvy. Ide o nasledovné projekty:

e Dynamicky cenovy model - https://www.itms2014.sk/schvalena-
zonfp?id=51997001-4fc1-42d9-8191-c2b15abbaa74

e Socioekonomické aspekty Big Data v Statistike —
https://www.itms2014.sk/schvalena-zonfp?id=c13d0406-9036-44bb-8b76-
51f5f9b53193

V nasledujucom texte uvadzame ramcové zameranie projektov, ktoré bolo
definované na zacCiatku kreovania projektov:

e Socioekonomické aspekty Big Data v Statistike — u€elom realizacie projektu je
spracovanie velkych objemov dat od mobilnych operatov a zo socialnych sieti
na vytvorenie modelov pohybu populacie a modelu nalad populacie s dérazom
na:

o spracovanie udajov a prepojenie do GIS na identifikovanie socialnych
vplyvov pohybu populacie,

o spracovanie analyz na vypracovanie odhadov tzv. dennej populacie,
ktoré poskytuju prehfad o pocte ludi umiestnenych v konkrétnych
oblastiach v konkrétnom Case,

o spracovanie informacii na socialnych sietach a definovanie zavislosti
medzi naladou v spoloCnosti a sucasnou socioekonomickou
problematikou v jednotlivych regionoch,

o spracovanie modelu dopravy z udajov z Narodnej dialni¢nej spolo¢nosti
NDS a definovanie odhadov HDP, resp. indexu priemyselnej produkcie.

e Dynamicky cenovy model — u€elom realizacie projektu je otestovanie moznosti
vyuzitia inych ako v sucasnosti vyuzivanych udajov pre cenove Statistiky, ktoré
Statisticky urad SR realizuje. Ide o vyuZitie modernych metdd alternativneho
zberu udajov ako napr. web scrapingu, data feeding (alebo obdobnych) na
ziskavanie udajov o cenach a porovnavanie vysledkov s tradi€nymi formami
sledovania cien.

e Vystupmi projektu budu cenové modely, ktoré budu testované v porovnani
s existujucim Standardnym postupom v ramci Statistickej produkcie.

4. PROCES NASTAVENIA REALIZACIE PROJEKTOV A ICH REALIZACIA

Realizacia projektov nie je samoucelna a naich obhajobu bolo potrebné
definovat’' hypotézy a benefity tak, aby mohli ziskat’ podporu

V procese pripravy projektov bola vypracovana Standardna projektova
dokumentacia v zmysle vyzvy. Su€astou dokumentacie bolo aj definovanie prinosov,
ktoré projekty spoloCnosti prinesu. Tak ako uvadza projektova dokumentacia, dosah
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realizacie oboch projektov bol vysoko pozitivny uz v €ase ich pripravy, na ¢o poukazuje
aj analyza prinosov a nakladov (CBA analyza) projektov.

Medzi najvyznamnejSie benefity patria:
e Socioekonomické aspekty Big Data v Statistike:
o zvySovanie transparentnosti a adresnosti rozhodovania, najma v oblasti
investicii,
o znizovanie prevadzkovych nakladov dopravnych spolo€nosti s ohfadom
na poznatky o pohybe obyvatelstva,
o adresné rozhodovanie pri socioekonomickych otazkach (napr. socialne
balicky) v zavislosti od spravania populacie,
o zvySenie vyuzitia potencialu datového trhu poskytnutim otvorenych
udajov.
e Dynamicky cenovy model:
o znizovanie zataZze podnikatelov zaradenych do procesu zistovania
spotrebitel'skych cien,
o znizovanie nakladov na spracovanie cenovych Statistik na urade,
o zefektivnenie rozhodovania v oblasti investicii Slovenskej republiky,
o spresnenie udajov o inflaénom vyvoji Slovenskej republiky.

Pocas realizacie oboch projektov sa neustale prehodnocuju benefity a objavuju
noveé potencialne prinosy, ktoré sa ich realizaciou postupne overuju.

V suéasnosti prebieha realizacia projektov, ktora iterativne poukazuje
na dolezitost hladania spoésobov, ako vyuzivat Big Data v oblasti
Statistiky.

Oba projekty sa dostali do realizacnej fazy, ktora prebieha prave v su€asnosti.
Na projektoch pracuju projektové timy zlozené z internych expertov, ako aj externych
expertov, ktorych ulohou je prave tvorba datovych modelov, na ktorych su oba projekty
zalozené.

Vzhladom na fakt, ze ide do velkej miery o experimentalne projekty, boli spresnené
oCakavané vystupy projektov, a to takto:

e Dynamicky cenovy model:

o Datovy model na vypocCet indexov poloziek spotrebného ko$a, ktory je
zalozeny na vyuziti online transakcnych udajov spolo¢nosti Heureka.
Spolupraca bola aj medializovana.

o Potencialom tohto modelu je nahradit tradi€né procesy ziskavania
a spracovania udajov o cenach jednotlivych poloZiek spotrebného kosa.

e Socioekonomické aspekty Big Data v Statistike — tento projekt rozvinul svoje
zadanie na 3 zakladné modely: model pohybu obyvatelstva; model indexu
socialneho napatia a model vykonu ekonomiky na zaklade transakcnych udajov
z mytneho systému:

o Model pohybu obyvatelstva — ciefom tohto modelu je vytvorit mapu
dennej a noCnej populacie zaloZzenej na udajoch od poskytovatelov
mobilnych telekomunikaénych sluzieb. Udaje budu spracovavané
anonymizovane. Potencidl modelu do buducnosti je predovSetkym
v oblasti tvorby funkcnych regionov, resp. intervencnych opatreni, ktoré
budu mat’ vysSiu adresnost.
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o Model indexu socialneho napatia — tento model sa realizuje podla vzoru
Holandského Statistického uradu. Cielom modelu je hfadat’ korelacie
medzi vyznamnymi udalostami, ktoré sa v spolo¢nosti udiali a zmenou
nalad, ktora bude vyhodnocovana na zaklade algoritmov umelej
inteligencie.

o Model vykonu ekonomiky — cielom tohto modelu je na zaklade
transakénych udajov z mytneho systému identifikovat' tzv. flash odhad
ekonomickych indikatorov krajiny. Potencialom modelu je disponovat
C¢asovym predstihom informacie o buducom ekonomickom vyvoiji krajiny,
Co je potrebné na makroekonomické rozhodovanie a tvorbu politik.

5. ZAVER

Realizaciou tychto projektov Statisticky Grad SR potvrdzuje, Ze zaujem o vyuzivanie
Big Data v Statistickych procesoch nie je len platonicky, ale predstavuje realnu
a dblezitu sucast buducnosti Statistiky. Vystupy projektov budu prezentované
po ukonceni ich realizacie (cca september — oktéber 2023), avSak uz dnes sa ukazuije,
Ze to je ten spravny smer, ktorym sa Statisticky urad SR dostava viac do pozitivneho
povedomia spolo¢nosti a vyuzije potencial, ktory doba udajov prinasa.

Skumanie a experimentovanie v oblasti vyuzivania takéhoto typu udajov je
kontinualny proces a jednym alebo dvoma projektmi nie je mozné preskumat’ vSetky
moznosti a otestovat ich v praxi. Tymito projektmi sa otvorilo veko truhlice pokladov,
ktoré Big Data pre Statistiku prinasaju.

Uz vsucCasnosti sa hladaju moznosti, ako pokraCovat v zaCatych iniciativach
a pripadne ich rozvinut o nové moznosti a trendy. Pevne verime, Ze sa tento smer
zachova a vystupy z projektov budu zavedené do praxe v ramci produkcie oficialnych
Statistik.
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RESUME

Statistika je oblast, pre ktort st idaje nesmierne délezité a bez nich by nebolo mozné
realizovat’ Statistické vystupy. Projekty, ako su dva dopytové projekty opisané v texte,
su nevyhnutné na overovanie moznosti vyuzivania aj alternativnych zdrojov udajov pre
oficialne Statistiky. Vzhfadom na délezitost a striktnost’ Statistického procesu je
relativne dlha cesta od identifikovania potencialneho nového zdroja udajov do jeho
zavedenia do Statistickej produkcie a procesu diseminacie. Experimentalne Statistické
projekty preto musia byt suCastou agendy uradu, aby bolo mozné zefektiviiovat,
modernizovat a skvalitiiovat' vystupy hodnototvorného Statistického procesu. Preto je
potrebné neustale hfadat zdroje na podporu takychto iniciativ, ktoré z dlhodobého
hladiska prinesu rozvoj a pokrok do sféry $tatistiky. Bez investicii nie je pokrok.
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RESUME

Statistics is a field for which data is extremely important and without them it would be
impossible to carry out statistical outputs. Projects, such as the two projects described
in the text, are necessary to verify the possibilities of using alternative data sources for
official statistics. Given the importance and stringency of the statistical process, there
is a relatively long way from identifying a potential new source of data to introducing
this source into the statistical production and dissemination process. Experimental
statistical projects must therefore be part of the Office's agenda in order to enhance,
modernize and improve the quality of the outputs of the value-creating statistical
process. Therefore, it is necessary to constantly look for resources to support such
initiatives, which in the long term will bring development and progress to the field
of statistics. There is no progress without investment.
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Informacia/Information
12. KONFERENCIA: NOVE TECHNIKY A TECHNOLOGIE V STATISTIKE

12™ CONFERENCE: NEW TECHNIQUES AND TECHNOLOGIES FOR
STATISTICS

Vdnoch 7. — 9. marca 2023 sa v Bruseli v priestoroch budovy Charlemagne
Eurépskej komisie, konal 12. roCnik medzinarodnej vedeckej konferencie Nové
techniky a technoldgie v Statistike (New Techniques and Technologies for
Statistics — NTTS), ktoru organizoval Eurostat.

New
‘Techniques and
Technologies for
Statistics 2023

@EU_NTTS 7-9 March 2023

#NTIS2023

Zdroj: Eurostat

Konferencia sa pravidelne kona kazdé dva roky a je zamerana na nové metédy
a technolégie pre oficialnu Statistiku a ich vplyv na zber udajov, jej tvorbu a Sirenie.
Podujatie sa vysiela prostrednictvom internetu. U&elom konferencie bolo umoznit
prezentaciu vysledkov aktualne prebiehajucich vyskumnych projektov, podnietit
a ufah¢it’ pripravu novych inovativhych projektov podporou spoluprace a vymeny
nazorov medzi Statistikmi z verejného, ale aj sukromného sektora a akademikmi
s cielom zvysit kvalitu a uzito€nost oficialnej Statistiky. Zu€astnilo sa na nej viac ako
500 hosti a viac ako 150 prednasajucich vratane posterovych prezentacii.

Konferenciu otvorila generalna riaditelka Eurostatu Mariana Kotzeva, ktora privitala
ucastnikov a vyjadrila poteSenie, Ze tento ro¢nik mohol byt organizovany s osobnou
ucastou, kedZe predchadzajuci roCnik sa konal len online formou z dévodu pandémie
COVID-19. Zdoéraznila, Zze konferencia NTTS je jedna z poprednych vedeckych
Statistickych konferencii vo svete a jedna z hlavnych konferencii organizovanych
Eurostatom. Dalej uviedla, Ze bude prezentovanych mnoZstvo tém z réznych
Statistickych oblasti napr., inovacie v Statistike, umela inteligencia v Statistike, revolucia
v analyze udajov, datové ekosystémy a pod. V suc€asnosti sa dostavaju do popredia
nové typy technoldgii, ktoré sluzia na zber velkého mnozstva udajov (napr. web
scrapovanie) aich spracovanie (napr. prostrednictvom strojového ucenia).
Vo vystupeni boli zdéraznené aj etické principy vyuzivania tychto novych zdrojov
udajov pre oficialnu Statistiku, ktorych reSpektovanie zabezpeci déveryhodnost
Statistickych institucii v buducnosti.

Sucastou konferencie boli sprievodné aktivity, ktoré sa konali v dnoch 6. a 10.
marca. Prvy den bola prezentovana platforma zberu udajov (MOTUS), ktord mozno
vyuzit napr. na zistovanie o rodinnych uctoch. V zavereCny den bol predstaveny
projekt ESSnet Web Intelligence Network, ktory skima nové netradicné zdroje
udajov s ciefom vytvorit centralnu databazu, ku ktorej by mali pristup Clenovia
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Eurépskeho $tatistického systému. DalSou aktivitou bola diskusia o ziskavani udajov
z pozorovania zeme, ako su satelitné a letecké snimky, ktoré by sa mohli vyuzit
v projektoch tykajucich sa Eurépskej zelenej dohody (European Green Deal).

Pocas celej konferencie prebiehali paralelné sekcie s réznymi tematickymi okruhmi.

1. den konferencie (7. 3. 2023)

V prvom dni boli prispevky zamerané na témy vyberov, nové zdroje udajov a ich
integraciu, vyuzivanie udajov vlastnenych sukromnym sektorom (privately-held data)
a inovacie pouzitim umelej inteligencie v Statistike.

Témou hlavnej interaktivnej diskusie bolo vyuzitie umelej inteligencie v Statistike.
Hlavny prednasajuci Mark Grobelnik je vyskumnik v oblasti umelej inteligencie
a riaditel laboratoria umelej inteligencie v Institute Jozefa Stefana v Lubfane
v Slovinsku. Hlavnou témou bolo predstavenie aplikacie ChatGPT, ktora je verejne
dostupnym zdrojom umelej inteligencie a ukazka ako ju vyuzit v oficialnych
Statistikach. Na zaver p. Grobelnik hovoril o nadchadzajucej legislative tykajucej sa
vyuzivania umelej inteligencie, ktora sa pripravuje v Europskej unii.

V ramci sekcie web scrapovanie, Statisticky Urad SR prezentoval &iastkové
vysledky vyskumu tykajuceho sa vyuZitia webscrapovanych udajov v cenovych
Statistikach, ktory je suCastou Eurépskeho projektu spolufinancovaného cez Eurépske
investi¢né Strukturalne fondy. Prezentacia bola zamerana na aplikovanie réznych
typov cenovych indexov v podmienkach SR a predostrela namety na dalSiu odbornu
diskusiu.

2. den konferencie (8. 3. 2023)

V druhy der konferencie sa vacsina tematickych okruhov tykala modelov strojového
uCenia, spracovania velkého mnozstva udajov, nowcastingu ekonomickych
ukazovatelov a vyuZzivania udajov od mobilnych operatorov.

V uvode dna vystupil profesor Stefan Thurner s prispevkom, ktory rozoberal
komplexné systémy z pohladu klasickej Statistickej tedrie. Ide o sietové dynamické
systémy, ktorych jednotlivé komponenty maju nelinearnu Strukturu, podliehaju
viacerym zdrojom nahodnych stochastickych javov a su od seba vzajomne zavislé.
Ako priklad prof. Thurner uviedol javy vyskytujuce sa v prirodnom prostredi, napr.
zosuvy pbdy, lesné poziare a Skody spésobené hurikanmi, a fenomény, ktoré je mozné
zaznamenavat' v socioekonomickych oblastiach, napr. distribucia velkosti miest
vo svete, naklady na zdravotnu starostlivost a systémové rizika v dodavatelskych
retazcoch.

3. den konferencie (9. 3. 2023)
V treti den konferencie sa paralelné prezentacie zamerali na podnikové a cenové
Statistiky, analyzu ¢asovych radov a Statisticku analyzu geo-priestorovych udajov.

Popoludni  vystupil byvaly generalny riaditel Eurostatu profesor Walter
Radermacher s prispevkom na tému Statistika ako verejné dobro v ekosystéme
digitalnej spoloCnosti. Po vystupeni nasledovala panelova diskusia so zastupcami
medzinarodnych S$tatistickych organizacii. V diskusii rezonovala myslienka, ze
Statisticka profesia sa stava Coraz zodpovednejSou za vysledky, ktoré méze byt
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vyvodené z publikovania a Sirenia oficidlnych Statistik pre verejnost. Globalne
problémy a kriza, napr. klimatické zmeny a finan¢né krizy, si vyzaduju primerané formy
poskytovania Statistickych udajov a vysledkov zalozenych na spolahlivych dékazoch
a eSte uzSiu spolupracu medzi narodnymi Statistickymi instituciami.

Hlavné zavery konferencie mozno zhrnut do tychto bodov:

- Umeld inteligencia sa dostava do pozornosti S$tatistikov, kedZe dokaze
automatizovat rutinné procesy, €¢oho vysledkom je optimalizacia pracovnych
postupov a fudskych zdrojov.

- Statistické intiticie sa snazia doplnit tradiéné zdroje Udajov o udaje ziskavané
web scrapovanim alebo o udaje sukromného sektora, aby tak zvysili kvalitu
a rozsSirili portfélio oficialnych Statistik. Pri rozSirovani zdrojov udajov je potrebna
ich integracia a prepdjanie, ktoré by v idealnom pripade mali byt zabezpeované
automaticky.

- Pri vyvoji a vyuzivani novych technolégii je velmi dblezita spolupraca medzi
sukromnym a verejnym sektorom.

- Statistické institicie &elia problémom, ktoré sa tykaju naboru kvalifikovanych
ludskych zdrojov. V tejto oblasti je potrebna spolupraca s akademickymi
instituciami, ktoré by mali zabezpecit vychovu dostatoéného poctu absolventov pre
trh prace v buducnosti.

Na konferencii sa zuéastnili aj zastupcovia Statistického Uradu SR: generalna
riaditelka sekcie vSeobecnej metodiky, registrov a koordinacie narodného $tatistického
systému p. Helena Glaser-Opitzova, a zastupcovia tejto sekcie p. Petra Mazurekova
a p. Peter Knizat.

Zdroj: vlastna fotografia

VSetky prispevky a prezentacie (vo forme web prenosov), ako aj podrobny program
konferencie je dostupny na stranke
https://cros-legacy.ec.europa.eu/content/NTTS2023 en.

Ing. Helena GLASER-OPITZOVA
RNDr. Petra MAZUREKOVA, PhD.
Peter KNIZAT, MSc.

Autori pracuju v sekcii vSseobecnej metodiky, registrov a koordinacie narodnéeho Statistického
systému Statistického uradu SR.
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Informacia/Information

MEDZINARODNY WORKSHOP KRAJIN VYSEHRADSKEJ STVORKY NA TEMU
MODERNIZACIA STATISTIKY SPOTREBITELSKYCH CIEN

INTERNATIONAL WORKSHOP OF THE VISEGRAD COUNTRIES ON
MODERNIZATION OF THE CONSUMER PRICE STATISTICS

V diioch 23. a24. marca 2023 sa na pdde Statistického uradu SR konal
medzinarodny workshop na tému Modernizacia Statistiky spotrebitel'skych cien,
na ktorom sa zug&astnili experti z Ceského Statistického Uradu, Statistického Gradu
Polska a Madarského centralneho Statistického uradu. Workshop sa konal na zaklade
dodatku V k Memorandu o porozumeni a spolupraci medzi Statistickymi uradmi krajin
VySehradskej skupiny. Bol zamerany na vymenu skusenosti narodnych Statistickych
uradov krajin V4 v oblasti modernizacie cenovych Statistik. Z vystupeni ucastnikov
jednoznacne vyplyvala snaha o modernizaciu cenovych Statistik minimalne v dvoch
rovinach: cez zabezpecenie novych zdrojov udajov a aplikovanim novych metdd ich
Statistického spracovania.

Vyznam worshopu zdéraznil aj predseda Statistického tradu SR pan Peter Petko,
ktory po privitani zu€astnenych, otvoril podujatie.

Zdroj: vlastna fotografia

Prvou nosnou témou workshopu bola spolupraca s obchodnymi retazcami
pri ziskavani transakénych udajov o predaji, tzv. skener data aich vyuZitie
na skvalitnenie vypoctu indexu spotrebitel'skych cien. Ako uviedli v prezentaciach
Petra Mazurekova (Spésob vyuzitia skener dat na Statistickom trade SR) a kolegovia
z Ceského s&tatistického uradu pod vedenim jeho podpredsedu Jaroslava Sixtu
(Implementacia skener dat do oficialnej Ceskej Statistiky), vyuzZivanie transakcnych
udajov obchodnych retazcov je trend, ktory sme zachytili aj v naSom regione.
Vyuzivanie tychto udajov umozni vyznamnu usporu osobnych nakladov eliminaciou
ich zberu v teréne asuCasne vyznamnym spésobom skvalitni udajovu zakladriu
na vypocCet indexu spotrebitelskych cien.
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Jacek Biatek zo Statistického uradu Polska vo svojej prezentacii Spracovanie
skenerovych dat a vypocty cenového indexu ukazal rbzne spdsoby vypoctu indexu
spotrebitel'skych cien vratane zhodnotenia ich vyuzitelnosti na ucely cenovej Statistiky.
V prispevku rieSil nielen vyuzitelnost bilateralnych, ale aj multilateralnych metod
vypoctu indexov vratane ich interpretacie, pri€om predstavil aj nim vytvorenu kniznicu
indexov v programovacom prostredi R.

Druhou nosnou témou workshopu bolo vyuZitie webscrapingu na ucely cenovych
Statistik. Tuto tému prvy defi uzavrela prezentacia Petra Knizata zo Statistického tradu
SR s nazvom Web scraping dat v indexoch spotrebitelskych cien. Prezentacia Petra
Knizata ukazala, ze potencial na modernizaciu Statistiky spotrebitelskych cien ma aj
vyuzitie tzv. web scrapovanych dat. Prezentacia vychadzala zdat, ktoré boli
scrapované z portalu cenového porovnavaca Heureka. Peter KniZat odprezentoval aj
obmedzenia tohto zdroja udajov, nakolko obsahuje len predajné ceny bez udajov
o predanych mnozstvach. Tieto nevyhody web scrapovanych udajov znamenali, ze
Statisticky urad SR zah4jil komunikaciu so spolo&nostami podnikajicimi v oblasti
e-commerce s ciefom vyuzivat tzv. datové feedy.

Spolupraca Statistického uradu SR so spoloénostou Heureka Group vyriesila nielen
eticky problém scrapovania dat z ich webovych stranok, ale zabezpecila poskytovanie
tzv. datovych feedov, ktoré obsahuju nielen udaje o predajnych cenach, parametre
predavanych tovarov zo Sirokej Skaly e-shopov, ktoré zastreSuje spolo¢nost Heureka
Group, ale aj udaje o predanych mnozstvach, ¢im tieto udaje uz maju charakter tzv.
on line transak¢nych dat. O ich vyuziti na ucely cenovej Statistiky hovoril vo svojom
prispevku Digitalne riadeny zber dat z elektronického obchodu na uvod druhého dna
workshopu Martin Faith. Tento prispevok vznikol v ramci projektu Dynamicky cenovy
model, ktory sa realizuje v Statistickom urade SR a ktory je financovany z Eurépskych
Strukturalnych fondov.

Na tému webscrapingu nadviazal vo svojej prezentacii Nové zdroje udajov
(CPI/HICP) — uspechy grantového projektu 2020/2022 Péter Quittner z Madarského
centralneho Statistického uradu. Projekt si stanovil podobné ciele ako prezentacie
predchadzajucich ucastnikov: identifikovat mozZnosti novych zdrojov udajov a zacat
ich implementovat’ do vypoctu indexu spotrebitel'skych cien. Zaujimava bola Siroka
Skala zozbieranych a spracovanych udajov, priCom zaujali napr. vystupy z udajov
o predaji ojazdenych aut, udajov z Cerpacich stanic a udajov o dovolenkovom
ubytovani. Bolo vidiet velku podobnost medzi pristupmi jednotlivych prezentujucich,
ktora spocivala aj vo vyuziti umelej inteligencie pri klasifikacii produktov, ako aj
podobné pristupy pri analyze a interpretacii ziskanych vystupov.

Posledny prispevok druhého dna workshopu bol trochu iného charakteru, ale
ukazal, ze aj administrativne zdroje udajov maju eSte potencial na modernizaciu
cenovych Statistik, Co potvrdil vo svojej prezentacii Novy zdroj tdajov v Statistike cien
nehnutelnosti Martin Jankovi¢ zo Statistického uradu SR. Preberanie udajov z Uradu
geodézie kartografie a katastra zrealnilo index cien nehnutelnosti, pretoze sa zacalo
pracovat nie s ponukovymi cenami ale realizacnymi, ktoré vytvaraju realnejSi obraz
o diani na realitnom trhu. Takisto zvySeny poCet zaznamenanych transakcii zvysil aj
kvalitu poskytovanych vystupov.

Slovenska $tatistika a demografia 3/2023 79



Peter MIZIK: Medzinarodny workshop krajin Vy$ehradskej $tvorky na tému Modernizacia $tatistiky spotrebitelskych cien

Na zaver workshopu zucastneni konstatovali, Ze toto stretnutie avymena
skusenosti nastartovali dalSiu a intenzivnejSiu spolupracu medzi Statistickymi uradmi
krajin V4. Ukazalo sa, Ze v mnohych pripadoch experti zu€astnenych krajin rieSia
rovnaké problémy, Celia podobnym vyzvam, maju podobné ciele, a ako bolo povedané
v zavere stretnutia, je pred nami eSte dlha cesta.

Ing. Peter MIZIK

Autor pracuje v Statistickom trade SR ako riaditel odboru administrativnych zdrojov tdajov.
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PRIPRAVUJEME/COMING SOON

Boris VANO
OBYVATELSTVO SLOVENSKEJ REPUBLIKY PODLA RODINNEHO STAVU
POPULATION OF THE SLOVAK REPUBLIC BY MARITAL STATUS

Milan TEREK
CHARAKTERISTIKY VYKONNOSTI PROCESU V METODOLOGII SIX SIGMA
PROCESS PERFORMANCE MEASURES IN SIX SIGMA METHODOLOGY

Boris FRANKOVIC
VYPOCET RYCHLYCH ODHADOV V STATISTIKE CESTOVNEHO RUCHU
CALCULATION OF FLASH ESTIMATES IN TOURISM STATISTICS

* % %

ONLINE VERZIA CISLA 3/2023 SLOVENSKEJ STATISTIKY A DEMOGRAFIE JE
VEREJNE  DOSTUPNA  na webovych strankach slovak.statistics.sk
a ssad.statistics.sk od 15. JULA 2023.

THE ONLINE VERSION OF THE JOURNAL SLOVAK STATISTICS AND

DEMOGRAPHY No 3 (2023) IS PUBLICLY BE AVAILABLE at the websites
slovak.statistics.sk and ssad.statistics.sk from JULY 15, 2023.
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INFORMACIE PRE PRISPIEVATELOV

Prispevky prijimame v slovenskom, v Eeskom
a v anglickom jazyku. Musia reSpektovat’ odborné
zameranie Casopisu a jeho vedecky charakter.
Zaslany prispevok nesmie byt v recenznom ko-
nani vinom ¢asopise, ani uverejneny v odbornej
a inej tlaci.

Prispevky zasielajte v elektronickej forme vo forma-
te MS Word alebo Open Office, typ pisma Arial,
velkost 12, riadkovanie 1. Nad titulkom treba
uviest meno autora a jeho pracovisko.
Sucastou prispevku je abstrakt (zakladny popis
ciefa a spdsobu spracovania faktov v rozsahu
do 100 slov), kluGové slova (maximalne 5),
resume (stru¢né zhrnutie obsahu ¢lanku s déra-
zom na jeho prinos a najvyznamnejSie zavery
v rozsahu do 500 slov), profesijny zivotopis
(v rozsahu do 120 slov) a kontakt (e-mailova
adresa autora). Nazov ¢lanku, abstrakt, kfucové
slova a resumé poskytne autor aj v anglickom
jazyku. Zoznam pouzitej literatury v abecednom
poradi s uplnymi bibliografickymi udajmi sa uvadza
na konci c¢lanku. Odkazy na literaturu sa
uvadzaju v texte Cislami v hranatych zatvor-
kach. Poznamky s poradovym €islom st umiest-
nené pod Ciarou na prislusnej strane textu, ku
ktoremu sa vztahuju. PodrobnejSie pokyny
najdu autori na ssad.statistics.sk.

Maximalny rozsah vedeckych ¢lankov je 15 normo-
stran, informativnych ¢lankov 6 normostran,
recenzie, rozhovory a informacie publikujeme
v rozsahu maximalne 3 normostrany. Tabulky,
mapy, grafy a obrazky musia mat nazov a uvede-
ny zdroj udajov; odporuCame, aby kopirovali
Sirku textu. Skratky sa pouzivaju len minimailne,
pri prvom pouziti je potrebné skratku v zatvorke
rozpisat. Redakcia zabezpeluje jazykovu
Upravu textu.

Prispevky su recenzované. Oponentské konanie
je obojstranne anonymné. Koneéné rozhodnutie
o publikovani ¢lanku vydava redakéna rada.
Redakcia si vyhradzuje pravo zverejnit ¢lanky
schvalené redakénou radou v tlacenej a elektro-
nickej podobe na ssad.statistics.sk.

INFORMATION FOR AUTHORS

Articles are accepted in Slovak, Czech and
English languages and must comply with the
journal’s professional specialisation and scienti-
fic nature as well. The submitted articles should
not be reviewed by another journal and should
not have already been published in any speciali-
sed or other press.

Please submit your articles in electronic form, in
MS Word or Open Office format, Arial font, size
12 and typed in single spacing. The author’s
name and workplace should be indicated above
the title.

Articles should contain an abstract (general
description of the objective and the processing
methods used up to 100 words), key words
(max. 5), resume (brief summary of the article’s
content emphasizing its contribution and the
most important conclusions up to 500 words),
curriculum vitae of the author (no more than 120
words) and the author’s contact (e-mail address).
The author should submit the article’s title,
abstract, key words and resume in English
language. List of the literature used with full
bibliographic data should be given in alphabeti-
cal order at the end of an article. Bibliographic
citations should be given in square brackets.
References are indicated by numbers in a textin
square brackets. Footnotes should be numbered
in the order of the corresponding page of a text.
Authors can find more details at the website
ssad.statistics.sk.

Maximum scope of a scientific article is up to 15
standard pages, informative articles should be up to
6 standard pages in length, reviews, discussions
and information not more than 3 standard
pages. Tables, maps, graphs and pictures should
have a title and the data source indicated, it is
also advised to copy the width of a text. Abbre-
viations should be used only rarely and should
be appropriately explained in parentheses when
first used. Language text revisions are provided
by the editorial office.

Articles are reviewed. The opponent procedure
is mutually anonymous. The final decision on the
article’s publication is made by the editorial board.

The editorial office reserves the right to publish
articles approved by the editorial board in
printed and electronic form at the website
ssad.statistics.sk.



SLOVENSKA STATISTIKA A DEMOGRAFIA

je jediny recenzovany vedecky ¢asopis so zame-
ranim na prezentaciu modernych Statistickych
a demografickych metdéd a postupov. Propa-
gujeme miesto a vyznam slovenskej Statistiky
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