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Abstract. Statistical data is often used as the foundations for policy prediction, planning and adjustments, and therefore has a
significant impact on the society (from citizens to businesses to governments). Linked Data paradigm has opened new possibil-
ities and perspectives for the process of collecting and monitoring socio-economic indicators. The paper introduces the LOD2
Statistical Workbench, an integrated set of professional tools for accessing, manipulating, exploring and publishing statistical
data. The data representation and processing is based on the W3C standard vocabularies (RDF Data Cube as a main model)
and open source components delivered by the LOD2 consortium. Using an illustrative case study of the Statistical Office of the
Republic of Serbia, the paper gives an overview of possible scenarios and shows examples of its use. The first results indicate
that wider adoption of the Linked Data tools in practice can be foreseen.
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1. Problem statement

Data is open if it is technically open (available in a machine-readable standard format, which means it can be re-
trieved and meaningfully processed by a computer application) and legally open (explicitly licensed in a way that
permits commercial and non-commercial use and re-use without restrictions)*. Although Open Government Data
policies have spread fast (the number of open data initiatives has grown from two to over 300)[1], the availability
of truly open data remains low, with less than 7% of the dataset surveyed in the Open Data Barometer published
both in bulk machine-readable forms, and under open licenses [2]. Figure 1 shows, for instance, three types of
open data portals:
« Open Data Portal in Country X contains data and metadata descriptions, but does not provide DCAT?
support for harmonization of portal/catalog with similar data portals/catalogs,
¢ Open Data Portal in Country Y contains data and metadata descriptions, as well as a Linked Data
SPARQL endpoint, but is not harvested on an international level
¢ Open Data Portal in Country Z is CKAN based, meaning that it can be easily harvested by other metadata
catalogs on international level.

Assuming that a new user of open data or a developer of innovative services (see right side of Figure 1) has
identified the resources to be re-used, the questions that could be raised are:
e Is the open data ready for exploration? Is the metadata complete? What about the granularity? Do we
have enough information about the domain/region the data is describing?
e Is it possible to fuse heterogeneous data and formats from different publishers and what are the necessary
steps? Are there standard services for querying government portals?

! http://data.worldbank.org/about/open-government-data-toolkit/knowledge-repository
2 DCAT, http://www.w3.org/TR/vocab-dcat/, is an RDF vocabulary designed to facilitate interoperability between data
catalogs published on the Web.



http://www.w3.org/TR/vocab-dcat/

Linked Data® paradigm [3,4] has been utilized recently in order to achieve publishing and linking of datasets
together through references to common concepts. The standard for the representation of the information that de-
scribes those entities and concepts is RDF.
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Fig. 1. Exploring and consuming open data.

2. Linked Data Life Cycle

The Linked Data Life Cycle consists of a set of steps or phases for:

o efficient transformation / conversion of traditional data stores (e.g. CSV, XML, relational databases) into
linked, machine readable formats;

e managing triple stores containing Linked Data in RDF format;

e enriching, interlinking and adding meaning to data;

o quality assessment, evolution and repair of data;

¢ publishing data and respective metadata using the LOD publication strategy;

e searching, browsing, visualization, exploration and re-use of data.

Aimed at providing a set of professional tools for accessing, manipulating, exploring and publishing statistical
data in a Linked Data format, the LOD2 consortium developed the LOD2* Statistical Workbench. The work was
motivated also by the number of open datasets with statistical data and the need to support the process of manag-
ing Linked Data modelled with the RDF Data Cube vocabulary®.

The potential benefits of converting statistical data into Linked Data format were studied through several sce-
narios for the National Statistical Office use case [5], see Table 1.

® The term Linked Data here refers to a set of best practices for publishing and connecting structured data on the Web.
* http://lod2.eu , FP7 project ("Creating knowledge out of interlinked data")
® http://www.w3.0rg/TR/2014/REC-vocab-data-cube-20140116/
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Fig. 2. Linked Data Life Cycle as it is supported by LOD2 Statistical Workbench.

Table 1. Overview of scenarios

Goal Scenario Benefits / Expected added value
Metadata man- Code lists - creating and Standardization on the metadata level (a) will allow harmonization of specific con-
agement maintaining cepts and terminology, (b) will improve interoperability, and (c) will support multi-

linguality in statistical information systems across Europe

Export functional-
ities

Export to different formats

Data Exchange with other semantic tools, as well as other commonly used spread-
sheet tool e.g. Microsoft Excel.

RDF Data Cube -

CSV Data Extraction

Extraction, Vali-

XML Data Extraction

dation and Initial

SDMX-ML 2 RDF/ XML

Standardization of the extraction (CSV2DataCube, XML2DataCube,
SDMX2RDFDataCube) process

Exploration Extraction
RDF Data Cube Quality Building well-formed RDF Data Cubes, where statistical data has been assigned an
Assessment (validation and unique URI, meaning and links to similar data. This approach facilitates search and
analysis of integrity con- enables re-use of public statistical data.
straints) The well-formed RDF Data Cubes satisfy a number of integrity constraints and
contain metadata thus enabling automation of different operations (exchange, link-
ing, exploration)
RDF Data Cube - Merging RDF Data Cubes Data fusion i.e. creation of a single dataset and different graphical charts that sup-

Transformation,
Exploratory Anal-
ysis and Visuali-

ports the exploratory analysis (e.g. indicator comparison)

Slicing RDF Data Cubes

Facilitate creation of intersections in multidimensional data

Visualization of RDF Data

Efficient analysis and search for trends in statistical data

zation Cubes
Interlinking Code lists - Interlinking Assigning meaning, improved interoperability of data with similar governmental
agencies
CSV Data Extraction and Assigning meaning
Reconciliation with DBpedia
Publishing Publishing to CKAN Increased transparency, improved accessibility of statistical data

3. LOD?2 Statistical Workbench in use

Linked Data principles have been introduced into a wide variety of application domains, e.g. publishing statisti-
cal data and interpretation of statistics [6], improving tourism experience [7], pharmaceutical R&D data sharing
[8], crowdsourcing in emergency management [9], etc.

In the course of the LOD?2 activities, the Institute Mihajlo Pupin used the LOD2 Statistical Workbench to pub-
lish statistical data from the Statistical Office of the Republic of Serbia in Linked Data format via the Serbian



CKANS®. The Serbian CKAN is a metadata repository to be used by Serbian national institutions for dissemination
purposes. The Statistical Office of the Republic of Serbia is in the process of adopting the LOD2 Statistical Work-
bench for automatic publishing data of data (in the existing and new packages’) to the Serbian CKAN.

3.1. Example 1: Quality assessment of RDF Data Cubes

Prior to publishing RDF data on an existing CKAN and thus enabling other users to download and exploit the
data for various purposes, every dataset should be validated to ensure it conforms to the RDF Data Cube model.
The data validation step is covered by the LOD2 Tool Stack, i.e. through the following software tools:

— The RDF Data Cube Validation Tool [10];

— The CubeViz tool for visualization of RDF Data Cubes [11].

The RDF Data Cube Validation Tool aims at speeding-up the processing and publishing of Linked Data in
RDF Data Cube format by facilitating improvement of data quality. Its main use is validating the integrity con-
straints defined in the RDF Data Cube specification. It works with the Virtuoso Universal Server as a backend and
can be run from the LOD?2 Statistical Workbench environment®.

The main benefits of using this component are improved understanding of the RDF Data Cube vocabulary and
automatic repair of identified errors. The tool points out resources that violate the constraint, provides an explana-
tion about the problem, and if possible, offers a quick solution to the problem. Once an RDF Data Cube satisfies
the standard integrity constraints, it can be visualized with the CubeViz tool. A more detailed quality analysis sce-
nario is included in the LOD2 Stack Documentation.

3.2. Example 2: Filtering, visualization and export of RDF Data Cubes

The CubeViz facetted browser and visualization tool can be used to filter observations to be visualized in charts
interactively. Aggregation methods supported are SUM, AVG, MIN and MAX. Step-by-step interactions with the
tool in an exploration session can be explained as follows (see Figure 2):

— Select one of the available datasets in the graph;

— Choose the observations of interest by using the available dimensions;

— Visualize the statistics by using groups, or

— Visualize the statistics in two different measure values (millions of national currency and percentages).

3.3. Example 3: Merging RDF Data Cubes

Merging is an operation of creating a new dataset (RDF Data Cube) that compiles observations from the origi-
nal datasets (two or more), and additional resources (e.g. data structure definition, component specifications) that
will allow visualization of the newly created dataset. In order to obtain meaningful charts the observed phenomena
(i.e serial data) have to be described on the same granularity level (e.g. year, country) and expressed in same units
of measurement (e.g. euro, %). Therefore alignment of the code lists used in the input data is necessary before the
merging operation is performed [12].

4, Conclusions

The LOD?2 Statistical Workbench contributes to the standardization of the Linked Data processing in statistical
data domain in organizations such as national statistical offices (institutes), national banks, publication offices,
etc. The first evaluation results showed that the RDF Data Cube vocabulary is mature enough to be used for pub-
lishing statistical data as it improves interoperability and allows comparison of data from different statistical
sources. Furthermore, the LOD?2 tools and technologies yield to establishment of interoperable Open Government
Data ecosystem whose benefits are economic, through the identification of new business opportunities, and social,
through increased transparency, participation and accountability.

6 http://rs.ckan.net
7 http://rs.ckan.net/group/rzs

8http://demo.lod2.eu/lod2statworkbench or http:/fraunhofer2.imp.bg.ac.rs/lod2statworkbench/
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Fig. 3. RDF Data Cube — exploration and analysis.
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