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Abstract: The project presented has been financed by Government of Aragon and
is part of the ‘Open Data’ initiative promoted by that organization. Given the
amount of unstructured information related to the Government of Aragon currently
published on the Internet, with slightly or no standardization and decentralized, it
emerges the need to gather it systematically to be offered to all interested collec-
tives from a single access point in a public and structured way. Within this context,
‘Aragon Open Data’ project aims to collect, organize, store and maintain updated,
Administration’s web information by means of human language and semantic tech-
nologies. Firstly, crawling is performed over websites in order to retrieve textual data
over which Natural Language Processing (NLP) and ontology-based techniques are
applied. Thereafter, results are stored into NoSQL databases, allowing future open
access and simple data exploitation. NLP techniques used in the project involve
named-entities recognition and classification (NERC) and texts semantic classifica-
tion and summarization.
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Resumen: El proyecto presentado, financiado por el Gobierno de Aragdn, se en-
marca dentro de la iniciativa de ‘Open Data’ promovida por dicho organismo. Dada
la cantidad de informacién no estructurada relacionada con el Gobierno de Aragdn,
publicada en Internet de forma no estandarizada y descentralizada, surge la necesi-
dad de recopilarla sistematicamente para ser ofrecida a los colectivos de interés desde
un unico punto de acceso, publica y estructuradamente. En este contexto el obje-
tivo del proyecto ‘Aragén Open Data’es extraer, organizar, almacenar y mantener
actualizada la informacién web de la administracion, mediante el uso de tecnologias
seméanticas y del lenguaje. Concretamente, se realiza un crawling exhaustivo de
paginas web para extraer los datos textuales sobre los cudles se aplican técnicas
basadas en ontologias y de procesamiento de lenguaje natural (PLN). Finalmente
se almacenan los resultados en bases de datos NoSQL, permitiendo su futura ex-
plotaciéon de manera sencilla, abierta y transparente al ciudadano. Las técnicas de
PLN utilizadas en el proyecto incluyen el reconocimiento y clasificacién de entidades
nombradas (NERC) y la clasificacién seméntica y resumen de textos.
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1 Introduction

Nowadays, Open Data is a worldwide move-
ment whose philosophy aims to provide data
openness and availability to citizens. Many
countries have introduce an Open Data Ini-
ISSN 1135-5948. DOI 10.26342/2018-61-21

tiative using government data!. Particularly,
in Europe, Open Data has positioned itself
as a focus of interest among policymakers for

1“Open Data Barometer Global Report”. Avail-
able on https://opendatabarometer.org
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over a decade?.

Aragén Open Data is a project framed by
the agreement of July 17, 2012 of the Gov-
ernment of Aragon guided by the core idea
of opening public data to the general pub-
lic in order to be accessed, used and shared
in a standard and valuable way. Its In-
ternet portal http://opendata.aragon.es
was publicly presented with the final pur-
pose of creating economic value within the
ICT sector through the reuse of public in-
formation, increasing Administration’s trans-
parency, promoting innovation, improving
information systems of the Administration,
adopting technical standards in the informa-
tion society field and generating data inter-
operability between public sector websites.

Aragonese public administration presents
a complex casuistry in their data generation
processes that is reflected in the proliferation
of a large number of websites, subdomains,
portals and downloadable documents in het-
erogeneous formats under its root domain:
aragon.es. This circumstances make it diffi-
cult to easily access and make use of the infor-
mation by users and Government services as
well, generating the popular sense of certain
lack of transparency from the public admin-
istration.

In order to deal with these issues, a so-
lution is required to allow data and insti-
tutional information that is currently dis-
persed, non-homogeneous, uncontrolled and
non-exploitable, is converted into structured
data that can be analyzed together, be acces-
sible, be browsed by related concepts and be
exploited and served to third parties (other
institutional websites, media, developers or
citizens). For this reason, an open data so-
lution has been implemented. It retrieves all
the institutional information published over
the Internet by means of web crawling or spi-
der techniques within the existing domains
of the Government of Aragon. Data anal-
ysis and structuring is performed by NLP
techniques, such as semantic classification,
NERC or summarization, combined with the
use of an ontology designed and implemented
within the context of the project, this is, the
Interoperable Information Scheme of Aragon
(EI2A). Likewise, the data obtained through-
out this process will be used to verify and, if

2«The Re-use of  Public Sector In-
formation = Regulations”. Available  on

http://www.legislation.gov.uk /uksi/2015/1415/made
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necessary, enrich the operation of the ontol-
ogy, leading to a continuous update of the
system knowledge. Therefore, EI2A emerges
with the main idea of generating a framework
in which the open data and regional govern-
ment data in general, can begin to be auto-
mated in a much deeper way.

2 Proposed Approach

In this section, the proposed approach fol-
lowed to develop the system of capture and
exploitation of the institutional web content
is described. The functional design of the
system is visually displayed in Figure 1. It is
focused on three main modules:

1. Textual information retrieval from web-
sites under aragon.es domain.

2. Natural language processing (NLP)
techniques application on extracted
data.

3. Results storage into NoSQL databases,
conforming EI2A structure.

This process is executed periodically, allow-
ing exploitation and query of updated results
in real time.

Capturing of

information NLP

techniques

Categorization

NERC

Storage of
information

Web Crawler

Figure 1: Functional Design

These functionalities have been imple-
mented through Moriarty® (Pefia et al.,
2016), an ITAINNOVA’s framework that al-
lows the development of advanced software
solutions for Big Data and Artificial Intelli-
gence. In the following subsections a detailed
explanation of each one of these three mod-
ules is provided.

3“Moriarty”. Information available

http://www.ita.es/moriarty/

on:
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2.1 Information Retrieval

A set of information sources as websites, sub-
domains or portals, are considered the seed of
this approach, from which a list of URLs is
created with the depth of the analysis, maxi-
mum number of pages to analyze and number
of crawling-threads desired. Afterwards, web
crawling techniques are applied in order to
extract all the institutional textual informa-
tion possible from these sources.

Once information has been extracted, a
cleaning task is performed applying cus-
tomized meta-data removing rules, which re-
sults in a text prepared for the later applica-
tion of NLP techniques. Elimination of head-
ers, footnotes or indexes are some of the func-
tionalities applied in this phase.

Since web information could change fre-
quently and new pages may appear, web
crawling is executed periodically, analyzing
the new webs that appear or reprocessing the
webs that have changed.

2.2 NLP techniques

Main NLP techniques used over the textual
data, as shown in Figure 1, involve text sum-
marization, thesaurus-based semantic classi-
fication and the named entities recognition
and classification (NERC). Before applying
these high level NLP techniques, it is nec-
essary to preprocess text, performing some
common task such as lowercase transforma-
tions, lemmatization or stopwords filtering.

These NLP techniques provide valuable
results of general interest to the user, con-
tributing to the performance of the project
objective. Summary task offers a synthesis
of the textual information with the most rele-
vant sentences by means of graph-based rank-
ing algorithms (Erkan and Radev, 2004), the
NERC task identifies implicit information of
the texts about the people, organizations and
places that are named in them, thanks to the
use of neural networks algorithms (Chiu and
Nichols, 2015).

The information extracted from the ap-
plication of NLP techniques and the storage
of their results has followed a legal method-
ology. In particular, due to legal aspects,
people extracted from NERC technique, who
do not belong to the organizational chart of
Government of Aragon, is anonymized in the
summary task by asterisks.
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2.3 Storage and structuring of
information: EI2A ontology

Extracted knowledge of web textual con-
tent is stored in a structured and controlled
manner, both into Solr database and Virtu-
oso through triplets according to the EI2A
scheme for further exploitation.

Based on the philosophy of the Seman-
tic Web, well-known ontologies, schemes and
vocabularies endorsed by European direc-
tives (INSPIRE)* and International Consor-
tium (W3C)® such as The Organization On-
tology, Simple Knowledge Organization Sys-
tem, RDF Schema, XML Schema, Dublin
Core Metadata Terms, Schema.org, Friend
Of A Friend, ISA Program Person Core Vo-
cabulary, ISA Program Location Core Vocab-
ulary, WGS84 Geo Positioning, The Event
Ontology and OWL-Time have been reused
to model EI2A ontology. In the process of
construction of the EI2A ontology method-
ological guides (Noy and McGuinness, 2005;
Ferndndez-Lépez, Gémez-Pérez, and Juristo,
1997) have been followed.

The Organization Ontology provides con-
cepts and relations to support the repre-
sentation of organizational structure (notion
of an organization, decomposition into sub-
organizations and units, purpose and classifi-
cation of organizations); reporting structure
(membership and reporting structure within
an organization; roles, posts, and relation-
ships between people and organizations); lo-
cation information (sites or buldings, loca-
tions within sites) and organizational history
(merger, neaming). A Government of Aragon
domain-especific extension has been added to
model the nature of an organic unit or of-
fice in Aragon (level of administration, public
or private character, classification of a public
entity, etc.). EI2A ontology model has been
enriched with aspects and metadata of the
DIR® and ENT'.

ISA Programme Person Core Vocabulary
and ISA Programme Location Core Vocabu-
lary are reused for describing a natural per-
son and any place in terms of its name, ad-
dress or geometry. Other institutional data of
common interest identified and modeled are
focused on concepts related to documents, ge-
olocation, territory, event, temporality and

“http://www.idee.es/europeo-inspire
https://www.w3.org/
Shttp://administracionelectronica.gob.es/ctt/dir3
"http://administracionelectronica.gob.es/ctt/eni
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URIs.

In order to apply EI2A scheme on real
data, the ontology has been populated. On
one hand, EI2A has been populated with in-
formation related to the organizational chart
of Government of Aragén extracted from
spreadsheets. In this way, semantic infor-
mation is added to indicate the nature of
a person’s membership of an organization,
that is to say, that a person belongs to a
unit or department with a specific role in
a valid time interval. On the other hand,
motivated by the need of automatic way to
extract, structure and standardize informa-
tion from the huge amount of textual content
available on the institutional websites, EI2A
ontology has also been populated with new
instances of concepts and relations provided
by the NERC process. For example, informa-
tion related to a recognized entity (person,
organization and/or location) has been cited
on a web that is classified under a categoriza-
tion of themes of the Government of Aragon
is specified semantically, in addition to add
data related to the summary, the url and the
date of capture of textual web content. A
browser through the ontological model EI2A
is illustrated in Figure 2.
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Figure 2: Browser for EI2A elements

Francisco Javier Lamban Mentafés

3 Conclusions and Future Work

Despite dealing with texts with a great diver-
sity of domains and formats, the work carried
out manages to integrate a generic system ca-
pable of fulfilling the expectations presented
at the beginning. In addition, the results ob-
tained are significantly satisfactory.

In this context, the viability of the pro-
posed project has been verified and new as-
pects have been detected in which it is nec-
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essary to continue exploring. To this end,
the need to deploy the solution over the pub-
lic Aragonese infrastructures is raised, in or-
der to develop on top of this system natural
language recognition services with the chal-
lenge to understand questions asked by a user
and know what needs to be answered (for ex-
ample, semantic search engine and assistant
BOT), to investigate new services in the line
of extracting knowledge from the unstruc-
tured information that the Government of
Aragon has, and to continue expanding and
evolving the EI2A schema with the definition
of new concepts and relationships based on
the information processed as a consequence
of the indicated actions.

Acknowledgements

This work has been partly funded by the De-
partment of Innovation, Research and Uni-
versity of the Government of Aragdén in the
context of the Aragén Open Data project.
Special thanks to General Direction of Elec-
tronic Administration and the Information
Society, Iciar Alonso and Julidn Moyano for
their collaboration. Also, this work has been
partly financed by the FSE Operative Pro-
gramme for Aragon (2014-2020).

References

Chiu, J. P. and E. Nichols. 2015. Named
entity recognition with bidirectional lstm-
cnns. arXww preprint arXiw:1511.08308.

Erkan, G. and D. R. Radev. 2004. Lexrank:
Graph-based lexical centrality as salience
in text summarization. Journal of Artifi-
cial Intelligence Research, 22:457-479.

Fernandez-Loépez, M., A. Gémez-Pérez, and
N. Juristo. 1997. Methontology: from on-
tological art towards ontological engineer-
ing.

Noy, N. F. and D. L. McGuinness. 2005.
Desarrollo de ontologias-101: guia para
crear tu primera ontologia. Avail-

able on http://ocw.uc3m.es/ingenieria-
informatica/sistemas-avanzados-de-
recuperacion-de-informacion/ejercicios.

Penia, P., R. del Hoyo, J. Vea-Murguia,
V. Rodrigalvarez, J. I. Calvo, and J. M.
Martin. 2016. Moriarty: Improving ‘time
to market’ in big data and artificial intel-
ligence applications. International Jour-
nal of Design € Nature and Ecodynamics,

11:230-238.





