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ABSTRACT

Lynx is an innovation project in Europe whose objective is to develop services for legal compliance. A legal knowledge
graph is built over multilingual, multijurisdictional documents using semantic web technologies. A collection of ser-
vices implementing natural language techniques enables better legal information retrieval, cross-lingual answering
of questions and information discovery. Three use cases are discussed, as well as the overall impact of the project.
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1. INTRODUCTION

The European Union (EU), post-Brexit, is comprised
of 27 member states populated by approximately 450
million people, who speak over 60 indigenous languages
with different legal status. The EU has adopted 24 official
languages, and every EU national has the right to use any
of these 24 languages to contact the EU institutions, and
institutions are obliged to reply in the same language.
Although the European Commission favors three of these
languages as ‘procedural languages’ (English, French and
German), EU law and many other legislative documents
are published in all official languages except Irish. How-
ever, member states do not translate their legislation into
foreign languages and finding the applicable norms in any
location in one’s own language is not easy.

The double fragmentation (of Law and languages)
hampers the development of a unified market with fluid
commercial exchanges in Europe. This has been recognized
by the EU authorities, who set the completion of the Digital
Single Market as one of their 10 political priorities for the
term 2014-2019. The actions required to implement this
goal include disparate measures such as the abolishment
of roaming charges for mobile telephones across Europe
and the funding of applied research towards lowering
barriers. Thus, the EU funded the now expiring Horizon
2020 Framework Program (H2020)* with 77,000 M€,
and many of the projects included in the program have
focused on language technologies.

The H2020 Lynx project (‘Building the Legal Knowl-
edge Graph for Smart Compliance Services in Multilingual
Europe’) is one of these efforts. This article describes
how the combination of Semantic Web technologies
and natural language processing techniques applied in
the legal domain by the Lynx project opens the door to
a new breed of legal information systems, cross-lingual
and cross-jurisdictional, whose opportunities are yet to
be fully explored.

2. RESULTS OF LYNX PROJECT

The Lynx project began in December 2017 with the
objective of developing services to facilitate compliance in
multilingual, multijurisdictional scenarios. The hypotheses
were that semantic web technologies were mature and that
natural language processing techniques had experienced

a decisive leap forward that made their joint exploitation
timely (Montiel-Ponsoda and Rodriguez-Doncel 2018).
Technology would provide affordable services for compli-
ance to be consumed by small and medium enterprises
(SMEs). Funded with 3M<€ until April 2021, the Lynx pro-
ject was run by a consortium of 11 partners integrating
universities (doing fundamental research), IT companies
(providing real-scale infrastructure), language experts
(machine translation companies, editors of dictionaries)
and law firms (which are experiencing heavy transforma-
tions in their digitization processes). The main results of
the project are the following:

2.1. AMULTILINGUAL LEGAL KNOWLEDGE GRAPH

A knowledge graph is a collection of interconnected
entities with semantic types and properties, represented
in a machine-readable form (Kroetsch and Weikum 2016).
Much of the progress made by knowledge-related informa-
tion systems in the last few years is owed to this technique,
applied by large companies in private knowledge graphs
or uploaded into the commons as linked open data by a
myriad of parties (Bizer 2009). The cornerstone of the
Lynx project is a knowledge graph oflegal and regulatory
information that brings together legislation and other
legal resources from several jurisdictions in Europe. The
technology that enables this integration of multiple sources
is Resource Description Framework (RDF), a framework
specified by the World Wide Web Consortium (W3C) to
represent data in graph structures. Using the specifications
of the W3C for the Semantic Web, data becomes more
connected and is more easily interoperable. Application
to the legal domain has been described by Casanovas et
al. (2016). So far, the Lynx project has identified the ma-
jor legal resources emerging from the European Union,
Spain, Austria, Germany and the Netherlands, necessary
to provide exploitable compliance services for Lynx busi-
ness cases (Conejero et al. 2018). An ontology or data
model has been created to identify and describe legal
documents with metadata, structuring the content in as
minimal way as possible. The so-called ‘Legal Knowledge
Graph Ontology’ defined in Lynx is based on the European
Legislation Identifier (ELI) and NLP Interchange Format
(NIF). The ELI initiative,® adopted by the EU and several
EU member states, specified ‘a system to make legislation

YA The end-of-term assessment of these priorities has been evaluated in a report: European Commission (2019). The Juncker Commission's ten priorities. Doi:

10.2861/618373
2 http.//ec.europa.eu/newsroom/horizon2020/document.cfim?doc_id=17607

3 Council conclusions inviting the introduction of the European Legislation Identifier (ELI). DO C 325 de 26.10.2012
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available online in a standardized format’ and includes
an ELI ontology* which has proven useful in harmoniz-
ing the metadata of norms. The NIF ontology is aimed at
providing text annotations with linguistic information
(Hellman et al. 2014).

2.2. SOFTWARE

In addition to having defined data models and legal
knowledge graphs, the Lynx project has also developed
software. This software has taken the form of a service-
oriented architecture and a collection of interoperable
compliance-related services. These services are capable
of (i) neural machine translation, using models specifically
trained for the legal domain; (ii) annotation of documents,
identifying named entities such as companies, temporal
entities or persons; (iii) summarization of documents; (iv)
question answering and cross-lingual search (Khvalchik
etal. 2019) and (v) terminologically-related services.

Population workflows orchestrating these services
have been put in place (Schneider et al. 2018 and 2020):
original documents have been annotated with these
NLP-based services, uniformly structured and linked to
internal and external references. A major role in provid-
ing intelligence to these services is provided by the use
of domain-specific terminologies, which support the in-
formation retrieval operations in cross lingual scenarios
(Martin-Chozas et al. 2019).

2.3. DEMONSTRATION IN DIVERSE SCENARIOS

Three different application scenarios have been consid-
ered by the Lynx project. The aim of the first use case was
to answer labor law-related questions posed by lawyers in
plain language, considering both legislation and collective
bargaining agreements. The second use case, focused on
contract analysis, aimed at extracting the key information
in text contracts of any kind, making them available for
further processing in a structured form, thus reducing
costs, and corporate and personal risks. The third use
case, related to geothermal energy projects, aimed at re-
trieving the applicable legislation and technical standards
that may apply in a certain location at a certain moment

in time. These three heterogenous commercialized cases,
prove the versatility of the Lynx solution.

3. IMPACT OF THE PROJECT

The Lynx project was modest in its objectives but has
had some impact, both from the technological perspective
and from the socio-legal perspective.

1) Lynx has demonstrated that there is a gap between
the public legal information offered by official sources
and the legal information provided by commercial
systems, and has proved that the gap can be covered
fairly cheaply. The maturity of semantic web technolo-
gies and the considerable improvement in the quality
of open natural language techniques have created an
opportunity for leveraging enriched public legal in-
formation to develop compliance by design solutions.

2) Lynx has made use of recently created resources in
the linguistic linked open data cloud (Cimiano et al.
2020), demonstrating their value in a new application
domain. Legal thesauri, terminologies and ontologies
help to improve cross information retrieval tasks in
different subdomains, such as data protection (Pandit
etal. 2018), intellectual property (Rodriguez-Doncel
etal. 2015), economics (Neubert 2009), and criminol-
ogy (Schmidt et al. 2020).

3) Lynx has demonstrated the need to further develop
uniform standards across Europe. Much as the ELI
harmonized the way legislation is identified and de-
scribed in the EU and some of its member states, there
is a need for institutions to adopt uniform content
structuring for legislative documents, using standards
such as CEN Metalex® and OASIS LegalDocML.° The
legislator is thereby encouraged to issue legislation
not in traditional formats such as PDF, but also in
machine-readable forms.

4) Access to legal information is democratized, and citi-
zens have access to information previously available
only to law firms paying fees. Although Lynx has used
some commercial software systems (such as PoolParty’
or Tilde’s translation services®), and some non-open
data (such as KDictionaries’ Lexicala®), a large part of
the source code and resulting data have been licensed

* https://publications.europa.eu/en/web/eu-vocabularies/eli
5 http://www.metalex.eu/.

® http://www.legalxml.org/

7 http://poolparty.biz

8 http://tilde.com

® https://www.lexicala.com/
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4. CONCLUSIONS

Europe has invested in technologies to build a digital
single market that overcome language and legal hetero-
geneities, and NLP and semantic web technologies have
much to offer, as the Lynx project has shown -although
much effort is still required. The legal knowledge graph
developed in this project covers only very specific domains,
is extended to limited jurisdictions and gives coverage to
just a few languages. Moreover, it ignores case law (al-
though other existing projects made great progress, like
Boella etal. 2015) and the accrual methods to update the
graph are limited to the project term. However, the Lynx
project has set a precedent for others. The same needs
covered by Lynx appear in other regions of the globe
and the overall prospect of a new way of publishing and
interlinking legislation will be beneficial for SMEs and
citizens alike.
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