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Abstract. The information contained in legal information systems are
often accessed through simple keyword interfaces and presented as a
simple list of hits. In order to improve search accuracy one may avail
of knowledge graphs, where the semantics of the data can be made explicit. This article reports on challenges encountered and achievements
made during the development of a knowledge graph-based search engine
designed for German court case data at Wolters Kluwer Germany.
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Introduction

The body of law to which citizens and businesses have to adhere is constantly
increasing in volume and complexity [1]. Such information is usually provided
by unstructured text within legal documents, for which various solutions have
been developed to enable search (based e.g. on natural language processing [10]
or on structure extraction [8]) and browsing capabilities (using solutions from
question-answering systems [3] to multi-facet exploration tool [9]) on large legal
corpora. Nonetheless, existing systems usually provide limited keyword-based
search interfaces displaying results as a simple list of hits [6]. This makes the
process of information retrieval time consuming and inefficient, especially when
dealing with large amounts of information [11]. Moreover, the usefulness of such
information varies widely and depends on its structure and its representation
(see [2] for a classification of 23 legal ontologies). Even though the information
is available, users and legal professionals may find the exploration of legal information problematic when interested in specific circumstances or investigating a
particular case.
In this context, adapt3 and wolters kluwer germany4 (wkd) joined forces.
Through the years, wkd built a very large dataset containing about a million
german language xml-based legal documents. A detailed taxonomy, which is
associated with their court case dataset, has also been developed by wkd to
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Fig. 1. Search engine user interface.

structure these xml files. The xml format, however, restricts data analysis capabilities by keeping implicit the relationships between concepts and text fragments
within legal documents. From these documents, the two partners built together
a german-based legal knowledge graph (KG) [4] focusing their efforts on improving the search accuracy and the enrichment opportunities that interlinking
features underpinning the Semantic Web approach brings. This paper reports
on the search system that was developed leveraging this new KG approach.
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Enabling semantic search over German court cases

The starting point of this project was a dataset of about one million documents,
in German, containing information about legal court cases in Germany that has
been built by wkd over the past decades. A taxonomy covering legal concepts
was also developed by wkd’s experts to provide structure to the information contained in their dataset. The Simple Knowledge Organization System (SKOS)5
vocabulary is used to describe legal concepts and their relations in this taxonomy. In wkd’s taxonomy, each legal concept is represented as an instance of
skos:Concept, with their relationships being expressed through the properties
skos:narrower and skos:broader.
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Fig. 2. Sequence diagram for the proposed search engine.

2.1

Challenges

The first challenge has been to annotate and take into account the preexisting
structure of such a large, domain-specific, corpus of legal text, in order to build
the knowledge graph. Secondly, extensive effort has been invested into capturing
the requirements that needed to be featured in the developed engine, working in
close collaboration with legal experts. Finally, close collaboration with German
end-users has been undertaken in order to evaluate the accuracy of the results
achieved and the value created for the business. Keeping in mind that the new
search system was bound not to revolutionise the preexisting search experience
of the legal experts, typically based on traditional keyword based search.
2.2

Data processing pipeline

The main input of our data pipeline, and the search engine itself, is the wkd
legal text corpus. The legal documents were originally stored as xml files with
complex schema. The first step of our data pipeline aimed at segmenting these
legal documents into smaller and logically coherent fragments, following a specifically developed ontology. Further, an automatic annotation tool was developed
to leverage wkd’s taxonomy of legal concepts, and applied to the generated
fragments. The annotation of taxonomy concepts expresses the connection between legal documents and textual pieces of supporting evidence - the fragments
- within and across different documents. These documents are then used to generate two artefacts: the knowledge graph, which is later stored into an RDF
triple store; and a Solr6 index which is later used to support the ranking of documents to be retrieved by the search engine (see Section 2.3). RML [5] mappings
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were used for the semantic uplift phase. We chose to use mapping languages for
allowing mapping definitions to be expressed separately from the implementations that execute them. The use of declarative mappings facilitate the reuse
and maintenance of mappings, where changes in the semantic model or in the
input data only require mapping definitions to be updated accordingly, without
the need for adjustments in the engine responsible for the generation of the KG.
The semantic model used to represent the legal documents from wkd’s dataset,
as well as the semantic uplift process, have been described in details in [4].
2.3

Search engine

Once the knowledge graph is generated, the search engine operates by transforming a query written in legal German (typically describing court case facts) into
taxonomy concepts, before matching them against the structured annotated documents in the KG. A user interface (Figure 1) renders the automatically matched
concepts and allows users to manually add, or remove, relevant concepts to the
query. The UI supports users in navigating the hierarchy of the legal taxonomy
concepts and refining their search query. The identified concepts are then used
to query the KG, directly using SPARQL [7]. The SPARQL query matches annotated documents and fragments in the KG with the query concepts. It also
ranks the retrieved documents by assigning more weight to those annotated with
more specific concepts (i.e. narrower concepts in the taxonomy). In order to improve the ranking of the documents, the documents retrieved using SPARQL
are then re-ranked using Solr. Fig. 2 illustrates a sequence diagram for the KG
based search engine, while the UI is in Fig. 1. As a result, the Semantic Web
powered architecture allows experts to explore further a legal knowledge base,
offering an interactive and transparent concept-based search as an alternative to
the conventional ”black-box” approach which relies on pure text-search engines.
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Conclusions

This paper presents ongoing efforts towards the development of a knowledge
graph-based search system for the legal domain. Despite the challenges, mainly
due to the complexity of the domain, this novel design provides wkd’s endusers with a transparent search experience occurring at the legal concept level.
Moreover, the Semantic Web standards and technologies unlock new possibilities
for future developments, allowing cutting edge features such as data interlinking
and logical inferring of knowledge. Furthermore, the engine could benefit from
the latest findings in the area of statistical relational learning, paving the way
for new applications. Finally, we believe our approach, not only could save endusers’ time, but above all offers their companies new ranges of information and
ways of exploration.
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