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ABSTRACT

Ontologies are used to represent knowledge and they have become very important in the Semantic Web
era. Ontologies evolve continuously during their life cycle to adapt to new requirements and needs,
especially in the biomedical field, where the number of ontologies and their complexity have increased
during the last years. On the other hand, a vast amount of clinical knowledge resides in natural language
texts. For these reasons, building and maintaining biomedical ontologies from natural language texts
is a relevant and challenging issue. In order to provide a general solution and to minimize the experts’
participation during the ontology enriching process, a methodology for extracting terms and relations
from natural language texts is proposed in this work. This framework is based on linguistic and statisti-
cal methods and semantic role labeling technologies, having been validated in the domain of diabetes,
where they have obtained encouraging results with an F-measure of 82.1% and 79.9% for concepts and
relations, respectively.
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INTRODUCTION

In the biomedical context, where the generation of new knowledge is continuous, ontologies have raised
interest in the entire biomedical community (Rubin, Shah, & Noy, 2008). Ontologies are used for organiz-
ing and sharing biological knowledge as well as integrating different sources of knowledge in order to
provide interoperability among different research communities. For example, MEDLINE system, which is
based on the MESH medical ontology, is the largest medical knowledge base available over the Internet.
Due to the fact that in medical domain new terms are continually emerging, the update and extension of
MESH is necessary to avoid its obsolescence. In the last years, ontologies have been applied to several
areas such as natural language processing (Paredes-Valverde, Valencia-Garcia, Rodriguez-Garcia, Colomo-
Palacios, & Alor-Hernandez, 2015), sentiment analysis (Salas-Zarate, Valencia-Garcia, Ruiz-Martinez,
& Colomo-Palacios, 2016), bioinformatics (Mayor & Robinson, 2014), business intelligence (Rodriguez-
Garcia et al., 2016), recommender systems (Colombo-Mendoza, Valencia-Garcia, Rodriguez-Gonzélez,
Alor-Hernandez, & Samper-Zapater, 2015), and cloud computing (Rodriguez-Garcia, Valencia-Garcia,
Garcia-Sanchez, & Samper-Zapater, 2014a) (Rodriguez-Garcia, Valencia-Garcia, Garcia-Sanchez, &
Samper-Zapater, 2014b), to mention a few.

Nevertheless, building and maintaining long-living ontologies is still a challenge for the scientific
community, which requires a considerable human effort and development time. An ontology lifecycle
includes several phases such as creation, maintenance, evaluation, consistency checking, etc. and there
are several ongoing attempts to address these issues by providing automatic ontology management
methods (Petrucci, Ghidini, & Rospocher, 2016). Among them, several ontology learning and ontology
evolution methods have been developed.

Ontology learning has been an active research area that has grown according to the needs of creating
ontologies in a fast and reliable way. Ontology Learning (also named ontology generation or ontology
extraction) is a knowledge acquisition activity that relies on (semi-) automatic methods to transform
unstructured (e.g. corpora), semi-structured (e.g. folksonomies, html pages, etc.) and structured data
sources (e.g. databases) into conceptual structures (Petrucci et al., 2016).

On the other hand, ontology evolution (also named ontology enrichment) can be seen as the activity
of enriching ontologies by adding or modifying concepts and relations. More specifically, in (Stojanovic,
Maedche, Motik, & Stojanovic, 2002) ontology evolution is defined as the timely adaptation of an ontology
to modified business requirements, to trends in ontology instances and patterns of usage of the ontology-
based application, as well as the consistent management/propagation of these change to dependent elements.

Ontology evolution is considered a process due to the fact that a change in the ontology can cause
inconsistencies in other parts of the ontology, as well as in other dependent applications (Abccker &
Stojanovic, 2005), for that reason, the process of ontology evolution contemplates some tasks such as
for example resolving the ontology changes, ensuring the consistency of the underlying ontology and
facilitating the changes and management of the ontology to the user (Stojanovic et al., 2002).

This paper focuses on the tasks of extracting terms and semantic relationships from natural language
texts in order to simplify the process of building and updating the concepts and relationships in biomedi-
cal ontologies. The proposed framework is based on linguistic and statistical term extraction methods
and semantic role labeling technologies, having been validated in the diabetes domain. Many biomedical
ontologies are structurally quite simple, since they consist of only a few relationship types apart from
the taxonomical relationship that constitute the backbone of an ontology. One of the main contributions
of this paper is the provision of a method for increasing the typology of semantic relationships.
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