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Abstract Research has become more data-intensive over
the last few decades. Sharing research data is often a chal-
lenge, especially for interdisciplinary collaborative projects.
One primary goal of a research infrastructure for data man-
agement should be to enable efficient data discovery and
integration of heterogeneous data. In order to enable such
interoperability, a lot of effort has been undertaken by sci-
entists to develop standards and characterize their domain
knowledge in the form of taxonomies and formal ontolo-
gies. However, these knowledge models are often discon-
nected and distributed. The work presented here provides
a promising approach for integrating and harmonizing ter-
minological resources to serve as a backbone for a plat-
form. The component developed, called the GFBio Ter-
minology Service, acts as a semantic platform for access,
development and reasoning over internally and externally
maintained terminological resources within the biological
and environmental domain. We highlight the utility of the
Terminology Service by practical use cases of semantically
enhanced components. We show how the Terminology Ser-
vice enables applications to add meaning to their data by
giving access to the knowledge that can be derived from
the terminologies and data annotated by them.
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1 Introduction

Research practice has become increasingly more data-in-
tensive over the last few decades and this methodological
change is often referred to as the “fourth paradigm” for sci-
entific exploration [16]. It describes a research practice in
which data are collected, for example, by instruments and
then processed by software. The resulting data are stored
temporarily or in long-term archives. Scientists finally an-
alyze these data in order to find meaning in them. This
process is rarely carried out by a single researcher; science
is more of a collaborative endeavor and scientists construct
knowledge collaboratively. The foundation for this collab-
orative knowledge construction is the data.

However, these data might either be unavailable and ex-
pensive to capture or available but distributed across sev-
eral archives. In the latter case, researchers need to know
about potential data providers and need to develop an un-
derstanding of the data structures and content. For exam-
ple, the availability for ecosystem science of high spatial
resolution remotely sensed data is also changing environ-
mental science [16]. Furthermore, data made available in
one discipline allows researchers in another discipline to
ask completely new questions and derive novel insights. At
the same time, research questions are becoming more com-
plex, and this requires researchers to collaborate despite
geographical distribution and disciplinary boundaries.

In order to address these challenges, Hey and colleagues
[16] call for software tools that cover the aforementioned
activities from capture and data validation to analysis and
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permanent archiving. These tools need to build upon a new
research infrastructure. Such infrastructure would allow
researchers to focus on their scientific questions rather than
on the data management process [3]. The sustainability of
such infrastructures and the durable integration into existing
research practices is still a challenge today.

In our paper, we address this challenge in the biologi-
cal and environmental research area that is distinguished by
a large number of disciplines (e.g. Botany, Zoology, Mi-
crobiology, Chemistry, Geo-Sciences), dealing with highly
heterogeneous and disparate data sets. Significant amounts
of data have been created at all scales of research, from an
individual researcher to an international research program.

These data are partly available in data archives that can
be small institutional data repositories or globally acting,
certified data centers. However, it is not only this fragmen-
tation of existing data archives that makes data acquisition
challenging for researchers. At least as important are the
different scientific terms that are used within the different
disciplines for the same concept or the same name referring
to different concepts [6].

The German Federation for Biological Data (GFBio) was
founded1 in the light of these challenges. GFBio aims at
providing data management and data archiving solutions for
data capture, annotation, indexing, searching and storage.
These solutions range from tailored Excel spreadsheets to
virtual research environments, such as the Diversity Work-
bench [33], the Bexis system [14] or the EDIT Platform for
Cybertaxonomy [7].

In this paper, we present our vision of a semantically
enriched data management and archiving solution for GF-
Bio by introducing a semantic-aware research infrastruc-
ture adopting a design science approach [15]. First, we
describe the general concept of a semantic-aware research
infrastructure, and then we derive a set of requirements re-
garding semantic services that can support such an infras-
tructure. We review existing systems in the light of those
requirements, then the general architecture of our proposed
solution is presented together with implemented use cases
and their ongoing evaluation. Finally, we discuss and con-
clude by highlighting the added value of using a semantic-
aware solution in the context of our project.

2 Towards a semantic-aware research
infrastructure

In this section, we envision a semantic-aware research in-
frastructure that augments the traditional approach of orga-
nizing data by semantic technologies. Firstly, we highlight
the general architecture of this infrastructure by describing

1 www.gfbio.org

the GFBio project and, secondly, we derive requirements
for the semantic enhancement of this infrastructure.

2.1 German Federation for Biological Data (GFBio)

GFBio [10] is developing an infrastructure to enable bio-
logical and environmental scientists to share and discover
their data more efficiently. In our vision, this infrastruc-
ture is being extended by semantic components that ensure,
in addition to efficient data capture and discovery, the in-
teroperability of data that are extremely heterogeneous in
their structure, formats and meaning. Figure 1 presents an
overview of the semantic-aware research infrastructure of
GFBio, consisting of four main components.

The GFBio Repository Network (upper right in Fig. 1)
comprises amongst others molecular data (EMBL-EBI2),
environmental data (PANGAEA3), as well as natural his-
tory and culture collection data (e.g. MfN4, DSMZ5 and
SNSB6).7

These data repositories register their data through the
GFBio Data Portal (upper right in Fig. 1). GFBio builds
upon the existing data infrastructures and augments the ca-
pabilities of the data archives by connecting them. One
advantage of this registration approach is that existing data
management practices do not need to change; they can
evolve smoothly.

The GFBio Portal provides researchers with services
such as indexing, annotating and searching data sets. These
services help researchers upload, publish, share and dis-
cover their data in an efficient way. The data provided
are indexed and semantically enriched, which allows for
a global and efficient access of those independent from
their original context. For researchers, this approach pro-
vides a “meaning” for the data. Understanding the meaning
of the data allows scientists to integrate, analyze and visu-
alize them, for example, by using the GFBio VAT System
(upper left in Fig. 1) [4].

All these components are based on the assumption that
the “meaning” of the data is provided by a fourth com-
ponent – the GFBio Terminology Service (bottom left in
Fig. 1). This service has been built upon considerable ef-
forts that have been undertaken by scientists to describe
their domain knowledge in well-structured ontologies and

2 The European Bioinformatics Institute (www.ebi.ac.uk)
3 Data Publisher for Earth & Environmental Science
(www.pangaea.de)
4 Natural History Museum (www.naturkundemuseum.berlin)
5 German Collection of Microorganisms and Cell Cultures
(www.dsmz.de)
6 The Bavarian Natural History Collections (www.snsb.mwn.de)
7 The complete list of involved archives and data centers is available
on the GFBio website.
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Fig. 1 Semantically enriched components of the GFBio Data Portal

taxonomies. Ontologies are formal specifications conceptu-
alizing a shared area of interest. They have become a funda-
mental resource in the biological and biomedical domains,
where they provide a framework for data annotation, dis-
covery and curation. Another valuable resource in biologi-
cal studies and biodiversity management are taxonomies of
biological organisms as a basis for classification. However,
these ontologies and taxonomies are created and used in
specific domains of expertise. A semantic-aware research
infrastructure needs to create the necessary links across
such vocabularies (ontologies and taxonomies) by linking
information as part of a global network of facts.

Taxonomies, for instance, have been combined with on-
tologies to achieve a taxonomy-based partitioning of the
Gene Ontology (GO) [23] or formalize taxon-based con-
straints to detect inconsistencies and improve the quality of
ontologies and annotations [8].

The interoperable exchange of information is vital to
share knowledge between scientists more successfully. This
provision and interlinking of ontologies and taxonomies is
enabled by the GFBio Terminology Service (GFBio TS),
the semantic component in the GFBio infrastructure that
cross-links existing vocabularies and provides “meaning”
to heterogeneous data.

In the following, we introduce a number of basic design
requirements for the GFBio TS, and then compare these
requirements to existing terminology repositories and ser-
vices in the subsequent section.

2.2 Requirements on a Terminology Service

In the GFBio infrastructure, the TS constitutes the termino-
logical and ontological basis for data annotation, discovery
and curation. We defined a set of basic requirements for
the TS to archive our vision of a semantic-aware research
infrastructure that follows a semantic-aware approach in the
context of GFBio. These requirements are described next.

Provide a single access point to heterogeneous termino-
logical resources Scientists in the biological and environ-
mental domain make use of heterogeneous vocabularies,
such as formal ontologies and taxonomies, various con-
cept collections or so-called informal ontologies (such as
locations available via Geonames). These are available in
a range of different formats with varying degrees of seman-
tic interoperability. In order to allow researchers to share,
analyze and access data sets provided by their peers easily,
the GFBio TS needs to integrate all these vocabularies and
provide a single access point to them. The service should
deliver the information requested from the various termino-
logical resources in a unified form.

Allow for query expansion and semantic data access
When searching for existing data sets, scientists may use
different terms to refer to the same concept; it is often chal-
lenging to find the correct query terms in order to discover
relevant data sets. The GFBio TS should allow accessing
data even if the terms annotated differ from the ones in
a user’s query or when the same term is used to refer to
different concepts. Such data access can be performed
either by query expansion, which can be sufficient in some
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application settings, or via an ontology-based data access,
which is a structured query enrichment with information
that can be derived from one or more ontologies.

Enable efficient semantic annotation Researchers should
be supported in their data publication efforts to lower the
barriers for participation. In order to facilitate data in-
tegration, data needs to be annotated based on existing
terminologies. Hence, researchers need an excellent un-
derstanding of the existing terminologies, their coverage,
their added value for data discovery and data presentation,
and their quality and development status. The GFBio TS
should support scientists by delivering the optimal term for
annotation based on the criteria cited above; in addition
to term names, it should also cover synonyms, common
names and abbreviations.

Enrich project-related terminologies Scientists create
their own terminologies based on their project needs and
their research context, especially in small-scale research
projects. In these cases, the integration of the data into
a well-defined terminological environment is often chal-
lenging if not impossible. The GFBio TS should offer
a set of tools for supporting the development, curation and
publication of such terminologies. This set of tools include,
for instance, transformation tools from textual and tabular
documents into a semantic format, a linked data interface,
terminology integrity checks and validation, etc.

Provide mappings between terminologies Since scien-
tists use their own vocabulary when describing their data
sets, they may also use different terminologies for annotat-
ing them. It is crucial for an efficient discovery of such
annotated data that the terminologies used in the annota-
tion are interlinked. The alignment of terminologies is a key
task when dealing with highly heterogeneous data sets [11].
It is defined as a process of determining correspondences
between terms from different terminologies. Those align-
ments serve as a basis for efficient data integration and
access.

Access to reasoning capabilities Annotated data can be
more efficiently accessed in specific application scenarios
using the logical reasoning capabilities enabled by ontolo-
gies. Indeed, additional information can be derived from
ontologies statements allowing the extension of the search
capabilities way beyond a restricted set of keywords, en-
abling a more valuable and precise data discovery for sci-
entists. The GFBio TS should give access to some knowl-
edge that can be derived from its underlying ontologies
via reasoning, particularly for ontologies that fall under the
OWL 2 EL profile for which reasoning can be performed

in polynomial time with respect to the size of the ontology
[5].

3 Existing terminology repositories and interfaces

Based on the requirements described in the previous sec-
tion, we looked for and examined existing systems pro-
viding a comparable terminology service. These systems
can be either full platforms for terminology management or
frameworks for accessing them. We summarize our find-
ings in Tab. 1. Each row in the table corresponds to one of
the requirements, except for rows two and three, since both
relate to the second requirement. Each one of the seven
columns shows to what extent the respective system fulfills
the respective requirement. A system meets the require-
ment either fully (filled circle), partly (crossed circles) or
not at all (empty cell). Next, each of the systems is briefly
introduced and its functionality is discussed in the light of
the requirements defined.

Bioportal8 [27] is a widely used ontology repository that
provides browsing capabilities to a large number of biomed-
ical ontologies and also a set of web services for accessing
them. Bioportal is designed to store multiple versions of
an ontology and it offers access to historical versions. It
enables the community to participate in the evaluation and
evolution of the ontologies provided: For instance, it offers
term mapping capabilities, commenting tools and ontology
reviews. Additionally, the annotator web service processes
texts automatically by annotating strings in a text with terms
from Bioportal ontologies.

Finto9 (Finnish thesaurus and ontology service) [31] is
a vocabulary service that resulted from the deployment of
the ONKI Ontology service [35] into a sustainable national
service. Finto/ONKI offers a set of interfaces and services
for the publication and utilization of vocabularies, ontolo-
gies and classifications. Terminologies maintained by this
system pertain to different domains, such as art, geogra-
phy, science and medicine. Furthermore, general ontologies
have been developed in order to enable interoperability be-
tween the various domain ontologies.

The Ontology Lookup Service (OLS)10 [9] is a cross-
platform system integrating publicly available biomedical
ontologies in a single database. It can be accessed interac-
tively via a web-based user interface or programmatically
via a set of web services. Ontologies are loaded into a local
database on a daily basis. Relevant information is extracted
from the original files and persisted locally; this includes
term names, synonyms and relationships with other terms.

8 bioportal.bioontology.org
9 www.finto.fi
10 www.ebi.ac.uk/ols
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Table 1 Existing terminology repositories & interfaces requirements coverage (● available, � partly available)

Bioportal Finto/
ONKI

OLS Ontobee Aber-OWL NOR OntoCat

Heterogeneous Terminologies ●

Query expansion services ● ● ● ● ● ●

Semantic data access ●

Semantic annotation � � � � � � �

Terminologies management ● ● ● ●

Terminologies mapping ● ●

Reasoning capabilities

The core functionality of the OLS is to enable users to per-
form queries using its underlying ontologies and to navigate
relationships between concepts.

Ontobee11 [37] is a linked data server and browser for on-
tology concepts. It provides different output formats and an
HTML output of concept details and their RDF/XML rep-
resentation and, thus, makes them accessible for Semantic
Web applications.

Aber-OWL12 [18] is a framework that provides reason-
ing services over bio-ontologies. It consists of an ontology
repository and offers a set of web services to enable seman-
tic access to biological data. Querying can be performed
over data annotated with the underlying ontologies or con-
taining terms from those ontologies. A query is enriched by
additional information using an automated reasoner. Addi-
tionally, a service provides semantic search over PubMed.

In the context of the ONKI project the NOR (Normalized
Access to Ontology Repositories) [36] approach has been
proposed to offer a solution for making ontology reposito-
ries universally accessible. The goal is to provide a common
search endpoint to different ontology repositories. This ap-
proach is not restricted to formal ontologies, but can be
applied to all kinds of concept collections with useful iden-
tifiers for the Semantic Web (e.g. Wikipedia or Geonames).
The NOR approach is based on: (1) a common representa-
tion of ontology concepts and (2) a simple API for searching
and accessing ontology repositories. The API consists of
a concept lookup, a concept search and a metadata end-
points.

OntoCat13 [2] is a programming interface to query het-
erogeneous ontology repositories such as Bioportal and
OLS, or locally user-specified files. OntoCat implements
a wrapper for each repository that enables a uniform ac-
cess, for example, via a set of REST web services.

Existing terminology systems offer functionalities that
are either too general to fit the needs of multiple users (e.g.

11 www.ontobee.org
12 www.aber-owl.net
13 www.molgenis.org/wiki/OntocatStart

Finto) or too specific to fit the needs of their own end users
(e.g. Aber-OWL).

The systems reviewed shown in Tab. 1 only partly cover
the requirements defined in Sect. 2.2. For example, the
only solution that offers access to informal terminologies
is the NOR system. However, it requires the terminologies
invoked to additionally implement and deliver a common
representation of their output, which is, in most cases, an
implausible solution.

Nearly all the systems reviewed offer hierarchy-oriented
services that can be used for query expansion. The Aber-
OWL framework is the only solution that offers reasoning
services for semantic data access, but does not offer the
possibility of combining ontology content with annotations
for performing semantic queries. Furthermore, all the sys-
tems aim at delivering terms for semantic annotation. The
usefulness of these terms for specific applications needs is,
however, not guaranteed, as this depends on the choice of
the ontology used for annotations and the possibility of us-
ing those annotations in combination with the content of
ontologies.

None of the existing approaches provide access to the
knowledge that can be inferred from the ontologies through
reasoning, unless the ontologies have been uploaded in an
inferred form, in which case, a limited amount of inferred
knowledge will be available.

These insights motivated our decision to set up our own
system – the GFBio TS – that is introduced in the next
section.

4 A service for a semantic-aware infrastructure

The Terminology Service (TS) extends the GFBio Data in-
frastructure into a semantic-aware infrastructure. It delivers
the backbone terminological services for more efficient data
discovery and integration, as well as improved data analy-
sis. In this section, we present the basic design principles
of the TS. These basic design principles are based on the
requirements in Sect. 2.2.
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Fig. 2 The GFBio Terminology Service architecture

The general GFBio TS architecture is shown in Fig. 2.
It provides a web services interface that serves as a generic
access point to heterogeneous terminological resources. In
our context the term “terminology” refers to any termino-
logical resource – this can be a formal ontology, a taxon-
omy, or any useful source of Semantic Web compliant col-
lections of terms (e.g. locations available via Geonames).
The TS offers a universal access to the various types of
terminologies in a uniform and transparent manner. It de-
livers unified results enabling computational access to the
semantic content of the ontologies in combination with the
hierarchical and lexical information held in taxonomies.

These terminologies are either internally hosted or ac-
cessed via their remote web services. Internal terminologies
are stored in a local Semantic Web repository (Virtuoso14).
The TS offers additionally access to internally managed
terminologies via a Linked Data interface and a SPARQL15

endpoint. External terminologies must be registered at the
TS; they are remotely accessed via a web service requestor.
The set of taxonomies registered at the TS include global
initiatives like the Catalogue of Life (COL) [28] or the
World Register of Marine Species (WoRMS) [1], and taxo-
nomic services from our project partners like the Bacterial
Nomenclature Up-to-Date (PNU) [24].

14 virtuoso.openlinksw.com
15 www.w3.org/TR/rdf-sparql-query

The key component of the TS is the adapter that enables
the mapping of both internal Semantic Web terminologies
and external terminological resources into a common output
format (cf. the gear wheel in Fig. 2).

We describe the content and the implemented API of the
TS in the following two sections, then its application in
GFBio-related use cases is highlighted.

4.1 Available Terminologies

Unlike existing terminology repositories (cf. Sect. 2.2), the
GFBio TS does not aim at providing access to all termi-
nologies of the domain of interest, but only the ones useful
in the GFBio context. The task of terminology mobilization
is carried out in close connection with our project partners.
The types of terminologies (ontologies and taxonomies) we
have included so far and also their usefulness in the GFBio
context are described in the following.

A large set of biological ontologies has been made avail-
able and is used widely in different data-intensive applica-
tions. The usefulness of an ontology for specific application
needs depends on different criteria. In our context, and in
collaboration with our GFBio partners, we evaluated exist-
ing ontologies based on their coverage, their added value
for data discovery and data presentation, and their quality
and development status. The ontologies selected are stored
in a local repository for multiple reasons: (1) enable the
integration and interlinking of local ontologies; (2) provide
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a home to smaller project-related ontologies and assistance
for their creation and maintenance; (3) offer an efficient
access via a Semantic Web repository for query expansion
by storing the ontologies in a pre-reasoned form; (4) allow
for a full access to the ontologies to specific applications
where processing is performed using a reasoner.

Storing local copies of the ontologies requires an ad-
ditional effort to provide updates when new versions are
available. A semiautomated verification mechanism based
on a web crawler has been set up to check periodically for
new versions.

Taxonomies of biological organisms are central re-
sources in biological studies and biodiversity management.
A large number of taxonomies exist that are widely used
in different projects, but these are often not in a Semantic
Web-compliant format. Most of these taxonomies provide
stable identifiers that can be used in Semantic Web ap-
plications. They are also a great source of hierarchical
information that can be exploited in inferences and lexical
information, such as common names and synonyms. Some
also provide links to similar taxa in different taxonomies
making them Linked Data compliant.

Taxonomies are usually accessible via a set of web ser-
vices and can be easily accessed programmatically. In or-
der to be easilly integrated in specific application scenarios,
some taxonomies have been translated into ontologies. The
NCBITaxon16 ontology, for instance, is an automatic trans-
lation of the NCBI taxonomy database [12] into an OWL17

ontology. It is maintained and updated by the OBO (Open
Biomedical Ontologies) foundry [30], a consortium of on-
tology developers concerned with providing a family of
interoperable biomedical ontologies. The translation repro-
duces faithfully all of the content of the source database.
It makes it easier to use the taxonomy in Semantic Web
applications.

The main drawback we see when considering the trans-
lation over querying the taxonomy web services is related
to the ontology updates. The NCBI Taxonomy is updated
with approximately 500 taxa every week and about 2,000
every month. An OBO administrator manually triggers the
releases of the OWL version. According to the homepage18,
the builds are performed every two or three months. This
means that up to 8,000 taxa are missing between the ontol-
ogy releases. Furthermore, the ontological nature of taxa
has been discussed in many existing works [29, 32, 34] and
limitations of integrating taxonomies into a an ontological
framework have been highlighted [13].

16 The NCBI taxonomy is a curated classification and nomenclature
for all of the organisms in the public sequence databases
17 Web Ontology Language, www.w3.org/OWL
18 build.berkeleybop.org/job/build-ncbitaxon

The main advantage of using the ontology version would
be the ability to perform reasoning, but the NCBITaxon
ontology is mainly a description of the taxonomy hierarchy,
which does not make it very expressive. Furthermore, as
our main goal is to perform ontology-based data access,
the hierarchical information delivered by the web services
would be sufficient to perform the desired inferences.

From the GFBio users’ perspective, this means that
newly added taxa will be available, as we will be accessing
the latest version of the taxonomy. Additionally, scientists
can access the desired data in a more efficient way, as the
TS enables query expansion and ontology-based access
capabilities for taxonomies as well.

4.2 Normalized API for Accessing Terminologies

Access to the GFBio TS is provided via a RESTful web
service. All terms and terminologies can be accessed via
a common interface, regardless of whether they are hosted
internally or externally. The Terminology Service can be
accessed using its public API. The service output is deliv-
ered in JSON19, XML20, CSV21 or JSON-LD22 format. The
service endpoints are grouped into four categories: meta-
data services, search services, information services and hi-
erarchy-oriented services. The API documentation is avail-
able at:

http://terminologies.gfbio.org/developer_section/api.
html

External terminologies maintain their own schema and
deliver their specific attributes, for example the Catalogue
of Life (COL) uses “name” for a taxon label while the
World Register of Marine Species (WoRMS) uses “Com-
binedName”. For those attributes, we define a Semantic
Web compliant common attribute and its corresponding
URI:

http://terminologies.gfbio.org/terms/worms-schema/
CombinedName

Internal terminologies’ attributes correspond to proper-
ties defined inside the ontologies. Those are already in
a Semantic Web format. In order to achieve a harmonized
output, a mapping between Semantic Web attributes and the
ones returned by external web services is needed. Thus, we
defined a common schema for the TS output. A part of this
schema is depicted in the right side of Fig. 3. A mapping to
this schema is required for every underlying terminology or
connected external service in order to represent the service

19 JavaScript Object Notation (www.w3.org/TR/html-json-forms/)
20 Extensible Markup Language (www.w3.org/XML/)
21 Comma Separated Values (tools.ietf.org/html/rfc4180)
22 JSON for Linking Data (www.w3.org/TR/json-ld/)
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Fig. 3 Mapping of the COL schema (excerpt) to the TS schema (excerpt)

results in a common format. Attributes that have no corre-
spodance in the TS schema are assigned a URI and stored
in their underlying schema. Fig. 3 shows a part of the COL
schema (left side) defining its attributes as sub-properties
of the corresponding ones in the general TS schema (right
side). For instance, the COL attribute “name” is mapped
to the TS attribute “label”. The schema for each external
terminology is defined when the corresponding service is
connected, once the mapping defined any changes in the un-
derlying database at the data level is automatically reflected
in the API output.

The schemas are rather stable, but dealing with changes
at the attributes level is an issue that will occur only in ex-
treme cases. The schemas and the mappings are maintained
in the triple store and the properties defined are accessible
via a linked data interface and used in the JSON-LD output
of the REST API.

The adapter accesses the schema and performs the map-
ping of all attributes defined into the common TS schema to
serialize the output delivered to the web service’s clients.
An application or component accessing the TS API will
get a comprehensible set of attributes and does not need
to deal with the specificities of the multiple formats. This
makes the TS not only suitable for accessing diverse and
heterogeneous terminologies via a single API, but also for
combining them.

4.3 Implemented Use Cases

The TS23 has been running since June 2014. Other com-
ponents of the GFBio infrastructure build upon its services
for enabling semantic capabilities. We report three foun-
dational use cases where the GFBio TS has been applied
successfully. We are conducting multiple studies related to

23 terminologies.gfbio.org

the use cases, we describe the ongoing and planned evalu-
ations for each one.

Use Case 1: Semantic recommendation of biodiversity
datasets Researchers face a real challenge while using
data portals to access relevant data due to the large amount
and highly heterogeneous nature of the data sets available.
Even formulating the right query is a hard task in that con-
text.

In order to help scientists in that process, a semantically
enhanced recommender system for the biodiversity domain
has been developed in the context of the GFBio project
[25]. The recommender aims to improve data discovery
of the highly heterogeneous data sets available based on
the semantic tools provided by the TS. In particular, the
portal search engine invokes the TS to perform related terms
suggestions for expanding user queries. It also provides
context and visualizations of the terms considered based on
their terminological definition and their relations with other
terms. This helps researchers improve and better focus their
query, reducing the set of results to the best fitting ones.

In order to evaluate the added value of the semantic rec-
ommendation, we conducted an analysis on collected user
queries logs. A first step consisted of analyzing the cover-
age of the actual set of TS terminologies and the possibility
to extend it. Next, we plan to compare the results obtained
with and without TS support. We are collecting informa-
tion about user behaviour towards queries results and the
collected data will be analysed in terms of precision and
recall. We consider a result to be useful if the user accesses
the corresponding dataset and downloading the data is an
even higher indicator of usefulness.

Use Case 2: Personalization of terminologies access
for GFBio data management platforms Data manage-
ment and archiving processes in GFBio are distributed
among partners using a range of different software plat-
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forms. Presently, each of these data management platforms
handles vocabularies used for data standardization and an-
notation locally, usually by means of a software module
dedicated to the storage, maintenance, and versioning of
controlled vocabularies.

The modularized Diversity Workbench (DWB) [33] is
a virtual research environment for multiple scientific pur-
poses with regard to the management and analysis of life
sciences data. The DWB consumes different vocabularies,
such as the PESI taxonomy (Pan-European Species-direc-
tories Infrastructure) [21] and the Diversity Taxon Names
(DTNtaxonlists24), a self-maintained list of domain-specific
terms (e.g. checklists, taxon reference lists, red lists).

Accessing the TS API reduces the burden of dealing with
local versions of the vocabularies as well as the sources
specificities. Moreover, the DWB can use the TS as a layer
for specific personalized functionalities, for example, PESI
consists of five different embedded databases which cannot
be addressed separately in the original service, but this is
possible using a specific parameter of TS API.

Considering the virtual environments such as the Diver-
sity workbench, the intoduction of terminological support
at the data capture level facilitates the annotation task by
providing the researcher with comprehensive terms from
the given terminologies. Application scenarios are built in
collaboration with developers and users in order to enrich
semantically their local functionalities.

Use Case 3: Transfer of a data standards into a seman-
tic-aware format The ABCD (Access to Biological Col-
lection Data) standard [19] has been developed as an XML-
schema providing the grammar for a strictly hierarchical or-
ganization of collection and observational data. ABCD is
widely used as a data transfer format (for example between
data providers and data aggregators and portals) but it also
serves as a reference model for concepts required in the
context of collection data processing in general.

The upcoming version ABCD 3.025 will move from the
strict and monolithic XML Schema towards an ontological
approach, allowing individual concepts to be referenced and
reused more easily. It addresses shortcomings of the former
versions: (1) ABCD-concepts were identified by their xpath
within the ABCD schema. For an improved integration
with the emerging semantic-aware infrastructures concepts
need to be identified by persistent URIs, and (2) Knowledge
about the relations between concepts in ABCD are hidden
in the schema hierarchy and not machine readable. For
example, an ABCD parent-child structure might represent
a sub-class or a substring relation.

24 www.diversitymobile.net/wiki/DTN_Taxon_Lists_Services
25 abcd.biowikifarm.net

Using the GFBio TS improves access to ABCD 3.0 by
enabling researchers to search for ABCD concepts for an-
notating biodiversity information at both the data and the
metadata level. Furthermore, knowledge engineers can in-
tegrate ABCD-concepts in ontologies used in the context
of GFBio, and software developers can define application
schemes composed of ABCD concepts and used for specific
data storage or data transfer scenarios.

5 Current state, limitations and future work

The growing number of data-intensive and interdisciplinary
research projects call for improved mechanisms enabling:
(1) The discovery of relevant data sets for research pur-
poses, and (2) the integration of data from heterogeneous
resources.

Scientists put a lot of effort into developing data stan-
dards for sharing information within their respective com-
munities and providing varying levels of semantic interoper-
ability via vocabularies ranging from simple lists of terms,
hierarchical mostly XML-based formats to fully featured
ontologies. Integration and discovery can be achieved by
means of a joint data model into which research data have to
be mapped. This is the case in the EUROPEANA approach
for cultural and natural history collection objects [20]. We
believe, however, that this approach will fail when applied
to the highly diverse landscape of biological research and
related domain data.

A more promising approach is the harmonization of ex-
isting standards by means of a semantic-aware platform in-
tegrating existing vocabularies and mediating access to in-
ternal and externally maintained standards via an optimized
API for annotation and search functions over a distributed
data-archiving facility. The GFBio TS has been initiated
and intensively developed to fulfill this perspective. An ini-
tial set of terminologies is now available via the TS API.
These were selected in connection with the developed use
cases with a high concern about the quality of their content
and the possibility of interlinking and integrating them in
an efficient manner. Additional functionalities are added on
demand, always in connection with the components actu-
ally connected to the TS.

The current use cases highlighted a number of limita-
tions, some of which are specific to our application and
others are well-known and have been tackled intensively in
the literature. The main limitation resides in the lack of in-
teroperability between the terminologies considered. Inter-
operability between biological ontologies and taxonomies
is discussed extensively [13, 17, 22, 30] and, despite the
efforts of the OBO foundry towards developing interopera-
ble ontologies, an efficient strategy is still missing. In order
to cope with this limitation, we started developing a higher
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level ontology that will serve to clarify the interrelations be-
tween different terminologies. The corresponding use case
is described later in this section. Another challenge when
using existing terminologies is that they are not designed
to fit multiple needs and visions. A basic issue we de-
tected is how researchers perceive, for example, definitions
or synonyms introduced by others.

A continuous effort is being undertaken to enrich the
technical backbone of the GFBio TS, on the one hand,
and to improve its content in terms of the terminologies
included and connected, on the other hand. The basis for
such a process is a constant communication with participat-
ing archiving facilities and scientific communities in order
to identify their needs and integrate relevant vocabularies
and ontologies, and organize the development of additional
terminologies.

In particular, two additional use cases are under develop-
ment in collaboration with our GFBio partners. In the first
use case, an high level application ontology is being de-
veloped. It will enable interoperability between the various
ontologies available by defining higher level links between
them. The ontology will serve mainly as a basis for anno-
tations and automated faceted search generation.

Changing the whole search infrastructure to a Semantic
Web-oriented solution is not a viable solution in certain
application scenarios. Query expansion fails in that case
too, considering the size of some of the terminologies. The
second use case was introduced to cope with these specific
limitations and offers a solution improving search results.
We are planning an extension at the data level where data is
not only annotated with the corresponding terms from the
terminologies but also with additional information derived
from the terminologies (e.g. key broader terms).

6 Conclusion

Technology has transformed scientific research practice and
has led to new directions in research. At the same time, it
is an enabler for greater collaboration between disciplines
[26]. We introduced the GFBio TS that extends the GFBio
Data Portal by a semantic-aware infrastructure. This ex-
tension enables researchers to work together despite their
cross-disciplinary research areas. Similar attempts, for ex-
ample, have been undertaken by the European Commission.
The project aims to create a European Open Science Cloud
that will allow the storage, sharing and reuse of data across
disciplines and borders.

We described existing and planned use cases that build
upon the Terminology Service. All realized use cases sup-
port researchers at different levels in their research prac-
tice: Firstly, when searching for datasets, secondly, when
using up-to-date terminologies in their virtual research en-

vironments, and finally, when modeling biological data to
improve the data exchange. All these use cases and all the
future ones are driven by the idea that semantic technolo-
gies should provide valuable services to the users on a level
where the user does not need to have any knowledge about
semantics. The complexity of the service should be hidden
by ensuring a high API and UI usability.
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