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Abstract. Ontologies are at the heart of the semantic web, i.e. making data published on the web comprehensible to intelligent added value
services. Ontologies consensual design ensures its usefulness and wide acceptance by service developers. The collaboration of ontology engineers,
domain experts from multiple disciplines, and end-users is required to
design, evolve, and populate ontologies with the instance data. In this
thesis, we investigate in the different systems that are concerns in designing and evolving the ontologies in automatic or semi-automatic techniques. Moreover, we are working to provide a collaborative framework
for ontology and instance data co-evolution and extraction.
Keywords: Ontology · Knowledge Engineering · Collaborative ontology
development · Collaborative ontology evolution.
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Introduction

As defined by Gruber [8], an ontology is an explicit formal specification of terms
in some domain, and relations between those terms. Ontologies play nowadays
an important role in organizing and categorizing data in information systems
and on the web, which leads to a better understanding, sharing and analyzing
of knowledge in a specific domain. Several methodologies have been proposed
for the development process of ontologies (e.g. [9, 2, 12]). One of the earliest
methodologies was proposed by Noy et al. [15], and consists of a set of phases to
be followed by the knowledge engineers: 1. decide the domain and the usage of
the ontology, 2. decide on existing ontologies to reuse, 3. define the class hierarchy
along with their relations and properties, and 4. create instances based on the
class hierarchy to populate the ontology.
As mentioned in [5], the development process of an ontology in a fully manual way can be a very complex task to achieve. This motivates the design and
development of semi-automatic or fully-automatic tools to assist the knowledge
engineer in the ontology development process. In this research we investigate in
collaborative ontology and instance data co-evolution and extraction.
The rest of this paper is organized as follows. Section 2 presents the the
problem statement and the research questions we introduce in this thesis. Then
in Section 3 we propose the current state of the art in the field, we here focus
only on the systems that are addressing the first research question. In Section 4
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we present our approach for the design of a bootstrapping functionality in the
ontology development process to answer the first research question. Section 5
reports on the results of experiments for evaluation our approach, and Section 6
conclude the paper and shows the future work.

2

Problem statement

We define the Collaborative ontology evolution as the evolution of the axioms
or the entities of an ontology by taking into account the advantage of different
resources. Resources can be either computer systems, other external ontologies,
external knowledge bases, or domain experts. The general research idea that is
proposed by this thesis is to provide a collaborative framework for ontology and
instances co-evolution and extraction. Our working pipeline is divided into 3
research questions:
1. Studying the quality of different knowledge bases to improve the ontology
development. In [16], we investigate the problem of ontology construction in
both automatic and semi-automatic approaches. There are two key issues for
the ontology construction process: the cold start problem (i.e. starting the
development of an ontology from a blank page) and the lack of availability of
domain experts. We describe a functionality for ontology construction based
on the bootstrapping feature. For this feature, we take advantage of three
large public knowledge bases: Dbpeida [3], Wikidata [18], and NELL [7]. We
report on a comparative study between our system and the existing ones on
the wine ontology1 .
2. Studying the impact of ontology evolution on other artifacts that relies on
it. Linked Open Vocabulary (LOV) [17] is considered as a rich repository
of ontologies (i.e. vocabularies). LOV’s main goal is to help publishers and
users of linked data and vocabularies to assess, reuse, and publish different
vocabularies based on their needs. LOV currently has 648 different vocabularies2 , each one is described with different properties, such as number of
incoming links (i.e. how many ontologies are using ontology x), number of
outgoing links(i.e. how many ontologies are using by ontology x ), number
of different versions, and data-sets. The outcome of this step is a study that
shows the main changes between the different ontology versions that actually affect the evolution process. This study is used later in order to enhance
the development process of ontologies, which could help in enhancing the
evolution of the ontologies later.
3. Solving the impact of ontology evolution using collaborative techniques which
can help to enhance the quality of LOV. In this phase, we will provide a
framework in order to facilitate the process of ontology evolution. We will
rely on the outcomes from the previous steps to design the functionality of
the new frame work.
1
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Automatic Ontology Development: A State of the art

In this section we focus on studying the different approaches that are interesting
to answer the first research question (i.e. Automatic Ontology Development).
Bedini et al. [4] classifies the approaches for automatic ontology development
into the following four categories:
1. Conversion or translation: approaches that use conversion or translation
algorithms to construct ontologies from a well-defined representation such
as XML or UML. This approach shows a high automation ratio, however, it
does not really address the problem of ontology construction.
2. Mining based: approaches that use data mining or natural language processing algorithms to construct ontologies. These approaches process unstructured data or text. The approaches in this category require human
assistance to help mine or organize the different concepts extracted from the
data sources.
3. External knowledge based: approaches that use external knowledge bases
to construct or to enrich the ontologies. Examples of such external knowledge
bases include WordNet [13], Wikidata [18], DBpedia [3], etc.
4. Frameworks: approaches that integrate different modules to achieve the
goal of constructing ontologies.
Our proposed approach follows the third category (External knowledge based),
so in the next subsection, we shortly present some of the relevant approaches
that are classified in the same category.
3.1

Ontology Development based on External Knowledge

Kong et al. [11] use WordNet [13] as a general ontology to extract a set of
concepts to build a domain specific ontology. Their system queries WordNet
based on a set of keywords to extend the ontology by adding the list of new
concepts. They compare their results to the wine ontology3 developed by W3C.
Table 4 shows their results comparing to the wine ontology. Examples of other
approaches that use WordNet as an external knowledge base include [14, 1].
Kietz et al. [10] propose an approach that uses three knowledge bases to
construct ontologies. Each one of the knowledge bases is used to achieve a specific
task. The three knowledge bases are: 1. a generic ontology to generate the main
structure, 2. a dictionary containing generic terms close to the required domain,
and 3. a textual corpus specific to the required domain to enhance and clean the
ontology from unrelated concepts. The result is an ontology composed of 381
terms (200 new terms) and 184 relations (42 new relations). The new terms and
relation is added to a baseline ontology.
Cahyani and Wasito [6] propose an automatic system to build an ontology
for the Alzheimer’s disease. Their system consists of the following steps: 1. term
3
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relation extraction, 2. matching the relations to Alzheimer glossary 4 , 3. matching with ontology design patterns, 4. similarity computation, and 5. ontology
building and evaluation. To evaluate their system they use a list of 125 papers
on Alzheimer disease. Their system is able to retrieve 1,995 correct terms with
42 relations.
After studying the approaches we mentioned earlier, we found that most of
them make use of predefined dictionaries (e.g. list of concepts) or lexicons (e.g.
WordNet), or they use specialized glossaries (e.g. Alzheimer glossary). Several
limits can be listed regarding these resources: the existence and availability of
such dictionary or glossary for a given domain, the limited richness of the vocabulary, and the supported languages (generally limited to English). Based on
this analysis, we propose in the next section an original functionality for semiautomatic ontology development tools.

4

A semi-automatic Approach for Bootstrapping
Ontology Development with External Knowledge Bases

In order to improve current automatic ontology construction, we propose a
functionality using publicly available knowledge bases: DBpedia, Wikidata and
NELL. The pros of using these knowledge bases are that they are structured
(RDF for DBpedia and Wikidata; specific data format for NELL), very large,
include rich relations, are dynamic (i.e. evolving in time), machine understandable and multilingual. We use DBpedia and Wikidata to gain information and
generate a list of classes and relations, and we use NELL knowledge base to
generate instances of these classes.
We follow a semi-automatic bootstrapping technique, where the user enters
a set of keywords related to a specific domain (e.g. wine, grapes, wine color,
wine region, for the wine domain). Then by issuing a series of queries to the
external knowledge bases, several classes and relations are extracted. Then this
generated list is shown to the user for selection. After the user’s validation, the
set of classes is used to extract the instances from the NELL knowledge base.
Interested readers may refer to [16] for more details. The algorithm we used can
be found in Algorithm 1.

5

Preliminary Results

Most approaches cannot be evaluated on an arbitrary domain as it would require numerous specific data sources: a specific database on a domain, a corpus
describing the domain, existing ontologies on the domain, etc. So, in order to
validate our approach, we compare our results to those published in [11]. Recall
authors in [11] proposed an ontology construction approach based on WordNet,
and validated it comparing the numbers of extracted classes, properties and instances with the W3C’s wine ontology5 . We therefore lead a similar experiment
4
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Algorithm 1: The General Algorithm Implemented by our System

10

ConstructInitialOntology(keywords);
Input
: keywords, a list of keywords given by the domain expert
Output
: hclasses, relations, instancesi lists of terms to bootstrap the
ontology.
hclasses, relations, instancesi ← h∅, ∅, ∅i
foreach keyword in keywords do
habstract, labels, urii ← queryDBPedia(keyword)
hclasses, relationsi ← queryWikiData(keyword)
instances ← queryNELL(keyword)
hclasses0 , relations0 , instances0 i ←
pick(abstract, labels, uri, classes, relations, instances); // let the user
pick the terms he wants
classes ← classes ∪ classes0 ;
relations ← relations ∪ relations0 ;
instances ← instances ∪ instances0 ;
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return hclasses, relations, instancesi ;

1

2
3
4
5
6
7

8
9

to evaluate our system, and we compare our results to the baseline ontology (the
W3C’s wine ontology) and to the results in [11]. Authors in [11] use keyword
“wine” to perform a query over WordNet. So that the comparison it fair, we
used the same keyword “wine” as an input to our system. The raw results of
our experiment, i.e., the full lists of classes, relations, and instances, our system
suggests to the user, are made available in a Google sheet online6 . Table 4 gives
an overview of these results are compare them to the W3C’s wine ontology and
to the results of [11]. Out of the 80 classes our system extracted, 11 were already
part of the W3C’s wine ontology. We judge the remaining 69 relevant for a Wine
ontology, so they could be used to extend this existing ontology. Our system also
extracted 6 relations as listed in Table 2, apart from instanceOf and subClassOf,
all of them are relevant for a wine ontology but not in the set of relations the
W3C’s wine ontology declares. As for the instances, we extracted 500 instances
from NELL using a confidence threshold of 0.94 7 to filter NELL’s beliefs. This
experiment shows that our system performs better than [11] while proposing
only relevant concepts, which allows us to assert it would be a good fit for the
bootstrapping phase of ontology development.

6

Conclusion and Future work

In this paper we presented the research questions that is addressed by the thesis.
Regarding the first research question, we made a thorough state of the art on
automatic ontology construction approaches, and we proposed an approach for
6
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Approach
W3C’s wine ontology [11]’s wine ontology Our Approach
Class Number
74
62
80
Property Number
13
7
6
Instance Number
161
98
500
Table 1: Comparison of the Number of Classes, Relations, and Instances between our
proposed approach, [11]’s approach and the W3C’s wine ontology

ontology bootstrapping based on the use of three external knowledge bases: DBpedia, WikiData, an NELL. Preliminary results shows that our system performs
better than [11] that is based on WordNet, and proposes only relevant concepts.
This allows us to assert it would be a good fit for the bootstrapping phase of
ontology development, and could even be reused as a first step before applying
other techniques.
Currently we are working on both of the second and third questions. An
expected outcome is to have a global study of the evolution of the different
ontologies that are included in Linked Open Vocabulary (LOV) knowledge base.
This study will be used later in order to provide a set of recommendations to
the knowledge engineers to enhance the development process of their ontologies.
Finally, we are going to provide a frame work that facilitate the development
process of ontologies taking into account the collaborative features.
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