Ontology Evolution with Evolva

Fouad Zablith, Marta Sabou, Mathieu d’Aquin, and Enrico Motta

Knowledge Media Institute (KMi), The Open University
Walton Hall, Milton Keynes, MK7 6AA, United Kingdom
{f.zablith,r.m.sabou,m.daquin,e.motta}@open.ac.uk

Abstract. Ontology evolution is a painstaking and time-consuming pro-
cess, especially in information rich and dynamic domains. While ontology
evolution refers both to the adaptation of ontologies (e.g., through addi-
tions or updates possibly discovered from external data sources) and the
management of these changes, no existing tools offer both functionalities.
The Evolva framework aims to be a blueprint for a comprehensive on-
tology evolution tool that would cover both tasks. Additionally, Evolva
proposes the use of background knowledge sources to reduce user involve-
ment in the ontology adaptation step. This demo focuses on the initial,
concrete implementation of our framework.

1 Introduction

Ontologies form the backbone of Semantic Web systems. In today’s informa-
tion rich environments, ontologies need to be kept up-to-date so that the de-
pendent systems remain operational. We highlight two research approaches to
this problem: The first considers ontology evolution as the management of user-
performed changes [5I7I9IT0], while the second primarily focuses on dynamically
updating and learning ontologies [II26]. We understand ontology evolution as
the “timely adaptation of an ontology to the arisen changes and the consistent
management of these changes” [4]. This definition reflects the need of combining
the two aforementioned approaches for supporting both evolution tasks. Yet, to
our knowledge, no practical and complete solutions exist that cover all stages of
ontology evolution.

Our ontology evolution framework, Evolva, proposes a comprehensive ap-
proach to evolution by identifying tasks that need to be performed both during
ontology adaptation and change management (Section 2). The Evolva tool (Sec-
tion 3 and 4) is a partial, concrete implementation of the framework. One of its
main novelties, which will be captured by the demo, is in pioneering the use of
background knowledge to decrease user input [12].

2 Underlying Approach: The Evolva Framework

The Evolva framework (detailed in [II]) consists of five main components as
shown in Figure [[] and described next.

Information Discovery. New information can be potentially discovered in exter-
nal data sources. Contrasting the ontology with the content of such sources is
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a way of detecting new knowledge that should be reflected by the base ontol-
ogy. Data sources can be either unstructured (e.g., text documents, folksonomy
tagspaces) or structured (e.g., databases, ontologies). This component handles
each data source differently: (1) Text documents are processed using information
extraction, ontology learning or entity recognition techniques. (2) Other exter-
nal ontologies are subject to translation for language compatibility with the base
ontology, and (3) database content is translated into ontology languages.
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Fig. 1. Evolva Framework Overview

Data Validation. Discovered information is validated in this component. We rely
on a set of heuristic rules such as the length of the extracted terms. This is
especially needed for information discovered from text documents, as information
extraction techniques are likely to introduce noise. For example, most of the less
than two-letter terms extracted from a corpora are meaningless and should be
discarded. In the case of structured data, this validation is less needed as the
type of information is explicitly defined.

Ontological Changes. This component is in charge of establishing relations be-
tween the extracted terms and the concepts in the base ontology. These relations
are identified by exploring a variety of background knowledge sources. Appro-
priate changes are then performed on the ontology.

Evolution Validation. Performing ontological changes could generate some prob-
lems such as conflicting statements, data duplication and time related incon-
sistencies. We deal with these problems at the level of the evolution validation
component, formed of the consistency and duplication checks, in addition to
temporal reasoning.

Evolution Management. Managing the evolution is about recording changes, and
giving the ontology curator a degree of control over the evolution, as well as
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propagating changes to other dependent ontologies (e.g., in the case of an on-
tology network) or applications. User control will deal with tracking ontology
changes, spotting and solving unresolved problems.

3 Implementation: The Evolva NeOn Toolkit Plugin

The Evolva NeOn toolkit plugin is a concrete implementation of our framework
and will be the object of the proposed demonstrations (see screenshot in Figure
2). Currently, the plugin supports the first three steps depicted in Figure 1.

In the information discovery step Text20nto is used to identify concepts in a
corpus of text documents (selected in the “Data Sources” panel). Data validation
relies on string similarity and term length measures. We use a customizable Jaro-
based [3] calculation to compute the similarity of the extracted and existing
concepts. Concepts with the similarity under a given threshold are considered
new and are validated based on their length. The user can set the parameters of
the validation techniques and also manually indicate which concepts should be
considered for integration (“Data Validation”).

Ontological changes are identified by finding links between validated terms and
ontology concepts. We use two main sources of background knowledge: WordNet
and online ontologies accessed through Scarlefl]. Scarlet [¥] is a Semantic Web
based relation discovery engine. It automatically selects and explores online on-
tologies to discover relations between two given concepts. For example, when
relating two concepts labeled Researcher and AcademicStaff, Scarlet 1) identi-
fies (at run-time) online ontologies that can provide information about how these
two concepts inter-relate and then 2) combines this information to infer their
relation. [8] describes two increasingly sophisticated strategies to identify and
to exploit online ontologies for relation discovery. Hereby, we rely on the first
strategy that derives a relation between two concepts if this relation is defined
(directly or through transitivity) within a single online ontology. Besides sub-
sumption relations, Scarlet is also able to identify disjoint and named relations.
As in the case of WordNet, the derived relations are accompanied by a path
of inferences that lead to them (“Relation Discovery” panel). We performed an
experiment on the potential use of background knowledge in our context, and
we got a promising 77% precisiorﬂ A list of ontology changes are deduced from
the relation discovery step and applied to the ontology (“Ontology Changes”).

4 Demonstration Plan

The demonstration will focus on the various functionalities of the Evolva plugin
(Figure[2]) that support ontology evolution from textual documents. A particular
emphasis will be on the use of background knowledge sources to automatically
identify relations between terms and ontology concepts. This gives our tool a

'http://scarlet.open.ac.uk
2 Additional details of the experiment can be found in [12]
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cutting edge advantage in decreasing user input. It is a critical feature as this
is where user input is usually most needed. The following functionalities will be
demonstrated:

Ontology selection and loading in NeOn toolkit. At the left side of
Figure Bl the user will see how to load and open an ontology in the NeOn
toolkit, and start Evolva.

i Ontology Navigator 22 = B[ Entity Properties | @ Evolva Main View 52 i)

1= NewOntologyProjectl [OWL]
1= SWRC Ontology [OWL]

Base Ontology:  http://swrc.ontoware.org/ontology-07

2 http://swrc.ontoware.org/ Data Sources 2 Proceed
| Classes . "
- @o . Text Corpus: ...workspace/uk.ac.open.kmi.evolva/corpus/leverhulme Select
ocument
[ Event Folksonomy Source: Select
@ Organization
@ Person Database Source: Select
@ Employee
@ Student Other Ontology: Select
@ Product
@ Project Data Validation ¥ Proceed
@ Topic
| Object Properties Relation Discovery * Proceed

| Data Properties Relations List “._Background Knowledgew |

| Annotation Properties

| Datatypes Source Relation Target Use |Background Knowledge |Path
= typ |applicant | subClass Person g WordNet [Pointe
website | relTo#hasWebsite organization | (¥ |Scarlet http:/
alr
D Individuals = =0 Ontologvamnges ¥ Proceed
ndividuals
®°
Apply Changes on Base Ontology Apply Changes on a new Version

Fig. 2. Evolva Pilot System Screenshot

The selection of data sources. The user selects the text documents from
where terms are extracted, then proceeds to the next step in the process.

Data validation and parameters settings. At this level the list of extracted
terms are displayed to the user. The validation shows the terms that correspond
to already existing ontology concepts. Further noise is removed based on the term
length. This is performed by a customizable string length checker to exclude for
example one or two letter terms. Parameters for controlling the automated vali-
dation include changing the minimum length of acceptable terms and controlling
the similarity threshold. In addition to the automatic validation, the user is able
to manually select which terms should be included in the following step.

Relation discovery between terms and ontology concepts. The user will
experience how background knowledge helps identifying links between the vali-
dated terms and ontology concepts. For example, consider the case of the base
ontology containing the concepts Person and Organization. From the text docu-
ments, Evolva discovers Applicant and Website as potential concepts to be added
to the ontology. WordNet is able to link Applicant as subClassOf Person, and
online ontologies link the new concept Website through a hasWebsite relation to
Organization. The “Relation Discovery” panel shows these relations and allows
their inspection. The complete relation path is displayed to help in verifying the
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relation’s correctness. This panel also contains a set of customizable parame-
ters such as: the background knowledge source to be used (WordNet, Scarlet or
both); the maximum inference path for deriving a relation; the type of relations
to be discovered.

Applying changes to the ontology. Based on the discovered relations, the
user will be able to see the list of changes to be applied to the ontology. This
includes the type of changes and their corresponding details. At the bottom
of the screen, the user has the choice to apply the changes either on the base
ontology or to create a new detached version. In the latter case, the new ontology
version will appear in the left panel, having the current date and time appended
to its URIL
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