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Abstract: This paper presents OntologyFixer, a web-based tool that supports a methodology to build,
assess, and improve the quality of ontology web language (OWL) ontologies. Using our software,
knowledge engineers are able to fix low-quality OWL ontologies (such as those created from natural
language documents using ontology learning processes). The fixing process is guided by a set of
metrics and fixing mechanisms provided by the tool, and executed primarily through automated
changes (inspired by quick fix actions used in the software engineering domain). To evaluate the
quality, the tool supports numerical and graphical quality assessments, focusing on ontology content
and structure attributes. This tool follows principles, and provides features, typical of scientific
software, including user parameter requests, logging, multithreading execution, and experiment
repeatability, among others. OntologyFixer architecture takes advantage of model view controller
(MVC), strategy, template, and factory design patterns; and decouples graphical user interfaces
(GUI) from ontology quality metrics, ontology fixing, and REST (REpresentational State Transfer)
API (Application Programming Interface) components (used for pitfall identification, and ontology
evaluation). We also separate part of the OntologyFixer functionality into a new package called
OntoMetrics, which focuses on the identification of symptoms and the evaluation of the quality of
ontologies. Finally, OntologyFixer provides mechanisms to easily develop and integrate new quick
fix methods.
Keywords: ontologies; fixing ontologies; quick fix; quality metrics

1. Introduction and Motivation
Ontologies are knowledge representations, in which concepts and categories of a certain domain
are stored together with their properties and the relations between them. Currently, ontologies are
used to represent knowledge from a large number of domains in order to solve different problems
and improve the experience of users in different contexts. For example, in the Semantic Web, they are
used to describe terms, retrieve information, and interconnect web services. Due to the increasing
use of ontologies, a large number of models and languages have been introduced to manage them,
including resource description framework (RDF) [1], resource description framework schema (RDFS) [2],
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and ontology web language (OWL) [3], among others. However, it is necessary to be able to evaluate
the quality of the creation of these ontologies in order to guarantee good performance, and take
advantage of the benefits they offer. Currently, ontologies facilitate aspects such as communication,
interoperability, and automatic reasoning [4–7]. Ontologies allow us to represent and share knowledge
using a common vocabulary, and to exchange data between different systems and contexts [8].
Furthermore, ontologies are very useful to facilitate automatic reasoning. On the basis of
inferencing, a reasoning engine can use the ontology data (categories, concepts, relations, and properties)
to reach conclusions. On the other hand, the use of ontologies allows knowledge engineers to organize
and structure the information so that software agents can interpret their meaning, and, consequently,
search and integrate data much better. Using the knowledge stored in ontologies, applications
can automatically extract data from web pages, process them, draw conclusions, make decisions,
and negotiate with other agents or people [9,10].
A significant number of ontologies are manually generated or created by taking advantage of
applications, and implementing the extraction of information from natural language text [11]. The use
of these tools in conjunction with the natural inconsistencies of human languages can lead to the
appearance of errors, inconsistencies, or bad designs that require further debugging or repair processes.
The process of detecting and fixing errors or bad design symptoms is a difficult task and should be
done as an iterative process, where each step should include the evaluation of the state of the ontology,
selecting the most appropriate change for the current situation and evaluating whether the changes
made are appropriate.
The detection of ontology errors, inconsistencies, and flaws can be made using tools such as
OOPS! [12], a web application that detects bad practices when modelling ontologies. This tool provides
mechanisms for automatically detecting potential errors, called pitfalls, in order to help developers
during the validation process. However, some pitfalls are detected semi-automatically, such as “Creating
synonyms as classes” or “Creating unconnected ontology elements”, among others [13]. Each pitfall
provides the following information: title, description, elements affected, and importance level. A recent
study [14] showed a method for finding errors in apparently coherent and consistent ontologies,
but these may contain contradictions in the axiom statements and provide incorrect information.
The approach uses knowledge from other knowledge bases that debug ontology modelling errors.
Moreover, some frameworks have been introduced for measuring the quality of ontologies, most notably
OquaRE [15], which implements several quality metrics based on the SQuaRE (system and software
quality requirements and evaluation) [16] software quality standard. This framework provides a guide
to evaluate the quality of ontologies in diverse dimensions, such as reliability, operability, maintainability,
compatibility, transferability, and functional adequacy. Although some tools for error detection and/or
quality evaluation of ontologies are available, the process of aiding the debugging/fixing of ontologies
has not been addressed in a global form. Particularly, we found that these tools could be combined to
create a tool to fix errors, and improve the global quality of ontologies. Additionally, taking advantage
of quick fix schemes used in integrated development environments (IDEs), the fixing tool could suggest
appropriate solutions to address each detected trouble, to simplify the fixing process. In this study,
we developed a software tool implementing the proposed solution for ontology fixing, detailing its
architecture, functionality, and usage. The software integrates a wide amount of software technology
that has been successfully adapted to the context of knowledge engineering (OQuaRE, pitfalls, quick
fix schemes, etc.). The result is the creation of the OntologyFixer tool, which can be successfully
downloaded from GitHUB (Available at https://github.com/gabyluna/OntologyFixer) and is available
on http://ontologyfixer.online.
The remainder of the paper is structured as follows: Section 2 presents the state of the art in
the context of repairing ontologies. Section 3 presents the architecture of the developed software in
detail. Section 4 shows the main features of the generated software. Finally, Section 5 shows the main
conclusions, and future developments to complement this work.
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2. State of the Art
Given the increased use among software and knowledge engineering communities of ontologies
to represent knowledge, their quality and correctness have become two key aspects to consider. Quality
evaluation assists in finding design defects, inconsistencies, errors, or limitations in stored knowledge.
Moreover, the correction of an ontology implies the detection of a problem, the exploration of possible
ways to fix it, and the application of the selected correction. This section compiles previous studies
that have introduced algorithms and techniques to implement these functionalities, which are key to
the implementation of OntologyFixer.
The evaluation of ontology quality has been addressed in previous resources including (ordered
from most to least recent): (i) OquaRE [15], (ii) Foval [17], (iii) OntoQA [18], and (iv) OntoClean [19].
OQuaRE is a method of evaluating the quality of ontologies that emerged as an adaptation of
the SQuaRE (system and software quality requirements and evaluation) standard (ISO/IEC 25000)
to the context of knowledge engineering, comprising evaluation support, evaluation processes,
and quality metrics. OQuaRE uses different metrics to assess the quality of the ontologies with regard
to different dimensions, including reliability, operability, maintainability, compatibility, transferability,
and functional adequacy. Most quality sub-characteristics suggested by SQuaRE (system and software
quality requirements and evaluation) [20] were also adopted in OQuaRE. Additionally, OQuaRE
includes the structural characteristic, which is important in evaluating ontologies.
FOval provides an evaluation model to select ontologies that best fit the user needs (requirements),
while OntoQA is a suite of metrics that evaluates the quality of ontologies in different dimensions,
including schemas, knowledge base, and class metrics. Finally, OntoClean is a methodology for
the validation of the ontological adequacy and logical consistency of taxonomic relationships.
All of these works provide interesting measures to assess different aspects of quality including
(i) lexical, (ii) hierarchy, (iii) other semantic relationships, (iv) context, (v) syntactic, and (vi) structure,
as recommended in a previous study [21].
As in the case of OQuaRE, software engineering domain technology has inspired some proposals
that aid in the detection of the potential troubles of ontologies. Particularly, pitfall, code smells,
or simply smells, were popular forms of symptoms of software design troubles [22]. A recent study [12]
introduced how the same concept (pitfall) can be applied to the context of knowledge engineering,
to address the detection of design troubles. Given the success of the application of these software
engineering technologies, we suggest the possibility of using quick-fix schemes to improve some
knowledge engineering design processes. Introducing these concepts, in the context of ontologies,
and combining them with current technology will lead to new, and better, ontology fixing tools
(OntologyFixer).
The next section describes how quick-fix support has been included in our proposal, to be used as
an aid in fixing and improving the quality of ontologies.
3. System Overview
OntologyFixer diagnoses the quality of the ontologies, and also allows for the detection and
correction of errors. For the diagnosis, OntologyFixer applies different metrics that allow measuring
different aspects of the quality of ontologies, such as structure, logic, and semantics, among others.
Table 1 shows the measures we have selected for the evaluation of ontologies.
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Table 1. Quality Metrics.
Metric
ANOnto
CBOnto
CROnto
INROnto
LCOMOnto
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quick fix is applied, one of the elements is removed from the ontology in conjunction with the axioms
related to it.
When the available quick fixes are not adequate, OntologyFixer allows downloading of the

Appl. Sci. 2020, 10, 6328

5 of 16

“action” and “actions”, which could cause circularity in the ontology, the distance calculated between
them is 1; that is, there is a similarity between the terms so that when the RM_SIMILAR_ELEMENTS
quick fix is applied, one of the elements is removed from the ontology in conjunction with the axioms
related to it.
When the available quick fixes are not adequate, OntologyFixer allows downloading of the
Appl. Sci.status
2020, 10,
FORontology
PEER REVIEW
5 of 16
current
ofxthe
for manual editing. This allows users to modify the ontology using their
favourite ontology editor (e.g., Protégé), and to then upload the resulting ontology again.
Anotherfunctionality
functionality
of OntologyFixer
the possibility
of performing
a of
rollback
of the
Another
of OntologyFixer
is theispossibility
of performing
a rollback
the ontology;
ontology;
that
is,
the
application
has
a
history
of
versions
with
the
possibility
of
returning
to
an
earlier
that is, the application has a history of versions with the possibility of returning to an earlier version,
version,
which
allows
undoing
changes,
respect
a quick fix
previously
To this end,
which
allows
undoing
changes,
with
respectwith
to a quick
fix to
previously
applied.
To thisapplied.
end, OntologyFixer
OntologyFixer
stores
ontology
snapshots
before
applying
any
operation
(quick
fix
or manual
stores ontology snapshots before applying any operation (quick fix or manual edition). Nevertheless,
edition).
Nevertheless,
before
applying a quick
OntologyFixer
shows
a detailed
of the
before
applying
a quick fix,
OntologyFixer
showsfix,
a detailed
description
of the
actions description
that are going
to
actions
that are
going to
beuser
performed
to ensure
the user agrees with the action.
be
performed
to ensure
the
agrees with
the action.
Onenotable
notable
advantage
of OntologyFixer
the evaluation
and correction
errorsneeding
without
One
advantage
of OntologyFixer
is theisevaluation
and correction
of errorsof
without
to use applications.
multiple applications.
Another advantage,
is the possibility
of integrating
newmetrics
quality
toneeding
use multiple
Another advantage,
is the possibility
of integrating
new quality
metrics
and
quick
fix
schemes,
due
to
the
scalable
and
decoupled
nature
of
the
tool’s
design.
and quick fix schemes, due to the scalable and decoupled nature of the tool’s design.
Thefollowing
followingsubsections
subsections provide
provide aabrief
briefdescription
description ofofthe
thearchitecture
architectureofofthe
theapplication
application
The
(Section3.1),
3.1),the
theintegration
integrationwith
withframeworks
frameworksand
andAPIs
APIs(Section
(Section3.2),
3.2),and
andthe
themetrics
metricsadopted
adoptedfor
forthe
the
(Section
research
project
(Section
3.3).
research project (Section 3.3).

3.1.General
GeneralArchitecture
Architecture
3.1.
OntologyFixerwas
wasdesigned
designedfollowing
followingaaweb-based
web-basedclient/server
client/serverscheme.
scheme.This
Thissection
sectionshows
shows
OntologyFixer
thedesign
design of the architecture
as as
thethe
main
features
of the
FigureFigure
2 shows
the
architectureinindetail
detailasaswell
well
main
features
of application.
the application.
2
the interaction
of web
browsers
(clients)
with
OntologyFixer,
which
J2EE
shows
the interaction
of web
browsers
(clients)
with
OntologyFixer,
whichwas
wasdeployed
deployed in aa J2EE
ApplicationServer.
Server.
Application

Figure 2. Application architecture.
Figure 2. Application architecture.

As shown in Figure 2, user interaction takes place through a web browser, sending HTTPS requests
As shown
in Figure server
2, userrunning
interaction
takes
place
through aisweb
browser,
to a Glassfish
application
in the
cloud.
Persistence
supported
by sending
a SpringHTTPS
ORM
requests
to
a
Glassfish
application
server
running
in
the
cloud.
Persistence
is
supported
by
a
Spring
(object relational mapping) implementation that transparently manages the information stored in a
ORM (object
relational
implementation
transparently
manages
the[24]
information
stored
MySQL
database
engine.mapping)
Additionally,
the external that
RESTful
Web Service
(OOPS!)
API is used
for
in evaluation
a MySQL database
engine.
Additionally,
the external
RESTful
Web
Service
(OOPS!) [24]
API is
the
and detection
of errors
in the ontologies.
Figure
3 shows
a set
of technologies
separated
used
for the evaluation
and detection
of specific
errors infunctions
the ontologies.
Figure
3 shows
a set ofthe
technologies
into
different
layers, in order
to delegate
for each
of them,
promoting
software
separated
into
different
layers,
in
order
to
delegate
specific
functions
for
each
of
them,
promoting
the
development single responsibility principle [25]. Each of the technologies was specially selected for
software development single responsibility principle [25]. Each of the technologies was specially
selected for the development of OntologyFixer, for its ease of integration, robustness, and availability
as open source software.
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Spring JPA and Hibernate were used for the development of the persistence and access layer of
OntologyFixer. These frameworks allowed the transparent access to the data stored in a MySQL
database. The next subsection introduces the main design patterns that were used in the development
of OntologyFixer and its main purpose.
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3.3. Implemented Metrics and Symptoms Detection
This subsection provides a complete list of the smell symptoms detection mechanisms
and the metrics (basic and quality) implemented by OntoMetrics API, as well as some of the
implementation details.
To compute basic metrics, we used the OWL API [31], which manages the ontologies and provides
components for the manipulation of ontological structures in different formats, such as OWL and RDF
(resource description framework) among others. In addition, we also used reasoning engines. Eight
basic metrics were implemented. Table 2 describes each of the basic metrics.
Table 2. Basic metrics implemented in OntologyFixer.
Metric

Description

Number of annotations
Number of classes
Number of classes with individuals
Number of instances
Number of properties
Number of relations of Thing
Number of subclasses
Number of superclasses

Indicates the total entries that exist in the ontology.
Finds how many classes exist in ontology.
Shows the number of classes that have at least one individual.
Computes the number of instances of the ontology.
Indicates the number of properties contained in the ontology.
Stands for the relationships that exist towards “Thing”.
Counts the total subclasses that exist in the ontology.
Identifies the number of superclasses that exist in the ontology.

The implementation of quality metrics was based on the OQuaRE (framework described in
Section 2), which provides a guide to evaluate the quality of ontologies in diverse dimensions, such as
reliability, operability, maintainability, compatibility, transferability, and functional adequacy. Nine
quality metrics (see Table 1) were implemented to assess the quality of ontologies by using some
basic metrics.
Finally, for identifying smell symptoms, the web service that provides OOPS! [24] was used.
The service takes a file with an OWL extension of the ontology as input, evaluates it, and returns a list
of smell errors, with additional fields to identify the level of criticality it represents in the ontology.
The smell symptoms described in Table 3 were implemented for the project.
Table 3. Smell Symptoms (“ONTOLOGICAL ERRORS—Inconsistency, Incompleteness, and
Redundancy” 2008).
Smell Symptom

Description

CircularitySymptoms

Detects cycles between two (or more) classes
The symptom entails not representing all the knowledge that
could be included in the ontology.
Detects symptoms when disjoint decomposition exists. There are
three types: Common Instances and Classes in Disjoint,
Decomposition and Partitions.
The symptom entails problems in the logic between elements
and relationships of the ontology.

IncompletenessSymptoms
PartitionSymptoms
SemanticSymptoms

The next subsection presents the outcomes that emerged from the development of the tool.
3.4. Lessons Learned
This subsection identifies the main outcomes achieved by carrying out this study. The most
important conclusions are related to the successful testing and validation of software engineering
approaches, methods, and technologies, adapted and applied to knowledge engineering problems.
After their incorporation into the domain, the identification of bad design symptoms (smells), or the
use of quality metrics (OOPS!), we were able to successfully adapt quick fix mechanisms, included in
popular integrated development environments (IDEs), to improve the quality of the ontologies.
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Additionally, the combination of quality metrics, errors or smell symptoms detection, and quick
fix for developing an ontology fixing tool seems to be very reliable, as demonstrated in this study.
However, at the moment there is no quick fix tools for ontology-based knowledge representation
available, and we have to implement them following strategies similar to those used by software IDEs.
As a part of this study, we provided a collection of ontology quality metrics, the error detection,
and the identification of bad design symptoms for the OntoMetrics library. This facilitates the use
of these metrics, by providing a uniform way to access these functionalities. For the evaluation of
quality, OntoMetrics takes advantage of the metrics defined in the OQUARE framework. In the
case of symptom detection, OOPS! was integrated into our OntoMetrics library, to take advantage of
DrontoAPI to detect smells in analyzed ontologies. DrontoAPI functionalities are provided through a
web service which incorporates methods to find the elements of the ontology that are affected by any
type of symptom (circularity, incompleteness, semantics).
Finally, from a more technical perspective, we also employed different tools including Spring,
an open source application development framework for the Java platform. Spring is based on different
design patterns including DAO (data access object). This pattern is used to encapsulate data access
logic, thus avoiding mixing it with business logic. Spring also provides a consistent approach to
data access, either JDBC (Java DataBase Connectivity), or through some data access frameworks,
such as Hibernate, iBatis, JDO, or TopLink, among others, and allows changing the framework used
for persistence without affecting the code already written. For the construction of OntologyFixer
we used PrimeFaces, a library of visual components for Java Server Faces (JSF) providing a large
number of elements, to make the development of the presentation layer easier. A notable advantage
of using this library is the Ajax support for updating the components and achieving a better user
experience. Furthermore, to enhance the interface, we used Bootstrap, which embeds technologies
such as JavaScript and CSS (Cascading Style Sheets) in order to help developers quickly and efficiently
design a responsive website, and to make the design correct and usable both for conventional and
tactile devices (responsive web design). The combination of these tools makes the application more
robust and scalable over time, with the possibility of adding or changing new technologies that fit the
needs of the project.
The functionality of the resulting application is shown in the next section. Particularly, it highlights
some interface details and operations by using some screenshots and providing a detailed description
of the inner operation of OntologyFixer.
4. System Use
OntologyFixer was designed with a user friendly and easy to use graphical interface. It allows a
user to (i) upload an ontology, (ii) evaluate ontology quality, (iii) apply fixes to the ontology, and (iv) use
the changes history to restore a previous state when needed. An ontology can be evaluated by applying
two different strategies: performing a metrics-based quality evaluation, and finding possible troubles
(errors or symptoms of bad design) that may lead to ontology inconsistencies. Figure 8 shows the
interface details for both functionalities.
As shown in Figure 8a, the evaluation of the quality of Ontologies is made in the form of a radial
chart combining different quality measures. The quality is shown in a dashboard which includes
“Base Metrics” (located at the top of the figure), which include the number of classes, subclasses,
properties, instances, and annotations of the ontology to evaluate and compare with the reference
ontology (optional). The bottom of the dashboard contains a quality evaluation chart that perceives
the quality of the ontology at a simple glance. The chart represents RROnto, INROnto, ANNOnto,
CROnto, NOMOnto, RFCOnto, CBOOnto, LCOMOnto, and RCOnto scores (see Table 2), achieved by
the ontology. Additionally, the area of the figure described by the representation of these measurements
(that is also shown) could be used to assess the global quality of the ontology. Finally, the knowledge
engineer can graphically visualize the ontology itself if desired.
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As shown in Figure 8b, the features allowing the detection of errors and smells enable the
As shown in Figure 8a, the evaluation of the quality of Ontologies is made in the form of a radial
knowledge engineer to identify and address specific troubles found in the ontology. The results
chart combining different quality measures. The quality is shown in a dashboard which includes
table included in Figure 8b details the trouble found in the ontology (circularity, incompleteness,
“Base Metrics” (located at the top of the figure), which include the number of classes, subclasses,
and semantics), a brief description for it, and its level of importance. The level of importance (which is
properties, instances, and annotations of the ontology to evaluate and compare with the reference
assessed by using the OOPS! framework) is highlighted using different background colors. Specifically,
ontology (optional). The bottom of the dashboard contains a quality evaluation chart that perceives
critical errors are highlighted in red, important troubles are marked in orange, and finally, minor issues
the quality of the ontology at a simple glance. The chart represents RROnto, INROnto, ANNOnto,
are represented with a yellow background.
CROnto, NOMOnto, RFCOnto, CBOOnto, LCOMOnto, and RCOnto scores (see Table 2), achieved
Once the main weaknesses and errors of the ontology have been identified, OntologyFixer
by the ontology. Additionally, the area of the figure described by the representation of these
supports the application of a quick-fix and the upload of a new version of the ontology. Additionally,
measurements (that is also shown) could be used to assess the global quality of the ontology. Finally,
OntologyFixer stores snapshots of the ontology each time a modification is made; this ensures that an
the knowledge engineer can graphically visualize the ontology itself if desired.
older version of the ontology can be restored. These snapshots are stored in a local database but also
As shown in Figure 8b, the features allowing the detection of errors and smells enable the
in a Git repository (if configured) to ensure the versions of the ontology are shared according to the
knowledge engineer to identify and address specific troubles found in the ontology. The results table
preferences of the user. Figure 9 shows capabilities of the application for fixing ontologies.
included in Figure 8b details the trouble found in the ontology (circularity, incompleteness, and
semantics), a brief description for it, and its level of importance. The level of importance (which is
assessed by using the OOPS! framework) is highlighted using different background colors.
Specifically, critical errors are highlighted in red, important troubles are marked in orange, and
finally, minor issues are represented with a yellow background.

Once the main weaknesses and errors of the ontology have been identified, OntologyFixer
supports the application of a quick-fix and the upload of a new version of the ontology. Additionally,
OntologyFixer stores snapshots of the ontology each time a modification is made; this ensures that
an older version of the ontology can be restored. These snapshots are stored in a local database but
also in a Git repository (if configured) to ensure the versions of the ontology are shared according
to
Appl. Sci. 2020, 10, 6328
13 of 16
the preferences of the user. Figure 9 shows capabilities of the application for fixing ontologies.

(a)

(b)
Figure
Fixing errors
errors in
(a) Applying
Applying aa quick
quick fix.
fix. (b)
(b) History
History of
of modifications.
modifications.
Figure 9.
9. Fixing
in ontologies.
ontologies. (a)

Figure 9a shows the “Apply Quick Fix” button, which allows the execution of a quick fix to those
Figure 9a shows the “Apply Quick Fix” button, which allows the execution of a quick fix to those
elements of the ontology (instances, classes, relationships) affected by some type of issue. This button
elements of the ontology (instances, classes, relationships) affected by some type of issue. This button
is used to compute the list of all affected items for an error. As shown in Figure 9a, OntologyFixer
is used to compute the list of all affected items for an error. As shown in Figure 9a, OntologyFixer
users can select one or more elements found, and apply one of the quick fixes described in Section 3.
users can select one or more elements found, and apply one of the quick fixes described in Section 3.
One of the functionalities of OntologyFixer is the possibility of simulating the results of applying a
One of the functionalities of OntologyFixer is the possibility of simulating the results of applying a
quick fix, which is useful for deciding whether to apply a certain solution. The simulation result shows
quick fix, which is useful for deciding whether to apply a certain solution. The simulation result
a value for the current area and the new area calculated after applying the quick fix in the ontology
shows a value for the current area and the new area calculated after applying the quick fix in the
(Figure 9a). Finally, the “Apply Quick Fix” button shown in Figure 9a will generate a new version of
ontology (Figure 9a). Finally, the “Apply Quick Fix” button shown in Figure 9a will generate a new
the ontology and store it as a new version in history.
version of the ontology and store it as a new version in history.
As described in Section 3, one of the advantages of the application is the possibility of performing
As described in Section 3, one of the advantages of the application is the possibility of
a rollback in the ontology editions (Figure 9b). The button included in the “Status” column can be
performing a rollback in the ontology editions (Figure 9b). The button included in the “Status”
used to return to an earlier version of the ontology. This action allows us to activate an older version
column can be used to return to an earlier version of the ontology. This action allows us to activate
of the ontology, re-analyze, and fix it by applying a new quick fix. In addition, the rollback function
an older version of the ontology, re-analyze, and fix it by applying a new quick fix. In addition, the
included in OntologyFixer offers the possibility of downloading each of the versions to which changes
rollback function included in OntologyFixer offers the possibility of downloading each of the
were applied (button located at “Download” column). The next section presents the main conclusions
versions to which changes were applied (button located at “Download” column). The next section
extracted from this work and outlines future research directions.
presents the main conclusions extracted from this work and outlines future research directions.
5. Conclusions and Future Work
This work introduces OntologyFixer, a tool for assisting users in improving the quality of ontologies
and fixing their troubles, by using software engineering inspired techniques. The functionality of
OntologyFixer was achieved by combining some recently introduced techniques that are inspired by
software engineering (e.g., quality evaluation frameworks, such as OQUARE, or smell symptoms
detection, such as OOPS!), and others that are being introduced and used for the first time in this
study (quick fix for ontologies). OntologyFixer combines 17 measures to assess the quality of an
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ontology and supports the detection of four types of bad design symptoms (smells). This group of
functionalities was encapsulated into an external library (OntoMetrics) to standardize their invocation.
Additionally, the application was developed by incorporating recent and innovative frameworks
(Spring, PrimeFaces, Bootstrap) to ensure robustness, usability, and ease of maintenance.
The use of quick fix technology, extracted from popular IDEs for developing software, provides
an easy to use and customizable mechanism to fix ontologies more easily. Particularly, the application
of quick fix methods implies developing several methods that (i) determine which issues can be fixed
by using the quick fix, (ii) provide a list of changes that will be made through applying the quick fix,
and (iii) apply the changes. OntologyFixer functionalities were integrated into a graphical interface
that allows the user to identify those elements that present a symptom, also allowing one of the quick
solutions to be applied to one or more elements of the ontology that presents problems. One of the
more noteworthy advantages of the proposal is the possibility for the user to simulate the application
of a quick fix in order to determine whether the result is favorable, before applying it permanently.
However, after applying a quick solution there is the possibility of consulting/downloading/restoring
the different earlier versions generated by OntologyFixer.
OntologyFixer also defines a graphical method to represent the quality of an ontology (Figure 8a),
ensuring the user can get an overview of its quality at a glance. Additionally, the application supports
the detection of errors and smell symptoms that will guide the application of quick fixes. Finally,
the application of quick fixes can be rolled back if the ontology does not achieve the desired level of
quality (Figure 9b).
The number of implemented OntologyFixer quick fixes is expected to be developed as future
work in a short period of time.
Additionally, we believe that the tool could benefit from the use of multi-objective optimization
algorithms to implement a semi-automatic ontology fixing scheme. OntologyFixer multi-objective
optimization features will provide support to address the improvement of multiple ontology quality
metrics simultaneously, by searching and identifying the optimal subset of quick fix actions to be
applied to the ontology, and the optimal order of their application.
Although quality improvements of the ontology by the means of automatic and optimal fixing
decisions reduce the effort required by the knowledge engineer, the automatic decisions might favor
some quality attributes that do not correspond to the knowledge engineer’s preferences. Therefore,
the optimization process must consider the benefits and costs of the automatic decision, i.e., decrease
the efforts of the knowledge engineer by an automatic decision that generally improves the ontology
quality, or forward a diverse subset of optimal alternatives for the knowledge engineer to select,
according to his/her preferences.
The set of actions to be considered by the optimization process are dependent on the detected
pitfalls, e.g., annotation pitfalls that refer to the lack of information in the ontology can be fixed
by identifying the classes of greatest relevance in the ontology, and by asking the user to add the
comments or annotations that are pertinent to improve the understanding of the ontology and its
elements. Reasoning pitfalls may include relations incorrectly defined as inverse, which can be solved
by checking that they have a domain and range. If this were not the case, the tool could suggest
possible options for domains and ranges or suggest removing them. The OntologyFixer optimization
process will identify an optimal sequence of actions (quick fixes such as RM_INVOLVED_ELEMENTS
and/or RM_SIMILAR_ELEMENTS) to improve the ontology and will present alternative sequences
of actions (with the corresponding ontology quality attributes impact) to apply the one that best fits
the knowledge engineer’s preferences. The number of decisions to be forwarded to the knowledge
engineer must also be considered as criteria to be minimized in the optimization process.
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