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ABSTRACT: Despite the dissemination of modeling languages and tools for representation and con-
struction of ontologies, their underlying methodologies can still be improved. As a consequence, onto-
logy tools can be enhanced accordingly, in order to support users through the ontology construction
process. This paper proposes suggestions for ontology tools' improvement based on a case study within
the domain of bioinformatics, applying a reuse methodology. Quantitative and qualitative analyses were
carried out on a subset of 28 terms of Gene Ontology on a semi-automatic alignment with other bio-
medical ontologies. As a result, a report is presented containing suggestions for enhancing ontology
reuse tools, which is a product derived from difficulties that we had in reusing a set of OBO ontologies.
For the reuse process, a set of steps closely related to those of Pinto and Martin’s methodology was
used. In each step, it was observed that the experiment would have been significantly improved if onto-
logy manipulation tools had provided certain features. Accordingly, problematic aspects in ontology
tools are presented and suggestions are made aiming at getting better results in ontology reuse.
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1.0 Introduction

During the last few years, initiatives of the interna-
tional scientific community in the field of genomics
have led to an explosive growth of biological informa-
tion, which keeps growing today. The initial concern
was the creation and maintenance of databases to
store and describe biological data. As genomes con-
tinue to be sequenced and described, studies shifted
their focus gradually from genome mapping to the
analysis of a broad range of information resulting
from the functional characterization of genes by
means of molecular biology and bioinformatics. In
this scenario, it becomes essential to support the in-
teroperation of data obtained through various re-
search projects around the world, interrelating en-
zymes, genes, chemical components, diseases, cell
types, organs, etc. (Mendes 2005).

Ontologies play an essential role in this process,
supporting semantic interoperability of heterogene-
ous distributed systems in a standard way. The Open
Biological and Biomedical Ontologies (OBO) Li-
brary (OBO 2009) is a terminology repository devel-
oped for shared utilization among several biological
and medical domains. Among OBO's most dissemi-
nated vocabularies, we can highlight Gene Ontology
(GO) (Gene Ontology Consortium 2001). GO is a
large vocabulary, comprising more than 38,000 terms
(http://www.geneontology.org/GO.downloads.ontol
ogy.shtml), non-dependent on organism species
(Ashburner and Lewis 2002). Still, although GO has a
large number of descriptors, other vocabularies are
needed in the biomedical domain as we can see by the
variety of ontologies available in OBO. It is worth
noting that some of those ontologies use several
terms that are equivalent to GO terms, and some-
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times even contain references to GO terms IDs, as it
can be observed in INOH Molecule Role ontology
(Yamamoto et al. 2004). This scenario, considering
the complexity of building and maintaining such vo-
cabularies, brings about the issue of ontology reuse.

One important aspect of ontology reuse concerns
principles adopted for the organization of concepts
and their relationships, and also for building defini-
tions associated with such concepts. In this context,
this study points towards the importance of investi-
gations within the area of information organization in
information science.

Unfortunately, information about such principles
is not always available, and, even when it is, vocabu-
laries are built based on different approaches that re-
quire conciliation when their reuse is intended. In this
context, this study points towards the importance of
investigations within the area of language compatibil-
ity in information science. Research in this area may
provide theoretical and methodological guidelines
(Gangemi, Steve, and Giacomelli 1996) that can help
make ontology reuse tools more useful and precise.
In parallel with the adoption of well founded meth-
odological practices, ontology tools can be improved
accordingly to support users throughout the ontol-
ogy construction process, as well as in providing
management strategies for the production and reuse
of high quality ontologies.

This paper intends to discuss issues that are inher-
ent to ontology reuse as a methodological step to-
wards acquisition of knowledge in ontologies, and
thus propose supporting guidelines for ontology
mapping and alignment tools. A case study within the
domain of bioinformatics is presented, more specifi-
cally focused on genome annotation of trypanoso-
matides at the BiowebDB consortium (Biowebdb
2006).

This paper is organized as follows: in section 2,
common kinds of ontology reuse and related work in
computer science is presented; in section 3, we dis-
cuss the information science perspective on vocabu-
lary compatibilization; in section 4, some of the is-
sues found in our reuse experience are discussed; in
section 5, some semantic aspects of reuse and their
impact on ontology tools are presented as result of
experiments reusing OBO ontologies; finally, in sec-
tion 6, future studies are suggested.

2.0 Ontology reuse

Guarino and Musen (2005, 1) highlight the role on-
tologies have been playing in information systems:

“Building ontologies is now an essential activity that
underlies nearly everything we do in the development
of computational systems.” Although Gruber’s (1993,
1) is the most commonly cited definition of ontology:
“an ontology is the specification of a conceptualiza-
tion,” Guarino (1998, 4) also gives a clear definition:

In its most prevalent use in Al an ontology re-
fers to an engineering artifact, constituted by a
specific vocabulary used to describe a certain re-
ality, plus a set of explicit assumptions regarding
the intended meaning of the vocabulary words.

Ontologies can be reused in many ways depending on
users’ needs and ontologies’ availability. Pinto and
Martins (2001) divide reuse processes in “merge” and
“Integration.” In a merging process, a single ontology
is created from the reuse (partial or total) of two or
more ontologies about the same subject. In an inte-
gration process, an adapted (some of the concepts
will probably be extended, joined, deleted, or refor-
mulated) and independent ontology is created from
the reuse (partial or total) of two or more ontologies
on different (although possibly related) subjects.

Some authors (Bruijn et al. 2006; Euzenat and
Shvaiko 2007) also include “alignment” as an ontol-
ogy reuse process. This process, however, differs
from those aforementioned by its result; instead of
creating an additional ontology, alignment keeps re-
used ontologies preserved on their original sources,
although creating a set of links between terms of the
reused ontologies. Such links express the kind of rela-
tionship that connects terms from the reused ontolo-
gies and are stored in a separate persistent model.
This model is the result of a process named term
matching (Euzenat and Shvaiko 2007), which aims to
identify terms that express similar concepts.

The set of links between ontologies produced by
means of the alignment process is a mapping between
these ontologies. Information contained in the map-
ping will depend on the type of semantic relationship
existing among elements and on the type of formalism
used in the ontology to represent its semantics. For ex-
ample, two elements may be similar (to varying de-
grees), or one can be a part of the other, or they may
have some other kind of relation that is identified with
the help of a domain specialist. One of the issues of
mapping concerns how to find candidates. Another as-
pect involving mapping concerns the type of technique
employed to estimate candidates. It can be based,
among other aspects: 1) on similarities between terms
names; ii) on the ontology structure, such as, for in-
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stance, considering the terms' positions within the hi-
erarchical structure of ontologies under comparison, or
their part-of relations, or even other types of relations
(Euzenat and Shvaiko 2007); iii) on the addition of
supplementary knowledge, such as information from
another ontology or vocabulary with a concept hierar-
chy, such as Wordnet, which may be used to search for
synonyms (Reynaud and Safar 2007).

2.1 Studies related to ontology reuse in computer
science

Regarding methodological aspects on how to reuse
ontologies, to the best of our knowledge, literature is
more often concerned with computational aspects,
such as which algorithms are most effective to pro-
mote compatibility among ontologies regarding both
the accuracy and the speed of their results (Choi,
Song, and Han 2006). Nevertheless, some authors
propose general tasks that are necessary in the reuse
process. Gangemi, Steve, and Giancomelli (2006), for
instance, state that it is necessary to identify the basic
terms and their necessary and sufficient conditions in
textual format. However, they provide no suggestion
on how to perform such identification, or on which
principles should be used to build the definitions. The
more comprehensive view of Pinto and Martins
(2001), on the other hand, suggests that the reuse
process actually starts during the selection of ontolo-
gies to be reused. No systematic details are given
though, on how to perform such tasks.

Some of the many studies carried out by Guarino
(1998), Barry Smith (2005), and Guizzardi et al.
(2011), although not directly focused on reuse per se,
may help the process, since they explore the semantic
and formal nature of concepts of an ontology. In prac-
tice, Guarino’s Formal Ontology, as well as Guiz-
zardi’s UFO Ontology, can be defined as theories of
prior distinctions concerning worldly entities of the
world (physical objects, events, regions, amounts of
matter); and meta-level categories to model the world
(concepts, properties, qualities, states, roles, and
parts). Guarino accepts the creation of several, not
necessarily complementary, views of a same domain,
which he calls “possible worlds.” Barry Smith (2005),
on the other hand, is inspired by the Aristotelian The-
ory of Classes to suggest a jointly developed set of
axioms and definitions to be applied in the biomedical
domain. Smith, as opposed to Guarino and Guizzardi,
advocates the idea that there is only one, commonly
agreed, “possible world,” albeit with different, or-
thogonal, complementary views.

3.0 Vocabulary compatibilization in information
science

Semantic issues have been objects of study and re-
search in Information Science since the beginning of
the second half of the last century within a computer
environment. Such studies focused construction and
compatibilization of documentary languages and their
contributions are still valid for compatibilization
among and reuse of ontologies.

Two methods distinctly stand out among others
used for converting and creating compatibility be-
tween languages based on the integration of vocabu-
laries. These are Neville’s thesaurus reconciliation
method (Neville 1972) and Dahlberg’s concept corre-
lation matrix (Dahlberg 1983a). Neville’s method is
based on the principle that concepts (the conceptual
contents of descriptors, which are expressed by the
definitions), and not descriptors alone, must be made
compatible. This method suggests an intermediate
language approach, based on the numeric coding of
concepts and a series of 11 scenarios with rules to
treat vocabulary compatibility issues, which enables
the establishment of a conceptual equivalence of de-
scriptors of different languages. The method sug-
gested by Dahlberg is based on the construction of a
concept compatibility matrix and a concept register.
The concept compatibility matrix provides the results
of the language compatibility analysis from the se-
mantic and structural points of view. The first step to
elaborate the matrix is the verbal matching of terms.
In the second step, additional information supports
the understanding of the terms intended meaning by
means of a conceptual analysis, whose result is re-
corded in a concept register. The concept register may
be implemented as a database table, although Dahl-
berg did not propose a solution to implement it com-
putationally. It contains some useful information that
helps to identify the semantics associated to each con-
cept, such as: 1) the name of the concept in other vo-
cabularies; 1) the concept’s form category, which indi-
cates its nature, e.g., if it is an object, a process, a qual-
ity; iii) additional information about the concept, for
instance, its source; and, iv) related concepts. Recent
studies include these issues within KOS (Zeng and
Chan 2004). Nevertheless, this paper aims at pointing
to a better concept description so that automatic
compatibilization procedures work with better preci-
sion.
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3.1 Information organization in information science

Literature on information organization in the field of
information science proved to be helpful, specifically
those theories strongly related to representation of
concept systems. In those, there are solid European
theoretical foundations for the elaboration of docu-
mentary languages, providing a semantic base for in-
tegration. Examples are: Ranganathan’s faceted classi-
fication theory (1967) and Dahlberg’s concept theory
(1978), which allow the representation of knowledge
domains. Ranganathan elaborated a series of princi-
ples and canons for knowledge classification, which
intended to allow concepts of a knowledge domain to
be structured in a systematic way. That is, concepts
are organized in arrays and chains, which are, in turn,
structured in comprehensive classes, called facets, and
the latter are organized within a given Fundamental
Category. The grouping of all categories comprises a
concept system for a given subject area, and each
concept within the category is also the manifestation
of that category (Ranganathan 1967).

4.0 Case study methodology and results

The purpose of this paper is not a proposal of a reuse
methodology, but to show that compatibilization cri-
teria developed in information science are valid to on-
tology reuse. We may also take advantage of an exist-
ing methodology, such as Pinto and Martins (2001), to
illustrate how ontology tools can benefit from a joint
approach between theory and practice, in the scope of
a reuse scenario.

The sample of concepts (knowledge capture) con-
sists of a set of GO terms used in a manual genomic
annotation of Tripanossoma rangeli made by biologists
of the BiowebDB group during a master research pro-
ject (Wagner 2006). This group of terms constitute a
coherent set present in the three branches of GO (cell
component, molecular function, biological process);
biologists are familiar with those concepts and rela-
tions and this is important to validate the structure of
these terms when comparing with other ontologies.
The result of annotation of 7. rangeli consists of 865
terms class distributed in those categories.

Five steps of ontology reuse can be summarized: 1)
finding and selection of candidate ontologies; ii)
evaluation of candidate ontologies by domain experts
and ontology engineers; iii) final selection of ontolo-
gies to be integrated; and, iv) application of operations
towards ontology integration, which we consider as a
semi-automatic procedure.

4.1.1 Step I: finding and selecting candidate ontologies

To begin with, GO was considered the master ontol-
ogy. One of the criteria for selecting a master vocabu-
lary is its completeness (Dahlberg 1981). In relation to
OBO ontologies, specially, for functional genomic an-
notation, GO is the most complete and used. So, since
the beginning, it was assumed that GO could be con-
sidered the master ontology for the experiment.

To identify themes for the compatibilization a do-
main study was conducted. Many researchers have
studied how to approach a given knowledge domain
(Soergel 1982, 1997; Lancaster 1986; Hjorland 2002,
2003, 2004; Broughton et al., 2005; Gnoli and Hjerland
2009). They provide us with systematic guidelines for a
preliminary domain analysis. Support provided by
these theoretical contributions and by others from the
social sciences (Latour 1997) have allowed elaboration
of a preliminary draft of thematic groupings on the
domain of trypanosomatides. At first, ten thematic
groups were identified: protists; functional and sys-
tems biology; molecular biology and genomics; evolut-
ive molecular genetics; comparative genomics; philog-
eny; bioinformatics; diseases; and metagenomics; tar-
gets for drugs, each one with its own sub-groupings.

The purpose of this selection was to identify a set of
ontologies to be reused with the aid of software tools.
This strategy is in accordance with Neville’s feasibility
study for reconciliation of thesaurus (Neville 1972)
and with Dahlberg’s intermediate language proposal
for compatibilization (Dahlberg 1983b). The interme-
diate language—or ‘master’ vocabulary—would be the
starting point when establishing equivalence relations
with terms of other ontologies.

To identify possible useful ontologies for the ex-
periment a search was made in the OBO site, where
each ontology has a brief summary of its scope.
Through this, it was possible to identify those in ac-
cordance with the thematic areas previously chosen
and, using this opportunity, verify their ontological
commitment. This scope analysis showed, for example,
that ‘molecular role’ in one ontology does not refer to
molecular role, but is, indeed, an ontology of proteins
(Campos 2011). The result of this step led to a selec-
tion of eleven ontologies that could be of interest to
researchers on trypanosomatides.

4.1.2 Step II: evaluation of candidate ontologies by do-
main experts and ontology engineers

Selection of candidate ontologies for the experiment
was validated through seminars with the research
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group. To support the ontology evaluation process,
Onto-Edit was used, as it allows user-friendly visuali-
zation of concepts and hierarchies. Such visualization
shows clearly taxonomies inherent to each ontology
and is useful for compatibilization and, the case be-
ing, for further integration. (Jie, Fei, and Sheng-Uei
2011) From the initial group of ten ontologies, six
were confirmed by end-users as being of interest.
These had already been used as knowledge source so
that classes of interest within the domain of Trypano-
somatides could be easily identified.

4.1.3 Step I11: selecting ontologies

Laboratory researchers selected the following ontolo-
gies: NCBI organismal classification, pathway, se-
quence types and features (SO), Brenda tissue/en-
zyme source, Event-INOH pathway ontology, mul-
tiple alignment and system biology (Open Biomedi-
cal Ontologies 2009).

4.1.4 Step IV: applying operations towards ontology
integration

Two procedures were required in order to evaluate the
degree of compatibilization between GO and each se-
lected ontology: the identification of hierarchies
among selected ontologies, and the semantic analysis
of each term within each hierarchy. These also con-
tributed to verifying their potential reuse.

4.2 Identification of hierarchies

Visualization of hierarchies was done through applica-
tion of the OBO-Edit editor (Day-Richter, Harris, and
Haendel 2007), which supports multiple visualization
forms. Other requirements not supported by this tool
were needed, such as facilities for recording justification
of the choices made and thematic superimposition.

Mapping terms in selected ontologies was done
with application of Prompt tool. To allow more effec-
tive searching and exploring the hierarchy of terms in
several biological ontologies with dynamic trees, with
ontology subsets and retrieving of information, On-
toExplore was developed. This tool was used after-
wards in the process of genomic annotation thus pro-
viding researchers with a computational support.

OntoExplore was developed in Java, using the API
JENA (http://jena.sourceforge.net) to parse ontolo-
gies in OWL and RDF formats and the Prefuse Visu-
alization Toolkit (http://prefuse.org) to implement
interactive data visualization mechanisms.

OntoExplore allows: (1) Visualization and compari-
son of terms hierarchies in different ontologies. It is
possible to select a term and visualize its hierarchy in
two different ontologies (see Figure 1). Thus it is pos-
sible to check and study the hierarchy of terms. It also
allows (ii) the searching of terms within multiple on-
tologies. The goal is to find similar terms. Sometimes
the term exists in another ontology with a different
name. To implement this, a synonym-based search was
applied.

The purpose of OntoExplore is to align ontologies
by means of an algorithm that explores their hierar-
chical structure, the term, and also the semantic na-
ture of the concepts, according to the Classification
Theory (Ranganathan 1967). For the latter to be pos-
sible, the root classes of two of the reused ontologies
were previously manually associated to terms denot-
ing Fundamental Categories.

Our goal in building such tool instead of using ex-
isting ones, like Prompt (Noy and Musen 2003), is to
implement and test some of the aspects we consider
important to ontology mapping in order to evaluate
its helpfulness on the reuse process. The use of Fun-
damental Categories is an example of such aspects.

From 865 GO terms, 28 were common in selected
ontologies. That means that each term was listed at
least once in each ontology besides GO. In great
measure, terms were found only in GO and Event
(INOH pathway ontology). This result suggests that
this ontology has enough thematic superimposition
with GO. It deals with biological events such as
mechanisms of gene expression and immunological
response, concepts that belong to the Functional Ge-
nomics domain, and biological process is one of the
three components of GO.

This paper limits discussion to results of experi-
ments between GO and INOH.

4.3 Semantic analysis

Once a term is found in a target ontology, a subset is
derived from such an ontology, composed of its as-
cending and descending hierarchy within GO and
INOH. Mapping is done with the assistance of the
Prompt tool and with our prototypical tool. Each re-
sulting mapping is then manually analyzed based on:
(i) similarities in term designations; (ii) semantic
similarity indicating concepts of similar nature (logi-
cally related); (iii) relations indicating concepts that
are not similar, but that may be associated by means
of category (logic) relations which are relevant to the
domain, for instance, between a protein and a bio-
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Figure 1. Comparing the same term hierarchy in two ontologies
logical process in which it participates, a biological — Concept coincidence
process and its product. — Concept correspondence.
Term definitions were also analysed according to
methodological principles (Dahlberg 1978a, 1978b, Homonyms were also investigated.
1981, 1983a; 1983b; Neville 1972). A manual analysis
and comparison of terms and their definitions both in 4.3.1 Conceptual coincidence
GO and INOH were made, aiming at verifying how
much future automatic processing would provide con- Conceptual coincidence occurs when for the same
sistent results relating to semantic aspects. The analy- verbal form and same content 80% of characteristics
sis made measuring the degree of verbal and concep- occur in both definitions. In this case, 31% of terms
tual compatibility possible. Verbal coincidence was the are considered conceptually identical. But two differ-
starting point, following analyses of definitions to ob- ent situations were identified in relation to hierarchi-

tain conceptual coincidence. When no definition was cal structure:
provided, it was necessary to observe term position in

its respective hierarchy so that similarity of classifica-
tion between ontologies could be observed. Manual
analysis of definitions was made to verify the degree
of consistent results when applying future automatic
processing; in other words, to evaluate semantic po-
tentiality of compatibilization when comparing com-
mon characteristics between definitions.

Dahlberg’s matrix of semantic compatibility starts
with verbal coincidence. The rate of verbal coinci-
dence indicates the possibility of measuring the de-
gree of conceptual compatibility. Two measures were
investigated:

1 — Some possess the same generic term: in both
ontologies, "cell-cell signaling" is subordinated to
"cell communication." It is worth observing that
cell-cell signaling definition in both ontologies is:
“Any process that mediates the transfer of infor-
mation from one cell to another.”

2 — Terms have different generic term: “DNA re-
pair”—in GO, it is subordinated to "DNA meta-
bolic process"; in INOH, it is subordinated to
"molecular event." It is worth noting that “DNA
Repair,” in both ontologies, is defined as: “The
process of restoring DNA after damage. Ge-
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nomes are subject to damage by chemical and
physical agents in the environment (e.g., UV and
ionizing radiations, chemical mutagens, fungal and
bacterial toxins, etc.) and by free radicals or alky-
lating agents endogenously generated in metabo-
lism. DNA is also damaged because of errors dur-
ing its replication. A variety of different DNA re-
pair pathways has been reported that include di-
rect reversal, base excision repair, nucleotide exci-
sion repair, photoreactivation, bypass, double-
strand break repair pathway, and mismatch repair
pathway.”

The analysis of these terms indicates that, although
they seem conceptually identical, according to their
definitions, they have different hierarchies, and a con-
flict will rise in an automatic analysis when determin-
ing conceptual similarity. This is due to lack of a defi-
nition pattern that ensures that the first element in
definition be its immediate superordinated term in
the conceptual chain. In this case, they were consid-
ered identical.

4.3.2 Conceptual correspondence

Conceptual correspondence occurs when the same
verbal form and similar concept content are consid-
ered quasi-synonyms when 60-79 % common charac-
teristics occur in both definition. In this case, 63% of
terms can be considered quasi-synonyms. “Organ
morphgenesis” is an example.

In INOH, the term has the following definition:
“Morphogenesis of a tissue or tissues that function
together to perform a specific function. Organs are
commonly observed as visibly distinct structures, but
may also exist as loosely associated clusters of cells
that function together as to perform a specific func-
tion." In GO, the definition is as follows: “Morpho-
genesis of an organ. An organ is defined as a tissue or
set of tissues that work together to perform a specific
function or functions. Morphogenesis is the process
by which anatomical structures are generated and or-
ganized. Organs are commonly observed as visibly
distinct structures, but may also exist as loosely asso-
ciated clusters of cells that work together to perform
a specific function or functions.”

4.3.3 Homonyms
Only two terms (6%) in each ontology were semanti-

cally different so they were considered homonyms
(for example, “Phosphorylation”). The definition in

INOH is as follows: “Reversible reaction that can af-
fect D,C,H,S,T,Y,R residues.” The definition in GO is:
“The process of introducing a phosphate group into a
molecule, usually with the formation of a phosphoric
ester, a phosphoric anhydride or a phosphoric amide.”

Analyses showed that, due to lack of a pattern,
definitions do not allow consistent results in an auto-
matic processing for semantic compatibility degree
between concepts. As it could be observed, besides
having conceptual coincidence (identical definitions),
two identical terms cannot be considered identical be-
cause each hierarchical structure does not match.

To obtain consistent semantic compatibilization
degree between ontologies, interference in definitions
will be needed; or, to provide quantitative analyses of
similar characteristics as well as to be able to verify
superordinated term in each hierarchy, software will
have to be developed. The correspondence between
concepts would be better obtained if granularity, syn-
onymy, and establishment of principles for a standard
terminology were previously established.

The use of categories associated to ontologies was
one of the functionalities aggregated to OntoExplore.
It resulted in an increased accuracy when handling
false positives, which brings us closer to the ideal set
of intended mappings. As an example, we can mention
the case of the “excretion” concept, found in GO and
Brenda ontologies. In the former, the term refers to a
process and means “elimination of excreta by an or-
ganism, resulting from metabolic activity.” In the lat-
ter, it refers to the product of an activity and means
“the matter, such as urine or sweat, excreted by blood,
tissues, or organs.” When both ontologies are mapped
through the Prompt tool, it indicates that the terms
are similar but they actually require a semantic analy-
sis. Similarly, the terms “transporter,” from the
MoleculeRole ontology, and “transport,” from GO,
also generate false positives in the mapping suggested
by Prompt. “Transport,” as in GO, is a process defined
as “processes specifically pertinent to the activities of
integrated living units: cells, tissues, organs and organ-
isms.” “Transport,” as in MoleculeRole, on the other
hand, is a protein defined as “linking specific solutes
to be transported that undergoes a series of conforma-
tion changes to transfer the linked solute.” As it can
be seen, these term pairs, despite their linguistic simi-
larity, denote concepts with distinct natures (different
categories), therefore Prompt should not have sug-
gested those terms as mapping candidates. A person
can observe this but the tool provided no mechanisms
to register it, so one will deal with this same issue
when trying to align ontologies.
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In this context, it was possible to manually confirm
a suggested relation between the terms “excretion”
(Brenda) and “excretion” (GO) by means of a proc-
ess-product category relation, that is, “excretion” (a
matter, in Brenda) is the “product of excretion” (an
activity, in GO). Similarly, “transporter” (a protein, in
MoleculeRole) and “participates in transport” (a proc-
ess, in GO), suggests a relation between a biological
object (a protein) and a process (transport). In this
scenario, OntoExplore provides mechanisms, absent
in Prompt, to persist in the acknowledgement of the
validity of such a relation, so an alignment attempt
could be made in an incremental and more precise
way.

5.0 Semantic aspects of reuse and the impact
on ontology tools

During this work on OBO ontologies, several aspects
of importance to ontology reuse have been found,
considering not only machines, but also humans, such
as: (a) concept comprehension; (b) concept categori-
zation; (c) concept definition; (d) ontological com-
mitment elucidation; (e) concept matching; and
(f) ontology articulation.

Aspect (a) regards showing people (and not ma-
chines) information regarding the ontology as a whole
(for instance, its purpose and design rationale) and
about the intended meaning of each term on each on-
tology as accurately as possible. This may be helpful
when people are trying to understand the perspectives
used by different ontologies to represent domain
knowledge.

Aspect (b) regards providing people some input
about the principles by which ontology categories are
organized. This may be particularly helpful if one in-
tends to extend the ontology or relate it with another
one, because it aids preventing ambiguous categoriza-
tion or association. Some of these principles can be
formalized in order to be used by tools, for instance,
in the context of ontology alignment.

Aspect (c) regards improving consistency among
the definitions of terms and, with such well-formed
definitions, help people to organize and extend ontol-
ogy taxonomy structure. Besides, the use of standard
definitions can improve the results of ontology tools
(for instance in mining operations, to propose rela-
tions between terms), which can be configured to take
advantaged of such semi-structured information.

Aspect (d) regards helping people to evaluate and
decide if the ontologies considered in a first selection
are useful to the purpose they have in mind.

Aspect (e) regards providing an overview of issues
encountered during an ontology compatibility enter-
prise. Although it may be difficult to keep such re-
cords up to date when ontologies change, it is worth
keeping this information available to an organized on-
tology community (such as OBO) as a feedback of a
process of ontology compatibilization; it can be used
to improve ontologies evolution.

Finally, aspect (f) regards helping users envision
possibilities of extending the scope of a particular on-
tology by connecting terms on this ontology with
terms of another ontology that may complement it.

It is worth noting that this list does not pretend to
be exhaustive, but, instead, is a proposal of a set of is-
sues derived from our own experience reusing a set of
OBO ontologies. Besides, we have observed that the
aspects presented on our list are present among the
steps realized in a reuse process, and so, accordingly,
should be present somehow on an ontology reuse
methodology.

It is assumed that a more consistent and accurate
reuse can be achieved if ontology tools reflect the
multiple aspects and steps of ontology reuse accord-
ingly. Some of those aspects, following the theories
presented so far and the experiments conducted in the
Biowebdb project, are illustrated in Table 1. Their us-
age, as situated within the steps of a reuse methodol-
ogy, may improve the precision of ontology compati-
bilization mechanisms. This happens because they en-
hance the semantics associated to ontologies concepts
and help users to accomplish most of the tasks carried
out on each step of such a reuse methodology.

6.0 Conclusion

Although the aforementioned tools provided valuable
help on reusing ontologies, especially regarding the
task of finding candidate terms (matching) for map-
ping, many of the features observed as useful are lack-
ing while reusing ontologies. In this sense, further
studies will investigate whether the application of the
proposed suggestions, based on semantic aspects of
reuse, contribute to an increase in the accuracy using
software tools. Future enhancements, modifications
and investigations are necessary to improve Onto
Explore such as to provide a broad set of metrics to
compare term hierarchies in distinct ontologies.

This paper points to the need of systematization of
definitions when constructing semantic tools. It is
important to follow a pattern that reveals the nature
of concepts and their epistemological contexts, or the
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Aspect

Tools should tackle

How to do it

(a) Concepts comprehension

Exhibit the matching concepts defini-
tions alongside with their main hierar-
chic structure.

Multiple ontology visualization
mechanisms, showing terms’ defini-
tions and other relevant information,
such as concepts’ categorization and
ontological commitment.

(b) Concepts categorization

Support documenting and viewing the
fundamental categories under which
the ontology has been built.

Standard metadata associated to each
concept of each ontology, possibly
stored as a concept register, similar to
Dahlberg’s proposal, on an ontology
repository provided along by the tool.

(c) Concepts definition

Allow definition of concepts based on
patterns, possibly associated to under-
lying fundamental categories identified.

Standard metadata associated to each
category, suggesting attributes that
should be present on the definition of a
concept belonging to such category.

(d) Ontological commitment elucidation

Allow documenting and viewing the
principles under which the ontology
has been built, its purpose, scope, sub-
ject, and premises, among others.

Standard metadata associated to each
ontology, possibly stored on an ontol-
ogy repository provided along by the
tool.

(e) Concepts matching analysis

Show compatibility issues, as presented
by Neville, e.g. difference in granular-
ity; different number of terms to de-
note the same concept; synonyms;
homonyms; Provide support to sug-
gest standard term names;

Standard metadata, related to such
compatibility issues, associated to the
equivalence relationship between
matched concepts.

(f) Ontologies articulation possibilities

Offer suggestion of relationships be-
tween concepts on different ontolo-
gies, possibly underpinned by categori-
cal relations occurring between con-
cepts that belong to those categories.

Through analysis of concepts defini-
tion, and domain analysis; e.g., when
one concept refers to another already
existent in one of the ontologies to be
articulated and the concepts involved
belong to categories that may be re-

lated.

Table 1. Suggestions to improve precision on ontology reuse tools
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