REUSING UML CLASS MODELS TO GENERATE OWL
ONTOLOGIES

A Use Case in the Pharmacotherapeutic Domain

esus M. Hermida', M. Teresa Roma-Ferri<, Andrés Montoyo' an anuel Palomar
Jestis M. Hermida', M. T Romé-Ferri?, Andrés Montoyo! and Manuel Pal !
I Department of Software and Computing Systems, University of Alicante, Spain
2Department of Nursing, University of Alicante, Spain

Keywords:

Abstract:

Ontologies, Knowledge reuse, UML class diagrams, Pharmacotherapeutic domain, OntoFIS.

This paper presents a method for the reuse of existing knowledge in UML software models. Our purpose

is being able to adapt fragments of existing UML class diagrams in order to build domain ontologies, rep-
resented in OWL-DL, reducing the required amount of time and resources to create one from scratch. Our
method is supported by a CASE tool, Visual WADE, and a developed plug-in, used for the management of
ontologies and the generation of semantically tagged Web applications. In order to analyse the designed trans-
formations between knowledge representation formalisms, UML and OWL, we have chosen a use case in the
pharmacotherapeutic domain. Then, we discuss some of the most relevant aspects of the proposal and, finally,
conclusions are obtained and future work briefly described.

1 INTRODUCTION AND
MOTIVATION

The pharmacological therapeutic process requires re-
liable and up-to-date information to know the prop-
erties of drugs and their suitability to treat a certain
health problem according to some individual charac-
teristics. The information must cover the needs of the
diverse actors who take part into the pharmacothera-
peutic process: physicians, pharmacists, nurses (pro-
fesional backgrounds) and citizen/patient (lay pro-
file). However, retrieving the required information
during the health care process in the shortest time is
still an obstacle for the daily practice.

This obstacle is explained by the number of avail-
able drugs and information sources. On the one hand,
we must consider the number of marketed drugs. Al-
though each drug might not be available in all con-
tries, when it is, its name might change from one
country to another, which is a drawback for the free
movement of citizens and patients in the European
Union. On the other hand, information sources are
diverse in their structure, their contents and their lan-
guage. There are sources of narrative form or textual
and resources that provide structured information. In
adition, some information sources are focused on the
chemical composition of a drug, but in the health pro-
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cess and , at least, in Spain, identifying the trade name
of a certain drug is essential to prescribe it.

The reuse of professional vocabularies for knowl-
edge representation of limited scope or database
schemas or class diagrams opens the door to the gen-
eration of new semantic resources with less waste of
resources and time. This has been an important line of
work. Among the existing types of representations we
have focused on reusing those UML class diagrams
that are used for defining the static structure of a large
number of information systems. Specifically, our ob-
jective has been the reuse of UML class diagrams that
have been design with the VisualWADE CASE tool
(Gbémez, 2004), based on OO-H Web design method.
From a collection of software models, this tool is able
to automatically generate Web applications. Obtain-
ing a semantic resource from these diagrams will al-
low us to develop other tasks, such as, semantic anno-
tation of the content of Web applications.

From the existing knowledge representation for-
malisms, we chose ontologies because (i) they are
the current formalism for knowledge representation in
the Semantic Web and (i) its wide use in projects in
which it is necessary to manage some type of knowl-
edge to fulfill its goals.

UML is also used for the representation of ontolo-
gies, because of its simplicity and its wide use, for
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instance, in the development of data-intensive Web
applications (Cranefield and Purvis, 1999). How-
ever, UML has some lacks when representing general
knowledge that limit the complexity of the ontologies:
(i) small number of representation mechanisms; (ii)
local knowledge, hard to share even with XMI; and
(iii) no semantic relation between models. Therefore,
it is not a suitable candidate as knowledge represen-
tation language to be used in semantic tagging tasks.
The main advantage of OWL-DL regarding UML is
that it was design to be used by machines and its ex-
pressivity level, which can be adapted to the different
types of existing applications.

Limitations of UML diagrams and CASE tools in
conjunction with the necessity of generating semanti-
cally annotated Web applications made necessary for-
malise domain models in OWL-DL by reusing UML
models. The goal of this paper is to describe our trans-
formation process and the functionalities of the tool
we have developed for supporting this process. In ad-
dition, the whole analysis is carried out with a use
case in the pharmacotherapeutic domain. This paper
is organised as follows: next section presents the case
study where the anylisis will be carried out; Section 3
is the main part of the paper, where the reuse method
and the developed plugin are introduced; and, finally,
last section discusses some aspects of the paper ob-
taining some conclusions, and it explains our lines of
future work.

2 USE CASE

Considering the initial requirements of information,
we designed a new ontology called OntoFIS (in Span-
ish, “Ontologia Farmacoterapéutica e Informacién
para el Seguimiento”), which is aimed at representing
knowledge from the clinical practice, focused on the
rational use of medicines. Based on ontology princi-
ples from (Gruber, 1993; Gomez-Perez et al., 2004),
OntoFIS is a conceptualization of common and shared
knowledge of the pharmacotherapeutics domain that
has been created as a potential multilingual resource
to help in semantic annotation of Web resources and
tasks related with natural language processing: auto-
matic retrieval and classification of documents as well
as information extraction from narrative texts related
with this domain.

The chosen methodology for the design of
OntoFIS was based on common aspects of current
proposals (Uschold and Jasper, 1999; Fernandez
etal., 1999; Noy and McGuiness, 2001; Gomez-Perez
et al., 2004). The process is divided into three stages:
(i) systematic capture of domain knowledge using an
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informal formalisation; (ii) description of captured
knowledge by means of a conceptual modeling lan-
guage, in this case, UML; and (iii) formalisation of
knowledge by using a knowledge representation lan-
guage, OWL.

The next subsections describe the first two stages
of the development of OntoFIS.

2.1 Capture of the Domain Knowledge

The characteristics of the information of this domain
dificults the use of non-supervised or semi-supervised
methods for creating ontologies, because this infor-
mation might be critical in many processes. Sys-
tems based on our ontology will be used for man-
aging health processes in people. An error caused
by this system would be hard to solve. Considering
the current performance of these type of learning on-
tologies from text, we decided to invest the available
time in carrying out this process manually. In this first
stage, we carried out a set of tasks with the purpose
of localize information sources tailored to the domain
of interest: (i) search in bibliographic databases; and
(ii) analysis of different specific information sources:
manuals about Internal Medicine, Pharmacology and
Nursing cares and inserts of different types of drugs.

In a first step, from these information sources
we extracted the most significative terms and defi-
nitions, and a collection of questions usually asked
by users with different profiles, expressing their need
of information, which would be the basic knowl-
edge core of our ontology. These terms are re-
lated to: medicine indication (pathophysiological pro-
cess, signs, symptoms); prescription (drug, period,
frequency of shots, quantity, pharmaceutical form);
medicine (name, composition, classification); admin-
istration (route, preparation, mode of supply); and,
security (effect, time, adverse reactions, precautions).
In the end, 144 representative terms were collected
and, simultaneously, each term was defined or de-
scribed with the available diccionaries and manuals,
creating a gloss of terms. In a second step, the se-
lected terms were classified in different groups: es-
sential terms, secondary terms (high specifity or at-
tributes) and synonyms (also translations).

In the next stage of the design process, we used the
mechanisms of knowledge representation provided by
UML class diagrams in order to describe the concep-
tual model of OntoFIS.

2.2 Knowledge Description using UML

This second stage began with the analysis of the gloss
of essential terms in order to establish the type of con-



REUSING UML CLASS MODELS TO GENERATE OWL ONTOLOGIES - A Use Case in the Pharmacotherapeutic

cept they represent, according to our criteria of func-
tionality and level of specification of our ontology.
From this collection of terms we have extracted 23
concepts of medium granularity. These concepts in-
clude intrinsic properties (attributes, an average of 4,
in a range from 3 to 6) and extrinsic properties (termi-
nological labels, synonyms and translations).

Each association between two concepts has been
described by at least one of the predefined relations of
an existing taxonomy of 59 relations (Slaughter et al.,
2006). Further on, several relations with different se-
mantics can exist between each pair of concepts, cap-
turing our reality from the different points of view of
the care process.

Our selection process has reduced the initial tax-
onomy to 36 types of relation. We have identified
708 relations between our 23 concepts. The relation
triples (subject, relation, object) were built manually
from the gloss of terms and the collection of user
questions.

Once we had analysed the captured information
of our domain, we designed the UML class diagram
of OntoFIS. Fig. 1 shows a fragment of this class dia-
gram. The picture shows three of the main classes and
a subset of the existing relations. This small example
provides a vision of the complexity of the scenario
where this work is developed. The next section de-
scribes the designed process of reusing the conceptual
UML model of OntoFIS to generate an OWL ontol-

ogy.

3 REUSING UML ELEMENTS IN
AN OWL ONTOLOGY

Representation languages determine the type of for-
malisation of the captured knowledge. The final
choice of this language has to be focused on the
type of representation (formalisation) and the infer-
ence mechanisms which will be used according to the
purpose of the ontology.

OWL-based knowledge representations contain
knowledge which is represented with a higher detail
level, easily shareable on the Web and ready to be
used to semantically tag texts, among other tasks.

Due to the wide use of the UML class diagram in
software and databases designs and the diverse do-
mains that can be represented, UML models are a
valuable resource to be able to obtain new knowledge
and, thus, reuse the effort that was carried out in the
conceptualization phase.

This section is focused on describing the transfor-
mation process that has been designed to turn the dif-
ferent elements of a UML class diagram into elements

Domain

-affects m
AdministrationMethod “brings_about "
- PharmaceuticalForm

name _refated_to
- ~brief_name

preparacion
way_of_administration ~complete_name
number_of_ways

administration_wamings
Interaccion_fg_preparacion +PharmaceuticalForm()

intaraccion_fg_administracion
+AdministrationMethod()
tnational_code

Lﬂwr
[FMEme_in_europe .
-imteracts_withr+Medicine(}
N -disnups

Figure 1: Fragment of OntoFIS UML Class Diagram.
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of an OWL ontology. This process is divided in two
phases: content transformation and name transforma-
tion. Each of these phases with different associated
problems we have tried to solve optimally according
to our initial purposes: implementing this process as
an extension in our Web design tool VisualWADE.

3.1 Proposal of Transformations

The first task to carry out in the design of the process
of reuse was the definition of a collection of trans-
formations able to transform a target UML class di-
agram into an OWL representation of our ontology
from a semantic point of view. From this, the purpose
is to obtain elements or mechanisms in both diagrams
capable of describing equivalent knowledge. Trans-
formations would be applied between two representa-
tions in the same level of abstraction (class-class).

A simpler approach would consist in using an on-
tology to describe the elements of a class diagram
(class-instance transformation). This approach may
be useful when our purpose is interchanging infor-
mation between tools. Howerver if we want to use
the contained knowledge of a class diagram it is not
an optimal approach, since knowledge would be de-
scribed in instances but it would not be suitable to use
it in more complex tasks, in which a reasoner may be
involved.

Final transformations were designed and applied,
sorted by their complexity level, beginning with the
simplest mechanisms (clases and hierarchy) and fin-
ishing with the most complex ones (aggregations and
compositions).

Table 1 briefly summarises our collection of trans-
formations, turning elements of the UML Class dia-
gram into OWL elements.
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Table 1: Summary of Transformations UML Class Diagram
- OWL.

l Elements of UML Class Diagram [ Elements of OWL l

Class owl:Class
Attribute (Simple datatype)
Attribute (Complex datatype)
Inheritance

owl:DatatypeProperty
owl:ObjectProperty
rdfs:subClassOf

Association Role owl:0ObjectProperty

Role Multiplicity owl:Restriction
+owl:cardinality,...
Aggregation owl:UnionOf
Composition Generic properties partOf and

hasPart + subproperties
Class Description rdfs:comment

Representative Terms rdfs:label

and Translations

3.1.1 Filling the Gap between Representations

Note that there is a representation gap between UML
class diagram and OWL documents. On the one hand,
OWL has a higher degree of expresivity and, there-
fore, there are some characteristics that UML cannot
represent. UML has no direct mechanism for the rep-
resentation of some characteristics of OWL Object-
Properties, such as transitivity or symetry. Instead
of using OCL (Object Constraint Language), which
would considerably increase the complexity of the
transformations, we have included new functionali-
ties in our support tool (described in the following
section). On the other hand, UML provide some rep-
resentation mechanisms which have no trivial or no
possible equivalence. Although the concept of asso-
ciation is one of the most utilized elements of class di-
agrams, it does not have an equivalent representation
in OWL. Instead, association roles are used to obtain
the different OWL properties of an ontology. More-
over, aggregations and compositions are the elements
of a class diagram whose capture and processing is
more complex, since their semantics vary according
to each use case. Although (Rector and Welty, 2005)
and (Veres, 2005) provide generic solutions for these
problems, the use of NLP techniques would be neces-
sary in order to process a higher number of elements
by relating the element names with their associated
semantics.

3.2 Resolving the Naming Gap

Another important aspect in the transformation pro-
cess was the design of rules for name conversion be-
tween both representations to avoid conflicts.

There is also a clear naming gap between UML
and OWL identifiers. While an OWL ontology use
URISs to identify uniquely each of its elements (global
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identification), some elements from different class di-
agram may have the same name (local identification),
for instance, attributes or association roles. Table 2
shows a summary of these name conversions. This is
the second phase of the transformation process. Once
we have obtained an element with equivalent seman-
tics in OWL, our method assigns an URI to it.

Table 2: Summary of URI Generating Rules for Ontology
and Knowledge Base Elements.

l Target Element [ URI Generation Rule l
owl:Class URL_ONTODEF' +# + CLASS_NAME?
owl:DatatypeProperty URL_-ONTODEF + ’#’ + CLASS_NAME

+{’-,7.2,77,°7 } + ATTR _NAME®
owl:ObjectProperty URL_ONTODEF + '# + ASSOC_NAME*

+{’-,°.>,’,’; } + ROLE_NAME?®
Instance URL_INSTANCE + '# + CLASS_NAME

+{’-,.7,°", ) } + INSTANCE_ID

1 URL_ONTODEF
2CLASS-NAME

URL of the file which contains the definition of the ontology.
Name of the UML class from which comes the element.

3 ATTR-NAME Name of the UML attribute from which comes the element.
4 ASSOC_NAME Name of the UML association from which comes the element.
SROLE_NAME Name of the UML role of association from which comes the

element.

3.3 Applying Transformations to
OntoFIS

In this subsection, we show the results of the algo-
rithm after applying it to the class diagram depicted
in Fig. 1. Although it shows a subset of the elements
of OntoFIS, we can appreciate the transformation pro-
cess. The results shown in the next points are sorted
by their generation time and the complexity of the
transformation.

Classes:

<owl:Class
rdf:ID="http://www.dlsi.ua.es/ontofis.owl4Medicine">

<!-- Disjoined with other classes -->

<!-- Description of the concept in natural language -—>
<rdfs:comment xml:lang="es">A chemical... </rdfs:comment>

<!-- Most representative terms and translations -->

<rdfs:label xml:lang="es">Medicamento</rdfs:label>
<rdfs:label xml:lang="en">Drug</rdfs:label>
</owl:Class>

Inheritance:

<owl:Class rdf:ID="Action">
<!-- Class Information -->

</owl:Class>

<owl:Class rdf:ID="DesirableEfect">
<rfds:subClassOf rdf:resource="#Action"/>
<!-- Class Information -->

</owl:Class>

Class Attribute:

<owl:DatatypeProperty rdf:ID="Medicine..national_code">
<!-- Comments and translations -->
<rdfs:Domain rdf:resource="#Medicine"/>
<rdfs:Range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

Association Role:

<owl:ObjectProperty rdf:ID="AS3..interacts_with">
<!-- Comments and translations -->
<rdfs:Domain rdf:resource="#Medicine"/>
<rdfs:Range rdf:resource="#Medicine"/>
</owl:ObjectProperty>
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Eventually, as aforementioned, this process was
not designed to be carried out manually, since our
UML design was supported by the Visual WADE tool.
A new plugin for visual WADE has been implemented
to automatically generate OWL representations from
our UML class diagrams by using our transformation
algorithm.

3.4 Tools for Supporting the Process

The main support tool used along this process was Vi-
sual WADE (Gémez, 2004), which is a CASE tool for
the development of data-intensive web applications.
From a collection of designed models, this tool can
automatically generate an entire web application, in-
cluding database, business logic and interface, from
different software models. Fig. 2 depicts the interface
of Visual WADE while designing a class diagram.

Although it is not a knowledge representation tool,
we have chosen Visual WADE because of three as-
pects: (i) it uses UML class diagram for the modeling
of the domain of Web applications; (ii) it is a well-
known tool; and (iii) it can be easily extended thanks
to its plug-in extension mechanism.
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Figure 2: Picture of Visual WADE CASE Tool.

To apply the designed transformations in a easy
manner, we extended the tool by developing a plug-
in. Specifically, we developed the plug-in Semantic
Web Tools for VisualWADE, depicted in Fig. 3. The
purpose of this plug-in is to become the main ontol-
ogy management core of the application, provinding
functionalities that class diagrams and the own pro-
gram cannot provide by itself.

The most relevant functionalities of our plug-in
are presented in the following list: (i) multilinguality
and synonimy —inclusion of synonyms and transla-
tions of all the used terms—; (ii) description of ele-
ments —inclusion of the description of an element in
multiple languages—; (iii) characteristics of associa-
tion roles: direct and inverse functionality, transitivity
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Figure 3: Picture of Semantic Web Tools for VW.

and symetry; and (iv) OWL generation —it carries out
the whole transformation process already described.

OWL documents generated by our plug-in were
verified by Protégé ontology editor (Knublauch et al.,
2004) in order to check that the generated ontol-
ogy was complete according to its contents (concepts,
properties and relations), and ensuring that its OWL
code had been generated correctly (no syntax errors),
which indirectly ensures the exportability of the doc-
ument and the reusability of OntoFIS.

4 DISCUSSION AND
CONCLUSIONS

This paper presents a method for reusing existing
UML models to generate OWL ontologies. Once we
have explained the main aspects of our methodology
and the reuse strategy for UML class diagrams, we
would like to describe the main benefits of our pro-
posal, some controversial aspects and improvements
to the current transformation process, and our lines of
future work.

The main benefits of the method of knowledge
reusing are the following. Firstly, it allows us to reuse
existing knowledge from UML class diagram, which
are very common in different fields. Although knowl-
edge contained in diagrams may not be ontologies, it
might facilitate the process of creating new ontolo-
gies. Secondly, in our case, it will help us to generate
semantically tagged Web applications taking advance
of previously done designs in VisualWADE. There-
fore, we have developed a plugin to manage the use
of ontologies inside the tool that also includes the re-
quired transformation algorithm.

An interesting issue to discuss in our methodolog-
ical approach is the use of UML as ontology repre-
sentation language. Currently there are more modern
approaches which solves some of its derived problems
from the viewpoint of modeling ontologies, such as,
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ODM (Ontology Definition Metamodel). The main
advantages of ODM is that it provides a visual lan-
guage to represent ontologies with all the mechanisms
of OWL and a set of transformations to generate OWL
documents. However, this approach was discarded
because of two disadvantages: (i) it is based on OWL
and (ii) the difficulty of adapting this solution in our
final tool. Instead, although we analysed the disad-
vantages, we decided to use UML because it is more
general and it may facilitate the generation of another
type of semantic resource. This would also imply an
smaller effort in case we decided to change our tool.

Our strategy of reuse provides us two representa-
tions that may be redundant. Why haven’t we gener-
ated an OWL representation with Protégé in the first
stage? Our two representations produce two different
types of ontologies with different purposes. While
UML produces a task ontology focused on specific
problems, such as web generation, OWL can repre-
sent domain ontologies with more general knowledge,
more easily reused and suitable for future develop-
ments in the Semantic Web field.

As can be appreciated, this paper does not assess
the content of the ontology of our use case. It simply
assesses the correctness of the OWL code generated
in the transformation process in order to ensure the
compatibility and exportability of our code into other
tools. A deeper analysis of the content of OntoFIS
can be found in (Roma-Ferri et al., 2009).

An important aspect of the transformation algo-
rithm between models that has to be improved is the
processing of associations and aggregations. Other
mentioned papers describe various solutions that can
be possible depending on the semantics of each asso-
ciation. The main problem is that the transformation
mechanism has to vary depending on the meaning of
each aggregation or association. We decided to in-
clude the solution for the most probable cases in our
collection of transformations. However, in order to
improve the quality in the transformation process, it is
necessary to disambiguate element names in the pro-
cess of model transformation.

Finally, our future work is focused on four as-
pects: (i) improving the transformation process by in-
cluding NLP techniques to disambiguate the meaning
of aggregations and compositions; (ii) analysing the
reuse process in other domains to check if domain-
dependant problems appear; (iii) debugging the de-
veloped plug-in and implement NLP processing tech-
niques; and (iv) designing a method for the genera-
tion of semantically tagged Web applications in Visu-
alWADE.
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