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Abstract Without dedicated support, the use of different ontologies
for shared application domains impairs information inter-
This paper presents an ontology translation Web Ser- operability, compromising the access to the Semantic Web.

vice based on th®; I ontology representation framework  |n order to overcome that difficulty, several authors have
that translates between ontologles'expressed in OWL. In theproposed methodologies and repositories for ontology man-
O3 F' framework, ontology translation is based on @ map- agement and access [12, 6, 10]. These initiatives did not,

ping from the basic concepts of the object ontology to basic however, address the question of ontology translation or in-
or compound concepts of the target ontology. Using pub- tegration.

licly available mappings, which originate from other re-
search projects, it is possible to recursively translate com-
pound concepts of the object ontology into the target ontol-

Ontology translation assumes an essential role to over-
come this interoperability problem. Using ontology trans-
lation web services, it is possible for a program (or user)

ogy. P usi i )
. . . 1 using ontologyO; to communicate with another pro-
We describe the algorithms used by and the interface OfgramP2 using a distinct ontology),. One possible strat-

tshe C.)ntology_f'l_'ra?slatlllon Web Sgrwce. Ih(ta' FIPA .Otr}tol?r?y egy is for P, to ask an ontology translation service to trans-
ervice specification[4] was used as a starting point for the late the expressions of ontolo@¥; to expressions of ontol-

definition of relationships between ontologies. ogy O, and then share the translated expressions ®ith

. F'na"é’vt\?f pap:je;hpresents thef def|n|t|_on offtwo ?rr]wtolok; P, would get the information in a known ontology, being
gies in , and the source of mappings from the ob- . ¢ Jbioto process it.

ject ontology into the target ontology. In an hypothetical )
scenario, two programs using different ontologies interact | NiS Ppaper presents our approach for OWL ontology
translation in the scope of th@sF' ontology representa-

with the ontology translation web service in order to ob- s ) X
tion framework [9], which has been improved in [2]. The

tain interchangeability between information that is hetero- ’ X .
geneously organised. The translation web service was im-Os 1" framework represents the ontologies using an object-

plemented using Tomdatvhich implements the Servlet 2.3 oriented model, and introduces definitions for different lev-
specification[13, v2.3]. els of ontology translatabilityDs F' defines translation con-

ditions for object oriented ontologies composed of classes,
. o _ properties, attributes, facets, methods and arbitrary axioms
Keywords: Ontology translation, semantic interoperabil- capturing relationships among the entities of the domain.

ity, Web Service Namely, the translation of methods involves, among other
tasks, the verification that the translated axioms describing
1. Introduction the method of the object ontology logically imply the ax-

ioms defining the corresponding method in the target on-
The key issue in the Semantic Web is the creation of atology. This is a hard and generally not decidable problem
new Web of content, where information is annotated in a which we will not address for the time being.
semantically organised way, using well defined ontologies. |, terms of ontology representation, recent years
However, information creators will certainly use a wide have seen the rapid development of ontology represen-
set of different ontologies, according to their needs, back-4tion methods using languages with XML syntax, and
ground and convenience. It will therefore be possible to an- gayeral efforts have been proposed [7, 3]. These ef-
notate the same kind of information in very different ways. ¢qts have at a given point led to the Web Ontology Lan-

_ guage (OWL), which became a W3C proposal and,
1 http://jakarta.apache.org/tomcat/ more recently, a recommendation[11]. OWL is a descrip-




tion logic based language and has had wide disseminatior2.2. O3 F Ontology Relationship Framework
because of the W3C support, backed up by a large en-
terprise and scientific community supporting its develop-  The FIPA Ontology Service Specification [4] introduced
ment. a framework to classify the relation between two ontolo-
In its nature,O3F has been conceived as a very ex- gies. This relation can have different levels, eweakly-
pressive framework, powerful enough to allow the lossless translatableandequivalent This classification presents sig-
conversion of ontologies represented in other frame or ob-nificant shortages: it is not formally defined and applies to
ject based paradigms (e.g. OWL and OntolingualDta® the whole ontology, overlooking the relation between the in-
ontologies. This high expressivity has, though, the disad- dividual concepts in the ontologies.
vantage of making it undecidable. The implementation of  In OsF, the determination of relationships between on-
an ontology translation service for fuld; I ontologies is  tologies is made through a recursive approach: an ontology
therefore a difficult task that can only be accomplished in O, is translatable ta); if the classes ig); are translat-
the long term. able toO,. Further, a clas€’; is only translatable to a class
As a step towards this long term goal, we tackled the C> in another ontology if the attributes, facets and meth-
question of translating OWL ontologies, which are less ex- 0ds ofC; are translatable to attributes, facets and methods
pressive tharOs F'. These translation tasks are performed of Cs. The determination of the relation level between on-
by a Tomcat-based web service. To determine translatabil-tologies is therefore grounded in the relations between con-
ity, this service uses mapping information between basic cepts defined in the ontologies.
concepts, available from results of other research projects.  The determination of relations between ontologies is
In section 2 we briefly describe tli&; ' framework and, built on top of a name mapping from the basic vocabulary
in section 3, its application to OWL. Section 4 presents the of the object ontology to the vocabulary of the target on-
ontology translation process, its implementation details andtology. This mapping in itself does not ensure any kind of
the ontology service description. A detailed usage scenariotranslatability. It is therefore a necessary but not sufficient
showing the interoperability enhancement made possible bycondition of translatability.
the implemented service is included in section 5. Finally, in ~ Datatypes, properties, attributes, facets, methods and ar-
sections 6 and 7 we present related work and draw someguments in different ontologies are considetehslatable

conclusions. if there is a name mapping between them and the con-
ditions in the corresponding translatability definition are
2. The OsF Framework met. Classes in two ontologies can a;mrox-tra}nslatable
weakly-translatable strongly-translatable equivalent or
The Object-Oriented Ontology FrameworOs F) [9] identical The translation level of ontologies can have the

has two major components: an ontology definition model Values defined in [4].
and a set of definitions pertaining the relationships between
ontologies. 3. Ontology translation definitions for OWL

2.1. Object Oriented Model The general translatability rules defined in thg F’
framework can be applied to ontologies defined in OWL.
The concepts in an ontology can be modelled through OWL has, however, a lower expressivity, since it does not
the usual primitives of Object oriented mode's' namely allow the definition of attributes, methods or arbitrary ax-
datatypeS, ClasseS, attributeS, facets and methods. To aiDmS.OgF’S tl’anslatability definitions can therefore be sub-
|0W a more detailed mode”ing Of 0nt0|ogie@13F a|so Stantia"y Slmp|lfled When applled to the OWL mOdel. The
permits the writing of arbitrary axioms. These axioms, writ- remainder of this section shows these adapted definitions.
ten in first Order |OgiC, can be used W|th three diﬁerent It Should be noted that the deﬁnitions are made on baSiS Of
purposes: to define the result of functional methods, to de-Sufficient requirements: if they are met, all instances of the
termine the behaviour, preconditions and consequence$0mplying properties and classes are guaranteed to be trans-
of action methods, and to capture aspects of the ontol-latable.
ogy that cannot be represented through the object-oriented
model. 3.1. Vocabulary mapping
The model also considers the concept of Property. Prop-
erties are not common in object oriented models, but were  The application of the translation definitions is, as said
included inO3 F' to simplify the conversion of ontologies before, dependent on the existence of basic name mappings
defined in languages that use properties, like OWL and between concepts defined in different ontologies. In the case
RDF, toO3F. of OWL ontologies, some research efforts have been devel-



oped with the goal of mapping discovery and extraction.

Definition 5: A classC; from ontologyO; is identical

The application of the translation definitions to the results to the clasg’; from ontologyO, with respect tdasic vo-

of these efforts is shown and explained in section 4.

3.2. Relations between classes and properties

Definition 1: Datatype Property P, in ontology O, is
translatable to datatype propetfyP, in ontologyO,, with
respect to théasic vocabulary mappingy, o, iff the name
of DP; is mapped to the name &P, by 1o, o,, the class
in the domain ofD P, is translatable to the class in the do-
main of D P, with respect tdo, 0, and the datatype in the
range of DP; is compatible with the datatype ddP,. A
datatypeD; is said to be compatible with datatyge, iff
all the possible values dP; are also valid values abs.

Definition 2: Object PropertyD P; in ontology O is
translatable to object properyP, in ontologyOs, with re-
spect to théasic vocabulary mappindo, o, iff the name
of OP; is mapped to the name 6fP, by I, 0,, the class
in the domain ofO P, is translatable to the class in the do-
main of OP, with respect tolp, o, and the class in the
range ofO P, is translatable to the class in the rangéa?,
with respect tdp, o,.

Definition 3: A RestrictionR; in ontologyO; is translat-
able to restrictiorR, in ontologyO-, with respect to thea-
sic vocabulary mappingo, o, iff the propertyP; on which
R, is applied is translatable to the propei on which

cabulary mappinglo, .o, iff C; is equivalentto C with
respect tdlp, o, and they share the sareztended vocab-
ulary. Two classes share the same extended vocabulary iff
all property and class names involved in the two definitions
are identical.

Definition 6: A classC; from ontology O; is weakly-
translatablewith respect to thévasic vocabulary mapping
1o, 0, iff the class name of’; is mapped to the class name
of Cs by 1o, .0, and if for each restrictiodk,.: of C there
is a restrictionR;.;j of C such thatR;.j is translatable to
Ry.i with respect tdp, 0, .

Definition 8: A class C; from ontology O; is
approximately-translatableto class C; from ontol-
ogy O, with respect to thebasic vocabulary map-
ping Io, o,, iff the class name of’; is mapped to the
class name ofC; by Ip, o,. Classes that are approxi-
mately translatable have thus a similar semantic intention,
but have an incompatible ontological design.

3.3. Relations between Ontologies

Ontologies can have six different levels of relation-
ship with respect to translatiostrongly-translatable ex-
tensionequivalent identical weakly-translatable and
approximately-translatableThe definitions presented in

R, is applied. Further requirements apply to specific kinds [9] depend solely on the translation level of classes, and

of restrictions. IfR; is a minimum cardinality restriction,
then the value ofR; is required to be less or equal to the
value of R;. A maximum cardinality restriction is similarly

defined, whereas in cardinality restrictions both restrictions

must have the same value. AllValuesFromand SomeVal-

uesFromrestrictions, the restricted range must be translat-

able. Similarly, inHasValuerestrictions the value must be
translatable.

In the next definition, a property is said to be ale-
clared propertyof classC if C is the domain ofP.

Definition 4: A classC; from ontologyO; is strongly-
translatableto classC, from ontologyO, with respect to
the mappinglo, 0, iff the name ofC; is mapped to the
name ofC, by Io, o,, for each declared property; ; of
C there is a declared properfys ; of Cy such thatP; ; is
translatable td_; with respect tdlo, o,, for each restric-
tion R, ,,, of Cy there is a restrictio?; ,, of C; such that
R, ,, is translatable td?; ,,, with respect talp, o, and for
each restrictiom?; , of C'; there is a restrictio, , of C
such thatR, , is translatable tdz, , with respect tdo, o,.

Definition 5: A classC; from ontologyO; is equivalent
to the class”> from ontologyO, with respect to dasic vo-
cabulary mappindo, .0, iff C; is strongly-translatablé¢o
C, with respect talp, 0,, andC; is strongly-translatable
to C; with respect tdo, 0,

thus can be directly applied to OWL ontologies, con-
sidered the definitions presented in the previous sec-
tion.

4. Ontology Translation Process

The OWL ontology translation process is made of two
major tasks: the verification of the translatability of con-
cepts defined in the ontology and the translation of expres-
sions complying to the ontology.

The determination of translatability levels depends on
the verification of the before-mentioned definitions, which
rely on the existence of basic name mappings, among other
conditions. There is, therefore, the need to obtain a source of
such mappings. Webscripter[5] is a system for the creation
of Semantic Web-based reports, integrating data structures
using different DAML+OIL and OWL ontologies. This sys-
tem helps users making reports of heterogeneous sources
in the Semantic Web. Simultaneously, as Webscripter users
identify concepts as being similar, the system stores the
mapping information between classes and properties. Cen-
trally gathering the information from multiple users, the
system is able to collect trustworthy mappings. The goal
of this system is thus to find mappings, somethingF
needs for its operation. The presently implemented trans-



lation service uses Webscripter mappings from concepts in  This service can easily be described using WSDL. As an
the object ontology to concepts in the target ontology to example, for the first kind of request, the definition would
determine the translation level. This usage allows the cre-be as follows:
ation of an autonomous translation web service which does
not need human intervention to create mappings between<Olefiniti0ns name="Translation" (...
ontologies and simply uses the results of the Webscripter <message name:"TransIationLé;/eIIn ut's
projects. The implemented service is, however, not limited - ag[ name="fromURI" tvpe=" lfRI"/>
to the exploitation of results from the Webscripter project: <p ¢ :"t URI" ¢ y[—)"_UII.QI"/>
it could easily use mappings from a different source, if the par name:" OURT™ type=
format in which it is stored is known. <part name—"mappmgl\!:ame
. L type="xsd:string"/>

The translation level determination task was accom- </message>

. . - : ge
plished by closely following the relevant translatability defi-
nitions presented in the previous section. The Jétmdkit
was employed to parse RDF and OWL files. An added set
of functions checks the existence of applicable name map-
pings and the fulfilment of other translation conditions.

The translation web service can receive and translate
RDF files, provided that the expressions in the file are trans- (..)
latable into the target ontology. The parser extracts all the
statements from the file and translates them individually. If
one of these statements is not translatable, the translation of
the file is considered unfeasible and accordingly refused.

<message name="TranslationLevelOutput">
<part name="translationLevel"
type="xsd:string"/>
</message>

<portType name="TranslationLevelPT">
<operation name="TranslationLevel">
<input message="...Levellnput"/>
<output message="...LevelOutput"/>
</operation>

4.1. Ontology Translation Web Service
</portType>

An ontology translation web service was implemented
using the described algorithm. This service resides on a
Tomcat v5.5 server, and is accessible through the HTTP
POST method. The service can not be accessed through the
GET method because its arguments are URI’s, which raise
problems when sent as GET arguments.

There are two different requests that can be made to this

<binding name="TranslationLevelB"
type="TranslationLevelPT">
<http:binding verb="POST"/>
<operation name="TranslationLevel">
<http:operation
location="TranslationLevel"/>

: oo . <input>
service: determination of translation level between two con- p<mime'content
cepts and translation of RDF expressions. These requests typé:
should have the following arguments and results: " WwWw-form®/>
Tl lationLevel(URI f URI 2t tri </input>
e TranslationLevel( ?from, ?to, string <output>

?mappingName) computes the level of the transla-
tion from the concept (ontology or class) identified by
?fromto the concept identified byto using the map-

<mime:content
type="text/plain"/>

: . : </output>
ping whose name is?mappingName Returns the </operation>p
determined translation level as a string. </binding>
e TranslateRDF(String ?expression, URI ?fromOnt, ) ) _ o
URI ?toOnt, String ?mappingName). translates the <service name= TranslationService >
RDF expressions (ontologies, classes or properties) de- <port f‘am?= TranslathnLeveIPoEt
fined in the full RDF file included irPexpressiorfirom binding="tns:TranslationLevelB">
the ontology in?fromOntto the ontology in?toOnt <http:address )
using the mapping whose nameisnappingNameRe- location="http://sth.com/"/>
turns the translated RDF expression. (</ p)ort>
</service>

2 http://jena.sourceforge.net </definitions>



5. Translation Web Service Usage Scenario

<owl:DatatypeProperty rdf:ID="endDate">

This section presents a scenario with examples showing <rdfs:domain

the level of interoperability achieved as the result of the in-
teraction with the implemented OWL ontology translation
web service.

In this scenario, an event reminder service, calied

rdf:resource="#Conference"/>
<rdfs:range
rdf:resource="&xsd;dateTime"/>
</owl:DatatypeProperty>

minder, wants to send SMS messages to the mobile phones

of all the participants in a conference, alerting them to the

eminence of the starting date of this event. In terms of scien-

tific conferencesieminderknows the "eBiquity’ ontology,
of which the relevant excerpt is shown.

<owl:Class rdf:ID="Conference">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#title"/>
<owl:cardinality>1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#startDate"/>
<owl:maxCardinality>1
</owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#endDate"/>
<owl:maxCardinality>1
</owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:DatatypeProperty rdf:ID="title">
<rdfs:domain
rdf:resource="#Conference"/>
<rdfs:range
rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="startDate">
<rdfs:domain
rdf:resource="#Conference"/>
<rdfs:range
rdf:resource="&xsd;dateTime"/>
</owl:DatatypeProperty>

3 adapted from http://ebiquity.umbc.edu/v2.1/ontology/conference.owl

This ontology is, however, not known by the software in-
stalled in the phones of some of the intended receivers. One
of the intended receivers, call€dank, has a personal event
manager software that only knows the concept of confer-
ence as defined in a different ontology, called 'mindswap’
The conference concept is defined in this ontology as fol-
lows:

<owl:Class rdf:ID="Event"/>

<owl:DatatypeProperty
rdf:ID="hasStartDate">
<rdfs:domain rdf.resource="#Event"/>
<rdfs:range
rdf:resource="&xsd;#dateTime"/>
</owl:DatatypeProperty>

<owl:Class rdf:ID="Conference">
<rdfs:subClassOf
rdf:resource="#Event"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#hasTitle"/>
<owl:maxCardinality>1
</owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#hasStartDate"/>
<owl:maxCardinality>1
</owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:DatatypeProperty
rdf:ID="hasTitle">
<rdfs:domain rdf:resource="#Conference"/>
<rdfs:range
rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

4 adapted from http://www.mindswap.org/2004/wwwO04photo.owl



Since the two programs do not have a shared ontology,
the communication must be mediated by the ontology trans-
lation service. As a first stepemindermust know what on-
tologies are used biyrank's software.

At this point, reminder needs to find if the ’eBig-
uity’ ontology is translatable to one dfranks ontolo-
gies. Consequentlyreminder sends messages to the
translation web service querying the translation level be-
tween the ’eBiquity’ ontology and each oFrank's
ontologies. In order to query the translation level be-
tween the ’eBiquity’ and 'mindswap’ ontologies, identi-
fied by their respective URIs, with respect to the 'web-
scripter’ mapping, a POST request should be sent, ac-

the title property and the restriction on thesStart-
Date property is translatable frorstartDate This al-
lows the translation service to classify the translation
asweakly-translatablp

. check if it is possible to translate all the restrictions
in the object ontology to restrictions in the target on-
tology. The restriction on thendDateproperty is not
translatable, since there is no compatible restriction
in the target class. The object class is therefore not
strongly-translatableand the translation level determi-
nation can stop at this point.

The translation service replies thus teminder with

cording to the previous WSDL definition, to the ad- the determined translation level. Since the transla-
dress http://sth.com/TranslationLevel . with tion of an instance of the object class is, according to
the three necessary arguments: the definition ofweakly-translatableclasses, a valid in-
stance of the target ontologyeminder decides to re-
guest the translation of the expression it intends to
send. This is made through a new POST request sent to

e http://ebiquity.com#

e http://mindswap.com#
e webscripter

The ontology translation service will send a re-
ply to this request, indicating that the translation level to the
'mindswap’ ontology isapprox-translatable since some
classes in the object ontology (not totally shown in the pre-
vious ontology excerpt) are translatable to the target
ontology. Sincereminder only needs to use the confer-

ence class, it sends another message asking the translation

level between these classes in the two ontologies, us-
ing 'webscripter’ as the source of the name mapping.
This would require a new POST, very similar to the pre-

vious and sent to the same address, requesting the deter-

mination of the translation level of th€onferenceclass
in the 'eBiquity’ ontology to theConferenceclass in the
'mindswap’ ontology. This request would have the follow-
ing arguments:

e http://ebiquity.com#Conference
¢ http://mindswap.com#Conference
e webscripter

After receiving this request, the ontology translation ser-
vice determines the translation level by following these
steps:

http://sth.com/TranslateRDF with the follow-
ing arguments:

e <rdf:RDF (...)>

<ebq:Conference>
<ebq:title>WWW2005
</ebq:title>
<ebq:startDate>05.10.05
</ebq:startDate>
<ebq:endDate>05.14.05
</ebqg:endDate>

</ebqg:Conference>

</rdf:RDF>

e http://ebiquity.com#
e http://mindswap.com#
e webscripter

The translation service translates this RDF expression

and sends the translation backéoninder
<rdf:RDF (...)>

<msw:Conference>
<msw:hasTitle>AAMASO05</msw:hasTitle>
<msw:hasStartDate>07.25.05
</msw:hasStartDate>

</msw:Conference>

</rdf:RDF>

1. check that Webscripter provides a mapping between
the two classes, which is (hypothetically) true since
some Webscripter users have used both classes in com
patible roles and sent this mapping information to the
central repository;

information in the target ontology. The translation expres-
sion is, however, valid according to the 'mindswap’ ontol-
ogy. Upon receiving this translatioremindercan use the
. check that it is possible to translate restrictions on the expression to send a messagétank, which will be under-

The translated expression does not include the end date

of the conference, since there is no property modelling this

object class to all the restrictions in the target class: the stood by the latter’'s software, because it is written accord-

restriction on thénasTitleproperty is translatable from i

ng to a known ontology.



6. Related Work To the best of our knowledge, ours is the only im-
plemented web service performing autonomous ontology

Ontology translation and merging is a popular researchtranslation, actually improving interoperability in the Se-
topic in the (Distributed) Information Systems community. mantic Web. This web service uses basic mapping infor-
This community needs this kind of translation in order to mation which is available from the results of other research
integrate data resident in different repositories and organ-projects. It can therefore an operate without human defini-
ised with different schema. One typical effort in using agent tion of the mappings, and it can integrate and use new map-
systems and ontologies to overcome this problem can beping information as it becomes available.
found in [8], where broker agents use ontology translation  Currently, the implemented ontology translation service
information to interact with agents that use different on- is limited to OWL ontologies and does not handle the full
tologies. In this case, the mapping of high level concepts O3 F ontology model. Steps will be made to come closer to
is pre-existent, entirely man-made and allows only one re-this goal in the near future.
lationship level: equivalence. It would be thus more suitably ~ One possible future concern is the validity of the basic
called a framework for usage of user-driven ontology inte- mappings used by the ontology translation service, which
gration. presently uses Webscripter as the only mapping source.

An initiative closely motivated by open agent systems These mappings are generally considered good, but they
can be found in [1]. The authors propose a technique of have undergone no formal process of validation. This means
"Approximate Ontology Translation”, that relies, like the that some of the mappings may originate from reports sent
previous one, on a human-made Concept mapp|ng betweeﬁ)y different and numerous users, while other mappings can
ontologies. The mappings can have different levels, e.g.have been reported by a single user and consequently have
equivalent or generalisation. During query reformulation, N0 general validity. All mappings could be subject to a sta-
concepts can be substituted by their equivalent or gener-tistical trust analysis, where the mappings with higher num-
alised counterparts. The authors claim that these substituber of positive reports would have a higher trust level. The
tions can be quantitatively evaluated by closeness metricsfranslation service could subsequently consider the trust
which can unfortunately only be estimated. This kind of ap- !evel and set a trust threshold under which a mapping would
proach can thus be helpful in domains where rigour is not be discarded, or consideredweakmapping, as defined in
essential, but can have no general application. 9.

These two systems differ greatly fromsF: they are
built on top of predefined and complete mappings betweenReferences
ontologies, while, inD3 F', inter-ontology relationships are
derived from simple hame mapping and the comparison of [1] J. Akahani, K. Hiramatsu, and K. Kogore. Approximate on-

each concept’s set of attributes, methods and relations with tology translation and its application to regional informa-
other concepts in its ontology. tion services. Irlst International Semantic Web Conference
(ISWC2002)2002.

[2] L. M. Botelho and P. Ramos(C' O3 L: CompactOs F' lan-
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2003.

[3] DARPA. DAML+OIL (March 2001) ontology markup lan-
guage, http://www.daml.org/2001/03/daml+oil.damIDe-
fense Advanced Research Projects Agency, 2001.

[4] Foundation for Intelligent Physical Agent&IPA Ontology
Service Specification, http://www.fipa.org/specs/fipa00086/

We have defined an algorithm for OWL ontology transla-
tion based on th&3 F' framework, which defines rigourous
criteria for determining translation relations between on-
tologies: approximately-translatable, weakly-translatable,
strongly-translatable, equivalent and identical as de-

fined in the FIPA ontology specifications. However, 2001.
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