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Abstract. Semantic Web tools should be able to correctly interchang@agies
and, therefore, to interoperate. This interchange is vy a straightforward
task if tools have different underlying knowledge repreéagon paradigms. This
paper describes the process followed to define a benchmitekfsuevaluating
the OWL import capabilities of ontology development toaisai benchmarking
activity in progress in the Knowledge WeBEuropean Network of Excellence.

1 Introduction

The spreading interest in Semantic Web technologies isriga the development
of an increasing number of tools, each providing a diffesattof functionalities: on-
tology development tools, ontology repositories, ontglaignment tools, ontology-
based annotators, etc. As ontologies are widely used inghea8tic Web for represent-
ing knowledge, these tools should be able to correctly ¢hi@nge ontologies between
themselves and, therefore, to interoperate.

OWL is the language recommended by the World Wide Web Coinsorfor defin-
ing and instantiating ontologies [1] and it currently seehesright choice to use as an
language for interchanging them.

Nevertheless, this interchange may not be as straightfdrasit seems. Interoper-
ability between tools with different underlying knowledg®dels using an interchange
language requires that these tools are able of translatibgjagies from their own
knowledge model to the interchange language and vice versa.

This kind of interoperability is being assessed in the Kremlgle Web European
Network of Excellence by benchmarking the interoperapditontology development
tools using OWL as interchange language; as these toolsaeaaexample of the use
of different underlying knowledge models and require fregfuontology interchanges
when developing ontologies collaboratively.

This paper describes the process followed for the definidfamme of the benchmark
suites that is being used in this benchmarking activity f@eating the OWL import
capabilities of ontology development tools.

This benchmark suite considers the different combinatidiastology components
that can be found in ontologies as well as other factors tleat imfluence the interop-
erability such as the different syntactic variants that &dLGserialization allows.
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This paper is structured as follows: Section 2 presents atkeroperability evalu-
ation initiatives and benchmark suites. Section 3 explt#irsexperimentation-related
tasks of the methodology that are being carried out. Sedtintroduces the benchmark
suite for evaluating the import of OWL ontologies and hovsitlefined. Section 5 sub-
mits a proposal for extending this benchmark suite to caver@QWL DL and OWL
Full sublanguages of OWL. Finally, Section 6 draws the cesioins from this work
and proposes future lines of work.

2 Related Work

Interoperability is the ability of two or more systems or qmments to exchange in-
formation and to use this information exchanged [2]; in case; it is the ability that
ontology development tools have to interchange ontologiekuse them.

As presented in [3], Semantic Web tools can interoperateun different ways:
by mapping ontologies in the source tool to ontologies int#nget tool, by translating
ontologies into a single pivot language, by translatingtagies into one language in a
layered architecture of languages, or by generalising itha pnd layered approaches,
not requiring either a fixed pivot language or a fixed layeofhtanguages. This paper
only deals with interoperability when translating ontdkgyto a single pivot language
and does not cover other interoperability approaches.

The three following initiatives have also dealt with thecirttperability problem:

OWL Test Cases. The OWL Test Casésvere developed by the W3C Web Ontology
Working Group. Although these test cases might be used faluating the OWL
importers of the ontology development tools, there arersddifferences between
them and the benchmark suite presented in this paper:

— The OWL Test Cases check if a tool deals correctly with the Qefiguage,
clarify the formal meaning of the constructors, and shovwngxas of their use.
By constrast, our approach aims to evaluate exhaustively. @vgorters.

— We distinguish between the benchmarks that depend on the K\Ndvledge
model and those that depend on the RDF/XML syntax of the OWds fiall
of which contain valid ontologies. On the other hand, the OWst Cases
distinguish between tests that check the incorrect useeoBiWL namespace,
tests that check the importing of ontologies, entailmemt aaon-entailment
tests, and consistency and inconsistency tests.

— The OWL Test Cases were defined for any tool that implements @Wdwl-
edge bases. Our benchmark suite focuses on ontology devefdools, al-
though it can be used in any tool capable of importing OWL files

— The OWL Test Cases have tests for the three sublanguages bf(OW, DL
and Full) whereas our benchmark suite only deals with OWE.Lit

EON 2003 Workshop. The central topic of the Second International Workshop on
Evaluation of Ontology-based Tools was the evaluation ablogy development
tools interoperability [4]. In this workshop, the partiaipts were asked to model
ontologies with their ontology development tools and tdfqen different tests for
evaluating the import, export and interoperability of thels. In these experiments:
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— There was no constraint regarding the use of the interchiamggiage; of the
experiments carried out only two used OWL as interchangguage.

— Each experiment was performed with a different procedueach the results
obtained in that workshop did not provide general recomraads, only spe-
cific ones for each ontology development tool participating

RDF(S) Interoperability Benchmarking. Knowledge Web had organised a bench-
marking of the interoperability of ontology developmendl®using RDF(S) as the
interchange languagiebefore starting the benchmarking presented in this paper.
These two benchmarking activities are quite similar as folkgw the same method-
ology and their goals are almost identical. They differ ia linguage selected for
interchanging ontologies: RDF(S) and OWL and this affecisnty to the ontology
development tools that can participate in the benchmarkmhto the benchmark
suites used in the experimentation.

3 OWL Interoperability Benchmarking

In this benchmarking activity we have followed the Knowledg/eb benchmarking
methodology [5] for ontology tools, which has been used teefor benchmarking
the interoperability of ontology development tools usinDRRS) as the interchange
language [6], and for benchmarking the performance anddhkalsility of ontology
development tools [7].

The two main goals that we want to achieve with the benchmgrkie:

— Toassess and improve the interoperability of ontology devefument tools using
OWL as the interchange language. To reach this aim would ipé&rmowing the
current interoperability of the tools and maximizing thethedge that these tools
can interchange while minimizing the information additmmoss.

— To identify the fragment of knowledge that ontology developmat tools can
share using OWL as the interchange language. As this fragmentrbesdarger,
more expressive ontologies can be interchanged amongagytdévelopmenttools.

Since interoperability using an interchange language nidgpen the importers and
exporters of the tool to that language, we have decided to&ethem before evaluat-
ing the interoperability. Hence, the evaluation is perfedin two consecutive stages:

Evaluation Stage 1. The OWL importers and the exporters of ontology development
tools are evaluated and their results collected and aralyse

Evaluation Stage 2. The interoperability of ontology development tools is enxaéd.
The results, which are based on the results of the previage stvill be collected
and analysed, and we will obtain information about the wperability of the tools
and about the fragment of knowledge that they can share.

We have defined three different benchmark suites for evialyéte import, export,
and interoperability of ontology development tools using/lQ then, the Knowledge
Web members have assessed and agreed on them to ensurditiys qua
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As we evaluate the interoperability of ontology develophteals by means of their
importers and exporters, any tool capable of importing aqubeing OWL ontologies
(for example, an ontology repository) can participate menchmarking.

The next section describes in detail the import benchmaitk sthile a complete
description of the export and interoperability benchmaries can be found in [6].
They are identical to the ones used in the RDF(S) interojilégyabenchmarking but
differ in the procedure to run the benchmarks.

4 OWL Lite Import Benchmark Suite

The OWL Lite Import Benchmark Suite is intended to evaludie ©WL import ca-
pabilities of the ontology development tools by checking import of the different
combinations of the OWL Lite knowledge model.

The syntax chosen for serializing the OWL Lite ontologiedbé&imported is the
RDF/XML syntax because this is the syntax most used by ontology developowat
when importing and exporting from/to OWL. As the RDF/XML dgr allows serializ-
ing ontology components in different ways while maintaqnthe same semantics, we
decided to define separately the benchmarks that depend @vith. knowledge model
and those that depend on the syntax.

The OWL Lite Import Benchmark Suite is available in a publiempage and is
composed of 82 benchmarks, which are divided in 12 groupsaéddrom A to L).

Benchmarks that depend on the knowledge modelThese benchmarks check the
import of ontologies with different combinations of the OWite vocabulary terms.
Information about heading, versioning and annotation ateconsidered since these
vocabulary terms are seldom used in most of the ontologyldexrent tools.

To identify all the combinations of components, we did affes:

— ClassesWe started by listing the different ways of describing aessthat can be
used in OWL Lite: with a class identifier, with a value or caality restriction on a
property, or with the intersection operator. From thesé&limg blocks, we used the
OWL class axioms (bearing into account the OWL Lite use ig&ins) and defined
the different ways of describing a class in OWL Lite with teedass descriptions
and axioms. The benchmark groups defined for classes are:

A. Class and class hierarchy benchmarks, including clasa¢sitd subclasses of
value and cardinality restrictions on properties, andsgashat are subclasses
of class intersections.

B. Class equivalence benchmarks, including classes thatoarigadent to value
and cardinality restrictions on properties, and classasatte equivalent to class
intersections.

C. Class defined with set operator bechmarks, including ctadeéined with the
intersection operator.

4http://vwvw w3. or g/ TR/ r df - synt ax- gr anmar /
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— Properties. We have combined object and datatype properties with tHerdiit
RDF(S) constructs that can be used with properties and WahOWL constructs
for defining relations between properties, global cardiypabnstraints, and logical
property characteristics. The benchmark groups definegrégrerties are:

D. Property and property hierarchy benchmarks.

E. Property with domain and range benchmarks.

F. Relation between properties benchmarks, including ptgpguivalence and
inverse properties.

G. Global cardinality constraints and logical propertiesreleteristics benchmarks,
including symmetric, transitive, functional, and invefgactional properties.

— InstancesWe have combined named and anonymous individuals with eSired]
properties and with individual equivalence and differepoaperties. The bench-
mark groups defined for instances are:

H. Individual benchmarks, including instances of classes.

I. Named individual and property benchmarks, including insés of classes with
properties among them.

J. Anonymous individual and property benchmarks, includingraymous individ-
uals related to other (named) individuals.

K. Individualidentity benchmarks, including instance e@il@nces and differences.

Although the resulting benchmark suite is neither comphetesufficient, we have
decided not to define benchmarks for importing real compiatologies because it
would significantly increase the number of benchmarks toXxeezwed and analysed
and because it is much more difficult to diagnose the probkemse in complex cases
than in simple ones. We have defined combinations of compeméth zero, one and
two cardinalities (i.e. we have considered a property witltmmain, with one domain
and with two domains). We have supposed that the resultsrdinzdities greater than
two are the same as those of a cardinality of two.

Benchmarks that depend on the syntax.These benchmarks check the correct import
of OWL ontologies with different variants of the RDF/XML stax, as stated in the
RDF/XML specification. These benchmarks compose the gtowb the benchmark
suite and check the different ways of writing URI referen@ssolute URI references,
URI references relative to a base URI, URI references toansfd fromrdf:1D at-
tribute values, and URI references relative toEEMITITY declaration), empty nodes,
multiple properties, typed nodes, string literals, blakles, and language identifica-
tion attributes xml:lang) in tags.

These syntactic variants are the same as those considetied RDF(S) Import
Benchmark Suite. However, the ontologies defined in eacbhHhreark suite are differ-
ent because in one case they are written in RDF(S) and in tiee it OWL.

Each benchmark of the benchmark suite, as Table 1 showssdsilbed by a unique
identifier, adescription in natural language of the benchmarkfpamal description
in Description Logics notation of the ontologygaaphical representationof the on-
tology, and dile with the ontology in the RDF/XML synt&x

6 All the files have been syntactically validated against ten@érweb OWL Ontology Valida-
tor (ht tp: // phoebus. cs. man. ac. uk: 9999/ OAL/ Val i dat or)



Table 1. The description of a benchmark of the OWL Lite Import Benchfsuite.

Identifier |ISG03
Import a single functional object property whose domain dass and whose
range is another class

T CE< 1 hasHusband

T C YhasHusband™ .\Woman
T C VhasHusband.Man

Description

Formal
description

Graphical
representation

owl:FunctionalProperty

<ow : d ass rdf: about =" &ex; Wonan"/ >

<ow : d ass rdf: about =" &x; Man"/ >

<owl : Obj ect Property rdf: about =" &x; hasHusband" >

RDF/XML file <rdf:type rdf:resource="&ow ; Functi onal Property"/>
<rdfs: domai n rdf:resource="&ex; Wman"/ >
<rdfs:range rdf:resource="8&ex; Man"/>

</ ow : Obj ect Property>

4.1 Evaluation criteria
The evaluation criteria of the OWL Lite Import Benchmarktgure defined as follows:

Modelling (YES/NO). The ontology development tool can model the agplcom-
ponents described in the benchmark.
Execution (OK/FAIL). The execution of the benchmark is normally cadiout with-
out any execution problem, and the tool always producesxtpected result.
When a failed execution occurred, the benchmarking ppetits are asked to pro-
vide information about the practices used when develogiagWL importers:
— The reasons for failing the benchmark execution.
— If the tool was corrected to pass a benchmark, which changes performed.
Information added or lost. The information added or lost in the ontology interchange
when executing the benchmark.

Table 2 shows an example of the execution of the benchmar@3%iG.,Import a
single functional object property whose domain is a class and whose range is another
class) in five fictitious ontology development tools, identified By B, C, D, and E;
with the intention of showing the possible variety of resuta benchmark.

In our example, tools A and B can model functional object prtips and, there-
fore, theirModelling result isYES, tools C, D and E cannot model functional object
properties and, therefore, thétodelling result isNO.

The expected result of tools A and B is a functional objecpprty whose domain
is a class and whose range is another class. Tool A importkede components and
adds a label with the name of the component to all the comgengrerefore, itEx-
ecution result isOK and it inserts new information into the ontology. Tool B infso
the functional object property whose domain is a class,tlldés not import the range
class. As it does not produce the expected resultitsution result isFAIL, and it
loses information when importing the ontology.



Table 2. Ficticious results of executing benchmark 1ISG03

Tool (ID Modelling Execution{Information added Information lost

A [ISGO3YES OK A label in all the components |-

B |ISGO3YES FAIL - The property’s domain

C |ISGO3NO OK - The property as functiongl
D [ISGO3NO OK A cardinality of 1 in the propertyThe property as functiongl
E [ISGO3NO FAIL - The property

Since tools C, D and E cannot model functional object pragethough they can
model object properties, the expected result of these twtdobtain an object property
whose domain is a class and whose range is another class Coahd D produce
this expected result and theixecution result isOK; both lose the information about
the object property being functional, though tool D alscates the property with a
cardinality of 1 and therefore inserts new information ia timtology. Tool E does not
import the functional object property at all, although ispected result is to import it
as an object property; iSxecution result isFAIL, and it loses all the information about
the object property when it imports the ontology.

4.2 Procedure for Executing the Benchmark Suite

If a tool developer wants to evaluate the OWL importer of bislthe has to execute
each of the 82 benchmarks of the OWL Lite Import BenchmarkeSas follows:

1. To define the expected result, either by modelling thelogyoexpected from im-
porting the file with the OWL ontology in the ontology develoent tool or by
defining it informally (i.e., in natural language).

2. To import, from the ontology development tool, the OWL fitaich contains the
OWL ontology defined in the benchmark.

3. To check whether the ontology modelled in the tool equasitported one, ex-
amining also whether there is some information insertioloss.

Itis possible to automate this procedure, or part of it, ga8ng time in the bench-
mark suite execution. For example, we can rely on the APl@biftology development
tool for importing or comparing the ontologies.

5 Towards import benchmark suites for OWL DL and OWL Full

The OWL Web Ontology Language is composed of three layerbthsguages that
increase expressiveness, and these are: OWL Lite, OWL DLOANH Full. In a first
approach, presented in the previous section, we have @esidhe import of OWL
Lite ontologies to obtain a low number of benchmarks.

Nevertherless, every valid OWL Lite Ontology is a valid OWIL Bntology, and
every valid OWL DL ontology is a valid OWL Full ontology [1]. &hce, the OWL Lite
Import Benchmark Suite described in this paper might alsadmsl for evaluating the
importers from OWL DL and from OWL Full of ontology developnitgools.



OWL DL Import Benchmark Suite

Different use of OWL Lite OWL DL
Vocabulary Terms Vocabulary Terms
Fr———————=—=——=—=—==—= === |
| OWL Lite |
| Vocabulary Terms RDF/XML Syntax I
|

OWL Lite Import Benchmark Suite

Fig. 1. The OWL DL Import Benchmark Suite

However, the definition of the OWL Lite Import Benchmark ®uiioes not take into
account the OWL vocabulary terms whose use is not allowed/it Qite. Moreover,
the use of the OWL vocabulary terms is restricted both in OVite And in OWL DL.

51 OWLDL

As mentioned above the OWL Lite Import Benchmark Suite caextended by imple-
menting an OWL DL Import Benchmark Suite on top of it and, #fere, any ontology
development tool that had already carried out the expefisrafithe OWL Lite Import
Benchmark Suite would not need to repeat them.

The OWL Lite Import Benchmark Suite already provides us vieigmchmarks for
evaluating the different combinations of the OWL Lite voakdny terms and the dif-
ferent variants of the RDF/XML syntax. As Figure 1 shows, twar the OWL DL
sublanguage of OWL, we should also need to consider:

— The different combinations of the OWL Lite vocabulary teratxording to their
use in OWL DL because OWL DL imposes less restrictions tor theé. Table 3
shows these differences in the use restrictions of the wdaabterms.

— The different combinations of the OWL DL vocabulary terms akdowed in OWL
Lite, and these with the OWL Lite vocabulary terms. The vadaty terms al-
lowed in OWL DL and not allowed in OWL Lite arewl:oneOf, owl: digoint\Wth,
owl: unionOf, owl: complementOf, owl: hasValue, andowl: DataRange.

However, when relaxing the restrictions in the use of OWLalmdary terms from
OWL Lite to OWL DL, a quite larger number of new benchmarksigdde defined
which affects the usability of the whole benchmark suite.

5.2 OWL Full

OWL Full has the same vocabulary terms than OWL DL has, bl&dgs no restrictions
in their use. In fact, OWL Full is a superset of RDF(S) thaegithe user the freedom
to extend the RDF(S) vocabulary with the OWL constructors aliso to augment the
meaning of both vocabularies [1].

The main characteristics in the use of OWL Full that are @hto our case are:

7http://vwwv. w3. org/ TR/ owl - semanti cs/



Table 3. Use restrictions in OWL Lite and DL

Vocabulary Terms |OWL Lite restrictions OWL DL restrictions
owl:cardinality Object mustbe O or 1 Object must be any integer 0
owl:minCardinality
owl:maxCardinality
owl:equivalentClass |Subject must be class namigsbject must be OWL DL descriptichs
rdfs: subClassOf Object must be class nam&bject must be OWL DL descriptions
or restrictions

rdf: type Object must be class namgdbject must be OWL DL descriptions
or restrictions
rdfs:domain Object must be class namgdbject must be OWL DL descriptions
rdfs:range Object must be class namé&bject must be OWL DL descriptior]s,
or datatype names datatype names or sets of data values
owl:allValuesFrom |Object must be class hamé&bject must be OWL DL descriptions,
owl: someValuesFrom|or datatype names datatype names or sets of data values

owl:intersectionOf |Used with lists of length  |Used with lists of OWL DL descriptions
greater than one of class
names or restrictions

— The whole RDF(S) vocabulary can be used within OWL Full.

— OWL Full has no separation between classes, datatypesypat@nd object prop-
erties, annotation properties, individuals, data valagd,the built-in vocabulary.

— Axioms in OWL Full do not need to be well formed.

This lack of restrictions implies that the use and possiblalginations of the vo-
cabulary terms in OWL DL and OWL Full is extremely differeAlthough the import
benchmark suite for OWL DL could be used for evaluating thedrh of OWL Full
ontologies, to develop a import benchmark suite for OWL kuthight not be suffi-
cient to develop some new benchmarks on top of the importheadk suite for OWL
DL, but it must be necessary to create a whole new benchmaekthat covers all the
differences between OWL DL and OWL Full.

This import benchmark suite for OWL Full should considertaé possible combi-
nations of the OWL and RDF(s) vocabularies terms and, asuthwer of these combi-
nations is high, it would be necessary to prune the generafibenchmarks as it was
done for the RDF(S) Import Benchmark Suite [6].

6 Conclusions and future work

We are currently benchmarking the interoperability of dogy development tools us-
ing OWL as interchange language. In order to do so we arengusost of the exper-
imentation process followed in the RDF(S) interoperaplienchmarking and part of
its benchmark suites. The main change in the definition oE#perimentation occurs
in the OWL Lite Import Benchmark Suite presented in this pape

8 OWL DL descriptions can be class names, restrictions, lamod®mbinations of descriptions, or sets of individuals.



At the time of writing this paper, we do not have a definitiva bf the tools that
will participate in the benchmarking and the evaluationrdte tools has not started.
Therefore, we do not have conclusive results from any tool.

We think that benchmark suites like the one presented inpdyier are necessary
for tool developers because these benchmark suites offer &m easy way to evaluate
their tools. We also encourage tool developers to partieijpabenchmarking activities
like the one presented in this paper, to make the resultiall@io the research and in-
dustrial communities, and to develop benchmark suitesvialuating their technology.

One drawback of the approach presented in this paper isithaxecution of the
benchmark suite is manual and, therefore, costly and harertfy. Although automat-
ing all or part of the execution for a certain tool using itsrodPIs could be possible,
to provide a fully-automated evaluation for every tool ig feasible. We are working
on helping in this automation by providing an evaluatiomfeavork for executing the
benchmark suite and making the benchmarks machine-paigess

Another way of continuing the work here presented is to defirdetail the OWL
Interoperability Benchmark Suite for OWL DL on top of the@atbenchmark suite, as
presented in Section 5.
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