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Executive Summary

In 2005, a new activity for benchmarking the interoper&pitif ontology development
tools using RDF(S) as interchange language was startedowkedge Web; its goal was
to learn about the actual interoperability between thesks @nd, if possible, to improve
it.

This deliverable includes the work performed in workpaasaty.2 and 2.1 during this
benchmarking activity and presents an overview of the beracking and its main results;
it comprises the following topics:

¢ Instantiation of the Knowledge Web benchmarking methogplimr carrying out
the benchmarking.

Definition of the benchmark suites used in the benchmarking.

Analysis of the results obtained in the benchmarking.

Recommendations for users and developers based on thysnal

Analysis of the feasibility of RDF(S) interoperability ihé business use cases.

Detailed results of the benchmarking.
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Chapter 1

Introduction

by RAUL GARCIA-CASTRO

In Knowledge Web, different benchmarking activities aréenge(and will be) per-
formed to improve ontology tools and to offer recommendwtion these tools for both
research and industry users. One of these benchmarkingfiastis the interoperability
of ontology development tools using RDF(S) as interchaagguage which started in
2005, and to which the content of this deliverable is related

This deliverable originated from the joint work performeg WP 1.2 in the indus-
try area and by WP 2.1 in research. In the latter, the memlaid=02.1 developed the
benchmarking methodology for ontology tools, which we hiolwed in this bench-
marking activity [Garcia-Castret al, 2004], and the benchmark suites used in the ex-
perimentation [Garcia-Castro, 2005], whereas the mesrafa/P 1.2 have organised the
benchmarking activity, performed the experimentationrdte tools, and analysed the
results.

By the time of writing this deliverable, six tools are paipiating in the benchmarking
three of which are ontology development tools: KAON, Pgété@sing its RDF backend,
and WebODE, and three are RDF repositories: Corese, JenSemaine. Another on-
tology development tool, OntoStudio, is also taking paitibis not considered in this
deliverable because its complete evaluation results @rget@vailable.

The benchmarking methodology proposes to produce two deotsnn the bench-
marking activity: theExperiment Reporwvhich presents the analysis of the results of
the experiments; and tlgenchmarking Repowthich gives an understandable summary
of the benchmarking activity and its results and conclusiohhese two documents are
included in this deliverable.

The broad scope of the deliverable results in a large numibgages. To facilitate
its reading, we have divided it into two documents: one dostéhe chapters of the
deliverable whereas the other contains the appendixeghé@tbxperimentation results in
detail.

The deliverable is composed of different chapters oriemtedifferent audiences.

1



1. INTRODUCTION

Therefore, readers can just read the chapters of theiesttésllowing these guidelines:

e Chapter 2 is an extension of [Garcia-Castro and GomezzP2006a] and presents
how the RDF(S) interoperability benchmarking was condiit@éowing the Knowl-
edge Web benchmarking methodology. It is intended to pea@idummary of the
benchmarking activity to organisation managers, benckimguteams, tool devel-
opers, and tool users both from academia and industry.

e Chapter 3 is an extension of [Garcia-Castro and GomezzP2005a] and states
the method followed to define the three benchmark suitesingbd benchmarking.
It can provide inspiration to tool developers for develgpimew benchmark suites
or it can be taken as a guide for executing the benchmarkipgrarents.

e Chapters 5, 4 and 6 summarize the results of executing thatexmport and in-
teroperability benchmark suites respectively on the tpatsicipating in the bench-
marking. They present a brief overview of the results to tielelopers and users.

A detailed description of the results is included in the aqapees. The results of the
Protégé ontology editor will be presented in [Garciast@aand Gomez-Pérez, 2006b].

e Chapter 7 analyses the interoperability needs of the KriydaNeb industry use
cases.

e Chapter 8 provides recommendations for users on the irgesbpity of ontology
development tools, for developers on how to implement agerability on the
tools, for industry on how to accomplish the Knowledge Web oases, and for
anybody interested in this issue on how to organize a bendtinggactivity.

e The appendixes, as mentioned above, offer detailed resfuite execution of the
experiments; they can be consulted by users or developezsenvhr they have a
specific interoperability problem in their tools. They apedted in a separate doc-
ument that can be downloaded from the Knowledge Web portal

http://knowledgeweb.semanticweb.org/

2 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5



Chapter 2

Benchmarking RDF(S) interoperability

by RAUL GARCIA-CASTRO

This chapter presents how the RDF(S) interoperability berarking was organized
and carried out following the methodology for benchmarlongplogy tools developed in
Knowledge Web [Garcia-Castsd al., 2004].

Figure 2.1 shows the three phases that compose the bendhghar&thodology and
the tasks to be performed in each phase. As we have alreadyomesh this document
comprises both the experiment and the benchmarking repdtisrefore, this chapter
includes the instantiation of this methodology from theibeong of the benchmarking
activity to the end of th&xperimenphase, which is the last task performed before writing
this deliverable.

: )
BENCHMARKING ITERATION
4 ) 4 ) 4
PLAN PHASE EXPERIMENT PHASE IMPROVE PHASE
1. Goals identification 8. Experiment definition 11. Benchmarking
_ | 2. Tool and metrics 9. Experiment execution report writing
identification 10. Experiment results 12. Findings
3. Participant identification analysis communication
4. Proposal writing 13. Improvement planning
5. Management involvement] 14. Improvement
6. Partner selection 15. Monitor
7. Planning and resource
allocation
L\ J J J
] Recalibration
task

Figure 2.1: The benchmarking methodology for ontologysgool



2. BENCHMARKING RDF(S) INTEROPERABILITY

2.1 Plan phase

2.1.1 Goals identification

Rall Garcia Castro, from the UPM, took the role of the bematking initiator and pre-
pared the benchmarking, carrying out the first tasks of bsgss.

The goals for benchmarking the interoperability of ontgiatpvelopment tools are
related to the benefits pursued through it, and these are:

e To evaluate and improve the interoperability of these tools

To produce recommendations on the interoperability ofehiesls for users.

To acquire a deep understanding of the practices used téogete importers and
exporters of these tools.

To extract from these practices those that can be considestdpractices when
developing importers and exporters.

To create consensual processes for evaluating the intataipty of these tools.

These benefits involve different communities that are eelabd the ontology devel-
opment tools, namely, the research community, the inddstammunity, and the tool
developers.

Most of the costs of the benchmarking go to the human ressureeded for organis-
ing the benchmarking activity and for performing the expemtation on the tools. Other
minor costs go to travelling and computers, but they areigibdg compared to the afore-
mentioned.

2.1.2 Tool and metrics identification

WebODE [Arpirezet al., 2003] is the ontology engineering platform developed by th
Ontology Engineering Group of the UPM and the tool choserartigipate in the bench-
marking.

Of the different evaluation criteria to consider when egdilug ontology development
tools, i.e., performance, scalability, interoperabjlitgbustness, etc.; we have contem-
plated only interoperability. An approach for benchmagkihe performance and scala-
bility of these tools can be found in [Garcia-Castro andr®b-Pérez, 2005b].

Achieving interoperability between ontology developmeals is not straightforward
when these tools do not share a common knowledge model, safiees need to know
the effects of interchanging an ontology from one tool tothan

4 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5



D1.2.2.1.1 RDF(S) Interoperability Benchmarking IST PojlST-2004-507482

Of the different ways that ontology development tools havimteroperate, either by
using an API for accessing ontologies in other tools or bydiating the ontologies to an
interchange language, we have selected the latter appasatie former is not present in
current tools.

In the benchmarking activity that we present in this delse, the language used for
the interchange is RDF(S) [Brickley and Guha, 2004] and tireas for serializing the
ontologies is the RDF/XML syntax, the syntax for RDF(S) ttise tools employ most.
A future benchmarking activity inside Knowledge Web wilMes the case of using OWL
as interchange language [D1.2.2.1.2, 2007].

Interoperability of ontology development tools using aeiohange language depends
on the capabilities of the tools to import and export ont@egrom/to this language.
Therefore, the functionalities relevant to the benchmmaylare the RDF(S) importers and
exporters.

The evaluation criteria must describe in depth the interapéty between the tools,
whereas the experiments to be performed in the benchmarkirgg provide data that
inform how the tools comply with these criteria. Therefdcepbtain detailed information
about tool interoperability, we need to know:

e The components of the knowledge model of an ontology dewedop tool that can
be interchanged with another tool using RDF(S) as intergbdanguage.

e The secondary effects of interchanging these componerus,as insertion or loss
of information.

e The subset of the components of the knowledge models of ayyalevelopment
tools that these tools can use to interoperate correctly.

2.1.3 Participant identification

As WebODE is being developed by the Ontology Engineeringu@iat the UPM, it was
quite straightforward to identify and contact the membéithe organisation involved in
WebODE's RDF(S) importers and exporters and to select anttoerg the members of
the benchmarking team.

2.1.4 Proposal writing

The benchmarking proposal, which is being used as a refet@nag the benchmarking,
did not take the form of a paper document but of a web haghich is publicly avail-
able and includes all the relevant information about theeherarking: motivation, goals,

http://knowledgeweb.semanticweb.org/benchmarkiteroperability/

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 5



2. BENCHMARKING RDF(S) INTEROPERABILITY

benefits and costs, tools and people involved, planningtaélevents, and a complete
description of the experimentation and the benchmarksuite

2.1.5 Management involvement

The benchmarking proposal was presented to the managédrs Gfrttology Engineering
Group and, after their analysis, they agreed on the comyinfithe benchmarking and on
the allocation of future resources both for performing thgezimentation and improving
the tool.

2.1.6 Partner selection

Participation in the benchmarking is open to any orgarosatirespective of being a
Knowledge Web partner or not. To find other best-in-clasaoigations willing to partic-
ipate in the benchmarking, the following actions were taken

e To research different ontology development tools, botkljrevailable and com-
mercial ones, which could export and import to and from RDF{&d then, to
contact the organisations that develop them.

e To announce the interoperability benchmarking and to calbarticipation through
the main mailing lists of the Semantic Web area and throwgib $ipecific to ontol-
ogy development tools.

Table 2.1 presents the ontology development tools capdbiepmrting and export-
ing RDF(S) found by the time of performing this task. Theivelepers were directly
contacted.

Tool Institution URL

Construct Network Inference http://www.networkinference.com/products/constritditml
DOE Inst. National de I'Audiovisuel| http://homepages.cwi.tibncy/DOE/

Infered Intellidimension http://www.intellidimension.com/pages/site/prodvictered/
IsaViz W3C http://www.w3.0rg/2001/11/IsaViz/

KAON Universitat Karlsruhe http://kaon.semanticweb.org/

Linkfactory Workbench | Language & Computing http://www.landcglobal.com/pages/linkfactory.php

OilEd University of Manchester http://oiled.man.ac.uk/

OntoEdit Free Ontoprise http://www.ontostudio.de/

Open Ontology Forge National Inst. of Informatics http://research.nii.ac.jp/Collier/resources/OOF/

Protégé 2000 Stanford University http://protege.stanford.edu/

SemTalk Semtation http://www.semtalk.com/

SNOBASE IBM http://www.alphaworks.ibm.com/tech/snobase

Unicorn Workbench Unicorn Solutions http://www.unicorn.com/products/unicornsystem/warkbh.htm
Visual Ontology Modeler| Sandpiper Software http://www.sandsoft.com/products.html

WebODE U. Politecnica de Madrid http://webode.dia.fi.upm.es/WebODEWeb/index.html

Table 2.1: Ontology development tools capable of impor@rgorting RDF(S)

6 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5



D1.2.2.1.1 RDF(S) Interoperability Benchmarking IST PojlST-2004-507482

Tool Version Developer Experimenter

Corese 2.1.2 INRIA INRIA

Jena 2.3 HP U. Politécnica de Madrig
KAON 1.2.9 U. Karlsruhe U. Karlsruhe

Sesame | 2.0 alpha 3 Aduna U. Politécnica de Madrig
Protégé | 3.2 beta build 230 Stanford U. U. Politécnica de Madrig
WebODE | 2.0 build 109 U. Politécnica de Madrid U. Politécnica de Madrig

Table 2.2: Ontology development tools participating intbeachmarking

Any tool capable of importing and exporting RDF can parttein the benchmark-
ing. For our part, not only ontology development tools argipi@ating in it, but also
RDF repositories.

When writing this deliverable, six tools are taking part Ire tbenchmarking, three
of which are ontology development tools: KAON, Protégsirig its RDF backend), and
WebODE; the other three are RDF repositories: Carelamad and Sesanfe As Table 2.2
shows, benchmarking is not always performed by the toolldpees.

Another ontology development tool, OntoStudio (the susaesf OntoEdit), is also
participating but it is not considered in this deliverabdéeuse its execution of the bench-
mark suites has not finished yet, so its complete resultsa@ravailable.

2.1.7 Planning and resource allocation

The main deadline of the benchmarking was imposed by thdideanf this Knowledge
Web deliverable. Therefore, a plan was designed that ieduldePlan and Experiment
phases, though it did not include thmprovephase.

This plan was developed and agreed by all the organisatantisipating in the bench-
marking; besides, every organisation had to assign a nuoflggeople to perform the
benchmarking.

2http:/lwww-sop.inria.fr/acacia/soft/corese/
Shttp://jena.sourceforge.net/
4http:/lwww.openrdf.org/

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 7



2. BENCHMARKING RDF(S) INTEROPERABILITY

2.2 Experiment phase

2.2.1 Experiment definition

Evaluating the interoperability of ontology developmaertls using RDF(S) for ontology
interchange requires that the importers and exporters/fodRDF(S) of these tools work
accurately when interchanging ontologies. Therefore pthaning for the experimenta-
tion includes three consecutive stages, shown in Figure 2.2

e Agreement stage The quality of the benchmark suites to be used is essential f
the results of the benchmarking. Therefore, the first stepagree on the definition
of these benchmark suites, which will be common for all tlidtoChapter 3 deals
with the definition and use of these benchmark suites.

e Evaluation stage 1 The RDF(S) importers and exporters of the ontology develop
ment tools are evaluated with the agreed versions of thehpeaidk suites.

e Evaluation stage 2 Once the RDF(S) importers and exporters are evaluated, thi
stage will cover the evaluation of the ontology interchabgéveen ontology de-
velopment tools.

Agreement stage Evaluation stage 1 Evaluation stage 2
» Benchmark suites * Import and Export * Interoperability
definition experiments experiments

Figure 2.2: Experimentation Phases

2.2.2 Experiment execution

Once the benchmark suites were defined, they were publishdtedenchmarking web
page so that they could be reviewed by the participants. ,Tiheviadrid, a meeting was
held, thelnteroperability Working Day? to discuss the benchmark suites and to improve
them with comments of the participants.

In that meeting, some improvements were made to the ingiatbmark suites, whereas
some experiments were performed in the tools.

The actual experiments performed are the following:

Shttp://knowledgeweb.semanticweb.org/benchmarkitgroperability/workingdays/

8 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5



D1.2.2.1.1 RDF(S) Interoperability Benchmarking IST PojlST-2004-507482

e Import, export and interoperability experiments wereiearout on KAON, Protégé
and WebODE.

e Import and export experiments were carried out on the RDBgigpries Corese,
Jena and Sesame.

e Initial import and export experiments were carried out ortd3tudio though not
with the agreed versions of the benchmark suites.

In the cases of Corese, Jena, Sesame, and WebODE, most gpdrameentation was
automated. In the other tools, it was performed manually.

The experimentation results obtained are available in émetmarking web page.

2.2.3 Experiment result analysis
Participants have analysed the results of the experimentahnd identifyed the compo-

nents that the tools can import, export and interchange.y Tlage also identified the
problems, as summarised in Chapters 5 to 6 and detailed apibendixes.

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 9



Chapter 3

Benchmark suites definition

by RAUL GARCIA CASTRO

This chapter deals with the definition of the three benchraaites used in the bench-
marking and explains how they were defined. For each of thelreark suites it includes:

e The tools and functionalities that can be evaluated with it.

The benchmarks that compose it.

The criteria for evaluating the benchmark results.

The tools or data needed to run the benchmarks.

The procedure to follow for running the benchmarks.

3.1 RDF(S) Import Benchmark Suite

The RDF(S) Import Benchmark Suite can be used to evaluatREHgS) import func-
tionalities of Semantic Web tools. Although it was develdpearing in mind ontology
development tools, it can be used to evaluate any other épallde of importing RDF(S).

Each benchmark in the benchmark suite defines a RDF(S) gytaslerialized in a
RDF/XML file that must be loaded into the ontology developirtenl.

These benchmarks check the correct import of ontologid@sibdel a simple combi-
nation of the components of the RDF(S) knowledge model ¢elasproperties, instances,
etc.) [Brickley and Guha, 2004]. To assess the import of fasje or complex ontologies
can be useless if we do not know whether the importer can déasimnple ones correctly.
Because one of the goals of the benchmarking is to improvetis, the ontologies must
be simple in order to isolate problem causes and to identigible problems.

There are two different issues that influence the correcbnngf an ontology. One
is which combinations of components of the RDF(S) knowletigelel are present in the
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ontology; the other is which of the different variants of RBF/XML syntax are present
in the ontology. Therefore, in order to isolate each of thissees, we have defined
separately the benchmarks that depend on the RDF(S) kngevieddel and those that
depend on the RDF(S) syntax chosen. The next sections expai these two types of
benchmarks have been defined.

3.1.1 Benchmarks that depend on the knowledge model

These benchmarks check the correct import of RDF(S) onieddbat model simple com-
binations of the RDF(S) knowledge model components.

Figure 3.1 shows the different components that form the FpkHowledge model
and the different properties that relate them. Classesefired as boxes in the figure,
whereas properties are defined as arrows with their domalnramge represented by
the origin and destination of the arrow respectively. Therkgdoes not show a full
description of the knowledge model; the components shoemnrastances ofdfs:Class
and some of them have predefined instances that do not apgrear h

rdfs:member
rdfs:seeAlso
rdfs:isDefinedBy
rdfs:value
“property”

rdfs:label
rdfs:comment

rdf:first rdfs:Resource

rdf:subject
rdf:predicate,
rdf:object

rdf:rest rdfs:subPropertyOf rdfs:subclassOf

@List ‘ ’ rdfs:Container ‘ rdf:Statement q rdf:Property rdfszcg ’ rdfs:Literal ‘

rdfs:domain
rdfs:range

’ rdf:Bag H rdf:Seq H rdf:Alt ‘ ‘ rdfs:ContainerMembershipProperty ‘ ’ rdfs:Datatype H rdf:XMLLiteral ‘

Figure 3.1: The components of the RDF(S) knowledge model

We have considered the import of all the possible combinatiaf the knowledge
model components to make the benchmark suite exhaustiveee Tifferent types of
benchmarks depend on the knowledge model and these are:

e Benchmarks that import single components.

e Benchmarks that import all the possible combinations of t@mponents with a
property.
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e Benchmarks that import combinations of more than two coreptsusually ap-
pearing together in RDF(S) graphs.

3.1.1.1 Benchmarks that import single components

For each component of the knowledge model of RDF(S), we hafieat two bench-
marks that import:

e A single instance of a component.

e Several instances of a component.

3.1.1.2 Benchmarks that import combinations of two componets

The method followed to define all the combinations of two comgnts related through a
property was the following. For each of the RDF(S) composient

Step 1.We have identified the possible relations of the componettt @thers: the prop-
erties whose domain can be the component and relate it to otimeponents. These
properties are:

e RDF(S) predefined properties whose domain is the componeatsaperclass of
the component.

e User defined properties whose domain is the component.

Step 2.For each of these relations, we identify the ranges thattbyeegoty can have and
we assign the cardinalities that correspond to each ralalfibese ranges are:

e The component defined in the RDF(S) specification as the rafrthe property and
the components that are subclass of this component.

e If rdfs:Classis one of the possible ranges of the property, the RDF(S)gbiresbl
instances ofdfs:Class

e An unknown component that is not defined in the rest of the FE)g(aph, even
though the component is a resource.

Step 3.The assigned cardinalities define the different number n€bmarks that will be

performed for each relation as follows: for two componenisgnd c2) related through a
property (p) €1— p — c¢2), being the cardinality:

e 1:1 cardinality ¢1'— p —! c2). Define 1 benchmark to import:

12 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5
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— One instance of a component related to an instance of anotimeponent
through a property.

e 1:N cardinality €1'— p —* ¢2). Define 2 benchmarks, the one defined for the 1:1
cardinality and another to import:

— One instance of a component related to several instancasottier compo-
nent through the same property.

e N:1 cardinality €1*— p —! c2). Define 2 benchmarks, the one defined for the 1:1
cardinality and another to import:

— Several instances of a component related to an instancetfercomponent
through the same property.

e N:N cardinality €1 *— p —* c2). Define 3 benchmarks, those defined for the 1:N
and N:1 cardinalities.

e N:N cardinality, being c1 and c2 the same componefht't- p —* cl). Define 4
benchmarks, the three defined for the N:N cardinality andtomaport:

— One instance of a component related to itself through a prppe

e N:N cardinality, being c1 and c2 the same component and pnaitige property
(c1*— p —* cl). Define 5 benchmarks, the four defined for the previous cade a
one to import:

— One instance of a component related to an instance of anotimeponent
through a property, being the second instance related tosaance of a third
component with the same property.

For example, in the case adfs:Class the following properties can relate it to other
components:

e RDF(S) predefined properties whose domairdfs:Class(rdfs:subClassOfor su-
perclass ofdfs:Clasqrdf:type, rdfs:label rdfs:commentrdfs:memberrdfs:seeAlsp
rdfs:isDefinedByandrdfs:valug.

e User defined properties whose domairdifs: Class(some fictitious property "prop-
erty”).

In the case ofdfs:Classwith the propertyrdfs:subClassQfthe cardinalities of the
relations according to the possible ranges are the follgwin

e The predefined range of the propengif6:Clasy:

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 13
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— rdfs:Class*— rdfs:subClassOf~* rdfs:Class
e The subclasses of the predefined range of the propelifty: Datatypé:
— rdfs:Class*— rdfs:subClassOf-* rdfs:Datatype

e The predefined instancesrdfs:Clasq"rdfs:Resource”, "rdf:Property” , "rdf:List” ,
"rdfs:Datatype”, "rdfs:Class”, "rdfs:Container”, "rdf:Bag” , rdf:Seq”, "rdf:Alt” ,
"rdfs:ContainerMembershipProperty’and’rdf:Statement”):

— rdfs:Class’— rdfs:subClassOf-' "rdfs:Resource”
— rdfs:Class*— rdfs:subClassOf-'! "rdfs:Datatype”

e An unknown component:

— rdfs:Class*— rdfs:subClassOf-* "unknown”

For the relationrdfs:Class*— rdfs:subClassOf—* "rdfs:Class”, we can define 5
different benchmarks to import:

e One class that is a subclass of another.

One class that is a subclass of several other classes.

Several classes that are subclasses of another class.

One class that is a subclass of itself.

One class that is a subclass of another, being the second saf&kass of a third
one.

3.1.1.3 Benchmarks that import combinations of more than tv@ components

We have identified the main combinations of RDF(S) compatrat involve more than
two components related through properties. These combnssare:

e Properties that have both domain and rang:Rroperty with rdfs:domainand
rdfs:range.

e Statements that have subject, predicate and ohj@icStatementvith rdf:subject
rdf:predicateandrdf:objeci).

e Definitions of lists (df:List with rdf:first, rdf:restandrdf:nil).

14 3. August, 2006 KWEB/2006/D1.2.2.1.1/v1.5
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The method to define the benchmarks is similar to the one itbesicin the previous
section. The main difference resides in the number of beacksrdefined according to
the cardinalities. To clarify the explanation below, we going to consider a cardinality
of 1 in the origin of the relation.

e If the cardinalities of the relations are
cli-pl—"*c2
cl'—p2—7*c3
four benchmarks have been defined to import:

— One instance of a component related to an instance of anotimeponent
through a property and related to an instance of a third compothrough
another property.

— One instance of a component related to several instancesotfier com-
ponent through a property and related to an instance of anattimponent
through another property.

— One instance of a component related to an instance of anotimeponent
through a property and related to several instances of anatbmponent
through another property.

— One instance of a component related to several instancesottier compo-
nent through a property and related to several instancesotier component
through another property.

If c2 and c3 are the same component, an additional benchraarkéden defined to
import:

— One instance of a component related to an instance of anotimeponent
through the two properties.

e If the cardinalities of the relations are
cli-pl—tc2
cl'—p2—7*c3
or
cli-pl—"*c2
cll—p2—1!c3
two benchmarks have been defined to import:

— One instance of a component related to an instance of anotimeponent
through a property and also related to an instance of a tbimgponent through
another property.

— One instance of a component related to an instance of anotimeponent
through a property and also related to several instancasotfiear component
through another property.
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e If the cardinalities of the relations are
cli-pl—tc2
cli-p2—!c3
one benchmark has been defined to import:

— One instance of a component related to an instance of anotimeponent
through a property and also related to an instance of a tbitgponent through
another property.

For example, for a property with domain and range and witHdhewing ranges and
cardinalities:
rdf:Property!— rdfs:domain—* rdfs:Class
rdf:Property!— rdfs:range—* rdfs:Class
5 benchmarks have been defined to import:

e One property that has as domain a class and as range anatber cl

One property that has as domain a class and as range seesss<|

One property that has as domain several classes and as ratpereclass.

One property that has as domain several classes and as thegseveral classes.

One property that has as domain and range the same class.

3.1.1.4 Pruning the benchmark suite

As RDF(S) does not impose any restriction on the combinatadrits components, the
number of the resulting benchmarks is huge (more than 40@d}lee benchmark suite
has to be pruned according to its intended use and the kinoots that it is supposed
to evaluate, namely, ontology development tools. Theegfare have only considered
the RDF(S) components that can be used for modelling ontdog all these tools:

rdfs:Class rdf:Property, rdfs:Literal, rdf:type rdfs:domain rdfs:range rdfs:subClassQf

andrdfs:subPropertyQfThe rest of the RDF(S) components have not been dealt with.

The benchmarks obtained are classified in the followinggmates:

e Class benchmarks

Metaclass benchmarks

Subclass benchmarks

Class and property benchmarks

Single property benchmarks
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e Subproperty benchmarks
e Property with domain and range benchmarks
¢ Instance benchmarks

¢ Instance and property benchmarks

3.1.2 Benchmarks that depend on the RDF/XML syntax

These benchmarks check the correct import of RDF(S) oniedagith the different vari-
ants of the RDF/XML syntax, as stated in the RDF/XML spectiaa

We have defined benchmarks that take into account the failpwariants of the
RDF/XML syntax:

¢ Different syntax of URI references:

— Absolute URI references
— URI references relative to a base URI
— URI references transformed fromf: 1D attribute values

— URI references relative to an ENTITY declaration
e Language identification attributesngl:lang) in tags.
e Empty node abbreviations.
e Multiple properties abbreviations.
e Typed node abbreviations.
e String literal abbreviations.
e Blank node abbreviation.
e Container abbreviation.
e Collection abbreviation.
e Statement abbreviation.
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3.1.3 Benchmark definitions

Table 3.1 shows the categories of the RDF(S) Import Bencki@aite, which contains
82 benchmarks, their number and the components used in @aetpocy. A detailed

description of these benchmarks can be found in the web'p8gsides, all the RDF(S)
files to be imported can be downloaded from a singlé.fillemplates are provided for
collecting the execution resutts

Table 3.1: Categories of the import benchmarks.

Category No. | Components used

Class 2 | rdfs:Class

Metaclass 5 | rdfs:Class rdf:type

Subclass 5 | rdfs:Class rdfs:subClassOf

Class and property 6 | rdfs:Class rdf:Property, rdfs:Literal
Property 2 | rdf:Property

Subproperty 5 | rdf:Property, rdfs:subPropertyOf

Property with domain and 24 | rdfs:Class rdf:Property, rdfs:Literal,

range rdfs:domain rdfs:range

Instance 4 | rdfs:Class rdf:type

Instance and property 14 | rdfs:Class rdf:type rdf:Property, rdfs:Literal
Syntax and abbreviation 15 | rdfs:Class rdf:type, rdf:Property, rdfs:Literal

The definition of each benchmark in the benchmark suite, ble Ba2 shows, includes
the following fields:

e An identifier for tracking the different benchmarks.
e A description of the benchmark in natural language.
e A graphical representationof the ontology to be imported in the benchmark.

¢ A file containing the ontology to be imported in the RDF/XML syntax

3.1.4 Evaluation criteria

The evaluation criteria of the RDF(S) Import Benchmark Saite defined as follows:

http://knowledgeweb.semanticweb.org/benchmarkiteroperability/
rdfs.importbenchmarksuite.html
2http://knowledgeweb.semanticweb.org/benchmarkiteroperability/files/impotfiles.zip
3http://knowledgeweb.semanticweb.org/benchmarkitgroperability/templates/
RDFS Import BenchmarkSuite Template.xIs
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Identifier 114
Description Import one class that has the same property with
several other classes

Graphical
representation

RDF/XML <rdf: RDF xm ns="http://ww. w3. or g/ 2000/ 01/ r df - schema#"
xm ns: gl="http://ww.test.org/graphl4#"
f||e xm ns: rdf ="http:// ww. w3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#" >
<O ass rdf:about="http://ww.test.org/graphl4#classl">
<gl: propl rdf:resource="http://ww.test.org/graphld#cl ass2"/>
<gl: propl rdf:resource="http://ww.test.org/graphld#cl ass3"/>
</ Cl ass>
<O ass rdf:about="http://ww.test.org/graphl4#class2"/>
<O ass rdf:about="http://ww.test.org/graphl4#class3"/>
</rdf : RDF>

Table 3.2: An example of a benchmark definition.

Modelling (YES/NO). The ontology development tool can model the amgplcompo-
nents described in the benchmark.

Execution (OK/FAIL). The execution of the benchmark is normally cadiout without
any problem, and the tool always produces its expectedtrésuhe case of a failed
execution, the following information is required:

e The reasons for failing the benchmark execution.

e If the tool was corrected to pass a benchmark, which it undetw

Information added or lost. It refers to the information added or lost in the ontology
interchange when executing the benchmark.

Since ontology development tools have different knowleageels, there is nRight
or Wrongresult. Furthermore, different tools have different sigas for importing the
components not allowed in their knowledge models. For eXxampetaclasses can be
modelled in RDF(S), but a tool that cannot represent metaekhas two alternatives
when importing a RDF(S) metaclass: either to import it asaas;lor not to do it.

In addition, any combination of results can be possibleesthey depend on the de-
cisions taken by the tool developers. The only pattern thatbe identified in the results
is that of the loss of information during the import of an dotfy with a component that
does not belong to its knowledge model. This loss of inforomaincludes at least the
component that the tool cannot model.

Table 3.3 shows an example of the execution of the benchm&rkrhport just one
property that has as domain a class and as range the XML ScHatatype "string”, with
the class defined in the ontolggy five fictitious ontology development tools identified
asA,B,C,D,and E.

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 19



3. BENCHMARK SUITES DEFINITION

Tool | ID | Modelling| Execution| Information added Information lost
A 146 | YES OK A label in all the compoq

nents
B 146 | YES FAIL - The property’s range
C 146 | NO OK The rangeString The rangexsd:string
D 146 | NO OK The rangedfs:Literal The rangexsd:string
E 146 | NO FAIL - The property

Table 3.3: Fictitious results of executing benchmark 146

In our example, tools A and B can model the XML Schema datasyieg as range
and, therefore, theModellingresult isYES tools C, D and E cannot model it and, there-
fore, theirModellingresult isSNO.

The expected result of tools A and B is a property whose domairclass and whose
range is the XML Schema datatypting. Tool A imports all these components and adds
a label with the name of the component to all the componeh&sgtore, itsExecution
resultisOK, and it inserts new information into the ontology. Tool B ion{s the property,
but it does not import the range. As it does not produce theebegl result, itExecution
result isFAIL, and it loses information when importing the ontology.

Because tools C, D and E cannot model the XML Schema datatyimg as range
though they can model string ranges, the expected reshiéséttools is to have a property
whose domain is a class and whose range is string. Tools C gnddce this expected
result and theiExecutionresult isOK; both lose information about the range being the
XML Schema datatypstring, though tool C creates the range as its own dataStpeg
and tool D creates the range a$s:Literal; therefore, these two tools insert new infor-
mation in the ontology. Tool E does not import the propertglgtalthough its expected
result is to import it with a string range; iSxecutionresult isFAIL, and it loses all the
information about the property when it imports the ontology

3.1.5 Procedure for executing the benchmark suite

If a tool developer wants to evaluate the RDF(S) importerigtol, the steps he should
follow for executing each benchmark are:

1. To define the expected result of importing the file with tH2HRS) ontology into
the ontology development tool, either by modelling the etpé ontology in the
tool or by defining it informally (i.e. in natural language).

2. To import into the ontology development tool the RDF(S@ tihat contains the
RDF(S) ontology defined in the benchmark.
KWEB/2006/D1.2.2.1.1/v1.5
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3. To compare the expected ontology with the imported onetarzheck whether
there is some addition or loss of information.

Although these steps can be carried out manually, whenrggalith many bench-
marks it is highly recommended to perform them (or part ohthautomatically, espe-
cially to compare the expected with the imported ontologies

3.2 RDF(S) Export Benchmark Suite

The RDF(S) Export Benchmark Suite can be used to evaluatBEHES) export func-

tionalities of Semantic Web tools. Although it was develdbearing in mind ontology
development tools, it can also be employed to evaluate drgy twol capable of exporting
to RDF(S).

The benchmark suite is composed of benchmarks that chedothect export of on-
tologies to RDF(S). Each of these benchmarks defines anagyttihat must be modelled
in the ontology development tool and saved to a RDF(S) file.

As in the case of the RDF(S) Import Benchmark Suite, we hafiaetktwo types of
benchmarks for isolating the two issues that influence theecbexporting of an ontology.
One is which combinations of components of the ontology lbgrment tool knowledge
model are present and the other issue is which restricti@s(8) imposes for naming
components. The next sections describe how these two typeschmarks were defined.

3.2.1 Benchmarks that depend on the knowledge model

These benchmarks check the correct export to RDF(S) of agited that model simple
combinations of the components of a common knowledge mdded.components here
considered are the most frequently used for modelling ogtek in these tools, and are
present in their knowledge models. These are: classes agsl lalerarchies, object and
datatype properties, instances, and literals; the rereaimithe components that are spe-
cific to each tool are not considered.

The composition of the RDF(S) Export Benchmark Suite is lsinto the composi-
tion of the Import one. Instead of taking as input the knowkednodel of RDF(S), we
have taken the common core of knowledge modelling compsmeantioned above. The
benchmarks obtained are classified in the following caiegor

e Class benchmarks
e Metaclass benchmarks

e Subclass benchmarks
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e Class and object property benchmarks

e Class and datatype property benchmarks
e Object property benchmarks

e Datatype property benchmarks

e Instance benchmarks

¢ Instance and object property benchmarks

e Instance and datatype property benchmarks

3.2.2 Benchmarks that depend on the component naming restr
tions

These benchmarks check the correct export to RDF(S) of agits with concepts and
properties whose names include characters not allowe@foesenting RDF(S) or XML
URIs. They are classified in the following categories:

Concepts and properties whose names start with a chardbtrtban a letter or

Concepts and properties with spaces in their names.

Concepts and properties with URI reserved characters innhenes ('}, '/, '?’,
,:,l ’@,l ’&’l ’ :,’ ’+,l ’$,l ’1,)'

Concepts and properties with XML delimiter characters githames ('i’, ¢, '#,
%', "),

3.2.3 Benchmark definitions

Table 3.4 shows the categories of the benchmark suite, vdoictprises 66 benchmarks.
The table contains the number of benchmarks and the comfsonsed in each category.
A detailed description of such benchmarks can be found imgie pagé. In addition,
templates are provided for collecting the execution reult

The definition of each benchmark in the benchmark suite, bl Ba5 shows, includes
the following fields:

“http://knowledgeweb.semanticweb.org/benchmarkineroperability/
rdfs_.exportbenchmarksuite.htmi

Shttp://knowledgeweb.semanticweb.org/benchmarkitgroperability/templates/
RDFS Export BenchmarkSuite Template.xlIs
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Table 3.4: Categories of the export benchmarks.

Category No. | Components used

Class 2 | class

Metaclass 5 | class instanceOf

Subclass 5 | class subClassOf

Class and object property 4 | class object property

Class and datatype property 2 | class datatype propertyliteral

Object property 14 | object property

Datatype property 12 | datatype property

Instance 4 | class instanceOf

Instance and object property 9 | class instanceOfobject property

Instance and datatype property 5 | classinstanceOfdatatype propertyliteral

URI character restrictions 4 | class instanceOf object property datatype
property, literal

An identifier for tracking the different benchmarks.

A description of the benchmark in natural language.

A graphical representation of the ontology to be exported by the tool.

Theinstantiation of the ontology described in the benchmark for each of the par
ticipating tools, using the vocabulary and components e$éttools.

Table 3.5: An example of a benchmark definition.

Identifier EO09
Description | Export one class that is subclass of several classes

Graphical @ @
representatior

WebODE's Export one concept that is subclass of several ¢on-
instantiation | cepts
Protége’s Export one class that is subclass of several classes
instantiation
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3.2.4 Evaluation criteria

The evaluation criteria adopted for the export benchmaite sue the same as those for
the import benchmark suite, namelypdelling Executiorandinformation added or lost
The only difference with the import criteria is that, if a lmbmark defines an ontology
that cannot be modelled in a certain tool, that benchmarkaiame executed in the tool,
being theExecutiorresultN.E. (Non Executed). In the import benchmark suite, even if a
tool cannot model some components of the ontology, it shibelable to import correctly
the rest of the components.

3.2.5 Procedure for executing the benchmark suite
The steps to follow when executing each of the benchmarks are

To define in RDF(S) the expected ontology that results fe@porting the ontology.
To model in the tool the ontology described in the benchkmar

To export the ontology modelled using the tool to RDF(S).

R

To compare the exported RDF(S) ontology with the expeBB&(S) ontology,
examining whether there is some addition or loss of inforomat

Although these steps can be carried out manually, whenrdgalith many bench-
marks it is highly recommended to perform them (or part ohthautomatically, espe-
cially for comparing the expected with exported ontologies

3.3 RDF(S) Interoperability Benchmark Suite

The RDF(S) Interoperability Benchmark Suite can be useddtuate the interoperability
of Semantic Web tools using RDF(S) as interchange langudigdoes so by testing
the interchange of ontologies from one source tool to a iastin one and vice versa.
Although it was developed bearing in mind ontology develeptriools, it can be used to
evaluate any other tool capable of importing from and expgrio RDF(S).

The RDF(S) Interoperability Benchmark Suite is composdakoichmarks that check
the correct interchange of ontologies between two tool® @énchmark suite considers
the interchange of a common core of the knowledge modellorgponents most fre-
guently used for modelling ontologies: classes and classitdhies, object and datatype
properties, instances, and literals. As these componeattha same as those in the
RDF(S) Export Benchmark Suite, the ontologies defined inrRB&(S) Interoperability
Benchmark Suite are identical to those of the RDF(S) ExpertdBmark Suite, as pre-
sented in the previous section.
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The RDF(S) Interoperability Benchmark Suite definitionvaigable in a public web
pagé and templates are provided for collecting the executionltg’s In case of eval-
uating the interoperability from the tools that have alseaglecuted the RDF(S) Export
Benchmark Suite, a file containing the RDF(S) files exportethbse tools can be down-
loaded.

The evaluation criteria adopted here are the same as tho#eefexport benchmark
suite, namelyModelling ExecutionandIinformation added or lost

3.3.1 Procedure for executing the benchmark suite

The main difference between the RDF(S) Export and Inteadphty Benchmark Suites
is the procedure for executing the benchmarks. The stepdltovifor executing them
are:

1. To define the expected ontology resulting from intercivanghe ontology in the
destination tool.

To model the ontology described in the benchmark in thecgotool.
To export the ontology modelled using the source tool té-Fg).

To import the RDF(S) file (exported by the source tool) ith® destination tool.

a c w0 DN

To compare the interchanged ontology with the expected omecking whether
there is some addition or loss of information.

If the tools have already executed the RDF(S) Export Bencki8aite, then steps 2
and 3 can be ignored, as the RDF(S) exported files of all tHe titl be available from
the export experiments. Participants will not have to ekffeese ontologies again; they
will only have to import the exported files into their tools.

Although these steps can be carried out manually, itis figddommended to perform
them (or part of them) automatically when dealing with maagdhmarks, especially for
comparing the expected with the interchanged ontologies.

Shttp://knowledgeweb.semanticweb.org/benchmarkitgroperability/
rdfs_interoperabilitypbenchmarksuite.html

"http://knowledgeweb.semanticweb.org/benchmarkingroperability/templates/
Interoperability Templates.xls

8http://knowledgeweb.semanticweb.org/benchmarkiteroperability/stagd _results/
RDFS Exported Files.zip

KWEB/2006/D1.2.2.1.1/v1.5 3. August, 2006 25



Chapter 4

RDF(S) import results and analysis

by RAUL GARCIA-CASTRO

This chapter presents the results of executing the RDF(BpinBenchmark Suite in
all the tools participating in the benchmarking. First, vegrg out a global analysis on
the RDF(S) import capabilities of the tools and then an iptdenalysis of each tool is
provided.

The results obtained when importing from RDF(S) depend nain the knowledge
model of the tool that executed the benchmark suite. Thes thalt natively support the
RDF(S) knowledge model do not need to perform any translatiaghe ontologies when
importing them from RDF(S). In the case of tools with non-RBBwledge models, they
do need to translate ontologies from RDF(S) to their knogieshodel.

In the benchmarking, the only RDF(S)-native participamigcare Corese, Jena and
Sesame, the RDF repositories. The ontology developmelg (§&ON, Protégé and
WebODE) have their own knowledge models, some of whose casmnge can also be
represented in RDF(S) while some others cannot.

The RDF repositories import correctly from RDF(S) all therdmnations of compo-
nents, as the import does not require any translation.

In general, the ontology development tools import corgetitbm RDF(S) most of
the combinations of components that they model, rarelyraddr losing information. In
particular:

e KAON imports correctly all the combinations of componeitattit can model.

e Protégé only poses problems when importing classes tarinss that are instances
of multiple classes.

e WebODE only poses problems when importing properties witkML Schema
datatype as range.

When the ontology development tools import ontologies witmbinations of com-
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ponents that they cannot model, they lose the informatiauinese components. Nev-
ertheless, they usually try to represent partially thesepgmments using other components
from their knowledge models. In most cases, the importingeisormed correctly. The
only exceptions are:

e KAON poses problems when it imports class hierarchies withes.

e Protégé poses problems when it imports class and propengrchies with cycles
and properties with multiple domains.

e WebODE poses problems when it imports properties with plgltdomains or
ranges.

When dealing with the different variants of the RDF/XML sgxt ontology develop-
ment tools:

e Import correctly resources with the different URI referersyntaxes.

e Import correctly resources with the different syntaxe®(smed and unshortened)
of empty nodes, of multiple properties, of typed nodes, ohgtliterals, and of
blank nodes. The only exceptions are KAON when it importsueses with mul-
tiple properties in the unshortened syntax, and Protégénvit imports resources
with empty and blank nodes in the unshortened syntax.

e Do not import language identification attributesn(:lang) in tags.

The next sections present a summary of the analysis of eaitte dbols. A detailed
analysis of the RDF(S) import results can be found in AppeBdi

4.1 KAON results
by YORK SURE AND MARKUS ZONDLER
This section presents the results of evaluating the RDIR{Sdit capabilities of KAON.

KAON imports correctly components (or combinations of thefithe RDF(S) knowl-
edge model, which are also present in its own knowledge mdthelse components are:

e Classes, metaclasses and class hierarchies without cycles

e Properties with a single domain and range (even if the doraathrange are the
same class), with multiple domains or ranges, or withouta@arar range.

e Property hierarchies.
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¢ Instances of one class or multiple classes and instanasdehrough properties,
even if the property relates instances of the same class imstance to itself, or
if an instance is related through the same property (eithesudject or object) to
several other instances or values.

KAON imports correctly the following components (or comdiiions of them) of the
RDF(S) knowledge model, although they are not present iowits knowledge model:

e Classes related through properties supposed to be defitied @omain and range
of some metaclass of the classes.

e Properties with undefined resources as domain or range brav¥ML Schema
datatype as range.

e |nstances of undefined resources.

e Instances related through undefined properties or throtapepties whose range is
a XML Schema datatype.

KAON does not produce the expected result when importingnfRDF(S):
e Class hierarchies with cycles because KAON presents anregssage.

Regarding the import of the different variants of the RDF/X§yntax, KAON:

Imports correctly resources with the different URI refaesyntaxes.

Imports correctly resources with the different syntaxésfgened and unshortened)
of empty nodes, typed nodes, string literals, and blank s.ode

Imports correctly resources with multiple properties ia finortened syntax, but it
crashes if they are in the unshortened.

Does not import language identification attributesi(.lang) in tags.

4.2 Protece results
by RAUL GARCIA-CASTRO
This section presents the results of evaluating the RDR{Sdrt capabilities of Protégé.

Protégé imports correctly the following components @mbinations of them) of the
RDF(S) knowledge model, which are also present in its owwkadge model:

e Classes, metaclasses and classes that are instancesgearsataclass.
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¢ Class hierarchies without cycles. If the resource objeetrdfs:subClassOprop-
erty is not defined as a class in the fil€{rese:In09-1{), the resource object is
created as a class.

e Properties with a single domain and range (even if the dormathrange are the
same class) or without domain or range, or without both.

e Property hierarchies without cycles.

e Instances of a single class and instances related throogkeies, even if the prop-
erty relates instances of the same class or an instancesly d@sif an instance is
related through the same property (either as subject oclije several other in-
stances or values.

Protégé imports correctly components (or combinatidiseom) of the RDF(S) knowl-
edge model, although they are not present in its own knoweledgdel. These compo-
nents are:

e Classes related through properties supposed to be defitied domain and a range
of some metaclass of the classes. Protégé imports thegypput without domain
or range, and it does not relate the classes to the property.

e Properties with undefined resources as domain or rangecdérateates the unde-
fined resource as a class.

e Properties with multiple ranges. Protégé creates thievdth a range ofAny, as
multiple ranges in RDF(S) and Protégé have different rimegmn

e Properties withrdfs:Classas domain. Protégé does not define the domain as it
cannot create a template slot BTANDARDCLASS

e Properties with a XML Schema datatype as range. It createddtatype as a class
with thexsdnamespace.

¢ Instances of undefined resources. Protégé creates teéingdiresource as a class.

e Instances related through undefined properties. Pratéges the property as a
template slot without domain and with a rangefofy and it does not relate the
instances to the property.

¢ Instances related through properties with XML Schema gpéaas range. Protégé
creates the datatype as a class withxbgnamespace, but it does not consider the
value related to the instance through the property to be stance of the datatype
class and it does not import it.

e rdfs:Class.Protégé importsdfs:Classas:STANDARDCLASS
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e rdfs:Literal. Protégé importsdfs:Literal as its ownStringdatatype.
Protégé does not produce the expected result when imgdrom RDF(S):

e Classes that are instances of multiple metaclasses bdéeatégé imports the class
as instance of only one metaclass. This includes the caseiaha class appears in
the file as instance of a metaclass adf$:Class([Corese:In03-0F,[ KAON:In03-

07]).

e Class hierarchies with cycles because Protégé crashes firiding a cycle in a
class hierarchy, so it does not importing anything.

e Properties with multiple domains because Protégé inspihwe multiple domains,
but in RDF(S) and in Protéegé multiple domains have difitraeanings.

e Property hierarchies with cycles because Protégé csaghen finding a cycle in a
property hierarchy, so it does not import anything.

¢ Instances of multiple classes because Protégé impatsstance as instance of
only one class.

Regarding the import of the different variants of the RDF/XBYntax, Protégé:

Imports correctly resources with the different URI refaresyntaxes.

e Imports correctly resources with the different syntaxésfened and unshortened)
of multiple properties, typed nodes, and string literals.

e Imports correctly resources with empty nodes in the shedayntax, but Protégé
crashes when they are in the unshortened syntax, so it db@spart anything.

e Imports correctly resources with blank nodes in the shedesyntax. However, if
they are in the unshortened syntax, whenever the blank rmuksass it is imported
as a new node.

e Does not import language identification attributesi.lang) in tags.

4.3 WebODE results
by RAUL GARCIA-CASTRO
This section includes the results of evaluating the RDR(fpjrt capabilities of WebODE.

WebODE imports correctly components (or combinations ehth of the RDF(S)
knowledge model that are also present in its own knowledgeetnd hese components
are:
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e Classes and class hierarchies without cycles.

e Properties with a single domain and range, even if the domathrange are the
same class.

e Instances of a single class and instances related throogkeies, even if the prop-
erty relates instances of the same class or relates an ¢estarntself, or if an in-
stance is related through the same property (either as@ubj®bject) to several
other instances or values.

WebODE imports correctly the following components (or camations of them) of
the RDF(S) knowledge model although they are not presetd mwn knowledge model:

e Metaclasses. WebODE imports them as concepts (if they direedeas classes in
the file) but it does not import that another concept is instaof them.

e Class hierarchies with cycles. WebODE does not import &lrttis:subClassOf
properties to create a hierarchy without cycles.

e Classes related through properties supposed to be defitied @omain and range
of some metaclass of the classes. WebODE does not importdpeny.

e Properties without domain. WebODE creatdfs:Resourceas an imported term;
if the range of the property iglfs:Literal, it creates the property as an instance
attribute ofrdfs:Resourcg otherwise, it creates the property as a relation with
rdfs:Resourceas origin.

e Properties without range. WebODE creat#fs:Resourcas an imported term and
creates the property as a relation witlis:Resources destination.

e Property hierarchies. WebODE does not importrtife:subPropertyOfproperties.

e Properties with undefined resources as domain or range. DElPeates the un-
defined resource as a concept.

¢ Instances of undefined resources. WebODE does not imparigtance.

¢ Instances of multiple classes. WebODE imports the instasdestance of just one
concept.

e Instances related through undefined properties. WebODE miatecreate the prop-
erty and does not relate the instances to the property.

e rdfs:labelproperties in classes, properties and instances. WebOfeE&irdfs:label
-> name” in the description of the resource.

¢ rdfs:Class.WebODE importsdfs:Classas an imported term.
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e rdfs:Literal. WebODE importsdfs:Literal as its own datatyp8tring
WebODE does not produce the expected result when imporamng RDF(S):

e Properties with multiple domains. WebODE creates an anomgneoncept as the
origin of the relation (or instance attribute) and as suixlaf one of the domain
concepts, instead of as subclass of all the domain concepts.

e Properties with multiple ranges. WebODE creates an anongmoncept as the
destination of the relation and as subclass of one of theerangcepts, instead of
as subclass of all the range concepts.

e Properties with XML Schema datatype as range. WebODE impbet datatype as
an imported term, instead of as a XML Schema datatype.

e Properties whose range is a XML Schema datatype and instavitde values in
the properties. WebODE inserts its own datat@hengas the type of the instance
attribute instead of the XML Schema datatype.

Regarding the import of the different variants of the RDF/X&yntax, WebODE:

e Imports correctly resources with the different URI refaresyntaxes.

e Imports correctly resources with the different syntaxésfgened and unshortened)
of empty nodes, multiple properties, typed nodes, stritegdls, and blank nodes.

e Does not import language identification attributesi.lang) in tags.

4.4 RDF repositories: Corese, Jena and Sesame

by OLIVIER CORBY, RAUL GARCIA-CASTRO AND JESJS PRIETO-GONALEZ

This section presents the results of evaluating the RDR{Sit capabilities of Corese,
Jena and Sesame, the RDF repositories that participatbd mehchmarking.

The procedure for executing the RDF(S) Import BenchmarkeSuoithe RDF repos-
itories was different from the one proposed in the benchrsaite. This is so because
some tasks proposed in the benchmark suite require fuaditiels that are available in
ontology development tools but not in RDF repositorieshsag modelling the ontology
into the tool.

The procedure followed in the RDF repositories was the valhg:

e To load the file with the RDF(S) ontology into the tool.

e To export the loaded ontology to a file using a generic query.
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e To compare the expected ontology with the imported one,keshgavhether there
is some addition or loss of information.

The RDF repositories import correctly all the combinatioh€omponents. This is

so because RDF is the knowledge model of these tools, andtimgpontologies to RDF
does not require any transformation.
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Chapter 5

RDF(S) export results and analysis

by RAUL GARCIA-CASTRO

This chapter includes the results of executing the RDF($pExBenchmark Suite in
all the tools patrticipating in the benchmarking. For thigl@bal analysis of the tools on
the RDF(S) export capabilities has been performed; in tHewiing sections, a specific
analysis of each tool is provided.

As with the import results, the export results also depentherknowledge model of
the tool. The tools that natively support the RDF(S) knowgkechodel (Corese, Jena and
Sesame) do not need to perform any translation when expartitologies, whereas the
non-RDF tools (KAON, Protégé and WebODE) do.

The RDF repositories export correctly all the combinatiohsomponents to RDF(S),
as the export does not require any translation.

In general, the ontology development tools export coryetttiRDF(S) most of the
combinations of components that they model without losirigrimation. In particular:

e KAON poses problems only when exporting to RDF(S) datatypeerties without
range and datatype properties with multiple domains and & &ghema datatype
as range.

e Protégé poses problems only when exporting to RDF(Skekasr instances that
are instances of multiple classes and template slots withipteudomains.

e WebODE exports correctly to RDF(S) all the combinationsahponents.

When ontology development tools export components presetiteir knowledge
model but which cannot be represented in RDF(S), such as dlei datatypes, they
usually insert new information in the ontology though theyd some information.

When dealing with concepts and properties whose names duolfibURI character
restrictions, each ontology development tool behavesidifftly:
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e When names do not start with a letter af,"some tools leave the name unchanged
and some replace the first character with ”

e Spaces in names are replaced by "-” dt, 'depending on the tool.

e URI reserved characters and XML delimiter characters drehehanged, replaced
by ”_", or encoded, depending on the tool.

The next sections present a summary of the analysis of eatle abols. A detailed
analysis of the RDF(S) export results can be found in AppeAdi

5.1 KAON results

by YORK SURE AND MARKUS ZONDLER
This section includes the results of evaluating the RDF{Bd# capabilities of KAON.
KAON exports correctly to RDF(S) some components (or comtiims of them) of

its knowledge model, which are also present in the RDF(S)wentge model. These are:
e Classes, metaclasses and class hierarchies without cycles

e Datatype properties with a domain and range, without doraathwith range, or
with multiple domains.

e Object properties with or without domain and range, or withitiple domains or
ranges.

e [nstances.

¢ Instances related through object properties, even if tbpeaty relates instances of
the same class or relates an instance to itself, or if annoste related through the
same property (either as subject or object) to several ats&nces.

¢ Instances related through datatype properties, even iistance is related through
the same property to several values.

Although some components (or combinations of them) are restgmt in the RDF(S)
knowledge model, KAON exports correctly the following copments of its knowledge
model:

e DatatypesStringandinteger KAON exportsStringandintegerdatatypes by mod-
elling extra concepts in the ontology or by importing theonfrother ontologies.

KAON does not produce the expected result when exportindb(R):
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e Datatype properties without range because it ingdftsLiteral as the range of the
datatype property.

e Datatype properties with multiple domains and XML Schemtatyae as range
because the exported property contains just one domain.

KAON cannot model the following components (or combinasiohthem) that appear
in the benchmark definitions:

e Class hierarchies with cycles.

e Classes related through undefined object or datatype pireparhose domain and
range are some metaclass of the classes.

e Object and datatype properties with undefined resourcesraaid or range.
¢ Instances of undefined resources.
¢ Instances related through undefined object or datatypespiep.

¢ Instances related through datatype properties whose mageVIL Schema datatype.

Regarding the export of concepts and properties whose nauclese URI character
restrictions, KAON:

e Does not modify the name of a concept, nor of an instancdatéj nor of a relation
when it does not start with a letter or”

e Encodes spaces in concept names, in instance attributespantkin relation names
as ”_”'

e Encodes URI reserved characters and XML delimiter charmateclass and prop-
erty names.

5.2 Protege results

by RAUL GARCIA-CASTRO
This section presents the results of evaluating the RDE(®)reécapabilities of Protégé.

Protégé exports correctly to RDF(S) components (or coatibns of them) of its
knowledge model, also present in the RDF(S) knowledge mddeise components are:

e Classes, metaclasses, and class hierarchies withouscycle

e Classes and instances that are instances of one class only.
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e Template slots, with or without domain or range.

e Instances related through template slots, even if the slatas instances of the
same class, relates an instance to itself, or an instanetated through the same
slot (either as subject or object) to several other instance

Protégé exports correctly the following components @mbinations of them) of its
knowledge model, although they are not present in the RD{®Nledge model:

e Resource names. Protégé insendfa:labelproperty with the name of the resource
when exporting classes, template slots and instances.

Protégé datatyp8tring. Protégé exports its ow@tringdatatype tadfs:Literal.

Exports classes as subclassaft:Resource

Exports metaclasses as subclassltd:Class

Exports template slots whose rangdristancewith no allowed class or template
slots with multiple ranges as properties with a rangelés:Resource

Protégé does not produce the expected result when exgdatRDF(S):

e Classes or instances that are instances of multiple clheseaise it only exports
the resource as instance of one class.

e Template slots with multiple domains. Protégé expontsrttultiple domains but in
RDF(S) and in Protégé multiple domains have differentmeg

Protégé cannot model the following components (or comtimns of them) that ap-
pear in the benchmark definitions:

e Class hierarchies with cycles.

e Classes related through undefined template slots whoseinlam@range are some
metaclass of the classes.

e Template slots with undefined resources as domain or range.
e Template slots with XML schema datatype as range.
¢ Instances of undefined resources.

¢ Instances related through undefined template slots.
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With regard to the export of concepts and properties whoseesanclude URI char-
acter restrictions, Protégeé:

e Inserts ”” as the first character of the name of a class or a templatengien it
does not start with a letter or™

e Encodes spaces, most URI reserved characters, and XML itigliomaracters in
class and property names a&.”

5.3 WebODE results

by RAUL GARCIA-CASTRO
This section presents the results of evaluating the RD&)récapabilities of WebODE.

WebODE exports correctly to RDF(S) components (or comimnatof them) of its
knowledge model that are also present in the RDF(S) knowledgdel. These compo-
nents are:

e Concepts and concept hierarchies without cycles.

¢ Instance attributes of a concept with either a WebODE dpéaty a XML Schema
datatype.

¢ Relations between two concepts or a concept and itself.
e Instances of only one concept.

e Instances related through relations, even if the relagdreld between instances of
the same concept or between an instance with itself, or ihstance has the same
relation (either as origin or destination) to several othstances.

e Instances with instance attributes, even if an instanceséasral values in the in-
stance attribute, or if the instance attribute has an XMLefth datatype as type.

WebODE exports correctly components (or combinations eifrthof its knowledge
model, although they are not present in the RDF(S) knowledgdel. These components
are:

e WebODE datatypes. WebODE exports all its own datatypesu@ing String) to
rdfs:Literal.

e Resource names. WebODE insertgits:label property with the name of the re-
source when exporting concepts, instance attributegiore$a and instances.
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WebODE produces the expected result in all the benchmarka exporting to RDF(S).

WebODE cannot model components (or combinations of thei) dppear in the
benchmark definitions. These components are:

e Metaconcepts.

e Concept hierarchies with cycles.

e Concepts related through undefined relations whose onglrdastination are some
metaconcept of the concepts.

e Concepts related through undefined instance attributesnoé snetaconcept of the
concepts.

e Instance attributes of an undefined resource, of multipteepts, or instance at-
tributes not related to a concept or without a type.

e Relations without origin or destination, with multiple gims or destinations, or
with undefined resources as origin or destination.

e Instances of undefined or multiple concepts, instanceseckeldarough undefined
relations, or instances with undefined instance attributes

With regard to the export of concepts and properties whoseesanclude URI char-
acter restrictions, WebODE:

e Does not modify the name of a concept, nor of an instancéaté]j nor of a relation
when it does not start with a letter or””

e Encodes spaces in concept names, in instance attributespantkin relation names

as _.

e Does not modify the name of a concept, nor of an instancdéaté]j nor of a relation
when it includes URI reserved characters.

e Cannot model concepts and properties with the chardctar their names.

5.4 RDF repositories: Corese, Jena and Sesame

by OLIVIER CORBY, RAUL GARCIA-CASTRO AND JESJS PRIETO-GONALEZ

This section deals with the results of evaluating the RDE{§)ort capabilities of
Corese, Jena and Sesame, the RDF repositories that patetitiip the benchmarking.

The procedure for executing the RDF(S) Export BenchmarkeSnithe RDF repos-
itories was different from the one proposed in the benchrsaite. This is so because
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some tasks proposed in the benchmark suite require fuadities available in ontology
development tools, such as modelling the ontology intodlog but not in RDF reposito-
ries.

The procedure followed in the RDF repositories was the Valhg:

e To define a fictitious ontology that covered all the combiradi of components
present in the benchmark suite.

e To define queries for extracting the combinations of comptseequired in each
benchmark from the ontology to a RDF file. In the case of Cqrésea and Sesame
the queries were defined in the SPARQL query langtiage

e To export the combinations of components by running theigaergainst the on-
tology and saving the results in separate files.

e To compare the exported RDF(S) ontologies with the expeotess, checking
whether there is some addition or loss of information.

The RDF repositories export correctly all the combinatiohsomponents. This is

so because RDF is the knowledge model of these tools, andtagontologies to RDF
does not require any transformation.
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Chapter 6

RDF(S) interoperability results and
analysis

by RAUL GARCIA-CASTRO

This chapter presents the results of executing the RDF(8)dperability Benchmark
Suite in the ontology development tools participating ia tenchmarking. In the first
section, a global analysis on the interoperability of theldas performed, and in the
following sections a thorough analysis of each tool is pied.

As the ontology development tools participating in the enarking have different
knowledge models, both the experimentation and the arsabyshe results are based on
a common group of ontology components that is present irettmss. Therefore, the
knowledge models of the tools participating in the benclkingrcover more or less this
common group.

The import and export results presented in the previoustermaghowed few prob-
lems when importing and exporting ontologies but in thisptBawe present quite a few
interoperability problems.

As a general comment, interoperability between the togiedds on:

a. The correct working of their RDF(S) importers and expgatte

b. The way chosen for serializing the exported ontologige@RDF/XML syntax.

Furthermore, we have observed that some problems in aneséttactors affect the
results of not just one but several benchmarks. This meatsrtisome cases correcting
a single import or export problem or changing the way of $igitey ontologies can cause
significant interoperability improvements.

Next, we list the components that can be interchanged bettheeools. These com-
ponents are summarized in Table 6.1, where each column shémes combination of
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components can be interchanged between a group of toolstbr fibe "-” character
means that the component cannot be modelled in some of tleand therefore cannot
be interchanged between them.

Interoperability using the same tool

When the source and the destination of an ontology integdhamne the same tool, no
problem occurs in this interchange. The only exceptiondessiin Protégé, as shown
below.

WhenKAON interoperates with itself, it interchanges correctly b tommon com-
ponents that it can model.

When Protége interoperates with itself, it also interchanges correetiyost all the
common components that it can model. The exception occues \Whotégé interchanges
classes that are instances of multiple metaclasses arahaest of multiple classes, be-
cause it does not import resources that are instances ofpieutietaclasses.

WhenWebODE interoperates with itself, it interchanges correctly ak tommon
components that it can model.

Interoperability between each pair of tools

Interoperability between different tools varies depegdin the tools. Besides, as the de-
tailed interoperability results show, in some cases thista@ able to interchange certain
components from one tool to another, but not the other wagdou

WhenKAON interoperates witlfProtegg, they can interchange correctly some of the
common components that these tools are able to model. Bolgons occur with classes
that are instance of a single metaclass or of multiple masaels, with datatype properties
without domain or range, with datatype properties whosgeaaString, with instances
of multiple classes, and with instances related througatypé properties.

WhenKAON interoperates withVebODE, they can interchange correctly almost all
the common components that these tools can model. The ongpgzn occurs when
they interchange datatype properties with domain and wiersge isString

When Protégg interoperates withtWebODE, they can interchange correctly all the
common components that these tools can model.

1The names of the tools have been shortened in the heading ¢élthe: KAON=K, Protégé=P and
WebODE=W
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Combination of components| K-K | P-P | W-W | K-P | K-W | P-W | K-P-W
Classes Y Y Y Y Y Y
Classes instance of a singler Y N - - -
metaclass

Classes instance of a multipleY N N - - -
metaclasses

Class hierarchies without cy-Y Y Y Y Y Y
cles

Datatype properties withoutY Y N - - -
domain or range

Datatype properties with mul-Y - - - - -
tiple domains

Datatype properties whoseY Y N N Y N
range is String

Datatype properties whoseY - - Y - -
range is a XML Schema

datatype

Object properties without do-Y Y Y - - -
main or range

Object properties with multit Y - - - - -
ple domains or ranges

Object properties with a do-Y Y Y Y Y Y
main and range

Instances of a single class | Y Y Y Y Y Y
Instances of multiple classes Y N N - - -
Instances related through opY Y Y Y Y Y
ject properties

Instances related throughY Y N Y Y N
datatype properties

Instances related through - - - - -
datatype properties whose

range is a XML Schemg

datatype

Table 6.1: Components interchanged between the tools
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Interoperability between all the tools

Interoperability betweetKAON, Protége and WebODE can be achieved by means of
nearly all the common components that these tools can matiel.only common com-
ponents that these tools cannot use are datatype propsitiiedomain and whose range
is Stringand instances related through datatype properties.

Interoperability regarding URI character restrictions

Interoperability is low when tools interchange ontologiesmtaining URI character re-
strictions in class and property names. This is mainly duiaéofact that tools usually
encode some or all the characters that do not comply witrethestrictions, which pro-
vokes changes in class and property names.

KAON can interchange with itself ontologies having URI chanacéstrictions in
class and property names.

Protécge can interchange neither with itself nor wikkAON nor with WebODE on-
tologies having URI character restrictions in class angherty names.

WebODE can interchange with itself ontologies having class ang@rty names that
do not start with a letter or_” and with spaces in their names.

KAON and WebODE can only interchange ontologies having class and property
names that do not start with a letter af.”

The next sections present a summary of the analysis cartiedroeach tool. A
detailed analysis of the RDF(S) interoperability resuéts be found in Appendix C.

6.1 KAON results
by YORK SURE AND MARKUS ZONDLER

This section includes the results of evaluating the RDFR{&yoperability capabilities
of KAON.

Table 6.2 shows the combinations of components that can beliad in KAON and
explains whether these combinations can be interchangeditfre tools to KAON or not.
The cells in this table (and in the rest of the tables of thegptér) include:

e OK when theExecutionresults of all the benchmarks where the combination of
components appears@K.

e FAIL when theExecutionresult of some benchmark where the combination of
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IST PmjIST-2004-507482

components appearsHalL.

¢ - when the combination of components cannot be modelled iadhece tool.

Combination of components Corese| KAON | Protége | WebODE
Classes OK OK OK OK
Classes instance of a single metaclass | OK OK OK -
Classes instance of a multiple metaclasse©K OK FAIL -
Class hierarchies without cycles OK OK OK OK
Datatype properties without domain an®K OK OK -
range

Datatype properties with domain but with-OK OK OK -
out range

Datatype properties without domain buOK OK FAIL -
with range

Datatype properties with multiple domains OK OK - -
Datatype properties whose range is String OK OK FAIL FAIL
Datatype properties with domain and whgs@kK OK - OK
range is a XML Schema datatype

Object properties without domain and rang®K OK OK -
Object properties with domain but withoutOK OK OK -
range

Object properties without domain but withOK OK OK -
range

Object properties with multiple domains | OK OK - -
Object properties with multiple ranges OK OK - -
Object properties with a domain and rangeOK OK OK OK
Instances of a single class OK OK OK OK
Instances of multiple classes OK OK OK -
Instances related through object propertieOK OK OK OK
Instances related through datatype propédfAlL OK FAIL OK
ties

Table 6.2: Components modelled in KAON interchanged cdlyrec

In Table 6.2 we can see the combinations of components timabeanterchanged
among the tools that can model the combination of comporaed<AON. These com-

binations are:

e Classes, classes that are instances of a single metaclass] elass hierarchies

without cycles
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e Datatype properties without domain and range, with domain and without range,
or with multiple domains.

e Object properties with a domain and a range, without domain @ range, or
with multiple domains or ranges.

e Instances of a single class or of multiple classes, and insizes related through
object properties.

The other combinations of components are not intercharigedgh KAON can model
them, for the following reasons:

e Classes that are instances of multiple metaclassd§AON cannot receive classes
that are instances of multiple metaclasses from Protégeé.

e Datatype properties without domain and with range. KAON cannot receive
datatype properties without domain and with range fromé&y@tbecause the infor-
mation about the range is lost.

e Datatype properties whose range iString. KAON cannot receive datatype prop-
erties whose range String from Protégé and WebODE because the information
about the range is lost.

e Instances related through datatype properties. KAON cannot receive instances
related through datatype properties from Protégé bectngsinformation about the
range is lost.

The combinations of components of the common knowledge hafdbe tools that
cannot be modelled and, therefore, cannot be interchanijled®ON are the following:

e Class hierarchies with cycles
e Classes related through object or datatype properties
e Object and datatype properties with undefined resources asamain or range.

¢ Instances of undefined resources or related through undefireobject and datatype
properties.

With regard to the interchange of classes and propertids WRI character restric-
tions in their names, KAON:

e Interchanges with WebODE and itself classes and propestiese name starts
with a character that is not a letter nat ;| but it does not interchange them with
Protégé because the information about the range of thgepyois not imported.
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¢ Interchanges with WebODE and itself classes and propestigsspaces in their
names but it does not interchange them with Protégé bed¢hasnformation about
the range of the property is not imported.

e Interchanges with WebODE and itself classes and propestitts URI reserved
characters in their names, but it does not interchange thigtmRxotégé because
the information about the range of the property is not imguhrt

¢ Interchanges with itself classes and properties with XMlindiéer characters in
their names, but it does not interchange them with Probegause the information
about the range of the property is not imported.

6.2 Protege results
by RAUL GARCIA-CASTRO

This section presents the results of evaluating the RDR{8)aperability capabilities
of Protégeé.

Table 6.3 shows the combinations of components that can blelted in Protégé and
tells whether these combinations can be interchanged fnertobls to Protégé or not.

In Table 6.3 we can see the combinations of components carntdrelianged between
the tools that can model the combination of components aoté&&. These combinations
are:

e Classes and class hierarchies without cycles

e Object properties with a domain and range or without domain a range. In the
last case, the object property is created with a rangfengf

e Instances of a single class

The other combinations of components are not interchargéthugh Protégé can
model them, for the following reasons:

e Classes that are instances of a single metaclasBrotégé does not import that
classes are instances of multiple metaclasses (even if fotnem is rdfs:Class.
Therefore, Protégé cannot import that classes are iossaof a single metaclass if
in the file they also appear as instancesdf$:Class We propose two solutions for
this problem:

— When Corese and KAON export classes that are instances oftaclasss,
they should export the classes as instances of just the lagtaand not of
rdfs:Class
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Combination of components Corese| KAON | Protége| WebODE

Classes OK OK OK OK

Classes instance of a single metaclass | FAIL FAIL OK -

Classes instance of a multiple metaclasse$-AlL FAIL FAIL -

Class hierarchies without cycles OK OK OK OK

Datatype properties without domain andrAlIL FAIL OK -
range

Datatype properties with domain but with-OK FAIL OK -
out range

Datatype properties without domain buFAIL OK OK -
with range

Datatype properties whose range is String FAIL OK OK OK

Object properties without domain and rang®K OK OK -

Object properties with domain but withoutOK OK OK -
range

Object properties without domain but withOK OK OK -
range

Object properties with a domain and rangeOK OK OK OK

Instances of a single class OK OK OK OK

Instances of multiple classes FAIL FAIL FAIL -

Instances related through object propertie$=AlL OK OK OK

Instances related through datatype propdfAlL OK OK OK
ties

Table 6.3: Components modelled in Protégé interchangeectly

— When Protégé imports a class that is instance of multigtasiasses (includ-
ing rdfs:Clasg, it should import it correctly.

e Classes instance of multiple metaclassefrotégé does not import that classes
are instances of multiple metaclasses (even if one of themlfssClasg. There-
fore, Protégé cannot import that classes are instancemibiple metaclasses. We
propose one solution for this problem:

— When Protégé imports a class that is instance of multigliasiasses (includ-
ing rdfs:Clasg, it should import it correctly.

e Datatype properties without domain or range, or with range String. Protégé
crashes and does not import anything when a XML Schema ghatéte.xsd:intege)
is defined in the file as mfs:Datatype We propose two solutions for this problem:

— When Corese exports XML Schema datatypes, it should notrexpem as
rdfs:Datatype
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— When Protégé imports a XML Schema datatype definedif@sDatatype it
should not crash.

e Instances of multiple classesProtégé does not import instances that are instances
of multiple classes. We propose one solution for this prnoble

— When Protégé imports an instance that is instance of pteltiasses, it should
import it correctly.

¢ Instances related through object and datatype propertiesProtégé crashes when
it imports properties witmdf:datatypeattributes. We propose two solutions for this
problem:

— When Corese exports instances related through propetsésuld not export
rdf:datatypeattributes in the properties.

— When Protégé imports alf:datatypeattribute in a property, it should not
crash.

The combinations of components of the common knowledge haidbe tools that
cannot be modelled and, therefore, cannot be interchanigleérotégé are the following:

e Class hierarchies with cycles When Protégé finds a cycle in a class hierarchy
from Corese, it crashes and does not import anything. Wegsepne solution for
this problem:

— When Protégé imports class hierarchies with cycles,atikhnot crash.

e Classes related through object properties Protégé does not import the property
between the class and another class nor the domain and ratigepooperty.

e Classes related through datatype properties Protégé does not import the prop-
erty between the class and a datatype nor the domain and oattgeproperty.

e Object and datatype properties with undefined resources asamain or range.
Protégeé creates the undefined resource as a class.

e Object and datatype properties with multiple domains. Protégé creates the prop-
erty as atemplate slot with multiple domains. This is nokeected result because
in Protégé multiple domains in slots are considered asitien of all the domains
and in RDF(S) multiple domains in properties are considénedntersection of all
the domains. We propose one solution for this problem:

— When Protégé imports object and datatype properties mithiple domains,
it should import them as template slots with no domain, agéuos when it
imports object properties with multiple ranges.
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e Object properties with multiple ranges. Protégé creates the property as a tem-
plate slot with a range dkny.

e Datatype properties whose range is a XML Schema datatype/Nhen receiving
ontologies from Corese, Protégé crashes and does nottiapdhing when a XML
Schema datatype (i.exsd:integey is defined in the file as alfs:Datatype We
propose two solutions for this problem:

— When Corese exports XML Schema datatypes, it should notrexpem as
rdfs:Datatype

— When Protégé imports a XML Schema datatype definedifssDatatype it
should not crash.

When receiving from KAON and WebODE, Protégé creates tivlXSchema
datatype as a class, which is the range of the property.

e Instances of undefined resources.Protégé creates the undefined resource as a
class.

e Instances related through undefined object and datatype prperties. Protégé
creates the property as a template slot without a domain adawange ofAny.
The property between the instances is not created.

e Instances related through datatype properties whose rangis a XML Schema
datatype. Protégé creates the XML Schema datatype as a class andrtie of
the property is this class. But it does not import the liteedlie of the property. We
propose one solution for this problem:

— When Protégé imports instances related through datgiypeerties whose
range is a XML Schema datatype, it should import the litesdlg as an
instance of the XML Schema datatype class.

Regarding the interchange of classes and properties witltchidacter restrictions in
their names, Protégé:

¢ Interchanges with KAON and WebODE classes and propertiessg&iname start
with a character that is not a letter nat,’but it does not interchange them with
itself because Protégé replaces when exporting theaildgaracter with .

e Does not interchange with any tool classes and propertigadiapaces in their
names because all the tools replace when exporting thalilkdgracter with .

¢ Interchanges with WebODE classes and properties with Ustirved characters in
their names, but it does not interchange them with KAON aselfitbecause they
replace when exporting the illegal character with’
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e Does not interchange with any tool classes and propertigadn&ML delimiter
characters in their names.

6.3 WebODE results

by RAUL GARCIA-CASTRO

This section describes the results of evaluating the RDiR{8)operability capabili-
ties of WebODE.

Table 6.4 shows the combinations of components that can loelied in WebODE
and whether these combinations can be interchanged frotaleto WebODE or not.

Combination of components Corese| KAON | Protége | WebODE
Classes OK OK OK OK
Class hierarchies without cycles FAIL OK OK OK

Datatype properties with domain and whqgsEAIL OK OK OK
range isString
Datatype properties with domain and whgs@K OK - OK
range is a XML Schema datatype
Object properties with a domain and a rangeK OK OK OK
Instances of a single class OK OK OK OK
Instances related through object propertieOK OK OK OK
Instances related through datatype propedbK OK OK OK
ties whose range is String
Instances related through datatype propedK - - OK
ties whose range is a XML Schema datatype

Table 6.4: Components modelled in WebODE interchangecctbyr

In Table 6.4 we can see the combinations of components timabeanterchanged
among the tools that can model the combination of comporzent&VebODE. These are:

e Classes

Datatype properties with a domain and whose range is a XML Schma datatype

Object properties with a domain and a range

Instances of a single class

Instances related through object properties, or through daatype properties
whose range isString or a XML Schema datatype
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The remainder combinations of components are not integdthaven though WebODE
can model them. The reasons for this are:

e Class hierarchies without cycles WebODE does not import the subclass proper-
ties if the superclass is not defined as a class in the file. \Bf@gge two solutions
for this problem:

— When Corese exports class hierarchies without cycles,otildhexport the
superclasses as classes in the file.

— When WebODE imports superclasses, it should import thenteases, even
if they are not defined in the file.

e Datatype properties with domain and whose range istring. WebODE crashes
when theStringrange is defined in the file as a datatype without namespace. We
propose two solutions for this problem:

— When Corese exports the ran§&ing, it should export it with a namespace.

— When WebODE imports files with datatypes without namesgaskould not
crash.

The combinations of components that cannot be modelledthadkfore, cannot be
interchanged with WebODE are the following:

e Classes that are instances of metaclasses.

WebODE cannot model metaclasses. Therefore, when it earetaclasses from
other tools, it imports the metaclasses as classes andtlosesf:type properties
between classes. If a metaclass is not defined as a class axpbeted file, the
metaclass is not imported. We propose two solutions forgroblem:

— When Corese and Protégé export a metaclass, they shdind deas a class
in the file.

— When WebODE imports a metaclass, it should import it colyesten if it is
not defined as a class in the file.

If the class is not defined as a class in the exported file, Hesas imported as an
instance. We propose one solution for this problem:

— When Protégé exports a class instance of a metaclassfite dee class as a
class in the file.

e Class hierarchies with cycles When WebODE finds a cycle in a class hierarchy
from Corese, it creates a class and an imported term withahee shame as the
object of thadfs:subClassOproperty that causes the cycle and creates the subclass
with the imported term. We propose one solution for this peob
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— When WebODE imports a hierarchy with cycles, it should @¢haé hierarchy
removing thedfs:subClassOproperties that form the cycles.

e Classes related through object properties WebODE does not import the prop-
erty.

e Classes related through datatype propertiesWebODE does not import the prop-
erty.

e Object and datatype properties without domain and without range When
WebODE imports an object or a datatype property without doraad range, it
creategdfs:Resourceas an imported term and the property as an object property
with a domain and range odifs:Resource

e Object and datatype properties with domain and without range. When WebODE
imports an object or a datatype property with domain but edtirange, it creates
rdfs:Resourceas an imported term and the property as an object property avit
range ofrdfs:Resource

e Object and datatype properties without domain and with range.

When WebODE imports an object or a datatype property witdoatain but with
range, it createsdfs:Resourcas an imported term and the property with a domain
of rdfs:Resource

e Object and datatype properties with undefined resources asamain or range.
WebODE creates the undefined resource as a class.

e Object and datatype properties with multiple domains. WebODE imports an
object or datatype property that has multiple domains terg@an anonymous con-
cept as the domain of the datatype property and as subclasseadf the domain
classes. One proposed solution for this problem is:

— When WebODE imports an object or datatype property with ipleldomains,
it should create the anonymous concept as subclass of albthain classes.

e Object properties with multiple ranges. WebODE imports an object property that
has multiple ranges by creating an anonymous concept aartge of the property
and as subclass of one of the range classes. One proposedrstduthis problem
is:

— When WebODE imports an object property with multiple rangeshould
create the anonymous concept as subclass of all the rargpesla

¢ Instances of undefined resourcesNebODE does not import the instance.
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e Instances of multiple classesWebODE imports the instance as instance of just
one class.

¢ Instances related through undefined object and datatype prperties. WebODE
does not import the undefined properties.

Regarding the interchange of classes and properties witltchidacter restrictions in
their names, WebODE:

¢ Interchanges with KAON and itself classes and propertiess@mame start with
a character that is not a letter naf, 'but does not interchange them with Protégé
because Protégé replaces when exporting the illegahctearwith .

e Does not interchange with any tool classes and propertiéis spaces in their
names, as the tools replace when exporting the illegal cteravith "

¢ Interchanges with itself classes and properties with UBgmneed characters in their
names, but it does not interchange them with KAON and P#otésrause these
tools replace when exporting the illegal character with’

e Does not interchange classes and properties having XMimdeli characters in
their names with any tool.
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Chapter 7

RDF(S) interoperability in the use cases

by ELENA PASLARU BONTAS, LYNDON NIXON, MALGORZATA MOCHOL,
AND RAUL GARCIA CASTRO

This chapter focuses on the utilization of the RDF(S) inperability benchmark-
ing in the context of the business use cases collected froowiaadge Web Industry
Board partners and published in the deliverable D1.1.2¢Brpical Business Use Cases)
[Nixon et al,, 2004]. Following the establishment of a typology of knoside processing
components/tasks, which are common to real world busireesgsios, in D1.1.3 (Knowl-
edge processing tasks) [Shvaioal., 2004] these use cases have been further analyzed
in order to extract core research challenges in these temmish can be delivered to
Knowledge Web researchers, in deliverable D1.1.4 (Systainkaowledge technology
components for prototypical applications and businesss)dkegeret al.,, 2005].

Starting with the latter, we concentrate here on those usesda which the interoper-
ability issue has been identified as a research questiorhwigeds further investigation
and which could take benefit from the results achieved in paidkages 1.2 and 2.2.

In the use cases, the need of interoperability mainly ajgpeamwo levels (not always
separated). One is during the development and maintendribe ontologies, where a
group of ontology developers must jointly develop and icit@nge ontologies. And the
other is during the use of the ontologies, where some to@d teeinterchange ontologies
for their correct working.

The collaborative ontology engineering process is incwatde without interopera-
ble ontology management tools. Local ontologies are deeslandependently possibly
importig external ontologies or using different suppagtiools and different engineer-
ing approaches (from scratch, using ontology learningrtegles etc.). Further on, the
knowledge modelled with these ontologies might be storadiious semantic reposito-
ries.

Next, we describe the use cases where interoperabilitytisadrto their success and
research solutions must be provided to accomplish thenmelther use cases interoper-
ability, although relevant, is not critical to accomplistetn, being a secondary research
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problem.

Every use case will be described in the following way: first wil give a brief
overview of the business scenario outlining the need forasgiim technologies, then we
will introduce the identified RDF(S) interoperability reggments of the scenario.

7.1 Use Case 1. Recruitment from Worldwidejobs

Topic: eRecruitment
Knowledge Web Partner: Free University Berlin

Industry Board Member: World Wide Jobs GmbH

The use case focuses on the usage of semantic technologeseaRecruitment do-
main for the realization of an ontology-based matching amding engine for job portals.

Requirements for RDF(S) interoperability

The semantic job portal will have to store huge amounts dect#d RDF data and to
provide high performance access to this data for its usdtis.r@ises the problem of scal-
ability and efficient retrieval in current RDF storage samlos, but also the question of
interoperability between the RDF(S) repositories andatib@-RDF legacy data sources.
In the current situation, if interoperability is not acheeMwith information providers that
manage non-RDF data, the information coverage of the secraortal will be very lim-
ited.

A second aspect of the eRecruitment scenario is relatecetordration and mainte-
nance of the ontological structures underlying the serogital implementation. As
eRecruitment ontologies are subject to frequent change®sely coupled development
teams, there is a need for interoperable ontology managezngimonments, in order to
allow a dispersed community of ontology developers to atewith the eRecruitment
ontologies in a comfortable and in the same time efficientmean

7.2 Use Case 3. News Aggregation from Neofonie

Topic: News aggregation service
Knowledge Web Partner: Free University Berlin

Industry Board Member: Neofonie GmbH
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The business case deals with the realization of an aggreg&i®s service which
provides business clients with advanced information mameant capabilities. Semantic
technologies can be applied for the implementation of mdrthese services, from the
classification and annotation of the news items using ogtesxo content-based retrieval.

Requirements for RDF(S) interoperability

One of the difficulties of this use case is that of translatiegvs from heterogeneous
information sources storing their data in different forsnahd with different underlying
representation formalisms. As in the previous case, thesrm@wverage depends on the
ability of obtaining news from as much sources as possible.

Another research challenge of this use case is the develdpmned maintenance of
the ontology/ontologies modelling the domain of the aggted news collections. These
tasks take benefit from the availability of interoperablehteologies, which do not con-
strain the engineering team in their choices upon a paatidechnological environment
for developing and maintaining ontologies.

7.3 Use Case 4. Product Lifecycle Management from Sem-
tation

Topic: Product lifecycle management
Knowledge Web Partner: Free University Berlin

Industry Board Member: Semtation GmbH

Product lifecycle management is currently based aroundntreual development of
a product catalogue in which the product knowledge andiogiships are defined by the
developers at the implementation stage. Using semantimédagies such catalogues
could be refined by means of formal ontologies describingpets and their core proper-
ties. The usage of ontologies in this context forms a basiganous information services
related to the product descriptions, such as ontologyebasarch and product compar-
isons.

Requirements for RDF(S) interoperability

In order to tap the full potential of ontologies as means taeh@roduct-related infor-
mation there is a need for tools supporting domain expeitsaknowledge explicitation
task. We can identify that there are different levels of togy that will need to be cre-
ated, possibly by different management tasks. The toolldpeewill need an ontology
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that models the common aspects of product catalogues. ®hader will need an ontol-

ogy (or ontologies) that can express knowledge about higotype of product. Finally,

users of the product catalogue data (not of the tool) may tieieown requirements that
will have to be met.

Each of these types of users have different expertise witotttology development
process and model different aspects of the ontologizedystadtalogue. Therefore, they
require different tools for developing the ontology and ithteroperability of these tools
in this setting is essential for the accomplishment of thekt
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Chapter 8

Recommendations

by RAUL GARCIA-CASTRO

8.1 Recommendations for ontology developers

This section offers recommendations for ontology deval®p#nen using ontology devel-
opment tools to build ontologies with the goal of interchiagghem with other tools.

If the ontology is being developed bearing in mind interadity, ontology develop-
ers should be aware of the components that can be represeriterlontology develop-
ment tools and in RDF(S). Furthermore, they should try totheecommon components
of these tools in their ontologies to avoid the already kné&nwowledge losses.

Ontology developers should also be aware of the semantigaguces and differ-
ences between the knowledge models of the tools and thelatege language. For
example, in Protégé multiple domains in template slodscansidered the union of all the
domains while in RDF(S) multiple domains in properties avasidered the intersection
of all the domains; in WebODE instance attributes are loza single concept while in
RDF(S) properties are global and can be used in any class.

Depending on the tools that participate in the ontologyrettange, the level of in-
teroperability is greater or lower, as can be seen in Ch&ptéhe benchmarking results
show that interoperability can be achieved among the td@lstave participated in the
benchmarking using:

Classes.

Class hierarchies without cycles.

Object properties with domain and with range.

Instances of a single class.
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¢ Instances related through object properties.

Also, it is not recommended to name resources includingair ttames spaces or any
character that is restricted in the RDF(S), URI or XML speaifions.

In the case of interoperability in the RDF repositorieshaligh these repositories
export and import correctly to RDF(S), users should condide limitations that other
tools have when exporting their ontologies to RDF(S) witndim of interchanging them.

8.2 Recommendations for software developers

This section includes general recommendations for impigpthe interoperability of the
tools when developing them as well as some guidelines fogldpers to enhance each of
the participating tools according to the results and to tlaefres found.

Interoperability between ontology development tools gdRDF(S) as interchange
language depends on how the importers and exporters oftin@savork. And how these
importers and exporters work depends on the developmersioies made by tool devel-
opers, who are different people with different needs. Tioeeg it is not straightforward
to provide general recommendations for developers. Nestss, some comments can
be extracted from the analysis of the benchmarking results:

In a few cases, a development decision will produce an ip&Fability improve-
ment with some tools but a loss with others. For example, vex@orting classes
that are instances of a metaclass, some tools require thatides be defined as
instance ofdfs:Classwhile some other tools require the opposite.

e The collateral consequences of the development decislamddsbe analysed by
the tool developers. For example, if a datatype is imported elass in the ontol-
ogy, then the literal values of this datatype should be irgubas instances in the
ontology, which would complicate the management of thetgega

e Tool developers and ontology developers should be awareeo$e¢mantic equiv-
alences and differences between the knowledge models ofttod and the in-
terchange language; on the other hand, the tools shoulfy nio& user when the
semantics is changed.

e The first requirement for achieving interoperability isttllae importers and ex-
porters of the tools are robust and work correctly when dgalith unexpected
inputs. Although this is an evident comment, the resultsastiat this require-
ment is not fulfilled by the tools and even some tools crashnwhgporting some
combinations of components.
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e Above all, tools should deal correctly with the combinatiaf components that
can be present in the interchange language but cannot belletbdethem. For
example, cycles in class and property hierarchies cannaotdzielled in ontology
development tools. Nevertheless, these tools should leet@loinport these hierar-
chies eliminating the cycles.

e When exporting components commonly used by ontology devedmt tools, they
should be completely defined in the file. This means that rnretses and classes in
class hierarchies should be defined as instanceffsifClass properties should be
defined as instances aff:Property, etc.

e Exporting complete definitions of other components caneausblems if these are
imported by other tools. Not every tool deals with datatygefsned as instances of
rdfs:Datatypen the file or withrdf:datatypeattributes in properties.

e Every exported resource should have a namespace if the @ntwnes not define
a default namespace.

Next, we offer some recommendations to improve each of thigcjpating tools ac-
cording to the results and to the practices found. Althotighnot compulsory to follow
these recommendations, they help correct interopenalpititblems as it was detected
when analysing the results.

For Coreseto improve its interoperability with the other tools panpiating in the
benchmarking, it should:

e Export metaclasses defining them as classes in the file.
e Export class hierarchies defining all the superclassesaases in the file.

e Not export classes that are instances of a metaclass as<tass are instances of
rdfs:Class

e Not export datatypes without a namespace.
e Not export XML Schema datatypes asdhs:Datatypein the file.

¢ Not includerdf:datatypeattributes in properties when exporting instances related
through properties.

For KAON to improve its interoperability with the other tools panpiating in the
benchmarking, it should:

e Not export classes that are instances of a metaclass as<lass are instances of
rdfs:Class
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e Not export datatype properties without range as datatypeguties with a range of
rdfs:Literal.

e Export all the domains when exporting datatype propertigis multiple domains
and a XML Schema datatype as range.

e Not crash when importing class hierarchies with cycles.

In order forProtégge to improve its interoperability with the other tools paipiating
in the benchmarking, it should:

e Export correctly classes that are instances of multiplewsiasses.

e Import correctly classes that are instances of multiplewiasses (includingifs:Class.
e Export correctly instances that are instances of multij@eses.

e Import correctly instances that are instances of multifdeses.

e Export classes that are instances of a metaclass definingabea class in the file.

e Export metaclasses defining them as a class in the file.

e Not crash when importing XML Schema datatypes definedrdéseDatatype

¢ Not crash when importingdf:datatypeattributes in properties.

e Not crash when importing class hierarchies with cycles.

e Not crash when importing property hierarchies with cycles.

e Export object and datatype properties with multiple doraais properties with no
domain, as it occurs in the case of exporting object progewtith multiple ranges.

e Import object and datatype properties with multiple doreaia template slots with
no domain, as it occurs when importing object properties witlltiple ranges.

e Import the literal value as an instance of the XML Schematgiptaclass when
importing instances related through datatype propertieese range is a XML
Schema datatype.

e Not crash when importing XML Schema datatypes definedrdéseDatatype
e Not crash when importingdf:datatypeattributes in properties.
e Not crash when importing class hierarchies with cycles.

¢ Not crash when importing property hierarchies with cycles.
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e Not crash when importing resources with empty nodes in tishortened syntax.

e Not crash when importing resources with blank nodes in tishariened syntax.

For WebODE to improve its interoperability with the other tools paipiating in the
benchmarking, it should:

e Import superclasses in class hierarchies as classes, femy iare not defined in
the file.

e Not crash when importing files with datatypes without nanaesp
e Import metaclasses even if they are not defined as classes fitet

e Removerdfs:subClassOfproperties that form cycles when importing class hierar-
chies with cycles.

e Create the anonymous concept as subclass of all the doraaseslwhen importing
datatype and object properties with multiple domains.

e Create the anonymous concept as subclass of all the rarggeslavhen importing
object properties with multiple ranges.

8.3 Feasibility of RDF(S) interoperability in the use cases

This section includes an analysis of the feasibility of thdustry use cases interoper-
ability requirements stated in Chapter 7, when dealing wittology interchange using
RDF(S) as interchange language.

The use cases considered in Knowledge Web show the needalbdang and main-
taining ontologies present in heterogeneous Semantic d&durces and created using
different approaches (from scratch, using ontology lesynechniques, etc.). Also, on-
tology repositories are one of the preferred options foolagly storage and share. There-
fore, ontology development tools should be able of interajireg with these repositories
and resources.

Benchmarking results show us that there is no problem witkraperability when
only using native RDF(S) tools.

The problem is that the profile of ontology developers is dlighly heterogeneous.
The developers of an ontology are usually geographicafipafised, belong to different
organisations, have different levels of expertise with tixghnology, and use different
tools in the ontology development process. Therefore guRIDF(S) native tools may not
be the correct approach in some of the use cases.
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In any case, developers and users should be aware of theffeidis ef interchanging
ontologies, as interoperability using ontology developtrteols with different knowl-
edge models is limited to a subset of ontology componentsriipg on the tools that
interchange the ontology.

In order to transact the use cases some decisions will halse toade for solving
interoperability issues. This deliverable provides glirges for helping in making these
decisions and contains the interoperability results otdloés that took part of the bench-
marking.

8.4 Recommendations for benchmarking

This section offers recommendations to perform benchmgréctivities, extracted from
the lessons learnt while instantiating the methodology.

Benchmarking needs the participation of relevant expartseé domain together with
the best-in-class tools.

Resources are needed mainly in three tasks: benchmarkyagieation, definition
of the experimentation, and execution of the experimendsaaralysis of the results. It
should be ensured that enough resources are allocatedtoEhese tasks.

Benchmarking is not about comparing the results of the tmatithe practices that lead
to these results. Therefore, experimentation should bigrkesd to obtain these practices
as well as the results.

In this benchmarking activity, the experimentation over thols was done almost
manually. Carrying out manual experiments and analysiagdbults is expensive. There-
fore, these tasks should be automated as much as possible.

Another drawback of performing experiments manually i$ thean be influenced by
human mistakes. To avoid this, some mechanisms should logp setdetect this kind of
errors.

Benchmarking is an activity that is lasting as it requireskgathat are not immedi-
ate: announcements, agreements, etc. Therefore, beriéhghactivities should start
early in time and the benchmarking planning should consadexalistic duration of the
benchmarking.
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Conclusion

by RAUL GARCIA-CASTRO

This document is intended to serve not just as a summary &EHES) interoperabil-
ity benchmarking, but as a guide for people who want to perfeenchmarking activities
or interoperability evaluations over Semantic Web tecbggpl

The results of the benchmarking can also be used by ontolegsiabment tool users
that have problems when interchanging ontologies or wdotré&see the results of a future
interchange.

The benchmark suites that have been used in the benchmagkirige used by any tool
with RDF(S) import and export capabilities, with no needaotigipate in the benchmark-
ing, and can be useful both while the tool is being developebaiter its development
has finished.

Although it is not required that the developers of the toatipgoate in the benchmark-
ing and perform the experiments over their tool, their irreohent facilitates the execution
and analysis of the experimentation results to a large exten

In all the cases where tool developers performed the expeatation over their own
tools, tool improvement has occurred before limprovephase of the methodology, as
developers were able to detect problems and correct thad# while executing the bench-
mark suites.

The manual execution of the experiments and analysis oethdts causes the bench-
mark suite to be costly. Sometimes tool developers haveratta the execution of the
benchmark suites, but not always. On the other hand, worktaa®d to give some means
of analysing the experimentation results automatically #nprovide functionalities for
updating the experimentation results or including theltssi new tools.

In order to automate both the execution of the benchmarksaitd the analysis of
the results, having machine-readable descriptions oféhetimarks (i.e. in RDF) would
be very useful.

Another drawback of the manual execution of experimentsasthe results obtained
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depend on the people performing these experiments, onekértise with the tools and
on their ability to extract the practices performed for depeng the tools.
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A number of Knowledge web deliverables are clearly relateithis one:

Project

Number
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D1.1.2

Prototypical business use casgwovided a description of the us
cases that are being considered in Knowledge Web.

e
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D2.1.4

Specification of a methodology, general criteria and bencht
mark suites for benchmarking ontology tools presented the

n)

benchmarking methodology that has been used for benchngarki

the interoperability of ontology development tools usingf{S)
as interchange language.

KW

D2.1.5

Prototypes of tools and benchmark suites for benchmarking
ontology building tools provided a description of the benchma
suites that have been used in the benchmarking and how the
cution of the experiments was automated for the WebODE of
ogy development tool.
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