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Executive Summary

We present an integral scenario of the ontology lifecyctéisireport. The phases of onto-
logy evolution ¢reation versioning evaluatiorandnegotiatior) are introduced. Concrete
methods to be employed for the realisation of the particpeses are selected and dis-
cussed properly.

Consequently, we propose coherent implementation of theyltle and describe a
conceptual vision of the dynamics in the scenario that refligre dynamic flow of know-
ledge in data-intensive real world applications. We focnssolutions to the following
problems that have not been sufficiently covered by the nuapproaches:

1. specific roles of the evaluation in the different phasdh®fifecycle and respective
appropriate methods of ontology quality assessment;

2. integration of the results of ontology learning and maougology development;

3. proper placement and utilisation of ontology alignmertt/ar meaning negotiation
services within the lifecycle according to the previous paints.

Various methods of evaluation applied in different phadethe lifecycle allow us
to assess and improve the ontology quality dynamically iwiits development and not
only at the time of its deployment. The alignment/negabiatiechniques are employed
not only in mediation of delivered ontologies, but even ie ttevelopment cycle itself
(as a part of a proposed ontology integration process).eSaeaim particularly at the
technical integration of all the phases, we identify theursgments on the lifecycle im-
plementation in this respect. We have devised and parii@ptemented a solution to
the trickiest part concerning the connection of the phasgasnethod of semi-automatic
learned and collaborative ontology integration. Potémipgplicability of the whole life-
cycle scenario within an industry transfer is demonstratgd respect to suggested use
cases from the biomedicine domain.
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Chapter 1

Introduction

Ontologies in real world applications are very likely sudtjeo change, as the domain
knowledge is usually changing and/or growing. This holdseeglly for scientific do-
mains — we have to incorporate the newly discovered factgpasdibly change the in-
appropriate old ones in the respective ontology as the reseaolves further. However,
even virtually any industrial domain is dynamic — changgsdslly occur in product port-
folios, personal structure or industrial processes, wbarhall be reflected by an ontology
in a knowledge management policy.

Moreover, the data-sets to be utilised in the task of ontolgplution can be very
large (e.g. in domains like medicine). It is not always feesto process all the relevant
data and extract the knowledge from them manually, sinceagd not have a sufficiently
large committee of ontology engineers and/or dedicatedrexpt hand in order to process
new data data anytime they occur. This implies a need fotigheautomation of ontology
extraction and management processes in a dynamic andrdetesive environments.

Therefore, an ontology lifecycle scenario apt for a unigkepplication in scientific
and/or industrial domains should support appropriate meicms for dealing with the
dynamics in large amounts of knowledge. In this deliverabde present a simple me-
thodology and coherent framework for practical handlingyfamics and possibly large
data-sets in the ontology lifecycle. It offers solutionglie shortcomings of the current
ontology development methodologies, which are summed theinext section of the in-
troduction. The deliverable builds on the relevant achie»ets that have been deployed
within the Knowledge Web NoE (and elsewhere) so far. Two @ses showing the pos-
sible straightforward transition of the respective reskaesults to the industry are given,
outlining the practical significance of the proposed sdenar



1. INTRODUCTION

1.1 Motivation

Basically any current generic methodology for ontologyletion takes into account the
dynamic nature of the knowledge. A way of dealing with dynesms usually proposed,
typically using a versioning component. Furthermore, it that the knowledge can-
not be always acquired purely manually due to extensivedizespective resources is
acknowledged among the community as well. Thus, means fioneated knowledge

extraction are usually also included in standard ontolagygion scenarios.

The placement of the version management among other comisoofeontology life-
cycle (such as creation, update, evaluation or alignmergjraightforward — it is natu-
rally bound to the creation and update (extension or retnacphases of the ontology
evolution. However, even though the ontology evolutionhméblogies usually mention
automatic methods of knowledge acquisition, there has higereffort aimed at mecha-
nisms integrating the results of the automatic and manualagy extraction techniques
in a coherent lifecycle scenario.

Another problem is related to the evaluation of the ontaegi in order to continually
improve the results of the creation process on the fly, thuatian should be used as a
part of an ontology lifecycle and not only as a measure tosgsbe quality of an ontology
before its final delivery. However, once we deal with manuadéisigned and automatically
extracted knowledge within one lifecycle scenario, we htavemploy different methods
of evaluation of the respective ontologies since they diffestructure and partially also
in content. The manually designed ontologies are usuaily in structure (e.g. in the
sense of number of syntactic features used) but restrict@dsimall sub-domain or an
abstract level of detail. On the other hand, the autom#yieadtracted ontologies are
rather shallow and simple in terms of structure, but speeifid large in the sense of
coverage of the domain.

Following the motivations above, we propose a very simpléhoaology in this de-
liverable. It builds on four basic phases of an ontologyclige: creation(comprises
both manual and automatic ontology development and upgbgteaches)yersioning
evaluationand negotiation(comprises ontology alignment and merging as well as ne-
gotiation among different possible alignments). The méthagy suggests a particular
combination of the basic phases into a coherent and dynamadogy lifecycle scena-
rio. Emphasis is put on the integration of manually desigaadl automatically extracted
(learned) ontologies and proper placement of the respeetigluation measures. An im-
plementation of the scenario is also proposed, using agigtiols for the particular phases
and newly designed techniques for the integration of lehamel manually designed onto-
logies.

2 January 29, 2007 KWEB/2007/D2.3.8/v1.0
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1.2 Position within WP 2.3

This deliverable puts various existing technologies ime coherent and methodologically
sound scenario of a dynamic ontology lifecycle. Within WB, Zhis is related to the
versioning methodology and its implementation. The spsatifon of the problem and
possible ways of its solution has been solved by the task.T2Bhe task T2.3.3.3 has
dealt with practical implementation of the RDF-based \@1#ig in the scope of the Sem-
Version [VGO06] system development.

For the manual ontology development, we propose utilisadioa collaborative de-
velopment framework. This is related to the task T2.3.5,clwhiovers the consensus
making environment topic. Application of the negotiati@chiniques in ontology align-
ment and merging is an outcome of the task T2.3.7.

1.3 Relation to other Workpackages

As we utilise argumentation-based negotiation and ongoédignment techniques within
one of the essential components of our lifecycle, we relatthé research in WP 2.2
(Heterogeneity). Furthermore, we propose concrete sicemse cases from the bio-medi-
cine domain. Therefore we also refer to industrial WP 1.1melg to the business cases
2.12 (Hospital Information System) and 2.16 (Integratib®Bmlogical Data) presented
in [NMO4]. This topic is further developed in Section 4.3.n& we inherently aim
at implementation of several parts of the Semantic Web freonie (as proposed within
D1.2.4), our work is related to industry WP 1.2. In Chaptené,give an overview of the
Semantic Web framework functionalities covered by the wadsented here.

1.4 Structure of the Deliverable

The rest of the paper is organised as follows. Firstly, weothice the overall scheme
of the lifecycle and make an overview of the related work ire@ter 2. We continue
with presentation of the applicable techniques and metedsloped within Knowledge
Web WP2.3 or elsewhere, listing and discussing the availsgdhniques for particular
phases of the lifecycle. Consequently, we describe therémbelynamics of the pro-
posed ontology lifecycle and develop the roles of its paticcomponents in Chapter 3.
Biomedicine use cases are discussed in Chapter 4. A studyaoniess and application-
oriented integration and a possible solution is introduce@hapter 5. The conclusion
and discussion on the industry impact are given in Chapter 6.

KWEB/2007/D2.3.8/v1.0 January 29, 2007 3



Chapter 2

Lifecycle Scheme and Its Components

In this chapter, we provide a simple lifecycle methodologgigned according to our mo-
tivations. Notes on the implementation of its particulaagés are given, too. We discuss
our approach after presentation of the related work in e&tirearespective sections.

2.1 Applied Methodology

Here we develop our motivations in more detail within an eiewx of relevant approaches
in the literature and presentation of a scheme of our appraathe implementation of
the lifecycle.

2.1.1 Related Work

There has been focused research in some recent EU projetasikansuch as collabo-
rative ontology development, ontology alignment and confisolution, and evaluation
of ontology content, but little work until now has focused the lifecycle as a whole.
Recent overviews of the state-of-the-art in ontologies r@hated methodologies can be
found in [SS04] and [GPFLCO04]. However, none of them offediract solution to the
problems mentioned in 1.1.

MethontologyFLGPJ97] is a methodology developed in tesperont@roject for de-
signing ontologies to serve as a base for extending it tosvardlving ontologies. The me-
thodology proposed there is primarily based on the IEEEdstahfor software develop-
ment [Sch97]. Methontologyis provided with an ontology lifecycle based on evolving
prototypes [FLGPROO]. It defines stages from specificatiosh lkenowledge acquisition
to configuration management, basically following the saftsvmanagement lifecycle.
The particular stages and their requirements are chaisedeibut rather generally. The
automatic ontology acquisition and evaluation methodsarsidered irMethontology
however, no distinction is made in their placement withia lifecycle.

4
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The ODESeW and WebODE suite [CLCGP06] developed irE$@erontandKnow-
ledge Welprojects provide an infrastructure and tools for semarngpieation develop-
ment/management, which is in the process of being exteratewetworked and evolving
ontologies. However, they focus rather on the applicatievetbpment part of the prob-
lem than on the ontology evolution parts. Aspects of thelogtolifecycle have also been
addressed in the EU projecB=KT, Dot.Kom AKT, Esperontg OntoWeb as well as in
Knowledge Weband will be the main focus of the recently started proie©Ort.

2.1.2 Presentation of our Approach

These projects have all focused on either a single part afl@yy development, or on
a rather abstract study of the knowledge management cycleenvd methodology is
delivered, it usually provides generic obligatory and/ptienal requirements on the life-
cycle’s components and their combination. However, meshanthat would provide a
clue on how to incorporate the dynamics into the lifecycle gpically put off only by
introduction of the version management, which we find insigfit in the scope of the re-
marks in Section 1.1. Moreover, the need for automatic nutlod ontology acquisition
in data-intensive environments is acknowledged but thegptd the automatic techniques
is usually not distinguished in the dynamic lifecycle segi. Summing up, it has been
unclear so far how to tackle these particular problems wiém extension of the current
approaches to ontology evolution:

1. specific roles of the evaluation in the different phasdh®fifecycle and respective
appropriate methods of ontology quality assessment;

2. integration of the results of ontology learning and maougology development;

3. proper placement and utilisation of ontology alignmert/ar meaning negotiation
services within the lifecycle according to the previous paints.

Figure 2.1 below depicts the scheme of the proposed dynardiagplication-oriented
ontology lifecycle that deals with the problems mentionbdwe. The four main phases
(creation versioning evaluationandnegotiatior) are indicated by the boxes annotated by
respective names. Tlweationphase of the ontology lifecycle has two major parts as it
consists of the automatic ontology extraction (ontologyténg) and community-driven
manual (collaborative) development. These directly spoad to the sliced component
of the chart in Figure 2.1. Ontologies or their instancesnretare represented by circles,
with arrows expressing various kinds of information flow. eTh boxes present actors
(institutions, companies, research teams etc.) involaazhtology development, where
Ay is zoomed-in in order to show the lifecycle’s componentsatad.

Lhttp://www.neon-project.org

KWEB/2007/D2.3.8/v1.0 January 29, 2007 5
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Figure 2.1: Dynamics in the ontology lifecycle

The general dynamics of the lifecycle goes as follows. Tharoanity experts (or
dedicated ontology engineers) develop the (relativelgipeeand complex) domain onto-
logy (the Communitypart of theCreationcomponent). They use means for continuous
ontologyevaluationandversioningto maintain high quality and manage changes during
the development process. If the amount of data suitablerfowledge extraction is too
large to be managed by the commundwptology learningakes its place. Its results are
evaluatedand partially (we take only the results with quality aboveeatan threshold
into account) integrated into the more precise (but typrcalatively small) reference
community ontology. The integration is based on alignmeuxitmerging covered by the
negotiationcomponent. The@egotiationcomponent takes its place also when interchan-
ging or sharing the knowledge with other independent adtottse field.

In the following sections of this chapter, we give an ovewa the components of
the lifecycle, methods of their concrete realisation anahrsiaries of related work for
each particular phase. Further description of the dynamitte lifecycle that universally
reflects the dynamics of the knowledge flow in real applicaoenarios is in Chapter 3.
The proposal of integration of the learned and collaboeatintologies is elaborated in
detail in Chapter 5.

2.2 CreationComponent — Collaborative Techniques

The first sub-component presemsnualontology creation. Within this phase of the
ontology lifecycle, people from a community can directlgate and update an ontology

6 January 29, 2007 KWEB/2007/D2.3.8/v1.0
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using their expert knowledge. They may edit an ontology feenatch or extend a suitable
top—level ontology by means of a collaborative user intexfa’ he community people are
presumably experts in their field, however, they are not gelygoroficient in knowledge
engineering. Therefore the tools and interfaces employtdnithis part of the lifecycle
should be as user friendly and intuitive as possible. Thiewoehg set of requirements
has been defined by [CKO03] for supporting the developmenargiel-scale collaborative
ontology creation:

e easy to use, easy to communicate graphical representation;

e multi-user development environment;

e configuration management capabilities, including inteégrewith version control,
¢ ability to view, analyse, compare and compose multiple rnwalea time;

e automated import/export of traditional ontology langusgech as OWL or RDFS

There are currently very few existing tools which even comose to fulfilling all these
requirements.

2.2.1 Available Methods and Tools

Collaborative ontology development can be realised in abmrmof ways. Some attempts
have been made to develop ontology editors and environménits include facilities for
collaborative ontology creation, such as Sandpiper Soétiwad/isual Ontology Modeler
(VOM) [KDMO02]. This is an extension to Rational Rdse visual modelling and de-
velopment tool used widely in industry, enabling the depaient of ontologies through
user-friendly wizards which create the necessary codenaatioally. TheProtége en-
vironment [GMF 03], one of the most well known ontology editing tools, prasea
frame—based ontology engineering application with mamg{hs available. The Onto-
lingua server [FFR96] consists of a set of tools and servicesipport the process of
achieving consensus on common shared ontologies by gdogatlp distributed groups.
OntoEdit [SEA 02] is an ontology editing environment combining methodglbased
ontology development with capabilities for collaboratenmd inferencing, including sup-
port for collaborative generation of requirements spediiftms for the ontology (Onto-
Kick) and support for collaborative brainstorming abouw tirevelopment process (Mind-
20nto).

Another method of collaborative ontology development lnge collaborative por-
tals [KBDO5, ZKHFO05]. A first version of the MarcOnt Portal BD05] has been recently
published. This hosts a collaborative ontology development framéwoeated in DERI

’htt p: // www. i bm coml sof t war e/ r at i onal
SPreview access ditt p: // portal . marcont . or g/, the default credentials for a test user are
login: marcont passwordmarcont

KWEB/2007/D2.3.8/v1.0 January 29, 2007 7



2. LIFECYCLE SCHEME AND ITS COMPONENTS

Galway. The project delivers a web-based environment wHengain experts can coo-
perate on the ontology. The collaboration is achieved tifindhe concept of suggestions
of changes to the ontology. MarcOnt Portal uses SemVer&i@0f] to maintain sug-
gestions (represented as changed instances of the ontobagpther with main versions
of ontology. Each suggestion can be evaluated/ranked amdhemted in the portal by
the community of domain experts. Based on the comments arighigs, some of the
suggestions are selected to be merged into the next versithre onain ontology. Do-
main experts can work on suggestions with a web interfaceilégito Protege) or upload
their ontology in the form of an OWL file. Both ontologies angygestions can also be
accessed in a RDF/XML or N-TRIPLES format, or visualizedhgsiouchgraph. Users
can also track changes between versions of ontologies assagnantic diff feature di-
rectly on the portal. The MarcOnt Portal also accepts sugmesfrom the community
of users (in this case librarians) of the JeromeDL systemZB8%). Those suggestions
are created from the RDF properties introduced by the liéngarduring annotation of the
resources. This solution extends the folksonomies pamaftigm keywords (objects) to
named properties.

There have been various proposals also for using Wikipesie @llaborative onto-
logy editing tool, for example by using Wikipedia entriesoaology elements [HBS06],
by upgrading the current Wikipedias Wiki software to cremteontology-editing module,
where people can create their own ontologies associatddpaitticular subjects in the
same way that they can currently create and edit topics BhiaO

Finally, a Wiki-like editing environment can be used suchWaki@nt [BHO3]. This
consists of ontology modules, each composed of one or mdigrages that can edited
by multiple users, with version control and transaction agggment. Ontologies are then
loaded into or uploaded from these wiki pages and managed bytalogy repository.

Alternatively, rather than have users create the ontologypually in a Wiki, they
can use a controlled language such as CLONIPCB06, PCTBO06] or GINO [BK06] to
create natural language text in a wiki, which is translatéd an ontology by a special
information extraction system (in the case of CLIE) or ottm&ans.

2.2.2 Discussion

Although widely used tools such as Protégé are good farglesuser generating an onto-
logy, they are not so good for collaborative ontology geti@navhere many people may
assist in the creation process and where many changes magdeetmthe ontology as
it develops. This is due to several factors, such as the laak anbuilt mechanism for

handling modular representation, and the lack of suppeortdonmunication and coop-
eration among the multiple (human) ontology editors, irtipalar where modules may

“Note that CLONE (Controlled Language for ONtology EditingXhe new name for the actual con-
trolled language used in CLIE, while CLIE (Controlled Laage Information Extraction) remains the term
used for the tool itself

8 January 29, 2007 KWEB/2007/D2.3.8/v1.0
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be independently developed and may partially overlap wigaretl together” [BH03]. At
the time of Ceccaroni et al’s report, VOM had some major diasib such as the inability
to import certain existing ontologies and incomplete mamagnt of versioning.

We therefore look to the collaborative portals for our siolnt and incorporate the
ontology management services of arcOntinitiative [KBDO05] for community-driven
ontology development in the lifecycle scenario. We piclk $olution for its clear design
with universal mechanism of community collaboration, supgd by incorporated ver-
sioning system SemVersion [VGG6]The portal-based architecture is to be enhanced by
the controlled language (CLONE) interface introduced iRCB06]. The CLONE NL
generation interface can also help us with developmentafeyfmechanism of ontology
integration (see Section 5.2 for details).

2.3 CreationComponent — Automatic Techniques

The second component exploits methodsmtblogy learningrom textual resources, us-
ing NLP (Natural Language Processing) and ML (Machine Liegntechniques. Me-
thods for automated ontology acquisition are extremelyfulsghen there is a large
amount of relevant textual resources available.

It is tedious and expensive to process the knowledge in alk¢isources manually.
Ontology learning can help significantly, although it seféom significant precision/re-
call tradeoff and does not provide a “silver bullet” for oluigical engineering at all [MS04].
However, when combined with human supervision, the resaltsbe much better. We
argue that the scheme of the integration of knowledge imexhand manually designed
ontologies (further developed in Sections 3 and 5.2) cavesas a good example of this
fruitful combination.

2.3.1 Available Methods and Tools

A comprehensive overview of other methods and tools for logiolearning from text
can be found for example in [BCMO05] and in [MSO04].

An example of an ontology learning suite is Text20nto [C\/O&hich builds on
GATE’'sNLP and IE (Information Extraction) framework [CMBTO02]. #mploys sev-
eral term extraction, taxonomy discovery and relation &stjon techniques and learns a
statistical model of an ontology from text.

Text20nto contains quite a generic set of tools for ontolegyning, and therefore
requires a certain amount of human intervention in ordexctoese high quality results,
working best in an incremental process combining humarsi@ssie with machine lear-
ning. One alternative is to use a tool focusedontology learning such as that proposed

5See Section 2.4 for the discussion of this particular veisgsystem.
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by [Sab05], which is designed for use in a harrow domain witestricted sublanguage.
Instead of the Machine Learning (ML) techniques used by motlogy learning approa-
ches, this also uses GATE (like Text20nto) but relies on thetbper defining linguistic
patterns to be matched, which lead to the identification g@iartant terms for the hierar-
chy and relational information helping to position themreactly. This can be combined
with visualisation tools to help the expert then analysegéeerated ontology and cor-
rect it where necessary, as reported in the previous Kngel&tleb deliverable D2.3.6
[MPSCO06].

OntoLearn [GNVO03] is another application for ontology Ieiag. This finds terms
in the corpus and tries to extract a definition of these tersisguNLP methods or by
asking an expert. The terms are arranged into hierarchieattand linked to a core
ontology suitable for the domain. An external ontology (e@OLCE [MBG'02] or
WordNet [Fel98]) is used for annotation with general sencameiations.

2.3.2 Discussion

The Text20nto tool is the most suitable for this part of tHeclycle, for a variety of
reasons. First, it is being continuously developed as am sperce stand-alone appli-
cation. Second, the probabilistic internal model suppodl the presentation of plau-
sible learned ontologies to human experts. Third, the tsekwan incremental learning
process as described above, which supports the idea obggtohange. Finally, the tool
comprises a suite of applications and therefore has quiemarg architecture compared
with other, more specific tools, which is a very importantasion for a Human Language
Technology tool (see the Knowledge Web deliverable D12 f2v further description of
Best Practices in Human Language Technology).

2.4 \ersioningComponent

Versioning (or change management) is no doubt consideradasst in the area of col-
laborative software development. The same need arisesiew@rology development,
as stated in [VEK 05, KFKOO02]. Versioning is especially important in our tifele sce-
nario, as the knowledge is processed dynamically and aomuisly and thus we need to
represent and handle several different versions of the samoéogy.

2.4.1 Available Methods and Tools

[KFKOO02] introduces theoretical specification, studies Wersioning task and also men-
tions a RDF-based OntoView system inspired by CVS — the awectiversion sys-
tem [Ber90] — a software management framework. CVS wasalhjita collection of
scripts to simplify the handling of the revision control ®m (RCS). RCS operates in a

10 January 29, 2007 KWEB/2007/D2.3.8/v1.0



D2.3.8v1 Report and Prototype of Dynamics in the OntolodgedyiclelST Project IST-2004-507482

file-centric way by using a “lock-modify-unlock™-style. Maver, CVS works on the syn-
tactic level, not on the conceptual level, i.e. it is not dapaf versioning objects and in
particular not capable of versioning ontological entitésl their complex structure. The
underlying diff operation is only capable of showing the tsytic differences between
two files (based on the differences of text lines).

Following terminology from the database community (cf. §R8]), we mainly dis-
tinguish between ontology versioning and ontology evoluti

Ontology versioning is accommodated when an ontology memagt system allows
for handling of ontology changes by creating and managifigrént versions of it. Onto-
logy evolution is accommodated when an ontology managesystem facilitates the
modification of an ontology by preserving its consistency.(§5to04]).

A first survey on causes and consequences of changes in dogynts presented
in [KFO1], followed by an OntoView implementation for ontgy versioning [KFKOO02]
that is based on the comparison of two ontology versionsderaio detect changes. Ba-
sically, the system compares ontological classes, disphem side-by-side in RDF/ XML
and leaves it to the user to state whether it is an “identicaftonceptual change”.

Another example of an ontology versioning tool is KPOntgfogThis is a library
for versioning ontologies and allowing the use of differgigle stores. A similar tool,
SemVersion, is presented in [VG06]. This aims at a costiefftcontology versioning,
identifying reusable parts of a versioning system and émxiplg where the system needs
to be tailored to a particular ontology language. The reaigisting components (such
as the RDF-S reasoning offered by libraries like Jena) israsiged. This keeps the code
in SemVersion small and manageable.

2.4.2 Discussion

SemVersion [VGO06] is a robust RDF-centric and efficient aggtion of universal onto-
logy versioning. It supports not only syntactic diffs, blgasemantic ones (which is an
improvement over the OntoView system, besides the highed & automation of diff
computation). The latter diffs are discovered using foreghantic underpinning of var-
ious RDF extensions like RDF Schema or OWL. The main diffeeewhen compared
with the similar KPOntology system is given by the fact th&®ntology provides a sep-
arate library for each triple store, while the SemVersioprapch is unified. Only the
programmer using SemVersion will be aware of the tripleestarderneath (by changing
one line of code), but to the end user, this will be transgaren

This SemVersion versioning system takes its place in theuadasub-component of
the ontologycreationphase. It supports commits by different users working orstrae
ontology, diffs between various ontology versions and othgortant operations that
allow us to store, compare and process different instanicdsemntology dynamically

ht t p: / / kpont ol ogy. i soco. com
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changing in time.

2.5 EvaluationComponent

The role of theevaluationcomponent in our scenario is twofold, following the innelitsp
structure of thereationcomponent:

1. assessment of the ontology quality within the cycleafaborative ontology de-
velopment- can be used for example when selecting the preferred veosithe
ontology for a release dump; typically, there is no suitajdll standard to use in
this lifecycle’s phase, therefore evaluation methods daatot require a reference
source for comparison must be applied,;

2. assessment of tihearned ontologyjuality in theontology learningsub-component
— aimed mainly at determination of appropriate candidat®elogy to be passed
further in the lifecycle (read more in Section 3.2 on thisi¢dpn certain cases, the
relatively precise ontology developed within the colladiome phase of the lifecycle
can be used as a gold standard for NLP and ML based evaluaétiods, which is
the main difference compared with the conditions that hotdlie previous point.

2.5.1 Available Methods and Tools

A survey of evaluation techniques is given in [BGMO05]. Moreqn there is a Know-
ledge Web Deliverable D1.2.3 [HS®5] that presents a more complex and application—
oriented overview.

We can divide the evaluation methods into various categoF&st, we have methods
measuringormal properties of ontologiesuch as OntoClean [GWO0O], which looks at
properties such as rigidity and unity, and tools examiniragtructure of ontologiessuch
as ODEval [O. 04]. Second, we have methods which measureotitentof ontologies,
such as measuring how well an ontology has been populatedhe. Balanced Distance
Metric (BDM) [MPL06, HSG'05] and Learning Accuracy (LA) [HS98] which compare
the populated ontology with a gold standard, taking intooaot the similarity between
key and response in the two ontologies. An alternative ntetlealing with data-driven
ontology evaluation is the measureasftology fitfBADWO04], based on the tennis mea-
sure [Ste02]. This is a measure of quality that can be easityptited without the need
for human assistance: it captures (using cluster analtrss]fit” between an ontology
and the resources from which it has been created.
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2.5.2 Discussion

The kind of evaluation tool needed depends on a variety téraai such as the task un-
der evaluation, the tool or process to be evaluated, andvtikahility of gold standards

against which to form a comparison. Therefore, a multilexaluation concerning an
ontology’s lexical, syntactic and semantic properties brad with some kind of asses-
sment of ontology suitability for given task and/or domameeded for our lifecycle.

As stated in the first point in Section 2.5, the applicatiomethods using a gold stan-
dard is not appropriate for theollaborative creatiorsub-component. Th@ntoManager
tool presented in [HS®05] is partially suitable for this task. However, data-ériand/or
statistical evaluation methods [BADWO04, BGMO05] can alsaeb&ployed in order to ob-
tain an objective quality measure, when the resources frémechamhe knowledge was
acquired are easily identifiable and machine—readable.

On the other hand, more or less autonomous NLP, machinangametrics and data
driven evaluation techniques [HSG5, BADWO04] are suitable and even desirable for
the quality assessment of different levelslearned ontologies Namely, the metrics
of precision, recall, F-measure or their extensions LA amiVBare employed. The
ontology developed within theollaborative creatiorphase could present an applicable
gold standard for these automated evaluation methods.

However, it is inappropriate to use thellaboratively created ontologys a reference
in some cases, because its content may differ from the sddpe textual resources used
for automatic ontology creation. In this case we should bedgénnis measure described
earlier. Note, however, that the tennis-measure by itselbt appropriate when a learned
ontology was created using clustering. The tennis-medsusased on the overlap of
clusters in an ontology and clusters in the data it was etddaftom, therefore we should
at least combine it with another method from the above-meeti if we want to be honest
when assessing the ontology quality.

2.6 NegotiationComponent

When different versions or independently developed ogiekco-exist, or when existing
ontologies are adapted for a new purpose, questions abewtotimbined use of these
ontologies throughout the ontology lifecycle become intg@at. Especially the former
situation is encountered within our lifecycle as we deahvgarned and collaboratively
designed ontologies within th@eationcomponent. We need to merge [PGPM99] them
in this case, as seen in Figure 2.1, Section 2.1.2. Furthrernfave want to exchange the
knowledge between different institution in the generabpective of the Figure 2.1, itis
very convenient to have a mapping between the ontologiesestepn that would help us
to resolve possible similarities in their structure anddakcontent.

Both tasks of merging and mapping of ontologies can be tddkjeontology align-
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ment [EBB"04] services. However, the nature of learned and manuasligded ontolo-
gies slightly differs (as recalled in our motivations), $hthe requirements on the preferred
alignment may differ, too. We could for example prefer lakialignments for the rela-
tively simple learned ontologies and syntactic alignméatshe collaboratively created
ones. The different actors in the field may also have diffepegferences concerning the
ontology alignment when exchanging knowledge among them.

Therefore, we need an agreement that would select an alignj@®ong many pos-
sible ones) that is as close as possible to different pnedeerelated to the ontologies
in question. Reaching this agreement can only come throwsgirtaof negotiation pro-
cess [ACMOO04]. Thus, thaeegotiationcomponent has the specific role of applying ne-
gotiation approaches for reconciling different ontol@gées well as for the merging and
alignment in the particular phases of the lifecycle.

The negotiationcomponent can be applied in two different stages of our ogiol
lifecycle:

e intra-actor — when different ontologies (e. g. manuallyateel and learned) need to
be aligned and possibly merged within one actor (institytresearch team, etc.);

e inter-actor — when ontologies released by different aatersd to be aligned.

In contrast with the previous componeavéluatior), we apply exactly the same tech-
niques in both cases. However, we use them in different tagksrespect to the whole
lifecycle (see Chapter 3), therefore we make this distomcti

2.6.1 Available Methods and Tools

Many ontology alignment tools have been proposed in the afehe Semantic Web.
QOM [ES04] and its extension Foam [ES05] are based on hmaligtcalculated simi-
larity of the individual ontology entities, and are chamaged by their focus on the com-
putational efficiency of the alignment. OLA [ELTV04] is dedied to the alignment of
OWL-Lite ontologies, and aims to use all the available infation (i.e. lexical, internal
and external structure, extensional, and data-typesaa®ed from two given ontologies.
Falcon [NJQO5] is an automatic tool for aligning ontologikat employs three distinct
matchers in combination: a string-similarity matcher, atee space model of domain
terms, and an RDF graph matcher. Anchor-PROMPT [NMO01] i ablproduce new
concept mappings by analyzing similar paths between a sencfor matches, which
have already been identified (manually or automaticall{jap [ST06] is a method and
tool for automatically aligning OWL ontologies that useHatient classifiers to estimate
the quality of a mapping. [DMDHO04] describes machine |leagnitilisation in ontology
mapping. More details about these and other approachesdanihd in [EBB"04].

The following approaches address the use of negotiatiomdset agents/people with
respect to ontology alignments, which is not very commoaugh they present certain
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advantages we cannot exploit within the above approach@somology mapping ne-
gotiation [SMRO5] has been proposed to establish a consdretween different agents
using the MAFRA alignment framework [SR03]. It is based oaiility and meta-utility
functions used by the agents to establish if a mapping ispdederejected or negotiated,
but is highly dependent on the MAFRA framework and cannotdsalily applied in other
environments.

Van Diggelen et al. [vDBDO05] present an approach for agents to agree on a com-
mon ontology in a decentralised way. Rather than being tla¢ gfoany one agent, the
ontology mapping is a common goal for every agent in the sysieun et al. [BVEPO05]
present a computational framework for the detection of logioal discrepancies in mul-
tiagent systems by using feedback utterances. Bailin ansizKowski [BT02] present an
ontology negotiation protocol that enables agents to exgagarts of their ontology, by
a process of successive interpretations, clarificatiams$ explanations. The end result of
this process is that all the agents will converge on a sirstjilated ontology.

In [MSRO06] the authors propose an argumentation framewarifer-agent dialogue
to reach an agreement on terminology, which formalizes ategeb which the divergent
representations (expressed in Description Logic) araudsed. The proposed framework
is stated as being able to manage conflicts between clairtts diffierent relevances for
different audiences, in order to compute their acceptamaeno details are given about
how agents will generate such claims.

There is a recent implementation of agent-inspired apprpascposed in [LTE06].
Provided with a set of possible mappings between ontolpgies agents can reach a
consensus on the terminology they use. In order to compateréferred ontology align-
ments, the approach uses a specific argumentation framewthrk Value-based argu-
mentation framework [BC03] — allowing each agent to exprespreferences between
the categories of arguments that are clearly identified éencitntext of ontology align-
ment. The potential alignments are generated externatly, wsing arOntology Align-
ment Service (OA3IEV04]. An alignment consists of a set of correspondencésden
two ontologies. Moreover, it assumes that for each cormedpace, an OAS is able to
provide a set of justifications, that explain why it has gatest a candidate mapping.
Agents use such information to exchange arguments sugptlyenreasons for their map-
ping choices. Every agent also has a private threshold vdlbis is compared with the
degree of confidence that an OAS associates with each mappim@gent can refuse
a mapping with confidence lower than the threshold withogotiating. Although few
approaches for ontology alignment provide such justificafSGPMO05, DLD 04], tools
like [ES04] combine different similarity metrics, and tea®easures can be used to ex-
tend the system and provide the required justifications.

The consequent process reaching the alignment is fullyh@atio and does not require
any involvement from human users. The framework containsmseby which the onto-
logy engineers can express their preferred choices ovelidate correspondences. This
is achieved by adapting argumentation theory. Argumeariai based on the exchange
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of arguments, against or in favour of a correspondence. fihareents interact with each
other using an attack relation. Each argument instantatesgumentation schema, and
utilises the domain knowledge, extracted from extensiandlintensional ontology def-
initions. When the full set of arguments and counter-argusibas been produced, the
ontology developers consider which of them should be aedepithe acceptability of an
argument depends on a ranking, represented by a partia@ference ordering on the
type of arguments.

2.6.2 Discussion

We utilise the recent work [LTEO6] that deals with automaticalpgreedalignment be-
tween different ontologies. The acceptability of a pammpping provided by an onto-
logy alignment tool cannot always be taken for granted, agmithe possible alignments
may be rationally acceptable by the agents in the lifecycle.

The approach based on [LTH6] is motivated by the fact that different and some-
times independent ontology engineer groups have their dyacbves. For example, an
ontology engineer may be interested in accepting only thuggpings that have linguistic
similarities, since its ontology is tagtructurally simpleto realise any other type of mis-
matcH. In addition, any decision on the acceptability of these pirags has to be made
dynamically, as the knowledge flow in the lifecycle is dynarfnom its very nature. The
argumentation based framework in [LT&6] has been recently implemented and is in the
process of further improvement. Thus it can be very natyiattorporated even in the
emerging lifecycle’s implementation. Moreover, it fits @lig into the twofold role of the
negotiationcomponent in the proposed scenario, as described furtf8adtion 3.

In particular phases of the lifecycle, the layman-oriemtedotiation interfaces of the
MarcOnt Initiative [KBDO5] are also applied. See Sectiorad 4 for further information
on the concrete realisation of alignment within the ontglbigcycle’s dynamics.

’The example corresponds also to the integration of simpleél ontologies with complex manually
designed ones, which is very important for our scenario.
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Chapter 3

Connection between the Components
and its Dynamics

In the previous chapter we presented a proposal for a lifeasitart and described its
components, namely all the interwoven phases and techieslogveloped and/or sug-
gested in this work package. We now develop the dynamicseofifiacycle itself and
comment further on particular roles of the components withe lifecycle.

The dynamics of the whole ontology lifecycle that refleces diynamics of the know-
ledge flow in typical application scenarios can be dividetw ithree levels of different
granularity (from finest to coarsest):

1. the ontology development cycle inside the collaborgpiae of thecreationcom-
ponent (Section 3.1);

2. the cycle of integration of automatically learned ongés with manually develo-
ped ones (Section 3.2);

3. mediation of ontology releases from different actordmfield (Section 3.3).

The first dimension reflects the process of iterative creasind improvement of a
community ontology. However, since the knowledge is dymantiis therefore some-
times impossible to process all relevant knowledge by thialworative tools, when there
are extensive resources available and new ones are emergngime. The second di-
mension reflects this kind of dynamics via the incorporatbmautomatically extracted
knowledge into the master collaborative ontology. Thedthiimension conforms to the
dynamic need for interchange and mediation of the knowldsigeeen different actors
with the same interests, so that the ontologies can be niyitorgdroved and/or extended.
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3.1 Community Sub-cycle

The cycle of community driven ontology development is riszhin Figure 3.1.

Community
Evaluation Versioning

Figure 3.1: Community ontology creation sub-cycle

Domain experts (denoted by the “people” icons) belongingrte actor (institution,
research team, etc.) collaborate in a single domain onyadegelopment, using a dedi-
cated portal [KBDO5] (see Figure 3.2 for the screenshot effarcOnt Portal ontology
editor) and/or a controlled language interface such as QLRECB06, PCTB06]. These
experts perform operations (expressed by the dashed amdvigure 3.1) such as inser-
tions, editing or deletions on a master working ontolog (ihy, circle).

The quality of the ontology as it changes over time is assebgethe evaluation
component. Evaluation by community peers is mainly appliethis phase. Manual or
machine-assisted evaluation is generally preferred sereg there is currently no proper
method of automatic and objective evaluation specificallyd collaboratively created
ontology. As discussed in Section 2.5.2, thatoManagerfHSG"05] tool combined
with data-driven evaluation could be suitable here.

The versioningcomponent only takes into account changes preserving aowmg
previously defined quality criteria. Figure 3.3 depicts eesashot of the SemVersion
interface in the MarcOnt portal. Bottvaluationandversioningphases are supervised by
human agents (designated domain experts), indicated barfoivs.

3.2 Intra-actor Cycle

The second level of the ontology lifecycle is realised by ac®r when integrating results
of ontology learning with a manually designed ontology, laswn in Figure 3.4.

The ontologies learned from different document sets (de@iby theO,,, ..., O,
circles in the diagram) are assessed bydtaluationcomponent. The&cy,...,Ocn,
candidate ontologiesi{ < n) are selected following previously defined quality crigeri
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Figure 3.2: Editing an ontology in the MarcOnt portal

This process is supervised by designated human exper#s). aQuality assessment of
this phase utilises automated evaluation methods, adstat8ection 2.5.2. Théy,
ontology serves as a gold standard here.

The m candidate ontologies are then used for population or geagtansion of the
working ontology dump (depicted by th@y,,, circle) by means of aegotiationcom-
ponent. Human intervention is also needed here, as shove idiagram, for tasks such
as selection of candidate ontologies, guided definitionrg@iiament sets and preference
relations. Each ontolog¥c, . . ., Ocn andOyyp is associated with an agent abstraction
in the form of corresponding preference and argument setshanagreed alignment is
sought as described in [LTD6].

The agreed mapping found by timegotiationcomponent in this phase is used to
populate/expand [VPKV04] the dump of working ontologyy(,p) and thus produce
the resulting augmented ontolo@yy, 4. Expansion is performed as a side—effect of the
negotiation process in this way: supposing the algorithscdieed in [LTE"06] has found
an agreed match between two or more ontologies, we can tiptusa theequivalent
and/orsubsumednapping relations to merge these ontologies.

The enriched ontology consequently replaces the forméanee of the working)y
ontology (managed by theersioningcomponent). The collaborative negotiation and also
novel integration tools that are being developed withinNacOnt Initiative [KBDO05]
can support the guided adoption of automatically proposgdlogy extensiorOyy,4.
The integration process is based on the technique desarn&ettion 5.2. Thus we can
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Figure 3.4: Intra-actor cycle

prevent possibly incorrectly matched or extracted padasifbeing added into the master

working Oy, ontology.

3.3 Mediation among Different Actors

When different actors involved in the same or similar donta@ate their own ontologies,
the negotiationcomponent needs to come to an agreement, as depicted ire BdurAs
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Figure 3.5: Inter—actor mediation

already mentioned, this is achieved by arguing about thexmgaf the terms for different
ontologies, described in [LTED6]. The approach has been implemented and offers three
core functionalities, which we describe below.

User can (1) load the ontology to be negotiated, (2) set tekemnces and (3) set the
threshold, as shown in Figure 3.6. As has been already disduthe setting can depend
on several factors, e. g. the nature of the ontology or théesbn

r .
(alalal Argumentation over alignments

Agent Mapping Argumentation

8emns Set the first agent

Agent Ontology file:/Users/lori/Documents/ontologies /O1.owl

Threshold Name | Lori

Set the Preferences of the Agent

null B < (null 89 < (nul B < (S 88 < (T &4

Figure 3.6: Screenshot — setting the preferences

The user is then provided with a set of potential ontology pivags. Each mapping
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provides the justifications that explain why it has been gmtied (see Figure 3.7).

'e 286 Argumentation over alignments
Agent Mapping Argumentation

lalala) Mapping and Justifications

PP

m369 publication equiv Publication 1.0
m147 Organization equiv Organization 1.0
m43 Magazine equiv Magazine 1.0

mll Newspaper equiv Newspaper 1.0

rArguments

m369 publication equiv Publication 1.0 These classes are similar since their label are lexical similar T true null
m147 Organization equiv Organization 1.0 These classes are similar since their label are lexical similar T true null
md3 Magazine equiv Magazine 1.0 These classes are similar since their label are lexical similar T troe null

mil Newspaper equiv Newspaper 1.0 These classes are similar since their label are lexical similar T true null

( Add Delete )

Figure 3.7: Screenshot — ontologies are aligned

Eventually, the tool produces the set of mappings that areealgas acceptable for all
actors involved (see Figure 3.8). This is done using theriilgn described in [LTE06].

22 January 29, 2007 KWEB/2007/D2.3.8/v1.0



D2.3.8v1 Report and Prototype of Dynamics in the OntolodgdyiclelST Project IST-2004-507482

-6 286 Argumentation over alignments

Agent Mapping Argumentation

78 (XS] Argumentation 1
~Trace

The mapping m369 is accepted by Agl

The mapping m743 is accepted by Agl

The mapping m679 is accepted by Agl

The mapping m688 is accepted by Agl

The mapping m369 is NOT accepted by Ag2

The mapping m743 is accepted by Ap2

The mapping m679 is accepted by

The mapping m688 is NOT accepted by Ag2

We are computing tht attacks...

Number of attacks : <ModelCom {urn:20 T attacks urn:11 ES, urn:11 T attacks urn:20 T, urn:20 T attacks urn:13 ES, urn:13 ES attacks urn:7 T, urn:9 ati
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A

Figure 3.8: Screenshot — acceptable mappings are agreed
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Chapter 4

Use Cases

It is extremely alluring to apply the ontology technologytie domains of biomedicine
and healthcare. The need for structured and semanticadligled data repositories is
obvious and the implementation of the Semantic Web teclgmedoin this area would
no doubt have direct and valuable impact on the industry.réfbee we have decided
to suggest two use cases from this domain. The applicatidheobntology lifecycle
scenario in oncology is suggested in Section 4.1. Sect®shbws how the scenario can
be applied in the knowledge flow in translational medicind.cQurse it is possible to
apply the ontology lifecycle scenario in any other sub-dioned medicine not presented
here, e.g. in the case of development and intermediatiofffefeht anatomy ontologies,
as mentioned in [ZB05]. We have picked the following examagtg two main reasons.
They are rather novel to the best of our knowledge and theyrlgl@romise significant
enhancement for the industry.

Both of the presented use cases relate to the business ch3dd&pital Information
Systemand 2.16 [ptegration of Biological Data Repositoriggom the Knowledge Web
industrial deliverable D1.1.2 [NMO04]. The connection witte business cases is further
developed in Section 4.3.

4.1 Oncology

Oncology forms a special field of medicine in the sense thatetlaps with many other

branches of medicine, such as internal medicine, gynegplwgurology, dermatology

and/or urinology, because a cancer can appear in any stdisyd human body these
disciplines are concerned about. Therefore various ratisparate, but integrated fields
of knowledge should be on hand for oncologists in order taieffitlly support the day-

to-day medical decision processes. A very important patisfcan be naturally realised
by application of the presented ontology lifecycle scemtwithe knowledge acquisition,
representation and maintenance in oncology.
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4.1.1 Motivation

Currently, the knowledge in a medical (oncological) ingtdn is typically scattered among
various database repositories with unclear semanticsagel dmounts of medical records
in semi-structured natural language. In oncology, thid@m is even bigger, as the rele-
vant information could be in an external specialised resotiie oncologists are not even
aware of.

It is currently impossible to utilise this knowledge optihgan everyday practice, as
there is no way to deliver all the relevant information frootls sources at a moment
when it is needed. In order to get the complete informatianlable, one would need to
guery all the databases, search through all the patientdeemd then make a structured
representation of the results of the search in order to geivbrall idea. This is obviously
impossible in clinical or even research practice.

On the other hand, formal ontologies are provided with effitand universal mecha-
nisms for querying and reasoning. Moreover, they preseuttsired representation of
knowledge by themselves and can serve as a base of knowletfjatimn. Our ontology
lifecycle scenario clearly defines the phases of ontologyugon and offers suitable tools
and methods for its realisation. Furthermore, the dynarmiane of the scenario can han-
dle the changing and growing of knowledge in the medicingrgg (new patient records,
new treatment methods applied in practice, new drugs, &thith is also very important
for the practical application.

4.1.2 Realisation

Figure 4.1 demonstrates the concrete application of theasicein the oncology domain.

TheOncologypart of the figure shows an instance of the intra-actor cytdsdribed in
Section 3.2) within an oncology institutiof,,,. represents the master ontology initially
developed by community experts using collaborative Matd@mtal. The experts utilise
their personal knowledge and/or existing external soundéssuggest some examples of
these sources, as shown in the diagram:

e UMLS! (Unified Medical Language Systis a semantic network covering general
conceptual hierarchies of medicinal knowledge, that cantbised to design the
core of theO,,,. ontology;

e GO’ (Gene Ontologyis a large but rather informally modelled repository of Wro
ledge concerning gene structures and processes, that bancenthe initial onto-
logy by specific classes of genes and cellular metaboliseegses related to effects
of drugs and/or diseases;

http://um sinfo.nl mnih. gov/
’ht t p: / / www. ebi . ac. uk/ ego
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e ChEBEP (Chemical Entities of Biological Intergsis a dictionary of molecular en-
tities focused on chemical compounds, that can enhancanitied bntology with
information on active parts of drugs and/or toxins;

¢ Patient ontology enhances the initial ontology with expe&xwledge on patients,
their relations to other medical concepts and their tygicaperties in the medical
point of view;

¢ Clinical ontology enhances the initial ontology with explenowledge on specific
clinical procedures, concepts and relations (diagnosgithods, clinical tools, the-
rapies, etc.).

Note that the massive collaborative effort of designingittigal ontology is needed
only once. After development, evaluation and possiblesiews of the top conceptual
structure, only minor changes are generally required. Thewe is no need to establish
a permanent dedicated staff for this task, though an inmstment into the master
working ontology development is still necessary.

The second part of the lifecycletseationcomponent — the ontology learning — plays
the main role after establishment of the master collabggaintology. Domain-specific
resources are continually processed by the Text20nto leunel extraction tool. The
resources are mainly EMRs (Electronic Medical Records),patient records in a semi-
structured natural language which are electronicallyestorThe fact that they are pre-
structured makes these resources relatively easy to miagracise manner. They also
comprise relevant scientific papers or clinical trial paatis*, which document the execu-
tion of the clinical trials on the human patients involvedogtietary data stores of these
natural language resources can also be utilised after ppat® simple preprocessing.

When the results of ontology learning are evaluated, thelogies qualified above a
certain threshold (for example those having F-measureeh6vas depicted in the Fi-
gure 4.1) are integrated into the master ontology in ordextend it with more specific
domain concepts, relations and instances. The integratiliges thenegotiationcompo-
nent (see Section 2.6) and the method proposed in Section 5.2

The oncology ontology is mainly related to cancer and itattreent. However, as we
mentioned earlier in this section, it also deals with anothedicine disciplines. Itis very
likely that it shares some terms with these related fieldshdfe are respective ontologies
for these domains, we can try to map the oncology ontologlemtand see how we can
improve or refine it using the knowledge from another fieldseflicine. For this task, we
need a specific ontology mapping tool. A solution to the peabls provided by thee-
gotiationcomponent of the lifecycle. After defining the respectivefprences and initial

Shtt p: // www. ebi . ac. uk/ chebi

4Briefly put, clinical trials are studies of the effects of gweveloped drugs on selected sample of
real patients. Sebttp://en.w ki pedia.org/wi ki/Cinical trial for general overview.
[Com97] presents detailed EU specification of the condactiod documentation of clinical trials. The
clinical trial protocolsde factodocument the execution of the trial with human patients lvea.
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alignments for the ontologies involved in negotiation,anairectly mediate the oncol-
ogy ontology with concepts and relations from internal meugh, dermatology, radiology
(the O1,t, Operm, Oraq ONtologies in Figure 421 respectively) and other fields. Thus we
can refine and/or extend the terminology and assertionspaisisibly more specific and
complex knowledge on special topics in the respective plisas.

The primary role of the ontology in this use case is to intkbgrapresent evolving on-
cology knowledge and efficiently support the decision pssda everyday clinical prac-
tice as well as to provide a base for specific research. Auioatly generated mapping
to another medicine ontologies allows the users to dirextlyance their own ontology by
the potentially very valuable knowledge from related ghines.

4.2 Translational Medicine

The W3C consortium has recently recognised the challerfngggranslational medicine
poses to the Semantic Web initiative [KRHAOQ5]. Briefly, thente‘translational medicine”
denotes an area of medicine that studies mutual benefitsnidadl medicine pedside
and basic researcloénclh) in the sense of bi—directional transition of results betwe
these two fields.

4.2.1 Motivation

Both research and clinical practice in the medicine domeervary data-intensive fields.
It is virtually impossible to re-use and fully utilise therdditionally” stored data even
within one institution, as mentioned in the previous settio

Moreover, it is difficult to mediate data between differemstitutions if there is no
meaning that could give us a hint on how to map the knowleddldu Knowledge repre-
sentation, management and especially knowledge transitionediation are the crucial
aspects of the translational medicine infrastructure. ficient solution to knowledge
flow management would enhance research in translationatmedby automatic support
for substantial amount of the related activities (e.g. thevkedge extraction, update or
mapping).

We believe that implementation of the presented ontoldggyicle scenario can pro-
vide translational medicine with both methodology and sofmr seamless knowledge
transfer between the research and clinical practice. liatsm positively influence even
the “isolated” knowledge management on both sides by daigecommon framework
for it. Moreover, the automatic tools delivered within theesario (namely thentology

SNote that the lines labelled/ AP in the mediation part of the figure present mapping relatioiifs
there is an arrow, the line goes from the more specific coraragiation to the less specific one; if there is
no arrow, the line symbolises equivalence.
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learning and negotiationcomponents) could dramatically increase the efficiencyhef t
whole process with significant benefits for the industry.

4.2.2 Realisation

Figure 4.2 shows an example of the application of the oniolidgcycle scenario in the
translational medicine domain. It is divided into variowsts, symbolising théench
bedsideandtransitionparts that are described in the three following sectiorspeetively.
Note that the principle of the lifecycle scenario applicatis similar to the oncology-
specific realisation described in Section 4.1.2. Howeweraims and thus also particular
parts differ.

Bench

Ogy in the diagram represents the master ontology initiallyettgved by research com-
munity experts using collaborative MarcOnt Portal. Theestp utilise their personal
knowledge and existing external sources (namely UMLS, GOG@nEBI) that were al-

ready described in Section 4.1.2.

The developed ontology is quite similar to the one built i $ame stage of the oncol-
ogy use case. However, it is much more general and does motitalpatient and clinical
knowledge primarily into account, since this kind of infation is rather irrelevant at the
bench side.

The initial effort of master ontology design has also to baedonly once. Con-
sequently, the ontology is continually extended by theredrknowledge in the very
same way as described in Section 4.1.2, although the pextessources slightly differ.
Electronic medical records are not processed at the bedehHsiit scientific papers still
provide relevant information.

Other resources worth mentioning are the clinical trialcping data. As clinical
trials present a well-founded methodological charadierisr the translational medicine,
they are prominent within this use case. The preceding dattam results (generally
in natural language) of experiments (laboratory tests) gugor to execution of the trial
phase with human patients. As such, they contain valuabéewi#h respect to the basic
research in tasks similar to the domain of the respectiaé tri

The main role of the ontology in this phase is to serve as afoaseediation between
the bench and bedside. However, it can also provide thendssa with a semantically-
enabled repository of the previous research results and deaeral conceptual back-
ground. State of the art ontology reasoning and queryingnigaes allow them to ef-
ficiently use even the knowledge implicitly present in thenamically extended bench
ontology. This can eventually support the research itself.
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Bedside

The initial collaborative creatiorphase is rather minimalistic here — the appropriate frac-
tion of the ontology developed in the bench side of the use (@sy,s) is sufficient as

a working ontology. Optionally, it only needs to be initiakxtended by a very basic
taxonomy of clinically-specific concepts and relations tha sense of the clinical and
patient ontology introduced and discussed in Section 4.1.2

The ontology learningcomponent plays a major role at the bedside, processing the
vast amounts of data in the form of electronic medical resart clinical trial protocols
that describe the part of clinical trials conducted with faumpatients involved. The mas-
ter working ontologyOp is then extended with this “practical” knowledge in the same
manner as described in Section 4.1.2.

The side-effect of the lifecycle scenario application ia thinical practice is similar
to the role ontology plays in the oncology use case (univarsdstructured repository of
the domain knowledge, easy to query base of information miglaning). However, the
primary role of the ontology in this part of translational di@ne is again to serve as a
base for mediation between the bench and bedside.

Transition

Transition fully utilises the argumentation-based metfddE *06] of the meaninge-
gotiation OntologiesOgy, Ogp representing the bench and bedside parts, respectively,
are associated (by human agents) with partial orderingdigfaiies preferred mappings of
concepts.

It can reflect for example preference of lexical mappingseattench side, as resear-
chers may be interested in studying concrete drug effediseabedside. On the other
hand, practitioners at the bedside may seek to augmentaiilogy with new methods
proposed in basic research and thus would prefer struatuaglpings. After defining
the respective preferences and initial alignment for thechend bedside ontologies, the
negotiationcomponent establishes the agreed mapping between them.

This part of the use case utilises the ontologies developbe dench and bedside and
creates the mappings between some concepts, relationsdiniluals. The users from
both sides can see how the concepts they are interestednrappeed to the other side. By
browsing the vicinity of the mapped concepts, they can disconportant consequences
or facts from the other side. Following this new knowleddmytcan extend their own
ontology accordingly, incorporating it into their everydainical practice or research at
the same time.
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4.3 Relation to Industrial Business Cases

The oncology use case (Section 4.1) is directly relatededtisiness case 2.12Hes-
pital Information Systenm [NMO04]. The case challenges the heterogeneity of medical
resources and difficulties with an intelligent consolidatand presentation of data. The
presented lifecycle scenario provides a universal andreahé&amework of representa-
tion, re-use and utilisation of medical data in ontologib&reover, there is no need to
start completely from scratch within this new proposed famrk, as the large amounts
of knowledge currently present within the disparate resesircan be at least partially
extracted and adopted by means of ontology learning andratien proposed in Sec-

tion 5.2. The business case 2.16 in [NMO4htegration of Biological Data Repositories

—is addressed mainly in the phase of initial ontology dgwelent, but there is no strong
connection with the case’s challenges and motivations.

On the other hand, the translational medicine use casei¢8etR) explicitly deals
with integration of various biological data resources hotine collaborative and ontology
learning parts at the bench side. However, the connectiootiso strong, as the data
integration is motivated rather by the translational megicmeeds than an ambition to
create universal mappings between any such sources onténedt However, similarly
to the oncology use case, the business case 2.12 aims ar® aliiat is going on at the
bedside of the translational medicine use case.

32 January 29, 2007 KWEB/2007/D2.3.8/v1.0



Chapter 5

Notes on Seamless Integration

The scenario presented here provides a general methodolagynect different parts of
the ontology lifecycle in the dynamic, continually changienvironment. However, to
make it really applicable, we must ensure that there is a cominterchange framework
allowing a seamless knowledge flow within the cycle. We firstlgse the related topics
in Section 5.1. Section 5.2 then discusses a proposal of laoshetiming at the efficient
semi-automatic integration of learned and collaboragivdgveloped ontologies, which
we see as a crucial problem within the integration of theipagr phases of the lifecycle.

5.1 Analysis

As we can see in Table 5.1 below, the format common to all paErthe lifecycle is
OWL [BvHH104]. Therefore, there is no need to tackle conversions lartvagferent
formats — we can always rely on the RDF-based OWL standard.

When realising the content flow in the lifecycle, we have tetthe following transi-
tions into account:

1. creation — evaluation in theontology learningohase;

2. creation — evaluation — wersioning in thecollaborative ontology develop-
mentphase;

3. integration of théearnedandcollaborativeontologies;

4. mediation of ontologies released by different actorbiendomain.

Transition 1 presents no conceptual difficulties: once welsalected the appropriate
NLP-based and data-driven evaluation methods, it is $ttfnigvard to apply them in this
case by means of a script or a simple application. For thergigge evaluation, the
OntoManager tool is directly applicable.
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| Component | Tools and/or methods | Languages |
Creation MarcOnt Portal, CLONE OWL (DL variant)
(collaborative)
Creation Text20nto RDF Schema, OWL,
(ontology F-Logic
learning) (translated from
internal representation)
Evaluation OntoManager RDF extension (internal
(collaborative) format used in KAON

framework [OVMS04]), but
OWL supported as well

Evaluation NLP metrics, statistic language independent
(automated) and data—driven measures
Versioning SemVersion RDF—centric, but handles

also semantic change
management based on
RDF Schema and OWL

Negotiation MarcOnt Portal OWL (DL variant)
(collaborative)

Negotiation Argumentation—-based OwWL

(automatic) alignment framework

Table 5.1: Lifecycle (sub)components, respective tookthmds and supported languages

Transition 2 requires an extension of the collaboratived@®ent ontology development
portal by methods of unsupervised evaluation (the tenrdasuare). Support for commu-
nity-based evaluation is already incorporated here, akaselk the versioning. Again,
the OntoManager tool is directly applicable here for addisl formalised supervised
evaluation. Transition 4 is solved by the automatgotiationcomponent.

Transition 3 is however tricky even from the conceptual pofrview. We further dis-
cuss this topic and propose a solution and partial impleatiemtin the following section.

5.2 Integration of the Learned and Collaborative Onto-
logies

There are very data-intensive disciplines (for exampleionee) where it is usually not
feasible to cover the whole domain only by collaborative nsedn such cases, ontology
learning can significantly help by producing possibly lesscise and complex, but much
broader ontologies that can enhance the primary ontolagiesioped by experts.

We have developed a proposal and partial implementationaflaffering a solution
to this task (see [NDKHO7] for a recent description of thexokh has been developed as
a part of an extension to the MarcOnt Initiative — tdarcOntXagent. In principle, it is
designed to generate natural language suggestions oamegxtensions from the learned
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ontology to the community experts, who develop the collabee ontology. Suggestions
are automatically sorted according to their conformandéeqoriorities specified by the
community.

5.2.1 Design of the Suggestion Generator

In the overview of the MarcOntX agent (see Figure 5.1),dheis an external ontology
that contains possible extensions applicable to the masteamunity ontology (repre-
sented withOy,). Note that the components of the figure related to RDF anzhdeDL
conversion are specific to MarcOnt Initiative and are nog¢vaht for the general per-
spective introduced here, even though they are part of the®taX agent design. The
MarcOntX agent core (theuggestion generatiocomponent) compares tlig; ontology

with the dump ofOy (Ow,p) and generates the suggestions that are proposed to the
community.

d
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[MarcOnt portal |

| %
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(5]
=
g
2
w
©
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|—MarcOnt agent - ]|
|

RDF Suggestion | A————

| cOonversion : generation | —

|__ﬁ_____ﬂ___|

J DL

Figure 5.1: Architecture of the MarcOntX agent

Possible extension of a master ontola@y, by elements contained in an external
ontology Og naturally corresponds to the differences between themsd& hee discov-
ered by means of the SemVersion library [VG06], which is & pathe MarcOnt Por-
tal*. In particular, the possible extensions are equal to théiadd Oz brings intoOy .

INote that ontology alignment could also be used in the tasionfparing two ontologies here. How-
ever, the diff computation is much simpler and easier to é@np@nt and interpret when generating the
suggestions. Nonetheless, we actually use the alignmepilication of the suggestion generation in our

KWEB/2007/D2.3.8/v1.0 January 29, 2007 35



5. NOTES ON SEAMLESS INTEGRATION

However, the number of additions can be quite large, so aeriogl that takes a rele-
vance measure of possible suggestions into account is the&tlas we can for example
eliminate suggestions with low relevance level when prisgrthe final set to the users
(without overwhelming them with a large number of possibiglevant suggestions). The
suggestions are not meant to be exhaustive, but should idtmdify a reasonable area
of focus for the community, typically when extending the gise working ontology by
broader results of ontology learning. And eventually, &sitbers are generally supposed
to be laymen with respect to ontology engineering, the sstiges should be as simple
and intuitive as possible. Algorithm 1 describes this baea in the form of a meta-code
(the SemVersion library acts as a kind of diff operator here)

Algorithm 1 Meta-algorithm of the suggestion generation

Require: Og, Oy — ontologies in RDF-based format
Require: PREF # () — set of user preferences

1. Ty — makeRDFTriples(Og)

2: Ty — makeRDFTriples(Ow)

3. DIFF «— semVersion.getSemanticDif f(Tx, Tw)
4. TRIPLES «— DIFF.getAdded()

5. SORTED — sortTriples(TRIPLES,PREF)

6: SUGG « ||

7: for T € SORTED do

8. SUGG « SUGG @ getNL(T)

9: end for

10: return SUGG

The makeRDFT'riples() function creates RDF triples from non—RDF ontologies
(thus being identity for RDF input). Itis based on a simplamoe described in [TPCBO06].
The method is not lossless in general (i.e. the precise serwari complex OWL struc-
tures like union or other sophisticated constructors ispmeserved). However, as was
said before, we aim at the autonomous production of fairtyodeé suggestions, therefore
the losses are not harmful with respect to the task in quesiibe suggestions are pro-
duced in the form of very simple natural language statemdimsse are obtained directly
from the sorted triples, using a minor modification of the gyation process in CLIE
(the get N L() function) described in [TPCB06]. We are currently expermtireg with
its incorporation into the MarcOntX agent. Concrete exasf such natural language
suggestions are shown in the next section.

The system has to be able to process thousands of possiblesixts from learned
ontologies. The most important and tricky element is théirsgiof the triples in the ex-
tending set. As a possible solution to this task, we haveqweg and implemented a
method (thesortT'riples() function) based on string subsumption and Levenshtein dis-
tance [Lev66]. These two measures are used within relevamoputation by comparing
the predicate, subject and object lexical labels of a triplevo sets §,, S,,) of words,
provided by users. Th§, and S, sets contain preferred and unwanted words respec-
tively, concerning the lexical level of optimal extensioriBhe general structure of the
sorting function is given in Algorithm 2. Note that the comyty of H ASH structure

lifecycle’s implementation — see Section 5.2.2 for details
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sorting mostly contributes to the overall complexity of teevance-based sorting of sug-
gestions. As can be see from Algorithms 2 and 3, the complesdih O (mnl?+m logm)

(m — number of triplesp — number of words in the preference séts,maximal length
of a word in triple labels, basically a constant), which git&m(n + log m)). Since the
size of the sets of user preferences can in practical tertredéed as constant, we obtain
the O(mlog m) complexity class with respect to the number of triples, Whicfeasible.

Algorithm 2 The triple sorting method

Require: TRIPLES — list of triples
Require: PREF = {Sp, Sn} — user preferences

. HASH = {}

.for T e TRIPLES do
HASH|getScore(T, Sp,Sn)] — T
. end for

. return sort(HASH)

R wWNE

ThegetScore() function is crucial in the sorting algorithm. Itis given byetformula:
getScore(T, Sy, Sy) =rel(T, S,) —rel(T, S,),

whererel(T, S) is a function measuring the relevance of the triplevith respect to the
words in the sef. The higher the value, the more relevant the triple is. Weshbgvthe
relevance function in detail in Algorithm 3. Concrete exdesf the sorting performance
and its preliminary evaluation are provided in the follog/gection.

The function naturally measures the “closeness” of #hé, O labels to the set of
terms inS,,. The value ofl is achieved when the label is a direct substring of or equal
to any word inS,, or vice versa. When the Levenshtein distance between tle¢dall a
word in S, is lower than or equal to the defined threshglthe relevance decreases from
1 by a value proportional to the fraction of the distance anid this is not the case (i.e.
the label's distance is greater thafor each word inSy,), a similar principle is applied
for possible word-parts of the label and the relevance hé&urproportionally decreased
(the minimal possible value beirty.

5.2.2 Use Case and Preliminary Evaluation

Figure 5.2 shows the application of the MarcOntX agent whexdycing suggestions
related to the extension of a bio-medical ontology by knogks learned from domain
resources (scientific publications, medical records).efcmapping between the learned
ontology and master ontologyyy is established by thaegotiationcomponent of the
lifecycle (see Section 2.6). The ontologies are mergedrdoupto these mappings. Sug-
gestions are produced from the comparison of the mergedrenbtmerOy,, ontology
and passed to the community members in order to assist them extending)y, by the
learned knowledge.
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Algorithm 3 The relevance function

Require: T' = (P, S, O) — triple, consisting ofP, .S, O — predicate subjectandobjectlabels respectively; possibly multiword

Require: S,, — set of words

Require: w,, we, p € (0,1) — real constants; by setting. or w, non-equal ta, we can favour the structure (predicate) or content
(subject and object) parts of triples respectivelynfluences the absolute value of relevance measure

Require: t — integer constant; maximal allowed distance

Require: levDist(s1,s2) — Lev. distance implementation

1: Rp,Rs,Ro — 0
2: for elem € {P,S,0} do

3 if elem is a substring of or equals to any word$f, or vice versahen
4 Relem —1

5. else

6: d — oo

7 for v € Sy, do

8 if levDist(elem,v) < d then

9: d «— levDist(elem, v)

10: end if

11: end for

12: if d < tthen

13 Relem — (1 - Hil)

14: else ifelem is a multiword termthen
15: L « set of single terms in thelem label expression
16: EXP <0

17: for w € L do

18: if u is a substring of or equals to any word$f, or vice versahen
19: EXP«— EXP+1

20: else

21: d — oo

22: for v € Sy, do

23: if levDist(u,v) < dthen
24:. d — levDist(u,v)

25: end if

26: end for

27: if d < ¢then

28: EXP«— EXP+ (1 - %)
29: end if

30: end if

31: end for

32: if EXP = 0then

33: Rejem — 0

34: else .

35: Rejemm «— pEXP

36: end if

37: end if

38: endif

39: end for

40: return erP*”“Q’;“”(RS’RO)

Even though this is an abstract example with no evaluatienhave already imple-
mented the part we claim to be most crucial, as specified itide6.2.1: the relevance-
based sorting algorithm. As a proof of concept, we perforiteedreliminary evaluation
on a set ofl9 randomly selected triples from the ChEBGO?, UMLS* and Wikipedia
bio-medical resources. THg, |S,| = 10 andsS,,, |S,| = 6 sets were artificially designed

2ht t p: / / www. ebi . ac. uk/ chebi

Sht t p: / / www. ebi . ac. uk/ ego

“htt p: // um sks. nl m ni h. gov/ kss

Shtt p: // en. wi ki pedi a. or g/ wi ki / Chenot her apy
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Figure 5.2: Medicine use case — ontology integration

to express interest in diseases and their symptoms and cercoin chemical terminology
and patrticular patients. We ran three sortings,, 3 with no preferences and with struc-
ture and content preferences respectively. Samples @ddstriples and their relevance
are given in Figure 5.3.

Triple: has-form( G/H di sease, acute)
Rel evancy: 0.88888888888888895

Triple: inhibit(steroids, tissue swelling)
Rel evancy: 0.19333333333333336

Triple: has-name(Patient, John Smth)
Rel evancy: -0.49999999999999989

Figure 5.3: Sample of sorted triples

We evaluated the correctness of placement of particufaletriin the relevance scale
according to the defined preferences. Table 5.2 shows thédgedNote that the distri-
bution of (ir)relevant triples would be most probably ditfat in a real data-intensive
environment, with much more triples in theel = 0 column, as the expert preferences
cannot generally cover the extension space in whole.

| [ Rel >0 | Rel =0 [ Rel <0 ][ Correct]

t1 11 1 7 84.21
to 9 3 7 78.95
t3 12 1 6 78.95
[avg | 107 | 17 [ 67 [ 807 |

Table 5.2: Relevance—based sorting evaluation results

The average ratio of 80.7% correctly placed triples (withsimmle triple considered
irrelevant when stated relevant by the algorithm and vieeajehas confirmed our design
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objective so far. Nonetheless, tests with a real user contynmuist be performed in order
to carry out proper evaluation.
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Chapter 6

Conclusion

We have presented a proposal of an ontology lifecycle saenad its technical realisa-
tion in the environment of dynamic knowledge flow, which isudcteristic for virtually
any practical application of the Semantic Web technoladrethis final chapter, we sum
up the key points of the proposed scenario, emphasise @garte for the industry and
show the directions of our future work.

6.1 Summary of the Presented Lifecycle Scenario

The scenario presents a simple, yet naturally applicabtbadelogy for various phases
of the ontology lifecycle. It is also provided by an applicatoriented study on the
integration of the separate phases. Problems concerrangrkegration were identified
and solutions to them were devised and patrtially implentemtehe trickiest case (see
Section 5.1).

We have associated the respective phases with the suitaplieations, discussed
appropriateness of the selected solution and shown howettmiues are used all to-
gether. The evaluation methods were selected and placedel@vant phases of the
lifecycle in order to assess the quality of the differentobmgy instances and/or parts in
the most proper way (covering the open problem 1. out of threke list presented in
Section 2.1.2). The ontologies are evaluated not only déployment, but also within the
creation itself. Thus we can increase the quality of theltesfiwhole ontology develop-
ment process. We also identified the parts of the lifecycé mleed further development,
as summed up in Section 6.3.

A novel semi-automatic method of integration of learnedotogies into collabo-
ratively developed ones has been designed and partialleimgnted (covering the open
problem 2. out of three in Section 2.1.2). This makes the wisgknario directly ap-
plicable even in such data-intensive and highly dynamicaomas medicine. The tech-
nique of integration of learned and collaborative ontodsgemploys merging based on
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6. CONCLUSION

an alignment agreed by theegotiationcomponent. The component is also used when
mediating ontologies being delivered by different actara field. These two applications
cover the third and last open problem presented in Sectig.2.

6.2 Relevance for the Industry

The use cases in Section 4 clearly show how the presentegdiéescenario can be ap-
plied in the bio-medicine domain, namely in oncology andamslational medicine.

In the medicine industry, an immense need has been recagrasently for newly
structured data repositories. The demand is that suchsstbimuld provide the user with
as much relevant data as possible without having to perfediotis and time-consuming
search through scattered resources of medical knowledgeldgies offer a natural so-
lution to this situation, as they are by definition reposésrof structured knowledge.
When adequately created and managed, they can help theahexierts better than the
traditional non-semantic stores of the domain knowledgthbynselves.

Another problem characteristic for classical medical klsalge management is that
the applicable sources are heterogeneous. They do noteathany common standard
and they are typically stored in many different formats fr@tational databases to natural
language records. If these resources are transformednta@gies, state of the art align-
ment techniques can then be used, mapping and inter-igldnknowledge previously
stored in an incomparable form.

The application of the dynamic ontology lifecycle scenanpes with the above prob-
lems and suggest ways to solve them. Putting our use casethentontext of business
cases identified in [NMO04], we show the direct impact the ienpéntation of the scenario
would have on these industry areas, amongst others.

Moreover, we inherently implement several universal regjuents presented in D1.2.4
— Architecture of the Semantic Web Framework. The scope olifegycle covers mainly
the following dimensions and components of the framework:

e ontology development and managememte provide or work on the ontology edi-
tor, browser, evaluator and learner (4 out of 5) componéditti®dimension within
the creation phase of the lifecycle;

e ontology evolution- ontology evolution visualizer and ontology versioner (& o
of 4) components are provided within the currently impletednversioning and
collaborative creation phases of the lifecycle;

¢ ontology alignment ontology matcher, alignment manipulation and ontology-me

ger (3 out of 8) components are implemented or under devedopmvithin the
negotiation phase and ontology integration module of tleeyicle.
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6.3 Future Work

In this deliverable, we have presented a conceptual vidiam @ntology lifecycle scena-
rio, together with concrete suggestions on its practicpl@mentation. However, certain
things remain to be done before it can be fully applied.

First, the argumentation based negotiation tool introduoeSection 2.6 should be
extended by direct incorporation of the ontology alignmssvice in order to provide
even the initial ontology mappings automatically. Secotidé, merging based on ne-
gotiation must be implemented within the integration of tearned and collaborative
ontologies (as presented in Section 5.2). Third, the tam®LP-based and data-driven
evaluation suitable for its particular role in the lifeogtiave to be implemented (or identi-
fied and adapted — for example the simple tools for LA and BDWgotation introduced
in [MPSCO05] can be utilised). Last but not least, the work lo@ temaining parts of the
suggestion generation algorithm designed in Section Ba2idt be finished.

After implementation of all the missing parts, identifiedtive previous paragraph,
the whole concept of the dynamic ontology lifecycle scamanust be evaluated. And
moreover, the evaluation should be preferably performexoperation with appropriate
industrial partners in line with the suggested use casegs We can continually transfer
the proposed framework into the industry practice.
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Related Deliverables

The work presented here is directly related to the follonde{iverables:

Project

Number

Title and relationship

KW

D1.1.2

Prototypical business use casestudies the needs of
the industry using elaborated use cases of semanticsezhabl
business solutions.

KW

D1.2.3

Methods for ontology evaluationprovides a survey of
various (either human-oriented or automatic) methods of
ontology evaluation.

KW

D1.2.4

Architecture of the semantic web frameworkpresents a
framework defining the structure and funcionalities of
typical Semantic Web applications’ components.

KW

D2.3.3v2

Full RDF versioning systemdescribes the implementation
and application possibilities of an RDF-based versionysjesm.

KW

D2.3.5v2

Consensus Making Environmentpresents a mechanism of
collaborative ontology development with incorporatedsu@ning.

KW

D2.3.6

Prototypes of language dependent tools for ontology
evaluation contains initial notes on implementation of
ontology evaluation tools.

KW

D2.3.7

Report on negotiation/argumentation techniques among
agents complying to different ontologiesntroduces a
technique used for computation of agreed ontology aligimen
among agents with different preferences.

SEKT

D1-7-1

Ontology generation from scratch-software V1.(offers
a general survey of automatic ontology extraction methods.

SEKT

D3-3-1

Data-driven Change Discovery Vlpresents the Text20nto
ontology learning framework, the methods utilised and a
mechanism for data-driven change tracking.

51




