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by Benedicto Rodriguez

This report presents a brief description of théedént activities carried out in the field of
ontology engineering. It identifies a lack of guides on how to address modeling issues
during the ontology conceptualization phase, in tuerent methodologies to build
ontologies from scratch. It describes an exampémago of an ontology modeling task
and it proposes a possible solution inspired bisimhomy based systems and faceted
classification. This is followed by a study of tddficulties found to adapt the IEEE
Learning Object Metadata (LOM) standard to modeloatology fit for purpose in a
specific university curricula domain. It also giveas example of a prototype for a
potential next generation semantic web applicatod a brief summary of the main
viewpoints that will characterize such applicatioRmally it outlines possible paths of
further research to address ontology modeling ssune it suggests looking at various
sources for possible solutions (schemes of folksgnand faceted classification, design
principles of object-oriented and relational datsbaapplications, and ontology
evaluation).
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1. Introduction

The original idea at the beginning of this PhD pamg was to evaluate and understand
the current state of knowledge technologies, spatliy ontology engineering, and assess
if these technologies could be applied to the fiefdsoftware engineering to assist

development teams in improving the quality of th&facts delivered along the software

development process.

The evaluation of the current state of ontologyieeegring, uncovered new areas of
research interest linked to some of the difficsltscountered when following any of the
methodologies available to create ontologies.

One of such problems was laying out the initialobody model once the glossary of
terms pertaining to the domain knowledge was alreadhilable. Ontology creation

methodologies provide some guidelines on how toaaggh this design step however
they do not seem to provide enough level of demaihow to address certain modeling
issues. This deficiency could lead ontology desigreto making incorrect modeling

choices having to rely on a subjective interpretatf the problem.

The aim of this research is to explore this aspé&tite ontology creation process in depth
and try to propose better guidelines that coultsasstologists in solving specific design
issues in a more deterministic, reproducible arjdailve manner.

The content of this report is organized as follof#sction 2 presents a quick overview of
the main concepts in ontology engineering in gdne3action 3 describes the work
undertaken from the beginning of this program rafévo the area of ontology modeling
and finally, Section 4 outlines the conclusionshgatd from this work and the possible
lines of further investigation.

2. The Problem

Ontologies have emerged as one of the key compomeided for the realization of the
Semantic Web vision (Berners-Lee et al., 2001) theg bring with them a broad range
of development activities that can be grouped hat is called Ontology Engineering.

Ontology Engineering practices present many siitiggr to those in the Software
Engineering field and there have been differentptateons of software engineering
principles to the ontology engineering domain (Bedez-Lopez et al., 1997).

Below is a list of the most common ontology engrimegepractices and a brief description

of the work that each one of them entails (Gomae®ét al., 2004)(Fernandez-Lopez,

2002)(Fernandez-Lopez et al., 1997). This listasintended to be exhaustive given that
new ontology engineering activities continue toegpas ontologies and the applications
they are used for, keep on evolving.
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* Requirements specification. Similarly to its Softes&ngineering counterpart, the
main deliverable of this activity is an ontologyjo&rements document.

» Conceptualization. This activity produces a congapimodel of the ontology,
starting from a glossary of terms that containsrétevant domain knowledge for
the ontology.

* Implementation. It constitutes the actual codingtleé ontology into a formal
ontology language that is machine-readable, su¢chea¥/eb Ontology Language
(OWL), (Dean and Schreiber 2004).

» Evaluation. This activity could be seen as the fitaiion and Validation tasks
performed in the Software Engineering disciplinbeTdea is to corroborate that
the delivered ontology meets the requirements & kualt for.

« Documentation. It is an important task that takesethroughout the ontological
engineering process in order to understand thé duoiblogy and enable potential
future re-use. However, lack of guidelines on howgénerate this documentation
has been a challenge for ontologists when undegakiis activity. (Skuce 1995)

» Evolution and maintenance. This practice deals wiie repercussions of
modifications made to a deployed ontology in theligptions and systems that
the ontology operates. Management of change

» Extension. In situations when an ontology is redysemay be necessary to add
new classes, properties, or other functionalitgdapt it to new requirements. The
process of adding or expanding the capabilitiearobntology is also referred to
as ontology extension.

* Specialization or refinement. It could be viewed the contrary process to
ontology extension. In this case, the ontology ubtsacted of some of its
functionality that is not relevant to meet its regments.

* Pruning or winnowing. It is characterized by taihgy, simplifying, or shrinking
an ontology with respect to the needs of the appto that is using it (Ehrig et
al., 2004)(Alani et al., 2006).

* Integration. It deals with the question of how amidether to use all or part of
ontologies that already exist (Uschold et al., 996

* Merging. It examines similarities and differencedvieen source ontologies and
it aims to produce a single ontology resulting frtme combination of all the
sources (Noy and Musen, 2000).

* Mapping or alignment. Like in the case of ontolaggrging, ontology mapping
also involves looking at links between existing adagies to make them
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consistent with one another, although here, thecesuinvolved will be kept
separately (Noy and Musen, 2000).

» Reasoning. This activity deals with the study of thferring capabilities of the
produced ontology.

* Modularization. (Alan Rector)

Out of all these aspects of ontology engineerihig teport is primarily focussed in the
ontology conceptualization task described above, @nthe potential opportunities for
improvement in the current state of the art. Theaids to study ontology modelling
problems at a specific point in the conceptualaaprocess.

The first part of the conceptualization phase is develop a glossary of terms
representative of the domain knowledge obtainednduthe preceding knowledge
acquisition phase. At this point, the constructdrthe model for the ontology starts and
it is at this point that ontologists will have tolge different modelling issues to convert
the glossary of terms into an ontology model. Baneple, what terms in the glossary
should be modelled as classes? What terms shootirtgeproperties, property values, or
instances? This is the specific step in the comedightion phase that this research is
intended to focus on.

The methodologies that address the creation oflayigs from scratch do not provide
enough information at the right level of detail abthis specific step of the ontology
conceptualization phase (Gomez-Pérez et al.,, 2BO¥)andez-Lopez et al.,
2002)(Uschold and King, 1995)(Gruninger and FoxX95)9 They look at this activity in
broader terms, from a higher level perspectivdran the point of view of what role in
the overall ontology engineering lifecycle it plagad what dependencies it has with
other engineering activities. Different methodokxyprovide different levels of detail on
how ontology conceptualization should be perfornmd,none of them discuss in depth
the possible modelling problems stated earlietl{eir solutions), that ontologists may be
faced with, at that specific point of the ontolamggation process.

Two examples of previous work that examine ontolagydelling issues in the context
demanded by this research, can be  found in  (Noy, 04R0
and in (Noy and McGuinness, 2001), which in turasds part of its rationale on the
principles of object-oriented modelling (Rambaughle 1991).

Lastly, in the next section it is introduced a smpase scenario of some ontology
modelling issues to illustrate the type of probléescribed here.
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3. Work Completed

This section presents different artifacts develogedng the timeframe covered by this
report. Section 3.1 contains certain ontology miodgksues in connection to the ReSIST
project (ReSIST, 2006) and Section 3.2 providesiransary of the main work items
developed while attending the Fourth European Sum@®ehool on Ontological
Engineering.

3.1. The ReSIST Project

A good amount of work completed during this timegk place in the context of the
ReSIST project. ReSIST stands for Resilience anmdidbility in Information Society
Technology (IST) and it is a Network of Exceller{B®E) project funded under the Sixth
Framework Programme of the European Union (ReS28076).

One of the objectives of the ReSIST project is teate a Knowledge Base (KB)
application in the domain of resilient computingartty inspired by the features
demonstrated by the semantic web application CS iw&TSpace (Glaser et al.,
2004)(Shadbolt et al., 2004) and with many of @& requirements.

The aim of the ReSIST Knowledge Base (RKB) is tovjate an application to the end-
user that could serve as a portal to browse anglsed type of information in the field
of resilient computing: projects, people, instibus, publications, communities of
practice, courses, etc.

All the information that constitutes the ReSIST KBstored as Resource Description
Framework (RDF) data that is generated in accomlamdifferent ontologies required to
equip the KB of semantic capabilities (Manola andlldy] 2004). The mentioned
ontologies are provided in the Web Ontology Langug®WL) format (Dean and
Schreiber 2004).

Further information of the main components and netigies being used to develop the
ReSIST KB application can be found in (Millard &t 2006).

3.1.1. The Ontologies in the ReSIST Knowledge Base

A specific aspect that is highly relevant for théport is the different ontologies being
used in the ReSIST KB application and the reasaménl them. This section describes
such ontologies.

The first ontology is the AKT Reference OntologyK(A 2002), initially developed for

the CS AKTive Space application (Glaser et al., f(®hadbolt et al., 2004). This
ontology provides a model to represent people,itinigins, projects, publications,
research interests, etc. The ontology fits veryl Wed requirements of the ReSIST KB
application and is being re-used in its entirety.
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The second ontology is the ReSIST Ontology whichtil§ being developed at present.
This ontology models the domain of resilient conmpyit

The third ontology is the ReSIST University Curtec®ntology. It models the concept of
a university course related to the topic of restlieomputing.

The following three sections describe the last tmtologies mentioned and a series of
problems encountered during the modelling phasedbatributed in situating ontology
modelling as the main research focus of this report

3.1.2. An Ontology for Resilience and Survivability in IST

An exploration of existing ontologies was conducteith the goal of identifying a
candidate that could be re-used for our target donmEhis task was performed by
searching in Swoogtgan indexing and retrieval system of ontologiestfe Semantic
Web) for key concepts from our target domain sueh mesilience, dependable,
dependability, fault, fault-tolerant, fault-tolexan etc. The same searches were issued in
Google instructing to check only for ontology fildby using the engine’s filetype:owl
web search feature). Both tools retrieved seveMlLdiles, (although in the case of
Swoogle the number of results was larger and melevant), but none of them was a
suitable option mainly because they applied toed#ifit domains. The closest candidate
was an ontology for the ACM Computing Classificati®ystem (ACM 2002). However,
this classification scheme is intended for the whioéld of Computing, and does not
provide the sufficient level of detail for our need

An observation drawn after going through the exgrere of searching existing ontologies
as described is that it is not very intuitive tadarstand from the OWL files found, the
purpose or domain that they belong to. It's noaclé this is due to the lack of relevant
comments in the files themselves or if somethingldde done on how these search
engines present their results to the user.

At the view of the results, it was concluded thre ontology for ReSIST will have to be
built from scratch.

The first step when building an ontology from schais to acquire the knowledge of the
domain to model (Noy and McGuinness, 2001)(Fernaiapez et al., 1997)(Uschold
and King, 1995)(Gruninger and Fox, 1995). Usuahis tprocess requires contacting
experts in the domain that can facilitate this infation and can be very time-consuming.
For our purpose it was agreed to use the termaeatein a relevant key publication in the
field as the initial glossary of terms baselinartodel in the ReSIST ontology (Avizienis
et al., 2005). This would alleviate dramaticallg ktnowledge acquisition task.

! http://swoogle.umbc.edu/



Toward a Canonical Method to Solve Patterns of @gioModelling Issues 9

Very soon, important design challenges startedmerge when attempting to model
some of the key concepts outlined in the statedigatlon. One of the concepts that
generated the most modelling issues was, andsstite concept of “fault”.

Figures 1, 2 and 3 illustrate the taxonomy for¢becept of “fault” that should ideally be
captured by the ReSIST ontology. The backgrouridnmake of the figures in the context
of dependable and secure computing can be furthéiesl in (Avizienis et al., 2005).

As Figure 1 shows, the first level of the tree diag is referred to as the eight basic
viewpoints that lead to the elementary fault clagseesented in the second level of the
tree.

And as the paper also notes, from Figure 3 it cbeldnferred that if all combinations of
these 8 elementary classes were possible, the nataber of combined fault classes
would be 256. However not all combination occureality and Figure 2 and 3 illustrate
the 31 most likely combined fault classes as a ted a matrix representation
respectively.

As can be seen the amount and complexity of oveirgpinformation being conveyed
by these figures goes beyond that found in simal®riomies and here is where the
ontology modelling challenges begin. Several degiggstions arose:

- What concepts should be classes versus properties?

- How many classes would be too many?

- Should all the information conveyed by the charts be captured in the ontology
model?

According to (Noy and McGuinness, 2001) what deteesif certain concepts should be
modelled as classes or properties is how impottarse concepts are in the domain being
modelled.

To illustrate this guideline in terms of FiguretBe Fault class could be modelled having
31 sub-classes, one for each type of combinatidauwf, or having a property “type-of-
combination-fault” that could be set to a valugha range {1, ..., 31}.

In the case of ReSIST, from a domain point of view,different types of faults are

relevant. This fact would favour having every tygault as a class. However, from an
application point of view, it is not very likely & a person, a project, or a publication
may describe its research interests in terms ofirBi@ as “Faults 5, 6 and 25” for
example. Therefore, including all 31 types of fault the model does not seem practical.

Regarding how many classes would be too many, (ldog McGuinness, 2001)
concludes that the model should not include a s¢parass for each distinction of the
concept being considered (faults in our case),tteitgoal should be striking a balance
between creating new classes for the purpose s$ deganization and creating too many
classes.
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1 | Development faults ’
| [oceur during (a) system development, (b), maintenance during the use phase,
Phase of creationl | and (c) generation of procedures to opera%e or to maintain the system]
|

oroccurrence | Operational faults |

Properties
of the class
Fault in the
ontology
model
(facets)

1 [oceur during service delivery of the use pjase]
I
Internal faults !

|
I
! |
, [originate inside the system boundary]
System boundariks ! |
I I External faults |
1 [originate outside the system boundary anF propagate errors into
I
|
|

the system by interaction or interference]l

Natural faults

|
" [caused by natural phenomena without hyman participation]
Phenomenologicél cause 1 "
1 Human-Made faults

1 [result from human actions]

|
! :
! | Hardware faults I
R i | I [originale in, or affect, hardware] |
Dimension 1
Software faults 1
[affect software, i.e., programs or data] |

|

|
| 1
1 Malicious faults
L | | [introduced by a human with the maliciou% objective of causing harm to the system]
Objective i | ayrd
X Non-Malicious faults
1

Faults —

[introduced without a malicious objective]

Deliberate faults
[result of a harmful decision]

|

| Non-Deliberate faults
I [introduced without awareness]
1

Values for the
properties  in
the  ontology
model (tags)

I
Intent :
1
Accidental faults

[introduced inadvertently]

1
I Incompetence faults
— [result from lack of professional competen}:e by the authorized human(s),

or from q of the J P
Permanent faults

1
! 1
. ! I [presence is assumed to be continuous ingtime]
Persistence 1 X
| Transient faults |

1 | [presence is bounded in time] 1

1

1
Capability —:

1

1

1

USSR IRV [N UV U ESUPUI NN PRR S

Figure 1 - The elementary fault classes.

Faults

Phase of creation or occurrence Development Operational

System boundaries Intemal Internal Extemnal

|
| I

Phenomenological cause Human-made Natural Natural  Natural Human-made

— ] ——

Dimension Software Hardware Hardw Hardw  Hardw Hardware Software

| | ‘ ’
[ [ |
Objective Non Mal Mal Non Non  Non Non Non Mal  Mal Non
Malicious Malicious Mal Mal Mal Malicious Malicious

Intent Non Del  Del Del  Non Del Non Non  Non Non Del Non Del
Del | Del Del  Del Del Del Del
Capabilty ~ Acc Inc Acc Inc Acc I Acc Inc A A A H~’ ﬁ A e Acc  Inc

|
Acc  Inc Acc  Inc
Per Tr Per Tr Tr Per Tr

el
Persistence Per Per Per Per Per Per Per Per Per Per Per Per Tr Per Tr Tr Per Tr Tr Per Tr Per Tr Tr
g\ 9\ 10A 11) 1 9 4 25 26/ 27) 28) 29,

Dt D

el
2

Development Faults Physical Faults Interaction Faults

Mal: Malicious ~ Del: Deliberate  Acc: Accidental  InG: Incompetence  Per: Permanent  Tr: Transient

Figure 2 - Tree representation of the classes of mbined faults.
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Faults

is-a - is-a
is-a

[ Development Faults
Operational Faults o *—o

[ Internal Faults ——fs—e—e—e—e—e—e—o—o—e—os] o—
External Faults

Natural Faults ———————f—+————o—0—0—0—s
| Bl et g T T T T T T T T T T 1]

[ Hardware Faults
Software Faults oo oo
BEREERRREERER

[ Non-Malicious Faults
Malicious Faults *—so o099

[Non-DeIiberate Faults-e—se o9 | | o o u & @ g
Deliberate Faults *—o o o P — PPN S . .

Accidental Faults o

Incompetence Faults -‘ ‘- T -i I

Permanent Faults—}e—e—e—s—s—os—e —o—s] .
[Transient Faults ) e [ [ e 1 | | | | | | | |
1 4 s sl 7] 8] 9] 10 1) 12 13) 14| 15 !GNTI 18) 19) 20] 29 29 23 24) 2 26 27 28| 29| 30| 31
2
g | |software Logic Hardware ‘Pmduction Physical ’ l Physical Intrusion Viruses Input
E Flaws Bombs Errata Defects Deterioration Interference Attempts & Worms Mistakes

This property value is a necessary and sufficient condition for all faults of type development fault

D This property value is a necessary condition for all faults of type development fault

This property value is a necessary and sufficient condition for all faults of type physical fault

This property value is a necessary and sufficient condition for all faults of type interaction fault

D This property value is a necessary condition for all faults of type interaction fault

Figure 3 - Matrix representation of the classes afombined faults.

For ReSIST, and again with application use in mindiould seem unnecessary to create
classes for all types of faults, provided that sisef the knowledge base may never
populate many of those classes with any instarstegly because they may not describe
their research interest in those terms.

For this reason, ontology use, together with theonoof building an ontology fit for
purpose, it would not deem appropriate attemptingnodel all the information conveyed
by Figures 1 to 3, in terms of one class for exgpe of fault, with the additional need to
provide axioms, domain and range information farheelass. This addresses the question
of how much information to model. Selecting an adeq level of detail to model would
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prevent the need to prune or winnow the ontologgrlafter deployment (Alani et al.,
2006).

An additional disadvantage of modelling all theormhation portrayed in Figures 1 to 3 is
that if new types of faults appear over time, theotogy would not be up-to-date.

This is true for any domain that is modelled bycarology. If the reality of the target
domain changes the ontology would have to changerdimgly. This limitation in the
validity of ontologies over time is one of the marguments in (Shirky, 2005), who
guestion the value of predetermined taxonomies awodr of more flexible and
maintainable structures, based on user-createdaagjse main mechanism for metadata
annotation. Such annotation paradigm has also hmmned with the neologism
“folksonomy’. A growing number of internet sites are adoptihig increasingly popular
tag or keyword based approach to provide certaial lef semantic information to their
contents. Two prominent examples of such site$dmleicio.us™ and “Flikr™.

3.1.3. An Ontology Model for the Concept of Fault

With all this information at hand, what follows asproposed model for the concept of
Fault in the context of the ReSIST KB that attentptBnd a compromise between all the
factors discussed.

The proposal presents an ontology that initiallfaigly simple, yet, it provides sufficient
semantic expressivity to represent instances otysy of fault from Figures 1, 2, and 3.

It is inspired by two different notions of viewire@ncepts in a particular domain. One of
them is the previously cited “folksonomy” and tleasons behind it are founded in some
of the conclusions of (Shirky, 2005). The second mnbased on facetted approach to
building ontologies (Pietro-Diaz, 2003) which seedmery appropriate for the challenges
in our design.

The initial model is quite basic. It consists o&tblass “Fault” and it subsumes three
other subclasses: “Development-Fault”, “Physicalifaand “Interaction-Fault”. As can
be seen from Figure 3, all 31 combined fault clada## into one or two of these three
subclasses. Therefore, so far it is a simple wasepfesenting all faults that are being
modelled.

A closer look at the matrix representation in Feg@rshows eight rows corresponding to
the eight viewpoints (orfacets) in the “Fault” taxonomy (Figure 1), in terms afpair

of mutually exclusive attribute values for eachwpeint, and 31 columns corresponding
to the most likely combined fault classes.

The definition of each type of fault (column) cae given by the 8-tuple of attribute
values that apply to that particular fault.

2 http://del.icio.us/
http://www.flickr.com/



Toward a Canonical Method to Solve Patterns of @gioModelling Issues 13

Fault-Type-i = TUPLE[ viewpointl: {valuel | value2},
viewpoint2: {valuel | value2},

Qiéﬁpoint8: {valuel | value2} ]

These eight pairs of mutually exclusive attribu@ues could be seen as a closed
vocabulary of allowedtags’ to define a specific type of fault, where eachHueapair
belongs to one of the eight fault viewpoints. Thegght viewpoints could be seen as the
eight facets of the concept “Fault”. For examptes fault type corresponding to column
labelled “1” could be defined as:

Fault-Type-1 = TUPLE[ phase-of-creation:
system-boundary:

{development},
{internal},

phenomenological-cause:
dimension:

objective:

intent:

capability:

{human-made},
{software},
{non-malicious},
{non-deliberate},
{accidental},

persistence: {permanent} ]

The rest of faults represented in Figure 3 fronugol “2” to “31” could be represented
similarly setting each property to the correspogdialue in the 8-tuple.

Furthermore, this definition of a fault class afulaction of its 8-tuple of atomic values,
allows with the help of basic algebraic construtdsjefine any combination or clustering
of faults (multiple views of faults could be gented. For example, Figure 3 defines
“Logic Bombs” as the faults that belong to eithaulf type column “5” or fault type
column “6”. In other words, “Logic Bombs” fault iteces could be identified as:

Logic-Bombs Fault-Type-5(8-tuple) U Fault-Type-6(8-tuple)
And by the same principle, the rest of named faldsses in Figure 3 could also be

characterized: “Software Flaws”, “Hardware Errat#roduction Defects”, etc.

B Properties ﬁ: |i= q:, . ‘:} ﬂ
Bl has-capabilty  (muttiple owloneOf"accidental” “incompstenze" 1)
M has-cause (multiple owlo made” "natural" )
W has-dimension (multiple owloneOf{"hardware" "software

B has-intent
M has-objective
B has-persistence

(muktiple cowl onedi " non-celil

(muttiple owlone O] ne

(mLitiple owloneCi{"permanznt"
M has-phase-of-creation

(multiple owlone D"

B has-system-boundaries

Figure 4 - OWL properties of the Fault class.

Figure 4 illustrates how this design for the coraafp“Fault” can be brought into the
ReSIST KB by giving a graphical view of a partiaWQ implementation using the
Protégé OWL ontology editor (Horridge et al. 200Me eight different fault viewpoints
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(facets) are modelled as OWL Datatype propertielseach of the properties can be set to
a single enumerated value (tag) from a mutuallyusiee pair via 6w : oneOf ”.

To continue grounding the example of faults repmes®by column “1” in Figure 3 in the
context of the ReSIST KB, below is an example & 8PARQL (Prudhommeaux and
Seaborne, 2005) syntax that would be requiredtteeve all instances of such fault type.

PREFIX resist: <http://www.resist-noe.org/ontology/resist#>
SELECT ?fault

WHERE

{

?fault resist:has-phase-of-creation “development” .
?fault resist:has-system-boundaries “internal”

?fault resist:has-cause “human-made” .
?fault resist:has-dimension “software”
?fault resist:has-objective “non-malicious” .
?fault resist:has-intent “non-deliberate”
?fault resist:has-capability “accidental” .
?fault resist:has-persistence “permanent”

}

The SPARQL language also allows joining multiplsule-sets via the UNION operator.
This means that the earlier example regarding “€&pmbs” could also be rewritten in
terms of a SPARQL query to retrieve the union bfratances of the fault represented by
column “5” and column “6” from Figure 3 as follows:

PREFIX resist: <http://www.resist-noe.org/ontology/resist#>
SELECT ?fault

WHERE
{
{ . .
?fault resist:has-phase-of-creation “development” .
?fault resist:has-system-boundaries “internal” .
?fault resist:has-cause “human-made” .
?fault resist:has-dimension “software” .
?fault resist:has-objective “malicious”
?fault resist:has-intent “deliberate” .
###
### no value for property ?fault resist:has-capability
###
?fault resist:has-persistence “permanent”
}
UNION
{
?fault resist:has-phase-of-creation “development” .
?fault resist:has-system-boundaries “internal” .
?fault resist:has-cause “human-made” .
?fault resist:has-dimension “hardware” .
?fault resist:has-objective “malicious”
?fault resist:has-intent “deliberate” .
#Hit#
### no value for property ?fault resist:has-capability
#Ht#
?fault resist:has-persistence “permanent”
}

Using the same logic, a corresponding query cowddcbnstructed to retrieve any
combination of fault types from Figure 3. Howewkistapproach introduces one caveat.
The performance of the UNION operator in the curggaft of the SPARQL definition is
far from optimal when applied over large data répogs of RDF triples. In practical
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terms, an alternative to avoid this limitation wabdde performing the necessary queries
separately, and use additional software logic tmmlboe the individual results. The
processing time overhead of the software might gtdve more efficient than using the
UNION operator.

Nonetheless, from an ontology modelling perspegtifie underlying principle that is
being put forward, is that the proposed approaamadel the multidimensional concept
of “Fault” is capable of representing and retrigveny individual fault type as well as
any combination or clustering of them, allowinghkow at the concept of “Fault” and its
instances from any of its overlapping viewpoint$amets.

There is another important characteristic foundh& matrix representation of faults in

Figure 3 that might be worth noting because itsillates the ontological concepts of
“necessary”’ and “necessary and sufficient” conditions and it ties together the selection of
classes and properties described for the propaseiogy here.

| Asserted |f Inferred | |z Asserted I Inferred |
e ‘ = I

Asserted Condition: ' 'ep ". Azserted Condiions ‘g‘L" {:; on

| HECESSARY & SUFFICIENT NECESSERY & SUFFICIENT

£} has-phaze-of-crestion 3 "development” = =) has-dimension = "hardware" = |‘

MECES SARY R

. Fault c b

= has-persistence = "permanent” E s El
| has-phase-of-crestion = "internal” C

(b) Physical Faults
(a) Development Faults

| Asserted I Inferred |

Assened Conditions ‘\} ‘?’ EJ:

HECESSARY & SUFFICIENT

=) has-system-houndaries = "external” = Figure 5 - Conditions in the 0nt0|og)

T = model for: development faults (a)

&) has-phase-of-creation 3 "operational® = physical faults (b) and interaction

faults (c).

(c) Interaction Faults

Looking at the concept of “Physical Fault” in Figu for example, it can be seen that all
faults that belong to this category has in commuat the value for the “Dimension”
viewpoint is set to “Hardware Fault” and vice verda fault is of type “Hardware Fault”
for its “Dimension” facet then it belongs in theegory “Physical Fault”. (Note in Figure
3 the solid blue round box along the row labelléthrdware Faults”). This implication
both ways represents aetessary and sufficient” condition for all instances of the class
“Physical-Fault” in our ontology with respect toethvalue of the property “has-
dimension”, and its graphical representation inté&yé is shown in Figure 5(b).

The same rationale applies to the concept of “Dmwaknt Faults” and “Interaction
Faults” in Figure 3. The solid boxes indicateessary and sufficient” conditions, while



Toward a Canonical Method to Solve Patterns of @gioModelling Issues 16

the hollow boxes indicate jusinécessary” conditions for instances of those classes.
Figure 5(a) and 5(b) respectively, shows the gghiepresentation of these conditions
in the Protégé ontology editor. An overview of thds/o ontological concepts can be
found in (Horridge et al. 2004).

In conclusion, the technique described of using OVétatype property values as “tags”,
avoids imposing a fault classification overly cormopgted and specialized onto the
ontology applicationshifting the focus from having to decide where in the highly coupled
taxonomy a fault instance should be classifiath selecting the suitable property values
for that instance instead.

In general terms this could be seen as an attempteate an ontology that is more
agnostic of a pre-established taxonomy and morentsd to a user-developed
classification (“folksonomy”) without compromising the semantigpeessivity of the
target data, given that all fault categories cdhls represented by virtue of selecting the
applicable property values.

Although strictly speaking, the approach confornmento a facet classification scheme
(Pietro-Diaz, 2003) given that the property valeesforms to a closed vocabulary of
selected terms rather than being entirely usemnddfias it is actually the case in a
“folksonomy”.

3.1.4. An Ontology for ReSIST University Curricula

Another objective of the ReSIST project, to be iearrout by its Training and

Dissemination working group, is to promote and pggte a resilience culture in
university curricula and in engineering best piadi (ReSIST, 2006). To support this
objective the ReSIST Knowledge Base would devosedaion of its application to the
management of information regarding university searin the subject of resilience. This
section describes much of the work completed regarthe development of different
aspects of this application that is relevant te teport.

The initial source of requirements for the ReSISTivdrsity Curricula knowledge base
application was a draft template document desagilhe information to capture about a
university course produced by the Training and &@sation committee in ReSIST.

To make this template part of the overall ReSIS®wiedge base, it was necessary to
expand the main ontology with the glossary termd @noperties captured in the
template.

Once again, as described in section 3.1.2., beftbenpting to build this new “ReSIST
Course” ontology from scratch, a quick survey wasduicted to re-use an existing one
that could deem suitable.

None of the ontologies found, implemented as OViAsfiseemed fit for purpose because
despite containing some references to the termslssdh (course, syllabus, curriculum,
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etc.), overall, they applied to different domai$owever, in this case a promising
resource was identified. It consisted of an RDHling for the Learning Object Metadata

(LOM) standard produced within the Learning Teclggl Standard Committee of the
IEEE (IEEE 2002).

The LOM standard is a conceptual model to desailmeetadata instance of a learning
object, which in turn the standard defines as aniyye(digital or non-digital) that may be
used for learning, education or training. Our RSkBurses seemed to fit well this
definition. The LOM standard does not impose amshmécal implementation of its
conceptual scheme (binding). It only defines thetaok@ta elements that describe a
learning object with the idea of enabling semartiteroperability for the different
applications that may decide to support it. Figérerovides a schematic view of the

more than 70 metadata attributes that integrate LG&Wther information about each
element can be found in (IEEE 2000).

5.1 Interactivity Type
5.2 Learning Resource Type
5.3 Interactivity Level
5.4 Semantic Density
5.5 Intended End User Role

- 1.1.1 Catal
11 Idenhf\er@’g
1.2 Title
1.3 Language

1.4 Description

1. General

1.5 Keyword

5.6 Context 5. Educational 1.6 Coverage
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5.8 Difficult

1.8 Aggregation Level
5.9 Typical Learning Time
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5.11 Language ] 2.2 Status
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6.1 Cost 2.3 Contribute @
B = - 2.3.3 Dat
6.2 Copyright and Other Restrictions 6. Rights =
6.3 Description oY N
. 3.1.1 Caialo
‘ LOM ‘ 3.1 Idenhfler@
7.1 Kind | 3.2.1 Roke
7211 Catalog . ™\ .
ToizEmy > L2 KRN ;o pogoye N2 Relation
7.2.2 Description >

\. 3. Meta-Metadata 3.2 Contribute 3.2.2 Enti
3.2.3 Date
3.3 Metadata Schema
3.4 Language
4.1 Format
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»441 1 TZ ]
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4.4.1.3 Minimum Varsion

G22.2Enmy = 9. Classification N 4414 Magtimum Version
9.3 Description 4.5 Installation Remarks
9.4 Keyword 4.6 Other Platform Requirements
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a schematic representation of the hierarchy of elements in the LOM data mode!

Figure 6 — A schematic representation of the LOM @ment hierarchy”

8.1 Entit
8.2 Date \ 8. Annotation
8.3 Description

9.1 Purpose

9.2.1 Source
L8221k w/\ 9.2 Taxon Path

A quick look at the history of the RDF binding dfet LOM standard shows that the
implementation was initially developed by the Kneddge Management Research Group
of the Royal Institute of Technology in Stockhol®weden (Nilsson et al., 2003),

leading to its current state where it is being usga joint taskforce between the IEEE

4 http://en.wikipedia.org/wiki/Learning_object_metéala
http://kmr.nada.kth.se/el/ims/metadata.html/
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LTSC group and the Dublin Core Metadata Initiafii2&MI) to produce a recommended
representation of the LOM elements in the DublimeOmetadata element Set

Despite having an RDF binding of the LOM standavdilable that seemed applicable
for the ReSIST Course ontology there were stillonignt obstacles to overcome in order
to reuse this resource.

A semantic mapping between the fields presentéldernemplate document for a ReSIST
course and the LOM standard was required. Condythis mapping implied a thorough
understanding of the LOM element set and its intendse. This proved a very time-
consuming task provided that the LOM standard d¢ostaore that 70 metadata elements
while the template document to be modelled by auology included in the order of 20
fields.

Many of the template fields needed had suitablechest in the LOM model but some
others did not seem to have an apparent equivalentent or there were a significant
semantic distant with respect to potential canéslaSome of such fields from our
requirements template included:

- Number of credits for the course based on the nu&& Credit Transfer (ECTS)
system guidelines.

- Student interaction type (group or individual honoeky projects, lectures, etc.)
- Assessment methods (written examination, laboratamk, attendance, etc.)

- Course pre-requisites in terms of previous knowéedggjuired from a student to
successfully follow the course.

- Objectives of the course in terms of learning ooteo

Therefore, reusing the LOM standard for ReSIST wdalolve, firstly specializing or
refining from the more than seventy metadata elésném the subset applicable to
ReSIST, and secondly, extending the model againdade those fields in the ReSIST
course template that did not present LOM equivalent

Based on this analysis, it was estimated that theuat of effort needed to re-engineer
the LOM RDF binding to be reused for our purposeult be greater than developing a
custom ontology from scratch to model the approxéyawenty fields from our ReSIST
course template document.

Considering that the amount of time available todpice our ontology deliverable was
also fairly limited, it was concluded to createustom ontology from the ground up that
could use the LOM standard as a point of reference.

6 http://dublincore.org/educationwiki/DCMIIEEELTSC idsrce/
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Figure 7 shows the delivered ontology to model dbarses of the ReSIST University
Curricula application. The root class of this ooty was named “Course”, and it is
subsumed by the class “Abstract-Information” in €T Portal Ontology.

<?xml version="1.0" ?>

- <rdf:RDF xmlns:dct="http://purl.org/dc/terms/"
xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmIns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:akt="http://www.aktors.org/ontology/portal#"
xmlIns:daml="http://www.daml.org/2001/03/daml+oi1#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns="http://www.resist-noe.org/ontology/courseware#"
xml:base="http://www.resist-noe.org/ontology/courseware">

<owl:0ntology rdf: about ">

<rdfs:Class rdf:ID=' Prerequ1site" />

<owl:Class rdf:ID="Student-Interaction-Type">

<owl:Class rdf:ID="Pre-requisite">

<owl:Class rdf:ID="Course">

<owl:Class rdf:ID="Assessment-Method">

<ow]l:0bjectProperty rdf:ID="has-courseware'>

<owl:0bjectProperty rdf:ID="submitted-by">

<ow]:0bjectProperty rdf:ID="has-assessment-method">

<ow]:0bjectProperty rdf:ID="has-prerequisite">

<ow]:0bjectProperty rdf:ID="involves-organization">

<ow]:0bjectProperty rdf:ID="has-student-interaction-type">

<ow]:0bjectProperty rdf:ID="has-rights">

<owl:0bjectProperty rdf:ID="has-infrastructure-requirement">

<ow]:0bjectProperty rdf:ID="taught-at">

<owl:0bjectProperty rdf:ID:"has—instructor">

<owl:0ObjectpProperty rdf:ID="has-author">

<rdf:Property rdf:about="http: //pur1 org/dc/e1ements/l 1/created" />

|+

I+ 1+ 1+ 1+ 1+ A+

+ <owl:DatatypeProperty rdf:ID="course-objectives">

+ <owl:DatatypeProperty rdf:ID="detailed-description">
+ <owl:DatatypeProperty rdf:ID="hours-of-Tabs">

+ <owl:DatatypeProperty rdf:ID="has-rights-cost">

+ <owl:DatatypeProperty rdf:ID="course-duration">

+ <owl:DatatypeProperty rdf:ID="has-language'>

+ <owl:DatatypeProperty rdf:ID="hours-of-personal-study">
+ <owl:DatatypeProperty rdf:ID="hours-of-lectures">

+ <owl:DatatypeProperty rdf:ID="has-rights-copyright">
+ <owl:DatatypeProperty rdf:ID="1is-taught-present”>

+ <owl:DatatypeProperty rdf:ID="has-rights-description">
+ <owl:DatatypeProperty rdf:ID="number-of-credits'>

+ <owl:DatatypeProperty rdf:ID="total-hours-engagement">
</rdf:RDF>

<l-=
Created with Protege (with owL Plugin 2.1, Build 284)
http://protege.stanford.edu
-=>

Figure 7 — Main elements of the ReSIST University @ricula Ontology ’

The actual end-user ReSIST University Curriculaliappon integrated into the overall
ReSIST Knowledge Base, that uses this ontology,deasloped by lan Millard (Millard
et al., 2006). In my role as a postgraduate stydeaintributed to the development of the
application carrying out different activities sua$r

- The creation of the mentioned ontology as it wasitkl here.

7 . .
http://resist.ecs.soton.ac.uk/ontologies/coursewadé
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- Generating controlled vocabularies to pre-popukdme of the classes in the
ontology (“Pre-requisite”, “Student-Interaction-Tg/p “Assessment-Method”).

- Modifying different scripts to enable support faghts management for courses;
distinguishing between author, lecturer and sulemittf a course; addition of
university instances outside of the ReSIST netwadrgartners; and various other
miscellaneous coding tasks.

- Informing the ReSIST Training and Dissemination Q@uittee of application
updates and releases.

Additional information on the functionality of th&eSIST University Curricula
application and how it is being used as a knowleigpiisition tool for users that are not
familiar with knowledge technologies can be foundMillard et al., 2006).

Appendix A provides a visual representation of thain PHP files that constitute the
ReSIST University Curricula application and theepéndencies at the time of this
writing. This information proved very useful whelnanges in the code were needed.

Appendix B presents the view of an instance of 8IR& course and the information and
fields that are recorded for each one of them,laitgito how an end-user would see it on
an internet browser.

3.2. Summer School on Ontological Engineering

During the week of the ™to the 1% of July 2006 | attended the Fourth European
Summer School on Ontological Engineering and thené®gic Web in Cercedilla,
Madrid, Spain. This was an excellent opportunitgéd a broad overview of the different
research fronts currently open in the Ontology Beering field and by extent in the
Semantic Web and to meet with some of the pringipadstigators and fellow students of
these subjects.

Some of the activities involved a poster preseoato be held at the beginning of the
School and the presentation of a project propazahfsemantic web application as the
event closing. This project would be developedrougs of at least four students and the
application should make use of the concepts predehtoughout the School.

Appendix C shows my poster participation, whiclempts to capture how the different
phases of the Knowledge Management lifecycle (atigpm, modelling, retrieval,
publishing, and maintenance) are represented bgitfezent components of the ReSIST
Knowledge Base application, while giving a highdeview of its architecture (ReSIST,
2006).
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On the other hand, the group project, titled “Parfeifestyle Seeker”, presented a
semantic web application that aimed to find suédifestyle-related services (places to
live, to work, to travel), by understanding lifelgtynformation about the end-user. A user
lifestyle profile would be automatically construdtacquiring data from various sources
such as emails, pictures, travel information, anlpurchases, etc. This profile would
become the point of reference for the applicatiorptesent relevant and semantically
compatible lifestyle-related services when requkesiethe user. Figure 8 shows a high-

level diagram of the proposed architecture as i Wyaven during the group project
presentation session of the School.

Metadata standards to
be adopted (DC, ISO)
Web services specs:
WSMO, WSDL, WSML,
WSIL, SOAP, UDDI,

PLS Architecture

Scanning available annotation
of Wiki, FOAF, weblogs,
emails, docs, video, photos,
finance, connections etc.

Perfect Life Seeker System

=5y Info Seeker I
Get user pEofiIe

Send user profile

! Each result contains GOO le
; PROVENANCE (WHY k;()ug e
X & WHERE) ! S8t
Refine Search | :
| 1 L
. ! 4
1 flickr

Integration of user I
profile within the KB
through mapping on a
set of local RDF,
OWL ontologies:
GeoSpatial, Job
description, Lifestyle,
User profile, etc...

Reasoning an user
requirements in terms of
employment, docation,
social facilities etc.

i

Reasoning Algorithms

Selected info

Figure 8 - Group Project. Semantic Web Application.

The application assumes many technologies thabinescases would still have to be
created, or in others would still have to be matwe developed further. But one of the
pre-requisites that particularly stands out for iitgportance among the rest tisist.
Applications such as the one described here woolde able to succeed if prospective
end-users don’t trust them. In order for end-ugergxchange and grant a computer
program access to sensitive personal informationyiacing evidence would have to be
exhibited to guarantee that their personal inforomeis safe and secured.

One of the resources that by coincidence becamencmplace across all group projects
was an evaluation framework to characterize thet mgeneration of semantic web
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applications (Motta and Sabou, 2006). This framéwaould evaluate a semantic web
application from seven different viewpoints (sixtla¢ time of the School) that could be
described as:

» Does the application generate its own semantic datdoes it reuse existing
sources?

* Does it use a single ontology or can it handle iplgltontologies at the same
time?

* Is it open to semantic resources? Can it reuserg@napositories external to the
application to handle a request from a user?

» Does the application operate at scale and cafférentiate data quality?

* Is it open to web (non-semantic) resources?

» Does it include features currently attributed tob/2e0 applications?

* Isit open to web services?

Based on this framework, next generation semangic applications would be expected
to exhibit positively most, if not all, of theseastd characteristics.

Finally, there are two key points that | would likestress, and that in retrospect probably
become the “take home” message for me from a relsqauint of view. The first one is
having been introduced to the concept of ontologgigh patterns during Aldo
Gangemi’s presentation (Gangemi 2005) as a possihlece of solutions to some of the
problems in ontology design. The second point cénm Jim Hendler’8 presentation
closing statement: “Integration, integration, intggn [...]"; as a way of highlighting one
of the most important keys in his opinion, to ukldice Semantic Web. This is, achieving
semantic interoperability across distributed angtogeneous data repositories.

4. Conclusions and Future Work

The following two sections outline the conclusiogathered as a result of the work
presented in this report and identify possibledioéfurther research.

4.1. Patterns in Ontology Modeling Issues

This report started defining a problem in the mdtiiogies available to build ontologies
from scratch. The problem is characterized by & lat sufficient guidelines in the
ontology conceptualization phase to solve certatology modeling issues.

Ideally, the ultimate goal of this research wouddtb define a canonical methodology for
the modeling of ontologies starting from a set @llvnown ontology requirements and
the glossary of terms associated to the target oloridis goal is not possible if we
accept the agreed perception that there is noescglect way or method of modeling an
ontology as outlined in (Noy and McGuinness, 2001 )hat sense, a canonical method
to model ontologies might be a goal too broad, beeantology modeling can present an

8 Jim Hendler is currently a Professor and DireatbiThe Joint Institute for Knowledge Discovery tmetUniversity of Maryland,
College Park, Maryland, USA.
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infinite number of scenarios and use cases. Whghtfie more realistic is to propose a
guideline to model a speciffattern of ontology modeling issues.

What | intend to explore going forward is the pbgay of characterizing the modeling
issue described in Section 3.1.3 (with the conadpFault) as a pattern of ontology
modeling issues. The pattern should include thenaif having multiple viewpoints or
facets in which the information can be classifigd Ibis this idea of modeling a concept
with multiple facets what | perceive to be the mevot-cause for the problems faced
with the concept of Fault. To validate the appliigbof the pattern it will be necessary
to find additional examples from alternative donsawith modeling issues that match the
proposed blueprint.

The next step would be to recommend a solutiohéggttern representing the modeling
problem and evaluate it with the examples from ot@nains. If possible, this solution
would be presented as a methodology guideline anddibe regarded as the canonical
solution to the ontology modeling problem typifiley this pattern.

Two activities that could provide assistance irdiig potential solutions are the design
of relational databases and object-oriented appmics. Even though there are

fundamental differences between these two dis@pliand ontology design, there are
certain points of correlation in the abstractioagass that all of them experience in order
to go from the natural language semantic domatheéacomputational domain.

Part of the motivation to look outside the ontolagypdeling practice, is because the
nature of some of the issues in ontology modelgensto originate more from issues in
general modeling, than from issues specific to logies.

An interesting exercise would be to compare howdésign guidelines in the object-
oriented community, in the relational database camty, and in the ontology
engineering community try to solve the same modabiroblem.

Additionally, and still in connection with the faklof databases, | intend to examine
aspects of relational database normalization th@oynolly and Begg, 1998) that could

be extrapolated to ontology models. Database narataln is a formal method to assist

database designers identifying issues in relatialaéhbase schema models that could
lead to undesired dependencies in the data toobedst

Finally, another area that can help guiding theolagly modeling process relates to
ontology evaluation tools. Ontology evaluation pd@s methodologies to check if the
concepts in a given ontology are modelled coheyg@uarino and Welty, 2002). They
examine properties such as rigidity, identity andtyy misuses of the subsumption
relation, and flag potential issues in the ontologsses and its underlining taxonomy.
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4.2. Ontology and Folksonomy Interoperability

This report has also shown how some of the charstts of “folksonomy”
classification schemes can bring new elements oisaa into the ontology modeling
process, especially when the concepts being modaiesent a complex taxonomical
structure with a high degree of coupling amongai®nomic units.

This notion of looking at ontologies from a “folksamy” point of view (or vice versa),
or finding possible points of correlation betweenthb paradigms, could lead to
interesting lines of research.

The need for ontologies having to interact withIkKkfmnomy” based systems is further
sustained by the fact that currently in the Web thenber of folksonomy based
applications clearly outnumbers the available @gplones. And while the presence of
these folksonomy systems continues growing and tempme a reality embraced by
large user communities, ontology applications #itessarce, marginally used, and often
deployed just as research oriented prototypes. Ginisimstance might encourage the
ontology development community to develop new tépes in favor of the
interoperability between ontologies and folksonanie

In that sense, the ontological engineering longiteoal of heterogeneous ontology
based system interoperating seamlessly with edwr @t the open Semantic Web, might
have to go through the short-term or midterm gddlaving ontology based applications
interacting with “folksonomy” based ones as anrimiediate step.

Moreover, and pushing the links between ontologied “folksonomies”, it might be
worth studying the feasibility of a user-developawctology rather than a taxonomy,
where users not only specify metadata tags, butczate classes, properties, instances o
even more complex ontological elements such asmaxias well. To a limited extent,
semantic wikis (i.e. Semantic MediaWikcould represent a first step towards the notion
of user-developed ontologies given that they allogir users to add semantic relations in
their Wiki pages.

In summary, the aim of this research going forwaaaild be to propose improvements in
the existing ontology modelling methodologies tbatild shorten the distance between
the present state of the art and the unfeasiblerteal modelling methodology killer-
app. Some areas outside the ontology engineergtd) that could offer solutions in this
direction have been suggested such as: schemasetéfl and folksonomy classification,
design principles of object-oriented and relatiodatabase models including database
normalization analysis, and ontology evaluatioldoo

o http://meta.wikimedia.org/wiki/Semantic_MediaWiki/
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Appendix A. ReSIST University Curricula Application

Each box represents a PHP file, and it is divided B cells. The top cell displays the
name of the file, the middle one displays any digant global variables in the file if any,
and the bottom one the most important functionslemented in that file (Loosely
analogous to how classes are characterized in tetajmted modelling). The arrows
indicate dependency between two files meaning thatfile at the origin of the arrow
requires or includes the file at the destinatiothefarrow (Millard et al., 2006).

inc/rkb-functions.php incform-functions.php utf8-functions.php
+initNameSpaces() +buildForm() +unicodeToOrdinal()
+expandPrefix() +textField() +ixUTFB()
+collapsePrefix() +hiddenField() +escapeUTFB()
H+stripBothEnds() +textAreal) +writeUTFE()
+getLabel() +dropDownBox() +xmiEntities ToUTF8()
+getRKBValue() =multiSelect()
+Hind URIsOfType() =multiSelectAllowingAdditions() amazon-functions.php
+find ThingsOfTypeWithLabels() | |[+listDisplay()
H+makeQuery() +listDisplayltem()
+getProjectMembers() +resourceHandler() :;r:szz?dr;gallback{)
+getNonProjectOrganizations()
H+getAllAuthors() e
+getAllLectures() xajax/xajax.inc.php
+getProjectOrganizations()
+query_error()

inc/ajax-functions.php

+submitForm()

+gotoStage()

+getlD()

+saveData()
+inserthewResource()
+inserthewResourceOfType()
+submitNewResource()
+removeltem() _Jlib/ReSIST.php
+setPageTitle()
+deleteCourse()

+beginPage()
+beginContent()
+endContent()
+endPage()

incfgeneral-functions.php

+beginCourseware()

+errorPagel()

+isAuthorized() (O CoRTIE RN
+findCurrentWikiUser() -formDetails[4]
+getLanguagesCodes() -formConfig(4]
+makeLanguagesRDF()

edit.php

+Gather data to populate form fields()
+Load form-config()

ind ex.php +Populate form with course details{)
+Output form()

-List existing courses
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Appendix B. Example of a ReSIST Course Instance

The example

course

shown here is also available

http://resist.ecs.soton.ac.uk/courseware/view/b4a3@6

&

RESILIENCE FOR SURVIVABILITY IN IST

KNOWLEDGE BASE

Wiki | RKB Browser| Query RKB| Course Metadata

ReSIST / Courses / {Test} Resist Courseware Material

Name of the course
Taught at
Currently being taught

Descri ption

Language(s) of the course
Sel ect Aut hor (s)

Sel ect Lecturer(s)
Submitted by
Nunber of credits

Total hours of |ectures

Total hours of |abs

Tot al
st udy

hours of persona

Student Interaction Type

{Test} Resist Courseware Materia

The University of Southanpton

Yes

i) Is the course thaught at
taught in the past;

ii) to change the item "Course Text and
resources" in "Courseware used in support to
the course (slides, textbooks, persona
notes, etc. with links to the rel evant

files, where feasible), and

iii) to add a newitemon "Visibility of the
courseware material" indicating the types of
restrictions to be inplenmented on
accessibility to the materi al

present or was

http://resist-noe. org/ontol ogy/| anguages#en

Benedi ct o Rodri guez

Benedi ct o Rodri guez

Benedi ct o Rodri guez

0
0
0

0

http://resist.ecs.soton.ac. uk/ courseware/int

eracti on-types#l ndi vi dual - Proj ect

at:
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Assessnent net hods

Pre-requisites

Infrastructure Required

Course (bjectives

Support cour seware

(Text books, sli
etc. with
cor respondi ng
avai | abl e)

des,

l'i nks

used
not es,
their
when

http://resist.ecs.soton. ac. uk/ cour sewar e/ ass

essnent - net hods#l| ndi vi dual - Cour sewor k

Sof t war e Engi neeri ng Fundanent al s

Semanti ¢ Medi a W Ki

i) I's the course thaught at present or was
taught in the past;

ii) to change the item "Course Text and
resources" in "Courseware used in support to
the course (slides, textbooks, persona
notes, etc. with links to the rel evant

files, where feasible), and

iii) to add a newitemon "Visibility of the
courseware material" indicating the types of
restrictions to be inplenented on
accessibility to the materi al

* ReSIST / Resilience for Survivability in
| ST

Freely Avail able: No

Copyright or Restrictions: Yes

Description of Cost and Copyright:

CORDI S

Contract nunber: 026764

Start date: 1st January 2006

Duration: 3 years

e ReSI ST Know edge Architecture:
Semanti cal ly Enabling Large-Scal e

Col | aborative Projects

Freely Avail abl e: Yes

Copyright or Restrictions: No
Description of Cost and Copyright: None
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Appendix C. Poster for Ontological Eng. Summer School

&"[SI' RESILIENCE FOR SERVIVARILITY IN IST
2~ KNOWLEDGE BASE Using a Semantic Wiki

http://www.resist-noe.oraq)/ http://resist.ecs.soton.ac.uk/

Eunadcio Rodnges, Hugh Glaser, Afvaz Jan, lan Wilard
Eoipiruciaio ToyBarret el Seofieat (D e e i Pl o Chctrond b i CTigiis Sooiics » Unwsr iy of Smsidemigtor, S0 T S0 Uirid ingdos
B0, by mopr, e Rolen & uk
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!

i f
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Rederential integrity
wf i dala
..H...x_‘
%,

AN data in tha 3store
will orovice closed |
vosabidary foeibhe KB, ——

Converts Wiki annotations info subject,
pradicats, ohject riplee. Sinple methcd
af creating, Bequening kaowhedge

-

3store RDF —_—
Repository

Knowledge
Retrieval
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ReSIST Partners
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