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EXECUTIVE SUMMARY

The mission of LUISA project is that of exploiting the advantages of a Semantic
Web Service Architecture to make richer and more flexible the processes of
query and specification of learning needs in the context of Learning
Management Systems and Learning Object Repositories.

The academic worldÕs needs are exemplified by the UHP use case. A first
version of the UHP academic scenario description has been provided in D7.1. It
is expected to allow testing and validating the applicability of the LUISA
concepts and prototype in an academic context.

This document describes metadata and ontologies used for indexing and
retrieving Learning Objects (LO), in the academic use case of LUISA.
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1 INTRODUCTION

University Henri PoincarŽ (UHP) is the academic use-case partner of the LUISA
project. Its role is to define an academic context to experiment Semantic Web
Services (SWS) applied to Learning Objects (LO).

This deliverable lists the metadata required for indexing the LO and the
ontologies to be used when experimenting semantic reasoning.

In this document, we mention two types of use cases. On one hand, a basic use
case will be experimented in September 2007 at UHP with students. This use
case was roughly defined in D7.1.1. On the other hand, several sophisticated
but still realistic use cases are pointed out for further developments in the
coming months.
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2 ONTOLOGIES AND SEMANTIC INTEROPERABILITY

Universities are currently deploying Learning Management Systems in order to
provide their students and staff with many kinds of guidance and services
including retrieving learning resources from repositories (called Learning Object
Repositories, LORs). However each LOR is built according to local
requirements and usages and there is no way for different e-learning systems to
exchange and share e-learning resources as different formats, languages,
vocabularies, strategies and learnerÕs information have been used. In short,
there is no semantic interoperability among such LORs.

The LUISA project aims at demonstrating the benefits of semantic
interoperability for sharing learning resources through the Web. Semantic
interoperability requires ontological engineering and ontology based
descriptions. Interoperability also means watching at what is already available,
what could be reused and how new models and new developments can be
properly linked to existing proposals.

In the area of education, we have to look at general ontologies such as upper
ontologies in order to start from widely agreed definitions and hierarchies and
then to consider more specific ontologies if available for resource, learner and
context description and finally fields of study. We present some general
concepts from these upper ontologies in section 2.1.

On the particular topic of Learning Object Repositories, there are currently
several other international recent or ongoing initiatives aiming at allowing
stakeholders to more easily exchange and/or sell Learning Objects across
institutional and national borders.  In section 2.2, we briefly list those projects
and we consider reusing the Learning object type categories as proposed in the
CELEBRATE project.

2.1 Reusing existing ontologies
The ontology beginnerÕs guide1 which is provided by the ProtŽgŽ website
suggests the following first steps:

• Determine the domain and scope, identify the concepts.

• Consider reusing existing ontologies

As presented in D7.1.1, the domain we intend to cover is the delivery of
personalized learning resources to students acquiring general competencies in
Informatics and Internet (applying for being awarded the C2I certification in
French universities). For that purpose, we propose to build

• A C2I competency ontology

• A UHP field_of_study (called Òpreferred domainÓ in D7.1) ontology

• An Operating System (OS) and application software context ontology

                                               
1 http://protege.stanford.edu/publications/ontology_development/ontology101.html
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• An educational type ontology (preferably extracted from already existing
ones).

Then we should consider reusing ontologies. As far as general concepts are
concerned, we try either to reuse definitions/conceptualisations (from WordNet2,
SUMO3 or Cyc4) or to explain why we need a different concept. Through this
process we hope to increase the Òsemantic understandingÓ of our ontologies.

Hereafter are short presentations of the three studied ontologies.

ÒWordNet is a large lexical database of English. Nouns, verbs, adjectives and
adverbs are grouped into sets of cognitive synonyms (synsets), each
expressing a distinct concept. Synsets are interlinked by means of conceptual-
semantic and lexical relations.Ó

SUMO is an upper ontology being created as part of the IEEE Standard Upper
Ontology Working Group. SUMO Òis limited to concepts that are meta, generic,
abstract or philosophical, and hence are general enough to address (at a high
level) a broad range of domain areas. Concepts specific to particular domains
are not included in an upper ontology, but such an ontology does provide a
structure upon which ontologies for specific domains (e.g. medicine, finance,
engineering, etc.) can be constructed.Ó

Cyc, developed by Cycorp inc., is Òa formalized representation of a vast quantity
of fundamental human knowledge: facts, rules of thumb, and heuristics for
reasoning about the objects and events of everyday lifeÓ. The last version
contains hundreds of thousands of terms and millions of assertions.

We provide more details hereafter about the field_of_study concept, which is a
major issue for LOs description interoperability.

2.1.1 Terminological viewpoint for discipline or field_of_study
In our use-case description, we referred to the discipline learnt by the student
as Òpreferred domainÓ. As the term ÒdomainÓ could lead to misunderstandings,
especially in the ontological world, we have queried WordNet with the term
ÒdisciplineÓ.

According to WordNet, the noun "discipline" has 5 sense(s).

We are interested by the first one when dealing with academic disciplines, the
following definition and examples are provided:

a branch of knowledge; "in what discipline is his doctorate?"; "teachers
should be well trained in their subject";

By looking in SUMO for the WordNet concept of Discipline we find:

SUMO Mappings: FieldOfStudy (equivalent mapping)
                                               
2 http://wordnet.princeton.edu/
3 http://sigma.ontologyportal.org:4010/sigma/KBs.jsp
4 http://www.opencyc.org/
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This means that the concept represented by discipline (sense 1) is modelled in
SUMO, it is a class and it is named FieldOfStudy.

2.1.2 SUMO ontology viewpoint
In the SUMO ontology, we have:

• A parent class: (subclass FieldOfStudy Proposition)

• Instances, e.g.: Mathematics is an instance of field of study

• Subclasses, e.g.: Science is a subclass of field of study

Let us investigate further the Science subclass to see whether it fits to what we
name ÒSciencesÓ in UHP.

Science is defined as "Any FieldOfStudy which tests theories on the basis of
careful observations and/or experiments and which has a cumulative body of
results." Biology, Chemistry, Engineering, MedicalScience, Physics, Physiology
are instances of Science.

Exploring the concept of MedicalScience leads  to a reference to the Mid-level-
ontology.kif 6864-6864. This statement brings one of the limits of the SUMO
upper ontology and points to a more specialised Mid-level ontology.

Moreover, going deeper on Physiology brings the following:

• (subField Physiology Biology) 

where subfield is a transitive relation defined as follows:

• (documentation subField "(subField ?FIELD1 ?FIELD2) means that
?FIELD1 is a proper part of the FieldOfStudy ?FIELD2. For example,
Physiology is a subField of Biology.")

From the above examples, we see that the concept FieldOfStudy is described
using a hierarchical link Òis aÓ and also using a ÒsubfieldÓ relation. Let us look
now at the same concept in the Cyc ontology.

2.1.3 Cyc ontology viewpoint
A request for FielOfStudy in the Cyc browser provides the following description :

• ÒA specialization of AspatialInformationStore. Each instance of
FieldOfStudy is a particular area of study, with its own distinctive set of
theories, hypotheses, and problems. Instances of FieldOfStudy are
typically the subject of teaching and/or research within instances of
AcademicDepartment (q.v.), although one AcademicDepartment may
cover several instances of FieldOfStudy.Ó

• SubClasses include AppliedDesignFieldOfStudy, EthnicStudies,
FocusedTechnologyField, AreaStudies, LiberalArtsFieldOfStudy,
ScientificFieldOfStudy,

Instances: Many instances are listed. The ones which fit with the UHP vision are:

• In FieldOfStudy (Medicine-FieldOfStudy, Dentistry)
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• In ScientificFieldOfStudy (ComputerScience, Mathematics, Biology,
Pharmacology, Physics, SportsScience)

2.1.4 Conclusion from upper ontologies
We can reuse the FieldOfStudy class, its subclasses and instances as referred
to in these ontologies. In both cases we notice a subclass named
ScientificFieldOfStudy in Cyc and Science in SUMO. However those subclasses
are not identical, neither are the hierarchical and relational links. We will take as
much as possible from the Cyc ontology. Moreover for a fine-grained
subdivision of the fields of study, we can also refer to several mid level
ontologies in the related fields of knowledge.

2.2 Watching other projects and their ontological developments

Such projects (recent and ongoing) include:

• ARIADNE5,

• Educanext6,

• CELEBRATE7,

• EDNA8,

• Edutella9,

• Elena Project10,

• GLOBE11,

• LORNET12,

• ProLearn13.

We can expect that these projects use mid level educational ontologies.
Although the projects websites do not publish any ontologies, we can find some
sources from other publications. We will take here the example of the
Òeducational typeÓ concept as developed in the CELEBRATE LOM application
profile. Indeed, there is no entry for Òeducational typeÓ in WordNet and
consequently no mapping with upper ontologies like SUMO and Cyc. We are no
more in the upper ontologies level.

                                               
5 http://www.ariadne-eu.org/
6 http://www.educanext.org
7 http://celebrate.eun.org/eun.org2/eun/en/index_celebrate.cfm
8 http://www.edna.edu.au/edna/go
9 http://www.edutella.org/edutella.shtml
10 http://www.elena-project.org
11 http://www.globe-info.net
12 http://www.lornet.org/
13 http://www.prolearn-project.org/
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From the CELEBRATE LOM application profile we consider reusing
Educational.Learning Resource Type as it is a LOM field for which the provided
vocabulary does not completely fit our needs.

Educational.Learning Resource Type is a field in this profile, it is numbered
2.4.9. A comparison is provided with a similar field (5.2) from LOM

‘5.2 Educational.Learning Resource Type’ is intended to indicate the potential
educational use(s) or type(s) of the LO.

The value space for ‘5.2 Educational.Learning Resource Type’ element is a
CELEBRATE Vocabulary.

Vocabulary values for Educational Learning Resource type in CELEBRATE:

Dictionaries and vocabularies.
Guide
Manuals and tutorials.
Manuals provide guidance on the particular topic (e.g. roadmap, hints,
etc.) and are usually also intended to be kept at hand for reference.
Tutorials are resources that provide guided, practical information about a
specific subject.
Information resource
Pictures, texts, videos, presentations, collections and databases. Any
presentation or informative content that is ‘raw’ material for learning.

Open activity
Artistic projects and creative exercises. Projects and exercises that are
not very confined or limited. Many more complicated games that require
more than simple logic belong to this category.

Tool
Editors and other kind of programs for producing something. Editors can
process e.g. text or pictures and they can be used for creating and
editing other LOs. Tools can also perform calculations or conversions.

Assessment
Assessment and evaluation items. Exams and tests. Any LO whose
primary purpose is the evaluation of the user's actions or input or to
support teacher design or development of such materials. Used e.g. for
assess learner performance or self-assessment.
Drill and practice
Simple exercises and games. Exercises (drills) that perform skill training
are very condition and action specific. They usually contain only simple
IF-THEN logic rules. Many ‘educational’ games belong to this category if
they concentrate on specific skills.
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Exploration
Simulations and experiments.
Glossary

So our conclusion is that for describing C2I resources we will reuse part of this
vocabulary, namely assessment, open activity, drill and practice, tutorials.

2.3 General conclusion

As noticed in many papers, it is difficult to reuse existing ontologies. The above-
mentioned examples show the limits that we met. However, for each concept
proposed in our ontologies descriptions we provide the sources we were able to
reuse.
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3 BASIC USE CASE

Here are the metadata and models for the basic use case described in D7.1.1.
We will quickly explain the use case then detail the three used ontologies.

3.1 Use case description
The following subsections will present the context and the objects needing to be
described.

3.1.1 C2i context
C2I is an IT and Internet proficiency certificate. It was introduced in French
higher education in 2002 to develop and strengthen proficiency in information
and communication technologies.  The target student population is made of
students receiving training in higher education establishments. This Certificate
lays out the competencies that students are expected to acquire during their
university studies.

In this use case, a student wants to improve one of its C2I competencies thanks
to resources. A professor tells him/her he/she could find some resources (LO)
on the portal of the university. The student logs into it and is redirected to the
search page for C2I resources. Then the following diagram (Figure 1)
summarises the process.

Figure 1: Sequence diagram for student search

3.1.2 Metadata
The LUISA technology applies semantic reasoning to LO, learner and context
descriptions. In this use case, two types of annotation are needed:

• For the studentÕs profile
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• For the Learning Objects

A studentÕs profile includes:

• A discipline

• A list of pieces of software describing his/her technological environment

• A list of competencies linked to values expressing his/her level

• A list of LO with which he/she has already worked; the system must help
the user managing the resources. Therefore, it is interesting that the
system keeps a record of the documents the user has worked with. This
list is just a set of URLs.

A Learning Object is annotated in LOM/WSML. This is a semantic version of
LOM defined in D4.9.

We can see now how LOs will be described according to the LOM14 (LO
metadata standard). The table is adapted from D6.2, section LO Metadata
template and consequently provides the academic requirements in the same
format as the industrial requirements.

Table 1: LOM General field

LOM Name Explanation Example from a UHP LO

1 GENERAL THIS CATEGORY GROUPS THE GENERAL INFORMATION THAT
DESCRIBES THIS LEARNING OBJECT AS A WHOLE.

1.1 Identifier A globally unique label that identifies this
learning object.

1.1.1 Catalogue The name or designator of the identification or
cataloguing scheme for this entry. A
namespace scheme.

UHP (default)

1.1.2 Entry The value of the identifier within the
identification or cataloguing scheme that
designates or identifies this learning object. A
namespace specific string.

LO-00078

1.2 Title Name given to this learning object. ÒLa protection des
donnŽes confidentielles Ó

1.3 Language The primary human language or languages
used within this learning object to
communicate to the intended user.

NOTE 1:-An indexation or cataloguing tool
may provide a useful default.

Default language ÒfrÓ

1.4 Description A textual description of the content of this
learning object.

L'objectif de ce module
de formation est donc de
:

                                               
14 http://ltsc.ieee.org/wg12/files/LOM_1484_12_1_v1_Final_Draft.pdf
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LOM Name Explanation Example from a UHP LO

NOTE:

-This description need not be in language and
terms appropriate for the users of the learning
object being described. The description should
be in language and terms appropriate for those
that decide whether or not the learning object
being described is appropriate or relevant for
the users.

:

- vous transmettre les
grands principes du droit
de l'informatique ;

- vous sensibiliser aux
problŽmatiques
juridiques relatives ˆ
l'usage des nouvelles
technologies ;

- vous permettre de
prendre connaissance
des r•gles rŽgissant  les
relations et les Žchanges
sur Internet.

1.7 Structure Underlying organizational structure of this
learning object.

IEEE LOM Vocabulary:
• Collection: a set of objects with no

specified relations
• Mixed
• Linear:  a set of objects that are fully

ordered. (e.g., with previous and next
relationships)

• Hierarchical:   a set of objects whose
relationships can be represented by a tree
structure

• Networked:  a set of objects with
relationships that are unspecified:

• Branched
• Parceled
• Atomic:  an object that is indivisible

• Collection (default),

• Linear,

• Atomic

1.8 Aggregation
Level

The functional granularity of this learning
object.

IEEE LOM Vocabulary:

1 - defined as smallest level of aggregation,
e.g. raw media data or fragments.
2 - defined as a collection of atoms, e.g. an
HTML document with some embedded
pictures or a lesson.
3 - defined as a collection of level 1 resources,
e.g. a 'Web' of HTML documents, with an
index page that links the pages together or a
unit.
4 - defined as the largest level of granularity,
e.g. a course.

2 (more frequent)

Table 2: LOM Life cycle field

LOM Name Explanation Example from a UHP LO

2 LIFE
CYCLE

THIS CATEGORY DESCRIBES THE HISTORY AND CURRENT STATE OF THIS
LEARNING OBJECT AND THOSE ENTITIES THAT HAVE AFFECTED THIS
LEARNING OBJECT DURING ITS EVOLUTION.

2.2 Status The completion status or condition of
this learning object.

•  Draft, if the resource was not
originally designed for screen
(e.g. exam)
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LOM Name Explanation Example from a UHP LO

this learning object.

IEEE LOM Vocabulary:

• Draft

• Final

• Revised

• Unavailable

originally designed for screen
(e.g. exam)

• Final

2.3 Contribute Those entities (i.e., people, organizations) that have contributed to the state of this
learning object during its life cycle (e.g., creation, edits, publication

2.3.1 Role Kind of contribution. ÒauthorÓ or Òcontent providerÓ

2.3.2 Entity The identification of and information
about  ent i t ies ( i .e. ,  people,
organizations) contributing to this
learning object. The entities shall be
ordered as most relevant first.

ÒauthorÓ = vCard{JeanDupont}

Òcontent providerÓ = vCard{UHP}
(default)

Table 3: LOM Technical field

LOM Name Explanation Example from a UHP LO

4 TECHNICAL This category describes the technical requirements and characteristics of this
learning object.

4.1 Format Technical datatype(s) of (all the
components of this learning object).

This data element shall be used to
identify thesoftware needed to access
the learning object.

Òtext/htmlÓ

4.3 Location A string that is used to access this
learning object. It may be a location
(e.g., Universal Resource Locator), or
a method that resolves to a location
(e.g., Universal ResourceIdentifier).

The first element of this list shall be
thepreferable location.

NOTE:--This is where the learning
objectdescribed by this metadata
instance is physicallylocated.

http://luisa.uhp-
nancy.fr/course/view.php?id=3

4.4 Requirement The technical capabilities necessary for using this learning object.

4.4.1 OrComposite Grouping of multiple requirements. The composite requirement is satisfied when
one of the component requirements is satisfied, i.e., the logical connector is OR.

4.4.1.1 Type The technology required to use this
learning object, e.g., hardware,
software, network, etc.

ÒBrowserÓ (default)

4.4.1.2 Name Name of the required technology to
use this learning object.

ÒAnyÓ (default)

PDF or basic HTML are generally
interoperable with any browser.
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LOM Name Explanation Example from a UHP LO

NOTE 1:-The value for this data
element may be derived from
4.1:Technical.Format automatically,
e.g., "video/mpeg" implies "multi-os".

interoperable with any browser.

Table 4: LOM Educational field

LOM Name Explanation Example from a UHP LO

5 EDUCATIONAL This category describes the key educational or pedagogic characteristics of this
learning object.

NOTE:-This is the pedagogical information essential to those involved in
achieving a quality learning experience. The audience for this metadata includes
teachers, managers, authors, and learners.

5.2 Learning
resource type

Specific kind of learning object. The
most dominant kind shall be first.

NOTE:--The vocabulary terms are
defined as in the OED:1989 and as
used by educational communities of
practice.

IEEE LOM Vocabulary:

• exercise

• simulation

• questionnaire

• diagram

• figure

• graph

• index

• slide

• table

• narrative text

• exam

• experiment

• problem statement

• self assessment

• lecture

• exercise

•  quest ionnaire ( these are
questions with several proposed
answers)

• exam

• lecture

•  self assessment (Óthese are
questions as Òdo you know how
to send an email?Ó The learner
has to answer honestly.)

Note: The computed list of resources
given by the system should be built
according to some trivial pedagogic
principles. For instance, the system could
offer a presentation of the target
competency, exercises and finally tests.
The pedagogical types help fulfilling this
requirement.

5.6 Context The principal environment within
which the learning and use of this
learning object is intended to take
place.

ÒHigher EducationÓ (default)

5.7 Typica l  Age
Range

Age of the typical intended user.

This data element shall refer to
developmental age, if that would be
different from chronological age.

NOTE 1:--The age of the learner is
important for finding learning
objects, especially for school age
learners and their teachers.

Ò18-Ó (default)
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LOM Name Explanation Example from a UHP LO

important for finding learning
objects, especially for school age
learners and their teachers.

5.11 Language The human language used by the
typical intended user of this learning
object.

ÒfrÓ (default)

Table 5:  LOM Rights field

LOM Name Explanation Example from a UHP LO

6 Rights This category describes the intellectual property rights and conditions of use for
this learning object.

NOTE:--The intent is to reuse results of ongoing work in the Intellectual Property
Rights and ecommerce communities. This category currently provides the
absolute minimum level of detail only.

6.1 Cost Whether use of this learning object
requires payment.

ÒNoÓ (default)

6.2 Other
Restrictions

Whether copyright or other restrictions
apply to the use of this learning object.

IEEE LOM Vocabulary:

ÒYesÓ or ÒNoÓ

ÒYesÓ is the LO cannot be spread
outside the university.

ÒNoÓ if the teacher agrees explicitly to
let the LO be accessed from outside
the university.

Table 6: LOM Relation Field

LOM Name Explanation Example from a UHP LO

7 Relation This category defines the relationship between this learning object and other
learning objects, if any.

To define multiple relationships, there may be multiple instances of this category.
If there is more than one target learning object, then each target shall have a new
relationship instance.

7.1 Kind Nature of the relationship between this
learning object and the target learning
o b j e c t ,  i d e n t i f i e d  b y
7.2:Relation.Resource.

Based on Dublin Core

ÒrequiresÓ or ÒisrequiredbyÓ

(For example, a statement requiring a
link to a data file)

7.2 Resource The target learning object that this relationship references.

7.2.1 Identifier A globally unique label that identifies the target learning object.

7.2.1.1 Catalog The name or designator of the
identification or cataloging scheme for
this entry. A namespace scheme.

 ÒUHPÓ (default)

7.2.1.2 Entry The value of the identifier within the
identification or cataloging scheme that
designates or identifies the target
learning object. A namespace specific
string.

LO-00140
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LOM Name Explanation Example from a UHP LO

7.2.2 Description Description of the target learning
object.

ÒDonnŽes de lÕexerciceÓ (ÒData for the
exerciseÓ)

Table 7: LOM Classification field

LOM Name Explanation Example from a UHP LO

9 Classification This category describes where this learning object falls within a particular
classification system.

To define multiple classifications, there may be multiple instances of this
category.

9.1 Purpose The purpose of classifying this
learning object.

• ÒRequiredCompetenciesÓ

• ÒTargetCompetenciesÓ

• ÒTechnicalRequirementsÓ

• ÒDisciplineÓ

9.2 Taxon Path A taxonomic path in a specific
c lass i f i ca t ion  sys tem.  Each
succeeding level is a refinement in the
definition of the preceding level.

There may be different paths, in the
same or different classifications, which
describe the same characteristic.

9.2.1 Source The name of the classification system.

This data element may use any
recognized "official" taxonomy or any
user-defined taxonomy.

ÒUHPÓ (default)

9.2.2.1 Id The identifier of the taxon, such as a
numberor letter combination provided
by the source of the taxonomy.

For example:

ÒC2I-A12Ó (Competency A12)

Note: The LOM vocabulary could be extended to open activity or replaced by
the CELEBRATE vocabulary in order to take account of this category of
learning resources.

3.2 Competency ontology
3.2.1 What links to this ontology?
A user profile is modelled by the C2I competencies associated with values
representing the user level of mastering for each competency.
A LO description contains 2 metadata fields referring to the competency
ontology:

• Targeted competencies, which expressed the competencies reached
after working with the LO and assimilating its content.

• Required competencies, which expressed the competencies required in
order to work with the LO.
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3.2.2 Where does this ontology come from?
The C2I competency ontology is built as instances of the General Competency
Ontology (GCO) (see D4.11 and Sicilia 2005).

Here are the basic elements of the ontology:

Figure 2: Basic elements of GCO

And here the elements to measure competencies:

Figure 3: Modeling competency relationships

3.2.3 How is this ontology used?
We use the following concepts in GCO:

• CompetencyDefinition and Competency
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• Processor and Person

• Measurement, MeasurementScale and IntegerMeasurementScale

• JobPositionDefinition, JobPosition

3.2.3.1 CompetencyDefinition
Each C2I competency is an instance of CompetencyDefinition.

The subcompetencies are details of their father. For example, ÒB2.1: Distinguish
the different types of search enginesÓ and ÒB2.2: Design the requests.Ó are
details of ÒB2: Research of information.Ó

To acquire a competency, acquiring subcompetencies is necessary and
sufficient. So each CompetencyDefinition is completelyDefined.

Some competencyDefinition require other competencyDefinition. For example,
ÒB4: Realize documents for printing.Ó requires ÒB1: Control his environment of
work.Ó

Table 8: Concept of CompetencyDefinition (see D4.11)
Generic definition of a competency. It is related with neither
specific job situation nor specific individual.

A competency definition is
completely defined if it is
explicitly indicated and if the
existence of all the elements
(definitions) that compose the
competency is a necessary
and sufficient condition to
describe the competency
(completelyDefined).

To acquire a competency
definition it could be required
t o  a c q u i r e  o t h e r / s
competency def ini t ion/s
(requires).

competencyDefinition
Attributes

A competency definition can
provide a more detailed
description to an existing one
(details).

3.2.3.2 Competency
CompetencyDefinitions are stereotyped descriptions of competencies. A
studentÕs profile includes C o m p e t e n c i e s  which are instances  of
CompetencyDefinitions. A level is associated to each Competency.

For example, a student has not acquired Competency B3. So he/she
isAbleToPerform Competency B3 with level 0.
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Table 9: Concept of Competency

A discrete and specific competence of an individual that
is able to exhibit some competencies in a specific
context.

A competency is always an instance of a
competency definition (instanceOf)

competency

Attributes

The competency is required with a concrete
degree of expertise (level)

3.2.3.3 Processor and Person
In the Basic use case, the users are students. So in GCO, the students are
instances of Person which inherited from Processor.

Table 10: Concept of Processor

One that processes (human or software).
processor

Attributes isAbleToPerform competency

Table 11: Concept of Person

person Human being.

3.2.3.4 Measurement and measurement scale
In the Basic use case, competencies can be basically levelled for a user:

• 0: the user has not at all the competency

• 1: the user has some part of the competency

• 2: the user has the C2I level for the competency

• 3: the userÕs level is better than the C2I level

In GCO, this scale corresponds to an instance of IntegerMeasurementScale
between 0 and 3. Each competency is measured according to this scale.

Table 12: Concepts of Measurement and MeasurementScale

A figure, extent, level or amount obtained by measuring.

A measurement is obtained using a specific
measurement scale (scaleUsed).measurement

Attributes A measurement has associated a specific
value expressed in a given measurement
scale (currentValue).

Something graduated when used as a measure or rule.
measurementScale

Attributes instrumentUsed measurement instrument.
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3.2.3.5 JobPositionDefinition and JobPosition
GCO contains a professional approach. However we can use the same
concepts in the academic context. This is the case for the JobPosition. In our
context, we understand it as a position defined by the competencies required to
reach it. So we consider the C2I has a kind of JobPosition as obtaining the C2I
requires acquiring some competencies.

For the C2I, there is only one JobPositionDefinition, which is to obtain the
certificate. Therefore, the C2I JobPosition is defined by all the competencies
with a level of 2 (see 3.2.3.4).

Table 13: Concepts of JobPositionDefinition and JobPosition

An employment for which one specific professional profile
is needed.

jobPosition
Attributes A specific job position is an instance of a job

position definition (instanceOf).

jobPositionDefinition The generic definition of an employment.

See section 0 in Appendix for detailed code in WSML.

3.3 Discipline ontology
3.3.1 What links to this ontology?
A C2I Learning Object can deal with data related to a given discipline. For
example, a test targeting the spreadsheet competency can use data from
Biology. It will be more adapted to people studying Biology than to students in
Mathematics for instance.

So each LO is described with a metadata field called Preferred Discipline
linking to a discipline  ontology.

In the same way, studentsÕ profiles include a metadata field for the discipline
studied.

3.3.2 Where does this ontology come from?
Sumo or Cyc provide concepts related to fields of study. Nevertheless, these
concepts are not organised as they are in UHP. An old university has an
organisation linked to its historical context. Therefore, each university or each
country has a specific manner to classify disciplines.

In the basic use case, a LO is annotated according to an ontology derived from
Cyc. This ontology was the closest to the UHPÕs vision of Disciplines. Later, we
will explore in the sophisticated use cases how searching can be done between
different LOR from different universities with different ontologies of Disciplines.
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3.3.3 What is our ontology?
In our view, a FieldOfStudy can be composed of other FieldOfStudy. For
example, the field of Health contains the field of Medicine and the field of
Pharmacology. Thanks to the relations between the fields, it is possible to
calculate a tree-proximity between them. Thus, two disciplines with the same
father-discipline are closer than two disciplines, which are cousins (same grand-
father-discipline). This calculable distance will allow in the basic use case to
propose resources. If there is no resource in the studentÕs discipline about a
subject, maybe a resource from a close field of study could interest him/her.

Moreover, some relations exist between fields of study across the compositions.
As modelled in Cyc, Physics belongs to hard sciences but Mathematics donÕt.
However, Physics use advanced mathematical tools so there is a relation from
Physics to Mathematics. An interesting point is that this relation is not
symmetric; Mathematics donÕt use concepts of Physics. This relation could
allow to apply transitive inferences during the inference process.

Table 14: Concept of FieldOfStudy

Each instance of FieldOfStudy is a particular area of
study, with its own distinctive set of theories, hypotheses,
and problems.

A field of study has a nameFieldOfStudy

Attributes A field of study can be linked to another one
if the last one is used to study the first one.
(linkedTo).

We will now see how are the main disciplines are organised in UHP in a
simplified view.

• Mathematics-Computer Science*

o Mathematics

o Computer Science

• Physics_and_Chemistry sciences*

o Physics (linked to Mathematics)

o Biophysics

o Chemical Engineering

• Health*

o Medicine (linked to Biology)

o Pharmacology (linked to Biology)

o Dentistry

o Ergonomics
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• Life sciences*

o Biology

o Biogeography

• Sport sciences

Cyc contains these fields of study. However, the interesting point in the basic
use case is the organisation of these concepts. Many of these concepts are in
the ScientificFieldOfStudy in Cyc (an asterisk shows the concepts not existing in
Cyc). In our case, we have to create categories. That is why at the same time
we reuse the terminal concepts, we add the missing ones.

The following figure describes the fields of study.

Table 15 : Sub-concepts of FieldOfStudy

Mathematics-Computer Science Field of study composed of Mathematics and Computer
Science.

Mathematics

Computer Science

Physics_and_chemistry
Sciences

Field of study composed of Physics, BioPhysics and
Chemical Engineering.

Physics
LinkedTo Mathematics

BioPhysics

Chemical Engineering

Health Field of study composed of Medicine, Pharmacology,
dentistry and ergonomics.

Medicine
LinkedTo Biology

Pharmacology
LinkedTo Biology

Dentistry

Ergonomics

Life Sciences Field of study composed of biology and biogeography.

Biology
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Biogeography

Sport sciences

See section 5.2 in Appendices for detailed code in WSML

In more sophisticated use-cases, the list of disciplines and subdisciplines will be
expanded.

3.4 Software ontology
3.4.1 What links to this ontology?
An activity about text-processor using Microsoft Word cannot be executed if this
piece of software is not installed on the studentÕs computer. In order to solve
this problem, we propose a technical environment ontology. The idea is to
model inside the ontology basic knowledge about software and operating
systems interoperability.

The userÕs profile contains the Operating Systems and pieces of software
he/she can access.

Each LO is annotated with the pieces of software it requires.

3.4.2 Where does this ontology come from?
There are ontologies on Technical environment like Ontology of Computing
Services15, a mid-level ontology inheriting from the upper ontology SUMO16. But
they are not adapted to our needs. For instance, the Ontology of Computing
Services has very fine grained concepts like ImageResolution but no concept
like License or Version. So we decided to create a small application ontology
based on the software concept of WordNet.

3.4.3 What is our ontology?
The main concept is the Software one.

Table 16: Software concept

(computer science) written programs or procedures or
rules and associated documentation pertaining to the
operation of a computer system and that are stored in
read/write memory. [WordNet]

A piece of Software has a name. (name)

Software

Attributes

According to its features, a piece of software
belongs to a class of software: Ôtext-
processorÕ, Ôbrowser’, Ôoperating system’, etc.
(softwareType)

                                               
15 http://sigmakee.cvs.sourceforge.net/*checkout*/sigmakee/KBs/QoSontology.kif
16 http://www.ontologyportal.org/
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The user knows how he/she can modify or
redistribute a piece of Software by reading
the License. It can be Ôfree’ or Ôproprietary’.
(licenseType)

A piece of Software is associated with a
version reference. It can be a number or
some characters like Windows Vista.
(version)

A piece of Software is not interoperable with
every other ones. For example, Word XP
requires Windows XP to be launched. Thus
each piece of Software is associated with a
list of required pieces of Software.
(requiredSoftware)

A SoftwareSuite has the same properties as a piece of Software so a
SoftwareSuite inherits from Software. Thanks to the concept of SoftwareSuite a
student can select a suite instead of each piece of Software one by one.

Table 17: SoftwareSuite concept

A SoftwareSuite is a package of Software like Microsoft
Office or Open Office for instance.

It has the same properties as a piece of
Software (name, version, etc).SoftwareSuite

Attributes It is composed of a list of pieces of Software.
For instance, Office XP contains Word XP
and Excel XP. (containedSoftware)

The following figure provides a summary. See section 5.3 in Appendices for
detailed code in WSML.



LUISA ¥ 027149 ¥  D7.2.1 ¥ Version 0.3, dated 26/02/2006 ¥ Page 30 of 42

Figure 4 : The software model

Software
- Name (data)

- softwareType (instance)

- licenseType (instance)

- version (data)

- requiredSoftware (list)

SoftwareSuite
- containedSoftware (list)
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4 TOWARDS SOPHISTICATED USE CASES

In order to demonstrate all the possibilities of the LUISA technology, we will
introduce later models and data for more sophisticated use cases.
ÔSophisticatedÕ here means that the current context (technological and
organisational) in the French universities does not allow to experiment these
use cases in a real situation. However, we would like to underline that the
needs expressed through these use cases are based on real needs in the
universities.

 ÔSophisticatedÕ use cases were not described in D7.1.1 but will be developed in
D7.1.2. The following presentation represents a very early stage in the design
and will be refined. All the suggested directions will not necessarily be
investigated and decisions will be taken according to the global LUISA project
advancement..

4.1 Direction 1: Refining studentÕs profile
4.1.1 Context description
The Bologna process is Òa series of reforms needed to make European Higher
Education more compatible and comparable, more competitive and more
attractiveÓ17. The aim Òis to provide citizens with choices from a wide and
transparent range of high quality courses and benefit from smooth recognition
procedures.Ó According to this process, students are capitalizing credits in order
to get a bachelor degree or a master degree. Credits are attached to units of
studies, for instance ÒAlgebra1Ó for a student in mathematics. In a studentÕs
record we find the units he/she has successfully passed. To each unit is
attached a list of disciplines, according to the unit description provided by the
awarding university. Instead of requesting the field of study from the student as
in the described use-case, the system could infer several fields of study from
already passed units. This requires a connection with the studentsÕ records
information system and unfortunately cannot be experimented by now. However
it is the expected target situation in a few years.

4.1.2 Ontology
The concept unit of study should be described. Among other attributes, it should
include a list of attached disciplines. Moreover, each student registers for
preparing one or several diploma. Each diploma is under the responsibility of a
given university component and includes mandatory units of studies.

So the proposed Òfield_of_studyÓ ontology should be expanded into a global
UHP ontology describing the previously mentioned concepts and their inter-
relations.

In the same way, the concept ÒpersonÓ from the GCO ontology which is used to
represent a student should be specialized to include a richer studentÕs profile.

                                               
17 http://ec.europa.eu/education/policies/educ/bologna/bologna_en.html
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Warning: Some problems arise when the units of study were awarded in other
universities, for instance in a foreign university, they are not described
according to the same discipline classification.

4.2 Direction 2: Several LOR and several discipline ontologies
In the basic use case, we chose to annotate Learning Objects with a Discipline
ontology close to the organisation of Disciplines in UHP. However, we found
several ontologies of Disciplines. Each university has its vision of knowledge
depending of its past. That is why we would like to explore in this advanced use
case how searching could be done between different LOR using different
ontologies of Disciplines.

To explain what could happen, first we will compare 2 ontologies in order to see
how the concept FieldOfStudy can be modelled in 2 different ways.

In SUMO:

• Links: FieldOfStudy18 is a subclass of Proposition.

• Definition: ÒAn academic or applied discipline with recognized experts
and with a core of accepted theory or practice. Note that FieldOfStudy is
a subclass of Proposition, because a FieldOfStudy is understood to be a
body of abstract, informational content, with varying degrees of certainty
attached to each element of this content.Ó

• SubClasses: Only one subclass. Science (which includes Biology,
Chemistry, Engineering, MedicalScience, Physics, Physiology,
SocialScience)

• Instances: Architecture, Electronics, FieldOfLaw, History, InteriorDesign,
Literature, Mathematics, MilitaryScience, Philosophy, Theology,

In Cyc, a request for FieldOfStudy19 in the Cyc browser provides the following
description:

• Definition: ÒA specialization of AspatialInformationStore. Each instance of
FieldOfStudy is a particular area of study, with its own distinctive set of
theories, hypotheses, and problems. Instances of FieldOfStudy are
typically the subject of teaching and/or research within instances of
AcademicDepartment (q.v.), although one AcademicDepartment may
cover several instances of FieldOfStudy.Ó

• SubClasses include AppliedDesignFieldOfStudy, EthnicStudies,
FocusedTechnologyField, AreaStudies, LiberalArtsFieldOfStudy,
ScientificFieldOfStudy,

• Instances: Many instances are listed, but here are the ones which fit with
the UHP vision. In FieldOfStudy (Medicine-FieldOfStudy, Dentistry) and

                                               
18 http://sigma.ontologyportal.org:4010/sigma/Browse.jsp?kb=SUMO&term=FieldOfStudy
19 http://www.cycfoundation.org/concepts/FieldOfStudy
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in ScientificFieldOfStudy (ComputerScience, Mathematics, Biology,
Pharmacology, Physics, SportsScience)

4.2.1 Use case description
Suppose that a LOR, that we call LOR1 is based on a SUMO discipline
classification and that a second LOR named LOR2 is based on a Cyc
classification. A service will be required to compute a new request that could be
understandable for searching in LOR2.

As far as our basic use-case is concerned, suppose that we would like to
retrieve learning objects for the C2I in foreign LORs. For sure they include
resources about spreadsheet for example. But these resources are not
described in terms of C2I competencies, but rather in terms of a general ICT
competency ontology. So again we need a service which could translate the
request in order to follow up the search in other repositories.

4.2.2 Ontology
A mapping between the C2I competency ontology and a general ICT ontology
would be necessary.

4.3  Direction 3
More data about the studentÕs profile and the Learning Objects descriptions
could be taken into account for combining resources together into packages
that better fit the studentÕs needs. This trend has not been yet further
investigated.
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5 APPENDICES

5.1 GCO-UHP ontology
The following code describes the instances of Competencies from the basic use
case according to the General Competency Ontology. See D4.11 ÒA flexible
competency ontology for the description of learning resourcesÒ for a more
accurate description of GCO implementation.
namespace { _ "http://uhp-nancy.fr/uhpCompetency#"
 }

ontology uhpCompetencies

instance student1 memberOf _ "http://www.cc.uah.es/ie/LUISA#person"

instance A1 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true

instance A2 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true

instance B1 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true

instance B2 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true
 requires hasValue B1

instance B3 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true
 requires hasValue B1

instance B4 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true
 requires hasValue B1

instance B5 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true
 requires hasValue B1

instance B6 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 completelyDefined hasValue true
 requires hasValue B1

instance B7 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"
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 completelyDefined hasValue true
 requires hasValue {B1, B4, B5, B6 }

instance A11 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A1

instance A12 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A1

instance A13 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A1

instance A14 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A1

instance A21 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A22 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A23 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A24 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A25 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A26 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance A27 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue A2

instance B11 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B12 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B13 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1
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instance B14 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B15 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B16 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B17 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B1

instance B21 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B2

instance B22 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B2

instance B23 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B2

instance B31 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B32 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B33 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B34 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B35 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B36 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B3

instance B41 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4

instance B42 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4
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instance B43 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4

instance B44 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4

instance B45 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4

instance B46 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B4

instance B51 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B5

instance B52 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B5

instance B53 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B5

instance B61 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B6

instance B62 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B6

instance B63 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B6

instance B64 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B6

instance B65 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B6

instance B71 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B7

instance B72 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"

 details hasValue B7

instance B73 memberOf
_"http://www.cc.uah.es/ie/LUISA#competencyDefinition"
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 details hasValue B7

instance uhpIntegerMeasurementScale memberOf
_"http://www.cc.uah.es/ie/LUISA#integerMeasurementScale"

 zeroLevel hasValue 0
 topLevel hasValue 3

5.2 FieldsOfStudy ontology
This ontology takes concepts from Cyc but add new intermediate concepts.

5.2.1 WSML implementation
namespace { _ "http://uhp-nancy.fr/"  }

ontology uhpFieldsOfStudy

concept scientificFieldOfStudy subConceptOf
_"http://www.cycfoundation.org/concepts/fieldOfStudy"
     linkedTo transitive  impliesType scientificFieldOfStudy

concept health subConceptOf scientificFieldOfStudy

concept mathematicsComputerScience subConceptOf scientificFieldOfStudy

concept lifeSciences subConceptOf scientificFieldOfStudy

concept hardSciences subConceptOf scientificFieldOfStudy

instance sportSciences memberOf scientificFieldOfStudy

instance physics memberOf hardSciences
     linkedTo hasValue mathematics

instance biophysics memberOf hardSciences

instance chemicalEngineering memberOf hardSciences

instance medicine memberOf health
     linkedTo hasValue biology

instance pharmacology memberOf health
     linkedTo hasValue biology

instance dentistry memberOf health

instance ergonomics memberOf health

instance biology memberOf lifeSciences

instance biogeography memberOf lifeSciences

instance mathematics memberOf mathematicsComputerScience

instance computerScience memberOf mathematicsComputerScience
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5.3 Software ontology

The following code is the software ontology in WSML with its instances:
namespace { _ "http://www.luisa-project.eu#"
 }

ontology software

concept Software
     Name impliesType  (1 1) _string
     Type impliesType  (1 1) SoftwareType
     Licence impliesType  (1 1) LicenceType
     Version impliesType  (1 1) _string
     Requires impliesType Software

concept SoftwareSuite subConceptOf Software
     ListOfSoftware impliesType  (2 *) Software

concept SoftwareType
     Name impliesType  (1 1) _string

concept LicenceType
     Name impliesType  (1 1) _string

instance SpreadsheetProgram memberOf SoftwareType
     Name hasValue "SpreadsheetProgram"

instance TextProcessor memberOf SoftwareType
     Name hasValue "TextProcessor"

instance PresentationProgram memberOf SoftwareType
     Name hasValue "PresentationProgram"

instance HTMLEditor memberOf SoftwareType
     Name hasValue "HTMLEditor"

instance InternetBrowser memberOf SoftwareType
     Name hasValue "InternetBrowser"

instance ImageProcessor memberOf SoftwareType
     Name hasValue "ImageProcessor"

instance OperatingSystem memberOf SoftwareType
     Name hasValue "OperatingSystem"

instance OfficeProgram memberOf SoftwareType
 Name hasValue " OfficeProgram"

instance Proprietary memberOf LicenceType
     Name hasValue "Proprietary"

instance Free memberOf LicenceType
     Name hasValue "Free"

instance LinuxUbuntu memberOf Software
     Version hasValue "Ubuntu"
     Name hasValue "Linux"
     Licence hasValue Free
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     Type hasValue OperatingSystem

instance MacOSX memberOf Software
     Version hasValue "X"
     Name hasValue "MacOS"
     Licence hasValue Proprietary
     Type hasValue OperatingSystem

instance WindowsVista memberOf Software
     Version hasValue "Vista"
     Name hasValue "Windows"
     Licence hasValue Proprietary
     Type hasValue OperatingSystem

instance WindowsXP memberOf Software
     Version hasValue "XP"
     Name hasValue "Windows"
     Licence hasValue Proprietary
     Type hasValue OperatingSystem

instance Windows98 memberOf Software
     Name hasValue "Windows"
     Version hasValue "98"
     Licence hasValue Proprietary
     Type hasValue OperatingSystem

instance WordXP memberOf Software
     Name hasValue "Word"
     Version hasValue "XP"
     Licence hasValue Proprietary
     Type hasValue TextProcessor
     Requires hasValue {WindowsXP, WindowsVista }

instance ExcelXP memberOf Software
     Name hasValue "Excel"
     Version hasValue "XP"
     Licence hasValue Proprietary
     Type hasValue SpreadsheetProgram
     Requires hasValue {WindowsXP, WindowsVista }

instance PowerpointXP memberOf Software
     Name hasValue "Powerpoint"
     Version hasValue "XP"
     Licence hasValue Proprietary
     Type hasValue PresentationProgram
     Requires hasValue {WindowsXP, WindowsVista }

instance FrontPageXP memberOf Software
     Name hasValue "Front2Page"
     Version hasValue "XP"
     Licence hasValue Proprietary
     Type hasValue HTMLEditor
     Requires hasValue {WindowsXP, WindowsVista }

instance OfficeXP memberOf SoftwareSuite
     Name hasValue "Office"
     Version hasValue "XP"
     Licence hasValue Proprietary
     Requires hasValue {WindowsXP, WindowsVista }
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     ListOfSoftware hasValue {WordXP, ExcelXP, PowerpointXP,
FrontPageXP }
     Type hasValue OfficeProgram

instance Writer2 memberOf Software
     Name hasValue "Writer"
     Version hasValue "2"
     Licence hasValue Free
     Type hasValue TextProcessor
     Requires hasValue {LinuxUbuntu, WindowsXP, WindowsVista }

instance Calc2 memberOf Software
     Name hasValue "Calc"
     Version hasValue "2"
     Licence hasValue Free
     Type hasValue SpreadsheetProgram
     Requires hasValue {LinuxUbuntu, WindowsXP, WindowsVista }

instance Impress2 memberOf Software
     Name hasValue "Impress"
     Version hasValue "2"
     Licence hasValue Free
     Type hasValue PresentationProgram
     Requires hasValue {LinuxUbuntu, WindowsXP, WindowsVista }

instance OpenOffice2 memberOf SoftwareSuite
     Name hasValue "OpenOffice"
     Version hasValue "2"
     Licence hasValue Free
     Requires hasValue {LinuxUbuntu, WindowsXP, WindowsVista }
     ListOfSoftware hasValue {Writer2, Calc2, Impress2 }
     Type hasValue OfficeProgram

instance Firefox2 memberOf Software
     Name hasValue "FireFox"
     Version hasValue "2"
     Licence hasValue Free
     Type hasValue InternetBrowser
     Requires hasValue {LinuxUbuntu, WindowsXP, WindowsVista }

instance Safari12 memberOf Software
     Name hasValue "Safari"
     Version hasValue "12"
     Licence hasValue Proprietary
     Type hasValue InternetBrowser
     Requires hasValue MacOSX


