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1 Introduction

In this document we describe the BONy® experience on applying semantic technologies to the e-
Learning scenario. Semantic technology is a broad field, involving a set of different methodologies
and technologies. Generally speaking, semantic technologies are all those automatic tools which
are able to “understand” the meaning of the data they deal with. To this aim, a wide range of
technologies have been elaborated, mainly from the academic and research world, ranging from
explicit knowledge representation tools and formalisms, such as ontologies and reasoners, to
implicit knowledge induction statistical methods, such as machine learning algorithms for
classification and similarity induction.

All those technologies are typically out of the range of competences of software developers and
engineers, mainly for two reasons: (I) they requires a deep level of understanding in a wide range
of disciplines, ranging from philosophy to statistics to engineering, (ii) state of the art tools are not
easily to integrate and customize (there® nothing like the Microsoft visual studio for semantic
technologies), (iii) they are typically affected by severe scalability issues, so theoretically optimal
solutions are not practically applicable. This makes the experimentation and the know how
transfer work crucial to define a set of recommendations for the final developers.

On the other hand, the research community, supported by the huge investment in semantic
technology done by the European commission within the VI and VIl FP, has developed a wide
range of open source tools for ontology design, knowledge management, machine learning and
information retrieval, that can be customized and integrated into specific applications. Some of
those tools are quite robust, scalable and well documented, motivating our choice to rely only on
open source software for the experiments and recommendations reported in this deliverable, in
order to reduce the development costs and easier the integration. Therefore, in this deliverable, we
identify a set of open source state of the art solutions to solve the specific requirements and
objectives, and we experiment them before integrating in the main platform. Evaluation in the
context of the e-Learning scenario (i.e. improvement in the students skills and effectiveness of the
proposed solutions) is outside the scope of this work and will be approached in a different WP.

In particular, in this work we describe the framework for demonstrating the applicability of semantic
technology to the requirements of the following tasks:

1. Semantic and Multilingual Search of Learning Objects
2. Assessment of student® skills and competences
3. Automatic generation of personalized learning paths (Mentoring)

In addition, the deliverable provides a set of recommendations for integrating the experimented
technology within the BONy platform. Issues related to social networking are outside the scope of
this work and are presented in D 3.4.

The document is structured as follows. Section 2 describes the general architecture and the
interaction between the different semantic modules. The core of our architecture is an RDF/OWL
ontology, describing the application domain. The ontology description and construction, the
learning objects, the user profiles with Topic and some example of utilizations are in Section 3. All
the semantic applications we developed interact with the ontology in different ways and are
described in the following sections: Section 4 describes the technology we implemented for the
automatic generation of personalized learning paths (or mentoring); in Section 5 there is the
description of the search engine and Java API used; Section 6 is a resume of the main Java APIs
used to work with ontology and the explanation of the SPARQL query and the reasoner.
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In the Appendix there is a list of reengineering process to map and translate data into OWL format
and some examples for the RDF/OWL syntax.
In the Glossary there are the definition of principal technical terms used in the deliverable.
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2 Architecture

Figure 1: Interaction of semantic technology components in BONy

All the semantic components implemented by the BONy project and the open source frameworks
are linked together by a common ontology, that they can access and modify according to their
needs. The ontology describes semantically the three main components of the platform, and in
particular the Learning Objects (e-Learning Ontology see Section 3.1 and 3.2), the European
Project Management domain (Topic ontology) and the user profile in the social network (User
Ontology). The content ontology is a taxonomy describing areas of interest for the project
management.

When data are inside the ontology we can easily develop semantic functionalities such as
semantic search, expert finding, user profiling, planning, generation of questionnaires for assessing
the users’ skills.

Figure 1 describes the conceptual schema of our architecture. The ontology is populated by data
coming from the e-Learning course (described by the Manifest document in the Scorm syntax) and
from the user profiles (collected in a database created by the LCMS and by the social network
platform). On the top of such ontology it is possible to perform some semantic service, such as
querying information about the course and the, planning a personalize learning paths (see Section
3.3 and 0), expert finding based on competences in the social network, and so on.

A more low level analysis on this general architecture is described in Figure 2, where in blue are
signed the output, in green the used Java API and in black the action that we want to do. The
inputs are the queries for ontology or text data and new user information, then there are the expert
or other data and the course materials.
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Before using the ontology to modify the user profile, we have to populate it with the course data,
the user data and other information. We start with data coming from user information as degree of
know-how, input from course as slide, Topic, images and other expert information.

All such information will be inserted in the ontology by re-engineering XML format of Scorm and
database data with OWL model so to construct annotated data with the correspondent RDF/XML
triples. The data stored with the ontology can be used on-line with the open source state of the art
java API describe in Section 6.

On this data we can retrieve information with query for ontology or for textual data. Moreover we
can transform the ontology in a graph for eventual network analysis to improve some characteristic
of the system as the service for the learning path generator (or mentoring).

Figure 2: Conceptual framework of sections, outputs, inputs and Java API
Therefore, following the schema in Figure 2 we have:
1. Input data to annotate with the ontology (populating procedure see Section 3.2) as:

a. SCORM/MANIFEST data of the course (see Section 3.2.1). From XML to OWL
model;

b. Expert information as Topics and Keywords (see Sections 3.1.2, 3.2.1.1, 3.2.2.2);
2. Course Input data to perform the indexing of the course and text retrieving (see Section 5).
3. Afterward we have inserted the whole data inside the semantic structure we can:
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a. Inferred new relation among data inside the ontology via a Reasoner (see Section
6.2).

b. Ask via SPARQL (see Sections 6.3 and 6.2) query for:

i. User information as known topics;

ii. Course user information to tune the course;

iii. General course information as slides in a particular language;
c. Transforming the ontology to a network for a further analysis.

4. As input from the user of the platform we have (see Section 0 and 5):

a. User profile data. Re-engineering from database to OWL model;
b. SPARQL query (see Section 6.3 and 0);
c. Classical textual query (see Section 5);

Figure 3: Concept schema of Java APl usage

So far we have as input ontology data, SPARQL query, text query and new data and as output
information about slide, course, user, a planning of the course and new data stored in the ontology.
In the schema in Figure 3 there is a further conceptualization of the framework where in blue there
are the possible inputs and in green the potential outputs.

The ontological structure is independent from languages. It is important to point out that we can
used the same data structure and SPARQL query with different languages even if the ontology is
written in English (classes and properties). This is why the conceptualization given by ontology is
independent from the language and so the instance of a class can have different languages but the
important is to have the same meaning. So with the SPARQL we inquire the data ontologically
annotated with the same notation and we will have the same answer but with different languages.

To construct the semantic framework we have used several technologies to work with the Ontology
and data; actually we have six java APIs which are the state-of-the-art open sources code
available in the Web (see Section 6.1). Following there is a brief description of the single API used
in the project:

Lucene (version 2.4.0) to retrieval information (semantically and not) among the course
slides [23].

Jena (version 2.6.0) to work with RDF/XML ontology file. Jena is used inside the project for
loading the ontology and to perform SPARQL query [21].
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OWL-api (version 2.2.0) is an interface and implementation for the Web Ontology Language
OWL [24].

Pellet (version 2.0.0-rc7) to perform logical reasoner with our ontology [26].

OWL2Prefuse (version 1.2.0) to transform RDF/XML owl file in a graphML file. We used this
API to convert a graph coming from OWL describe via RDF/XML syntax [25].

Jung (version 2.2.0) to work with graphML files. Jung is used to perform well-know network
analysis and visualization on the ontology described as a network [22].

3 Ontology for e-Learning activity

As described in the previous deliverable [3] an Ontology is devoted to describe a conceptual
knowledge domain so to have semantic link among class instances (that could be any kind of
data). The main features of an Ontology are [3][10][14]:

classes which are groups of individuals. The classes can be organized in hierarchies of
super-class and sub-classes called taxonomies.

attributes which define aspects, properties, features, characteristics, or parameters that
classes (and objects) can have.

individuals which represent items (or objects) in the class (that is also a domain of
interest).

properties relations which are binary (i.e., connecting two objects at a time) between
individuals (Object Property). The type of class of the first object is called Domain and the
class of the second object to be connected is called Range. The OWL property' can be of
different types: transitive, symmetric, functional, reverse, inverse functional. A property can
connect also an individual (or object or item) to a particular value and in this case it is called
Data-Type Property.

In our architecture the ontology is used to link different data structure (i.e. the user database and
the course data as text, image, language, type of user, etc) so we can manage all the information
in a semantic way. We have different Individuals linked together as Topic with user and sco, Topic
with other Topics and so on.

Every thing inside the database is linked. Thanks to ontology we have a coherent knowledge
representation and interactions among data. Nothing can be inserted if it is not coherent with the
ontological domain. By using a “reasoner” (see Section 6.2) we can check the consistence of the
entire database every time a new data is inserted.

In e-Learning system with an Ontology data are linked in the form of Object (which is an
individuals), Predicate (a property) and a Subject (an individuals or just a value as a string, a

! Transitive Property: If a property P is specified as transitive property, then for every X, Y and Z we have that: P(x, y) and P (y, 2)
implies P (x, z);

Symmetric Property: If a property P is called symmetric, then for all X and Y we have that: P (X, y) if and only if P (y, x);
Functional Properties: If a property P is defined as functional, then for all X, Y and Z we have that: P (x, y) and P (X, z) imply thaty = z;

Reverse Property: If a property P1 is defined as the property inverseOf (reverse) P2, then for all the x and y we have that: P1 (x, y) if
and only if P2 (y, X);

Inverse Functional Property: If a property P is defined as an Inverse Functional Properties, then for all X, Y and Z we have that: P (y,
x) and P (z, x) impliesy = z;
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number and so on) and therefore searching for an Object and/or a Subject will give more
information, thanks to predicates among Objects, than using a simple query.

This gives us the possibility to use innovative tools for information retrieval so we can look exactly
for a particular information.

Around the ontology we connect the service for retrieve information (as a slide in a particular
language or all users that know perfect some topics), the checking of data consistence (so we can
insert safety the new information that are stored as knowledge), define a planner for the course (so
to present at the user only required notion to complete the learning) and eventually to apply
network analysis at the RDF/XML file of ontology to discover new different relation that will be
stored inside the ontology (see Figure 2).

Our ontology is developed according to the so called “pattern paradigm” based on the Ontology
Design Pattern (ODP) that utilizes some already existent ontologies reusable to describe_particular
peace of domain knowledge [2]. This methodology utilizes, if it is possible, existing ontologies that
describe different areas, so to have an updated and general data structure always present in the
Web, to construct a new ontology. ODP is usually a small ontology that solves complex modelling
issues to semantic interoperability of different knowledge components.

The notion of ODP was introduced in 1999 for a particular problem domain in biology [6].
Afterwards, ODP appeared under different names such as semantic patterns, knowledge patterns
and the designing patterns for Semantic Web ontologies that are now called ODPs [2][7].

ODPs have their lifecycle which comprises the following three phases: (a) identifying ODP, (b)
testing ODP, and (c) becoming a part of the system/language.

Analogous to software engineering design patterns, ODPs bring similar advantages to the ontology
engineers. They describe proven and documented solutions to a known modelling problem that
repeatedly appears when designing different software systems.

In this section we describe some technical issues to constructs the main ontology and how to link
data coming from different sources to such an ontology. This process is called populating and the
data come from MANIFEST of SCORM that describes the course [3]. To do this we need a
mapping from course to ontology and vice versa.

These are two important task because the ontology is the core of the entire data structure. The
whole data analysis via semantic tools is based on it.

3.1 Ontology development description

The development of the BONy ontology has been inspired by the following principles:

re-usability: when adapted to a new course, the OWL schema of the BONy ontology is
preserved and only RDF data change, it allows us to minimize the adaptation costs to new
domains;

modularity: the ontology is composed by three modules representing the eLearning content,
the social networks and the topics of the course, it allows us to change the course while
preserving the community;

best practices: the ontology has been designed by specializing Ontology Design Patters
(ODP);

Regarding re-usability, we carefully distinguished the OWL part of the ontology (i.e. the
metamodel) from the actual data. In this way, the platform can be adapted to new communities,
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learning Objects and topics without any change in the ontology. To this aim, the topic taxonomy
has been reified, so that topics are instances and not classes.

To allow modularity, the ontology has been subdivided into three main components to described
the entire data structure. The main parts are:

Topic Ontology: it is about the topics covered by the course, describe the conceptual
dependencies and the relations between subject files;

eLearning Ontology: it is about the learning units, describes the type of electronic support
adopted, dependencies between learning objects, time required for learning, and content
annotation with respect to the topic ontology;

User Ontology: it is about the social network players, represent student and teachers©
profiles, their relationships and their skills with respect to the topic ontology;

The LearningObjects ontology has been developed following the main features of an e-Learning
activity so we can have the SCO, the Learning Activity, the treated Topics, the Users and some
characteristics for users as the kind of role or the known topic, the ASSET involved in the course
construction and so on.

The logic framework is that the Learning Activity has some SCO, then the SCO has some ASSET
and the ASSET is a set of objects as images, texts, videos, graphs, animation, etc...

This Ontology is constructed following the state of the art pattern paradigm as show before. The
constituent (or pattern) ontologies of the developed ontology (LearningObjects) are briefly
described as followed:

DC: represents information about documents on the basis of the Dublin Core standard.
Agentrole: to represent agents and the roles they play.

Classification: to represent the relations between concepts (roles, task, parameters) and
entities (person, events, values), which concepts can be assigned to. To formalize the
application (e.g. tagging) of informal knowledge organization systems such as lexica,
thesauri, subject directories, etc., where concepts are rst-order elements.

Collectionentity: to represent domain (not set theory) membership.

Cpannotationschema: It consists of a set of annotation properties that are used in order to
annotate CPs (Content ontology design Patterns). CPs are distinguished networked
ontologies related together via a variety of different relationships such as mapping,
modularization, version, and dependency relationships [5].

Informationobjectsandrepresentationlanguages. This defines classes for representing
information objects (which is a piece of information) expressed in terms of some iconic
language.

Informationrealization: to represent information objects and physical entities that realize
them.

Intensionextension: the intension and extension pattern. It allows to represent the
intentional expression and extensional reference of information objects.

Objectrole: Object is an Entity, and Role is a Concept. The hasRole relation specializes
the classifies relation, while the isRoleOf specializes the isClassifiedBy relation.

Parameter: the parameter content ontology design pattern. It represents parameters which
are constraints or selections on observable values.
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Part of: to represents entities and their parts.

Region: the region content ontology design pattern. It represents regions that are portions
of a dimensional space which can be used as a value for a quality of an Entity.

Sequence: to represent sequence schemas. It defines the notion of transitive and
intransitive precedence and their inverses. It can then be used between tasks, processes,
time intervals, spatially locate objects, situations, etc.

Timeinterval: the time interval pattern. Two datatype properties have been added which
allow to express the boundaries of the time interval. Ranges of datatype properties are not
indicated, because otherwise specializing them with different xsd datatypes would lead to
inconsistencies.

Topic: it is a simplified version of the ontology "ontopic".

For example Agentrole is used to specialize Agent class, defined here, with our classes as Student
and Teacher and agent® Roles with specific role as with class UserRole. Moreover, this pattern
imports from "Objectrole" ontology, the object properties isRoleOf and hasRole. Then, in our
ontology, the property hasRole has been specialized with the sub-property AgentHasRole specified
for agent. Then the Objectrole ontology defines the classes Role (a specialization of class Concept
belongs to "Classification" ontology) and Object (that will specialize with the sub-class Agent in the
"Agentrole"” ontology). It specifies the object properties hasRole and isRoleOf that are
specializations, respectively, of the classifies and the isClassifiedBy relations of "Classification"
ontology.

These ontologies are available online (via http://www.ontologydesignpatterns.org) and when the
main ontology (the LearningObjects) is loaded in the system (by Java API or other program as
Protégé [28]) they are automatically imported. To have the whole ontologies as a local resource so
to be accessible easily and always, we have created an unique file that contains the all ontologies.

3.1.10ntology general overview

In the graphs of Figure 4 and Figure 5 there are the classes@ree structure with theirs descriptions.
For example we can see in Figure 4 as the class Asset (that represents the atomic information
unit) is formed by other sub-classes which are: DiscreteAsset that is devoted to describe discrete
information as text, image or graph and there is a class for each of such a data; ContinuousAsset
for data as video, simulation, audio and animation. All these information will create a complete
object in the class InformationObject as for example a musical composition with text and images.

Every InformationObject is also a SocialObject which is an object that have been created in the
process of social communication event.

Every object of Asset will be associated to a SCO as a member of it. Subsequently we have the
description of the generic user with the class Agent. The Agent has four sub-classes: the teacher,
the student, the examiner and the general user. All these users will interact with the course thanks
to class Role which describes the way of users’ interactions with the learning materials.

The class Role has three sub-classes: ExaminationRole that represents the roles associated with
the examination material of a course, the UserRole that is the role associated with the users and
the CourseRole that is the role associated to the educational material and so on.
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Figure 4: Description of classes’ hierarchal
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Figure 5: Description of classesChierarchal
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3.1.2Topic assessment

The ontology class Topic is one of the most important classes. It make possible the linking among
the users knowledge (so with theirs profiles) and also with the retrieval of ad hoc course’s pieces to
construct the user’s planner.

By Topic and the object properties associated to it we can map the knowledge of the user inside
the system and retrieve it every time we need to know the actual knowledge level. In this way we
have also a knowledge profile of the user. Actually there are five different knowledge level (from
basic to perfect) that are assigned to the user.

Generally a Topic is defined as the subject matter of a conversation either discussion or a speech,
etc. In our Ontology there is a semiotic notion of Topic as a (usually potential) collection of
SocialObject(s). For example, ®roject management©is a topic constituted by the set of social
objects that are associated with project-related entities. Such social objects can be information
objects (texts, documents, words as keywords, images) about project-related entities, etc.

It is important to distinguish between Topic and Type [4][9]. Type, in fact, is the general form,
structure, style, etc. , either characterizing or distinguishing the members of a class or group and in
our case of Topic.

To look for these Topics we have initially searched the meaning of the keywords, associated to it
and that describe the single sco in the course, in wikipedia and we have taken the relative
categories. Then we have searched such categories also in google, yahoo and dmoz (which is
Open Directory Project where data are stored in a RDF format [20]) directories to extrapolate the
root of Topics with all the sub Topics. Afterwards we have tried to balance the number of keywords
within the relative Topics to arrive at 10 macro Topics and the relative sub Topic. The macro
Topics are: Management; Project management; Government; Auditing; Business: Law; Economy;
Financial; Institution; European union.

There are 54 different Topics (between macro and sub Topic); following there is a table with the
Topic Tree:

Financial
Business Economy European_Union . Funds
Auditin
g Business_intelligence Budget European_commission Grants -
. ) Local_authorities
Marketing Cost European_project
Programme
Structural_funds
Management
Government Application_form
Institutions i iciari .
Administrative ::r:quz:/_akii)nr?ma”es Project_management
Ethic Education Law ; .
- o Planning Deliverables
Legislation Organizations .
h Copyrights Product_management Impact
Patent Science . . s S
) . Documentations Dissemination Objectives
Policy Measuring " . L .
o . Legal_entities Project_monitoring Project_resource
Politic Quiality :
. Reporting Proposal
Privacy Tools
Security Resources
Strategic_management
Strategy

Table 1: Topic tree schema

The structure of macro and sub topics will influence the planner of the course for a specific client
because if a user knows basic the Topic “Project_Management” that is one of the most important
macro topic automatically the system will retrieve all the Topics near to it and its sub-topics and will
set the most number of SCOs inside the course. Vice-versa if we know perfect such a Topic we will
have less slide inside the course (see Sections 3.3 and 0).
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3.1.3Class and Property example of LearningObjects ontology

Here there is an example of how class and property interact each other. This is a piece of the
ontology developed in the project to describe the e-Learning materials and the actors that interact
with the course.

In Figure 6 there are four classes Topic, Agent, SCO and ASSET those describe the topics treated
in the course, the type of actor (or agents) that interacts with the course, the single learning object
(SCO) with a collection of image, text, etc, and the single information (ASSET) necessary to
construct the SCO. Some of the properties that describe the relations are: SCOhasMember,
SCOisMemberOf, hasTopic, isTopicOf, hasSubTopic, knowsTopic, farTopicFrom.

The property SCOhasMember is a sub property of hasMember so it is a specialization. The
property hasMember has isMemberOf as reverse property. The isMemberOf has the sub property
SCOisMemberOf that is also the reverse of SCOhasMember (see note at page 12).

With the reverse properties hold the condition: SCOhasMember (SCO_X, ASSET_X) if and only if
SCOisMemberOf (ASSET X, SCO X).

Same statements for properties hasTopic and isTopicOf that are each other reverse, so:
hasTopic(SCO_X,TOPIC_X) if and only if isTopicOf(TOPIC_X,SCO_X).

Figure 6: Extracted from the relation among class available in the Ontology.

Then there is a transitive property the hasSubTopic which relates topics among them. In Figure 6
there are TOPIC_X, TOPIC_Y and TOPIC_W related as sub topic; the property related to them
says: hasSubTopic(TOPIC W, TOPIC Y) and hasSubTopic(TOPIC Y, TOPIC X) implies
hasSubTopic(TOPIC W, TOPIC X). Therefore topic X is also sub topic of W and not only of Y.
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The property farTopicFrom is a symmetric property so if TOPIC_X is far from TOPIC_Z than
TOPIC_Z is far from TOPIC_X and the condition is: farTopicFrom(TOPIC X, TOPIC Z) if and only
if farTopicFrom(TOPIC Z, TOPIC X). The last property knowsTopic relates agent with topic.

In the Table 2 there are described the domain and range of the properties. Some properties can
have more than one range or domain for example hasTopic can have also an ASSET as domain;
in the table there are only the domain and range specified from the Figure 6.

Domain Property Range
SCO SCOhasMember | ASSET
ASSET | SCOisMemberOf | SCO
SCO hasTopic TOPIC
TOPIC isTopicOf SCO
AGENT knowsTopic TOPIC
TOPIC hasSubTopic TOPIC
TOPIC farTopicFrom TOPIC

Table 2: Table of Domain and Range of the properties in Figure 6.

3.2 Annotating data within ontology structure

The first step to populate the ontology is to understand what information have to be put inside its
structure. In fact, as we have seen in the previous section, initially the ontology is only the semantic
structure by which to annotate the data in a coherent way based on our representation of
knowledge domain.

The populating operation is compound in two parts. The first one is to map the SCORM (and so the
course) to RDF/XML ontology representation so to understand what are the relations (as object
property and data property) to be used (Section 3.2.1). Secondly we have to select what data and
from where the information as to be gathered so to be annotated inside classes with the right
properties (Section 3.2.2).

3.2.1Mapping SCORM/MANIFEST to OWL

The first main usage of the Ontology is to populate with individuals (that represent each class of
Ontology) the Semantic Structure of e-Learning activity defined in the project with the
LearningObjects ontology. To carry on this task firstly we have to know what information needed
from MANIFEST (as SCORM standard) to be inserted in the Ontology and this is done by a
mapping procedure of the MANIFEST file that describe the SCORM virtual model.

The SCORM ("Shareable Content Object Reference Model") is a set of technical specifications
aimed for sharing digital contents independently from the platform. Technically it can be seen as a
virtual model [3].

In e-Learning the SCORM defines the specifics to reuse, follow and itemize the learning object
(LO) by which build a course. The e-Learning platform has only the task to deal with the LO by
interpreting the sent messages. This is possible because the SCORM defines also the supporting
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characteristics of the Learning Management System (LMS). The compatibility of the platform is
needed only to understand the LO® language and if required to answer it.

There isn®any specification about the LO file formatting inside the SCORM. An object can have
every file format inside the SCORM package when it is of support for the LMS without
communicating with it (and in this case is called ASSET) or transmits with the LMS (so it is called
SCO "Shared Content Object").

For the mapping procedure we select the features of the course, which are inside the MANIFEST
file constructed following the SCORM standard, external sources that could be expert information
or data as the text transcription of the course and we use the ontology® classes to annotate such
information.

The mapping gives the RDF/XML triplets to describe the data annotation with ontology’s classes
and properties. Moreover with the mapping we can pass from Ontology to MANIFEST and vice
versa. In Figure 7 there is a conceptualization schema of the process.

In the MANIFEST file there are three main sections (metadata, organizations, resources) illustrated
as follow:

Within the metadata there are the version of the adopted standard (here is used the 1.3)
and description of the learning object with creators, rights, purposes, technical information.

In the organization there is the core of the course structure in facts we find the description
of the sections with the titles, keywords, the identifier of the associated SCO, language,
images and so on.

The resource section contains the link between the SCO identifier and the relative SCO.

<net adat a>

<schema>ADL SCORM/ schena>

<schemaver si on>CAM 1. 3</ schenmaver si on>

<l om xm ns="http://ltsc.ieee.org/xsd/ LOV >
</ met adat a> 1
<organi zati on defaul t="id_081210142834351_081210142834802" > !

 <resource>
i </ mani f est>

Figure 7: Mapping framework

21/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

The characteristics described inside the MANIFEST are used for mapping and therefore to
populate the ontology with the course structure. However, sometime, other information outside the
MANIFEST are used to map the course into ontology (as for example the “Topic” ).

Not all the MANIFEST is used, because in some tags there are information repeated along the file.
Following there is a piece of the MANIFEST used to map data within ontology with the used tags in
bold:

<mani f est >

<item identifier="id 081027154049651 090505100234426" identifierref="r1_17"
i svisible="true">
<title>European projects participants</title>
<l om xm ns="http://Itsc.ieee.org/ xsd/ LOM >
<general xm ns:auto-ns2="http://ltsc.ieee.org/xsd/ LOM >
<title>
<l angstri ng>Eur opean projects partici pants</|angstring>
</title>
<cat al ogent ry>
<l anguage>en</ | anguage>
<descri pti on>
<l angstring>Wo can participate in the project, who are the fina
beneficiari es</| angstring>
</ descri ption>
<keywor d>
<l angstring>call for proposal </|angstring>
</ keywor d>

<typi cal | ear ni ngti ne>
<dat et i me>00: 12: 00</ dat et i me>
</ typical |l earni ngti ne>
</l o>
</itemp
<r esour ces>
<resource identifier="r1_2" type="webcontent" adl cp:scornilype="sco"
href="sco_116/i ndex. htm ">
<file href="sco_116/index. htm ">

</file>
</ resource>

</resource>
</ resources>
</ mani f est >

To map the MANIFEST we have considered the tags: Item, Title, Description, Keyword,
Typicallearningtime and Resource. Other information outside the MANIFEST are used as: the
image associated with the SCO coming from SCORM directory image_for_page, the text files
extracted from text transcription of the course and Topic taxonomy created in relation with the
keywords.

Inside the tag item there are the ID of the section (called identifier) and the ID of the SCO (called
identifierref) specified in the tag resources by which it is possible to link the SCO to the Item. Then
there are the keywords with tag "keyword", the title in the tag title and a brief description of the
activity of the Item in the tag description. In the tag “typicallearningtime” there is the average time
to complete the activity defined by sco.
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Following there are three examples of tables for the mapping procedure by which we link the
peace of the course specified in the manifest with the ontological class, the used object and data
properties and the respective RDF/XML triplet syntax. The other tables are in the Appendix
(Sections 7.1 to 7.5). The tables have four columns:

INPUT indicates if the information come directly from: MANIFEST (indicate with M); already
stored in the Ontology (indicated with O); External or by Expert (indicate with E). Every
kind of input is used for creating the RDF/XML triplets;

INFORMATION, here there is the piece of MANIFEST code from where the information
come; alternatively is specified if we use external or expert data.

Data Property is the ontology data property to store such an information;

Object Property is the object property that links the manifest information when it is also an
individual.

The tables show the classes: SCO, Topic and the TextAsset a sub-class of ASSET where there
are the texts and keywords. The last row is dedicated to the RDF/XML triplet.

3.2.1.1 Topics

Table for mapping Topic within ontology: the name of the Individual is the name of the topic.

INPUT INFORMATION Data Property Object Property
E "Sub topic: inserted in the Ontology by experts" isSubTopicOf
E "Far topic: inserted in function of number of farTopicFrom

common objects with other topics"

"Near topic: inserted in function of number of

E common objects with other topics" hearTopicTo

E "Overlapped: topic inserted in function of number overlaopingTobic
of common objects with other topics" ppingtop

E "Description: inserted in the Ontology by experts"” hasDescription

RDF/XML triplet to describe OWL syntax:

<!-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnew02. ow #Topi cNane -->
<Topi ¢ rdf:about =" #Topi cNane' >

<hasDescri pti on rdf: dat atype=' &sd; string' >Sone descri ption</hasDescri ption>
<i sSubTopi cOf rdf:resource="#Topic'/>

<f ar Topi cFrom rdf: resource='#Topic' />

.<;);/érl appi ngTopi ¢ rdf:resource="#Topic' />

<near Topi cTo rdf:resource="'#Topic'/>

</ .T;)pi c>

Table 3: Topic (ontology class)
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3.2.1.2 Texts
Table for mapping the slide texts: the name of the Individual is the number of the slide.

INPUT INFORMATION Data Property Object Property
E Title of the slide coming frorlrl1 the course text hasTitle
transcription
E Corpus of the slide coming fr?m the course text hasDescription
transcription
(0] "Language previously stored in the ontology" LMhasRepresLang

RDF/XML triplet to describe OWL syntax:
<!-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewW02. oW #Sl i deNunber.txt -->

<Text Asset

rdf : about =' #Sl i deNunber . t xt"' >

<hasTitle rdf:datatype="&xsd; string >Title</hasTitle>

<hasDescri pti on rdf: dat at ype=' &sd; string' >Sli de corpus</hasDescri pti on>

<LMhasRepr esLang rdf:resource="'#l anguage' />

</ Text Asset >

Table 4: Slide text as TextAsset (ontology class)

3.2.1.3 SCO
Table for class SCO: the name of the Individual is the name of the SCO. Here there are inserted
the most of information mapped before as images, topics, key word and so on. The data used are
only from MANIFEST and/or already stored in the Ontology.

INPUT INFORMATION Data Property Object Property

M <item identifier="here there is the ID code of the ITEM" hasltem

identifierref="" isvisible="true">
M <item identifier=""identifierref="SCO ID by which link hasldentifier
the item with its SCO" isvisible="true">
M <title>"Here there is the Title of the Item"</title> hasTitle
<description><langstring>"Some description of the -
M Item"</langstring></description> hasDescription
<title><langstring>"Extended Title the is append to the -
M description"</langstring></title> hasDescription
<keyword><langstring>"Key word that describes the
M Item, this is also an Individual of ASSET SCOhasMember
class"</langstring></keyword>
<typicallearningtime><datetime>"Average time to . i

M complete the slide"</datetime></typicallearningtime> hasTypicall.earningTime

@] "Image previously stored in the ontology” SCOhasMember

0] "Text previously stored in the ontology" SCOhasMember

@] "Language previously stored in the ontology" LMhasRepresLang

0] "Topic previously stored in the ontology" hasTopic
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RDF/XML triplet to describe OWL syntax:

<!-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnew02. oM #SCO X -->

<SCO r df : about =' #sco_X >

<hasDescri pti on rdf: dat at ype=' &sd; string' >Descri ptions</hasDescri pti on>

<hasl dentifier rdf:datatype="&xsd;string' >SCO | D</ hasl dentifier>

<hasTi tl e rdf:datatype='&sd;string >Title</hasTitle>

<hasl tem r df : dat at ype=' &sd; string' >l tem | D</ haslt en>

<hasTypi cal Lear ni ngTi me rdf: dat at ype=' &sd; ti ne' >Ti ne</ hasTypi cal Lear ni ngTi ne >
<LMhasRepr esLang rdf:resour ce='#l anguages' />

<SCChasMenber rdf:resource="#l mage' />

<SCChasMenber rdf:resource="#SlideText'/>
<SCChasMenber rdf:resource="#KeyWord' />
<hasTopi ¢ rdf:resource="#Topic'/>

</ SCo>

Table 5: SCO (ontology class)

3.2.2Populating the Ontology

In this section we describe the data inserted to populate the ontology and we show some examples
of RDF/XML triplets on the base of how explained in the chapter related to SCORM® mapping.

Before using the ontology in the system we have to initialize it off-line. To populate the ontology off-
line with the course data, user and other information, we have used ad-hoc R-scripts (R is a free
software for data-mining [29]) to make RDF/XML triplets. As we have explained in the previous
section we use different inputs data to generate the RDF/XML triplet as show in Figure 8.

R is used when we want to annotate with new course or with new topics, text and images
(initialized ontology with the course).

So the first step is to annotate the course and when there are new users the new available
information (i.e. name, known topics, degree of knowledge, etc...) are inserted on-line. The user
are linked to Topic class which gives the knowledge profile of each single Agent (or user). By
Topics we are able to connect Agent knowledge degree to specific SCO so to tune the course for
each individual.

As shown in Figure 8 we have different inputs that are annotated (off-line) with ontology. This is a
re-engineering process from classical XML and data base to OWL model syntax. The inputs are :

Expert data for topics and/or keywords.
Manifest data to link single individuals as images and slide’s text to the SCO.

Data coming from course directory (that in the figure we call SCORM data) where there are
the all images, the slide text transcription and so on.
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External data which are the user information coming from the learning and social network
platform;

Figure 8: Framework to process different information to create the RDF/XML triplets.

All these information are used to populate the ontologies and some are inserted into the SCO. We
add to each class an individual and then we set the individual with the property. After this data
processing we will have linked in a semantic way (as shown in Figure 12) all data set. This set
forms a network structure where the connection are the ontology property and the node the single
representation of the class (the individual). This network is codified inside the RDF/XML structure
and could be analyze with graph analysis methods.

Following there are some examples of individual with the respective object and data property
codified inside the RDF/XML triplet. The other individuals are in the appendix (Sections 7.6 to
7.6.7).

3.2.2.1 SCO

The course is formed by 46 SCOs. The information about the SCO are available in the MANIFEST
file and in SCORM directory, as described in chapter Mapping SCORM to OWL.

The used Object Properties are:

LMhasRepresLang: the language of the learning materials; Domain in SCO (or
LearningActivity and Asset) and Range in Language.

SCOhasMember: this property links the SCO to an Asset; Domain in SCO and Range in
Asset.

hasTopic: the Topic linked to the keywords used to describe the SCO.
The used Data Properties are:

hasDescription: a brief description of the SCO; Domain in SCO (or InformationObject or
InformationRalization) and Range in string.

hasldentifier: the ID of the SCO; Domain in SCO (or InformationObject or
InformationRalization) and Range in string.
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hasTitle: the title of the course section represented by the SCO; Domain in SCO (or
InformationObject or InformationRealization or LearningActivity or Community) and Range
in string.

hasltem: the ID of the item of a course section; Domain in SCO (or Community or
LearningActivity) and Range in string.

hasTypicalLearningTime: the average time required for a specific section; Domain in SCO
and Range in time.

It is important to notify that not all the object properties are used because some are added by the
reasoner as for example the reverse or the transitive properties (see Section 6.1.2). In fact if we
use the object property LAhasMember to link LearningActivity to SCO the reasoner will add the
property isMemberOf at the SCO individuals. An example of RDF/XML triplet is:

v <l-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewN02. owl #sco_104 --> .

<SCO r df : about ="#sco_104">
<hasTypi cal Lear ni ngTi me rdf: dat at ype="&xsd; ti me"
>00: 20: 00</ hasTypi cal Lear ni ngTi me>
<hasTitl e rdf:datatype="&xsd; string"
>Consortium agreenent </ hasTi t| e>
<hasDescri ption rdf:datatype="8&xsd; string"
>Description and definition of the ternx/hasDescription>
<hasl t em rdf : dat at ype="&xsd; stri ng"
>j d_081124172351208_090505092710934</ hasl t en>
<hasl dentifier rdf:datatype="&xsd;string">r1l 92</hasldentifier>
<SCChasMenber rdf:resource="#15970313. | pg"/>
<SCChasMenber rdf:resource="#2 12 s4.txt"/>

<hasTopi ¢ rdf:resource="#Busi ness"/ >

<hasTopi ¢ rdf:resource="#0O gani zati ons"/>
<hasTopi ¢ rdf:resource="#Project_resource"/>
<SCChasMenber rdf:resource="#agreenent"/>
<SCChasMenber rdf:resource="#conpany"/>
<LMhasRepresLang rdf:resource="#english"/>

Within the SCO there are the most part of the individuals inserted to populate the ontology. In fact
the SCO is defined by using slides, keywords, images and other learning materials. To link Topics
to the SCO, instead, we have used the keywords that are connected to specific topic.

3.2.2.2 Topic

There are 54 different Topics (between macro and sub Topic see Table 1) that are linked to 271
keywords (which described the SCO inside the MANIFEST) via the property hasTopic and its
inverse isTopicOf. The keywords can belong at more Topics and totally there are 1133 keywords
(repeated) distributed over the different Topics.

The used Object Properties are:
farTopicFrom: this property says if two Topics are far each other.
nearTopicTo: this property says if two Topics are near each other.
overlappingTopic: this property says if two Topics are overlapped each other.

isSubTopicOf: this property says if a Topic is a sub-Topic of some other Topic.
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The used Data property is: hasDescription this gives a briefly description of the Topic if available.

The properties far, near and overlapped are assigned in function of the number of Assets that have
in common on the base of a fixed threshold. We have selected the threshold to add the property
neraTopicTo among Topics the value of 54%. Therefore if the percentage of common Assets is
greater or equal to 54% we say that are near, otherwise are far. When such a percentage exceed
the 90% we say that Topics are overlapped.

Figure 9 gives the idea how far or near are the Topics in function of number of common keywords.
For example we can see that Economy and Financial are near each other and so also Funds and
Grants.

In Figure 10, instead, we have an overview of the number of key word for each Macro-Topic. As
we can see more keywords are linked to Management, Project_Management, Financial and
Economy. Obviously there are overlapping of keywords which can be in more than one Topic. This
gives the possibility to calculate how far or near is a topic.

An example of RDF/XML triplet is:

<Topi ¢ rdf:about ="#Admi ni strative"> !
<hasDescri ption rdf:datatype="8&xsd; string">Adm ni strative</hasDescription>:
<i sSubTopi cOF rdf:resource="#Gover nment"/ > |
<f ar Topi cFrom rdf : resource="#G ants"/ >
<far Topi cFrom rdf : resour ce="#l npact "/ >
<f ar Topi cFrom r df : resour ce="#l nnovati on"/>
<near Topi cTo rdf:resource="#Managenment"/ >
<far Topi cFrom rdf : resour ce="#Mar keti ng"/ >
<f ar Topi cFrom rdf : resour ce="#Pat ent "/ >
</ Topi c>

Figure 9: Description of the matrix of the number of common keywords among topics.
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Figure 10: Pie chart of the number of keywords for each macro-topic.

3.2.2.3 Agents

The class Agent represents the user of the system and it has 4 sub-classes which are: Student,
Examiner, Teacher, User. Actually the example set is divided in 100 “Student”, 11 “User” (general
user), 22 “Teacher” and 15 “Examiner”. Totally there are 151 Agents.

The individuals roles are defined by class Role that is related with members of the class Agent by
the object property "AgentHasRole". The Object and Data properties are used to store information
coming from MANIFEST, expert and Dokeos database.

The used Object Properties with this class are:

isenrolledin to specify the taken course (here there is only "Project Management Cycle");
Domain in Agent and Range in LearningActivity.

knowsTopic to specify what Topics the Agent known. By these properties we can link SCO
with agent and construct a planner for each user; Domain in Agent and Range in Topic.
This property has five sub-properties that specify the degree of knowledge.

o knowsBasic, knowsMediocre, knowsFair, knowsGood and knowsPerfect. If
these are not specified its used only knowsTopic.

AgentHasRole to specify the role of individuals inside the course; Domain in Agent and
Range in UserRole.

Not all the object properties are used because some relations are identified by running a reasoner
(in this context the used reasoner is Pellet see Section 6.2). The used Data Properties are:

hasEmail: Email address; Domain in Agent and Range in string.
hasLanguage: Registered language; Domain in Agent and Range in string.

hasPlace: Place of provenance: Domain in Agent and Range in string.

29/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

hasLastName: Last name: Domain in Agent and Range in string.

hasName: Name: Domain in Agent and Range in string.

hasSector: Working sector: Domain in Agent and Range in string.
hasPositionFunction: Working position: Domain in Agent and Range in string.
hasRegistrationDate: Registration Date: Domain in Agent and Range in string.
hasExpirationDate: Expiration Date: Domain in Agent and Range in string.
hasPassword: System password: Domain in Agent and Range in string.
hasUserID: Identifier: Domain in Agent and Range in integer.

hasUsername: User-name: Domain in Agent and Range in string.

hasAuthSource: Specify if the account has been created by the platform or an user:
Domain in Agent and Range in string.

isActive: Specify if the account is available: Domain in Agent and Range in boolean.
hasPictureURI: User picture: Domain in Agent (or InformationObject) and Range in URI.
isTeachOf: If the user teaches some thing: Domain in Agent and Range in string.

By these properties we can set the user profile. Thanks to user profile we can set the course ad
hoc for his/her initial know-how and retrieve every course information; following there is an
example of the RDF/XML triplet representative of an Agent profile:

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————

: <Agent rdf:about ="#Ti meSt anp_Nanes" > :
' <i sActive rdf:datatype="&xsd; bool ean">bool ean</i sActi ve>
. <hasUser| D rdf: dat at ype="&xsd; i nt eger " >i nt eger </ hasUser | D> 1
. <haslLanguage rdf: datatype="&xsd; string">string</hasLanguage> 1
i <haslLast Name rdf: dat at ype="&xsd; stri ng" >stri ng</ hasLast Narme> :
i <hasAut hSour ce rdf: dat at ype="&xsd; string">string</hasAut hSource>
' <hasExpirationDate rdf:datatype="&xsd;string">string</hasExpirationDate> ]
+ <hasRegi strationDate rdf:datatype="&xsd; string">string</hasRegi strati onDate>
i <hasUsernanme rdf: datat ype="&xsd; string">string</hasUser nane>
' <hasPl ace rdf: dat at ype="&xsd; stri ng">string</hasPl ace> ]
i <hasName rdf: dat at ype="&xsd; stri ng">string</hasNane>
i <hasSector rdf:datatype="8&xsd;string">string</hasSector>
'+ <hasPassword rdf: dat at ype="&xsd; stri ng">string</hasPasswor d> ]
i <hasPosi tionFunction rdf:datatype="&xsd; string">string</hasPositionFunction> :
i <hasEmmi | rdf:datatype="&xsd;string">string</hasEmail> |
' <isTeachOf rdf:datatype="&xsd;string">string</isTeachC > '
i <knowsTopi ¢ rdf:resource="#Topic"/> i

<iskEnrol l edln rdf:resource="#Learning Activity"/>

<Agent HasRol e rdf:resource="#User Rol e"/ >
</ Agent >

3.3 Using annotated data in BONy

In BONy has been created the ontology which describes the e-Learning, Topic and the actors of
the course (see Section 3.1). Inside the ontology there are the agents (the actors of the system),
the course with its learning activities, shared content objects (sco), topic, piece of information
(called asset) and so on; all these things are called classes and an instance of a class is called
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individuals. Then there are the relations among the classes and so also among individuals (see
Sections 3.2.1 and 3.2.2).

Now we can check always the consistence of the database any time we perform general action on
the ontology as (add or remove individual). This is done by a reasoner (see Section 6.2) which is
able to infer logical consequences from a set of asserted facts or axioms by an inference engine.
The inference rules are commonly specified by means of an ontology language, and often a
description language. The reasoner is used to work with the ontology so:

to access the data storage into the ontology structure in a consistency way.
to add new data and check their consistency by the reasoner.

to add new relations and check their consistency by the reasoner.

to find new relations among individuals by the reasoner.

After loaded and checked the ontology we use Jena API to query the ontology with SPARQL
(Protocol and RDF Query Language) which syntax is constructed to retrieve information in a
RDF/XML data structure (SPARQL query with Jena API see Section 6.3).

Therefore, starting from the ontology populated we can add or remove new individuals or relations
(with the reasoner) to ontology data structure or to query the ontology with SPARQL. By such a
query and the data structure we can also plan the course for each individuals.

Furthermore we can perform network analysis (with OWL2Prefuse and Jung API) to look for new
relations among individuals and additionally we use Java API (Lucene) to retrieve text information
about course slide in semantic way.

Thanks to links among SCOs, Keywords, Topic and the link between Agent and Topic (via
knowsTopic properties) we can associate via SPARQL query what SCOs the agent has to do. In
this way we construct a planner based upon the Topic taxonomy of Section 3.1.2, the link between
agent and course given by the ontology and the information retrieval of SPARQL syntax.

The usage of a planner will give the opportunity to tune the course on the base of user initial know-
how. Once the core ontology and programs to access are done we have a powerful SPARQL
query engine to retrieve information in a way aimed to the user request (see Sections 0, 6.3 and
6.2).

For instance, the core of course is composed from 32 SCOs and it takes around seven hours to
complete it. With the automating mentoring we can assess on the base of the user profile the
numbers of SCOs necessary to finish the course. In this way the user will take only the required
time to complete all SCOs and not the general seven hours.

For example a user can have the following profile (where in bold there are the known topics):

v <!-- http://social.bonynetwork.eu/fillOntology/ LOnew02. ow #1240581219x - - >

<Student rdf:about="#1240581219x" >
<i sActive rdf:datatype='&sd; bool ean' >1</i sActive>
<hasUser | D rdf : dat at ype=' &sd; i nt eger' >179</ hasUser | D>
<hasName>x</ hasName>
<hasSect or >x</ hasSect or >
<hasPasswor d>9dd4e461268c8034f 5¢8564e155c67a6</ hasPasswor d>
<hasEmai | >l oi @2. pl </ hasEmai | >
<haslLast Name>x</ hasLast Nane>
<hasAut hSour ce>pl at f or mx/ hasAut hSour ce>
<hasExpi rat i onDat e>0000- 00- 00 00: 00: 00</ hasExpi r at i onDat e>
<hasRegi st rati onDat e>2009- 02- 04 15: 43: 08</ hasRegi strati onDat e>
<hasPl ace>x</ hasPl| ace>
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<hasUser nanme>x</ hasUser name>

<hasPosi ti onFunct i on>x</ hasPosi ti onFuncti on> '
<haslLanguage rdf: dat at ype=' &sd; stri ng' >Engl i sh</ hasLanguage>
<i sEnrol l edl n rdf:resource="#LA Course PCM />
<Agent HasRol e rdf:resource="#student' /> 1
<knowsFair rdf:resource="#Funds'/> i
<knowsBasi ¢ rdf:resource="'#Proj ect _Managenent'/> ;
<knowsMedi ocre rdf:resource="#Privacy' /> 1
<knowsPerfect rdf:resource="#Deliverables'/>
<knowsPer fect rdf:resource="#Auditing' />
<knowsFai r rdf:resource="#Resources'/> b
<knowsBasi ¢ rdf: resource="'#Econony' /> i
<knowsFair rdf:resource="#Ethic'/> ;
<knowsPer f ect rdf:resource='#Busi ness'/>
<knowsPerfect rdf:resource="#Measuring' />
<knowsGood rdf : resource='#Docunent ations'/>
</ St udent > ]

The user profile represented in the ontology and consists of biographic data, such as email, name,
address, as well the assessment of the user skills. In this profile there are some Topics (in bold)
known from basic to perfect.

On the base of this profile after the mentoring process there will be the SCOs associate at the user
(see Section 0). So not all the 32 SCOs have to do but just those in which the know-how is not
perfect has reported in Table 6.

Cumulative Knowledge
SCO Title Time time degree
1 sco_ 19 Budget 00.05.00 00.05.00 Basic
2 sco_41 Kinds of European programmes and projects 00.20.00 00.25.00 Basic
3 sco_20 Project resources planning 00.12.00 00.37.00 Basic
4 sco 64 European projects participants 00.12.00 00.49.00 Basic
5 sco_110 Business plan 00.15.00 01.04.00 Basic
6 sco 54 Politic, programmes and European project 00.32.00 01.36.00 Basic
7 sco 115 European project Expenditures Eligibility 00.13.00 01.49.00 Basic
8 sco_30 Ethical issues 00.08.00 01.57.00 Fair
9 sco 96 Audit 00.07.00 02.04.00 Fair
10 sco 14 European added value 00.06.00 02.10.00 Fair
11 sco 71 Agreement with the CE 00.12.00 02.22.00 Good
12 sco 9 Phase 1. preparing a proposal 00.09.00 02.31.00 Good

Total time: 05.05.00
Table 6: Sample from planning table.

From Table 6 we can see that instead of taking seven hours to complete the course the user needs
around five hours.

Furthermore, with the profile of the user ontologically structured we can know in every moment
what is the user's know-how via SPARQL query. Then, the BONy platform uses Information
Retrieval and Natural Language Processing techniques to match the content described so far and
topic ontology, in order to establish new relations between her/his profile and topic ontology (see
Section Ontologies and reasoning).
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The Ontology is used obviously to store data in a semantic way but could also be utilized to
construct a net structure to analyse with the methods proper of network analysis. The RDF/SML
triplets of Ontology form already a network of classes, properties and individuals. This kind of
network can be visualized by specific programs or Java API [30][31]. Following there are two
examples (in Figure 11 and Figure 12) of network drawn from the BONy populated ontology.

Figure 11: This figure is made with RDF-GRAVITY which is a tool for visualising RDF/OWL Graphs
ontologies and it is implemented by using the JUNG Graph API and Jena semantic web toolkit. In the
figure is shown the edges among Individuals (the red triangle with 1) and Classes (the yellow circle
with C). The edges are the properties codified with an RDFL/XML syntax.
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Figure 12: This figure is made with WELKIN a tool which that lets to understand RDF/XML global
shape and cluster characteristics rather than the individual item. In this example there is the sco_88

Moreover with the ontology and manifest in the 11 languages of the project we can construct a
semantic and multilingual searching engine.
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All learning objects and their textual content have been indexed by a search engine (i.e. Lucene
see Section 5). The index is done by using the text within the slides and the keywords associated
to each of them. As far as the learning objects are aligned among languages by a common
representation in the ontology, it is possible to write queries in any language, and to retrieve pages
in different languages. Expanding text in learning objects by the keywords in the ontology is also a
way to implement semantic search. Figure 13 describes a screen-shot of the search engine and its
multilingual capabilities.

For example if we are searching for "vectors" the system will give us the course section "Gantt
diagram and Pert chart - visual tools" and the number of the slides related to the section where the
word is present. This information can be shown in every of the languages presented in BONy.

Another example could be with the word "monitoring” where the results are: slide 1 of section
"Project Monitoring - Project activities over a period of time" and slide 6 of section "Workplan for
each partner - The way the work plan should be described".

Figure 13: Example of searching results. Clicking on the corresponded flag we can see the relative
slide.

35/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

4 Mentoring

To implement this service, a typical approach in Artificial Intelligence is to use a planner. Given the
reduced number of constraints and the relatively small scale domain, it was possible to implement
the same set of capabilities in a much simpler way by defining ad-hoc SPARQL queries and using
a reasoner. This generates a planner that is different from those using a rigorous logical formalism
and a clear definition of goals. Instead using SPARQL we can make an approximation because the
objective is not formalized. In fact, each learning object is linked to one or more Topics. This allows
us to link the user profile (degree of knowledge in the different Topics) with the learning objects
about the topics he is more expert.

Therefore we use the powerful of a reasoner (in our case the Pellet of Section 6.2.1.1) and the
SPARQL syntax (see Section 6.3), the semantic structure and the Topic’s hierarchal to construct
the mentoring.

In the ontology a SCO is linked to one or more Topics. This connection is possible thanks to key-
words that are connected to Topic (as show in Figure 14) and SCO. The user is assigned to some
Topics that could know from perfect to basic (discretized in five level: perfect, good, fair, mediocre
and basic) then the topics are linked to SCO via keywords.

As a result the annotation gives us the possibility to link user know-how (degree of knowledge in
the different Topics) with keywords. Such keywords are linked to SCO and so the SCO are linked
to user profile.

As we can see the mentoring is not only the algorithms but also the data structure (see Figure 15).
In fact without the ontology and the data annotated with ontologies (the individuals) we can not use
the query SPARQL in the right way.

In Figure 14 there is the schema of how the single data are related: User to Topics, Topics to key-
words, keywords to SCOs and then Topics to SCO (the directed link drawn in dashed line). The
ontologies properties involved in the links are hasTopic and SCOhasMember and five sub-
properties of knowsTopic that are: knowsBasic, knowsFair, knowsMediocre, knowsGood,
knowsPerfect.

So by the right data structure and the powerful of SPARQL we are able to look for right SCOs for
each user. Moreover, utilizing the SPARQL query and the ontology we are untied from languages
because the data are stored independently with the same structure and the same meaning. So
same queries will return same results and the individuals can have every kind of languages.

Before to use the query, the individuals (ontologically stored as in Section 3.2.2) are loaded inside
the reasoner so to discover new relations that will be added to the loaded ontology. With the
reasoner we are able to add more relations among Topics as for example “nearTopicTo” or
“isTopicOf” that can be used in the query. The user or the system will send the query to the planner
and as result there is a list of SCO.

Therefore the complete planner system (see Figure 15) will be composed by:

Data ontologically (semantically as describe in the previous sections) store which are mainly
the user profile, the Topics with the know-how degree and the SCO with its properties;

Jena API to loaded and perform the SPARQL query (see Sections 6.1.1 and 6.3); First we
load the ontology with Jena then we run the Pellet reasoner and finally we use Jena again
for SPARQL engine.
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Pellet as reasoner (see Section 6.1.2) by which we can add new relations before to run the
query; the reasoner is used with Jena API to check consistence and add relations. It is
called by the SPARQL engine when there are other relations to check.

After the loading and the Pellet check the data are already to be used;

A query generator or files that contains queries; there is a set of ad-hoc query as input in the
system by which we retrieve the sco. The query is composed by the following variables:

o the user ID identified with ex:userlD;

o the know-how properties identified with ex:knowsBasic or ex:knowsGood etc, and
the variable ?property;

o the Topic identified with ex:Topic, the variable ?topic and topic properties as
ex:nearTopicTo and ex:overlappingTopic;

0 the SCO identified with ex:SCO and the variable ?sco, the property on the SCO as
ex:hasTitle, ex:hasTopic and ex:hasTypicalLearningTime;

The access to the system will be by a server/client interface developed in Java that is
command by PHP [27] via client application.

Figure 14: General schema of interactions among user, topics, keywords and SCO; the dashed line is
a directed link. In figure (a) there is an example with two topics, five keywords and two SCO; figure

(b) shows the ontology properties that give such links.
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Figure 15: Mentoring general schema.

4.1.1Queries and results examples

Following there are some examples of queries and the relative results. In these cases we insert the
directed link between Topic and SCO only if the number of SCO’s keywords associated to a Topic
is greater than one. In all the examples are omitted the prefixes of the query as specified in
Section 6.3.1.

4.1.1.1 Example 1: Look for user known Topics

If a teacher or a general user wants to identify how many topics a student knows and the specific
knowledge degree, we can make the following query:

In this query we use the filter (specified in section 6.3.5) to eliminate the property knowsTopic
because the other properties (knowsBasic, knowsFair, etc..) are sub-properties and so also
knowsTopic will be called from the query adding also redundant information.

In this case the user is recognize with the ID 1240581219x and the associated Topics are:

Knowledge Degree Topics Knowledge Degree Topics
1 knowsFair Funds 7 knowsPerfect Business
2 knowsFair Resources 8 knowsPerfect Deliverables
3 knowsFair Ethic 9 knowsPerfect Measuring
4 knowsMediocre Privacy 10 knowsPerfect Auditing
5 knowsBasic Economy 11 knowsGood Documentations
6 knowsBasic Project_Management
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4.1.1.2 Example 2: SCO associated with known Topics

In this case the system administrator or the teacher want to set the SCO to be done in the course.
There are different solutions in function of the user preference, in fact we can make query more
complex to have more or less SCOs in the course.

In this first query we look for SCO associate only to Topics that are not know perfect:

» {ex:1240581219x ex:knowsFair ?topic.} UNION {ex:1240581219x ex:knowsBasic ?topic.} UNION

i {ex:1240581219x ex:knowsMediocre ?topic.}. ?sco rdf:type ex:SCO. ?sco ex:hasTopic ?topic. ?sco ex:hasTitle ?title. !
i ?sco ex:hasTypicalLearningTime ?time} ORDER BY ASC(?time)

This query gives as result the all SCO associate with Topics from good to basic their title and the
typical learning time by which we order the results in a ascending way. The user is always the
same: 1240581219x.

The results are:

SCO Title Time

1 sco_18 Impact 00.04.00
2 sco_29 Deliverables 00.04.00
3 sco_19 Budget 00.05.00
4 sco_13 State of art and innovation 00.05.00
5 sco_32 The objective aims of the projects 00.05.00
6 sco_90 Administrative management 00.05.00
7 sco_14 European added value 00.06.00
8 sco_96 Audit 00.07.00
9 sco_30 Ethical issues 00.08.00
10 sco_11 Logical framework 00.08.00
11 sco_27 Defining the milestones of the project 00.08.00
12 sco_42 Phase 3. Project management 00.08.00
13 sco_9 Phase 1. preparing a proposal 00.09.00
14 sco_71 Agreement with the CE 00.12.00
15 sco_20 Project resources planning 00.12.00
16 sco_64 European projects participants 00.12.00
17 sco_115 European project Expenditures Eligibility 00.13.00
18 sco_110 Business plan 00.15.00
19 sco_89 Building of the project team 00.16.00
20 sco_41 Kinds of European programmes and projects 00.20.00
21 sco_82 Workplan for each partner 00.24.00
22 sco_54 Politicy, programmes and European project 00.32.00

Total time: 03.58.00

As we can see the average learning time is of four hours instead of the entire course time that is
around seven hours. There are 22 SCOs instead of the 32 of the whole course.

Starting from this last query we add that Topics that are near to the previous ones:

i SELECT DISTINCT ?sco ?title ?time WHERE {{ex:1240581219x ex:knowsGood ?topic.} UNION
{ex:1240581219x ex:knowsFair ?topic.} UNION {ex:1240581219x ex:knowsBasic ?topic.} UNION
! {ex:1240581219x ex:knowsMediocre ?topic.} UNION {?topic ex:nearTopicTo ?ntopic}. ?sco rdf:type ex:SCO.

?sco ex:hasTopic ?topic. ?sco ex:hasTitle ?title. ?sco ex:hasTypicalLearningTime ?time} ORDER BY ASC(?time)
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Instead of 22 there are 26 SCO and the time to complete the course is around five hours. The
results are:

SCO Title Time

1 sco_18 Impact 00.04.00
2 sco_29 Deliverables 00.04.00
3 sco_13 State of art and innovation 00.05.00
4 sco_19 Budget 00.05.00
5 sco_32 The objective aims of the projects 00.05.00
6 sco_90 Administrative management 00.05.00
7 sco_14 European added value 00.06.00
8 sco_96 Audit 00.07.00
9 sco_30 Ethical issues 00.08.00
10 sco_93 Financial management 00.08.00
11 sco_42 Phase 3. Project management 00.08.00
12 sco_11 Logical framework 00.08.00
13 sco_27 Defining the milestones of the project 00.08.00
14 sco_9 Phase 1. preparing a proposal 00.09.00
15 sco_64 European projects participants 00.12.00
16 sco_71 Agreement with the CE 00.12.00
17 sco_20 Project resources planning 00.12.00
18 sco_115 European project Expenditures Eligibility 00.13.00
19 sco_74 Intellectual property rights 00.13.00
20 sco_110 Business plan 00.15.00
21 sco_89 Building of the project team 00.16.00
22 sco_41 Kinds of European programmes and projects 00.20.00
23 sco_82 Workplan for each partner 00.24.00
24 sco_45 Phase 4. Take advantage of the project exploitation 00.24.00
25 sco_77 Dissemination plan 00.27.00
26 sco_54 Politicy, programmes and European project 00.32.00

Total time: 05.10.00

Again if we don’t want to lost nothing of the relations among topics we can add the relation
overlappingTopic. The query is:

' SELECT DISTINCT ?sco ?title ?time WHERE {{ex:1240581219x ex:cknowsGood ?topic UNION |
{ex: ex:1240581219x ex:knowsFair ?topic.} UNION {ex:1240581219x ex:knowsBasic ?topic.} UNION
{ex:1240581219x ex:knowsMediocre ?topic.} UNION {?topic ex:nearTopicTo ?ntopic} UNION

: {?topic ex:overlappingTopic ?otopic.} . ?sco rdf:type ex:SCO. ?sco ex:hasTopic ?topic. ?sco ex:hasTitle ?title.

?sco ex:hasTypicalLearningTime ?time} ORDER BY ASC(?time)

In this case we have 28 SCOs and a learning time around six hours; the results are:

SCO Title Time
1 sco 18 Impact 00.04.00
2 sco_29 Deliverables 00.04.00
3 sco_ 13 State of art and innovation 00.05.00
4 sco_ 19 Budget 00.05.00

40/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.

Version 6.0

5 sco_32
6 sco_90
7 sco_14
8 sco_96
9 sco_30
10 sco_93
11 sco_42
12 sco_11
13 sco_ 27
14  sco 9
15 sco 71
16 sco_20
17 sco_64
18 sco_115
19 sco 74
20 sco_110
21 sco_89
22 sco_41
23 sco_104
24  sco_45
25 sco_82
26 sco_77
27 sco_3
28 sco 54

The objective aims of the projects
Administrative management
European added value
Audit
Ethical issues
Financial management
Phase 3. Project management
Logical framework
Defining the milestones of the project
Phase 1. preparing a proposal
Agreement with the CE
Project resources planning
European projects participants

European project Expenditures Eligibility

Intellectual property rights
Business plan
Building of the project team

Kinds of European programmes and projects

Consortium agreement

Phase 4. Take advantage of the project exploitation

Workplan for each partner
Dissemination plan
Building of the project consortium

Politicy, programmes and European project

Total time:

00.05.00
00.05.00
00.06.00
00.07.00
00.08.00
00.08.00
00.08.00
00.08.00
00.08.00
00.09.00
00.12.00
00.12.00
00.12.00
00.13.00
00.13.00
00.15.00
00.16.00
00.20.00
00.20.00
00.24.00
00.24.00
00.27.00
00.28.00
00.32.00
05.58.00

It is important to notify that due to the fact that the user 1240581219x knows basic the topic Project
Management that is one of the core (macro) topic of the course, then we have more keywords
associated to it. So when we look for SCO will have more units and relative sub-topic associated to
Project Management and therefore it is coherent to have a course with more SCOs.

So, if we have Perfect instead of Basic on Project Management and we run the last query the

results are:
SCO Title Time

1 sco_13 State of art and innovation 00.05.00
2 sco_19 Budget 00.05.00
3 sco_32 The objective aims of the projects 00.05.00
4 sco_14 European added value 00.06.00
5 sco_96 Audit 00.07.00
6 sco_30 Ethical issues 00.08.00
7 sco_93 Financial management 00.08.00
8 sco_42 Phase 3. Project management 00.08.00
9 sco_9 Phase 1. preparing a proposal 00.09.00
10 sco_64 European projects participants 00.12.00
11 sco_71 Agreement with the CE 00.12.00
12 sco_20 Project resources planning 00.12.00
13 sco_115 European project Expenditures Eligibility 00.13.00
14 sco_74 Intellectual property rights 00.13.00
15 sco_110 Business plan 00.15.00
16 sco_89 Building of the project team 00.16.00
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17 sco_41 Kinds of European programmes and projects 00.20.00
18 sco_104 Consortium agreement 00.20.00
19 sco_45 Phase 4. Take advantage of the project exploitation 00.24.00
20 sco_77 Dissemination plan 00.27.00
21 sco_3 Building of the project consortium 00.28.00
22 sco_54 Politicy, programmes and European project 00.32.00

Total time: 05.05.00

We can also order the results from basic to good knowledge, but the real sequence of how SCOs
will be shown to the student is inside the MANIFEST.

Following there are the results ordered by knowledge degree:

Cumulative Knowledge
SCO Title Time time degree
1 sco_ 19 Budget 00.05.00 00.05.00 Basic
2 sco_41 Kinds of European programmes and projects 00.20.00 00.25.00 Basic
3 sco 20 Project resources planning 00.12.00 00.37.00 Basic
4 sco_64 European projects participants 00.12.00 00.49.00 Basic
5 sco_110 Business plan 00.15.00 01.04.00 Basic
6 sco 54 Politic, programmes and European project 00.32.00 01.36.00 Basic
7 sco 115 European project Expenditures Eligibility 00.13.00 01.49.00 Basic
8 sco_30 Ethical issues 00.08.00 01.57.00 Fair
9 sco 96 Audit 00.07.00 02.04.00 Fair
10 sco 14 European added value 00.06.00 02.10.00 Fair
11 sco 71 Agreement with the CE 00.12.00 02.22.00 Good
12 sco 9 Phase 1. preparing a proposal 00.09.00 02.31.00 Good
13 sco_13 State of art and innovation 00.05.00 02.36.00 Associate
14 sco_42 Phase 3. Project management 00.08.00 02.44.00 Associate
15 sco 77 Dissemination plan 00.27.00 03.11.00 Associate
16 sco_45 Phase 4. Take advantage of the project exploitation 00.24.00 03.35.00 Associate
17 sco_93 Financial management 00.08.00 03.43.00 Associate
18 sco_74 Intellectual property rights 00.13.00 03.56.00 Associate
19 sco_89 Building of the project team 00.16.00 04.12.00 Associate
20 sco_32 The objective aims of the projects 00.05.00 04.17.00 Associate
21 sco_104 Consortium agreement 00.20.00 04.37.00 Associate
22 sco_3 Building of the project consortium 00.28.00 05.05.00 Associate

Total time: 05.05.00

As we can see from row 1 to row 12 there are indicated the knowledge degree associate with the
topics, but there are other SCOs that we call “Associate” which are indirectly linked (the Topics of
such a SCO are not in the user profile) by relation near and overlapping of Topics.

By using the relation near and overlapping we find that: Financial is near to Auditing and Economy;
Economy is near to Business; Ethic is near to Policy and Privacy; Privacy is near to Policy and
Security; Funds is near to European_union, Grants and Programme; Ethic has some overlapping
with Law.

Therefore the new topic to be added are Law, Grants, Programme, European_union, Policy,
Security and Financial. With these Topics there will be also the “Associated” SCO and the other
Topics are already in the user Profile. So where there is a knowledge degree the SCO is directed
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linked to the user (ex:1240581219x) where there isn’'t the SCO is retrieved by the SPARQL and the
reasoner via the ontology Object Property.

The new user profile table is:

Knowledge Degree Topics Knowledge Degree Topics
1 knowsFair Funds 10 knowsPerfect Auditing
2 knowsFair Resources 11 knowsGood Documentations
3 knowsFair Ethic 12 Associated Law
4 knowsMediocre Privacy 13 Associated Grants
5 knowsBasic Economy 14 Associated Programme
6 knowsBasic Project_ Management 15 Associated European_union
7 knowsPerfect Business 16 Associated Policy
8 knowsPerfect Deliverables 17 Associated Security
9 knowsPerfect Measuring 18 Associated Financial

The user will take generally one hour and 49 minutes to complete SCOs linked to topics known
basic; two hours and 10 minutes to reach all the fair gaps and two hours and 31 minutes to
complete all sections until Good. Afterwards there are other two hours and 34 minutes to do the
“Associate” SCOs to complete all the course.

The query to obtain the SCOs directed linked to user via the known Topic (from row 1 to row 12) is:

SELECT DISTINCT ?sco ?title ?time ?property WHERE {{ex:1240581219x ex:knowsBasic ?topic.} UNION
{ex:1240581219x ex:knowsFair ?topic.} UNION {ex:1240581219x ex:knowsMediocre ?topic.} UNION
{ex:1240581219x ex:knowsGood ?topic.} UNION {?topic ex:nearTopicTo ?ntopic.} UNION

{?topic ex:overlappingTopic ?otopic.}. ex:1240581219x ?property ?topic.

FILTER ((?property != ex:knowsTopic) && (?property != ex:knowsPerfect)) ?sco rdf:type ex:SCO.

?sco ex:hasTopic ?topic. ?sco ex:hasTitle ?title. ?sco ex:hasTypicalLearningTime ?time. } ORDER BY (?property)

This kind of query (there are other queries that gives the same result) will return all the know-how
properties associated to the SCO and a same sco could have more than one property associated
for example a knowsBasic and knowsGood. In this case we choose the lowest level and we assign
it as output and the previous tables results are constructed in this manner.

If we have the same query with different individuals’ language we will have the same result with
equal sco names but the title with the current language.
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5 Multilingual Search engine

To retrieval information (semantically and not) about the course slides we have indexed the all
course and ontology by Lucene API versione 2.4.0 (one of the powerful API for searching
documents [23]).

Lucene has been applied in the BONy project for indexing and retrieving information about the
course slides and ontology via keywords. A query is maid to search for the peace of the course into
the sco (sharing content object). The query is a classical text string as in google. The SCOs are
parsing to gather text, title and keywords that will be indexing by Lucene.

Lucene scores documents related to a query. The scoring is a combination of the Vector Space
Model (VSM) of Information Retrieval and the Boolean model to determine how relevant a given
Document is to a User® query. The score between the documents and the query is calculated via
similarity measure.

The VSM is an algebraic model for representing text documents as vectors of identifiers, such as,
for example, index terms. There are two equivalent representations, one called Term VSM in which
each dimension of the vector corresponds to a separate term and the other called Text VSM where
the dimensions are single text [4].

In the Term VSM if a term occurs in the document, its value in the vector is non-zero. A classical
representation for such a value is a tf-idf (term frequency-inverse document frequency). With tf-idf
the presence of the term in the document is weighted by the multiplication of the term’s frequency
in the document and a factor that consider the total number of documents that have such a term.

The definition of term depends on the application. Typically terms are single words, keywords, or
longer phrases.

In simple way, with the VSM, when a user put a query in the system then: the more times a query
term appears in a document relative to the number of times the term appears in all the documents
in the collection (tf-idf weight), the more relevant that document is to the query.

5.1 General process & schema

Lucene works with Documents which are objects that contain some Fields. Each Field is a couple
name/value; the value of the field can be every things as the path of the file to be indexed,
keywords, sentences, the last modify, and other terms.

Each Field has semantics about how it is created and stored (i.e. tokenized, untokenized, raw data,
compressed, etc.). It is important to note that Lucene scoring works on Fields and then combines
the results to return Documents.

Scoring is very much dependent on the way documents are indexed, the same term in Filed with
different names will mange as a different term. For example two Documents with the exact same
content, but one having the content in two Fields and the other in one Field will return different
scores for the same query due to length normalization (the query are normalized so to compare
also different queries).

Therefore before starting with the indexing procedure any kind of files must be converter in a
Document Object. The Index is the core of Lucene. To build the Index, a Document object is pass
to an IndexWriter object and then to run a search on the Index we use an IndexSearcher object.

The search itself is a Query object, which we pass into IndexSearcher.search().
IndexSearcher.search() returns a Hits object, which contains a Vector of Document objects. It is
possible to do also a research on multy-index.
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Queries can be quite complicated, so Lucene includes a tool to help generate Query objects, it is
called QueryParser.

There are other function for the query as a filter by which selected the Field to be searched in the
document and different Boolean constructor.

In Figure 16 there is a general schema of how the process is usually carry out. Lucene is an API
and not an application, so some operations must be programmed (as for the other API that we
have used). In the example process below in red there are section and object not performed by
Lucene and in red class and object of Lucene.

5.1.1Reading & Spidering

This is a part that must be implemented. An input file must be read and then passed to the
converter. We can read a directory, a database or a website by building code to assemble a list of
the data we want to be able to search. The output will be a list of File objects that we run one by
one through the converter to make Document Object.

5.1.2Converting

We must build a converter for each type of data element or file we want to search. Our converter
constructs a Document Object, full of Fields. Each Field has a name and a value. The converter
runs the value data through an Analyzer, which cleans up the data (for example, making it all lower
case, dropping out "stop words" like "and", "it", "the", etc) before adding it to a Document. We can
build our own Analyzer, or use one of the three or more Analyzers that comes with Lucene.

We also ought to include some important Fields, like the modification date of the file, the file name,
etc...

5.1.3Indexing

After we have created the Document objects we push them in the IndexWriter. We open the
IndexWriter with a directory name, which is where the IndexWriter will write the index files it
creates. Then we loop through our list of documents creating the index which is compound of a set
of three files. Moreover the Document’s Field can be analyzed again with one of the Lucene’s
Analyzer. The Index then will be used from the IndexSearch together with the Query Object to
search for documents.

The analyzer® job is to take apart a string of text and give you back a stream of tokens. The
tokens are presumably usually words from the text content of the string, and that® what gets
stored (along with the location and other details) in the index.

5.1.4Query

We build code to present a form to the user, to allow them to enter their query. Our application
takes the query string the user entered and runs it through the QueryParser to get a Query object.
It is important that the QueryParser uses the same Analyzer used during the indexing, so the query
string gets cleaned up in the same way of the indexed Documents.
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Figure 16: Framework to use Lucene to retrieve information

5.1.5Searching

Once we have the Query (which can really be a whole tree of Query objects, since a complex
query can be broken down into multiple sub-queries) we feed it into an IndexSearcher. If we@e
using a long-running application, we should probably instantiate the IndexSearcher ahead of time
(with, of course, the name of the directory where the search index files are kept), and keep it
around in between requests, to avoid the overhead of re-instantiating it all the time.

The IndexSearcher returns a Hits object, which contains a Vector of Lucene Documents.

5.1.6Displaying

To display all the results we loop through the Hits. It is possible either to display a link to the
original file (if it® static information), or if it® dynamically generated information. We must pay
attention to include the right Fields and to include all the necessary information in the Document
Fields so we can reconstitute what we need from the Document.

46/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

6 Knowledge Management Technology

In this section we describe the Java APIs and their usage in the system. We use open source Java
APIs to manage semantic and textual data. The APIs are: Lucene, Jena, Pellet, OWL,
OWL2Prefuse and Jung.

Before to access inside the ontology we have to check the consistence and realize new assertion
and this is made by a reasoner (the Pellet API).

The reasoner is used to work with the ontology so:
to access the data storage into the ontology structure in a consistency way.
to add new data and check their consistency by the reasoner.
to add new relations and check their consistency by the reasoner.
to find new relations among individuals by the reasoner.

After loaded and checked the ontology we use Jena to query the ontology with SPARQL (Protocol
and RDF Query Language) which syntax is constructed to retrieve information in a RDF/XML data
structure (SPARQL query with Jena API).

To use Pellet and Jena APl we have developed a system server-client where in the server there
are the functions to work with the ontology, therefore to query and add new data and modify them.
The client gives the possibility for accessing the ontology to submit the query and add new
individuals and modify them.

Before using Pellet we have solved a little problem due to the imported ontologies in the main one
(the LearningObjects). The developed ontology is constructed with the design patterns (see
Section 3.1)so when loaded it imports other ontologies to describe some characteristics as
information object, Topic and so on (as explained in Section 3.2).

When this ontology is loaded with Jean (or OWL API by which we manage the ontology for general
purposes) and Pellet API the code imports all the necessary ontologies and gives at each class the
prefix of the belonged ontology. So when is performed a query SPARQL we have to choose the
right prefix (see Section 6.3.1).

To by pass this problem we have put in a single ontology all the required imports and a same prefix
has been set for every one. This has been made by utilizing Protégé 4 [27].

The using of query SPARQL and contemporary a reasoner is the main incentive to adopt Pellet
(among different reasoners) and Jena. Additionally Pellet could be used also with OWL API so we
have just one type of reasoner for two type of ontology API. The main objectives are to use ad hoc
queries SPARQL for finding experts, profiling in the net structure and planning the SCOs that the
user has to do.

Therefore, starting from the ontology populated we can add or remove new individuals or relations
(with the reasoner) to ontology data structure or to query the ontology with SPARQL. By such a
query and the data structure we can also plan the course for each individuals.

Furthermore we can perform network analysis (with OWL2Prefuse and Jung API) to look for new
relations among individuals .

In Section 6.1 we describe the used APIs with their interactions. In section 6.2 there are described
the general characteristics of a reasoner focussing the attention to the Pellet features and Section
6.3 describes the SPARQL query syntax.
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6.1 Overview on used open source java API

We have used several technologies to work with the Ontology and data where the interactions are
describe in Figure 17. The general schema of the figure shows the usage of the single API with
their general input/output. We implement in programs the API:

Jena (version 2.6.0) to work with RDF/XML ontology file. Jena is used inside the project for
loading the ontology and to perform SPARQL query [21].

OWL-api (version 2.2.0) is an interface and implementation for the Web Ontology Language
OWL. The latest version of the API is focused towards OWL 2 which encompasses, OWL-
Lite, OWL-DL and some elements of OWL-Full. The OWL API includes components as:
RDF/XML and OWL/XML (ad hoc syntax for OWL) parser and writer and Pellet reasoner
interface. We use this API for every kind of action on the ontology as loading and saving and
modified individuals, properties and so on [24].

Pellet (version 2.0.0-rc7) to perform logical reasoner with our ontology. Pellet is the
reasoner used to gather new asserted axioms to be inserted in the ontology. This is used via
Jena or OWL-api. Every time the ontology is loaded in the system we run the reasoner
before to perform every other action. Pellet is used also to check the consistency of the
conceptual model describe by the ontology [26].

OWL2Prefuse (version 1.2.0) to transform RDF/XML owl file in a graphML file. We used this
API to convert a graph coming from OWL describe via RDF/XML syntax [25]. Every node of
the graph is an instance (or individual) of the ontology and the link or edge is the Object
property. Because the Object Property has a domain and a range the kind of graph is
directed.

Jung (version 2.2.0) to work with graphML files. Jung is used to perform well-know network
analysis and visualization on the ontology described as a network. The current distribution of
JUNG includes implementations of a number of algorithms from graph theory, data mining,
and social network analysis, such as routines for clustering, decomposition, optimization,
random graph generation, statistical analysis, and calculation of network distances, flows,
and importance measures (centrality, PageRank, HITS, etc.) [22].

From Figure 17(a) we can see as the ontology data and the textual transcription of the course slide
are used as database where to do the searching task. The ontology is initialized (off-line) with
course’s data by R scripts and then it is used on-line (see Section 3.2.2).

As input we have a textual query to retrieve text information to locate the slide course (the output),
this is done by suing Lucene APIl. As already explained, we use Jena to load and query the
ontology via SPARQL and OWL API to manage ontology for general tasks. After loading the
ontology in the system and before to do every task the ontology is run inside the Pellet reasoner to
check for consistence and to add new relations (as we can see in Figure 17(b)).

When the input is a new user we use OWL API to add new individual inside the ontology (this is
done online) and when the input is an ad-hoc SPARQL query for defining the course the output will
be a list of SCOs (mentoring the course).

To transform the ontology in a network we use OWL2Prefuse API and the output is a file called
graphML that describe the network that will be analyzed with Jung API, the output will be some
index will aid to add new relations among individuals (see deliverable 3.4).
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Figure 17: General schema of used java API. In figure (a) there is the description of the general
input/output and in figure (b) there is a synthesis of APl interaction.

6.1.1Jena
Jena is a Java framework for building Semantic Web applications. It provides a programmatic
environment for RDF, RDFS and OWL, SPARQL and includes a rule-based inference engine [21].

Jena is open source and grown out of work with the HP Labs Semantic Web Programme. The
Jena Framework includes:

A RDF API
Reading and writing RDF in RDF/ XML
An OWL API
In-memory and persistent storage
SPARQL query engine
6.1.1.1 Overview on DATA SCHEMA within JENA

In Jena every kind of data is inserted as model. A model is a graph which represents the object
with its property.
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The graph is represented by the Model interface. Each arc in an RDF Model is called a statement.
Each statement asserts a fact about a resource. A statement has three parts:

the subject is the resource from which the arc leaves
the predicate is the property that labels the arc
the object is the resource or literal pointed to by the arc

The resource is shown as an ellipse and is identified by a Uniform Resource ldentifier (URI).
Resources have properties (see Figure 18). A property is represented by an arc, labelled with the
name of a property. The part after the @is called a local name and represents a name in that
namespace. Each property has a value. In this case the value is a literal, which for now we can
think of as a strings of characters.

Note also that the ellipse representing the compound name has no URI. It is known as a blank
Node. Two resources are equal if they have equal URIs or are the same blank node; two literals
are the same if all their components are equal. The interfaces representing resources, properties
and literals are called Resource, Property and Literal respectively. In the Figure 18 there is an
example of RDF model schema defined as follow:

Model: a set of statements
Statement: a triple of {R, P, O}
Resource: subject, URI

Property: “item” of resource

Object: may be a resource or a literal

Literal: non-nested “object” it is a value that could be a string, an integer and so on.

Figure 18: RDF graph data-model example.
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When we are working with an ontology in Jena, all of the state information remains encoded as
RDF triples (which Jena calls Statements) stored in the RDF model. The Jena ontology API
doesn® change the RDF representation of ontologies (as the example of RDF/XML triplets of
Section 3.2.2).

6.1.2Pellet

Pellet is a complete and capable OWL-DL reasoner. It implements a full decision procedure for
OWL-DL and has extensive support for reasoning with individuals, user-defined datatypes, and
debugging ontologies [8][26].

Pellet has a complete OWL-DL consistency checker but it is incomplete in checking the
consistency of an OWL-Full ontology. In this case to work with OWL-Full ontologies Pellet relaxes
most of the OWL-DL restrictions. It is also an OWL syntax checker.

Pellet has a small core engine enabled the developing of interfaces for different RDF/OWL toolkits,
such as Jena and the OWL API. Moreover it has also the interface to make not complex query
SPARQL.

6.1.2.1 Architecture of Pellet

The core of the system is the tableaux reasoner that checks the consistency of a knowledge base.
The reasoner is coupled with a data-type oracle that can check the consistency of conjunctions of
(built-in or derived) XML Schema simple data-types. The OWL ontologies are loaded into the
reasoner after species validation and ontology repair.

During the loading phase, axioms about classes are put into the TBox component and assertions
about individuals are stored in the ABox component. TBox axioms go through the standard pre-
processing of DL reasoners, e.g. normalization, absorption and internalization, before they are fed
to the tableaux reasoner. In Figure 19 there is a representation of the information work-flow inside
the Pellet architecture [8].

Figure 19: Pellet information work-flow schema
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6.1.2.1.1 Parsing and Loading

Pellet provides various different interfaces for loading ontologies and to be used with different
toolkits as Jena APl or OWL API.

Ontologies represented in the data structures of such toolkits can be directly loaded to Pellet. It
includes different submodules that can load ontologies from these different representations.
Loading ontologies from the Jena toolkit is done by examining the triples in the RDF graph and
transforming them into OWL facts and axioms. This process also involves species validation and
repair.

In addition to the RDF/OWL support, Pellet also supports the standards developed for DL systems.

6.1.2.1.2 Tableaux Reasoner

The tableaux reasoner has only one functionality: checking the consistency of an ontology.
According to the OWL model-theoretic semantics an ontology is consistent if there is an
interpretation that satisfies all the facts and axioms in the ontology.

The tableaux reasoner searches for such a model through a process of completion. The tableaux
completion starts by constructing an initial completion graph from the ABox. The nodes in the
completion graph intuitively stand for individuals and literals. Each node is associated with its
corresponding types. Property-value assertions are represented as directed edges between nodes.

The reasoner repeatedly applies the tableaux expansion rules until a clash (i.e. a contradiction) is
detected in the label of a node. The tableaux reasoner uses the datatype reasoner to determine if
the intersection of all the datatypes associated with that node is satisfable or not.

6.1.2.1.3 Datatype Reasoner (XSD reasoner)

The datatype reasoner is responsible for checking if the intersection of (possibly negated)
datatypes is consistent or not. Datatypes in OWL are described using XML Schema which provides
a rich set of simple datatypes including various numeric types (integers and floats), strings, and
date/time types. In addition to this, XML Schema also provides several mechanisms for creating
new types out of the base types. An intersection of datatypes is inconsistent when they have no
data value in common, e.g. the intersection of xsd:positivelnteger and xsd:negativelnteger is
empty.

6.1.2.1.4 Knowledge Base Interface

All the reasoning tasks can be reduced to a knowledge base (KB) consistency test with an
appropriate transformation. This KnowledgeBase interface makes decisions when to check the
consistency of the ABox (if any changes have been made after the last time), when to classify all
the concepts or when to realize all the individuals.

The KB interface, as the rest of internal components, is built on the ATerm library. ATerm (short for
Annotated Term) is an abstract data type designed for the exchange of tree-like data structures
between distributed applications. The ATerm library provides maximal subterm sharing and
automatic garbage collection making it very suitable for representing complex OWL class
expressions.

6.1.2.1.5 ABox Query Engine

The KnowledgeBase interface is coupled with an ABox The Query Engine answers conjunctive
gueries and supports queries written in the SPARQL language as well as in the RDQL language.
More specifically, any ABox query expressed in these languages is parsed into an internal query
format using the parser provided by HP Lab’s ARQ module in the Jena toolkit.
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6.2 Ontologies and reasoning

One of the main reasons for building an ontology-based application is to use a reasoner to derive
additional truths about the concepts we are modelling, to check for ontology consistence when new
individuals and relations among them are inserted and so on [10][13].

A reasoner is able to infer logical consequences from a set of asserted facts or axioms by an
inference engine. The inference rules are commonly specified by means of an ontology language,
and often a description language.

There are many different styles of automated reasoner, and very many different reasoning
algorithms [12][17][19]. Because there are different OWL type (OWL Lite, OWL DL and OWL Full)
reasoner constructed for OWL Lite can not work for OWL DL but generally is true the contrary.
Many reasoners use first-order logic to perform reasoning and the commonly way to look for
inference are two, the forward chaining and backward chaining. Common reasoners are:

Bossam (software), an RETE-based rule engine with native supports for reasoning over
OWL ontologies, SWRL ontologies, and RuleML rules.

Hoolet, reasons over OWL-DL ontologies by translating them to full first-order logic and then
applying a first-order theorem prover.

Pellet, an open-source Java OWL DL reasoner.

Pellint, is an open source lint tool for Pellet which flags and (optionally) repairs modelling
constructs that are known to cause performance problems. Pellint recognizes several
patterns at both the axiom and ontology level.

SHER, a scalable Pellet-backed OWL DL reasoner.

KAON?2 is an infrastructure for managing OWL-DL, SWRL, and F-Logic ontologies. It is
capable of manipulating OWL-DL ontologies; queries can be formulated using SPARQL.

RACER system, a semantic web reasoning system and information repository
RacerPro, is an OWL reasoner and inference server for the Semantic Web

Jena (framework), an open source semantic web framework for Java which includes a
number of different semantic reasoning modules.

FaCT, a description logic (DL) classifier.
FaCT++, the new generation of FaCT OWL-DL reasoner.
SweetRules, an integrated set of tools for Semantic web rules and ontologies.

OWLIM, a high-performance semantic repository developed in Java and available in two
versions: free SwiftOWLIM and commercial BigOWLIM. Supports a subset of OWL-Lite
semantics, which can be configured through rule-set definition and selection.

BaseVISor, is a forward-chaining inference engine specialized to handle facts in the form of
RDF triples with support for RuleML,

OpenLink Virtuoso, (elsewhere on this page) is also an OWL Reasoner. As of this writing,
it supports owl:sameAs, rdfs:subClassOf, and rdfs:subPropertyOf, which are sufficient for
many purposes.

SHER, is an ontology analytics and reasoning engine that scales to very large and
expressive RDF/OWL knowledge bases stored in a relational database.

53/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

CB, a resolution based reasoner for OWL EL.

CEL, open-source polynomial-time Classifier for the OWL2 EL profile. It has demonstrated
scalability and proved well suited for several biomedical ontologies.

HermiT, can determine whether or not the input ontology is consistent, identify sub-
assumption relationships between classes, and much more.

ELLY, Data-centric implementation of reasoning and query answering based on translating
EL/RL to datalog in a way that preserves assertional entailments.

Owlgres, an open source reasoner for OWL2 QL that is designed to use the PostgreSQL
RDBMS.

QuOnto, is an ontology-based system that is capable of reasoning over OWL 2 QL
ontologies that contain a very large number of individuals.

REL, is an approximation-oriented reasoner providing tractable TBox reasoning for OWL 2
DL. The basic component of REL is an optimized implementation of the CEL algorithm.

6.2.1Main Reasoner features

The OWL Web Ontology Test Cases W3C Recommendation defines two sorts of OWL “document
checkers”: OWL syntax checkers and OWL consistency checkers. It also defines four conformance
classes of consistency checkers, OWL-Lite/DL/Full consistency checkers, and complete OWL-Lite
consistency checkers [10][19].

To be a consistency checker is to be sound with respect to the specific species’ semantics. To be
complete is to be a decision procedure with respect to that semantics. OWL-Full is not decidable,
so there is no such thing as a complete OWL-Full consistency checker.

A practical OWL reasoner provide at least the “standard” set of Description Logic inference
services, namely:

Consistency checking, which ensures that an ontology does not contain any contradictory
facts. In DL terminology, this is the operation to check the consistency of an ABox with
respect to a TBox.

Concept satisfiability, which checks if it is possible for a class to have any instances. If
class is unsatisfied, then defining an instance of the class will cause the whole ontology to
be inconsistent.

Classification, which computes the subclass relations between every named class to create
the complete class hierarchy. The class hierarchy can be used to answer queries such as
getting all or only the direct subclasses of a class.

Realization, which finds the most specific classes that an individual belongs to; or in other
words, computes the direct types for each of the individuals. Realization can only be
performed after classification since direct types are defined with respect to a class hierarchy.
Using the classification hierarchy, it is also possible to get all the types for that individual.

Entailment Test a collection O of abstract OWL ontologies and axioms and facts entails an
abstract OWL ontology or axiom or fact O©with respect to a datatype map D if each
interpretation with respect to map D that satisfies each ontology and axiom and fact in O
also satisfies O©Entailment is the key inference whereas the Description Logic community
have focused on satisfability and sub-assumption.
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Conjunctive query answering is an important task for many applications on Semantic Web.
It is important to efficiently answer queries over knowledge bases with large ABoxes.

6.2.1.1 Pellet features

Pellet has the standard set of inference services (consistency, satisfiability, classification, and
realization) and the ones suggested by W3C recommendations (consistency, entailment, and
conjunctive query answering) but it has also services as [8]:

Ontology analysis and repair: Pellet incorporates a number of heuristics to detect
"DLizable"” OWL Full documents "repair" them. All OWL knowledge bases are encoded as
RDF/XML graphs. OWL DL imposes a number of restrictions on RDF graphs, some of which
are substantial and some less so.

Conjunctive ABox query: Pellet implemented an ABox query answering module by using
"rolling-up" technique. The algorithms have been divided to optimize the query answering by
changing how likely candidates for variables are found and tried.

User-defined Simple Datatypes: The main problem of having user-defined datatypes is
how to define URI® for XML Schema definitions. Pellet adopts the DAML+OIL solution which
says a datatype URI is constructed from the URI of the XML schema document and the local
name of the simple type. Then Pellet parses the XML schema document from the given URI
and locate the type using name attribute of the definitions.

Multi-Ontology Reasoning using eConnections: An e-Connection is a knowledge
representation language defined as a combination of other logical formalisms. Pellet uses e
Connections as a language for defining and instantiating combinations of OWL-DL
ontologies, i.e. as a way of combining KBs, rather than logics. This approach provide an
alternative to owl:imports will always bring all the axioms from the imported ontology and so
Pellet can identify sub-parts of an ontology and gives a well-founded logical framework for
reasoning with multiple ontologies.

Ontology Debugging: Detection of unsatisfable concepts in an ontology is a straight-
forward task. Pellet, provides support for the diagnosis and resolution of the bug by
pinpointing axioms that cause an inconsistency and the relation between unsatisfable
concepts. Pellet looks for axioms in the ontology responsible for the clash and also
distinguishes root from derived unsatisfable classes.

6.2.1.2 Jena and Reasoning

Jena includes support for a variety of reasoners through the inference API. In this case a reasoner
creates a new RDF model which appears to contain the triples that are derived from reasoning, as
well as the triples that were asserted in the base model. This extended model is, nevertheless, still
conforms to the contract for Jena models.

So it can be used wherever a base model can be used. The ontology API exploits this feature: the
convenience methods the ontology API provides can query an extended inference model in just
the same way as a plain RDF model.

In fact, this is such a common pattern that we provide simple recipes for constructing ontology
models whose language, storage model and reasoning engine can all be simply specified when an
Ontology Model is created.
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6.3 SPARQL query definition

OWL is useful to define the data semantically so to describe the real knowledge and not only the
information. However without a good search engine to retrieve ontological data we need an ad-hoc
language. This language is SPARQL [1][14][16].

With SPARQL we can create software and web service that gathered knowledge and not only
information thanks to a previous semantic annotation of contents via ontologies. So the information
will be aggregate and aimed to what the user as really in mind during his/her searching activity.

SPARQL inquires the RDF model (in our case the RDF/XML that describe the ontology) which is
describe as a graph of RDF triples. The language structure is the following:

1. Prologue: Here we define the URI that describe the significance and the types of the
prefixes used in the RDF/XML files. Each prefix gives the significance at the tag-words
inside the file [14]. Generally a query start always with the prefix definition.

2. Query Result forms: Here we insert what data we want to show in the output and how will
be the output.

Query Dataset Sources: Eventually it is possible to add triplets to the background graph.

Graph Pattern: This is what we are looking for. It is a block that matches part of the
queried RDF graph. Here we can insert operator that make action on the single graph
pattern (or block).

Query Results Ordering: We can ask of ordering the data in a particular way.

Query Results Selection: At the results can be applied some filters.

6.3.1Common prefix

We encountered a common prefix before a tag-words that describe a particular characteristic of
the RDF/XML file. Here there is a table with the common prefix generally encountered in a query:

Namespace Prefix Namespace URI
RDF: define the rdf syntax. rdf: http://lwww.w3.0rg/1999/02/22-rdf-syntax-ns#
DC: define the Dublin Core syntax. dc: http://purl.org/dc/elements/1.1/
FOAF: define the “Friend of a friend” syntax. foaf: http://xmins.xom/foaf/0.1/
XSD: define the XML Schema Data-types xsd: http://lwww.w3.0rg/2001/XMLSchema#
RDFS: define the RDF Schema syntax. rdfs: http://lwww.w3.0rg/2000/01/rdf-schema#
OWL.: define the OWL syntax owl: http://lwww.w3.0rg/2002/07/owl#
Onto-Name: define the used Ontology syntax Name Could be the URI where ontology is stored.

Table 7: List of common prefix used in SPARQL syntax

6.3.2Graph pattern

When we do a query it is necessary to write a pattern that will be searched for matching or not with
the RDF graph. The pattern is compounded of a subject, a predicate and an object.
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The subject is the resourcef/individual that we want to search, the predicate is the property
associate to this individual and the object is the value of such property that could be also a literal
(as in Table 8).

For example for our ontology the pattern { ?sco rdf:type ex:SCO .} means that we want to search
for the whole individuals (or resource) of type (rdf tag-words) SCO (our Ontology tag-word which is
identified with ex: ). At the end of each pattern generally there is a point.

Subject (resource/individuals) | Predicate (property) | Object (property value)

?sco rdf:type ex:SCO

Table 8: Logical subdivision of a Graph pattern

In the graph pattern we can have more than one object and the same subject. If we have two or
more objects and predicate and the same subject we can use the semi-colon operator. Instead for
the same subject and predicate but with more objects we use the comma. For example:

{?x rdf:Z “Y”; rdf:W “U"} in this case there is the same subject (x) with different predicate and
objects.

{?x rdf:Z *Y”,"U"} in this case we search for subject with predicate Z with contains literal Y
and U.

6.3.3Graph pattern operators

We can use more than one pattern inside a query and we can have:

Group which is a graph pattern containing multiple graph patterns which must all match to
have an answer. In this cas we have the intersection of the results coming from each single
graph pattern. For example: {{?person rdf:type foaf:Person } {?person foaf:name “Dave” }}
(or {?person rdf:type foaf:Person ; foaf:name “Dave”}) with this multiple pattern we are
looking for a rdf type of kind “Person” belongs to foaf with a foaf tag-words “name” and literal
“Dave”. If there isn’t any person called Dave we have not result.

Optional used when a graph pattern fails to match and provides bindings but not cause the
entire query to fail. For example: if we added OPTIONAL {?person foaf:nick ?nick} to the
previous statement if there isn’t any person called Dave the result will be a list of the person
nick name.

Union in this case we have just the union of two or more graph patterns results. For
example: {?X Onto-Name:Z ?Y} UNION {?X rdf:type ?W} the result will be a list of all X with
property Z the value of the property (Y) and kind of X's type (W).

Graph which specifies a graph name to use or to return a graph name as a binding. For
example: GRAPH <http//:example.org/myfoaf> { ?person foaf:name ?name} this return the
person and the name belong to the specified graph; instead GRAPH ?graph {?person
foaf:name ?name} will return the graph name.

Moreover we can have operator for literal that look for matching string, logical operator (Boolean),
arithmetical operator and so on. This kind of operators will be inside the graph pattern structure.
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6.3.4Result formatting

We can ask to show in the results more than one variable or to build a particular graph with the
results:

To ask for binding for all variable used in the query the syntax is: SELECT * WHERE {?a
rdf:type ?b}

To list them explicitly we use: SELECT ?a ?b WHERE {?a rdf:type ?b}

To describe resources (or individuals) belong to a graph either given by URI for example:
DESCRIBE http://example.org/thing (we have the description of the things inside the graph)

To describe resource in graph as SELECT: DECRIBE ?person WHERE {?person foaf:name
“Dave’} (we have the description of person called Dave)

To build a result graph we use: CONSTRUCT {?a foaf.knows ?b} WHERE {?a
ex:KnowsGood ?b} (we construct a graph with tag-words belong to FOAF of individuals that
knows good a particular topic)

For Boolean operator to just know if a particular pattern is inside a graph we use: ASK
WHERE {?a rdf:type foaf:Person} (we have true if the pattern match inside the graph)

6.3.5Results ordering and filtering

Outside the graph pattern we can insert optional modifications on query results. These are
performed in the following order:

1.
2.

DISTINCT to ensure solutions in the sequence are unique

FILTER to filter the results in function of particular literal value that could be every data-type
defined in the xsd syntax.

ORDER BY ordering solutions sequence by variable, expression or extension function call.
For example: ORDER BY DESC (?date) ?title ASC(?familyName) my:fn(?a) we select the
results in descending order by date, by ascending title order, by familyName ascending, by
extension function fn(?a) defined from the user.

LIMIT n to restrict the number of solutions to n.
OFFSET m to start the results in the solution from item m.

6.3.6Query example

Following there is an example that gives distinct persons (that is not called Bob), names and ages
ordered ascending by name, starting from the 20-th result and show only 10 results.

Here we have an example of a complete SPARQL query:

' PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> :
i PREFIX foaf: <http://xmIns.com/foaf/0.1/> !
i PREFIX ex: http://execution.org/properties/1.0#
! SELECT DISTINCT ?person ?name ?age
i WHERE { ?person rdf:type foaf:Person ; foaf:name ?name
: OPTIONAL {?person ex:age ?age} .

FILTER (IREGEX(?name, “Bob”))

! }
! ORDER BY ASC(?name) LIMIT 10 OFFSET 20
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In black there are the prefix definitions; in blu the result formatting; in green the ordering and
filtering operation (inside the filter there is a Boolean operator called REGEX to match string); in
orange the graph pattern and in red the graph pattern operator.

Here there is another query example on our ontology, where we ask for SCOs that contains the
topics “knows-good” by an agent:

i PREFIX rdfs: <http:/iwww.w3.0rg/2000/01/rdf-schema#>
+ PREFIX ex: <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#>
i PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
. PREFIX owl: <http://www.w3.0rg/2002/07/owl#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

| SELECT DISTINCT ?sco
" WHERE

i { ex:1240581219x

b ex:knowsGood ?topic .
! ?sco rdfitype ex:SCO;
ex:hasTopic ?topic .

Pl
ORDER BY ASC(?sco0)

The prefix that refers to our ontology is ex:<http://social.bonynetwork.eu/fillOntology/
LOnewVO02.owl#>.. The results ordered by SCO (as string ordering) are:

1 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_104>)
2 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_13>)
3 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_3>)

4 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_64>)
5 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_71>)
6 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_9>)

7 ( ?sco = <http://social.bonynetwork.eu/fillOntology/LOnewV02.owl#sco_90>)

59/68 www.bonynetwork.eu



Experiments in Artificial Intelligence technologies in the BONy's use case.
Version 6.0

7 Appendix

7.1 Mapping Keywords
Table for mapping keywords: the name of the Individual is the name of the key word.

INPUT INFORMATION Data Property Object Property
<keyword><langstring>"Key word that - . .
M describes the Item"</langstring></keyword> hasDescription isSubtopicOf
E Description, when_ possible, comlpg from the hasDescription
Appendix of the course
(0] "Topic previously stored in the ontology" hasTopic

RDF/XML triplet to describe OWL syntax:

<I-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewW02. oW #KeyWord -->
<Text Asset rdf: about =" #KeyWord' >

<hasDescri pti on rdf: dat at ype=' &sd; string' >Sone decri pti on</hasDescri pti on>

<hasTopi ¢ rdf:resource="' #Topic' />

</ Text Asset >

Table 9: Keywords as TextAsset (ontology class)

7.2 Mapping Images

Table for mapping Images used in the course: the name of the Individual is the name of the image.
The images are link to the sco with the manifest.

INPUT INFORMATION Data Property Object Property

E “Image coming from course directory"”

RDF/XML triplet to describe OWL syntax:
<l-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewV02. oM #NAME. j pg -->
<l| mageAsset rdf: about="#NAME. | pg’ />

Table 10: Images as ImageAsset (ontology class)

7.3 Mapping Timelnterval
Table of the sco typical time interval: the name of the individual is the time value.

INPUT INFORMATION Data Property Object Property

<typicallearningtime><datetime>"Learning

M Time"</datetime></typicallearningtime>

RDF/XML triplet to describe OWL syntax:
<l-- http://social.bonynetwork. eu/fill Ontol ogy/ LOnewN02. oW #Ti ne -->

<Ti nel nterval rdf:about="#Ti me"/>

Table 11: Timelnterval (ongology class)
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7.4 Mapping Learning Activity
Table for mapping the Learning Activities.

INPUT INFORMATION Data Property Object Property
(0] "Language previous stored in the ontology " LMhasRepresLang
E "Description coming from expert/course creator" hasDescription

<item identifier=""identifierref="SCO ID by which
M link the item with its SCO and the Learning LAhasMember
Activity" isvisible="true">

RDF/XML triplet to describe OWL syntax:

<-- http://social.bonynetwork.eu/fill Ontol ogy/ LOneww02. owl #LA NAME - - >
<Learni ngActivity rdf:about =" #LA NAME >

<hasDescri pti on rdf: dat atype=' &sd; stri ng' >Sone descri ption</hasDescri pti on>
<LMhasRepr esLang rdf: resource='#l anguage' />

<LAhasMenber rdf:resource="#SCO />

</ Lear ni ngActi vi ty>

Table 12: LearningActivity (ontology class)

7.5 Mapping Learning Activity Roles
Table for mapping the Learning Activities Roles.

INPUT INFORMATION Data Property Object Property
(0] "Learning Activity previous stored in the ontology " isRoleOfLA
E "Description coming from expert/course creator" hasDescription

RDF/XML triplet to describe OWL syntax:

<l-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewW02. o #Rol eNane -->
<Exami nati onRol e rdf: about ="#Rol eNanme" >

<hasDescri pti on rdf: dat at ype="&xsd; stri ng">Sone descri ption</hasDescri ption>
<i sRol e LA rdf: resource="#Learni ngActivity"/>

</ Exani nat i onRol e>

Table 13: ExaminationRole (ontology class)

INPUT INFORMATION Data Property Object Property
(0] "Learning Activity previous stored in the ontology " isRoleOfLA
E "Description coming from expert/course creator" hasDescription

RDF/XML triplet to describe OWL syntax:

<l-- http://social.bonynetwork.eu/fill Ontol ogy/ LOneww02. o #Rol eNane -->
<Cour seRol e rdf: about =" #Rol eNanme" >

<hasDescri pti on rdf: dat at ype="&xsd; stri ng">Sonme descri ption</hasDescri ption>
<i sRol e LA rdf: resource="#Learni ngActivity"/>

</ Cour seRol e>
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Table 14: CourseRole (ontology class)

7.6 Representing data (instances) with the ontology

Here we show some example of how data are stored with the OWL/RDF syntax on the base of the
previous mapping. We have:

NaturalLanguage® instances which are English, Catalan, Greek and so on;
TextAsset that includes texts and keywords instances;

Timelnterval to annotate time instance of each SCO;

UseRole to annotate the kind of role inside the platform;

CourseRole to store the different role of the learning activity;
ExaminationRole to annotate the learning activity for examination;
ImmageAsset that includes the images for the SCOs;

LearningActivity to store different learning activities of the course;

7.6.1Representing multiple languages with NaturalLanguage

The languages involved in BONy are 11. These are described by the class NaturalLanguage:
Catalan, Czech, French, German, Hungarian, Italian, Polish, Slovak, Spanish, English.

For this class there isn®any object properties or data properties to link respectively individuals and
values. The languages are used from other class with object properties as LMhasRepresLang in
classes SCO, LearningActivity and TextAsset. The RDF/XML triplet is as follow:

1 <-- http://social.bonynetwork.eu/fillOntol ogy/ LOnewW02. owl #engl i sh--> 1

' <Nat ur al Language rdf: about ="#engl i sh"/>

7.6.2Representing text and keywords with TextAsset

Within the TextAsset there are keywords related to each section of the course and the text of the
slides extracted from the course transcription. There are 114 text slide transcription and 274
keywords gathered from MANIFEST and course Appendix. In Table 15 there are the objects and
data properties used for text and keyword.

Property Text Key Word
Object LMhasRepresLang: language of the text hasTopic: the linked topic
Object LMhasRepresLang: language of the keyword
Data hasDecscription: slide content hasDescription: keyword description
Data hasTitle: slide title

Table 15: Object and data property

Also in this case other object properties will be added when the reasoner is running. For the text
the RDF/XML triplet is:
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_________________________________________________________________________________________________________________________________

<hasTi tl e rdf:datatype="&xsd;string">Intellectual property rights</hasTitle>

<hasDescri pti on rdf: dat at ype="&xsd; string">Page title: Intellectual

property rights: Two interesting topics related to copyright are: The output of the
contribution of subcontractors, who constitute third parties to the partnership and are
not bound by the partnership intellectual property rights agreenent..</ hasDescription>
<LMhasRepr esLang rdf:resource="#english"/>

</ Text Asset >

<!--http://social.bonynetwork.eu/fill Ontol ogy/ LOneww02. owl #Acconpanyi ng_neasures -->

<Text Asset rdf: about ="#Acconpanyi ng_neasures" >
<hasDescri pti on rdf: dat at ype="&xsd; stri ng">Acconpanyi ng neasures; Actions supported by
the RTD franmework progranmes to contribute to the inplementation of a specific programme
with a viewto enable themto achieve or define their strategic objectives. They w |l
al so contribute to the preparation of future activities.</hasDescription>
<hasTopi ¢ rdf:resource="#Progranme"/>
<hasTopi ¢ rdf:resource="#Strategi c_nanagenent"/>
</ Text Asset >

7.6.3Representing the time for each SCO with Timelnterval

There are 15 different time interval recommended to read the slides. This are stored in the class

Timelnterval. At this moment here there are any property used. The RDF/XML triple is:

<Ti nel nt erval rdf:about="#00: 04: 00"/ >

7.6.4Representing the role for each user with UserRole

There are 7 user roles which are: anonymous (if there is no information in Dokeos), examiner,
human_resource_management, session_administrator, student, teacher, user. These kinds of role

are assigned to agent, in function of a numeric code in the Dokeos database.
There aren®specific properties used but only comments. An example of RDF/XML triplet is:

<User Rol e rdf: about ="#exani ner ">

<rdfs: | abel rdf:datatype="8&xsd; string">exani ner</rdfs:|abel >

<rdfs: comment rdf:datatype="&xsd; string">represents an exam ner</rdfs: conment >
</ User Rol e>

7.6.5Representing the role of the learning activity with the CourseRole

There are 5 course roles which are: Project_Cycle_Management, course, exercise, lesson,

module.

The used Object Property is: isRoleOfLA that associates CourseRole to Learning Activity.
The used Data property is: hasDescription that gives a briefly description of the role.

An example of RDF/XML triplet is:

<!--http://social.bonynetwork.eu/fill Ontol ogy/ LOnewN02. oW
#Pr oj ect _Cycl e_Managenent -->
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<Cour seRol e rdf: about ="#Proj ect _Cycl e_Managenent ">

<hasDescri pti on rdf: dat at ype="&xsd; stri ng">The course about the Project Cycle
Managenent </ hasDescri pti on>

<i sRol e LA rdf: resource="#LA Course PCM'/ >
</ Cour seRol e>

7.6.6Representing the role of each learning activity for examination with ExaminationRole

Here there 8 Individuals which are: Ending_Test, Entry_Test, Evaluation_questionnaire,
Preliminary_questionnaire, exam, project, task, test.

The used Object Property is: isRoleOfLA that associates ExaminationRole to Learning Activity.
The used Data property is: hasDescription that gives a briefly description of the role.
An example of RDF/XML triplet is:

<Exam nati onRol e rdf: about ="#Endi ng_Test">
<hasDescri pti on rdf: dat at ype="&xsd; stri ng">Fi nal eval uati on of the user
knowl edge degree after the course</hasDescription>
<i sRol eOf LA rdf:resource="#LA Ending test"/>

</ Exam nat i onRol e>

___________________________________________________________________________________________________________

7.6.7Representing the image asset of each SCO with ImmageAsset

The images are gathered from SCORM directory "image_for_page". In total there are 85 images
but not the whole set is associated to the slides. Some image is annotated inside the ontology but
it is not used; such an images are those used in the layout and not inside the slide as learning
material. An example of RDF/XML triple is:

<I mageAsset rdf:about="#r1 1.jpg"/>

7.6.8Representing the single learning activity with LearningActivity

We have divided the course in 6 pieces: LA Course_PCM, LA Intro, LA_Ending_Test,
LA _Entry Test, LA Evaluation_Questionnaire, LA Preliminary_Questionnaire. These activities
then are associated to one or more SCO. The used Object Properties are:

LAhasRepresLang: the language of the LearningActivity.
LAhsaMember: the SCO associated with the LearningActivity.

The used Data Property is: hasDescription that gives a briefly description of the activity. An
example of RDF/XML triplet is:

<-- http://social.bonynetwork.eu/fill Ontol ogy/ LOnewNM02. oW #LA Intro -->

<Learni ngActivity rdf:about="#LA Intro">
i <hasDescri ption rdf:datatype="&xsd;string">LA Intro</hasDescription>
b <LMhasRepr esLang rdf: resource="#english"/> 1
i <LAhasMenber rdf:resource="#sco_101"/> i
; <LAhasMenber rdf:resource="#sco_2"/> ;
b <LAhasMenber rdf:resource="#sco_99"/> 1
</ Lear ni ngActi vity>
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8 Glossary

Application Program Interface: API is a set of routines, data structures, object classes and/or
protocols provided by libraries and/or operating system services in order to support the building of
application.

Abox: Assertional Box that contains assertions about individuals, i.e. OWL facts such as type,
property-value, equality or inequality assertions.

Description language may refer generally a kind of language which is used to describe an
interface to another.

Description logics: DLs are a family of knowledge representation languages which can be used
to represent the concept definitions of an application domain in a structured and formally well-
understood way.

Dublin Core: DC is a standard for cross-domain information resource description. It defines
conventions for describing things online in ways that make them easy to find (as video, sound,
image and text).

Degree: in an undirected graph it is the number of edges incident to the node, with loops counted
twice.

-Connections are a framework for combining several families of decidable logics, such as
Description Logics, Modal Logics, as well as some logics of time and space. In an -Connection,
the coupling between the combined logics is loose enough for obtaining general results about
transfer of decidability: if reasoning is decidable in each of the logics in the combination, then it is
decidable in the combined formalism as well.

First-order logic is a formal logic used in mathematics, philosophy, linguistics, and computer
science. Each interpretation of first-order logic includes a relevant set of entities (domain of
discourse) over which the quantifiers range.

Forward chaining starts with the available data and uses inference rules to extract more data
(from an end user for example) until a goal is reached (so it is called also data-driven). An
inference engine using forward chaining searches the inference rules until it finds one where the
antecedent (If clause) is known to be true. When found it can conclude, or infer, the consequent
(Then clause), resulting in the addition of new information to its data. Then the inference engines
will iterate through this process until a goal is reached.

Friend of a friend: FOAF is a machine-readable ontology describing persons, their activities and
their relations to other people and objects.

Backward chaining starts with a list of goals (or a hypothesis) and works backwards from the
consequent to the antecedent to see if there is data available that will support any of these
consequences (this is called goals-driven). An inference engine using backward chaining would
search the inference rules until it finds one which has a consequent (Then clause) that matches a
desired goal. If the antecedent (If clause) of that rule is not known to be true, then it is added to the
list of goals (in order for one® goal to be confirmed one must also provide data that confirms this
new rule).

In-degree: in a directed graph it is the number of head endpoints adjacent to a node.

Latent Semantic Analysis: LSA is a theory and method for extracting and representing the
contextual-usage meaning of words by statistical computations applied to a large corpus of text. It
analyzes relationships between a set of documents and the terms they contain by producing a set
of concepts related to the documents and terms.
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Learning Management System: LMS is software for delivering, tracking and managing
training/education. LMSs range from systems for managing training/educational records to
software for distributing courses over the Internet and offering features for online collaboration.

Out-degrees: in a directed graph it is the number of tail endpoints of a node.

OWL 2: is an extension and revision of the OWL Web Ontology Language developed by the W3C
Web Ontology Working Group and published in 2004. OWL 2 adds new functionality with respect
to OWL 1 [15].

OWL 2 EL: is a fragment that has polynomial time reasoning complexity.
OWL 2 QL: is designed to enable easier access and query to data stored in databases.
OWL 2 RL: is a rule subset of OWL 2.

OWL-Lite: is the syntactically simple version that defines hierarchies of classes and less complex
constraints.

OWL-DL: is an intermediate version that offers an higher expressive power by maintain the
computational completeness (all conclusions are computed) and finite time computations.

OWL-Full: provides maximum expressiveness without offering any guarantee about completeness
and finite time computations.

Prefix: the prefix is a name-space that describes a tag-word in a XML schema.

PHP: Hypertext Pre-processor, is a widely used, general-purpose scripting language that was
originally designed for web development, to produce dynamic web pages.

Resource Description Framework: RDF is a language for representing information about
resources in the World Wide Web and not.

RDF Schema: RDFS is an extensible knowledge representation language, providing basic
elements for the description of ontologies proposed to structure RDF resources.

Stemming: is the process of reduction of the inflected forms of a word to its root (this means to
work on the word® suffix). The root is also called theme and does not necessarily correspond to
the morphological root of the word; generally it is sufficient that the related words are mapped to
the same topic. For example: ties -> tie, cries -> cri, cry -> cri.

Snowball: is a stemming algorithms. See http://snowball.tartarus.org/

TBox: Terminological Box that contains axioms about classes, i.e. OWL axioms such as subclass,
equivalent class or disjointness axioms.

Token: in informatics is a categorized block of text which usually consisting of indivisible
characters known lexeme. A lexical analyzer reads the first lexeme and divides them into
categories according to their function and giving them a meaning. A token can be written in any
language but tt must have some utility in a structured text.

Tokenizing: is the process of demarcating and possibly classifying sections of a string of input
characters. The resulting tokens are then passed on to some other form of processing. The
process can be considered a sub-task of parsing input.
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