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Executive summary

Smart Spaces for Learning are the next step towards the semantic web. In the ELENA
project we try to design and develop such smart learning spaces based on a peer-to-
peer approach. According to this approach, the smart learning space can be seen as an
open network of peers which collaborate on finding appropriate learning services or
resources for specific persons.

In this document we address architecture descriptions of the service network and
several points of view for artefacts in that network. We address software components,
metadata and resource points of view to artefacts. The service network architecture is
based on Edutella framework. The advanced P2P exchange based on introducing
Super Peers is discussed. The network is discussed from the personalisation services
point of view as well. We give several possibilities (scenarios) for integration.
Interfaces as the main means for integration are discussed. For each considered
educational node the metadata artefacts and resource artefacts are described. We
describe the integration scenario implemented for each educational node.
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1. Introduction

In order to achieve the main objective of the ELENA project, namely to demonstrate
the feasibility of smart learning spaces, a sound technical infrastructure is needed. The
smart learning space will be constituted from a distributed learning repository of
learning resources and services. The learning repository will be accessed through
interfaces of the learning management systems or by querying Edutella [2]. The
learning management systems will be connected in the smart learning space through
the Edutella infrastructure. To be able to search for specific services in a smart
learning space the query service should be provided. It means that by this query
service we will be able to retrieve service, which is currently available and accessible
in the smart learning space and can be constituted from resources which are
distributed. The resources will be maintained by existing learning management
systems. The access to these resources and their descriptions should be provided by
means of the interface. Through this interface the learning management system can be
connected to the smart learning space where it will serve as a provider.

In this document we are trying to address the possibilities of integration of Edutella
infrastructure with current educational nodes (learning management systems and/or
mediators). The Edutella infrastructure serves as the mediator for querying distributed
learning resources or in the future learning service providers. We a so address schema
based routing approach for improving metadata artefact discovery. The schema based
routing is provided by introduced Super Peers.

We address personalisation services in the context of service network as well and a
solution to provide access control. The personalisation services will alow us to
personalize learning services execution while access control brings security and
privacy to the network.

We have employed a spiral lifecycle approach within the ELENA project. It means,
that this document reflects current state of the art and current design decisions. The
document is subject to changes.

The rest of the document is structured as follows. Section 2 is devoted to the
discussion about artefacts. Section 3 describes the architecture of the service network
as well as the current state of implementation. Section 4 describes the background of
Edutella— JXTA framework, Educational context and Edutella services. This section
also provides the discussion and architectural drawbacks based on schema based
routing allowing advanced P2P exchange. Section 5 is devoted to the personalisation
services based on reasoning capabilities of peers. A federation model for P2P is
discussed as well. The query language supported by Edutella and currently available
providers are also discussed in this section. Section 6 introduces trust management
and negotiation for P2P network. Section 7 provides three high level scenarios for
integration of Edutella and educational nodes. Section 8 provides interfaces
descriptions for providing and accessing metadata. Section 10 gives an overview of
the network nodes in our project as well as the artefacts provided by considered
educational nodes.
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2. Artefacts

There are four main views of artefacts in a smart learning space discussed in this
document:

Software components
Metadata artefacts
Resource artefacts
Systems

Software components realize access and provision of resource and metadata artefacts.
These artefacts can be described from two points of view:

Which technical servicesthey provide (provision, learning, evaluation...)

Which kind of artefact they provide (resource/content, metadata, educational
services)

Thefirst view is discussed in the “ Architecture” section. The second view is discussed
in the “Interfaces’ section.

The metadata and resource artefacts are subjects of authoring and are changing. It
means that they are related to a specific provider of software component, which
supports the authoring and managing of these resources, services and metadata about
them. Thus we describe these artefacts in the “Educational nodes and Artefacts’
section.

The systems' point of view considers which systems as metadata and resource
providers are connected to the ELENA network. The current state of existing systems
as artefacts in the network is also discussed in the “Network nodes and Artefacts”
section.
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3. Architecture

3.1 System Components

Figure 3.1 depicts the various components of a smart learning space. In a smart
learning space, educational service providers are connected within the learning
management network which is based on Edutella[2]. Edutellais a peer-to-peer (P2P)
technology that aims at connecting highly heterogeneous educational peers with
different types of repositories, query languages and different kinds of metadata
schemas. Each Edutella peer is capable of performing a number of basic services such
as querying, replication and mapping. Educational services providers either connect
directly to the network as Edutella peers (Educational Nodes in our context) or use
other Edutella peers (e.g. the Universal Brokerage Platform for Learning Resources)
as a gateway to announce their services in the network.

Leamer
Learner

Personal Learning Assistant

Service Provider
Personal Learning Assistant

\

& Learner

1 __\.
Resource Provider — Resource Provider
Service Provider 4
- 3 Resource Provider
Resource Provider . ‘)‘*‘\—-— Personal Learning Assistant

Service Provider

Service Provider

a— 4
0 Web Service Interface Personal Learning Assistant o User Interface
A—
J Edutella Interface Service Provider
Connection Resource Provider Learner

Figure 3.1: System Components of Smart L earning Spaces

Educationa service provider need not to provide educationa services in a fully
electronic manner. For example, some educational service providers just list a number
of courses, whose availahility is spread through the learning management network like
a static web page but using XML and RDF instead of plain HTML for describing their
courses. Others might provide a fully web-based training application and a web-
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service enabled interface, which alows automatic learner registration and reporting of
learning achievements. Special rating service providers facilitate rating-like
annotations of educational service descriptions.

On top of the learning management network Personal Learning Assistants (PLAS)
interact with the connected Educational Nodes in order to query for suitable learning
services. PLAs take advantage of the learner profile in order to augment queries and
personalize query results. They recommend learning services based on the profile via
push technology and have rules implemented, which allow them to automatically
perform processes such as course registration.

3.2 ELENA network

This section describes the setup of the artefacts and service network as it is currently
implemented. Elenarunsits own Edutella network.

Simple
Edutella
Consumer

www.EducaNext.org

LMS
IMC Clix

ULl

rovider
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exchange via UBP
system interfaces

Applications

based Providers
Artificial
Intalligenca
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LMS

st Personal [—
eachYou i
........... ey Lea |:n|ng Usar Praile
Java | Assistant

Client |
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As illustrated in the above figure the service network consists of an instance of the
UNIVERSAL Brokerage Platform (UBP) connected via the Edutella Peer-To-Peer
network and an instance of ULI course providers. The instance of the UBP is the
EducaNext server installed aa WUW. The three Learning Management Systems
(LMS) Clix, Arel and ITeachY ou are connected to this broker instance. These systems
implement the synchronization interface as described in deliverable D1.2 "Learning
Management Network Specification”. The ULI course providers are running at the
KBS site. It isintended to add a new Educational Node based on another instance of
UBP in order to fulfil the extra-organizationa scenario described in the D1.1 (Basic
Service Portfolio). With a simple Edutella consumer the network can be queried for
registered learning resources. It is also possible to test the Synchronization interface
with a simple Javatool. In the section 7 (Network Nodes and Artefacts) a description
of the network nodes follows.

ELENA Consortium Page 10



Artefacts and Service Network Architecture Specification v 3.0, 2004-06-01

3.3 Exchange Process Supported

Because of the extensive use of resources, companies do not offer the services for
free. Hence, an exchange transaction comprising provision, offer placement,
announcement, booking, and settlement of educational services needs to be supported
by a mediator of educational services. Figure 3.2 illustrates this exchange process.

Learning Described Offer Announced Contract Delivered
Service Learning (Terms & Learning Learning
Service Conditions) Service Offer Service

Figure 3.2: Exchange Process of Educational Services
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4. Edutella Framework

Every Educationa Node (e.g. universities) usualy already has a large pool of
educational resources distributed over its institutions. These are under control of the
single entities or individuals, and it is unlikely that these entities will give up their
control, which explains why all approaches for the distribution of educational media
based on central repositories have failed so far. Furthermore, setting up and
maintaining central servers is costly. The costs are hardly justifiable, since a server
distributing educational material would not directly benefit the sponsoring university.
We believe that, in order to really facilitate the exchange of educational media,
approaches based on metadata-enhanced peer-to-peer (P2P) networks are necessary.

In a typical P2P-based e-learning scenario, each Educational Node acts not only as a
content provider but also as a content consumer, including local annotation of
resources produced at other sites. As content provider in a P2P network they will not
lose their control over their learning resources but still provide them for use within the
network. As a content consumer both, providers and learners, benefit from having
access not only to alocal repository, but to a whole network, using queries over the
metadata distributed within the network to retrieve required resources.

P2P networks have aready been quite successful for exchanging data in
heterogeneous environments, and have been brought into focus with services like
Napster and Gnutella, providing access to distributed resources like MP3 coded audio
data. However, pure Napster and Gnutella like approaches are not suitable for the
exchange of educational media. For example, the metadata in Gnutellais limited to a
file name and a path. While this might work for files with titles like “Madonna - Like
a Virgin”, it certainly does not work for “Introduction to Algebra - Lecture 23".
Furthermore, these specia purpose services lead to fragmented communities, which
use specia purpose clientsto access their service.

The educational domain is in need of a much richer metadata markup of resources, a
markup that is often highly domain and resource type specific. In order to facilitate
interoperability and reusability of educational resources, we need to build a system
supporting a wide range of such resources. This places high demands on the
interchange protocols and metadata schemata used in such a system, as well as on the
overal technical structure. Also, we do not want to create yet another special purpose
solution which is outdated as soon as metadata requirements and definitions change.

Our metadata based peer-to-peer system therefore has to be able to integrate
heterogeneous peers (using different repositories, query languages and functionalities)
as well as different kinds of metadata schemas. We find common grounds in the
essential assumption that all resources maintained in the Edutella network can be
described in RDF, and all functionality in the Edutella network is mediated through
RDF statements and queries on them. For the local user, the Edutella network
transparently provides access to distributed information resources, and different
clients/peers can be used to access these resources. Each peer will be required to offer
anumber of basic services and may offer additional advanced services.
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4.1 The JXTA P2P Framework

JXTA is an Open Source project [1, 3] supported and managed by Sun Microsystems.
In essence, JXTA is a set of XML based protocols [4] to cover typica P2P
functionality. It provides a Java binding offering a layered approach for creating P2P
applications (core, services, applications [1]). In addition to remote service access
(such as offered by SOAP), JXTA provides additional P2P protocols and services,
including peer discovery, peer groups, peer pipes, and peer monitors. Therefore IJXTA
is a very useful framework for prototyping and developing P2P applications. This
layered approach fits very nicely into our application scenarios defined for Edutella

Edutella Services (In the future described in web service languages like DAML-S or
WSDL, etc.) complement the Jxta Service Layer, building upon the JXTA Core Layer,
and Edutela Applications/Front-ends (Services are also part of peers) live on the
Application Layer, using the functionality provided by these Edutella services as well
as possibly other JXTA services.

On the Edutella Service layer, we define data exchange formats and protocols (how to
exchange queries, query results and other metadata between Edutella Peers), aswell as
APIs for advanced functionality in a library-like manner. Applications like
repositories, annotation tools or GUI interfaces connected to and accessing the
Edutella network are implemented on the application layer.

4.2 Edutella Service Framework

[/ i

|

: 1

! Instant Messaging |
IXTA | Eile Sharing Consumer | Edutella
Apolicati : Resource Shan'ng Provider | Applicati

pplications | | Collaborative Apps | Applications
: Auctions Super—Peer | |
|

| |

| |

| |

| |
JXTA | ! Edutella
Services } : Services

| |

| |

| |

! |

| |

! |
TXTA l ' Edutella -
Core : : Components

! |

| |

! |

! |
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| |

| |
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Figure 4.2 Edutella Service Framewor k Software Architecture
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The Edutella Service Framework is divided into three layers as shown in figure 4.2,
closely following layout provided by the JXTA Architecture[3].

Platform Layer (Edutella Core). The Edutella Core layer is home of the essentia
Edutella primitives (concepts). The IXTA part includes the building blocks to enable
key mechanisms for peer-to-peer applications, including discovery and transport,
peers and peergroups, and associated security mechanisms.

The Edutella Service Framework contributes to this layer with the concepts of
Component, Processor and Task. Messages are an abstraction for object transported
between peers, while Events represent objects passed between building blocks on the
same peer.

Note: The Query Exchange Language and its implementation can be seen as an
additional contribution to the Core Layer, but it exists outside of the peer context.

Services Layer. The services layer includes the network that make up the Edutella
peer-to-peer functionality as defined in the [3]. One example is the Edutella Query
Service, allowing peers to search and exchange metadata.

Applications Layer. The applications layer includes implementations of
applications using or including the Edutella building blocks. Provider and Consumer
peers are the most common examples of applications build from the Edutella Service
Framework.

Edutellafollows the trail of the IXTA architecture:
XML and RDF documents are used to store and transport al information
A uniform peer addressing scheme (Destination)
No central naming/addressing authority

The Edutella Peer. Any Edutella Peer starts from the same set of primary building
blocks:

Peer ServiceRegistry - The peer service registry is the singleton object central
to each peer. The registry loads the configuration file and boots the building
blocks.

PeerRepository - Every Peer has a central database backend used to store peer
related information. The repository maintains a list of al building blocks and
relevant information created during the operation. The Repository can be
made persistent.

SystemConfigurator - The system configurator is responsible for parsing the
peer configuration information and feeding it to the other components.

SystemBuilder - The system builder takes the “construction program” derived
from the peer configuration information and creates the objects with assistance
from the system configurator. JXTA Modules (peer groups and services) are
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treated specially, as they are not instantiated by the system builder. The system
builder creates the necessary advertisements for the JXTA system to boot the
given peer groups.

The peer configuration information usualy is a file containing RDF metadata
describing the structure of the Peer, the “construction program”. Edutella connects
highly heterogeneous peers (heterogeneous in their uptime, performance, storage size,
functionality, number of users etc.). However, each Edutella peer can make its
metadata information available as a set of RDF statements. Our goal is to make the
distributed nature of the individual RDF peers connected to the Edutella network
completely transparent by specifying and implementing a set of Edutella services.
Each peer will be characterized by the set of servicesit offers.

4.3 Edutella Service Concepts

Peers. A peer is a node on the Edutella network. In a typica Edutella environment
there are two types of nodes, information providers and information consumers.
Introduced with the Service Framework is a third categorie of nodes, super-peers,
which act as backbone or infrastructure peers in the network. Peers do not require to
have point-to-point connections between themselves. Intermediary peers are used to
relay messages between networks and bypassing obstacles like firewalls and private
networks.

Peer Groups. A peer group is a collection of peers that have agreed upon a
common set of serviceg1]. The Edutella protocols extends the basic JXTA protocols
to perform the task related to the Edutella services [3]. All peers are equal when they
are a member of the same peergroup. A peer can be both, information consumer and
provider at the same time, but most of the time it is not, solely because of the type of
usage. The way Edutella and JXTA organize the network is different from the
Client/Server approach usable in case of a consumer-provider relationship. However,
as soon as peers to more complex tasks than just providing metadata, the strict
separation softens.

Peers may belong to more than one peer group simultaneously. A super-peer
belonging to the backbonef/infrastructure peer group, providing efficient query
broadcasts and metadata caching, appears as an inconspicuous consumer/provider
peer in the common peer group, making the extra functionality available for every
peer to use.
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EdutellaPeerGroup

Index Update

Topology
Query
/ Routing
Registration :
Query

Figure 4.3 Two Example Peer Groups: Provider/Consumer and Super-Peers

SuperPeerGroup

Figure 4.3 shows the two default Edutella Peer Groups. Super-Peer SP1 is part of both
worlds, maintaing connections to its super-peer neighbours and to consumer and
provider peers.

A detailed description of Group Services can be found at appendix K.

4.4 Schema-based P2P network

In this section, the exchange of information of Learning Object (LO) between
Learning Management Systems (LMYS) is explained. As normally each LMS has his
own LO structure and information (metadata) is necessary to find a common way to
understand each LM S to each other. At this point, a new type of P2P networks will be
used: schema-based P2P network. Thus, the use of super-peer based topologies [12]
for these networks provide perfect support for inhomogeneous schema-based
networks, which support different metadata schemas and ontologies. Furthermore,
they are able to support sophisticated routing and clustering strategies based on the
metadata schemas, attributes and ontologies used. Especialy helpful in this context is
the RDF functionality to uniquely identify schemas, attributes and ontologies. The
resulting routing indices can be built using dynamic frequency algorithms and support
local mediation and transformation rules.

4.4.1 Schema-based routing in P2P networks

To take the semantic heterogeneity of schema-based P2P networks into account, it
will be needed to have a super-peer topology for these networks and the use of indices
a these super-peers to address scalability requirements. The super-peer network
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constitutes the "back-bone" of the P2P network which takes care of message routing
and integration / mediation of metadata.

Figure 4.4: peersconnected to the super-peer " backbone'

Scaling a P2P network to a large number of super-peers while maintaining certain
properties such as low network diameter requires guiding the evolution of the network
topology upon peer joins and departures. In Edutella super-peers are organized into a
hypercube topology. A new super-peer is able to join the network by asking any other,
aready integrated super-peer which then carries out the peer integration protocol. This
algorithm enables efficient query broadcast and guarantees non-redundant broadcast.

The introduction of super-peers in combination with routing indices reduces the
workload of peers significantly by distributing queries only to the appropriate subset
of al possible peers.

In Appendix L is explained in detailed the design and implementation of routing
queries and responses using super-peersin Edutella.

45 Providers

Following providers are available in Edutella:
File-based metadata
Relational database which supports nested queries
ConceptBase
Sesame
RSSDB (RDF Schema Specific Data Base)
TRIPLE

The file-based provider provides access to RDF files. This provider is able to handle
several files. It constructs one RDF model in main memory from files. It is
implemented by the JENA semantic web toolkit (see
http://mwww.hpl .hp.com/semweb/jena-top.html for details).
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A relational database provider provides access to metadata, which are stored in a
relational database. The metadata have to be stored in one table. If they are stored in
multiple tables, a view of RDF triples is needed. The provider assumes that the
database supports nested queries.

A ConceptBase provider provides access to ConceptBase. ConceptBase is a multi-user
deductive object manager mainly intended for conceptual modelling and coordination
in design environments. The system implements O-Telos, a dialect of Telos which
amalgamates properties of deductive and object-oriented languages (see http://www-
i5.informatik.rwth-aachen.de/CBdoc/cbflyer.html for details).

Two providers have been implemented to provide access to RDF repositories. Sesame
and RSSDB (RDF Schema Specific Data Base). Sesame is an RDF Schema-based
Repository and Querying facility which god is to provide a stable, efficient and
scalable middleware platform for storing, retrieving, manipulating and managing
ontologies and metadata stored in RDF, RDF Schema and more expressive languages
like OWL. RSSDB is a persistent RDF Store for loading resource descriptions in an
object-relational DBMS (ORDBMS) by exploiting the available RDF schema
knowledge. As a file-based provider was not enough to manage large amounts of
information and Relational Database provider is not optima for RDF storage these
two new providers have been developed. With these two new providers performance
has been considerably improved.

A TRIPLE provider will provide possibilities for having peers which has reasoning
cappabilities. TRIPLE is a language for reasoning on the web. TRIPLE provider is
under implementation. Y ou can find an overview of TRIPLE in appendix M.

Edutella providers accept RDF based queries in RDF-QEL-3 (see appendix N for
more information about RDF-QEL language levels). Until now, thereis only alibrary
of functions, which can be used in an externa programming environment to access the
functionality of an Edutella peer.
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5. Personalisation in Artefacts and Service
Network

In the deliverable D2.5 we have dealt with learner profiles based on learner profilling
standards (see D2.5, [13], or http://www.|3s.de/~dolog/learnerrdfbindings/ for more
discussion about standards and schemas). We are working towards RDF bindings for
the schema for learner profiles developed. The RDF features have interesting
implications for learner modelling. They allow us to use schema elements of both
standards and also elements of other schemas. The RDF models can be accessible by
different peers and even more different peers can have own representation of opposite
peer.

Personal learning assistants can be considered also as peers which represent users or
learners. The metadata about a user can be provided to other peers for computing
purposes (when the user alows this sharing of profiles). These peers can send and
receive messages when a common language is used. Queries can be forwarded to one
Or more peers.

In distributed, P2P architercture of artefacts and service network, the computing
purposes can be seen as services.

By personalisation service we recognize a functionality, which customises access to
Learning Services and Learning Resources (in the context of the delivery of a
Learning Service) based on learner profiles (Career Development Plans can be part of
such a profile). The result of the personalisation service is usualy a customised view
on a Learning Repository or a Learning Managment Network. The customisation can
be performed in many ways using techniques such as collaborative filtering or rule-
based personalization in order to modify a user® query or to reduce the results
produced by the query.

5.1 Semantic Web Technologies and Personalization Services

Several technologies have been developed for shaping, constructing and developing
the semantic web. RDF/S [24, 25] and its extensions like DAML+OIL [27] and
OWL [28] have been developed to define metadata schemas, domain ontologies and
resource descriptions. In the e-Learning domain there are standards emerging which
describe learning resources, learning services, and lerner profiles (see[31, 32] or D2.5
for details).

The DAML-based Web service ontology (DAML-S [26]) is an example of an
initiative which supplies Web service providers with a core set of markup language
constructs for describing properties and capabilities of their Web services in
unambiguous, computer-interpretable form. The am of DAML-S markup is to
facilitate the automation of Web service tasks, including automated Web service
discovery, execution, composition and inter-operation. DAML-S provides a
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possibility to describe service profiles, process models, and bindings to an
accessibility protocol and ports through witch a particular service is available (e.g. the
web service description language WSDL [30] with its bindings to the Simple Object
Access Protocol [29] (SOAP), or GET/POST for HTTP).

The TRIPLE rule, transformation and query language for the semantic web has been
introduced to reason over distributed annotations of resources and services. TRIPLE is
able to handle the semantic web descriptions formats like those previously mentioned
(see previous section 4.6 for brief introduction).

5.2 Services for Personalization on the Semantic Web

{Adaplive Educational) Semanlic Web

Parsonal Leaming Assistant U
oge Inler:ilrinn - il _
Mapping Services - i
Learner
@ . | Link Generation

{/ CEs

Ortoloay, CEE // \
Query g:writing

GBS

Annotation | —%
Sanrices

\ Recommendgtion

Rasourca

User Rasource
Metadata Metadata

Figure 51: ELENA architecture for personalization services. The
personalization services might be generic adaptive functionalities provided and
described in common language, e.g. first order logic (see[14] for details). The
generic personalization services can be then reused in several courses and/or
queries. The example of such generic personalization service would be
recommendation of particular course fragment based on its prerequisites what
can be defined independently from topics and fragments available in the course.

Our architecture [31] for an adaptive educational semantic web benefits from the
following semantic web technologies: Information and learning resources provided in
various connected systems can be described using OWL. Services which carry out
persondization functionality like personalized search or personaized
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recommendations, as well as other required learning services, can be described in
DAML-S, and are accessible via WSDL and SOAP, the functionalities identified in
our e-Learning scenario can be encapsulated into services, possibly composed of other
services. This requires seamless integration and flow of results between the services
and seamless presentation of results to a user, as shown in fig.5.1. In the following,
we will describe the services identified in this figure, as well as some additional
services important in the context of an Adaptive Educational Semantic Web [31, 33].

5.2.1 Personal Learning Assistant And User Interaction

Personal Learning Assistant Service. The central component of our
personalization service architecture is the Personal Learning Assistant (PLA) Service
which integrates and uses the other services described in the following sections to find
learning resources, courses, or complete learning paths suitable for a user. In future,
the PLA Service will be able to search for suitable service candidates, and to combine
them (“service discovery and composition”).

User Interaction Components. The PLA Service is either exposed via an HTTP
GET/POST binding, thus alowing direct interaction with a user by means of a web
browser, or is accessed by separate User Interaction Components. To support learners
with different device preferences several types of these User Interaction Components
may be implemented: web-based, PDA-based, special desktop clients, etc.

Our User Interaction Component provides a search interface interacting with a subject
ontology to construct appropriate queries, as well as a user interface for refining user
gueries when they have been constructed using subjects which do not match entriesin
the particular subject ontology. The subject ontology service is able to provide similar
entries to the ones typed in the search interface. Furthermore, the User Interaction
Component visualizes the results of a query, as well as additional personalization and
annotation hints.

5.2.2 Personalization Services

Query Rewriting Service. The Query Rewriting Service extends a user query by
additional restrictions, joins, and variables based on various profiles. This extension is
performed based on heuristic rules/functions maintained by the Query Rewriting
Service. Query Rewriting Services can be asked for adding additional constraints to
user queries based on user preferences and language capabilities. They can also be
asked to extend a user query based on previous learner performance maintained in
learner profiles, if a query is constructed in the context of improving skills. Query
Rewriting Services can aso be asked to rewrite a user query based on information the
connected services need, which can be exposed as input part in DAML-S based
service profile descriptions.

Recommendation Service. The Recommendation Service provides annotations
for learning resources in accordance with the information in a learner® profile. These
annotations can refer to the educational state of a learning resource, the processing
state of a learning resource, etc. The service holds heuristic rules for deriving
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recommendations based on learner profile information. Recommendation Services can
be asked to add recommendation information to existing instances based on learner
profile information.

Link Generation Service. A Link Generation Service provides (personalized)
semantic relations for a learning resource in accordance with the information in a
learner® profile. These relations can show the context of a resource (e.g. a course in
which this learning resource is included), or they can show other learning resources
related to this resource (e.g., examples for this learning resource, alternative
explanations, exercises). The Link Generation Service holds heuristic rules for
creating semantic hypertext links. Some of the rules refer to information from the
learner profile, in absence of learner profile information the service can at least
provide some, not optimized, hypertext links.

Link Generation Services can be asked for adding links and link type annotations to a
given learning resource. They can be asked to generate a context for a given learning
resource, or to generate a context for severalearning resources by adding hyperlinks
between them. They can be asked also to generate alearning path.

5.2.3 Supporting Services

Ontology Service. An Ontology Service holds one or several ontologies and can be
asked to return a whole ontology, a part of it (e.g., a subgraph selected via some filter
criterion), or can answer queries of the kind “give me al subconcepts of concept C,
“which properties are defined for concept C’, “who authored concept C’, etc.

Since ontologies will change over time, Ontology Services also have to accept update
requests and inform other services of these updates.

Mapping Service. Mapping Services hold mappings between ontologies (or
schemas) to allow services not using the same ontologies to communicate with each
other. Such a Mapping Service can be asked, e.g., to map a concept C from one
ontology to a concept C ” in another ontology, or to map an instance | formulated in
terms of one ontology to an instance | * formulated in terms of another ontology.
Since ontologies change over time, Mapping Services also need to understand
requests for updating the mapping specifications.

Repository Services. In general, Repository Services provide access to any kind of
repository which is connected to a network. Repositories can be simple files, single
databases, federated databases, or a P2P network infrastructure.

A Repository Service maintains a link to a metadata store. This might be a physical
connection to a database or might be a group of peers with an address (identification)
of subnetworks where query or manipulation commands will be submitted.

Repository Services can be of two kinds: Query Services and Modification Services
(for insert, update, or delete operations). The repository provider can be asked to
return references to resources matching a given query, to create a new reference to a
resource with its new metadata, to delete a reference to a resource and its metadata,
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and to modify resource metadata. We assume that a Query Service receives queriesin
its query language. These queries are expressed using ontologies understood by the
service, so the calling service (e.g., the PLA) must provide the query in the correct
language (possibly using additional mapping/query transformation services), or the
storage service provider must contact other services to get the appropriate format of a
query.

Edutella services [2] are examples of such Repository Services which access a P2P -
Resource Provision Network. Edutella provides possibilities to connect repositories by
implementing a so caled provision interface. Through this interface a learning
repository can expose its metadata to the P2P network. Edutella aso provides a
storage service to query the Edutella network by implementing a consumer query
interface. Edutella peers communicate using a common internal data model. An RDF
and Datalog based query language QEL (see http://edutellajxta.org/spec/gel.html) is
provided through the consumer query interface together with a definition of the query
result format. The consumer interface provides the possibility to ask for a query or to
modify metadata stored in the network.

Further Services. Other services for authoring learning materials and metadata /
annotations for them, as well as services for learner assessment might be useful as
well. In addition to passive learning objects returned by PLA services, additional
learning services might provide educational activities to the users like distributed
classroom sessions and tutoring sessions.

5.3 Realizing the Services for Personalization

=—1.2 [Free text typed) displayConcepts(user conceptList)
~=—&: displayResulis{QELResults)
12 userQuery(user, list, personalization) —s=
Q 1.3: refinedQuery{user, conceptlist) —=

QueryRewritingService

I PersonalizedSearchService |
)\I 1 [Free text typed] conceptList:=getSimiIalConcepts{List],l, ‘L 2 q'-'a"ﬂus'-"-CD”‘:EEEL&ELQUQW —rewriteQEL(user query]‘T'

ACMOntologyService | P PLAService ’:I T7: [personalization] personalizeResults(user, QELResults)

3 QELQuery=generateQEL{conceptlList) —=
7.1: [personalization] LOMMetadata:=transformToLOM(QELResults) —==
7.3: [personalization] QELResults:=transformToQELResults{LOMMetadata) —=

& sendResulis(QELguery) l\ \IS: sendQuery{QELquery)
| RecommendationService | QueryService I MappingService

Figure 5.2 A collaboration diagram of current realization

7.2: [personalization] addRecommendation(user, LOMMstadata}.l,

Based on our architectural design described in section 5.2, we have designed in detail
a first software prototype (aso implemented — see the appendix J), which we will
describe in the following section. Figure 5.2 depicts the UML collaboration diagram
showing a message flow between service providers we have implemented for the
ELENA PLA. Boxes represent service providers, lines represent links (dependencies)
between the providers. A direction of a message or invoking operation is indicated by
asmall arrow on top of aline with the name and parameters of that operation. We use
two kinds of arrows in fig. 5.2. The norma arrow (®) is used to indicate a plain
message. The “harpoon” (—) indicates explicitly that a message is asynchronous.
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Square brackets are used to indicate a condition which enables a certain message to be
passed: If the condition is not satisfied the message is not sent.

The Per sonal i zedSear chSer vi ce provides a user interface for searching and
displaying personalized results to a user. A user can send two messages through the
provided user interface. First the message (user Query) notifies the
Per sonal i zedSear chSer vi ce about user, text typed in fields or concepts
selected from the ACM classification hierarchy, and whether to provide
personalization information or not. If the user typed a free text into fields provided,
the Per sonal i zedSear chSer vi ce contacts an ontology service (in our case the
ACMONt ol ogySer vi ce) to get concepts similar to the text typed (the message
get Si m | ar Concept s). The Per sonal i zedSear chSer vi ce then displays
these concepts to a user to refine his/her query. After selecting precise concepts from
suggested entries from the ontology, the user can send a refined request to the
Per sonal i zedSear chSer vi ce.

The Per sonal i zedSear chSer vi ce notifies the PLASer vi ce about the user
query (the query message). The PLAService first makes use of the
Mappi ngServi ce provider to generate a QELquery by sending the
gener at eQEL message. The service constructs an appropriate QEL query from the
concepts list. In addition, the PLASer vi ce contacts  the
QueryRewri tingServi ce provider after receiving the QELQuer y to rewrite the
ELQuery according to a learner profile, adding additional constraints to the

CELQuery.

PLASer vi ce sends amessage with the rewritten QELQuery toaQuer ySer vi ce,
in our case the Edutella query service which propagates the query into the Edutella
P2P resource provision network. The Edutella Quer ySer vi ce returns al query
results.

If the learner prefers recommendation information included with the query results, the
PLAServi ce contacts the ReconmendationService to derive such
recommendation information according to the learner profile or to group profiles
(collaborative recommendation). When such personalized results are available, the
PLASer vi ce notifiesthe Per sonal i zedSear chSer vi ce to display the results
to alearner. See Appendix Jform more information about the implementation.
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6. Trust and Security Management

Our ELENA network will contain important as well as sensitive information.
Therefore, thisinformation must be protected in away that non-authorized entities can
not access it. This information includes the resources shared within the network as
well as user private information. Although some existing technologies (like
Shibboleth or Liberty Alliance) could be applied to some of our deployment
environments for a smart space for learning (see D1.3a Smart Space for Learning
Service Specification — Version 1), they do not suit for others (e.g., open world). That
is why we developped a new approach which fits on all of the ELENA deployment
environments. This new approach is called “Trust Negotiation”.

Trust Negotiation. Access control is not longer a one-shoot, unilateral affair found
in traditional distributed systems or recent proposals for access control on the
Semantic Web. The distributed and openness nature of the Web requires trust to be
established iteratively through a negotiation process where the level of trust increases
in each successful iteration. In our smart space for learning, not only providers must
be able to specify which requirements a user must fulfil to access a resource. Also
users have information that must be protected from unathorized access. Therefore,
users must also be able to specify in which conditions providers can access their
information. We have designed a new policy language called Peertrust with a trust
negotiation process (as well as some others like delegation of authority) in mind. The
language is described in Appendix H (see also [20] for a detailed description).

In order to explain our approach we will use the following example (as depicted in
figure 6.2):

- E-Learnisalearning Management System that belongs to the ELENA
network. It offers many different kinds of courses (e.g., face-to-face
and digital web based courses).

- Alice works for “Easy-Travel”, a company that belongs to the ELENA
network. She wants to make use of the smart space for learning in
order to improve her language skills. She searches for language courses
and she finds a Spanish course from E-Learn in the results. It turned
out that E-Learn has an agreement with Alice’'s company and that
Spanish course is free of charge for any of its employee who lives in
Hanover. Alices lives in Hanover and therefore she decides to book the
course.

- E-Learn receives the request from Alice and asks her for her driver
license (in order to prove that she lives in Hanover) and her employee
id card.

- Alice does not mind to disclose her driver license to anyone and
therefore she does it. However, she does not want to disclose her
employee id card to just anyone because she considers sensitive
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information. She would disclose it only to entities that belong to the

ELENA network.

- Fortunately, E-Learn belongs to the ELENA network and it has a

credential to proveit. E-Learn disclosesit to Alice.

- Once Alice verifies that the credential is valid, she discloses her

employeeid car do E-Learn.

- E-Learn checks that both credentials are valid and then grants Alice

access to the course.

Both E-Learn and Alice specify their policies to protect their data. Those policies
specify the requirements that both entities involved in the transaction must fulfil.
During this iterative process, trust between parties increases till the transaction
finishes. Those policies ook like:

eLearn:

freeEnrol | (Course, Requester) $ Requester -
driverLi cense(Requester) @haDW @ Requester,
enpl oyeel d(Requester) @' Easy-Travel’' @ Requester,
rdf Type(Course, ‘http:/.../elena\#Course’),
dcLanguage( Course, ‘es’),
credi tUnits(Course, X),
X <= 1.

alice:

enpl oyeeld (‘Alice’) @' Easy-Travel’' =
nmenber (Requester) @' ELENA' @ Request er

si gnedBy [ Easy-Travel '].

The result of the negotiation is depicted in figure 6.1. It shows the interchange of
messages till the negotiation succeed and it is stablished the level of trust required to
perform the transaction.

Alice E-Leam

freeEnrall"Spanish101° "Alice")

| driversLicense{'Alica’) @ "haDh\" 7

|
|
< driversLicense( Alice’) @ 'haDhy" = I
|

| employes({'Alice’) (@ 'Easy-Travel ?_____._-—-—-—'—I
memben{'E-Learn’) @ 'ELENA’ 7

| = member{"E-Learn”) @ “ELENA" =

< employee('Alice’) @ 'Easy-Travel' >

|
|
I access granted 1
.
I I

Figure6.1: E-Learn and Alice negotiation
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Peertrust tackles the problem of explicit registration and protection of resources. A
real  prototype has been developed and it is avalable a
http://www.learninglab.de/peertrust/. This prototype performs the process of trust
negotiation as described above and it alows the use of RDF ontologies and metadata
into its policies. It is shipped in two different distributions: stand-alone application or
applet (the applet might be embedded in aweb page so any user is able to use with his
browser without installing extra software) Figure 6.2 describes the architecture of the
prototype implemented. E-Learn has a web server where it offers the information of
its courses. Alice uses her browser to search for or browse the courses available at E-
Learn. Once Alice tries to book a course, the negotiation server of E-Learn starts the
negotiation process with Alice's agent (embedded in the applet). If the negotiation
succeeds, E-Learn grants Alice access to the course and redirect her browser to the
location where the course is stored.

E-Learn Web E-Learn Security
(Web Server) (Negotiation Server)

InstitutionA Security
(Negotiation Server)

Oa
PeerTrust Inc. give:
a signed applet
to E-Learn Web

Distributed
Repository

E-Learn creates a
temporary account
at the
corresponding LMS

Secure
communication
Is established 4-6
Negotiation 8

E-Learn grants

N

N\
PeerTrust Inc.

la
Alice requests
the Spanish course and

downloads the applet

Ob
PeerTrust Inc. gives
an app. to Alice

Alice access
to the course

9
Alice accesses
the Spanish course

ib

Alice starts the app.
and requests

the Spanish course

2
The applet/app}

loads the
local policies

InstitutionB Security
(Negotiation Server)

Figure 6.2: ELENA resour ce access control

The description above deals only with the security establishment between a user of our
network and a LMS. The same security approach could be used between LMSs or
between the negotiation server and the repository where courses are stored in order to
€.g. create atemporary account.
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7. Scenarious for Integration

There are three possible scenarious for integration:

Embedding Edutella query service and provider interface into an educational
node

Invoking Edutella query service from an educational node

Implementing a wrapper for accessing the metadata repository of an
educational node

Educational
Node

R
5 User

Interface

Query

Edutella \ :
o Service

Figure 7.1 Embedding Edutella query service and provider interfaceinto an
educational node

A schema for the first integration scenario — Embedding Edutella query service and
provider interface into an educational node — is depicted in fig. 7.1. This scenario
assumes that the program code of Edutella will be added to the program code of the
educational node. The Edutella services thus extend services provided by the
educational node. This scenario can be taken into account for educationa nodes,
which:

are programmed in JAVA
provide JAVA interfacesto their repositories and
enable to customise their source codes.

As we discussed in the previous section, file-based and relational database providers
are already implemented and can be considered as the most natural choice for
accessing metadata repositories of an educational node. If the educational node
provides a different type of metadata repository from those mentioned, a
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transformation procedure has to be implemented. The procedure transforms metadata
from an educational node metadata repository schema to an appropriate schema for
querying by Edutella.

Educational [ User
Node ey Interface

=

Invoking Mechanism (e.g Web Service)

Synchronizing Metadata (to enable provision)

h_ b
Query
Edutella h\‘ Service
R

Figure 7.2 Providing and querying in the ELENA network from an external
educational node

Figure 7.2 depicts a schema for the second scenario — invoking Edutella query service
from an educational node. This scenario assumes a stand-alone Edutella peer and an
educational node. The query service is provided through some kind of invoking
mechanism (e.g. web service). If educational node metadata provision is needed,
synchronization between the metadata repository of the educational node and the
metadata repository of the Edutella peer must be provided. This scenario can be
considered for educational nodes, which:

Are programmed in a different language than JAVA
Do not alow to customize its program code or
Do not alow for extending the program code.

For the mentioned synchronization mechanism, an appropriate time interval for
synchronization has to be assigned. If the educationa node metadata repository
schema is different from RDF, the transformation procedure has to be provided
together with synchronization. The up-to-dateness of metadata at the Edutella peer
should also be considered regarding the appropriate time interval for and between
synchronization.
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oln, User
T Interface

Educational Node User Interaction

{f Wietadata
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Educational Node

Query

Service

User Interaction

Figure 7.3 Wrapper accessto the educational node

Figure 7.3 depicts a schema for the third integration scenario — implementing a
wrapper for accessing the metadata repository of an educational node. This scenario
assumes a stand-alone educational node and Edutella peer. The Edutella query service
is provided to a user through an appropriate user interface. The metadata provision is
realized through a wrapper to the metadata repository of the educational node. This
scenario can be considered for educational nodes, which:

Provide their metadata repository schema specification

Provide metadata repository access programming interface appropriate for the
JAVA programming language, or

Do not alow to customize the educational node program code.

If the educationa node metadata repository schema is different from RDF, a
transformation procedure has to be part of the wrapper.
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8. Interfaces

Our Smart Space of Learning rely on distributed Education Nodes providing metadata.
In order to facilitate the integration of new Educational Nodes, two possible interfaces
are provided:

Edutella Interface: based on the javalanguage

Simple Query Interface: based on Web Services

8.1 Edutella Interface

Figure 8.1 depicts a schema for one Educati onal Node from the software
component point of view.

Educational Node

Resource Access bﬂ;—:—é Educational Peer% --------------- :
1

ﬁ,LMetaData Access Interface

i
! |
| 1
§ i
i
1 ! | - Find Peers
3 %Edutella Peer‘ - o Query Results Interface
| ; s Query Service Interface
| |

Ssivics Porfaliss—— %Seruice Provider% ——————————————

Figure 8.1 High level component ar chitectur e of educational peer in smart
lear ning space

There are three high level components depicted in fig. 8.1:

Educationa Peer —any system from the ELENA consortium or possibly future
system, which provides content and metadata,

Edutella Peer Provider — standard Edutella provider, and

Service Provider — optional (not implemented yet) component, which provides
integrated services of Edutella peer and content management system.

Educati onal Peer will provide interface to its content and metadata. The
Met aDat a Access interface is used by Edut el | a Peer component. This
interface comprises the metadata query interface and the metadata results interface.
The SQL or file based access to metadata is preferred. If there is another interface, the
wrapper should be implemented as an implementation of Pr ovi der Connecti on
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interface (see Appendix B and C). The Edut el | a Peer provides Fi nd Peers
interface, Query Resul ts interface and Query Servi ce interface. They can
also be used outside of the Educational Node. The Edut el | a Peer can stand as a
metadata provider (can be queried) or consumer (consumes query results from
broadcasted query to other peers — Broadcast query to other peers
interface). The Servi ce Provi der component can be developed, which will
provide access to a service portfolio. This interface can also be used outside of the
educational peer. The Servi ce Provi der component accesses the Query
Service and Query Results interfaces to be able to compose the service
portfolio. It aso uses the Resource Access interface to be able to provide
resources within the educationa service.

The integration scenarious discussed in previous section are possible realizations of
usage reationships (dashed arrows). The implementations of simple
Provi der Connect i on interface and Quer ySer vi ce interface is discussed in
Appendix B. The specifications of that interfaces arein Appendix C.

8.2 Simple Query Interface

In D1.2b (learning Management Network Specification — Version 1.5), a new
interface was described in order to provider an easier connectivity solution (the latest
version is available at http:/nm.wu-wien.ac.at/e-learning/interoperability/sqi/sqi.pdf.). This
interface is intended to help systems to connect to our P2P network (Edutella).

EDUTELLA NETWORK

; Extarnal Prowvider .
Provwider " _r."l'f."l.ld!.‘—.r =

. 9 ’_, 200 Provide s

gl o AT 5 Promy. " s s
'\..? -l\ %CE 5 \\:‘m S ._-,r-.:’:__ — W %-‘/D'
s y < )
— .y

™ | —
A I i -
A e —— + r - —
g %’E\l i
. et ¥ el ",
A " 501 Consumer

e

Usar Proxy ..#':'.::H..
%D’ e S0 Provider
Providar - Praouy

Prowider

Figure 8.2 Integration of external providersusing SQI

In the figure 8.2 is depicted the current scenario. Providers inside the cloud are
connected to Edutella using the Edutella interface while external providers are
connected using the Simple Query Interface.

The Edutella network as a whole can aso be queried using the SQI instead of the
Edutella Interface. This offers other system the possibility of accessing the network by
Web Services.
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9. Network Nodes and Artefacts

The A&S network currently consists of several different nodes which are connected
via the Edutella peer-to-peer (P2P) network. A special educational node in the
network is based on the UNIVERSAL brokerage platform (UBP). This broker
instance offers an interface for automatic provision of learning services via web
services. Currently three different Learning Management Systems (LMS) implement
these web services to automatically provide their resources to one of the brokers:

IMC Clix
Ardl
CDI ITeachYou

Another node in the network is an instance of an Edutellafile-based provider.
At http://nm.wu-wien.ac.at/e-learning/interoperability/ a Java client can be

downloaded, which allows you to test the UBP interface for providing learning
resources.

By utilizing these web service interfaces resources can be announced to awider public
within the Edutella-based P2P network. All Educational Nodes connected to the
Edutella network can be queried by downloading an Edutella consumer (e.g. the DC
Consumer) available at http://edutella.jxta.org/downloads/index.html. An instance of
a Personal Learning Assistant (PLA) allows learners in searching for, selecting and
contracting Learning Services.

A full high-level description on systems as educationa node artefacts in Elena
network comprising the following information can be found in Appendix O:

Basic information about the educational node,

Metadata artefacts,

Resource and educational service artefacts, which are currently available,
Mapping rules, for transforming non LOM based schemas to LOM, and
Current state of implementation.

A description of other non-educational nodes like a Personal Learning Assistan,
Edutella Consumer or ajavaclient can be found in Appendix P.
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Apendix A: RDF-QEL levels

RDF-QEL-1

The RDF-QEL-1 syntax design is driven by its simplicity and readability: Following a
QBE (Query By Example) paradigm queries are represented using ordinary RDF
graphs having exactly the same structure as the answer graph, with additional
annotations to denote variables and constraints on them. Any RDF graph query can be
interpreted as a logical (conjunctive) formula that is to be proven from a knowledge
base.

hitip: o, it ad W'ty pee# Book [ = | Aniicil Ineligence

Figure A.1 Example Query in RDF-QEL -1, Unreified Format

Since digunction cannot be expressed in RDF-QEL-1 our example query has to be
split into two separate sub queries (Figure A.1).

<edu:QEL1Query rdf:ID="Al_Query_1">
<edu:hasVariable rdf:resource="#X"/>
</edu:QEL1Query>

<edu:Variable rdf:ID="X" rdfs:label="X">
<rdf:type rdf:resource="http://www.lit.edu/types#AlBook"/>
</edu:Variable>

<edu:QEL1Query rdf:ID="Al_Query_2">
<edu:hasVariable rdf:resource="#Y"/>
</edu:QEL1Query>

<edu:Variable rdf:ID="Y" rdfs:label="X">
<rdf:type rdf:resource="http://www.lit.edu/types#Book"/>
<dc:title>Artificial Intelligence</dc:title>

</edu:Variable>

RDF-QEL-2
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Extending RDF-QEL-1 with digunction leads to RDF-QEL-2. As this language is no
longer purely assertional, it cannot be expressed directly in RDF without talking about
RDF triples in order to combine them logically. For this purpose, we utilize the RDF
construct called reification. Reifying an RDF statement involves creating a model of
the RDF triple in the form of an RDF resource of type Statement. This resource has as
properties the subject, the predicate and the object of the modeled RDF triple. Such
reified statements are the building blocks for each query and can, in RDF-QEL-2,
linked together by an AND-OR tree.

In RDF-QEL-2 the example query reads like

<edu:Variable rdf:about="#X" rdfs:label="X"/>
<edu:And rdf:about="#andbagID">

<rdf:_2 rdf:resource="#st2"/>

<rdf:_1 rdf:resource="#st3"/>
</edu:And>

<edu:Or rdf:about="#orbagID">
<rdf._1 rdf:resource="#andbagID"/>
<rdf:_2 rdf:resource="#st1"/>
</edu:Or>

<edu:QueryStatement rdf:about="#st1">

<rdf:subject rdf:resource="#X"/>

<rdf:object rdf:resource="http://www.lit.edu/types#AlBook"/>

<rdf:predicate rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type"/>
</edu:QueryStatement>

<edu:QueryStatement rdf:about="#st2">

<rdf:subject rdf:resource="#X"/>

<rdf:object rdf:resource="http://www.lit.edu/types#Book"/>

<rdf:predicate rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type"/>
</edu:QueryStatement>

<edu:QueryStatement rdf:about="#st3">

<rdf:object>Artificial Intelligence</rdf.object>

<rdf:subject rdf:resource="#X"/>

<rdf:predicate rdf:resource="http://purl.org/dc/elements/1.1/title"/>
</edu:QueryStatement>

The advantage of the RDF-QEL-2 form is that queries can easily be visualized using a
guery graph. The Conzilla query interface [8] is based on a subset of UML, using the
UML speciaization relationship for logical OR and the UML aggregation relationship
for logical AND. As shown in figure A.2, our current prototype uses a graph-view,
which is displayed as ordinary RDF with the exception that the triplets searched for
(which are reified in RDF-QEL-i, where $n>1$) are displayed as dashed arrows
indicating that they are searched for. Thelogical view isdisplayed as aparsetree. This
is the logical combination of the primitive statements, showing which combinations
that should be matched at the same time in order for the query to succeed. The
connections between the different views are displayed by highlighting the
corresponding parts.
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Figure A.2 Edutella Graph Query Interface

Queries can be stored and reused later, thus we can work with alibrary of queries that
can be combined to new queries. Those queries can either be used as is or as
templates, where sub-strings, numerical values, etc are filled in. Details of sub-queries
can be suppressed by hiding them in detailled maps that can be presented
hierarchically.

RDF-QEL-3

Going a step further, we might actually choose to skip RDF-QEL-2 in favor of RDF-
QEL-3, which alows conjunction, digunction and negation of literals. RDF-QEL-3 is
essentialy Datalog. Hence, the query is a set of Datalog rules, which can be encoded
easily using reified statements (as for RDF-QEL-2), introducing additional constructs
for negation and implication. As long as queries are non-recursive this approach is
relationally complete.

The example query expressed in RDF-QEL-3 resembles the internal Datalog model
described above.

<edu:QEL3Query rdf:ID="Al_Book_Query">
<edu:hasQueryLiteral rdf:resource="st0"/>
<edu:hasRule rdf:resource="r1"/>
<edu:hasRule rdf:resource="r2"/>
</edu:QEL3Query>

<edu:Variable rdf:ID="X" rdfs:label="X"/>

<edu:Rule rdf:ID="r1">
<edu:hasHead rdf:resource="st0"/>
<edu:hasBody rdf:resource="st2"/>
<edu:hasBody rdf:resource="st3"/>
</edu:Rule>

<edu:Rule rdf:ID="r2">
<edu:hasHead rdf:resource="st0"/>
<edu:hasBody rdf:resource="st1"/>
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</edu:Rule>

<edu:QueryStatement rdf:ID="st0">
<edu:predicate rdf:resource="aibook"/>
<edu:arguments>
<rdf:Seq>
<rdf:_1 rdf:resource="#X"/>
</rdf:Seq>
</edu:arguments>
</edu:QueryStatement>

<edu:QueryStatement rdf:ID="st1">

<rdf:subject rdf:resource="#X"/>

<rdf:object rdf:resource="http://www.lit.edu/types#AIlBook"/>

<rdf:predicate rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-
nst#type"/>
</edu:QueryStatement>

<edu:QueryStatement rdf:ID="st2">

<rdf:subject rdf:resource="#X"/>

<rdf.object rdf:resource="http://www.lit.edu/types#Book"/>

<rdf:predicate rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-
ns#type"/>
</edu:QueryStatement>

<edu:QueryStatement rdf:ID="st3">

<rdf.object>Atrtificial Intelligence</rdf:object>

<rdf:subject rdf:resource="#X"/>

<rdf:predicate rdf:resource="http://purl.org/dc/elements/1.1/title"/>
</edu:QueryStatement>

Further RDF-QEL-i Levels

RDF-QEL-4: RDF-QEL-4 alows recursion to express transitive closure and
linear recursive query definitions, compatible with the SQL3 capabilities. So a
relational query engine with full conformance to the SQL3 standard will be
able to support the RDF-QEL-4 query level.

RDF-QEL-5: Further levels alow arbitrary recursive definitions in stratified
or dynamically stratified Datalog, guaranteeing one single minima model and
thus unambiguous query results ([9]).2

RDF-QEL -i-A: Support for the usual aggregation functions as defined by SQL2
(e.g. COUNT, AVG, MIN, MAX) will be denoted by appending “-A” to the query
language level, i.e. RDF-QEL-1-A, RDF-QEL-2-A, etc. RDF-QEL-i-A includes

1 Technically, when using negation, recursion and the ternary representation of statements, static stratification
can never be guaranteed (because we only use one ternary predicate “S(S,P,0)"), so we have to rely on dynamic
stratification (which depends on the actual instantiation of literals) or switch to well-founded semantics.
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these aggregation functions as edu:count, edu:avg, edu:min, etc. Additiond
“foreign” functions like edu:substring etc. to be used in conditions might be useful
as well, but have not been included yet in RDF-QEL-i-A.
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Apendix B: Simple Edutella consumer and provider

This chapter describes a simple implementation of an Edutella consumer and provider.
This is work in progress and thus subject to changes. The structural model of
implementation for asimple Edutella provider is depicted in fig. B. 1.

There are wrappers for:
- SQL Database,

«Interfacex .
ProviderConnection - File,
+getDescription() : string{idl) 5 éM |-DBib
- Conceptbase.

+execute Query(inout eduquery : EduQuery) : EduResultSef —— — -

+init() : void gl ey ) If application provides proprietary interface

+close() : void lo_agcesr?alts mewaata, it is needed to |:nplemgnt )

+validate() : booleanidi) this inte ce_{lmplement own wrapper for application
Lﬁ to allow application serves as a peer).

EdutellaProvider

-log ; Logger = Logger.getLogger(EdutellaProvider.class)
-maxThreads : unsigned int= 10

-edutellaGroup ; EdutellaPaerGroup = null

-requestinputPipe ; InputPipe
~groupFactory - GroupFactory Lr

PipeMsgListener

-servicaFactory ;| ServiceFactory
-strategy : ProviderPlugin
+EdutellaProvider(inout pool : ProviderConnectionPaol) +RequestReceiver |ECUtellaProvider: RequestReceiver

+EdutellaProvider(inout strategy : ProviderPlugin)
: ST : - : [#threadPool : PooledE t
-publishService(inout pipeAdy ; PipeAdvertisement) : void @—————————= fEA0T0% s Fonetexecutor
+ReguestReceiver()

-publishPeer() : void 1 1 3 y
-initPipe() : PipeAdvertisement +pipeMsgEvent() : void

+setMaxThreads(inout maxThreads : unsigned int) : void
T

I
)

EdutellaProvider::RequestProcessor

Runnable

-event : PipeMsgEvent

+RequestProcessar(inout event : PipeMsgEvent) 'D
+run() : void

-createOutputPipe(inout pipeAdvElement : MessageElement, inout peerldStr : string(idl}) : OutputPipe

Figure B.1 Simpleimplementation of Pr ovi der Connect i on interface

An Edutella peer component provides a query service interface and query results
interface. The query interface is used by the service provider, but can be exported
directly to a user. The query interface can also be used by an LMS as user interface
provider. In the current implementation of QueryServi ce interface the query
results are expressed in RDF. The generation of appropriate results for a user will be
the am of the user interface providers (LMS). Structural modd of a simple
implementation of the Quer ySer vi ce interfaceis depicted in fig. B.2.
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Figure B.2 Simpleimplementation of Quer ySer vi ce interface

The interface for peers searching and for broadcasting query need not to be provided —
it could be and it is now interna functionality of Edutella provider. Query results
interface can be used by LMS and by service provider. Query results are provided in
RDF.
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Apendix C: Interface specification for Edutella
provider and consumer

The Pr ovi der Connect i on interface specification:
public interface ProviderConnection extends Pool edConnection {
/**

* returns a provider description
*

* @eturn human readabl e description of the provider
*/
public String getDescription();

/**

* calculates a result for a query.

*

* @aram query the query to process
* @eturn result set containing the result(s)
*/
public EduResultSet executeQuery(EduQuery eduquery);// handle
query

/**

* jnitializes the connection
*

*/
public void init();

/**

* cl oses the connection.
*

*/
public void close();
/**

* tests the connection

*

* @eturn true, if connection is still usable
*/
public bool ean validate();

}

The Quer ySer vi ce interface specification:
public interface QueryService {

* distributes a query to all discovered providers.
* Results are sent to the ResultListener

* provided by the caller
*
*

@aram query the query to execute
* @aramlistener results are sent to this ResultListener

public void executeQuery(EduQuery query, ResultlListener |istener);

/**

* distributes a query to a specific provider. Results are sent
* to the ResultlListener provided by the caller
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@aram query the query to execute
@aram | istener results are sent to this ResultListener
@aram service information on the peer to be queried
/
public void executeQuery(
EduQuery query,
Resul tLi stener |istener,
Servi cel nfo service);

* % X X *

/**

* cancels the query which was posed using this |istener.
* @aramlistener

*/

public void cancel Query(Resul tListener |istener);

/**

* returns a list of all available services
*

*
/
public Iterator getServices();

/**

* checks if a specific service is still available
*/
public bool ean isAvail abl e(Servicelnfo svc);
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Apendix D: Learning Resource Descriptions at
Educanext

Learning Resource Description: Educational Activity

<?xm version="1.0" encodi ng="1 SO 8859-1"?>
<r df : RDF
xm ns: rdf ="http://wwm. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns:rdf s="http://ww. w3. org/ 2000/ 01/ r df - schema#"
xm ns:dc="http://purl.org/dc/elenents/1.1/"
xm ns: dcg="http://dublincore.org/ 2000/ 03/ 13/ dcq#"
xm ns:lome"http://ww. insproject.org/rdf/insnd_rootvlp2#"
xm ns: 1 omgen="http://ww.insproject.org/rdf/inmsnmd_general vlip2#"
xmns:lomnmeta="http://ww.insproject.org/rdf/insnd_net anet adat avlp2
o
xm ns: | omedu="http://ww.inmsproject.org/rdf/imsnd_educati onal v1p2#"
xmns:lomlife="http://ww.insproject.org/rdf/inmsnd_|ifecyclevlp2#"
xmns:univ_|lr="http://tristan. w-w en.ac. at/universal/rdf/univ-1r#"
xm ns:catal og="http://tristan. w-
Wi en. ac. at/ uni versal / rdf/ cat al ogs#" >

<l-- ==================== Met anetadata. ======================= -->
<rdf: Description about="">

<I'-- Language used in this netadata-file (when no |angstring is
defined explicitly)-->

<dc: | anguage rdf:resource="http://tristan.w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >

<l-- Creator of this netadata-file = spoken in UN VERSAL terns:
provi der -->

<dc:creator rdf:resource="urn:univ:us-WWtenzi"/>
<dcq: creat ed>
<dcq: WBCDTF>
<rdf:val ue>2002- 04- 20</ r df : val ue>
</ dcqg: WBCDTF>
</ dcq: cr eat ed>

<l om gen: cat al ogentry>
<cat al og: uni ver sal >
<rdf:val ue>l r-wuwt enzi - 1</ rdf : val ue>
</ cat al og: uni ver sal >
</1 om_ gen: cat al ogentry>

<l om_ et a: met adat aschene

rdf:resource="http://ww.insproject.org/rdf/imsnd_net amet adat av1p2#LO
M1.0"/>

<l om et a: met adat aschene
rdf: resource="http://ww.insproject.org/rdf/inmsnmd_net anet adat av1p2#AR
| ADNEv3"/ >

<l om et a: met adat aschene
rdf: resource="http://ww.insproject.org/rdf/inmsnd_net anet adat avlp2#l M
SMD_1.2"/>

<l om et a: met adat aschene rdf:resource="http://tristan. w-
wi en. ac. at/ uni versal / rdf / uni ver sal _net adat a#UNI VERSAL_1. 0"/ >

</rdf: Description>
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<l-- ====== Learning Resource netadata ====== -->
<rdf: Description rdf:ID="urn:univ:lr-WWtenzi-1">

<dc:title>
<l om LangString rdf:ID="title">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
The Enmergi ng Paradi gm for Electronic Comerce
</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
Wi en. ac. at/uni versal / rdf/ | ang. r df #en"/ >
</ rdf:val ue>
<lomtransl ation rdf: parseType="Resource">
<rdf:val ue>
Di e Aufstrebenden Paradi gmen i m El ectroni c Conmerce
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #de"/ >
</lomtranslation>
</l om LangString>
</dc:title>

<dc: | anguage rdf:resource="http://tristan.w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
<dc: descri ption>
<l om LangString rdf:|D="description">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>

The last couple of years have seen incredible activity around the
devel opment of technol ogies for businesses to comunicate with each

other over the Internet - the area known as B-2-B electronic
commerce. These efforts, including industry-wide efforts, such as
RosettaNet and the UNsponsored ebXM.,, as well as nore conpany

specific efforts, such as Comerce One@ xCBL, have all centred
around the use of XML as a neans of describing busi ness nessages. The
new paradigm for business is the exchange of XM-based nessages
among businesses organized into electronic marketplaces for the
pur pose of conducting business in ever nore conplex ways. The first
coupl e of generations of these supported fairly sinple transactions

but that will soon change. he nobst interesting new event in the XM
world is the arrival of the official XML Schemal anguage from the WBC.
This represents a significant advance over the current DIDs as a
means of expressing conplex data rel ationshi ps and ot her constraints,
and will lead to the next generation of mar ket pl aces, wher e
busi nesses will take advantage of sophisticated services. Some of us
may see echoes of distributed object/agent technol ogies here. | would
not di sabuse anyone of this notion - XM is ideal for specifying
agent conmunication |anguages, and businesses generally behave as
| oosely coupled autononmous agents. This talk wll discuss the
evol ving nature of marketplaces and the role of XML in particular in
supporting this evolution.

</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
</rdf:val ue>
<lomtransl ation rdf:parseType="Resource">
<rdf:val ue> )
Di e deutsche Ubersetzung der obi gen Beschrei bung.
</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
Wi en. ac. at/ uni versal / rdf /| ang. r df #de"/ >
</lomtranslation>
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</l om LangStri ng>
</ dc: descripti on>

<uni v: educat i onal Obj ecti ves>
<l om LangString rdf:|D="description">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
Description of the educational objectives of this |earning

resource.
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
</ rdf:val ue>
<lomtransl ation rdf:parseType="Resource">
<rdf:val ue>
Beschr ei bung der padagogi schen Zi el e bzw. des padagogi schen
Auf baus di eser Lernressource.
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan.w-
wi en. ac. at/uni versal / rdf /| ang. r df #de"/ >
</lomtranslation>
</l om LangString>
</ uni v: educati onal Obj ecti ves>

<univ_lr:instructional Design rdf:resource="http://tristan.w-
wi en. ac. at/uni versal / rdf /uni v_| r#Col | abor ati veLear ni ng"/ >
<uni v_|lr:locationOf Addi ti onal | nformation

rdf: resource="http://tristan.w-
wi en. ac. at/ | ectureseries/LectureSeries2. ht mgnf"/ >

<univ_lr:curricul une
<l om LangString rdf:ID="curricul um>
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
Uni versity second |level on WJ>Wen -
Department for Conmercial Information Technol ogy
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan.w-
Wi en. ac. at/uni versal / rdf/ I ang. r df #en"/ >
</rdf:val ue>
</l om LangString>
</univ_lr:curriculunm

<l om edu: t ypi cal | ear ni ngti me>
<l om | SC8601>
<rdf: val ue>PT2H</ r df : val ue>
</1om | SC8601>
</l om edu: typi cal | earni ngti me>

<univ_|lr: prerequisite>
<l om LangString rdf:|D="prerequisites">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
Sone basics about HTM., XM. (and RDF)
</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
</ rdf:val ue>
</l om LangStri ng>
</univ_lr:prerequisite>

<uni v_I r: | earni ngResour ceType rdf:resource="http://tristan.w-
Wi en. ac. at/uni versal /rdf/univ-I|r#Educati onal Material "/ >

<uni v_| r: medi aType rdf:resource="http://tristan. wi-
Wi en. ac. at/ uni versal / rdf / uni v- 1 r #Vi deoConf er ence"/ >
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<uni v_Ilr:educational ActivityType rdf:resource="http://tristan.w-
wi en. ac. at/uni versal /rdf/univ_Ilr#Lecture">

<l om _edu: cont ext >hi gher educati on</| om edu: cont ext >
<univ_Ilr:ects>2</univ_Ir:ects>

<l-- The Author of this Resource -->
<l-- us-1 ... Matthew Fuchs -->
<dc:creator rdf:resource="urn:univ:us-1"/>
<dcq: cr eat ed>

<dcq: WBCDTF>

<r df : val ue>2000- 05- 07</ r df : val ue>

</ dcq: WBCDTF>

</ dcq: cr eat ed>

<l-- there are two contentprovider -->
<lom |ife:contentprovider rdf:parseType="Resource">
<rdf: val ue>
<rdf: Seq>
<rdf:li rdf:resource="urn: univ:us-ww- bsimon"/>
<rdf:li rdf:resource="urn:univ:us-wwtenzi"/>
</ rdf: Seq>
</rdf:val ue>
<dc: dat e>
<dcq: WBCDTF>
<rdf : val ue>2001- 05- 08</ r df : val ue>
</ dcq: WBCDTF>
</ dc: dat e>
</lom.life:contentprovider>

<dc: subj ect resource="http://tristan.w-

wi en. ac. at/ uni versal /rdf/taxonom es/tx-1-en#2. 1"/ >
<dc: subj ect resource="http://tristan.w-

wi en. ac. at/ uni versal / rdf/taxonom es/tx-10-en#3.2. 1"/ >

<uni v_| r:annotation rdf:resource="urn: univ:an-ww bsi non-1">
<univ_|lr:offer rdf:resource="urn:univ:of -wuwtenzi-1"/>

<l-- ====== Access Information ====== -->
<univ_|lr:deliverySystem rdf:resource="urn:univ:ds-isabel 6"/>

<lomtech:location rdf:resource="http://isabel.dit.upn sonmeurl"/>
<lomlife:version>1.0</lomlife:version>

<uni v_tech: requirement rdf: parseType="Resource">
<uni v_tech:type rdf:resource="http://tristan. wi-
wi en. ac. at/uni versal / rdf / uni v-| o#Systeni'/ >
<uni v_tech: nane rdf:resource="http://tristan. wi-
wi en. ac. at/ uni versal / rdf / uni v- | o#Li nux"/ >
</univ_tech: requirenment >

<l-- ==== Schedul i ng because it is an Educational Activity ==== -->

<dcq: avai | abl e>
<dcq: Period rdf: I D="Period_1">
<dcq: start>
<dcq: WBCDTF>
<rdf: val ue>2002- 05- 27T19: 00+01: 00</ r df : val ue>
</ dcq: WBCDTF>
</dcq:start>
<dcq: end>
<dcq: WBCDTF>
<rdf : val ue>2002- 05- 27T20: 30+01: 00</ r df : val ue>
</ dcq: WBCDTF>
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</ dcq: end>
</ dcq: Peri od>
</ dcq: avai | abl e>
</rdf: Description>
</ r df : RDF>

Learning Resource Description: Educational Material

<?xm versi on=C1. 0€?>

<?xm version="1.0" encodi ng="1S0O 8859-1" 7>

<r df : RDF

xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#"

xm ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#"

xm ns:dc="http://purl.org/dc/el enents/1.1/"

xm ns: dcq="http://dublincore. org/ 2000/ 03/ 13/ dcg#"

xmns: lome"http://ww. i msproject.org/rdf/imsnd_rootvlp2#"

xm ns: |l omgen="http://ww.inmsproject.org/rdf/imsnd_general vlp2#"

xm ns: |l om neta="http://ww.inmsproject.org/rdf/i msnd_net anet adat avip2

o
xm ns: | omedu="http://ww.insproject.org/rdf/imsnmd_educati onal vip2#"
xmns:lomlife="http://ww.insproject.org/rdf/inmsnd_I|ifecyclevlp2#"
xmns:univ_lr="http://tristan.w-w en. ac. at/universal/rdf/univ-Ir#"
xm ns: catal og="http://tristan. wi-

Wi en. ac. at/ uni versal / rdf/ cat al ogs#">

<l -- =Z=================== |kt anetadata. ======================= -->
<rdf: Description about="">

<!-- Language used in this netadata-file (when no langstring is
defined explicitely)-->

<dc: |l anguage rdf:resource="http://tristan. w-
Wi en. ac. at/uni versal / rdf/ | ang. r df #en"/ >

<l-- Creator of this netadata-file = spoken in UN VERSAL ternmns:
provider -->

<dc:creator rdf:resource="urn:univ:us-WWtenzi"/>
<dcq: cr eat ed>
<dcq: WBCDTF>
<rdf : val ue>2002- 04- 20</ r df : val ue>
</ dcq: WBCDTF>
</ dcq: cr eat ed>

<l om _gen: cat al ogentry>
<cat al og: uni ver sal >
<rdf:val ue>l r-wiwtenzi-1</rdf: val ue>
</ cat al og: uni ver sal >
</l om gen: cat al ogentry>

<l om net a: net adat aschene

rdf: resource="http://ww.insproject.org/rdf/imsnd_net amet adat av1p2#LO
M/1.0"/>

<l om et a: met adat aschene
rdf: resource="http://ww.insproject.org/rdf/inmsnmd_net anet adat av1p2#AR
| ADNEv3"/ >

<l om et a: net adat aschene
rdf:resource="http://ww.insproject.org/rdf/imsnd_net amet adat avlp2#l M
SMD_1.2"/>

<l om net a: net adat ascheme rdf:resource="http://tristan. w-
Wi en. ac. at/ uni versal / rdf/ uni ver sal _nmet adat a#UNI VERSAL_1. 0"/ >

</rdf: Description>
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<rdf: Description rdf:ID="urn:univ:Ilr-WWtenzi-1">

<dc:title>
<l om LangString rdf:ID="title">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
The Energing Paradi gmfor El ectronic Conmerce
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
</ rdf:val ue>
<lomtranslation rdf:parseType="Resource">
<rdf:val ue>
Di e Aufstrebenden Paradi gmen im El ectronic Commerce
</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
Wi en. ac. at/ uni versal / rdf/ | ang. r df #de"/ >
</l omtransl ation>
</1 om LangString>
</dc:title>

<dc: | anguage rdf:resource="http://tristan.w-
Wi en. ac. at/uni versal / rdf/ Il ang. r df #en"/ >

<dc: descri pti on>
<l om LangString rdf:|D="description">
<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
The | ast couple of years have seen incredible activity around
t he devel opment of technol ogi es for busi nesses to comunicate with
each other over the Internet - the area known as B-2-B el ectronic
comrerce. These efforts, including industry-wi de efforts, such as
RosettaNet and the UNsponsored ebXM., as well as nore conpany
specific efforts, such as Conmerce One@Gs xCBL, have all centered
around the use of XML as a neans of describing business nessages. The
new paradi gm for business is the exchange of XM.-based nessages anobng
busi nesses organi zed into el ectronic marketplaces for the purpose of
conducting business in ever nore conplex ways. The first couple of
generations of these supported fairly sinple transactions, but that
wi || soon change
The nmost interesting new event in the XML world is the arrival
of the official XML Schema | anguage fromthe WBC. This represents a
significant advance over the current DTDs as a neans of expressing
conpl ex data rel ationships and other constraints, and will lead to
the next generation of marketplaces, where businesses will take
advant age of sophisticated services. Soneof us nmay see echoes of
di stributed object/agent technol ogies here. I would not disabuse
anyone of this notion - XM. is ideal for specifying agent
communi cati on | anguages, and busi nesses generally behave as | oosely
coupl ed autonomous agents. This talk will discuss the evolving nature
of marketplaces and the role of XML in particular in supporting this
evol ution.
</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >
</ rdf:val ue>
<lomtranslation rdf: parseType="Resource">
<rdf : val ue> )
Da ware jetzt halt di e deutsche Ubersetzung der obigen
Beschrei bung. Dafir ist aber keine Zeit!!! :-)
</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf /| ang. r df #de"/ >
</lomtranslation>
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</l om LangStri ng>
</ dc: descripti on>

<uni v: educat i onal Obj ecti ves>
<l om LangString rdf:|D="description">
<rdf:val ue rdf: parseType="Resource">

<rdf:val ue>
obj ectives of

Description of the educati onal this | earning

resource.
</rdf:val ue>

<dc: | anguage rdf:resource="http://tristan. w-

wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >

</ rdf:val ue>
<lomtransl ation rdf:parseType="Resource">

<rdf:val ue>
Beschr ei bung der padagogi schen Zi el e/ des padagogi schen Auf baus

di eser Lernressource.

</ rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-

wi en. ac. at/uni versal / rdf /| ang. r df #de"/ >

</lomtranslation>

</l om LangString>
</ uni v: educati onal Obj ecti ves>

<univ_Ilr:instructional Design rdf:resource="http://tristan.w-
Wi en. ac. at/uni versal /rdf/univ_Il r#D rect edLearni ng"/ >
<univ_|lr:locationO Addi ti onal | nformation

rdf: resource="http://tristan.w-
W en. ac. at/| ectureseries/LectureSeries2. ht n¢¢nf"/ >

<univ_lr:curricul une
<l om LangString rdf:ID="curricul un>

<rdf:val ue rdf: parseType="Resource">

<rdf:val ue>
Uni versity second level on WJ>Wen -
I nformati on Technol ogy

Department for Comercia

</rdf:val ue>
<dc: | anguage rdf:resource="http://tristan. w-

wi en. ac. at/uni versal / rdf /| ang. r df #en"/ >

</rdf:val ue>

</l om LangStri ng>
</univ_lr:curricul unm

<l om edu: t ypi cal | ear ni ngti me>

<l om | SC8601>
<rdf:val ue>PT2H</ r df : val ue>

</1om|SC8601>
</l om_ edu: typi cal | earni ngti me>

<univ_|lr:prerequisite>
<l om LangString rdf:|D="prerequisites">

<rdf:val ue rdf: parseType="Resource">
<rdf:val ue>
Some basi cs about HTM., XM. (and RDF)

</rdf:val ue>
<dc: |l anguage rdf:resource="http://tristan. w-
Wi en. ac. at/ uni versal / rdf/ | ang. r df #en"/ >
</rdf:val ue>
</l om LangString>
</univ_lr:prerequisite>
<uni v_|r: | earni ngResourceType rdf:resource="http://tristan. w-
wi en. ac. at/uni versal / rdf / uni v-| r#Educat i onal Materi al "/ >
<uni v_Ilr:educational Materi al Type rdf:resource="http://tristan.w-
Wi en. ac. at/uni versal /rdf/univ_Ilr#Fi gure">
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<l om_edu: cont ext >hi gher educati on</| om edu: cont ext >
<univ_lr:ects>2</univ_Ir:ects>

<!-- The Author of this Resource -->
<l-- us-1 ... Matthew Fuchs -->
<dc:creator rdf:resource="urn:univ:us-1"/>
<dcq: cr eat ed>

<dcq: WBCDTF>

<rdf: val ue>2000- 05- 07</ rdf : val ue>

</ dcq: WBCDTF>

</ dcq: cr eat ed>

<l-- there are two content providers -->
<lom |ife:contentprovider rdf:parseType="Resource">
<rdf: val ue>
<rdf: Seq>
<rdf:li rdf:resource="urn: univ:us-ww- bsimon"/>
<rdf:li rdf:resource="urn:univ:us-wwtenzi"/>
</ rdf: Seq>
</rdf:val ue>
<dc: dat e>
<dcq: WBCDTF>
<rdf: val ue>2001- 05- 08</ r df : val ue>
</ dcq: WBCDTF>
</ dc: dat e>
</lom.life:contentprovider>

<dc: subj ect resource="http://tristan.w-

W en. ac. at/ uni versal /rdf/taxonon es/tx-1-en#2.1"/>
<dc: subj ect resource="http://tristan.w-

wi en. ac. at/ uni versal / rdf / t axonom es/ t x- 10- en#3. 2. 1"/ >

<univ_|r:annotation rdf:resource="urn: univ:an-ww bsi non-2">
<univ_|lr:offer rdf:resource="urn:univ:of-wwtenzi-2"/>

<l-- ====== Access Information ======= -->
<univ_Ilr:deliverySystem rdf:resource="urn: univ:ds-Real Server"/>

<lomtech:location rdf:resource="http://nedi a. w-
wi en. ac. at : 8080/ r angen/ The_Ener gi ng_Par adi gm f or _El ect roni c_Conmerce_
by _Matt hew Fuchs/trainer.sm"/>
<lomlife:version>1.0</lomlife:version>

<dcq: medi unw
<dcq: | MI'>
<rdf:val ue>application/sml </rdf:val ue>
<rdf s: | abel >Real Vi deo</rdf s: | abel >
</dcqg: | MI>
</ dcq: nedi unr

<dcgQ: ext ent >
<l om tech: Byt eSi ze>
<rdf : val ue>21000000</ r df : val ue>
</l omtech: ByteSi ze>
</ dcq: ext ent >

<uni v_tech: requirement rdf: parseType="Resource">
<uni v_tech:type rdf:resource="http://tristan. wi-
Wi en. ac. at/ uni versal / rdf /uni v-| o#Present ati onTool "/ >
<uni v_tech: nane rdf:resource="http://tristan. wi-
wi en. ac. at/ uni versal / rdf/uni v-1| o#Real Pl ayer"/ >
<uni v_t ech: m ni mun»1. 0</ uni v_t ech: m ni nune
<uni v_t ech: maxi nun»8. 0</ uni v_t ech: maxi mune
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</univ_tech: requirenment >

</rdf: Description>
</ rdf : RDF>
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Apendix E: Learning Resource Descriptions at ULI-
project

Uli Vorlesung Algorithmenthorie WS 2001 (Freiburg)

<rdf: RDF xm : | ang="de"

xm ns: rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#"

xm ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#"

xm ns:dc="http://purl.org/dc/elenents/1.1/"

xm ns: dcqg="http://dublincore. org/ 2001/ 08/ 14/ dcg#"
xmns:lomcls="http://ww.inmsproject.org/rdf/imsnd_classificationvlp2
4

xmns:lom"http://Itsc.ieee.org/ 2002/ 09/ om base#"

xm ns:vCard="http://ww. w3. org/ 2001/ vcard-rdf/ 3. 0#" >

<rdf: Description | D="Al gorithnen">

<rdf:type resource="http://tel emann. kbs. uni -
hannover . de: 3333/ ol r/ ol r _v9#Cour se"/ >
<dc:title>Ui Vor | esung Al gorithmenthorie W5 2001

(Freiburg)</dc:title>
<dc: description>In di eser Vor | esung wer den Al gorithnen und
Dat enstrukturen behandelt, die in der Vorlesung im G undstudium
Uber haupt

ni cht oder nicht mt der erforderlichen Tiefe behandelt werden. Dazu
gehdren u. a.:Datenstrukturen: Skip-Listen, random sierte Suchbaune,
Splay Trees, erweiterte Suchbdunme, Tries.Polynone und die schnelle
Fouriertransformati on. Al gorithnen zur Zei chenkettenverarbeitung
(Knuth Morris Pratt, Boyer More u. a.).Verschlusselung und
Kodi erung von Texten. Approxi mative Verfahren zur Ldsung NP-harter
Probl ere.

Ferner werden die zum Entwurf einer breiten Palette von Al gorithnen
bendti gten Entwurfsprinzipien herausgearbeitet wund an Beispielen
erl autert.

Das si nd das Di vi de- and- Conquer - Pri nzi p, das Greedy- Pri nzi p,
dynam sches Pr ogramm er en, anortisierte Anal yse u.
a.</dc:description>
<dc: creator>
<lomentity>

<vCard: FN>Thomas Ot nan</vCard: FN>
</lomentity>
</dc:creator>
<dcq: cr eat ed>
<dcq: WBCDTF>

<rdf: val ue>2001- 09- 15</ r df : val ue>
</ dcq: WBCDTF>
</ dcq: cr eat ed>

<dcq: hasPart >

<rdf: Seq>
<rdf:li resource="#Unit1"/>
<rdf:li resource="#Unit2"/>
<rdf:li resource="#Unit3"/>
<rdf:li resource="#Unit4"/>
</ rdf: Seq>

</ dcq: hasPart >
</rdf: Description>

<rdf: Description ID="Unitl">
<rdf:type resource="http://tel emann. kbs. uni -
hannover. de: 3333/olr/olr_vo#Unit"/>
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<dc:title>1l: Divide and Conquer</dc:title>
<dcq:isPartOf rdf:resource="#Al gorithnen"/>
<dcq: hasPart >
<rdf: Seg>
<rdf:li rdf :resource="http://ad.informatik. uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ectures/at 11
htnd/ >
<rdf:li rdf :resource="http://ad.informatik. uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ectures/at 12
htnd/>
</ rdf: Seq>
</ dcq: hasPart >
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ectures/at 11
. ht i >
<dc:title>Vorlesung Al gorithmenthorie W5 2001 (Freiburg) 1.1 Divide
and Conquer, GCeonetrisches Divide and Conquer</dc:title>
<dc: description>Al's Erstes wer den die ver schi edenen
Ent wur f spri nzi pi en far Al gorithnen und deren Probl em und
Anwendungsber ei che kurz vorgestellt
Anschlieend wird das allgeneine Entwurfsprinzip des Divide-and-
Conquer Ver f ahr ens vorgestel It und anhand des bekannt en
Sortierverfahrens
Qui cksort noch einmal erklart. Danach wird anhand von drei Beispielen
ausfidhrlich gezeigt, wie man das Divi de-and- Conquer Prinzip auch auf
geonetri sche Probleme anwenden kann. Fir das C osest Pair-Problem
bei dem es um di e Bestimmung ei nes Punktepaares nmit mninmaler Distanz
aus ei ner gegebenen Menge von n Punkten geht, kann mt HIfe eines
cleveren Merge-Verfahrens eine Laufzeit von Q(n log n) erzielt
wer den.
Al's Nachstes wrd das Liniensegnentschnittproblem behandelt. Hier
geht es darum alle Paare sich schneidender Segnmente zu bestinmen,
wobei
di e gegebene Menge von n Segnenten nur aus horizontal und vertikal
orientierten Segnmenten besteht. Der Divide-and-Conquer Ansatz beim
Li ni ensegrment schnitt-Problem fihrt auf ein out put sensitives
Verfahren mt einer Laufzeit von O(n log n + k), wobei k die Anzahl
si ch schnei dender

Segmente ist.Zum Schluss wird noch kurz auf die Berechnung des
Vor onoi - Di agramms  mit Hlfe eines Divide-and-Conquer Ansatzes
ei ngegangen.

Bei di esem Probl em geht es umdie Unterteilung der Ebene in Regionen
gl ei cher nachster Nachbarn. Auch di eses Problem kann effizient in Q(n

I og n)
Zeit gel 6st werden. </dc:description>
<dc: | anguage rdf: resource="http://ww.kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >
<dc: subj ect rdf:resource="http://ww.kbs. uni -

hannover. de/ U i/ ACM CCS. rdf #F. 2. 1"/ >
<dcq:isPart O rdf:resource="#Unitl"/>
</rdf: Description>

<rdf: Descri ption about="http://ad.informatik.uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ectures/at 12
. ht i >

<dc:title>Vorlesung Algorithmenthorie W5 2001 (Freiburg) 1.2 Fast
Fourier Transformation </dc:title>

<dc: descri pti on>Zunéchst wer den Pol ynore, deren
Repr dsent at i onsniigl i chkeiten und grundl egende Operati onen auf diesen
ei ngef ihrt. In der

Koeffi zi entendarstel lung ist das Pol ynonprodukt nicht sehr effizient
berechenbar, daher werden die Polynonme in die Punkt/Wrtdarstellung
transformert,
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in der dann das Pol ynonprodukt in Q(n) berechenbar ist. AnschliefRend
wird das Ergebnis weder zurick in die Koeffizientendarstellung
transformert.

Das Ziel 1ist, mt HIfe eines Divide-and-Conquer Ansatzes ein
effizientes Verfahren fur diese Transformationen zu entw ckeln. Dies
fuhrt schlieflich auf
die Fast Fourier Transformation (FFT). Der entscheidende Schritt
hi erbei ist, dass durch die Auswertung des Polynoms an den Potenzen
der n-ten

konpl exen  Ei nhei t swr zel nach dem Divide-Schritt die beiden
Tei | pol ynone nur noch an der Hilfte der Stellen des urspringlichen
Pol ynons ausgewert et
werden nissen. Dies fidhrt zu einer Laufzeit der FFT von Q(n log n)
Die inverse FFT wird auf die Berechnung der FFT zurickgefidhrt wodurch
schlieflich

das Pol ynonprodukt insgesamt in Qn Jlog n) berechenbar st
</ dc: descri pti on>

<dc: | anguage rdf:resource="http://ww. kbs. uni -
hannover.de/ U i/l ang. rdf #de"/ >

<dc: subj ect rdf: resource="http://ww. kbs. uni -

hannover. de/ U i/ ACM CCS. rdf #F. 2. 1. 0"/ >
<dcq:isPart O rdf:resource="#Unitl"/>
</rdf: Description>

<rdf: Description ID="Unit2">
<rdf:type resource="http://tel emann. kbs. uni -
hannover. de: 3333/olr/olr_vo#Unit"/>
<dc:title>2: Random sierung</dc:title>
<dcq:isPart X rdf:resource="#Al gorithmen"/>
<dcq: hasPart >
<rdf: Seq>

<rdf:li rdf:resource="http://ad.informatik. uni -
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 21
htnd/ >

<rdf:li rdf :resource="http://ad.informatik. uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 22
htnd/ >

<rdf:li rdf :resource="http://ad.informatik. uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 23
htnd/ >

<rdf:li rdf :resource="http://ad.informatik. uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ect ures/ at 24
htnd/ >

</ rdf: Seq>

</ dcq: hasPart >
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 21
htm' >

<dc:title>Vorlesung Algorithmenthorie W 2001 (Freiburg) 2.1
Zuf al | szahl engeneratoren </dc:title>

<dc: description>Die Zufallsgeneratoren, die in Bibliotheken oder
durch Betriebssysteme bereits gestellt werden, haben haufig sehr
schl echte

Ei genschaften. Es wird daher die |ineare Kongruenz Methode von Lehmer
vorgestellt, mt dessen Hilfe Pseudo-Zufallszahlen erzeugt werden
kdnnen.

Wrd das Verfahren jedoch wie beschrieben inplementiert, kann es zu
Uber | &uf en bei den Berechnungen konmen. Daher wird ei ne verbesserte
Versi on nach Schrage vorgestellt, die dieses Problem behebt.

Im Anschluss daran wird kurz auf die Eigenschaften genischt-
kongruenter Generatoren und den Zufallszahl engenerator von Java
ei ngegangen. </ dc: descri pti on>

<dc: | anguage rdf: resource="http://ww.kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >
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<dc: subj ect rdf:resource="http://ww. kbs. uni -
hannover. de/ U i/ ACM CCS. r df #G. 3. 9"/ >

<dcq:isPartX rdf:resource="#Unit2"/>

</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ect ures/ at 22
htmd' >

<dc:title>Vorlesung Algorithmenthorie W 2001 (Freiburg) 2.2
Random si ertes Quicksort, Randomi sierter Prinezahltest </dc:title>

<dc: descripti on>Randoni sierte Algorithmen kann man in zwei Klassen
einteilen, die Las Vegas und die Mnte Carlo Al gorithmen.

Las Vegas Al gorithmen sind wahrscheinlich schnell und imer Kkorrekt.
Zu dieser Klasse wird als Beispiel das Randoni sierte Quicksort
vorgestellt. Durch eine randonmisierte Wahl des Pivotel ementes erhalt
man als Erwartungswert fir die Laufzeit Q(n log n).

Monte Carlo Algorithmen sind imer schnell und wahrscheinlich
korrekt . Diese Algorithmen liefern nur m t ei ner gew ssen
Wahr schei nl i chkei t

eine korrekte Antwort. Da diese Algorithmen aber inmer schnell sind
eignet sich ein solches Verfahren z.B. hervorragend fur den hier
vorgestellten

random sierten Prinzahltest. Mt Hilfe des kleinen Fermatschen Satzes
und dem Test auf nichttriviale Quadratwurzel kann nman die

I rrtunmswahrscheinlichkeit des random sierten Prinzahltests beliebig
kl ein werden | assen. </dc:description>

<dc: | anguage rdf :resource="http://ww. kbs. uni -
hannover. de/ Ui/l ang. rdf #de"/ >
<dc: subj ect rdf: resource="http://ww. kbs. uni -

hannover. de/ U i/ ACM CCS. rdf #1 . 6. 8. 6"/ >
<dcq:isPartOX rdf:resource="#Unit2"/>
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 23
htm' >

<dc:title>Vorlesung Algorithmenthorie W 2001 (Freiburg) 2.3
Anwendung Random sierter Prinzahltest: Kryptographie (RSA)</dc:title>
<dc: descri pti on>Verschl Gissel ungssystene nmit gehei nen Schl Ussel n haben
ei ni ge gravi erende Nachteile. Beispiel sweise werden

gr 6Renor dnungsméflRli g quadratisch viele Schlissel benttigt oder die

Aut henti fi zi erung i st schwi eri g. Es wird daher auf
Ver schl Ussel ungssyst enme
mt of fentlichen Schl isseln eingegangen, die diese Nachteile

beseitigen. Es wrd erlautert, we Nachrichten mt o&ffentlichen
Schl issel n verschl Ussel t
werden kdénnen und wie man digitale Unterschriften erzeugen kann. Al's

konkr et es Ver schl Ussel ungssyst em das of fentliche Schl Ussel
ver wendet ,
wird das bekannte RSA-Verfahren ausfihrlich vorgestellt. Zur

Berechnung des geheinmen Schlissels wird zu einer Zahl die
Mul tiplikative Inverse
ei ner  Zahl bendti gt hierzu wrd der erwiterte Euklidische
Al gorithmus vorgestellt, mt dem man diese Zahl berechnen kann.
</ dc: descri pti on>
<dc: | anguage rdf: resource="http://ww.kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >
<dc: creator>
<lomentity>

<vCard: FN>Sven Schui erer </ vCard: FN>
</lomentity>
</ dc: creator>
<dc: subj ect rdf:resource="http://ww.kbs. uni -
hannover. de/ U i/ ACM CCS. r df #E. 3. 3"/ >
<dcq:isPartOX rdf:resource="#Unit2"/>
</rdf: Description>
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<rdf: Descri ption about="http://ad.informatik. uni-
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ect ur es/ at 24
. ht i >
<dc:title>Vorlesung Algorithnenthorie W 2001 (Frei burg) 2.4
Randomi sierte Datenstrukturen: Skiplisten, Randonisierte Suchbaune
</dc:title>
<dc: description>Di e einfachste Mglichkeit ein Wbrterbuch, also eine
Dat enstruktur wel che die Operationen suchen, einfigen und entfernen
unt er st it zt
zu inmplenentieren sind verkettete lineare Listen. Diese haben jedoch
den Nachteil, dass die Wrterblcher-Operationen imschl echtesten Fal
jeweils

linear viele Schritte bendtigen. Als Alternative zu balancierten
Suchb&umen, die diese Operationen in Ologn) Schritten ausfihren
kénnen, w rd daher
ei ne Datenstruktur vorgestellt, die sogenannten Skiplisten, die auf
den Verketteten linearen Listen aufbauen. Zundchst werden perfekte
Ski plisten betrachtet,

die das Suchen in Q(logn) erlauben. Das Einfigen und Entfernen
benéti gt jedoch weiterhin |inearen Aufwand. Durch Random sierung der
Ski plisten

gelingt es jedoch alle drei Wrterblcher-Operationen in erwarteter
Zeit Olog n) auszufihren. Im Anschluss daran werden randonisierte
Suchbé&ume
vorgestel lt. Da randomisierte Suchbadume Treaps nmit zuféalligen
Prioritaten sind, wer den daher zunachst die Treaps und die
grundl egenden Operati onen

auf ihnen erléautert. Bei den Randonmi sierten Suchbaumen nutzt man die
Randoni si erung um das Degenerieren von natirlichen Suchbaunen zu
l'i nearen

Li sten zu verhindern. Auch hier erhdlt man als Erwartungswert fir die
Kosten der QOperationen Suchen, Einfugen und Entfernen jeweils Ol og
n). </dc:description>

<dc: | anguage rdf:resource="http://ww.kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >
<dc: subj ect rdf: resource="http://ww.kbs. uni -

hannover. de/ U i/ ACM CCS. rdf #E. 1"/ >
<dcq:isPart O rdf:resource="#Unit2"/>
</rdf:Description>

<rdf: Description ID="Unit3">
<rdf:type resource="http://tel emann. kbs. uni -
hannover. de: 3333/olr/olr_vo#Unit"/>
<dc:title>3 : Anortisierte Analyse</dc:title>
<dcq:isPart O rdf:resource="#Al gorithnmen"/>
<dcq: hasPart >
<rdf: Seq>
<rdf:li rdf:resource="http://ad.informatik. uni -
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 31
htnd/ >
<rdf:li rdf:resource="http://ad.informatik. uni -
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ect ures/ at 32
htnd/ >
<rdf:li rdf:resource="http://ad.informatik. uni -
frei burg. de/l ehre/ws0102/ al gori t hment heori e/ downl oad/ at _| ect ures/ at 33
htnd/ >
</ rdf: Seq>
</ dcq: hasPart >
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 31
htm' >

<dc:title>Vorlesung Algorithmenthorie W 2001 (Freiburg) 3.1
Anortisierte Anal yse</dc:title>
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<dc: description>Bei einer Folge von Operationen, bei der die Laufzeit
ei nzel ner COperationen in einem grofBen Berei ch schwanken kann,
fahrt die bisher bekannte worst case Analyse zu einer zu groben
Abschét zung, da nicht bei allen Operationen der Folge der
schl echteste
Fall eintreten kann. Es wrd daher die anortisierte worst case
Anal yse vorgestellt. Bei der Anortisierung wrd grundsatzlich
ZwW schen drei
Met hoden unt erschi eden: Der Aggregat-Methode, der Account-Methode und
der Potential funktion-Methode (Bankkonto-Paradi gnma). Alle

drei Met hoden werden anhand eines einfachen Beispiels, des
Dual zahl ers, ausfihrlich erklart. Im Anschluss daran wrd die
Pot ent i al f unkti on- Met hode

noch auf ein konplexeres Problem angewandt, um die anortisierten
Kosten der Operationen Einfligen und Entfernen fur eine dynam sche
Tabel | e zu anal ysi eren. </ dc: descri pti on>
<dc: | anguage rdf:resource="http://ww. kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >
<dc: creator>
<lomentity>

<vCard: FN>Sven Schui erer</vCard: FN>
</lomentity>
</ dc:creator>
<dc: subj ect rdf: resource="http://ww.kbs. uni -
hannover. de/ U i/ ACM CCS. r df #F. 2. 0"/ >
<dcq:isPart rdf:resource="#Unit3"/>
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ur es/ at 32
. ht i >

<dc:title>Vorlesung Al gorithmenthorie W5 2001 (Frei burg) 3.2 Binom al
Queues, Fibonacci Heaps</dc:title>

<dc: descri pti on>Vorrangswarteschl angen spielen in vielen Anwendungen
eine wichtige Rolle, wie z.B. beim Kirzeste-Wge Al gorithrmus von
Dijkstra. Ei ne sehr effiziente I npl ementi erung von
Vor rangswart eschl angen stellen die Fibonacci-Heaps dar. Zum besseren
Verstandni s der Fibonacci-Heapswerden zundchst die Binom al Queues
vorgestellt. Eine Binom al Queue ist eine Vereinigung heapgeordneter
Bi nom al baune, wobei die Binonialbdune von verschi edener O dnung
sind. Bei den Binom al Queues sind alle wesentlichen Qperationen in
| ogarithm scher Zeit ausfuhrbar. Die Initialisierung und Bestinmmung
des Mninunms bené6tigt sogar nur konstante Zeit. Bei den Fibonacci -
Heaps nmuss nicht nach jeder Operation eine so starre Struktur w e bei
den Bi nom al Queues erzeugt werden. Dadurch ergeben sich bei einigen
Operationen erhebliche Laufzeitvorteile. Es werden ausfihrlich die
ver schi edenen Operationen der Fibonacci-Heaps vorgestellt und mt
Hlfe der anortisierten Analyse deren Laufzeiten analysiert.
Betrachtet man die anortisierten Kosten, so gelingt es nit den
Fi bonacci - Heaps alle w chtigen Operati onen von Vorrangswarteschl angen
in konstanter Zeit auszuf Ghren, mt Ausnahme der Entferne-

Oper at i onen, die auch hier logarithnm sche (anortisierte) Zeit
bendti gen.

</ dc: descri pti on>

<dc: | anguage rdf:resource="http://ww.kbs. uni -
hannover.de/ Ui/l ang. rdf #de"/ >

<dc: subj ect rdf: resource="http://ww.kbs. uni -

hannover. de/ U i/ ACM CCS. rdf #E. 1"/ >
<dcq:isPart rdf:resource="#Unit3"/>
</rdf: Description>

<rdf: Description about="http://ad.informatik.uni-
freiburg.de/l ehre/ws0102/ al gorit hment heori e/ downl oad/ at _| ect ures/ at 33
htm' >

<dc:title>Vorlesung Algorithmenthorie WS 2001 (Freiburg) 3.3 Union-
Find Strukturen </dc:title>
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<dc: description>Eine Union-Find Struktur ist eine Datenstruktur zur
Verwal tung di sjunkter Mengen. Mt dieser Datenstruktur kann z.B. bei
Gr aphen
ei n Zusamenhangst est dur chgef ihrt werden. Zundchst wird gezeigt we
man Uni on-Find Strukturen als verkettete Listen inplenentieren kann.
Al's zweite Mbglichkeit der Inplenentierung wird die Reprasentation
durch einen WAld von Baunen betrachtet. Es wrd gezeigt w e das
Degenerieren zu

i nearen Listen verhindert werden kann und wie man fir n Union-Find-
Operationen bei einer fiur die Praxis relevanten Probl engr6Re eine
annaher nd
|l ineare Laufzeit erzielen kann. </dc:description>
<dc: | anguage rdf : resource="http://ww.kbs. uni -
hannover.de/ U i/l ang. rdf #de"/ >
<dc: creator>
<lomentity>

<vCard: FN>Sven Schui erer</vCard: FN>
</lomentity>
</ dc: creator>
<dc: subj ect rdf: resource="http://ww. kbs. uni -
hannover. de/ U i/ ACM CCS. rdf #E. 1"/ >
<dcq:isPart O rdf:resource="#Unit3"/>
</rdf: Description>

</ r df : RDF>
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Apendix F: IMC ,,Business Engineer IHK"

Subject Overview

Subject block |
Business Engineer’s Basics

Title Learning time Page
Working fields for Business Engineers ca.1,5h 3
Business processes and models ca.1,5h 3
Information systems in enterprises ca.1,5h 4
Information technologies ca.4h 5
Use and development of information systems ca.lh 6
Information system development and procedure ca.1,5h 6
Architectures and frameworks ca.15h 7
Business process management ca.3h 7
Subject block Il
Business Engineer’s Methods
Title Learning time Page
Information modeling ca.2h 9
Data modeling with the ERM — Entity-Relationship-Model ca.2h 9
Forming of relations and normalizing ca.2h 10
Structured Query Language (SQL) ca.1,5h 10
Structured ERM ca.lh 11
Function modeling ca.2h 11
DP-concept functions ca.1,5h 12
Performance modeling ca.2h 13
Organization modeling ca.2h 13
Process-oriented methods ca.3h 14
Knowledge modeling ca.3h 14

Subject block IlI
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Business Engineer’s applications

Title Learning time Page
Talking and presenting ca.2h 16
Strategic cost management ca.2h 16
Human resource management ca.lh 17
Main processes in industry ca.lh 18
Main processes in public administration ca.lh 19
Multimedia-engineering ca.2h 19
Internet- and Intranet-engineering ca.1,5h 20
Workflow-engineering ca.2h 20
Electronic Commerce ca.2h 21
Knowledge management ca.2h 22
Business intelligence ca.2h 23
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Apendix G: RDF Query Exchange Language (QEL)

A new specification is being doing in the context of Edutella project. Asitisonly a
draft it is subject to changes. The current status of the RDF Query Exchange Language
(QEL) can be found at http://edutella.jxta.org/spec/gel.html.

Here we will only scratch an outline of the current specification:

1. Introduction
1.1 Relationship to other specifications

2. QEL concepts and semantics
2.1 Datalog
2.1.1 Predicates
212 Facts
2.1.3 Queries
2.1.4 Rules and non-data predicates
2.1.5 Recursion
2.1.6 DataogLinks
2.2 The data space and QEL datalog dialect
2.3 Matching triples
2.4 Built-in Predicates
24.1 gd:like
2.4.2 qd:equas
2.4.3 ge:lessThan
2.4.4 qd:greaterThan
2.4.5 qgd:nodeType
2.4.6 qd:language
247 gel:dataType
2.4.8 qgd:member
2.5 Negation
2.6 Rules
2.7 Outer Join
2.8 Safequeries

3. Results
3.1 Order of Variables
3.2 Null values
3.3 Resultsand result sets

4. QEL compliance
4.1 Query Levels
4.1.1 Ruleless Query
4.1.2 Conjunctive Query
4.1.3 Digunctive Query
4.1.4 Linear Recursive Query
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4.1.5

Genera Recursive Query

4.2 Unsupported constructs

421
422
4.2.3
424
4.25
4.2.6

Does not support rules

Does not support disjunction

Does not support recursion

Does not support general recursion
Does not support a built-in predicate
Does not support outer join literals

4.3 QEL implementation capability RDF vocabulary

431
432
433
434
4.35
4.3.6

QEL implementation class
QEL complexity support
Outer Join support

Support for built-in predicates
Support for negation

Example

5. Query and result RDF syntax
5.1 Namespaces
5.2 Queries

521
522
5.2.3
524
5.25

Variables
Predicates
Query literals
Rules
Queries

5.3 Results
5.4 Self-contained format
6. Examples
7. References
Appendix A: Namespaces used in this specification
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Apendix H: Peertrust syntax

In this appendix we describe the syntax of a new Policy language specially designed
for delegation and trust negotiation. This work was done in collaboration with
Marianne Winglett (University of Illinois at Urbana-Champaign).

Definite Horn Clauses

PeerTrust® language is based on first order Horn rules (definite Horn clauses), i.e.,
rules of the form
Lito— lity, ..., lity

where each lit; is a positive literal P (ty, ..., tn), P, is a predicate symbol, and the t; are
the arguments of this predicate. Each t is a term, i.e,, a function symbol and its
arguments, which are themselves terms. The head of aruleis litp, and its body is the
set of lit;. The body of arule can be empty.

Definite Horn clauses are the basis for logic programs, which have been used as the
basis for the rule layer of the Semantic Web and specified in the RuleML effort as
well as in the recent OWL Rules Draft. Definite Horn clauses can be easily extended
to include negation as failure, restricted versions of classical negation, and additional
constraint handling capabilities such as those used in constraint logic programming.
Although al of these features can be useful in trust negotiation, we will not dwell on
them here, but rather focus on other more unusual required language extensions.

Definite Horn clauses are used in the Edutella infrastructure to represent each peer®
knowledge about its local resources, including services, data, credentias, and the
access control policies for its resources. Edutella also uses a restricted form of
definite Horn clauses as the language peers use to query one another, as well as the
language used to represent query answers. This language is a strict superset of
relational algebra

On top of this definite Horn clause language, we need to add some additional features,
discussed in the next sections.

Accessto Security-Related Libraries

Trust negotiation relies on the use of Public Key Infrastructure (PKI). This term is
often used to specifically refer to X.509, but we rely on PKI only in a broader sense: a
public key infrastructure is a framework specifying how digital credentials are created,
distributed, stored and revoked. The best-known approaches to PKI are X.509, the
web-of-trust approach of PGP, and anonymous credential systems (also called
pseudonym systems). Trust negotiation can use credentials from any or al of these
approaches.
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With a PGP- or X.509-based approach to trust negotiation, an external function call
must be made at run time to verify the contents of each recelved credential by
determining whether the credential really was signed by its supposed issuer.

This may involve looking up the public key of the issuer at a trusted third party.
Further, when a policy specifies that the requester must be a specific person
mentioned in a credential (for example, that Alice must be the police officer whose
name appears on the police badge that she has disclosed), then an externa function
cal to an authentication library is needed so that Alice can prove that she is that
person, generally by interactively proving that she possesses the private key associated
with the public key that in turn is associated with that particular field of the credential.
Because Alice will simultaneously have many identities (e.g., employee number
983745234 on her police badge, state ID number C234284234WG on her driver®
license, and session ID number 3312 in her conversation with eOrg), Alice must
provide a separate proof of possession for each identity she uses in the credentials she
submits.

In an anonymous credential system, externa function calls can be used, for example,
to invoke a routine that interactively creates a zero-knowledge proof that a particular
policy is satisfied.

The literals in definite Horn clauses can represent external procedure cals (evaluating
either to true or false). We can use these to call authentication libraries and check
environmental conditions that are mentioned in a policy, such as the time and date.
For conciseness, the policies that we present in this paper do not include these cals,
and are written as though Alice (and every other party) has a single global identity,
“Alice”, and she has already convinced eOrg that sheisin fact “Alice’.

Referencesto Other Peers

The ability to reason about statements made by other peers is central to trust
negotiation. For example, E-Learn wants to see a statement from Alice® employer that
says that she is an employee at “Easy-Travel”. One can think of this as a case of E-
Learn delegating evaluation of the query “Is Alice an employee of Easy-Travel?’ to
the company itself.

Once Easy-Travel receives the query, the manner in which it handles it may depend on
who asked the query. Thus it needs a way to specify which peer made each request
that it receives.

To express delegation of evaluation to another peer, we extend each literal lit; with an
additional Issuer argument,
Lit; @ Issuer

where Issuer specifies the peer who is responsible for evaluating lit; or has the
authority to evaluate lit;. For example, E-Learn® discount policy might mention
employeeld(‘Alice’) @ ‘Easy-Travel’. |If that literal evaluates to true, then Easy-
Travel saysthat Aliceisits employee.
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As another example, a company eOrg may have a policy that students at UIUC are
preferred customers

eOrg:

preferred(X) = student(X) @ uiuc.

(For clarity, we prefix each rule by the peer in whose knowledge base it is included.)

This policy says that the UIUC peer is responsible for certifying the student status of a
given person.

Note: as afina reminder that authentication is a vital part of PeerTrust, we point out
that in practice this policy must be written as preferred(X) = student(Y) @ uiuc,
authenticatesTo(X,Y), where authenticatesTo is an external predicate that allows
Alice to prove at run time that she possesses the identity (i.e., the student ID number)
under which sheisknown at UIUC).

The Issuer argument can be a nested term containing a sequence of issuers, which are
then evaluated starting at the outermost layer. For example, UIUC is unlikely to be
willing to answer eOrg® query about whether Alice is enrolled at UIUC. A more
practical approach is for eOrg to ask Alice to evaluate the query herself, i.e., to send
€Org her student ID:

eOrg:

student(X) @ uiuc =

student(X) @ uiuc @ X.

As mentioned earlier, Easy-Travel and UIUC may need a way of referring to the peer
who asked a particular query. This can be accomplished with a second Requester
argument for literals, so that we now have literals of the form

lity @ Issuer $ Requester

For example, Alice may find itself evaluating the literal student(alice) @ uiuc $ eOrg.
The Reguester argument can be nested, too, in which case it expresses a chain of
requesters, with the most recent requester included in the outermost layer of this
nested term.

Using the Issuer and Requester arguments, we can delegate evaluation of literals to
other peers and also express interactions and the corresponding negotiation process
between different peers. For example, consider E-Learn AssociatesCpolicy for free
Spanish courses for employees of Easy-Travel:

E-Learn:

freeEnroll(Course, Requester) $ Requester —
employeeld(Requester) @ ‘Easy-Travel’ @ Requester,
spanishCourse(Course).

If the user provides appropriate identification, then the policy for the free enrollment
service is satisfied, and E-Learn will allow the user to access the service through a
mechanism not shown here. In this example, the mechanism can transfer control
directly to the enrollment service. For some services, the mechanism may instead give
Alice a nontransferable token that she can use to access the service repeatedly without
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having to negotiate trust again until the token expires. The mechanism can also
implement other security-related measures, such as creating an audit trail for the
enrollment. When the policy for a negotiation-related resource such as a credential
becomes satisfied, the run-time system may choose to include it directly in a message
sent during the negotiation, as discussed later.

Local Rulesand Signed Rules

Each peer defines an access control policy for each of its resources, in the form of a
set of definite Horn clause rules. These and any other rules that the peer defines on its
own are its local rules. A peer may aso have copies of rules defined by other peers,
and it may use theserulesin its proofsin certain situations.

For example, Alice can use a rule (with an empty body in this case) that was defined
by UIUC to prove that sheisreally a UIUC student:
Alice:
student(‘ Alice’) @ uiuc
signedBy [uiuc].

In this example, the “signedBy” term indicates that the rule has UIUC® digital
signature on it. This is very important, as E-Learn is not going to take Alice® word
that she is a student; she must present a statement signed by the university to convince
E-Learn. A signed rule has an additional argument that says who issued the rule. The
cryptographic signature itself is not included in the logic program, because signatures
are very large and are not needed by this part of the negotiation software. The
signature is used to verify that the issuer realy did issue the rule. We assume that
when a peer receives a signed rule from another peer, the signature is verified before
the rule is passed to the GDLP evaluation engine. Similarly, when one peer sends a
signed rule to another peer, the actual signed rule must be sent, and not just the logic
programmatic representation of the signed rule.

More complex signed rules often represent delegations of authority. For example, the
UIUC registrar can use a signed rule to prove that it is entitled to determine who is a
student at UIUC:
uiucRegistrar:
student(X) @ uiuc -
signedBY [uiuc]
student(X) @ uiucRegistrar.

If Alice®student ID is signed by the registrar, then she should cache a copy of therule
given above and submit both the rule and the student ID when E-Learn asks her to
prove that sheisaUIUC student.

Guards

To guarantee that all relevant policies are satisfied before access is given to aresource,
we must sometimes specify a partial evaluation order for the literals in the body of a
rule. Similar to approaches to parallel logic programming such as Guarded Horn
Logic, we split the body® literals into a sequence of sets, divided by the symbol “|".
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All but the last set are guards, and al the literals in one set must evaluate to true
before any literals in the next set are evaluated. We will see examples of the need for
guards later on.

Our guards express the evauation precedence of literals within a rule. In contrast to
most parallel logic programming systems employing guards, our guards do not
introduce a deterministic choice of one single rule to evaluate next. Any rule whose
guard literals evaluate to true can be used for continued evaluation. Both loca and
signed rules can include guards.

Public and Private Predicates

In trust negotiation, we must be able to distinguish between predicates that can be
queried by external peers, and ones that cannot-analogous to the public and private
procedures in object-oriented languages. For example, authentication and time-of-day
predicates are private. Peers may also have private rules, which are neither shown to
nor can directly be called by other peers. Public and private rules and predicates are
straightforward to design and implement in definite Horn clauses. In the examplesin
this paper, we will specifically mark private rules as being private; all unmarked rules
are public.

Semantics

The semantics of the PeerTrust language is an extension of that of SD3 [23]. We add
additional arguments in each literal for the Issuer and Requester arguments, and add
the notion of distributed Peers with their respective knowledge bases. In this global
semantics, instead of having theories with the literals

Pj (t4, ..., tn) @ Issuer $ Requester

in each peer, we have
P (t1, .., tn, ISSUer, Requester, Peer)

The result is a global logic program that views the set of all peer knowledge bases as
one global knowledge base. The Issuer and Requester arguments can be nested and
therefore include more than one value. Due to space constraints, we omit the details
of how we handle the Issuer, Requester, and Peer arguments.
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Apendix I: Protecting user information  with
Peertrust

This section shows how to protect information about users in atypical scenario of our
ELENA network according to [32]:

In the following we will assume that Bob has logged in at the PLA, and the PLA
already stores Bob's username, password (this information is stored only for
authentication purposes and is deleted thereafter). And a mapping between PLA
account and other accounts at LM S together with the according credentials.

account (PLAuser, LMsnane, LMsuser, LMspwd) <-
| earner Lear ner |l d(User | nformati on, PLAuser),
| ear ner HasSecuri t yandPri vacy(User | nformation, Privacylnformation),
| earner Credenti al s(Privacyl nformati on, Credential),
| ear ner LmsNanme( Cr edenti al, LMsnane),
| ear ner User name( Credenti al, LMsuser),
| ear ner Passwor d( Cr edent i al , LMSpwd) .

reads the RDF properties of the user model where: ‘PLAuser’ stands for the user name
of the account at PLA, ‘LMSname’ is the name of the LMS where this PLA account is
mapped to and ‘LMSuser’ and ‘LMSpwd' are the user name and password at the
LMS.

The PLA contains private information of Bob (like his mapping to the LMS
EducaNext) which must be not disclose to unauthorized requesters. An example of
thismappingis.

PLA (internal):

correct _password("Bob", "Bobl1234").

| earner Lear ner | d(| earner_00182, "Bob"),

| ear ner HasSecuri tyandPri vacy(| earner _00182, | earner_00218),
| earner Credenti al s(I earner_00218, | earner_00238),

| ear ner LmsNane( | ear ner _00238, "Educanext"),

| ear ner User nanme( | ear ner _00238, "Boby"),

| ear ner Passwor d( | ear ner _00238, "Boby1234").

The PLA has aso a network membership assertion from ELENA authority

PLA:
nmenber (" PLA", "ELENA network") @ "ELENA
si gnedBy ["ELENA"].

and knows that it can get information about learners from different LM Ss where the
learner has already an account. Let us say that PLA needs more information to enrich
a query before it sends it or to filter the results of a received query. In this example,
the PLA will take all competencies from other LM Ss:
| earni ng_conpet ency(User, Conpetencies) <-
| earner Learni ng_conpetency (User, Local Conpetencies), %/l ocally
account (User, LMsname, LMsuser, LMSpwd),

| ear ner Lear ni ng_conpet ency (LMsuser, RenoteConpetencies) @ LMsnane,
append( Local Conpet enci es, Renot eConpet enci es, Conpetencies).
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When asked for Bob's information, EducaNext will require Bob's password. The PLA
protects this sensitive information by allowing access to it only to the according LMS.

password(User, Password) $ Requester <-
account (PLAuser, Requester, User, Password).

EducaNext answers requests only from personal learning assistants which are
members of the same ELENA network.

Educanext :

aut henti catesTo(User, Party, Authority) $ Requester <-
menber (" Educanext ", El enaNetwork) @ "ELENA",
menber (Requester, El enaNetwork) @"ELENA'" @ Requester,
password(User, Password) @ Requester |
correct _password(User, Password),
aut henti catesTo(User, Party, Authority).

EducaNext’sinterna database includes its own membership certificate from ELENA:

Educanext (internal):
menber (" Educanext”, "Smart Space") @ "ELENA"
si gnedBy ["ELENA"].

Additionally, EducaNext stores Bob’'s credentiadl and password information in its
internal database (according to the user model in RDF).

Educanext (internal):

correct _password("Boby", "Bobyl1234").

| ear ner Lear ner | d(I| earner _00249, "Boby"),

| ear ner HasPer f or mance(| ear ner _00249, | earner_00194).

| ear ner Lear ni ng_conpet ency(| earner _00194, | earner_00187).

| ear ner Conpet enci esTi tl e(l earner _00187, "Advanced Security
Technol ogies in

Net wor ks") .

And the following rule helps to extract the information about user’'s competencies
from the internal database:
Educanext :
| ear ner Lear ni ng_conpet ency(User, Conpetencies) <-
| earner Lear ner |l d(User | nformation, User),
findal | (Conpet encyNane,
| ear ner HasPer f or mance( User | nf or mati on, Performance),
| ear ner Lear ni ng_conpet ency( Per f ormance, Conpetency),
| ear ner Conpet enci esTi t| e( Conpet ency, Conpet encyNane),
Li st Conpet enci es).

Therefore, whenever the PLA needs to know about Bob's competencies, it must send
the following request to EducaNext

?- |l earning_conpetency("Bob", Conpetencies).

And the authentication and authorization mechanism makes use of the Trust
Negotiation to achieve the information protected with policies if and only if the
requester is allowed too receive it. For more information about the use of Peertrust in
distributed environments and the meaning of some of the predicates used above (e.g.,
authenticatesTo) we refer the reader to [22].
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Apendix J: Implementing the Research Prototype
of Personal Learning Assistant

Personal Learning Assistant Services

The Personal Learning Assistant Service (PLA) aims at connecting and integrating the
services which are needed to perform the learning support task. Personalized Search
for example connects mapping, query rewriting, query, and recommendation services.
We are working on providing other learning support services like learning path
generation service, course delivery services and booking services.

Visualization.

FigureJ.1 A prototypefor search user interface

Figure J.1 depicts a user interface for formulating a user query for a particular concept
or competence a user would like to acquire, combined with a user interface providing
results with recommendation information represented by the traffic light metaphor.
Using this metaphor, a green ball marks recommended learning resources, a red ball
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marks non-recommended learning resources and a yellow bal marks partialy
recommended |earning resources.

The user interface is generated by a service which uses the chosen ontology service
(the ACM ontology service). List of learners who have a learner profile maintained at
the PLA service chosen is displayed as well. Users can type free text into three
provided fields or can select concepts from an ontology provided (in our example
figure the user typed “intelli agent”).

The user interface returning the results is generated according to the concepts chosen
and includes the query results returned by the query service and personalized by the
recommendation services chosen at the PLA service. The persona recommendation is
depicted in the first column (PReco). There is a second column (Reco), which
provides learners with a group-based recommendation. The group-based
recommendation is calculated according to recommendations of learners from the
same group.

We are working on further improvements of our prototype user interfaces. This
includes a user interface for specifying more complex queries and a result interface
pointing to further information or directly to services for booking and delivery of
learning services and resources.

Personalization Services

Query Rewriting Service. We have implemented a query rewriting service which
adds additional constraints to a QEL query created according to which concepts a user
selected. These constraints reflect concepts and language preferences maintained in
user profiles. We illustrate the query rewriting principle on the following simple
restriction profile, implemented in TRIPLE.

@du: p1 {
edu: addl[rdf:type -> edu: AddSi npl eRestriction
rdf : predi cate -> dc: | ang;

rdf: obj ect -> | ang: de].

edu: add2[rdf : type -> edu: AddTopi cRestri cti on;

edu: addTopi ¢ -> acntcs: €D. 1. 5€) .}

This heuristic is used to extend a QEL query with a constraint which restricts the
results to learning resources in German language (restriction edu: addl).

Another restriction derived from the user profile is a restriction on resources about
object-oriented programming (edu: add2). The ACM Computer Classification
System is used to encode the mentioned subject. In that classification system, the
object-oriented programming can be found in the category D representing software.
The subcategory D. 1 represents programming techniques with the fifth subcategory
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being object-oriented programming. Heuristics for query rewriting especialy in case
of concept or subject restrictions are usually more complex. They depend on concepts
being selected or typed as a user query.

The derived restrictions profile is used in a TRIPLE view which takes as an input the
profile and QEL query model. One of the rules for reasoning over language
restrictions profiles follows. The view @du: p1l encapsulates the restrictions model.

FORALL QUERY, VAR, PRED, OBJ, NEW.IT
QUERY[ edu: hasQueryLiteral -> edu: NEW.I T] AND
edu: NEW.I T[rdf : type -> edu: RDFRei fi edSt at enent ;
rdf : subj ect -> VAR
rdf: predi cate -> PRED;
rdf: obj ect -> OBJ]
<-
EXI STS LI TERAL, ANY (
QUERY[ rdf:type -> edu: QEL3Query;
edu: hasQueryLiteral -> LITERAL]
AND
LI TERAL[ rdf:type -> edu: RDFRei fi edSt at ement ;
rdf : subject ->
VAR rdf: type -> edu: Vari abl e] ;
rdf : predi cate -> dc: ANY])
AND
EXI STS A
Al rdf:type -> edu: AddSi npl eRestricti on;
rdf : predi cate -> PRED;
rdf: object -> OBJ] @du: pl
AND

uni fy(NEWLI T, 1it (VAR PRED, OBJ)).

Recommendation Service. The recommendation service provides the following
functionality: It can annotate learning resources according to their educationa state for
a user. E.g. it can recommend a resource to a specific user, or give a less strong
recommendation like might be understandable. Furthermore, it can not recommend a
learning resource or point out that this learning resource leads to a page that the user
has already visited.
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To derive appropriate recommendation annotations for a particular user, prerequisite
concepts for a learning resource have to be mastered by the user. The
| r:isPrerequisiteFor relationships of concepts covered in alearning resource
are analyzed for this purpose. On the other hand, a user performance profile and
competencies acquired and maintained in that profile are analyzed in comparison to
the prerequisites of particular learning resource.

One example of a recommendation rule is a rule which determines learning resources
which are Recommended. A learning resource is recommended if all prerequisite
concepts of all of concepts it covers have been mastered by a user

FORALL LR U | earning_state(LR, U, Recommended) <-
| earni ng_resource(LR) AND user (U)
AND NOT | earning_state(LR, U, Already_visited)
AND FORALL Ck ( prerequisite_concepts(LR Ck) ->

p_obs(Ck, U, Learned) ).

Predicates used in the rule derive concepts like learning resource, concepts, and users,
observations and learning states from metadata based on types taken from ontologies.

We have implemented other rules to compute less strong recommendations. This
includes for example a recommendation that a resource
M ght be_under st andabl e if a least one prerequisite concept has been
learned.

This kind of recommendation can be used for example as a link annotation technique
in the area of adaptive hypermedia, or to annotate query results with the
recommendation information. On the user interface side, it is often implemented using
the already mentioned traffic lights.

Link Generation Service. A Link Generation Service connects a learning resource
to other learning resources, or it connects a learning resource to a context, e.g. within
a course with links to previous and next steps. As an example of Link Generation
Service, we have implemented a service that relates a learning resource to other
resources which provide related examples of the learning resource® content.

One example for deriving such an example-relation for a resource R is by ensuring
that each concept on Ris covered by the example E:

FORALL R, E exanple(R E) <-
Lear ni ngResour ce(R) AND exanpl e(E) AND
EXI STS C1 (R dc: subj ect->Cl]) AND

FORALL C2 (R[dc: subject->C2]->E[dc: subject->C2]).

The second line in the rule above ensures that RisalLear ni ngResour ce and Eis
an Exanpl e (using the ontology for learning resources described in the D2.5 or
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[31]). The third rule verifies that R really is about some concept - i.e. there exists a
metadata annotation like dc: subj ect . The fourth line then expresses what our rule
should check: Whether each concept on R will be explained in the example E.

A user profile can be taken into account when generating the example relationship. A
personalized pedagogical recommendation of an example might include an example
showing new things to learn in a context of aready known/learned concepts. This
would embed the concepts to learn in the previous learning experience of a user. The
rule to derive this best_example follows.

FORALL R, E, U best_exanple(R E U <-
Lear ni ngResour ce(R) AND exanpl e(E) AND user ( U)
AND exanpl e(R E) AND FORALL C (
(E[ dc: subj ect->C] AND NOT R[dc: subject->C)->

p_obs(C, U, Learned) ).

Further rules for generating personalized hypertext associations can be implemented.
Other relationships, classes and properties from the domain, user, and learning
resource ontology can be used for these purposes [33].

The {\tt isa} relationship in the concept-ontology of the java application domain can
be utilized to recommend learning resources either more general, e.g. introducing a
concept of programming strategies, or more specific concepts. The sequencing
relationship can be used to recommend learning resources in the following way: A
resource which describes a concept (the concept appears in the dc: subj ect

property for the resource) from the beginning of the sequence will be recommended
earlier than a resource which describes a concept from the end of such a sequence. A
dependency relationship referring to whether a concept depends on another concept
can be used as well to recommend learning resources which describe dependent
concepts together with a learning resource describing a concept which was
recommended by another rule.

Supporting Services

Query Service. The Edutella P2P infrastructure [2] allows us to connect peers
which provide RDF metadata about resources. Edutella also provides us with a
powerful Datalog-based query language, RDF-QEL. A query can be formulated in
RDF format as well, and it can reference several schemas. An example for asimple
guery over resourcesis the following:

s(X, <dc:title> YY),
s(X, <dc:subject>, 9),

gel : equal s(S, <java: 00 C ass>).

The query tries to find resources where dc: subj ect equalstoj ava: OO _C ass.
The prefixesgel : ,dc: ,andj ava: areabbreviationsfor URIs of the schemas used.
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Variable X will be bound to URIs of resources, variable Y will be bound to titles of the
resources, and variable S will be bound to subjects of the resources.

QEL offers afull range of predicates besides equality, general Datalog rules, and outer
join (see http://edutella.jxta.org/spec/gel .html). Not all predicates need to be supported
by peer providers. The QueryServi ce exposes an interface to Edutella for
querying. A client of that service can send a message containing a QEL query to that
service.

Mapping Service. We have implemented a mapping service for mapping QEL
variable bindings to LOM RDF bindings and back. This was needed because our
recommendation service accepts input in LOM RDF bindings. On the other hand,
additional recommendation information plus LOM metadata have to be transformed
back to QEL variable bindings because the personalized search service uses QEL
variable bindings as aresult set. These transformations are again donein TRIPLE.

Concept mappings between different subject ontologies, different ontologies for
describing learners, and different learning resource ontologies are important as well.
The TRIPLE view/model mechanism alows us to specify and implement models
which embed rules for mappings between that ontologies. Currently we are
implementing such mapping heuristics between the ontologies used in different
systems connected in the ELENA network.

ACM Ontology Service. We have implemented a smple version of an ontology
service for the ACM classification system and its RDF LOM bindings. The current
version of our ontology service supports requests for getting the whole ontology using
the HTTP protocol as well as requests for getting “similar” concepts from the
ontology to the submitted text string.
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Apendix K: JXTA and Edutella Group Services

JXTA: Core Peer Group Services

JXTA [1] provides us with following descriptions:

Discovery Service - The JXTA DiscoveryService provides an asynchronous
mechanism for discovering Peer Advertisements, Group Advertisements, and
other general JXTA Advertisements (pipe, service, etc.). The scope of
discovery can be controlled by specifying name and attribute pair, and a
threshold. The threshold is an upper limit the requesting peer specifies for
responding peers not to exceed. Each JXTA Peer Group has an instance of a
DiscoveryService. The scope of discovery islimited to the group.

Membership Service - The membership service alows a peer to establish an
identity within a peer group. Identities are used by services and applications to
determine the capabilities available to peers. A peer have any number of
identities at one time. Once an identity has been established a credentia object
is available which allows the peer to prove that it rightfully has that identity.

Access Service - The Access Service is used by JXTA Applications and
Services to determine if specific operations are permitted for a particular
identity. Each Access Service implementation provides a mechanism for
determining if, for agiven operation and identity, the operation is permitted.

Pipe Service - Pipes are the core mechanism for exchanging messages between
two JXTA applications or services. Pipes are uniquely identified by a
PipeAdvertisement which is associated with each pipe. Creating the
advertisement of a Pipe must be done only once in the lifetime of a Pipe. In
fact, a PipeAdvertisement represents the pipe on the JXTA network.

Resolver Service - ResolverService provides a generic mechanism for JXTA
Services to send “Queries’, and receive “Responses’. It removes the burden
for registered handlersin deal with:

0 Setting message tags, to ensure unigueness of tags and ensures that
messages are sent to the correct address, and group

0 Authentication, and Verification of credentials
o Drop rogue messages

Monitoring Service -The most important type of information about a Peer may
be gotten through the Monitoring Service that may be accessed via the
PeerInfoService. The Monitoring Service provides an open mechanism for
reporting any type of Metrics gathered on a Peer by a ServiceMonitor.
Attached Service Monitors are identified by their ModuleClassiID. A
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ServiceMonitor may monitor anything (ie it is not restricted to JXTA
Services).

Endpoint Service - The EndpointService provides the API for sending and
receiving messages between peers. In general, applications and services use the
PipeService rather than using this API directly.

Rendezvous Service - The RendezVous Service is responsible for propagating
messages within a JXTA PeerGroup.

Edutella: Core Peer Group Services
Consumer and Provider Peer Group.

Provider Discovery Service - The provider discovery service is used by
consumer peers to search for information providers.

Provider Query Service - The provider query service is used by consumer
peers to send Queries to information providers.

Registration Service - The registration service is used by provider peers to
register there metadata at a super peer for indexing purposes.

Super-Peer Peer Group.

Topology Service - The topology service is used by super peers to construct a
network backbone topology.

Routing Service - The routing service is used by super peers to tunnel
messages through the backbone network.

Edutella, Peer and Peer Group Services
Edutella recognizes two different services:

Peer Group Services - A peer group service is composed of a collection of
instances (potentially cooperating with each other) of the service running on
multiple members of the peer group. If any peer fails, the collective peer group
service is not affected (assuming the service is still available from another peer
member). Peer group services are published as part of the peer group
advertisement [34]. Peer Services, services that are accessible only on the peer
that is publishing that service, can be used too, but are more difficult to
manage, discover and expensive. Every intance of the service must publish its
own advertisement.

Edutella (non JXTA) Services - Services not directly related to JXTA can be
managed in a peer the same way the other services are handled.
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Core (non JXTA) Edutella Services

SystemService - The system service is used by peers to connect to boot the
JXTA network.

TimerService - The timer service is used by peers for scheduled execution of
code (cron-like).

SocketService - A socket server open a JAVA server socket and listens for
incoming connections.

The Programmer® Guide [ 34] explains above conceptsin greater detail.

Creating a new Service

The Edutella Services are using or extending the existing JXTA peer group Services.
Based on the behaviour the Edutella Services can be divided in multiple categories.

No-Network-Services or Core Services. Thereisashort list of services, that are
not used as JXTA peer group services. They are not derived from JXTA services and
are only used in the contect of Edutella. A longer description of each of these services
is not given here, because each of these servicesis designed for a specific task.

Discovery Services. For peers to find each other there must be some sort of
announcement for the presence of a peer or a specific service. These services make
heavy use of Advertisements and the JXTA DiscoveryService. The
ProviderQueryService is a good example of such a service. However, pure publishing
of a presence announcement is also used to find an entry point for joining the network,
e.g. joining a super-peer topology.

Resolver Services. On top of the ResolverService, communicating services are
established. Based on the the ResolverService, messages are exchanged between peers
using the messaging facilities of the JXTA network. In some cases, eg. the
ProviderQueryService, these messages are used to negotiate a communication channel
based on the JXTA PipeService. Pipes are better suited for transfering large amounts
of data, typically found when a provider peer is answering a query.

Mixed Services. In addition to the Discovery and Resolver type services, a
combination of all the behaviour can be used for complex services. To register the
metadata of a provider peer, the provider peer has first to discover a suitable super-
peer to register with. An Advertisement is used to provide the necessary information.
Contact to the super-peer is established by means of a ResolverService Message
requesting registration. A JXTA Pipe of the super-peer is involved in the metadata
exchange with the provider-peer, to transfer a self-description of the provider peer®
metadata and capabilities. The RegistrationService is one example for a Service, using
both discovery and messaging facilities from JXTA.
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Apendix L: Routing Super-Peer-Peer Queries and
Responses

The first kind of indices needed in super-peers is so-called super-peer/peer routing
indices (SP/P-RIS). In these indices each super-peer stores information about metadata
usage at each peer. This includes schema information such as schemas or attributes
used, as well as possibly conventional indices on attribute values.

On registration the peer provides the super-peer with its metadata information by
publishing an advertisement. This advertisement encapsulates a metadata based
description of the most significant properties of the peer. As this may involve quite a
large amount of metadata, they have been built upon the schema-based approaches
which have successfully been used in the context of mediator-based information
systems.

To ensure that the indices are always up-to-date, peers notify super-peers when their
content changes in ways that trigger an update of the index. For example, if a peer had
announced that it uses the Dublin Core schema dc during the last connection to its
super-peer, but now also uses the Learning Object Metadata schema lom to describe
resources, it needs to announce this to the super-peer. If a peer leaves the network, all
references to this peer are removed from the indices. In contrast to some other
approaches, the indices do not contain content elements but peers. At each super-peer,
elements used in a query are matched against the SP/P-RIs in order to determine local
peers which are able to answer the query. A match means that a peer understands and
can answer a specific query, but does not guarantee a non-empty answer set. The
indices can contain the information about other peers or super-peers at different
granularities: schema identifiers, schema properties, property value ranges, and
individual property values.

To illustrate index usage, the following sample query will be used: find lectures in
German language from the area of software engineering suitable for undergraduates.
In the Semantic Web context this query would probably be formalized using the dc
schema for document specific properties (e.g.~title, creator, subject) and the lom
schema which provides learning material specific properties, in combination with
classification hierarchies (like the ACM Computing Classification System, ACM
CCS9) in the subject field. In line with RDF/ XML conventions, properties will be
identified by their name and their schema (expressed by a namespace): "dc:subjec”
therefore denotes the property "subject” of the DC schema. So, written in a more
formal manner, the query becomes:

Find any resource where the property dc:subject is equa to
ccs: softwareengineering, dc:language is equal to “de” and lom:context is
equal to “undergrad”}.

The next table shows the values requested in the query at the different granularities,
e.g. the query asks for DC and LOM at the schema level, while it requests a
lom:context value of "undergrad” at the property value level, etc.
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Granularity Query
Schema dc, lom
Property dc:subject, dc:language, lom:context
Property Vaue Range | dc:subject CCS.SW-engineering
Property Vaue lom:context “undergrad”
dc:language “de”

Contents of the sample query at different granularities

FigureL.1l: routing example network

In order to further clarify things the scenario shown in figure L.1 is considered. In this
network, various resources are described on different peers, which in turn are attached
to super-peers.

Peer PO sends the sample query mentioned above to its super-peer SP1. In our
example, this query could be answered by the peers P1 and P4, attached to SP1 and
SP4, respectively. These contain metadata about resources r and s which match the

query.

The following paragraphs will explain how the routing indices at the different
granularities facilitate routing the query to the right peers.

Schema | ndex

We assume that different peers will support different schemas and that these schemas
can be uniquely identified (e.g. the dc and lom namespaces are uniquely identified by
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an URI). The routing index contains the schema identifier as well as the peers
supporting this schema. Figure L.2 shows a sample of such an index. Queries are
forwarded only to peers which support the schemas used in the query. Super-peer SP1
will forward the sample query to attached peers which use DC and LOM to annotate
resources (peer Pl in Figure L.2. Mediation between different schemas will be
supported at the super-peer level.

FigureL.2: super-peer/peer routing index
Property/Sets of Properties|ndex:

Peers might choose to use only parts of (one or more) schemas, i.e. certain properties,
to describe their content. While this is unusua in conventional database systems, it is
more often used for data stores using semi-structured data, and very common for
RDF-based systems. In this kind of index, super-peers use the properties (uniquely
identified by namespace/schema ID plus property name) or sets of properties to
describe their peers. Our sample query will be sent to peers using at least dc:subject,
dc:language and lom:context (e.g. SP1 will send the query to P1, as P1 contains all of
these properties). Sets of properties can be useful to characterize queries (i.e. a "sets-
of-properties index" to characterize and route the most common queries might be
used).

Property Value Range I ndex:

For properties which contain values from a predefined hierarchical vocabulary an
index which specifies taxonomies or part of a taxonomy for properties can be used.
Thisis acommon case in Edutella, because in the context of the semantic web quite a
few applications use standard vocabularies or ontologies. In this example, peers could
be characterized by their possible values in the dc:subject field, and the query would
not be forwarded to peers managing "ccs.networks' or “"ccs.artificial_intelligence”
content (as these sub-hierarchies are disjoint from the "ccs.software_engineering” sub-
hierarchy), and will not be forwarded to peers which use the MeSH vocabulary
(because these peers manage medical content).

Note that the subsumption hierarchy in a taxonomy such as ACM CCS can be used to
aggregate routing information in order to reduce index size.

Property Value I ndex:
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For some properties it may also be advantageous to create vaue indices to reduce
network traffic. This case isidentical to a classica database index with the exception
that the index entries do not refer to the resource, but the peer providing it. This index
contains only properties that are used very often compared to the rest of the data
stored at the peers.

In the example, this is used to index string valued properties such as dc:language or
lom:context.

Routing among Super -Peer s based on Routing Indices

As with peers, broadcasting queries to all super-peers should be avoided. To achieve
this goal super-peer/super-peer routing indices are introduced to route among the
super-peers. These SP/SP indices are essentially extracts and summaries (possibly also
approximations thereof) from all local SP/P indices. They contain the same kind of
information as SP/P indices, but refer to the (direct) neighbors of a super-peer (as
shown in Figure L.3). Queries are forwarded to super-peer neighbors based on the
SP/SP indices, and sent to connected peers based on the SP/P indices.

FigureL.3: Super-peer/super-peer routing index

The next table gives a full example of the SP/SP routing index of SP2 at the different
granularities. For example, SP2 knows at the schema level that all of its neighbors
(SP1, SP3, SP4) use the DC name-space, but only SP1 and SP4 contain information
described in the LOM schema. Thus, the sample query will not be routed to SP3, as it
requires both DC and LOM.

The same applies for the other levels of granularity. A specia case is the Property
Vaue Range level; note that ccs.networks is a common super concept of ccs.ethernet
and ccs:clientserver in the ACM CCS taxonomy. Making use of the topic hierarchy,
the routing index can contain aggregate information like this in order to reduce index
size.
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Granularity Index of SP,

Schema dc SP;, SP3, SP,
lom SPL SP4

Property dc:subject SP;, SP; SP,
dc:language SP; SP,
lom:context SP; SPy

Property Value Range |dc:subject |ccs.networks SP;
dc:subject | ccsisoftware- SP;, SP,

engineering

Property Value lom:context | “undergrad” SP; SP,

dc:language | “de” SP; SP,

SP/SP index of SP, at different granularities

Update of SP/SP indices is based on the registration (or update) messages from
connected peers. For the moment it is assumed that a peer can connect to an arbitrary
super-peer and define the index update procedure as follows:

1. When a new peer registers with a super-peer, it announces the necessary schema
(and possibly content) information to the super-peer.

2. The super-peer matches this information against the entriesin its SP/P index.

3. If new elements have to be added in order to include the peer into the SP/P index,
the super-peer broadcasts an announcement of the new peer to the super-peer network.

4. The other super-peers update their SP/SP indices accordingly.

Although such a broadcast is not optimal, it is not too costly either. First, the number
of super-peers is much less than the number of all peers. Second, if peers join the
super-peer frequently, we can send a summary announcement containing al new
elements only in pre-specified intervals instead of sending a separate announcement
for each new peer. Third, an announcement is necessary only if the SP/P index
changes because of the integration of the new peer. As soon as the super-peer has
collected a significant amount of peers, these announcements will rather be an
exception. Similarly, indices have to be updated when peers disconnect from their
super-peers.

M ediation between Different Schemas

As outlined before each peer registers with a super-peer using so called
advertisements which contain the metadata schema used at the peer. Since schema
based approaches of model correspondences have been successfully used in the
context of mediator-based information systems (MBIS) this approach will be applied
also to our super-peer networks. In the example in the table of last section it is
assumed that each peer provides only one query and one result schema and both
schemas are equal. But in some cases a peer will provide many different query
schemas and one result schema. In that case both query and result rules will be
published to super peers by each peer in the network as an valid advertisement.
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Since a peer will only answer queries corresponding to a rule, a super peer will route
only relevant queries to its peers. At the moment it can be distinguished between two
relevant roles of peers in the network: information provider role and information
consumer role. Since peers acting as consumers only will not be able to respond to any
kind of queries, they need not be considered by the super peers when looking for
suitable advertisements.

Typically super peers will collect severa advertisements related to their peers. If a
super peer receives a query it tries to identify relevant advertisements matching the
schema of the query. It can be distinguish between the following three cases:

1. A query exactly matches an advertisement of only one potentia peer.

2. A query exactly matches advertisements of many peers, using one
homogeneous schema (or a set of those).

3. A query could be resolved combining results from many peers using
heterogeneous schemeas.

For case three more sophisticated methods have to be investigated to transform
schemas between different peers (i.e. mediation), integrating different query schemas
with each other. In the following transformation rules between different schemas will
be discussed, so called correspondences, which have aready been used in MBIS.

In contrast to MBIS where correspondences are used as rules to trandate between
global and local schemas, in super peer networks it can be typically assumed only
trandations between different local schemas. MBIS-based correspondences will be
used as rules to describe such translations, and use property names as arguments in
guery literals for a concise notation.

In the following example the administrator of the super peer defines a query schema
lectures(lecture:identifier, lecture:language, lecture:subject,
lecture:educational context) which will return documents identified by its URL. First
correspondences between attributes of the peer schema and the corresponding
attributes the lecture schemas will be defined:

1. lectures:Identifier = dc:title
lectures:|language=dc:lang
lectures: subj ect=dc:subject

2. lectures:ldentifier = lom:general.identifier
lectures:language=lom:general .language
lectures:context=lom:educational .context

Using the above mentioned correspondences we can now create views on the peer
specific schemas:

1. lecturesViewDC(lectures:dentifier,lectures:language,l ectures.subject)
- DC(dc:title, dc:lang, dc:subject)

2. lecturesViewLOM(lectures:Identifier, lectures:language, lectures.context)
- LOM(lom:general.identifier,lom:general .language,
lom:educational .context)
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Then we can describe, which attributes of the super peers lectures schema could be
answered by the local peer schemas:

1. lectures(lectures:identifier,lectures:language,lectures:subject,-)

= lecturesViewDC(lectures.Identifier,lectures:Language,| ectures. subject)
2. lectures(lecturesidentifier,lecture:language,-, lecture:context)

- lecturesViewL OM ((lectures:ldentifier,lectures:Language,| ectures:context)

Combining al correspondences then results in two main schema correspondences
bridging the heterogeneity between the peers P1 and P2.

Peer 1:Correspondencel.:

lectures(lectures.identifier,lectures.language, -,| ectures:educati onal context)
= v(lectures:ldentifier,lectures:language,l ectures.context)
- LOM(lom:general.identifier,lom:general .|anguage,\\lom:educational .context)

Peer 2: Correspondence2:

lectures(lectures.identifier,lectures.language,\\l ectures: subject,-)
= V(lectures:Identifier,lectures:language,l ectures. subject)
- DC(dc:title,dc:subject,dc:lang)

A super peer will store relations between correspondences and peers in his indices.
When a super peer receives a query lecture (lectureiidentifier, lecturellanguage,
lecture:subject,  lecture:educational context) the super peer identifies
P1:Correspondencel and P2:Correspondence2 as a combination of relevant
correspondences that are semantically included in the user query and is able to
compute correct results. The query will then be forwarded to the peers Peer 1 and Peer
2. Afterwards, the results have to be collected and combined by the super peer.
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Apendix M: RDF-QEL-i Language Levels

TRIPLE Overview

TRIPLE [16] is a rule language for the Semantic Web which is based on Horn logic
and borrows many basic features from F-Logic [17] but is especially designed for
guerying and transforming RDF models. TRIPLE can be viewed as a successor of
SILRI (Simple Logic-based RDF Interpreter [18]). One of the most important
differences to F-Logic and SIiLRI is that TRIPLE does not have fixed semantics for
object-oriented features like classes and inheritance. Its modular architecture allows
such features to be easily defined for different object-oriented and other data models
like UML, Topic Maps, or RDF Schema Description logics extensions of RDF
(Schema) like OIL, DAML+OIL, and OWL that cannot be fully handled by Horn logic
are provided as modules that interact with a description logic classifier, e.g. FaCT
[19], resulting in a hybrid rule language.

Namespaces and Resour ces

TRIPLE has special support for namespaces and resource identifiers. Namespaces are
declared via clause-like constructs of the form nsabbrev := namespace, e.g.:

rdf :=“http://www.w3.org/...rdf-syntax-ns#”.

Resources are written as nsabbrev: name, where nsabbrev is a namespace abbreviation
and name is the local name of the resource. Resource abbreviations can be introduced
analogously to namespace abbreviations, e.g.:

isa ;= rdfs;subClassOf.

Statements and Molecules

Inspired by F-Logic object syntax, an RDF statement (triple) is written as:
subject[predicate  object]
Several statements with the same subject can be abbreviated as “molecules’:
Stefan[hasAge  33; isMarried  yes, ...]
RDF statements (and molecules) can be nested, e.g.:

Stefan[marriedTo  birgitfhasAge  32]]
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Models

RDF models, i.e, sets of statements, are made explicit in TRIPLE (“first class
citizens’). Statements, molecules, and also Horn atoms that are true in a specific
model are written as

atom@model (similar to Flora-2 modul e syntax), where atomis a statement, molecule,
or Horn atom and model is a model specification (i.e., a resource denoting a model),

eg.
Michad[hasAge  36] @factsAboutDFKI

TRIPLE aso alows Skolem functions as model specifications. Skolem functions can
be used to transform one model (or several models) into a new one when used in rules
(e.g., for ontology mapping/integration):

O[P Q]@sf(ml, X, Y)

If al (or many) statements/molecules or Horn atoms in a formula are from one model,
the following abbreviation can be used: formula@model. All statements/molecules
and Horn atoms in formula without an explicit model specification are implicitly
suffixed with @model.

Logical Formulae

TRIPLE uses the usual set of connectives and quantifiers for building formulae from
statements/molecules and Horn atoms, i.e., U, U, =, " , $, etc. All variables must be
introduced via quantifiers, therefore marking them is not necessary (i.e., TRIPLE does
not require variables to start with an uppercase letter asin Prolog).

Clauses and Blocks

A TRIPLE clause is either afact or arule. Rule heads may only contain conjunctions
of molecules and Horn atoms and must not contain (explicitly or implicitly) any
disjunctive or negated expressions. To assert that a set of clausesis true in a specific
model, amodel block is used: @model { clauses}, or, in case the model specification
is parameterized:

" Mdl @model(Mdl) { clauses}
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Apendix N: RDF-QEL-i Language Levels

In the definition of the Edutella query exchange language, severa important design
criteria have been formul ated:

Standard Semantics of query exchange language, as well as a sound RDF
serialization. Simple and standard semantics of the query exchange language is
important, as transformations to and from this language have to be performed
within the Edutella peer wrappers, which have to preserve the semantics of the
query in the origina query language. Additionally, a sound encoding of the
gueries in RDF to be shipped around between Edutella peers has to be
provided.

Expressiveness of the language. We want to interface with both simple graph
based query engines as well as SQL query engines and even with inference
engines. It isimportant that the language allows expressing simple queriesin a
form that simple query providers can directly use, while alowing for advanced
peersto fully use their expressiveness.

Adaptability to different formalisms. The query language has to be neutral to
different representation semantics, it should be able to use any predicates with
predefined semantics (like rdfs:subclassOf), but not have their semantics built
in, in order to be applicable to different semantic formalisms used in the
Edutella peers. It should be as easily connected to simple RDFS repositories as
to relational databases or object-relation ones, and inference systems, which all
have different base semantics and capabilities.

Transformability of the query language. The basic query exchange language
model must be easy to translate into many different query languages (both for
importing and exporting), allowing easy implementation of Edutella peer
Wrappers.

Edutella follows a layered approach for defining the query exchange language.
Currently we have defined language levels RDF-QEL-1, -2, -3, -4 and -5, differing in
expressivity. The simplest language (RDF-QEL-1) can be expressed as unreified RDF
graph, the more complex ones are more expressive than RDF itself and therefore have
to be expressed using reified RDF statements. All language levels can be represented
through the sameinternal data model [2] (see Appendix A for more information).

Currently, Edutella providers support RDF-QEL-3 language.
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Apendix O: Educational nodes and artefacts

This section provides high-level description on systems as educational node artefacts
in Elena network. A full description comprising the following information can be
found in Appendix O:

Basic information about the educational node,

Metadata artefacts,

Resource and educational service artefacts, which are currently available,
Mapping rules, for transforming non LOM based schemas to LOM, and

Current state of implementation.

EducaNext

Educanext is a web-based platform which supports the creation and sharing of
knowledge. The portal is based on the Universal Brokerage Platform (UBP), which
enables collaboration among educators by providing afull range of servicesto support
the exchange of Learning Resources. The portal can be accessed at:
http://www.educanext.org/.

Educators are able to provide learning resources to the UBP and specify offer
conditions on which consumers, who are also educators, are required to agree before
accessing the learning resources. Based on educational metadata and target-audience
specific offer information (e.g. commercia offer, open sourcelike licensee
agreement), learning resources are advertised through the UBP catalogue and interest-
specific mailing lists. Based on this information, educators can choose and access
learning resources from dispersed delivery systems such as video conferencing
applications, learning management systems, streaming media servers and standard
web servers after agreeing on the terms specified.

The UBP as a metadata management system primarily handles metadata descriptions
of learning resources. The metadata are synchronised with the systems connected with
the UBP. These systems manage data (information, content, etc.) and they provide
metadata descriptions for the broker. The broker provides an interface for provision,
access control, access and delivery, learning resource management, and inspection
application services.

Artefacts Descriptions at Educanext

The UBP provides functionaity for cataloguing and delivering both educational
material and educational activities. Hence, two different kinds of learning resource
descriptions are handled by the UBP. Educational activities are defined as instructor-
supported educational events taking place at a specific (virtual) place and time.
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Educationa material is defined as any kind of artefacts supporting educational
activities (see Appendix D for more examples of artefact descriptions provided in
RDF).

The broker can handle LOM and Qualified Dublin Core based XML descriptions.
Appendix A provides you with sample records of learning resource descriptions for
both, educational services and educational material.

The LOM field learning resource type is used to indicate whether a learning resource
is an educationa activity or an educational materia. Depending on the learning
resource type different values for media type, the learning resource type and
contributor role are supported (see Error! Reference source not found.). For the
discipline values the Dutch Basis
Classification (see http://www.kb.nl/kb/resources/frameset_kb.html ?/kb/vak/basi s/bc9
8-en.html) is used.

Educational Material Educational Activity

Media Type MIME Type Application Sharing, Audio
Conference, Chat,
Classroom, E-mail, Mailing
List, News Group, Video
Conference, Unknown,

Other

Learning Resource Type

Case Study, Case Study

Case Study, Course, Course

Guide, Collection, Data|Unit, Exam, Exercise,
Set, Demonstration, | Experiment, Group Work,
Educator's Guide, Exam, | Lecture, Presentation,
Exercise, Experiment, | Project, Unknown, Other
Figure, Lecture Notes,

Narrative Text,

Presentation, Problem

Statement, Questionnaire,

Recorded Lecture,

Reference Materia,

Research Paper, Research

Study, Self Assessment,

Simulation, Text Book,

Thesis, Tutorial, Unknown,
Other

Contributor Role Author, Content Provider, | Content Provider,
Editor, Instructional | Instructional Designer,
Designer, Technical | Technical Implementer,
Implementer, Coordinator, | Coordinator, Course
Course Administrator, | Administrator, Instructor,
Instructor, Lecturer, | Lecturer, Teaching

Teaching Assistant, Tutor,

Assistant, Tutor, Unknown,
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‘ Educational Material ‘ Educational Activity

‘ Unknown, Other ‘ Other

Table 1: Attribute Values for Media Type, Learning Resource Type, and Contributor
Role

Artefacts Provided

About 111 learning resources are currently listed in the Computer Science discipline
and can be provided as artefacts to the smart learning space (accessed at 26/11/2002),
but only for some the filtering rules (see next subsection) apply. A list of learning
resources in the Computer Science domain handled by Educanext can be accessed at:
http://www.educanext.org/UNIV ERSA L /servlet/L RSearch?pagel D=srchBrowseCatal
0g& $fCatID=54

Filtering and Mappings

Only learning resources having the Computer Science classification assigned are
relevant for the smart learning space. Those |learning resources, which do not comply
with the definition of educational service, have to be filtered out as well. In addition
any kind of educational material, which is not designed as self-study material, has to
be filtered out.

As a consequence the following educational material types should not be provided to
the smart learning space: Case Study, Case Study Guide, Collection, Data Set,
Demonstration, Educator's Guide, Exam, Exercise, Experiment, Figure, Lecture
Notes, Narrative Text, Presentation, Problem Statement, Reference Materia,
Simulation, Thesis, Questionnaire.

The following types of educationa materiad comply with the definition of an
educationa service, in general: Recorded Lecture, Research Paper, Research Study,
Self Assessment, Text Book, Tutorial,

The following types of educational material require manual examination: Unknown,
Other.

Implementation

The EducaNext platform as one of the two UBP instances in the network is available
under http://www.educanext.org. All the educational materia and educationa
activities available on EducaNext are also available via the peer-to-peer network. Thus
al artefacts stored in EducaNext are currently provided unfiltered to the Edutella
network.

The EducaNext portal implements the synchronization interface via WSDL and
SOAP. WSDL web-service description files of the synchronization interface can be
downloaded at http://www.educanext.org:8080/services/synchronization?wsdl .
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The server that hosts the EducaNext portal also runs an Edutella OLR provider that is
connected with a specia triple-table of EducaNext in order to enable Edutella
consumers to query EducaNext. The name of the provider in the P2P network is
"EducaNext".

Clix

CLIX isaLearning Management System developed by IMC. CLIX provides education
services for learning service providers. It stands for Corporate Learning and
Information Exchange. CLIX is a software application with which you control all

information, learning and knowledge processes via your browser — in the intranet or
internet, in real-time without add-ons and plug-ins.

Artefacts Descriptions in Clix
CLIX offers metadata compatible with DublinCore and LOM standards. Y ou can add
metadata tags according to your needs. The Metatag Manager as a CLIX component
alows:

The flexible definition of metatags

Theindividual extension of existing metatag sets and

The free keyword assignment to all content-related objectsin CLIX.
The metatags that CLIX bring as default are:

Administrator — Administrator for CLIX content, CLIX users etc.

Cancellation by participant — Cancellation by participant

Comment — Comments on an object

Cost — Cost

Course Creator — Course Creator (AICC Parameter)

Course ID — Course ID (AICC Parameter)

Course System — Course System (AICC Parameter)

Creator — Creator of object

Credit points — Credit points for participants in instruction such as courses,
lectures etc.

Deadline — Deadline
Description — Description of an object

Description — Description
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Developer ID — Developer ID (AICC Parameter)
Display File — File to display the exercise

Duration — Duration

Educational objective — Educationa objective of course
End Date — End of a course, of achat etc.

Image — Graphics file in a participant’s profile, media e ement etc.
Keywords — Keywords for searching for objects
Keywords — Keywords

Level — Course Level (AICC Parameter)

Max Fields CST —Max Fields CST (AICC Parameter)
Max Norma —Max Normal (AICC Parameter)
Moderator — Moderator e.g. of achat

Release Date — Release Date of the worksheet
Requirements — Requirements

Return Date — Return Date: End of the correction period
Source (URL) — URL of afile from the Internet or a network
Start Date — Start date of a course, chat etc.

System ID — System ID (AICC Parameter)

Title— Name of an object, e.g. amedia element

Title— Title of the component

Total AUs— Total AUs (AICC Parameter)

Total Blocks— Total Blocks (AICC Parameter)

Tutor — Tutor for acourse or course module

Type of order — How course was booked, such as own booking, third party
booking etc.

Upload File— Upload filein order to add an object
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Version — Version (AICC Parameter)
Welcome text — Welcome text for course participants

Max. participants — Maximum number of course participants

Artefacts Provided

IMC provides 8 main learning units in Business Engineering Basics subject, 11 main
learning units in Business Engineer’ s methods subject, and 11 main units in Business
Engineer’s applications subject. Each unit is described by title, goal, main description,
main content, and time required for this unit. This subject forms the “Business
Engineer IHK” study program provided by IMC (see Appendix F for more
information).

Filtering and Mappings

Because CLIX does not provide metadata conforming to RDF based LOM or the DC
schema, a mapping between LOM and CLIX metadata schemas will be necessary.
Only computer science learning resources are relevant for the first prototype. The
filtering should be applied for other types of resources. The topic ontology used in
CLIX should be mapped to ACM ontology.

Implementation

The Synchronization interface has been integrated into the Clix LMS. Herewith it is
easily possible for providers working on Clix to publish their learning material on a
UBP instance via the SOAP interface.

After logging into the system, please select "Content management Courses
Course manager". Here at the top button row, one can see the symbol "Sync UBP"
which becomes active as soon as a course is selected. By pressing the "Search" button,
a course should become visible (see Figure O.1 below). This course can be then
synchronized with the UBP, by selecting the course and pressing the "Sync UBP"
button.
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Figure O.1: The course manager view in IMC Clix

Figure O.2: Thediadog for synchronizing a course with the UBP

The next window (see Figure O.2 above) offers to add, update or delete the course at
the UBP. This instance of Clix is connected with the experimental UBP mentioned
above. If you remove the test course via the "Sync UBP" dialog, then the resource
should be deleted from the experimental UBP, etc.

AREL —IDEAL (Interactive Distance Education and L ear ning) suite

Arel’s IDEAL offers a unique training solution for corporations, distance learning
institutions and large organizations. The IDEAL system enables top experts to deliver
live and on-demand interactive broadcast sessions from a centre to a large number of
participants in AREL Virtual Class sites and AREL Spotlight desktops via Intranets /
Internet.
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IDEAL is equipped with a build-in database to handle the administration and control
of vast amounts of content. The Learning Manager™ includes the Arel Author™ for
building course content, Arel Evaluator™ for assessing performance and Arel
Reporter™ for generating reports.

Arel’s innovative e-learning suite consists of three browser based applications: Arel
Campus™, to login courses and retrieve training information, Arel Spotlight™ to
actively participate in live interactive sessions and Arel Spotlight on Demand™ to
take recorded interactive courses at your own pace.

Arel Campus extends the reach of corporate and educationa infrastructures, by
providing users with access to both persona and administrative learning data. Using
the Campus, students can launch on-demand courses, attend a live e-learning session,
preview course content, take off-line on-demand quizzes and communicate with
instructors and expert assistants via text messanging and chat. Arel Campus provides
data on course details and scheduling, registered participants, instructors, individual
progress, grades and accreditation.

Arel Spotlight is a browser-based application that combines quality video, two-way
audio and data to enable synchronous training at any desktop connected to the Internet
or Enterprise Intranet. In addition to presentations, multiple-choice questions and
tests, Ard Spotlight offers live collaboration tools such as application sharing,
discussion groups, chats and guided browsing.

Arel  Spotlight On-Demand extends the benefits of live learning, enabling
asynchronous transmission of self paced and highly interactive sessions. Full
recording of live sessions ensure the delivery of rich video content, capturing all the
highlights and origina interaction from the live session. Participant enrolment,
registration, testing and grading are stored in the database for maximum traceability.

Artefacts descriptions at AREL IDEAL Suite

Course administrators, system administrators, and instructors use the IDEAL system
for comprehensive registration, authoring, analysis and generation of reports. More
details on the Administrative part are the following:

The @ dmin@nenu has the following options:

* Users: Allows the creation of new database users

* Personnel: Provides an entry screen for studio and remote site personnel
* Studios: Allows registration of different IDEAL studios

» IDEAL Components: Allows pre-registration of IDEAL equipment including the
Lesson Control Unit(s), Comm Server(s), SME Server(s), and Phone Process Lines

* System Tables: Allows updating voice languages and determining the location to
save the participant® photos
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» Company: Provides alinked company entry for scroll-down detail screens
« Job Title: Provides alinked job title entry for scroll-down detail screens

Courses, participants and other artefacts are registered, using the application and the
information is updated on a central database server. The course content including
session script and interactive questions is stored in the database aso. During the
interactive sessions, the participants’ responses to multiple-choice questions are
updated in the database. The responses can be viewed for real-time analysis by the
instructor or used to evaluate specific data after the session. The Learning resources
and the educational activities that can be handled in the Ideal System are the
following:

Registration:

Entering datain the Ideal System is performed in two different modes, pre-registration
and registration. Pre-registration of IDEAL equipment, studios, personnel and
instructors requires filling in essential details. Groups can be created to facilitate
simple registration of participants in the same category to courses. Administrators
create the group names according to their specific needs. They can be names of
departments, regions, time schedules, projects, or any other criteriaa Course
registration including lessons, tests, references, scheduling and other details can be
stored in the database. Participants are registered with their personal details including
course selection. Remote sites are registered with specific information.

Authoring:

The instructor’s notes and/or session script are important information that can also be
stored and can contain attached files. Session script provides an order of events for
interactive session. Tests are prepared and are assigned an evaluation weight. Each
Question can have a specific weight.

Courses:

The courses consist of lessons and tests

CourselLeve Description

Course id Courseld

course_system_id

title Title
credit Credit assigned to the course
description Description of the course

lecturer_system_id

studio_id Studio’s ID (assigned to the course)
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course_type

What kind of courseitis

attachment_system_id

Attachment of file for the course

hel pdesk

Hel pdesk

language id

Specify language

vox_language _id

group_id

Specifies specific group of students

internet_access

If students have intenet access

record_status

Record

extra field

Additional information

perform_status

Performance status

num_registered_students

Number of registered students

course_grades type

Course grade types

performance weight

Performance weight

passing_grade

Passing grade assigned to course

max_participants_in_lesson

Max nrs of participantsin alesson

sme_email Subject Matter Expert email
published Published course for viewing
published date Published dates for viewing a course
Lessons:

A course can have one or more lessons. Each Lesson is scheduled at a different time.

Course Lesson

Description

course_system_id

To which course it belongs

lesson_num Lesson number
title Lesson title
description Lesson description

attachment_system_id

If fileis attached to the lesson
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studio id

Which studio is assigned

language id

On what language the lesson is

vox_language id

hel pdesk Hel pdesk
record_status Record status
extra field Extrafields
perform_status Performance status
notes_edited Notes edited
guestions_edited Questions edited

lesson_curving_range

Lesson curving range

lesson_type

Lesson type

lesson_flow_updated

Lesson flow- if updated

lesson_unique_identifier

Lesson Unique identifier

default_view _mode

Default view of lessons

lesson_flow_edited

Lesson flow edited

If root_attachment system id

If root has an attachment

allow_view_content

Allow the viewing of lesson content

published Published lesson for viewing
lesson_xml Lesson xml file

Other General Lesson Attributes

Desciption

lesson_num

Lesson number

lesson_flow _title

Lesson flow title

tree_node_type

Lesson node

video_size

Size of the video

duration_in_minutes

The duration in minutes

weight

Lesson weight
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completion_status Completion status
notes Notes
Tests:

Typically, a course has one or more tests. However, a course does not necessarily have
atest assigned. Tests are scheduled during a lesson and can also be taken during the
On Demand fashion.

Tests Description
course_system_id Course system
quiz_id Testid
curving_value Curving value
curving_type Curving type
Tracks:

Organizations constantly need to train large audiences on a specific issue. The
audience may be available at different times, based on shifts, time zones or availability
of facilities. Different departments, divisions or instructors may also want to separate
their course identification from other courses. The track feature alows an
organization with such a need, to offer uniform training to their remote participants.
Registering a“track” allows the same course content to be reschedul ed.

Tracksfor students Description

course_system_id To which course the track belongs
track_num Track number

student_sys id Student system id
performed_quizes Performed quizzes
guestions_answered Questions answered
meetings_attended Meeting attended
avg_quizes_grade Average quizz grade
avg_guestions_grade Average question grade
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total_hand raise Tota hands raised
total_connect Tota connections
extra field Extrafield
avg_total_grade Average total grade
record_status Record status

remarks Any remarks
avg_quizes grade na Average quizz grades
avg_guestions_grade na Average question grade
avg_total _grade na Average total grade

Artefacts provided

Arel Ideal Suite is currently installed to the National Technical University of Athens
(NTUA) - Laboratory of Biomedical Engineering and it is used for training the doctors
of different hospitals in the use of Information technologies and in the operation of
complicated examination machinery. Till now (27-11-02) there are 12 complete
courses listed that combine different thematic areas on the specific subject from
“Introduction to the Windows XP operating system” to “the Step by step Guidance to
the use of Radi-Tomographer”.

Filtering and Mappings

Only learning resources having the Computer Science classification assigned are
relevant for the smart learning space. Those learning resources, which do not comply
with the definition of educational service, have to be filtered out first. In addition any
kind of educationa material, which cannot be delivered as self-paced course will be
excluded. As a consequence only the recorded lessons provided from the Ardl
Spotlight On Demand, which are contained from a full package of video, audio, and
HTML synchronised files will be compliant to the definition of the educational service
of the smart learning space,

Implementation

The integration with the UBP has been implemented successfully and the learners will
be able to view the AREL content through the UBP.

IteachYou

ITeachYou [6] is an independent platform and multimedia application, which is
designed for use in the internet or intranets, and it does not use plug-ins to a great
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extent. It can be considered as a presentation template for the voluminous library of
highly structured CDI content foreseen for IT, ERP and key qualifications.

At the same time IteachY ou is a learning management system offering the following
facilities. Basic unit of IteachY ou are lessons = learning units of ca. one hour duration
referring to certain content, described by a set of metadata (see below) in an
uneguivoca way. Each lesson consists of the following components:

Topic
Procedure
Exercise
Test

Administrators or teachers (who are modelled as particular roles in the system) can
construct any kind of courses by combining lessons. Courses are also defined by
metadata. A course is a sequence of lessons saved in a database as a chain of lesson
IDs.

User roles are defined as follows: Administrators can install usersin the framework of
the system; but it is also possible that users are installed automaticaly (e.g.) by HR
systems. Aiming at the same learning objective, as arule, users are grouped.

Due to the character of the target group to which IteachYou is addressed, it is not
possible that users register themselves at the moment. In the first place, the system is
designed for the following purposes:

- for the application in the framework of CDI’s 21 branches: According to the
current training demand, the system shall help to carry out training as
taylorised and modularised as possible, thus making a highly efficient use of
time and training content,

- for the application in the framework of SMESs as a thin client solution to enable
human resources development, possibly linked to other products.

CDI did not consider it as necessary to integrate a billing functionality under these
conditions. Nevertheless, a service of this kind could be added without problems,
alowing users to register themselves under the condition that an e-commerce
component is integrated and an according business model is available. Metadata
information enabling account referring to user and learning unit has aready been
implemented in the system.

Artefacts descriptions at IteachYou

As described above, the main functionality of IteachY ou isto deliver highly taylorised
training content automatically to the user, thus enhancing efficiency of training and
minimising time spent for this purpose, thereby allows reducing costs.
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Pre-selection of content, as a rule done by administrator or teacher, is carried out on
the basis of a 3-stage descriptors concept: Every learning unit is described by the
following metadata:

DESCRIPTOR - describes the content focus of alesson,

FIELD — stands for the special field, which the learning unit is assigned to. For
IT CDI has set up a catalogue of 15 terms (as database applications,
networking, etc.),

QUALIFICATION - stands for the training objective of the learning unit. This
can be a (producer) certificate (as MCSE, ECDL), or client specific training
goals.

Selecting content, trainers and administrators may use these criteria, eligible in a
mask, as they like it. In the framework of a sector, selected terms are connected by an
OR-connector, by an AND-connector if sector limits are crossed. In order to adapt
content as far as possible to the individual user needs, the ITeachY ou-Server uses a
skill-gap-analysis: ca. 10 different questions are assigned to every learning unit to
cover all didactic needs, the following question types are implemented:

multiple-choice MC with simple or multiple choice
blank-question  Fill in free text (words)

fill-in-question  Fill gaps with words

completion-question Fill gaps viadrag and drop from alist
reorder-question Sort list viadrag and drop
assignment-question Assign terms via drag and drop
claim-question True/fase statements

pull-down-choices Select solution from pull-down list
drag-drop-question Drag and Drop with fields and/or tables

If a user starts the system by using a password and his log-in name, he automatically
gets a list of learning units selected by the trainer/administrator. The user may now
decide if he wants to work through or if he wants to pass the tests which refer to this
content, thus enabling him to define his knowledge level. In the latter case a new
personalised course will be generated after the evaluation of the test, consisting
exactly of the learning units for which the user’s knowledge could not be recognised
as sufficient. All content provided for the user can now be used at the screen and
converted into printable PDF-files.

Described tests can be carried out several times, and it might be assumed that the
extent of new generated courses will be reduced from one time to the other, so that the
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user will be able to test his level of knowledge continually. There will be provided
suggestion for the answers as well, but if one uses this information resource this will
reduce the number of credit points achievable by passing tests. (If a solution is
demanded before answering a question, the number of achieved credit points, of
course, is0.)

Test may also be carried out in the exam simulation mode. This mode allows only one
test per user, to be carried within a (variable) time limit.

There might also be carried-out tests which are fully separated from content (e.g.
aptitude tests, language tests). For that purpose an interface is provided where trainers
may include their own tests (+ necessary metadata) Administrators and trainers may
use this pool of test questions and select some of them to set up new exams. These
exams will be described by metadata delivering information about, which will give
information about:

target audience
time and place of production
training institution (certification - target) of participants, etc.

All contents are described by a set of metadata compatible with LOM and IEEE. The
user cannot add some metadata, as IteachYou, as arule, is delivered with content of
CDI. This content has not only to be evaluated by the server, but is aso relevant for
CDI’s -own content management system.

The ITeachY ou Server uses the following metadata, oriented to LOM and IEEE LTSC
1484 and adapted to CDI’ s needs:

Name Description

On lesson level:

Title Title of lesson

Subtitle Subtitle of lesson

Author Author

Owner Owner of intellectual property rights

Document-Type Document type; CCIT, CGM, CGM-BIN, CGM-CHAR,
CGM-CLEAR, DXF, EPS, GIF, HTML, JPRG, PCX, SGML,
XML, TIFF, ....

Document-Identifier Automatically generated document identifier
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Pre-Version Pre-Version, reference to DB-1D
Cost-Base Price or calculation factor for invoice
Abstract Short content abstract
Version Current version
Generated on Date of current version
Vvadid by End date of current version
Status Document status: Development/ piloting / release
Linksto Possible links to external documents
Defined Ids Not used
Prerequisites Necessary pre-knowledge for this learning units; reference to
lesson-1D(9)
Objectives Objectives of learning unit
Classes
Descriptors Description of content
Qualifications Training objectives / Qudlifications / certifications for which
this learning unit is needed
Fields Knowledge fields to which the learning unit is assigned (CDI
has defined 15 categories from the IT area)
Externa Refs Possible references to external (client-owned) documents
User-Data
User-1D
Userlogon
UserPWD
UserFName
UserMName
UserLName
UserEMail
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UserlsConnected

UserStreet

UserState

UserZip

UserCity

UserGender

UserlsAdmin Assigns administrator rights to user

Course data

CourselD

CourseTitle

Courselevel Low, middle, high

CourseDesc Course description

CourseVerion

CourseSystem At this moment, only CDI

CourseM axNormal

CourseDateCreated

CourseRequirement

Datain the sector of tests

CurrLesson

ForCredit

HadTest Test has already been carried out?

TestOnce Test must be carried out only one time (in the exam
simulation mode)

TestFinish Test was interrupted / not interrupted

Teststart Start time of test

Testend End time of test
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TestArealD 1+ 2 Reference to specific field of test (for selection purposes)
Aspect For client-specific customizing; currently not used
Attempts Admitted number of trials

Author

Credit

ld

Score Low, middle, high

Version

Data in the sector of exam
simulation

ExamID

ExamDate

ExamPeriod

Period of validity of exam

ExamScore

Necessary number of points

ExamFile

Export file for test

ExamTestCounter

ExamTitle

The application has the following architecture (simplified graph):
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The system has the following attributes (summary):
Text basisin SGML or XML

Semi-automatic conversion of previous data and method to integrate previous
datainto the new system

Definition of courses

Definition of questions (tests) and exams

Implementation and integration with a database
Administration of students, courses and user groups/user roles
Server-driven sequence of lessons

Server-driven tests and evaluation of tests

User profiling

Artefacts provided

Currently existing content-basis comprises ca. 180 lessons, mainly from the IT and
key qualification area. A part of this content is connected with flash-animations and
video sequences (for which plug-ins are required).
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The user of IteachY ou disposes of the following communication facilities:
1. User home-page, presenting the following data after the user haslogged in
history-List
date of last access
courses for which the user is registered
news for the user

2. Forum where administrators, trainers and users can include and exchange
information referring to training; an animated “learning companion” informs about
new contributions

3. amessager which can be used to set up contacts to trainers and other members of
the work group, at the same telling who is currently online.

4, achat-forum

5. aVideo conference system

Filtering and Mappings

Only learning resources having the computer science classification assigned are
relevant for the smart learning space. Because IteachY ou uses LOM based metadata
schema but not in RDF, the mappings to RDF are needed. Because IteachY ou uses
finer grained topic classification than for example the assumed ACM classification,
mappings between IteachY ou topics and the ACM ontology topics will be provided.
The resources, which do not belong to the topic from that ACM ontology will be
filtered.

Implementation

In 1TeachY ou the Synchronisation interface has been implemented as a menu point of
the standard administration front-end on the ITeachY ou test-server. The test-server is
accessible at http://cmi.cdi.de:8080 . After logging into the system with an
administrator account, please select “ ELENA-Projekt” (see Figure O.3 below).
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Figure O.3: Administration menu

After having chosen “ELENA-Projekt” you will see the main menu of “RDF-Export”
(see Figure O.4). Here you can decide if you want to create an XML-File of a course
or an exam, if you want to synchronise aready created XML-files with the UBP-
server, or if you want to download created XML-files to place them wherever you
want.

Figure O.4: Main menu of “RDF-Export”

If you choose “Kurs’ you can select the course, in order to create the XML-file in the
next window (see Figure O.5).

ELENA Consortium Page 113



Artefacts and Service Network Architecture Specification v 3.0, 2004-06-01

Figure O.5: List of courses which can be used

After having chosen a course (or exam) a window (Figure 9.6) will be opened auto-
matically where you can choose one ore more Codes of the Dutch Basic
Classification.

Figure O.6: Dutch Basic Classification (Codes)

You create the XML-File by pressing the button “RDF erstellen”. Then you will get
the feedback with the filename in the following window (Figure O.7).
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Figure O.7: Feedback of file creation

Y ou get back to the Main menu of “RDF-Export” by pressing “Weiter” (Figure O.8).

Figure O.8: Main menu of “RDF-Export”

After having created XML-files you may press the button “ Synchronisation”. Y ou can
now decide if you want to insert, to update or to delete metadata on the UBP-server
(Figure 0.9).
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Figure O.9: Main menu of “RDF-Synchronisation”

UL Campus (Universitarer Lehrverbund
| nfor matik)

The ULI project [11] (University teaching network for computer science), promoted
by the “future investment program” of the BMBF is funded by the German
government, and tries to establish an exchange of course material, courses and
certificates in the area of computer science. Eleven German universities with eighteen
different professors have agreed to exchange their courses and to allow students from
one university to attend courses at another university, using advanced e-learning
technologies. The project® aim is a (partial) virtuaisation of Computer Science
studies for the following reasons:

For a growing number of students, a full time attendance study is difficult or
impossible to assist due to family or occupation reasons. A partially virtua
curriculum with courses that are not dependent on time and place can enable
these students to participate in an up to standard Computer science study.

For students from the Fernuniversitét (distance learning university) Hagen, this
cooperation offers the possibility to make use of the other universitiesSvariety
of offers and take part in their courses.

ULI offersthe following:

Each student of any partner university involved can register in ULI and use
itself the training offer of all partners.

For registered students the participation in the ULI courses is free of charge;
contrary to regular distance courses at the Fernuni-Hagen.
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The performance records of the ULI courses are recognized at the universities
of the participating partners, however at the moment this is still the most
crucial part: An average of 4 ULI-courses are recognized by the typical ULI
partner university.

All ULI courses are offered virtualy in the internet and require no regular
physical presence

For more information about the project, we refer to the ULI-project homepage
(http://www.uli-campus.de).

Artefacts descriptions at ULI

The ULI system provides courses focused on the computer science field. This
descriptions are coded into RDF files with all metadata needed to structure the whole
course. A course is composed of many learning resources, but the metadata/ RDF files
include the information and description of the whole course together with the
description of each individua resource (see Appendix E for more examples of artefact
descriptions provided in RDF).

For annotating, these resources have been defined as best-practice subset of 15
elements which are summarized in the following table, using the categories defined in
LOM:

1. General 1.2 Title dc:title
1.3 Language dc:language
1.4 Description dc:description
2. Lifecycle 2.3 Contribute dc:creator with a lom:entity and the author in
vCard format “name surname” dcq:created with
the date in W3C format
6. Rights 6.3 Description dc:rights
7. Relation dcq:hasFormat

dcqg:isFormatOf
dcq:hasPart
dcq:isPartOf
dcq:hasVersion
dcq:isVersionOf
dcqg:requires

dcqg:isRequiredBy
9. Classification dc:subject for content classification.
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This attribute links to an entry in a hierarchical
ontology, that is an instance of
lom_cls:Taxonomy

The classification of the content of a learning resource is made by means of a
hierarchical ontology, in order to specify both sub- and super-topics. To be more
general, the ACM CCS taxonomy (see http://www.acm.org/class/1998/) has been
used. The ACM Computer Classification system has been used by the Association for
Computer Machinery for several decades to classify scientific publications in the field
of computer science. On the basic level, we find 11 nodes that split up in two more
levels. Part of the classification hierarchy (2 levels) is reproduced in the following:

A. Generdl Literature

o A.0 GENERAL

0o A.1INTRODUCTORY AND SURVEY

0 A.2 REFERENCE (e.g., dictionaries, encyclopedias, glossaries)

o A.mMISCELLANEOUS

B. Hardware

(0]

(0]

(0]

(0]

(0]

B.0 GENERAL

B.L CONTROL STRUCTURES AND MICROPROGRAMMING
(D.3.2)

B.2 ARITHMETIC AND LOGIC STRUCTURES
B.3MEMORY STRUCTURES

B.4 INPUT/OUTPUT AND DATA COMMUNICATIONS
B.5 REGISTER-TRANSFER-LEVEL IMPLEMENTATION
B.6 LOGIC DESIGN

B.7 INTEGRATED CIRCUITS

B.8 PERFORMANCE AND RELIABILITY (C.4)

B.m MISCELLANEOUS

C. Computer Systems Organi zation

(0]

C.0 GENERAL
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(0]

(0]

C.1 PROCESSOR ARCHITECTURES

C.2 COMPUTER-COMMUNICATION NETWORKS

C.3 SPECIAL-PURPOSE AND APPLICATION-BASED SYSTEMS

3.7
C.4 PERFORMANCE OF SYSTEMS
C.5COMPUTER SYSTEM IMPLEMENTATION

C.m MISCELLANEOUS

D. Software

(0]

(0]

(0]

(0]

(0]

(0]

D.0 GENERAL

D.1 PROGRAMMING TECHNIQUES (E)
D.2 SOFTWARE ENGINEERING (K.6.3)
D.3 PROGRAMMING LANGUAGES
D.4 OPERATING SYSTEMS (C)

D.m MISCELLANEOUS

E. Data

(0]

(0]

(0]

(0]

E.0 GENERAL

E.1 DATA STRUCTURES

E.2 DATA STORAGE REPRESENTATIONS

E.3 DATA ENCRYPTION

E.4 CODING AND INFORMATION THEORY (H.1.1)
E5FILES (D.4.3, F.2.2, H.2)

E.m MISCELLANEOUS

F. Theory of Computation

(0]

(0]

(0]

F.0 GENERAL
F.1 COMPUTATION BY ABSTRACT DEVICES

F2 ANALYSIS OF ALGORITHMS AND
COMPLEXITY (B.6, B.7, F.1.3)

PROBLEM
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(0]

(0]

(0]

F.3 LOGICS AND MEANINGS OF PROGRAMS
F.4 MATHEMATICAL LOGIC AND FORMAL LANGUAGES

F.m MISCELLANEOUS

G. Mathematics of Computing

(0]

(0]

(0]

(0]

G.0 GENERAL

G.1 NUMERICAL ANALYSIS

G.2 DISCRETE MATHEMATICS

G.3 PROBABILITY AND STATISTICS

G.4 MATHEMATICAL SOFTWARE

G.m MISCELLANEOUS

H. Information Systems

(0]

(0]

(0]

H.0 GENERAL

H.1 MODELS AND PRINCIPLES

H.2 DATABASE MANAGEMENT (E.5)

H.3 INFORMATION STORAGE AND RETRIEVAL
H.4 INFORMATION SYSTEMS APPLICATIONS

H.5 INFORMATION INTERFACES AND PRESENTATION (eg.,
HCI) (1.7)

H.m MISCELLANEOUS

|. Computing Methodologies

(0]

(0]

(0]

1.0 GENERAL

1.1 SYMBOLIC AND ALGEBRAIC MANIPULATION
[.2 ARTIFICIAL INTELLIGENCE

[.3 COMPUTER GRAPHICS

[.4 IMAGE PROCESSING AND COMPUTER VISION
[.5PATTERN RECOGNITION

1.6 SSMULATION AND MODELING (G.3)
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o0 |.7DOCUMENT AND TEXT PROCESSING (H.4, H.5)
o |.mMISCELLANEOUS
J. Computer Applications
o JOGENERAL
0 J1ADMINISTRATIVE DATA PROCESSING
0 J2PHYSICAL SCIENCES AND ENGINEERING
0 J3LIFEAND MEDICAL SCIENCES
0 J4 SOCIAL AND BEHAVIORAL SCIENCES
o J5ARTSAND HUMANITIES
0 J6 COMPUTER-AIDED ENGINEERING
0 J.7COMPUTERSIN OTHER SYSTEMS (C.3)
0 JmMISCELLANEOUS
K. Computing Milieux
0 K.0GENERAL
o K.1THE COMPUTER INDUSTRY
0 K.2HISTORY OF COMPUTING
o0 K.3COMPUTERSAND EDUCATION
0o K.4COMPUTERSAND SOCIETY
0 K.5LEGAL ASPECTS OF COMPUTING

o K.6 MANAGEMENT OF COMPUTING AND INFORMATION
SYSTEMS

o K.7 THE COMPUTING PROFESSION
0o K.8 PERSONAL COMPUTING
o K.mMISCELLANEOUS

The classification has a fourth level containing unordered keywords, thus including
about 1600 entrieson all four levels.
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In the context of the ULI project this classification turned out to fit very well, because
it covers the whole field of computer science, just as the different ULI courses cover
the whole discipline.

This link points to the RDF schema used for the ACM classification in ULI project:
http://www.kbs.uni-hannover.de/Uli/ACM_CCS.rdf

Artefacts provided

In this winter semester 15 courses are held as ULI courses. The total number
of ULI-courses will be around 40. All of them could be provided as artefacts to the
smart learning space. A list of al courses available can be retrieved from
http://www.uli-campus.de/german/kursprogramma3.html.

Roles

In the ULI-project we differentiate between the following roles:

Roles Notes

Student/Learner

Assistant/Tutor Understood as a contact, not as a
trainer. Due to the nature of those
courses (university courses), a trainer to
advise or council is not needed

Professor

Author

Filtering and Mappings

Only learning resources, having the computer science classification assigned, are
relevant for the smart learning space. All of the ULI courses are focused on computer
science and classified into ACM classification taxonomy. Also, all the courses are
thought to allow students to attend courses by means of e-learning technologies. For
thisreason al the coursesin ULI-project are self-studying. No filter is needed.

AsULI-project uses LOM schema for describing resources, no mapping is required.

Implementation

ULI courses providers are running at the Information System Institute, University of
Hannover (UHANN). ULI courses are designed according to the program described at
http://www.uli-campus.de/english/course3.html. Currently there are three courses
available: Artificia Intelligence — UHANN, Internet Applications — UNI Karlsruhe,
Theory of Algorithms — UNI Freiburg. The courses are hosted by university sites
described at http://www.uli-campus.de/english/course3.html.

ELENA Consortium Page 122



Artefacts and Service Network Architecture Specification v 3.0, 2004-06-01

At UHANN, ULI is based on the Edutella file-based provider together with metadata
descriptions about course mentioned above. The ACM classification is used
(http://www.acm.org/class/1998/) to classify learning resources. All RDF descriptions
including the classification used are available from http://www.kbs.uni-
hannover.de/Uli/.
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Apendix P: Other Nodes

Personal L earning Assistant

As we descibed in section 5, in a Smart Space for Learning many types and instances
of PLASs can exist. Some PLAs might be built according to the specification described
in the D1.3 (Smart Learning Space Service Specification), some can be variations of
this specification and others might be based on a different framework.

A Personal Learning Assistant (PLA) supports learners in searching for, selecting and
contracting Learning Services. The PLA serves a learner of group of learners, who
will use the PLA to search for learning services and trigger bookings. A PLA is
capable of forwarding (modified) search requests to the Edutella-based Artefacts and
Service network and can use the learning service repository of alearning management
network as additonal source for its recommendation. A PLA is capable of registering
learners at courses of learning service providers using web-services. Notifications can
be sent to learnersin order to recommend learning services. See Appendix J for
details on implementation and section 5 for description on services for
personalization.

Java client for manually operating the Synchronization interface

A Java client is available that can be used to manually synchronize resource
descriptions with one of the UBP instances. This Java client is available at:
http://nm.wu-wien.ac.at/e-learning/interoperability/SynchronizationTestTool.zip.
Please follow the instructions in the file RUN. HOW O which can be found in the ZIP
file.

In order to synchronize an XML/RDF description file with an instance of UBP, one
has to create a valid XML/RDF resource description file. A specification on the exact
XML/RDF file format to use can be found in the same folder as above named
"XML_RDF_Fi | e_Format _Specs. doc".

XML/RDF test files can be found under the following URLS:

http://universal.infonova.at/UNIV EXP/testEM .rdf

http://universal.infonova.at/UNIV EXP/testEA.rdf.

Edutella consumer

A simple Edutella consumer can be used to query the network above. The most recent
version of the "Dublin Core" consumer can be downloaded from
http://edutella.jxta.org/downl oads/index.html.

Installable software can be selected with or without a Java virtual machine. Upon first
start a name for the consumer must be given. In the main window a list of providers
should be displayed a so showing the two UBP providers above.
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By entering keywords into the Title or Description field one can search selected peers
or the entire network (see Figure P.1 below).

Figure P.1: Running the Edutella Dublin Core Consumer
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