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Summary

In this document we present the design of a Distributed User Modelling Architecture based on an extensive
analysis of related work, we develop the design of an information broker that is able to handle the newly
defined “GrappleStatements” RDF application. The new storage platform is called “GrappleBroker”. Its task
is to collect and distribute partial user models under the constraints of possible retrieval filters. We put a
special focus to allow for embedded privacy and access control in the upcoming implementation that will be
described in the deliverable D6.1b). Furthermore we define the differentiated concepts “user model”, “partial
user model” and “distributed user model” formally. We integrate this approach into the overall user model

framework as commonly defined by WP2 and WP6 in the GRAPPLE project.
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1 Introduction

A personalized learning environment that envisions the support of a life-long learning experience
implicates several interesting challenges. One of them is the knowledge management challenge to
support personalization over a variety of systems and over time. The GRAPPLE project aims at
automatically adapting to personal preferences, prior knowledge, skills and competences, learning
goals and the personal or social context in which the learning takes place. Normally, this
information is stored in user models and most currently implemented technology-enhanced
learning (TEL) interaction systems model work with isolated models.

Systems that adapt to their users and contexts need to have access to information about them.
The main challenge in our opinion is to let different systems that are interconnected, communicate
about their user models. Furthermore, a distributed user model service has to be developed to
support end-users to stay in control of their user profile while at the same time allowing them to use
the profile to get personalized access to learning applications offered through different LMSs by
different organizations. This motivation points towards the realization of a flexible, distributed user
model storage platform.

Another point is that the same TEL can be used and accessed at home, at school, at work or on
the move while using mobile or handheld devices. Our viewpoint is that the learning technologies
centre on the learner during his or her dalily life.

Additionally, we add the goal to use semantic web technology to our work package to act as
mediator between the different meanings within the distributed knowledge sources. This challenge
has been motivated by the expected result to lead to better user models and thus allow better
functions of adaptation and especially better learning results.

1.1 Task and Deliverable Description

WP6 concentrates on the task of designing and developing a distributed user model architecture
with the overall design decisions to include the following five technologies: Semantic Web, Service
Orientation, Social Computing, Database Technology and Conflict Resolution.

In this work package a distributed architecture will be designed, communication protocols
developed (specified and documented in WP7), and a platform will be realized to coordinate the
user model access. Issues of privacy and other metadata will be integrated into the system.
Furthermore, the users should have access and control over their distributed user models (GUI
development in WP4).

WP6 uses an accretion model as a basis, which means that all bits of information (statements) are
collected in a flat, relational way and are added to the already existing statements. This has
several advantages especially in a distributed approach. However, it also leads to the great
challenge of user model integration and conflict resolution - two complex tasks that can’t be solved
adequately without semantic web technologies and social computing.

1.2 General idea of this Deliverable within the wor  k package

The general idea of this work package is the development of a distributed user model storage
platform and retrieval service. The three participating partners in this work package can show a
long tradition on research on classical user modelling as well as some experiences with distributed
user modelling. In order to coordinate the storage and distribution of user models we will design a
platform and storage-architecture that should be open for internal but also external user-adaptive
systems. MySQL databases will be installed to store the data while the connection to the semantic
web will be realized via URIs or pointers to URIs. The architecture will be based on the
experiences with the UbisWorld memory collector [29] and the UserML service [29] to add new

Distributed user model platform and retrieval service and Retrieval Page 6 (47)
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partial user models to the distributed repositories. The challenge for the retrieval service is
forwarding questions to the distributed user model storage platform, and retrieving the answers.
We want to enrich the retrieval process with integrated privacy and explanation attributes. Ideas
from UserQL [29], REST and SPARQL, see 2.2, should lead to a specialized query-language that
has to be developed along with the retrieval services.

The general idea of this deliverable D6.1a) Distributed user model platform and retrieval service is
the design of the technical platform for dealing with user models that are distributed over multiple
servers. Furthermore it consists of a service to query and retrieve user models that are distributed
over different servers, and to integrate the retrieved answers. The implementation issues will be
discussed in the deliverable D6.1b). The other work packages that need the existence of a user
model service can work with an initial version that will be delivered before month 18. However in
order to support the integrating work package 7, we will provide a basic version before month 15.
The advanced services from D6.2a/b and D6.3a/b will be tested and evaluated in the final stages
of the project but most evaluation experiments will be based on the D6.1a/b user model service.

1.3 Outline

As quite some related work has been done in the field of user modelling, we need to properly
review the literature first. Thus this deliverable starts with a large chapter on related work with
sections about related research areas, related technologies and related systems.

Then the design of the user model storage platform and the retrieval service is described. After
that, a preview of the overall user modelling framework that covers WP2, WP6, parts of WP4 and
parts of WP7 is given in its current form. And finally, the summary concludes this deliverable.

2 Related Work

Since D6.1a) is the first deliverable in the allied" work packages WP2 and WP6, we present a profound study
on related work over the broader topic of “user modelling frameworks” instead of the specific topic of
“distributed user model storage and retrieval”. We have divided the related work into three groups:

1) related research areas,
2) related semantic web technologies, and
3) related systems.

The first general-purpose user modelling servers have been developed in the mid-nineties, once it has been
recognized that most adaptive systems make use of their own, limited user model. These systems typically
were logic-based and provided a fixed, hand-made ontology — the elements of the user model and their
relations. Despite the ambition to create a general-purpose user model, which could be deployed by several
systems, the actual implementations remained prototypic in character and were mainly used in a closed
academic context [Kobsa et al, 2001]. By contrast, personalized Web sites have become abundant in the
past decade (with Amazon.com as the main example). Server-side personalization is highly site-specific and
usually employs rather simple techniques, based on a large amount of data. The fields of Web usage mining
and recommender systems are active areas of research.

By their very nature, elearning systems have a far smaller user population and more specific demands. The
relevant user (learner) interests and background knowledge are highly connected with the underlying (field-
specific) domain model. As an example, for a course on neural networks, the learner model should provide
information on what course-specific topics are relevant to the learner. AHA! (De Bra et al, 2002) models the
user interests and knowledge as an overlay of the domain model. In addition, on the course level, often
relations between courses (such as prerequisites and follow-ups) are specified. The IMS Learning Design

! Since the two GRAPPLE work packages WP2 and WP6 both deal with (different) user modeling related
issues we decided to join forces and have our development and our meetings in one ally.

Distributed user model platform and retrieval service and Retrieval Page 7 (47)
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specification® provides a methodology to express various pedagogical schemes (scenarios) that a (group of)
learner(s) can follow. Whereas there are initiatives toward shared domain (competence) ontologies — such
as the Dutch Colo project® — it is most likely that these types of shared models will rather be built bottom-up,
starting from successful implementations in specific systems.

There exist several ways to represent a user model. The most basic model is a simple collection of variables
and associated values. A more advanced representation is a hierarchical model, which also takes relations
between user characteristics into account. In e-learning it is common to have a user model that is an overlay
of the underlying domain structure. Other methods include stereotyping, logic-based representation and
statistical models, built with machine learning techniques. As one basis for our user model, we have taken
the General User Model Ontology GUMO [Heckmann et al, 2005] approach, which also provides an OWL-
based representation language UserML, starting with the form subject-predicate-object. Each statement
contains some metadata, such as the ‘expiry date’. As pointed out by [Moreau et al, 2008], computer-based
representation of provenance is crucial for users who want to analyze, reason, and decide whether or not
they trust electronic data. In the article, the generic concept of p-statements is explained: each statement
should describe: 1) what is the input data or observation; 2) how has the data been processed; 3) what does
the output data represent. With this information, a derivation record can be built, to be analyzed by the user.
A further important inspiration for our distributed user model platform comes from the Personal Reader
project [Henze and Krause, 2006], as described in the related systems subsection. The plug-in architecture,
with the procedures for registration etcetera resembles the IBM WBI architecture, as employed by the Scone
framework [Weinreich et al, 2003]. On a more generic level, one could see the User Modelling Framework as
a ‘Moderator’ [Gamma et al, 1994].

2.1 Related Research Areas

In this section we will discuss related work on user modelling frameworks, student modelling and context
brokerage. Let us first shortly define these concepts. User modelling frameworks are a specific class of
systems that enable the support of user models for a variety of applications [Kobsa 2001]. Student modelling
is a specific type of user modelling, where the modelled data represents the user's domain knowledge
[Brusilovsky 2003]. A context broker is an architecture for supporting a community of context-aware systems
that adapts to the user context [Chen 2004].

2.1.1 User Modelling Frameworks

A user modelling framework maintains all processes related to governing and disclosing access to a user
model, where a user model contains a representation of assumptions about one or more types of user
characteristics of an individual user. In other words the system maintains a model about the user that for
instance contains assumptions about their knowledge, misconceptions, goals, plans, preferences, tasks, or
abilities.

For nearly twenty years, researchers have been developing generic user modelling systems. Such systems
facilitate the development of user-adaptive applications through ‘built-in’ core user modelling functionality
that these applications can utilize for providing user-adaptive services. In addition to these research
prototypes, a number of commercial systems have been recently put on the market (and a far larger number
advertised on short-lived websites) that aim at providing such functionality for a specific kind of user-adaptive
applications, namely web-based customer relationship management systems [Fink and Kobsa 2000; Kobsa
et al. 2001].

Kobsa [Kobsa 2001] explains the history of user modelling frameworks. Until the mid eighties user adaptive
systems typically stored the user model internally in the system, and no clear distinction could be made
between the user model and the rest of the system. Then in the mid eighties the first systems started to arise
that separated user model and the rest of the system as matter of separation of concern. These systems
were able to accept and store new facts about a user and verify the consistency of a new fact with the
information about the user thus far, detecting and informing about inconsistencies and answering queries of
the application about the user.

Later during the rise of the World Wide Web in the nineties (e.g. [Fink and Kobsa 2000]) these user
modelling frameworks were not only distributed because of separating concern, but also to serve several
applications at the same time. Asking users to fill in forms or other explicit feedback probably interferes with

2 http://www.imsglobal.org/learningdesign/

® Dutch Colo project: http://www.colo.nl

Distributed user model platform and retrieval service and Retrieval Page 8 (47)
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the task at hand, which might disrupt the normal user behaviour that the system wants to adapt and annoy
the user [Kellar et al. 2004]. This data acquisition problem worsens if a user uses several systems at the
same time and has to provide the same information over and over again to different systems. Therefore,
sharing user model information between applications seems to be a good idea. This approach also has
additional benefits, like applications not needing to build the same functionality more than once and therefore
also a more advanced framework that incorporates all possible concerns involving user modelling.

There are two (extreme) ways to establish a sharing user model framework among systems: (1) a centralized
model [Klobucar et al. 2004], and (2) a highly distributed (e.g. peer-to-peer) communication [Nejdl et al.
2001].

A centralized user model means that several applications establish communications among themselves via a
single user model service. This method has well known benefits, e.g.

e Sharing knowledge among applications leads to a synergetic effect, when an application takes
advantage from the user interaction with several applications

e Auser modelling service can support important functions such as: scrutability, privacy, history of
changes, multiple views and resolution of conflicts

e The decreasing number of bridges between every two applications from order of N2 to order of N,
between each application and a user model service.

There are also a number of problems which can be divided into several facets as follows:

e Communication between applications. To solve the communication problem between applications
entails applications speaking the same language and using the same format and protocol when
communicating.

e Collaboration between applications. This is about the semantic integration of applications. It brings
with it an additional requirement in terms of sharing the same view to the user modelling process and
problem domain. The area of ontological engineering provides us with ideas that can be explored for
this point.

In the distributed scenario information resources are stored on numerous peers. These peers can be queried
if we know what we want to retrieve and which peer is able to provide that information. Querying peers
requires metadata describing the resources managed by these peers [Nejdl et al. 2001]. In such an
approach technologies should mainly support the autonomous creation and organization of user knowledge
locally produced by the individuals and groups and, on the other hand, support coordination processes
among autonomous entities, in order to exchange and share knowledge [Bonifacio et al. 2002]. In particular
this means:

e Give to each knowledge owner the possibility to represent and organize knowledge

e Provide tools to support the exchange of knowledge across different nodes without assuming shared
meanings but rather enabling the dynamic translation of different meanings.

e Set mechanisms and protocols to enable, through cooperation, the emergent and bottom-up
formation of informal communities and communication practices (such as finding or addressing
people to trusted individuals/communities).

Quite some generic user modelling systems were developed (especially in the nineties) and some of them
have been described in literature. One note that has to be made is that these systems have rarely been used
outside of the institution where they were developed. Here follows a short overview of the features of a
selection of existing user modelling systems.

e GUMS [Finin and Drager 1986; Finin 1989] is a system built around Prolog. All assertions of a user
were stored in a set of Prolog clauses, stored in Prolog’s native store. GUMS main focus was using
stereotype hierarchies and classifying users based on Prolog's clauses and rules described which
conditions yielded for a stereotype and how to reason over assertions and users.

e BGP-MS [Kobsa 1990; Kobsa and Pohl 1995; Pohl 1999] is a system built around first order logic.
User assertions and stereotype assumptions are stored in first order logic in a file and a theorem
prover is used for reasoning purposes. BGP-MS allows different views of knowledge. To allow this
the system describes each concept as a four-tuple, namely role predicate, value restrictions,
instance requirements and a modality indicating the necessity of an attribute. These concepts are
kept in partitions which can be organized in inheritance hierarchies.

Distributed user model platform and retrieval service and Retrieval Page 9 (47)



D6.1a D6.1a) v0.8 2009.02.10

« DOPPELGANGER [Orwant 1995] is a plug-in system that uses hardware and software systems to
gather (context) information about the user. It used learning algorithms to extrapolate information
about the users. User models were stored in separate files, i.e. one for every user.

e PROTUM [Vergara 1994] is a Prolog system where user assertions are stored as a list of constants,
a type (observed, derived from stereotype, default) and a confidence factor. User models are stored
in files.

e TAGUS [Paiva and Self 1994; Paiva and Self 1995] is another Prolog system, with the addition that it
stored a library of misconceptions for conflict detection.

e UMT [Brajnik and Tasso 1994] is a Lisp based system, were user assertions were stored as
functional objects. Rules are used for inference and conflict detection.

e um [Kay 1995] is a user modelling toolkit that stores user characteristics as attribute-value pairs.
Every assertion contains metadata that stores information that indicates its source or a list of
evidence of its truth.

e Personis [Kay et al. 2002] and PersonisLite [Carmichael et al. 2005] are newer versions of the um
system. They are different in that assertions and its metadata are stored in separate databases.
Information is stored in an object-relation database.

e UMS [Kobsa and Fink 2006] is a user modelling server that is based on the Lightweight Directory
Access Protocol (LDAP). UMS allows for the representation of different models (such as user and
usage profiles, and system and service models), and for the attachment of arbitrary components that
perform user modelling tasks upon these models. External clients such as user-adaptive applications
can submit and retrieve information about users.

One aspect that has to be definitely looked into in a user modelling server is different services offered on the
user model. A user modelling server usually serves as a central component that not only governs the data
but also offers all facilities that can be associated with the user model. This includes reasoning over the data,
conflict resolution over conflicting user data, as well as providing privacy, security and scrutability.

Stereotyping is for instance described in GUMS [Finin and Drager 1986; Finin 1989], BGP-MS [Kobsa 1990;
Kobsa and Pohl 1995; Pohl 1999] and PROTUM [Vergara 1994]. Stereotyping is used to generalize user
characteristics so that users can be grouped via a stereotype classification over shared (generalized)
characteristics. Stereotyping in this way can help distributed user modelling as new clients do not need to
interpret the possibly complex user models of other systems but can build upon the generalized models.

In order for users to want to make use of applications that use a central user modelling system they need to
be able to trust it [Kobsa 2002; Miller 2000]. This trust is based on the security of the system, its user privacy
guarantees, and its scrutability. This is in the European countries even part of the law based on the
European Community Directive on Data Protection [Union 1995] mandates ‘right of access to and the right to
rectify the data’ and, a particular demand for scrutability in the requirement for ‘an intelligible form of the data
undergoing processing and of any available information as to their source’. [Kay et al. 2003] argues that
scrutability implies simplicity: if users are confronted with very complex models they will not understand it.
Especially in a distributed user modelling environment this is a challenge, as the composition of the user
models from several applications will even be more complex than that of a single application. Moreover,
scrutability also includes evidence of reasoning steps, so that users understand on what reasoning
conclusions are based and why this is correct. To reach these goals [Kay et al. 2003] applied various
strategies. One such strategy is not throwing away evidence of reasoning steps, e.g. for conflict resolution
purposes. The user should have an idea why some conclusion is reached for this conflict resolution. The
benefit of this strategy is that it is flexible, for instance if the reasoning rules change these changes can be
propagated throughout the data. Moreover, the reasoning rules should also be understandable by users, so
that they better understand the system. Another strategy to improve scrutability is giving users control to
delete evidence, e.g. out of privacy considerations. Putting the user in control like this typically also has a
positive effect in the user’s trust in the framework.

Note that for conflict resolution the solution as described in [Selcuk Candan et al. 2008] seems very
promising. Instead of trying to find the “right” answer it might be better to make a ranked set of answers,
where the first in order seem to be the most promising truth. Then the ranking algorithm for conflict resolution
is improved based on user feedback. In this system assertions are also never thrown away, but only used in
proving the user what the reasoning is based upon.
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2.1.2 Student Modelling

As we specifically target a pedagogical environment in GRAPPLE, we need to look at what is specific about
student modelling compared to user modelling.

One factor is the structure of the student model that differs from standard user models. The general user
model contains information about the user preferences, user interests, user knowledge, user skills, user
goals, user plans and user capabilities. In general, adaptive applications for normal users try to serve the
user in the most possible appropriate way [Kobsa 2001]. An adaptive application in the pedagogical domain
differs in the sense that the student goal is set by the teacher and that knowledge can be expressed in terms
of the teacher’'s domain knowledge. Therefore, a student model almost always is an overlay over the domain
model (e.g. [Brusilovsky 1994; De Bra et al. 1999; De Bra et al. 2003; Brusilovsky and Millan 2007]). This
means that for every concept in the domain ontology the student model maintains a value that expresses the
knowledge of the student for that concept. This value can either be Boolean (the student “has knowledge” or
has “no knowledge”), but also an integer (the student has a knowledge of 80 on a scale from 0 to 100) or a
qualitative measure (the student has “poor”, “average” or “good” knowledge). Knowledge may be the only
attribute for concepts in the domain, but also additional attributes may be defined, like “suitability” which
expresses how useful a concept is for a student in this point in time. These properties like knowledge and
suitability change over time for a user, i.e. values can either increase (if the student learns about that
concept) or decrease (if the student forgets about a concept).

The use of an overlay model has several consequences. For instance, for interoperability of user models the
student model is very much dependent on the domain model. This means that an exchange of information
between different student models basically means mapping the underlying domains to each other. Similarly,
when reasoning over several student models can only be done with extensive knowledge of the domain
model as well as the user model.

For pedagogical application exchanging user model data between applications has great value [Brusilovsky
et al. 2005]. When a student starts a course his previous knowledge is not known. Usually knowledge for all
concepts in the domain is therefore set to 0 at initialization. This may however be incorrect and it may be
very bothering for a student who already has quite some knowledge about the domain. This problem is also
called the cold start problem. One way to acquire information about the users’ knowledge is by exchanging
user model data between applications. If for some application X it is known that another application Y
already learned what knowledge a student has about concepts that are relevant for X, exchanging this
knowledge between X and Y benefits X, because it can adapt to this user’s knowledge. Similarly if X gains
knowledge about the user that is useful for Y, X can share this information with Y so that Y can benefit from
this gain in information about the user. Of course, exchanging this kind of sensitive data yields privacy and
security issues that need to be dealt with.

Other ways to deal with the cold start problem are researched in literature as well. For instance [Aroyo et al.
2006] deal with the cold start problem by using dialog games. Their system starts with asking some basic
general questions and then tries to probe the user’s knowledge by asking structured natural questions
relating to the domain. Based on the user’s answers their knowledge for individual concepts is ‘guessed’ and
their general behaviour and learning style is categorized in a stereotype.

Another example of a solution for the cold start problem is presented in [Tsiriga and Virvou 2004]. They deal
with the cold start problem by a combination of methods. First information from the student’s use of other
applications (in their case one ‘system’ with numerous courses) is taken into account. If a student works with
a particular application his actions lead to a stereo type classification. Furthermore, his distance with other
students is measure via a k-nearest neighbour algorithm. Then based on students that already use the new
application and are in the same stereotype group as the current student, his student model is initialized. This
approach works on the assumption that the applications are used in a Web setting and have a reasonably
large user base. An interesting contribution to student or learner modelling with semantic web technologies
can be found in [Dolog & Schaefer, 2005].

Also with respect to scrutability there are student specific considerations. Where in general, users should
have access to their user data and be able to modify their personal data, this is in general not true for
pedagogical systems. In these systems the teacher has more control and the student-user less. Teachers
should be able to see the results of their students, e.g. see the user model of their students. Students on the
other hand should not be able to change their information like knowledge levels and grades.

Distributed user model platform and retrieval service and Retrieval Page 11 (47)



D6.1a D6.1a) v0.8 2009.02.10

2.1.3 Context Brokerage

One interesting development in user modelling systems is the use of context adaptation (e.g. [Jameson
2001; Heckmann 2003]. Context can be defined as any information that can be used to characterize the
situation of an entity (i.e. a person, computing device, or non-computational physical object) [Dey 2000]. The
context of a user is interesting because users can have different roles, different preferences and different
goals in different context. As an example consider that a student when studying a course during a semester
may want to have very broad and detailed information about concepts, where when learning for his exams
he might only be interested in getting a good overview and remembering key elements from the course. This
means that a system should know when the user is in which situation. Context brokerage systems are
systems that acquire the user context via a distributed network of agents (e.g. sensors). By combining
information from these agents the user situation and user behaviour in these different situations can be
inferred and used to enhance the user adaptation.

Context Brokerage systems as described in [Chen 2004; Floréen et al. 2005] are similar to user model
servers in that knowledge are described in different ontologies by different applications (in this case agents
like sensors). Integration and interpretation of these datasets give similar problems as user model
integration. A user context (or situation) is associated with a tailored user model that is valid for that specific
context. The system then needs to interpret current context information to decide which user model for the
current user is the most appropriate. One problem that needs to be dealt with is the granularity problem, i.e.
deciding which is a good generalization of a situation that agrees enough on both the context information as
well as the user model. Another problem is that of identification. Somehow sensors need to identify a user to
be able to say something about his context. Usually personal mobile equipment like mobile phones or PDAs
is used as the personal identifier, e.g. when they communicate with the other agents.

Context Brokerage is most useful in a multimodal scenario, where a user uses mobile equipment to connect
to the application and has access to a number of sensors. Another scenario that can be thought of, on a
single machine, is to observe the user’s behaviour over different applications.

One possible interesting connection could be Web usage mining as described in [Herder 2006], where the
use of an ALE or LMS (which can serve many courses./applications) can be analyzed and be used to
determine different context of users over time.

2.2 Related Technologies

Since we have to design a real technical system, we discuss here the related technologies that are currently
the state of the art. We start with the Semantic Web technologies that are destined to support the
interoperability issues.

2.2.1 Messaging architectures: REST and SOAP

Modern web technologies offer several ways for applications to communicate and exchange
information by means of messages. The two main approaches are those based on the SOAP
protocol and those based on the REST architecture. We discuss the two below.

2.21.1 SOAP

SOAP (Gudgin et al., 2007) is a communication protocol that lets applications communicate via
Internet by sending XML messages. It is a W3C standard that is platform and language
independent, and often allows you to get around firewalls where other protocols cannot. For
example, many firewalls and proxy servers block the traffic that is generated by Remote Procedure
Calls (RPC) between DCOM and CORBA objects. SOAP on the other hand uses typically the
HTTP protocol, which is usually not blocked. Version 1.2 of SOAP became a W3C
recommendation in 27 April 2007 and is currently the mostly used protocol for web services.

A SOAP message is an XML document that contains the following elements:

1. Arequired Envelope element that identifies the XML document as a SOAP message.
2. An optional Header element that contains header information.
3. Arequired Body element that contains call and response information.
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4. An optional Fault element that provides information about errors that occurred while
processing the message.
The skeleton of a SOAP message would look as follows:

<?xml version="1.0"7?>

<soap:Envelope
xmIns:soap="http://www.w3.0rg/2001/12/soap-envelope"
soap:encodingStyle="http://www.w3.0rg/2001/12/soap-encoding">

<soap:Header>

</soap:Header>

<soap:Body>

<soap:Fault>

</soap:Fault>
</soap:Body>

</soap:Envelope>
We briefly discuss these components in the following

The Envelope element is the root element of a SOAP message. It defines the XML document as
a SOAP message. Note the xmIns:soap namespace which has the value of
http://www._w3.0rg/2001/12/soap-envelope and defines the Envelope as a SOAP
Envelope. The SOAP encodingStyle attribute is used to indicate according to which rules the
original data was serialized into XML. This attribute may appear on any SOAP element, and it will
apply to that element's contents and all child elements. A SOAP message has no default encoding.

The Header element contains application specific information (like authentication, payment, etc.)
about the SOAP message. If the Header element is present, it must be the first child element of the
Envelope element. An example of a header element could be:

<soap:Header>

<m:Trans
xmlIns:m="http://www.grapple-project.org/transaction/"
soap:mustUnderstand="1">234</m:Trans>

</soap:Header>

It shows a header with a "Trans" element, a "mustUnderstand" attribute value of "1", and a value of
234. SOAP defines three attributes for headers: actor, mustUnderstand, and
encodingStyle. These define how a recipient should process the SOAP message. The actor
attribute is used to indicate with an URI for which point along the message path this part of the
message is intended, which is not necessarily the final point of this path. The mustUnderstand
attribute can be used to indicate whether a header entry is mandatory or optional for the recipient
to process. If set to “1” then the receiver must fail if it does not recognize the element. The
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encodingStyle attribute is as for the envelope element.

The Body element contains the actual SOAP message intended for the destination point of the
message. Immediate child elements of the Body element may be namespace-qualified. An
example of a complete SOAP message that requests for the price of apples could be:

<?xml version="1.0"?>
<soap:Envelope
xmlns:soap="http://www.w3.0rg/2001/12/soap-envelope"
soap:encodingStyle="http://www.w3.0rg/2001/12/soap-encoding">
<soap:Body>
<m:GetPrice xmlns:m="http://www.grapple-project.org/prices'>
<m: Item>Apples</m: 1 tem>
</m:GetPrice>
</soap:Body>

</soap:Envelope>

SOAP defines one element inside the Body element, which is the Fault element. This is used to
indicate error messages.

A Fault Element carries an error message and contains the following sub elements: A
faultcode element that contains a code identifying the fault, A faultstring element that
contains a human readable explanation, a faultactor element that identifies the actor that
generated the error and the detail element that contains application specific error information
related to the Body element. Examples of faultcode values are VersionMismatch, which indicates
that the namespace of the Envelop element is wrong, MustUnderstand, which indicates that an
element with the mustUnderstand attribute set to “1” was not understood by the receiver, Client,
which indicates that there the message is not properly formed, and Server, which indicates that the
receiver had a problem.

2.21.2 REST

REST (REpresentational State Transfer) is not a specific protocol but rather a style of software
architecture for distributed hypermedia systems such as the Web. As such, it is not strictly a
method for building web services. Roy Fielding, one of the principal authors of the Hypertext
Transfer Protocol (HTTP) specification, introduced the terms “representational state transfer” and
“REST” in (Fielding, 2000). The terms have since then come into widespread use in the networking
community.

REST is a collection of network architecture principles that outline how resources are defined and
addressed. The term is often used in a looser sense to describe any simple interface that transmits
domain-specific data over HTTP without an additional messaging layer such as SOAP or session
tracking via HTTP cookies.

The main principle of REST is that if we construct a web service that has to receive messages that
represent a request to perform a certain action on a certain object then the URI to which the
message is to be sent should identify as much as possible the object and the message should
define the action. As an illustration, consider a web service that maintains a list of users and wants
to allow the following operations:
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getAllUsersQ
getUserByld()
getUserByName()
addUser()

removeUser()
updateUser()
findUser()

Then we could use the following URIs as the destination of the corresponding HTTP methods:

http://example.com/users/

http://example.com/users/id/<user-id >

http://example.com/users/name/<user-name>

http://example.com/findUserForm

The first URI can be used for operations on all users, the second and third for operations on
individual users, and the final one for search operations. Note that the four HTTP methods (PUT,
GET, DELETE, POST) that can be sent to URIs have a fairly intuitive interpretation as for which
type of operation they are suited: PUT creates or overwrites an object, GET reads an object,
DELETE deletes an object and POST does more complex operations.

This approach can be contrasted with RPC-based architectures and SOAP where there is usually
one URI that receives all the messages and the requested action is encoded in the message that is
sent. Another difference with SOAP is that the format of the message can be HTML, XML, JSON
or any other type of content, and it is up to the client and the server to check its contents and make
sense of it. The use of REST can have several benefits when compared with SOAP. It keeps the
architecture simple, requires no knowledge of the SOAP protocol, often requires less bandwidth
and can improve security because a firewall might be able to tell from the URI the type of access
that is requested.

2.2.2 Knowledge description languages: RDF, RDFSan d OWL
2.2.2.1 The vision of the Semantic Web

The original vision and goal behind the Semantic Web is the ambition to enable machines to
process information on the Web in a meaningful way, allow more specific search than just keyword
search, allow combination of information from different sources to derive new facts, and help the
user to better leverage the vast amount of information of the Web. It basically means to treat the
entire Web as a vast knowledge base. When we look at what the Semantic Web characterizes, we
see that we are considering the “Semantic” aspect. It means that we have the concept of
metadata. Metadata refers to “data about data” to describe salient properties of any piece of
information. Next to that we also rely on the concept of ontology, as a formal, explicit specification
of a shared conceptualization. Formal here refers to the fact that things should be machine-
processable. Explicit means that we explicitly define concepts and how to use them as the basis
for the modelling. Shared relates to the fact that the global aim only gets realized when we have
consensual knowledge that helps us agree on the modelling.

At the same time, we are with Semantic Web in the Web area, which means that we discuss
standards. In order to be able to freely share and reuse information, we need to speak the same
language. Note that this mainly implies that we agree on the way we communicate and share
knowledge (and not that we all think alike). A standardized ontology language is the key to having
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Web-based systems like the ones we consider in this project to reuse information from arbitrary
sources. At the same time, working (with standards) on the Web also means to compromise. We
are not dealing with closed systems and operate with the principles of an open and flexible
environment, so optimal engineering solutions are not always possible. We need to provide for
flexibility, to allow for missing, incomplete, or even inconsistent information. We work with the so-
called open world assumption.

So why is XML not enough? XML provides us with syntax and a data model for ordered, labelled
trees. However, there is no agreement on structure (for choosing between classes, attributes etc.),
for example when things are nested it is not clear what this means and whether that matters. There
is also no agreement on the vocabulary used. So, it is difficult to say whether two XML documents
are the same or whether they convey the same information. So the "real information inside" is still
not machine-accessible.

2.2.2.2 RDE

So, the idea now is to go beyond the XML structures and try to make some of the metadata indeed
accessible. That is the aim and purpose of RDF (Beckett and McBride, 2004) (Klyne, Carroll and
McBride, 2004). RDF stands for Resource Description Framework, and it is a W3C standard. RDF
is a data model for representing metadata (data about data), and for describing the semantics of
information in a machine-accessible way.

In RDF statements can be made which are (subject, predicate, object) triples. Statements describe
properties of resources. A resource is any object that can be pointed at by a URI: a document, a
picture, a paragraph on the Web, a book in the library, “real-world” objects et cetera. For example,
the facts that the capital of The Netherlands is Amsterdam and that Amsterdam has area code 020
might be represented by the following two triples:

Subject : http://www.countries.org/countries#Netherlands

Predicate : http://www.geography.org/schema.rdf#hasCapital
Object : http://www.cities.org/cities#Amsterdam

Subject : http://www.cities.org/cities#Amsterdam
Predicate : http://www.geography.org/schema.rdf#areacode
Object : 020

RDF also defines an XML syntax to which such triples can be serialized. The preceding triples can
for example be represented in XML as follows:

<Description about="http://www.countries.org/countries#Netherlands”>
<hasCapital resource="http://www.cities.org/cities#Amsterdam”/>

</Description>

<Description about="http://www.cities.org/cities#Amsterdam’”>
<areacode>020</areacode>

</Description>

The fact that all identifiers are URIs allows total decoupling of all the data (between the content in
documents, a thesaurus, and the metadata about the content). Since typically the data is spread
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over different locations and is under control of different owners this decoupling helps to tie data
from different sites and with different purposes together into one united knowledge base.

The subject of one statement can be the object of another, and like this such collections of
statements form a directed, labelled graph. There are several syntaxes to represent RDF, like an
XML serialization, but obviously the interesting concept is the graph-based model that lies behind
it. With RDF we can therefore make explicit statements about web resources, and have the
machines know that these are statements, have them know how the statements relate, and have
them compare values. RDF gives a data model for meta-data annotation, and a way to write it
down in XML (for example), but it cannot define the vocabulary for a domain.

2.2.2.3 RDES

RDF Schema (RDFS) (Brickley, Guha and McBride, 2004) (Hayes and McBride, 2004) (Klyne,
Carroll and McBride, 2004) (Manola, Miller and McBride, 2004) allows you to define vocabulary
terms and the relations between these terms. It gives “extra meaning” to particular RDF predicates
and resources. This “extra meaning”, or semantics, defines how a term should be interpreted.

When we observe RDFS we see that classes and properties are modelled separately, which is
different from “normal” object-oriented modelling where properties (attributes) are part of a class.
We also see that RDF Schema is “just” RDF, but with some added meaning to particular terms.
The line between the modelling levels is imaginary, and for example it is possible to create some
resource that is both an instance and a class. The formal semantics behind it defines what other
statements are implied by a given set of RDF(S) statements, and helps to ensure mutual
agreement on minimal content between parties without further contact. For this purpose there are
entailment rules that are very simple to compute and not explosive in practice. The class
subsumption that can be expressed like this is thus the first step in the modelling and typically a
powerful one.

Together RDF and RDF Schema provide a common agreement, and an open standard for
annotating web resources and making their semantics explicit. Perhaps it is technically speaking
not the best possible solution, but a compromise where we trade in some convenience for
interoperability: the ability to communicate with arbitrary partners based on the fact that we both
use RDF.

2.2.2.4 OWL

When we look at RDFS as an ontology language and ask whether it is sufficient we see that we
could have more. We might want to be able to express cardinality constraints, or things like
conjunction, disjunction, negation, and equivalence, for example. So, therefore there are also
extensions that aim for extending the capabilities for expressing knowledge. These can be domain-
independent, like OWL (Bechhofer, et al., 2004) (Horrocks, van Harmelen and Patel-Schneider,
2001) that we will discuss shortly, or domain-dependent, like FOAF* or SKOS®. In this way it is
possible to include and connect knowledge depending on the needed application scenario.

The most well-known of the language proposals in this direction, also proposals like OIL® that
underlie OWL, share their roots in that they look like frame-based modelling languages, borrow the
reasoning from Description Logic, and are founded in web languages (XML, RDF). The goal is to
be expressive enough, provide efficient reasoning support, and be usable on the Web. In OWL,

* http://www.foaf-project.org/
® hitp://www.w3.0rg/2004/02/skos/

® http://www.ontoknowledge.org/oil/
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Web Ontology Language, extensions allow for expressing cardinalities of properties, for local
scoping of properties, for characteristics of properties (inverse, symmetric, transitive, functional
etc.), for Boolean expressions of classes, for defined classes, for equivalence and difference of
classes and properties, for data types et cetera.

Due to the mapping to description logic (DL) it is possible to provide reasoning support from a DL
system (e.g. FaCT, Pellet). Like this it is possible to reason about class membership, equivalence
and inconsistency for example. This reasoning support is important as design support tool for large
ontologies, with multiple authors, and for integrating and sharing ontologies because it allows
establishing inter-ontology relationships, check for consistency, check for (unexpected) implied
relationships etc. This has been shown useful for (database) schema integration, e.g. in cases like
in our project where we want to share and exchange information from different sites. Also, the
reasoning support can help in query answering.

OWL is an extension of RDFS, applying the same trick as before (RDFS op top of RDF), by giving
meaning to some predicates, while keeping the semantics compatible. So, OWL is defined as an
RDFS extension (addition to the meta-model) with new constructs that are related to RDFS. Now,
in extending one size doesn't fit all. So, to tackle complaints like “some constructs are difficult to
understand” (like inverse functional, negation, disjunction), or meet demands for “the language
should be decidable” or “we need more expressiveness”, the solution is chosen to have a layered
approach with extended capabilities, e.g. simple, intuitive modelling, or efficient reasoning, or high
expressiveness. These layers are known as OWL Full, OWL DL and OWL Lite.

OWL Full has no restriction on the use of OWL vocabulary, and allows for example classes as
instances (and much more), but is not decidable, and therefore comes without automated
reasoning support. OWL DL restricts the use of OWL vocabulary such that you can not do “nasty
things”, i.e., modify OWL, and no classes as instances. Through its direct correspondence with
(first order) logic, it enables automated reasoning via DL engines, e.g., FaCT, Pellet. OWL Lite is
like DL, but with fewer constructs: no explicit negation or union, restricted cardinality (zero or one),
no enumerations. Its goal is to provide a language that is easier to use.

2.2.3 Ontology query languages: SerQL and SPARQL

When we consider the presented ontology languages for a formal specification of a shared
conceptualization, then with RDFS and OWL we have a specification, we have sharing (open,
Web-based standard), and we have formality, but we also need a way to access this information:
with a specification to represent knowledge, we also want to use it for question answering, and so
we want a query language. Such a query language should understand the data model of directed,
labelled, unordered graphs for semi-structured data, it should be able to handle path-expressions
(through the RDF graph, not through its XML serialization) with both node and edge labels, it
should allow for compositionality in the sense that complex queries can be “built up” by combining
simpler queries, and last but certainly not least it should support RDF Schema by understanding
the semantics of the RDFS primitive such as subClassOf, Class, et cetera.

Well-known examples of such query languages are SeRQL and SPARQL (Prud’hommeaux and
Seaborne, 2008). Both are expressive query and transformation languages for RDF. SeRQL
comes with a very efficient Sesame implementation (Sesame is a store for RDF triples, and one
that is used on a large scale right from the beginning of RDF). SPARQL is now the W3C Standard,
drawing from the experience from earlier languages such as SeRQL but due to its standard nature
also a compromise. Many of the RDF stores (e.g. Jena, Sesame) support SPARQL now.

As an example of a simple SPARQL query consider the following query:
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PREFIX geo: <http://www.geography.org/schema.rdf#>
SELECT ?capital ?country
WHERE {
?X geo:cityname ?capital ;
geo:isCapitalOf ?y .
?y geo:countryname ?country ;

geo:isInContinent geo:Africa .

The PREFIX clause is used to define the used namespace prefixes. The SELECT clause lists the
variables for which bindings will be returned. Note that variable hames are always preceded with
“?”. The WHERE clause contains the conditions which consist here of triple patterns that must be
matched. The “;” notation is used to list triples that start with the same subject. So this query looks
for a city ?x with name ?capital and which is the capital of country ?y, and ?y must have the name
?country and be in the continent of Africa. Finally it returns all combinations of ?capital and
?country for which this exists.

In these query languages there are the facilities for path expressions, for doing chaining, branching
and comparisons, for handling semi-structured data (and optional path expressions), and even
mechanisms for constructing (derived) graphs again. The standard queries produce variable
bindings for the knowledge retrieved, but it is also possible to create derived subgraphs if desired
for further processing. This way it is possible to support graph transformations.

2.3 Related Systems

2.3.1 The Personal Reader Framework

The Personal Reader Framework [1,33] (see Figure ) implements a user modelling service that is highly
relevant for this deliverable. It enables a fast development of interoperable, personalized Semantic Web
applications. Therefore, applications are split into different parts and encapsulated in reusable Web Services.
The Framework distinguishes mainly three different kinds of services: a) Personalization Services
(PServices), b) Syndication Services (SynServices), and c) a Connector Service. The Syndication Services
contain the business logic of an application and maintain the user interface. To receive (personalized) data,
SynServices invoke Personalization Services, which allow for personalized access to a specific part of the
Semantic Web. A typical Personal Reader setting could look as follows (cf. [1]): Personalization Service A
provides users with recommendations for scientific publications according to the users' interests. Service B
offers detailed information about authors or researchers. By integrating both services via a Syndication
Service users can browse publications they like within an embedded context.

To find appropriate PServices, the SynService utilizes the Connector Service, which is a kind of enhanced
UDDI repository. The Connector Service furthermore enforces the user's PService usage pattern. For
example, users can define that only those PServices shall be selected which are free of charge or which are
trusted by a trust authority. A detailed description of the RDF-based messages passed between the different
services can be found at [34].
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Figure 1: Architecture of the Personal Reader Framework

The User Modelling Service (UMService) is a centralized service, which is implemented within the Personal
Reader Framework. With simple store, update, and query commands, every Personal Reader service
(SynServices and PServices) can access the UMService. As the Personal Reader Framework is an
application independent framework, centralized components of the framework have to be domain-
independent. Therefore, the UMService does not aim on modelling the user on its own, but relies on the
abilities of the applications. This conforms to the nature of applications, which are certainly aware of the
domain, the meaning of the user interactions, and the conclusions that can be drawn out of it.

The UMService stores and delivers user profile data in RDF (Resource Description Framework). RDF
enables to annotate information by relating statements to ontology concepts. As the base vocabulary, the
UMService utilizes the User Modelling Ontology (UMO), which is based on the Generalized User Modelling
Ontology (GUMO) described in [31]. UMO models concepts for both, storing and querying information about
users. Correspondingly, UMO defines concepts for UserRDF (storage) and UserQL (querying). Figure 2
shows an UserRDF example statement, which describes that WebServiceA created statements about Peter
expressing that Peter has a credit card, which itself has a number and certain type (Creditcard).

<rdf:RDF
xmIns:ums="http://usermodelservice.org/#"
xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"''>

<rdf:Description rdf:about="http://usermodelservice.org/Statement#1235">
<rdf:type rdf:resource="http://usermodelservice.org/#Statement">
<ums:subject rdf:resource="http://usermodelservice.org/User#Peter"/>
<ums:predicate rdf:resource="http://example.org/predicate/#has"/>
<ums:object rdf:resource="http://example.org/object/Creditcard#2345"/>
<ums:ambit rdf:resource="http://usermodelservice.org/ambit/#hasPersonalData'/>
<ums:owner rdf:resource="http://usermodelservice.org/User#Peter"/>
<ums:creator rdf:resource="http://example.org#WebServiceA"/>
<ums:confidence
rdf:datatype=""http://www.w3.0rg/2001/XMLSchema#int'>100</ums:confidence>
</rdf:Description>

<rdf:Description rdf:about="http://usermodelservice.org/Statement#1236">
<rdf:type rdf:resource="http://usermodelservice.org/#Statement">
<ums:subject rdf:resource="http://example._org/object/Creditcard#2345"/>
<ums:predicate rdf:resource="http://example.org/predicate/#hasNumber'/>
<ums:object rdf:datatype=""http://www.w3.0rg/2001/XMLSchema#int"'>
1234567
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</ums:object>
<ums:owner rdf:resource="http://usermodelservice.org/User#Peter"/>
<ums:creator rdf:resource="http://example.org#WebServiceA"/>
<ums:confidence
rdf:datatype=""http://www.w3.0rg/2001/XMLSchema#int''>100</ums:confidence>
</rdf:Description>
<rdf:Description rdf:about="http://example.org/object/Creditcard#2345">
<rdf:type rdf:resource="http://example.org/object/#Creditcard">
</rdf:Description>
</rdf:RDF>

Figure 1: An example statement expressed in UserRDF

For storing data about users the UMO consists of four segments, which contain the following attributes:

e Main Segment provides the attributes user, subject, predicate, object, ambit, scope, scopeValue,
and identityElement.

e Explanation Segment contains creator, method, evidence, confidence, and trust.
< Validity Segment consists of start, end, durability, and retention.
< Administration Segment provides administrative attributes like notes, replaces, and deleted.

The Main Segment stores the basic statement about the user. Every statement is addressable by its own
URI, therefore subject, predicate, and object represent the reified RDF triple. The attributes subject and user
can differ from each other. E.g. to model the fact that Pete's credit card has the number 123, UserRDF
allows to create a statement whose owner (user) is Pete and whose subject is the credit card. The predicate
and object values can be chosen freely from the application's domain specific ontology. The ambit predicate
relates the statement into one of six domain-independent classes of statements about the user. Possible
values are:

e hasActivity describes statements about activities of the user, e.g. hobbies

« hasDone describes statements about passed activities of the user

« hasPreference describes statements about the preferences of the user

» haslinterest describes statements about the interests of the user

 hasKnowledge describes statements about the knowledge of the user

< hasConfiguration describes statements about configurations of the user, e.g. program settings

The ambit therefore allows services to classify their own statements and especially the predicates of their
domain ontologies into the generic UMO. This enables a basic mapping between statements of different
applications and hence an exchange of user profile data across different ontologies: E.g. an application A
utilizing the domain ontology OA stores a statement S = (u, oa:interest, dbpedia:SemanticWeb) with the
ambit haslinterest in the UMService. If another application B, which utilizes a different domain ontology OB,
gueries the UMService for knowledge of the user (hasknowledge), the UMService will not return the
statement of application A. Hence, application B is aware that no appropriate data is stored in the UMService
although neither application B nor the UMService itself can process the ontology OA directly. On the other
hand, if application B queries for interests of the user (hasinterest) then it will receive statement S. Although
B does not understand the full meaning of (u, oa:interest, dbpedia:SemanticWeb), it can, based on the ambit
haslinterest, still interpret that user u has interest into the object of the statement. By requesting additional
information about dbpedia:SemanticWeb, utilizing the Link Data principle, application B is able to draw
further conclusions about the particular interest of the user.
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The predicates scope, scopeValue, and identityElement are used to describe the value of a property: scope
describes the interval from which values can be selected. Intervals can either be numerical, e.g. from 1-10,
or enumerations like excellent, good, average, bad. To automatically map different intervals to each other,
identityElement contains the neutral element. The scopeValue predicate finally contains the actual value of
the statement chosen from the specified interval.

The Explanation Segment contains the author of the statement (creator), which method was used to create
the statement (e.g. was it a direct input of the user, or derived information based on user interaction).
Furthermore, it contains the evidence of the statement that describes the prerequisites that caused the
statement. The evidence is important for a service to preserve its trustfulness, e.g. if a service A bases its
assumptions on wrong data from service B and hence delivers wrong data about the user, then distrust
regarding this statement can precisely be mapped to service B.

The confidence value contains the certainty of the creating service that the statement is true. In contrast,
trust holds the percentage of agreement of the user to this statement. Both values, confidence and trust can
be used to calculate the accuracy of the statements of a specific Web Service.

The Validity Segment defines how long -- counting from start -- a statement shall be valid. If the validity can
be defined precisely, the predicate end is used. This holds for statements like “Pete plays tennis from 6-7
pm”. The validity of other statements like “Pete is currently in a good mood™ cannot be specified precisely.
Therefore, the predicates durability and retention are used: durability contains vague time specifications like
seconds, minutes, hours, years, etc. To respect the durability of a statement, a linear function is used that
decreases the confidence value of the statement as it becomes older. The retention predicate contains the
point of time when a statement shall be deleted and hence, should not be used again.

The Administration Segment contains various meta-data: notes are a free-form text field with arbitrary
content, replaces refers to an older statement which is replaced by the current statement. Statements that
shall be deleted are marked with deleted and are not delivered any more from this point of time. Finally, the
user can decide whether the statement should physically be removed or recovered.

Querying user profile data can be done with UserQL which can be used to query the UMService. The
concepts of UserQL are also defined in the User Modelling Ontology and can be grouped into the following
three different blocks.

e Match. This set of attributes corresponds to the building block Main of UserRDF. It is used to
describe the kind of UserRDF statements that should be returned. Not specifying an attribute is
equal to a wildcard.

e Filter. The filter attributes can be applied in order to characterize the validity and confidence of the
requested UserRDF statements.

e Control. This building block contains properties that allow ordering the resulting statements
(orderBy), limiting the amount of returned statements (limitResult), etc. The attribute useStrategy
enables the requester to specify what kind of conflict resolution strategy the User Modelling Service
should use, e.g. topKHighest would return the top k (according to limitResult) statements, which
have the highest confidence values.

The following UserQL example query would return all statements about the user Peter.

<rdf:RDF
xmIns:ums="http://usermodelservice.org/#"
xmIns:rdf="http://www._.w3.0rg/1999/02/22-rdf-syntax-ns#"'>
<rdf:Descriptionrdf:about="http://usermodelservice.org/Query#3456'>
<rdf:typerdf:resource="http://usermodelservice.org/#Query'>
<ums:subjectrdf:resource="http://usermodelservice.org/User#Peter"/>
</rdf:Description>
</rdf:RDF>

Figure 2: UserQL example

Querying UserRDF statements can, of course, also be done via traditional RDF query languages like
SPARQL or SeRQL as UserRDF statements conform to RDF. Protection of RDF statements about users is
essential within environments, in which user profiles are shared across different applications. The Personal
Reader Framework therefore applies ACARDF (Access Control for RDF stores) [2], a fine-grained approach
to control the access to RDF statements.
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2.3.2 The UbisWorld Situation Service

This UbisWorld develops a complete framework to realize the concept of ubiquitous user modelling. The
developed tools cover methods for the uniform exchange and the semantic integration of partial user models.
They also account for the extended needs for privacy and the right of every human for introspection and
control of their collected data. The SituationalStatements and the exchange language UserML have been
developed on the syntactical level, while the general user model ontology GUMO and the UbisWorld
ontology have been developed on the semantically level.

A user model server manages information about users or individuals in general. The UbisWorld User Model
& Context Service, see [Heckmann, 2003] is an application-independent server with a distributed approach
for accessing and storing user information, while the focus lies on the possibility to exchange and understand
the data between different applications, as well as adding privacy and transparency to the statements about
the user itself. The semantics for most concepts is mapped to the GUMO ontology. Applications can retrieve
or add information to the server by simple HTTP requests or alternatively a web service.

The repositories consist of statements, which are made up of reified RDF triples with subject, predicate,
object, and additional object information in footnotes like durability, creator, purpose, group, etc. Furthermore
each statement is assigned to a unique identifier to avoid ambiguity.

As most common web services, it offers different methods to request the data that is needed: you can either
use REST or SOAP to formulate your query. If you wish to use the web service for just a few simple
requests, REST-queries might be suitable to you. However, if you want to formulate more complex queries,
the SOAP-approach would be the better choice. In REST one simply need to attach the request to the
following URL in your browser:

http://www.ubisworld.org/memory/ask.php?

A query must be composed of at least one parameter-value-pair, whereas the parameters can be chosen
from the following list. Note that values are assigned to parameters by “=” and parameter-value-pairs are
separated by “&”.

i - parameter to address the UbisUnique
s - parameter to address the subject

p - parameter to address the predicate
0 - parameter to address the object

00 - parameter to address the additional object information

For instance, if you want to know what a specific person has done and her name is “Mary”, your query could
look as follows:

http://www.ubisworld.org/memory/ask.php?s=210020&p=600170

“s=210020" assigns the UBIN of “Mary” to the subject parameter and “p=600170" assigns the UBIN of
“hasDone” to the predicate parameter. The above mentioned query will return an XML-document containing
all statements whose subject is “Mary” AND predicate is “hasDone”. Since this is the only way to formulate
queries using REST, you might prefer the more sophisticated SOAP-requests. To make a SOAP-request
under PHP, you will need a web server that supports SOAP-clients. Copy the following code snippet to your
PHP-script. It will create a new client-object, which is connected to the statement repository of the
UbisWorld. This client comes along with a function, named “request”, to send queries to the server and
receive XML-files from it.

<?php
$server = "http://ubisworld.ai.cs.uni-sb.de/ubismemory2008/ubisworld.wsdl"
$client = new SoapClient($server);
$query = "s=210020&p=600170";
$result = $client->reauest($auerv):
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The code listed above contains exactly the same query as shown in the REST-example. Also the form of the
guery is the same: there are arbitrary combinations of parameters and values allowed. For future extensions,
a more powerful query language e.g. which allows OR-connected parameters or even a SPARQL-like query
language is planned for the SOAP-architecture. Therefore the SOAP-variant will be much more powerful
than the simple REST-approach.

Without any changes to the code above, it will list all the statements whose subject is “Anonym” AND
predicate is “hasDone” when viewed in a browser. At the moment the same parameters as for the REST-
request might be applied. Further functional parameters are: source , a parameter to specify the database
table to read from (format: “table.database.host”), format , a parameter to specify output format. (example:
“UserML", or “UserRDF"), date a parameter to set date in the output file (example: “2008-01-05T17:22:40"
or “20080105172240%). All these parameters are optional and can be used in REST- and SOAP-queries.
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Figure 4: The UbisWorld SituationService

Figure 4 shows the input and output information flows add, request and report of the SituationService. They
are denoted as (yellow) arrows. The numbers in the (orange) ovals present the procedural order. Number (1)
visualizes the sensors, users and systems that add statements via UserML. The statements are sent to the
so called Situation Adder, a parser that pre-process the incoming data and distributes them to the different
repositories, as indicated by number (2). If now a request is sent to the Situation Server via UserQL from a
user or a system, see number (3), the repositories are selected from which the statements are retrieved as
shown at number (4.1). Then conflict resolution strategies are applied, see number (4.2), and the semantic
interpretation as indicated by number (4.3). Finally, see number (5), the adapted output is formatted and sent
via HTTP in form of an UserML report back to the requesting user or system. Even though, the description of
the distributed SituationService so far is very brief it should be understood as basic framework for the
exchange and storage of situational information, the knowledge representation techniques that are defined in
the following section.

2.4 Summary on related work

At this point, we close the discussion on related work with its related research areas, related technologies
and related systems. Further relevant related work with influence on our GRAPPLE user modelling
framework will be discussed in the follow-up deliverables in WP2 and WP6. In the next section we present
our initial design decisions for GRAPPLE's distributed user model storage platform and retrieval service.
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3 Design of the distributed user model storage plat  form and retrieval
service

The covered task here in this section is the design of a new platform to store distributed user models. Before
we start designing the platform, we have to clarify the basic terminology and describe how our concepts of

LIS

“user models”, “partial user models” and “distributed user models” looks like.

3.1 Basic Terminology

In GRAPPLE we base the user models on the newly introduced notion of GrappleStatements. Examples of
such GrappleStatements in pure textual form are:

S1 := Mary likes chemistry

S2 := Mary likes physics

S4 := Mary prefers learning style A to learning style B
S6 := Mary does not like mathematics

S7 := Mary is colour-blind

S8 := Peter likes mathematics

Further examples of GrappleStatements with meta information about the main part:
S9 := Peter is a good Java programmer (claimed by Mary)
S10 := Peter knows the concept of object oriented programming (learned with the AHA! system)
S12 := Peter knows the Theorem of Pythagoras (learned with Moodle, last year)

S13 := Mary does not like chemistry very much (claimed by Peter, yesterday)

Definition 1: A GrappleStatement is defined as an information unit, maybe enriched with meta-data about it.

The final syntactical representations of GrappleStatements are defined in deliverable D2.1 and described in
D7.2 in a Semantic Web language. For this deliverable D6.1a), it is only of importance that we can treat each
GrappleStatement as a resource, which means each statement can be referenced by a unique identifier.

It can be said that a GrappleStatement is about a person, if this person is defined as the subject of this
statement. If we now look closer to example statements, we can see that there are some statements about
Mary and some statements about Peter. Furthermore, the last four statements contain also meta-information
about the statement (indicated by the usage of brackets). Also interesting: statement S1 and S13 are
contradicting. Now the question arises, which of both statements is true? S13 has been stated recently which
might help to resolve this contradiction. The issues of conflict resolution will be discussed and resolved within
deliverable D6.3.

Definition 2: A statement repository is a container to store GrappleStatements.

A short form for “statement repository” is just “repository”. One idea in GRAPPLE is that the statement
repositories are distributed over several servers and several locations.

Definition 3: A statement broker is a service that manages distributed statement repositories.

In GRAPPLE we are about to realize a statement broker with the name “GrappleBroker” which is responsible
to manage statement repositories that are distributed over project partners.
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On the basis of GrappleStatements, we now define:

Definition 4: A user model is defined as a set of selected GrappleStatements about a user.

In our example, one possible user model for Mary could be:
M1 (Mary) : = {S1, S2, S6, S7}

and one possible user model for Peter could be:
M2 (Peter) :={S8, S9, S10}

The interesting and challenging issue of this definition is somehow hidden in the term “selected”. Not all
statements about a user need to be part of a user model. That is especially necessary for contradicting
statements. A decision has to be made at the time when the user model is constructed. Which “selected”
statements belong to a user model is decided in a possibly complex algorithm by the user modelling
framework UMF. The decision can be context-aware, user-adaptive, privacy-enhanced, history-aware etc.

Definition 5: A partial user model is defined as a subset of a user model.

In our example, one possible partial user model for Mary could be:
M3 (Mary) : = {S1,S2,S6,S7} c M1l(Mary)

Finally, we are able to define our notion of “distributed user models”, as mentioned in the description of work,
based on the preceding five definitions:

Definition 6: A distributed user model consists of partial user models that are stored in several repositories.

Thus distributed user models are logically or even spatially distributed over several repository servers. A
heavy task that needs to be mentioned at this point is the problem of integrating distributed user models into
one consistent user model. This will be discussed in deliverable D6.3. One additional definition that is
prepared for the chapter of user model integration is:

Definition 7: A statement list is an ordered set of GrappleStatements

In our example two different statement lists could be:
L1:=[S1,S13] L2:=[S13, S1]

The statement list concept can be used to represent a preference order over conflicting statements. The
intended meaning of this partial order can be in L1, statement S1 is preferred over S13, while in L2,
statement S13 is preferred over S1.

3.2 Design of the GrappleBroker

The GrappleBroker is one module of the user modelling framework. It realizes a statement broker as defined
in Definition 3. Figure 5 shows the two main web service interactions. The add service to add new
statements to any repository and the ask service to query and retrieve a set of statements. Important to know
is that the GrappleBroker does not select the user model out of the requested statements. This inference
step will be done by the user modelling service.
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Statement

Figure 5: The concept of the GrappleBroker

The GrappleBroker manages distributed GrappleStatements, representing partial profiles in
distributed user models. The advantage is a single point of access for distributed user model
retrieval. It can be implemented independent from the rest of the user modelling framework.

3.2.1 Design of the distributed storage

Each system or device in TEL, either stationary or mobile, can have its own repository of
GrappleStatements, see Figure 6 for a schematic view. Furthermore, each of these repositories
can use an device-adapted representational format. For example realized as a database or

realized as an XML document.

UserModel 2

sqL UserModel 3

XML
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Figure 6: In decentralized user modelling each system or device can have its own user model

In order to test the scalability of distributed statement repositories we plan to start an experimental
set of hierarchical server, database and repositories as depicted in Figure 7. Each partner in WP2
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and WP6 will run an initial database to store the GrappleStatements. The results of these
experiments will be used for deliverable D6.1b).
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Figure 7: The initial set of repositories, databases and computer servers.

The initial set of repositories, databases and computer servers that currently run to test the
scalability of the distributed and ubiquitous approach. The distributed approach for the
GrappleStatements and low level sensor data is based on the following denotation model to
identify each individual repository or each set of repositories efficiently:

<source> ::= <repository> (', <source> )*
<repository> ::= <table>'..." <database> ...’ <server>

3.3 Design of the Retrieval Service

The third major issue apart from the terminology definitions and the storing aspect is the retrieval
issue. Information retrieval, generally speaking, is the art and science of searching for information
in documents, searching for documents themselves, searching for metadata which describe
documents, or searching within relational databases or hypertext networked databases such as the
Internet for text, sound, images or data, [Wikipedia Dictionary].

For GRAPPLE we need a specialized information retrieval optimized for statement repositories and
user models consisting of sets of GrappleStatements. The GrappleStatements are independent
from the actually used syntactical realization. Furthermore, they are even decoupled from the
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semantics which is moved into the ontology. For the information retrieval part this insight leads to
the threefold relationship: one with the model, one with the syntax and one with the semantics.

In this section, we first present the model of GrappleQueries with its three groups of attributes.
GrappleQueries form the counterpart to GrappleStatements, since each match attribute finds a
corresponding attribute in the model of GrappleQueries. They consist of three identified groups of
attributes: the “match” attributes, the “filter”-attributes and the “control & select’-attributes. They are
named after four macro-steps in the query evaluation process as displayed in Figure 8.
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Figure 8: Retrieval in four macro steps: Select, Match, Filter and Control, see [29].

The three groups of attributes are described below.

3.3.1 The GrappleQuery Match Attributes

The match-attributes are named subject/user, predicate, object and so on, exactly after their
corresponding attributes within the GrappleStatements. Actually any attribute from the model of
statements can be used as match attribute in the model of queries. To differentiate between the
two sets, the dot-notation is introduced as in “statement.subject” versus “query.subject”. When the
matching algorithm is applied, only statements that match all given match-attributes are handed
over to the filtering algorithm.

3.3.2 The GrappleQuery Filter Attributes

Filter attributes set further restrictions on the returned statements. We currently plan to take the
UbisWorld approach [29]. There are three filters realized: a privacy filter, a confidence filter and a
temporal filter. The attributes query.requestor and query.intention decide according to the attributes
statement.access, statement.purpose and statement.owner if the privacy filter can be passed. If no
permission is granted, the statement will be filtered out, even though it might contain the answer to
the query. The privacy filter needs no activation since it is always activated. If no requestor and
purpose attributes are stated in the query, the values requestor=anonymous and
purpose=commercial are set as defaults, which results in a minimal access in privacy terms. The
confidence attributes minConfidence and maxConfidence allow us to restrict the confidence value
to a certain interval. For example it might be interesting to analyze only statements that carry a
higher confidence value than 0.75 within the range [0, 1]. The confidence filter will be used
automatically, if at least one of the attribute-value pairs minConfidence=value or
maxConfidence=value is used. The temporal filter allows to setting constraints on the statements’
temporal aspects, since in our approach no statement is deleted, but either marked as replaced or
marked as expired if it should not be used any more. This especially allows to neglect older
statements with the attribute “from”, or the other way round, to allow for historic views by filtering
out all statements after a certain point of time with the attribute “until”. The temporal filter can be
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activated by adding from=time or until=time to the query. To summarize, the filter box attributes
lead to a fine grained mechanism for extending the expressivity of the situation retrieval process.

3.3.3 The GrappleQuery Control Attributes

The attribute repository controls the select-step by defining the repository (or the set of
repositories) to which the query is being applied to. The addressing schema to the decentralized
and distributed GrappleStatement repositories is defined below. During the control-step, possible
conflicts are resolved and the appearance of the returned document is defined. The conflict
resolution can be guided by the attributes strategy and ranking and the appearance of the result is
influenced by the two attributes format and naming. The attribute function allows post-processing
the so far calculated set of statements into any kind of result like an average number for example.

Table 1 Attributes of GrappleQueries.

Match A collection of match attributes

user (subject) | selecting the main statement entity, the user

predicate | selecting the predicate part of the property

object | selecting the object

id | selecting the statement by id

what | selecting the group of statements, default: UserModel

where | selecting the spatial extension of the statements

every GrappleStatement attribute can be used as a matching attribute

Filter a collection of filter attributes

requestor | the requesting user or system, default: anonymous

intention | what is intended to be done with the statement, default: commercial

minConfidence | minimal confidence value that must hold, default: O

maxConfidence | maximal confidence value that must hold, default: 1

from | start of the time interval

until | end of the time interval

Control a collection of control attributes

repository | the chosen, respondent situation container

strategy | conflict resolution strategies

ranking | sorting and ranking of the results

format | manipulating the appearance of the output format

function | applying evaluation functions to the results
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Remark: the control-step procedures and especially the conflict resolution strategies are planned to
be analyzed in deliverable D6.3.

3.3.4 The Query-Answer Algorithm

Figure 5 shows the concept of the macro-steps in the query evaluation process. The select-step
chooses the repository to which the query is applied. The match-step returns all statements that
match the corresponding query attributes. The filter-step filters out further unwanted statements,
while the control-step performs conflict-resolution and transforms the final statements into the
returned result. A query model as defined above needs to carry all the intended attributes and
parameters to allow for this multi-step query evaluation process. Figure 8 defines the query-answer
algorithm as a sequence of the selecting procedure, matching procedure, filtering procedure and
control procedure: after the selection of the repository has been done by the user model service.
Situation retrieval with the macro steps: Select, Match, Filter and Control,

the selecting procedure, the answering procedure linearizes the three remaining macro steps and
returns the reduced set of statements in each step, see Figure 9.

procedure answering (query, USERMODELSERVICE)
SELECTINGRESULT := selecting (query, USERMODELSERVICE)
MATCHINGRESULT := matching (query, SELECTINGRESULT)
FILTERINGRESULT := filtering (query, MATCHINGRESULT)
return RESULT := control (query, FILTERINGRESULT)

Figure 9: The linearized answering procedure

The matching procedure as shown in Figure 10 compares all given match attributes with the
corresponding statement attributes. Furthermore it could integrate semantic functionality for
example like the ontological sameAs.

procedure matching (query, SELECTEDREPOSITORY)
forall statement in SELECTEDREPOSITORY
begin
if statement.subject = query.subject
A statement.predicate = query.predicate
A statement.object = query.object
A statement.id = query.id
A statement.what = query.what
A statement.where = query.where
N
then add statement to MATCHINGRESULT
end
return MATCHINGRESULT

Figure 10: The matching procedure with integrated semantic functionality

The filtering procedure as shown in Figure 8 operates on the MATCHINGRESULT. Each statement is
individually checked if it passes the privacy filter, the confidence filter and the temporal filter. The
privacy filter checks if the statement.access is either set to public, or if it is set to friends, that the
friends relation holds between the query.requestor and the statement.owner, or if it is set to private
that the query.requestor is the same as statement.owner. Further filters can be added to this part
of the algorithm. Especially a fine-grained spatial filter that covers more than the spatial inclusion
relation (which is already realized by the match attributes) might become important.
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procedure filtering (query, MATCHINGRESULT)
forall statement in MATCHINGRESULT
begin
if ( statement.access = public
or ( statement.access = private
A query.requestor = statement.subject )
and statement.confidence  query.minConfidence
and statement.created query.from
A statement.created  query.until
then add statement to FILTERINGRESULT
end
return FILTERINGRESULT

Figure 11: The filtering algorithm with privacy checking

The described GrappleQuery model above has on purpose been done independent from any
syntactical realizations. Because the syntax languages in the semantic web are still under
development, however, the models remain stable. Nevertheless, syntactical realizations of this
GrappleQuery model have to be defined. The current candidate for the RDF representation is
SPARQL, since SPARQL is about to become the quasi-standard in the semantic web approach.

4 A Preview to the User Model Framework “UMF”

The design of the distributed user model storage platform and retrieval service can be seen as part of a
broader user modelling framework. In Figure 12, it is represented as one layer with the number 4. In this
chapter, we describe the concepts and the generic architecture of the User Model Framework UMF — or
User Modelling Framework - which will be implemented in a collaborative effort of WP2 and WP6. Since the
user model framework itself is matter of our GRAPPLE research approach, it is not yet finalized and under
development.

In the first section, we outline the main concepts underlying the User Model Framework. In section two we
describe the context of our work and the underlying philosophies by discussing a wide range of related work.
In section three the framework itself is presented: its overall architecture, the Grapple statements and the
interfaces that it provides to the connected systems. In the final section four we discuss the potentials of the
framework and possible risks — which we would rather call challenges — to overcome.

User Model Integration with Smart Conflict Resolution 5

/|
Grapple’s User Model Broker 4 ’

Figure 12: Five semantic web user model framework layers

The semantic web approach of the user model framework in GRAPPLE can roughly be divided into five
different layers, see Figure 12. On the bottom layer we see the semantic web techniques and languages that
define the syntax (1). On the second layer, we see the GrappleStatements and the GrappleQueries (2), then
the terminologies and ontologies (3) that define the semantics of the GrappleStatements, then the
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GrappleBroker (4) with its web services, and finally the topmost layer (5), the user model integration with
smart conflict resolution.

4.1 Conceptual Ideas

The main goal of the User Model Framework is to provide an environment in which independent systems
share and build upon their user models. A coarse review of existing adaptive educational systems (AHA,
Claroline, MOT) made clear that user models are typically system-dependent and that standardization may
only succeed to a certain extent. Therefore, we adopted a distributed, modular approach. Besides a core
user model ontology and storage — which will cover generic aspects that are used by all systems, such as
demographics — we allow systems to publish their own extensions, which may be a specialized user interest
model or a reasoning mechanism that integrates user models of other systems. In a bottom-up, need-driven
manner, the user model will gradually become larger and more intelligent. Which parts of the user model and
which (possibly competing) inferences survive is left to the community.

In a sense, the core of the User Modelling Framework is nothing more than a broker that provides basic
facilities for providing and querying user profile information. The intelligence of the system resides in the
components that are part of the core distribution as well as in the systems that registered to the framework.
In order for this to function, means need to be available for systems (system administrators) to make others
aware of their offered functionality (be it data, reasoning mechanisms or ontology extensions). For this, we
will set up a Web environment, quite similar to the Firefox Add-On site (see https://addons.mozilla.org/en-
US/firefox/), with descriptions, user ratings and comments. Successful extensions will be considered for take-
up in the main distribution. Obviously, it is our intention to actively develop extensions ourselves as well.

Another design rationale involves the scrutability of statements in the user model (we call these
GrappleStatements). Every inference — and every observation — is made in a certain context and certain
(sometimes implicit) assumptions or decisions are made. We consider it extremely important that any range
of inferences can be tracked down to the original observations, which allows an estimation of the validity and
applicability of — in particular higher-level — parts of the user model, such as a user interest model. This work
has been done in joint effort with WP2; due to the relevance of this work for the design of the user modelling
framework, these results are reported here as well.

4.2 Conceptual Architecture

In this section we introduce the architecture of the User Modelling Framework. We start with an overview of
the framework. Then we describe the Grapple Statements. We end the section with two scenarios that
describe in detail how the UMF will communicate with other systems.

In Figure 13 a generic overview sketch of the UMF architecture is depicted. The core of the framework is the
Grapple User Model broker service, which provides the essential functionality for systems to connect and to
communicate. Anything that is not essential for the brokerage functionality is delegated to the core
distribution. These components will provide editors, loggers and reasoners that give the UMF its intelligence.
Further functionality is provided by the applications and services that are connected to the system. The UMF
team (currently Grapple WP2 and WP6) decides, based on identified needs, which services and applications
will be included in the core distribution.

4.2.1 The Grapple user modelling service UMF-Servic e

The UMF-Service consists of the component that handles the registration of systems (applications or
services), handles events and requests and converts data between different formats. The GrappleBroker is
the single point for distributed user model retrieval and will be accessible as a Web service.

The interface of the UM Framework will implement three basic interfaces:
Tell The tell interface is used for providing the UMF with data on the user. This can be specific
(inferred) user information, such as a user’s knowledge on Java programming, or an event (user X has

Visited Website Y). In both cases, UMF-Service is given this piece of information in the form of a Grapple
Statement (see next subsection), which is a wrapper for the main event data and its metadata.

Making use of the system registry, UMF-Service resolves the database (internal or available at an extra
system) in which the event needs to be stored and updates the database accordingly.
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Figure 1: Conceptual Architecture of the User Modelling Framework, together with its environment

Ask The ask interface is used for querying the UMF. We foresee two kinds of queries: requests for all
information on a particular user or specific queries, similar to database queries. UMF-Service resolves the
guery into the relevant database(s), issues the query and returns the results. The result set is the list of
relevant Grapple Statements.

Inform (Listener) Similar to the Java Listener, systems can request to be notified in case of certain events.
These notifications may serve as a trigger for recalculating a user model. For example, a user interest model
may be updated, based on the books bought at an online store. The inform interface frees systems from the
responsibility to constantly monitor changes in the user model and allow for incorporation of irregular
updates.

In section 4.3.3 we present scenarios and concrete examples of the tell and ask interfaces. Before that, we
will introduce the Grapple Statements in the next subsection. In the remainder of this section, we explain
which applications and services we envision to be connected to the UMF-Service.

4.2.2 The Core Distribution and other Applications and Services

Services that we envisage to become part of the core distribution (and that we plan to implement or
integrate) include the following:

e Editors for the User Model and ontologies

e UM Rating System , which allows the community to provide ratings and to comment on peer UM
systems (will be developed in T6.2)

e Event Loggers , which track the usage of desktop programs, documents and visits to Web sites.
This data can be exploited using Web usage mining techniques

 Reasoners that can be used by other systems as well.

In the section title we separated between applications and services. In principle, each system that is
connected to the UM framework is an application. We reserve the word service for those systems that (in
addition to using the framework) provide UM extensions, reasoning facilities or data. The most common type
of systems that will use the framework are elearning systems, such as AHA!, Interbook, Sakai and Moodle.
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GUMS provides a single point of access and a common infrastructure for sharing models between these
systems. But other types of systems can be in general included outside the GRAPPLE framework as well.
We mention some examples (without trying to be exhaustive):

- an online bookstore provides information on user searches and purchases in several categories, to
be used as a basis for an user interest model

- anews portal provides the latest items that the user has read
- asearch engine provides statistics on the user’s queries.

In addition, services can be developed that integrate these pieces of information and that resolve conflicts.
As the architecture is modular, it may be possible that two or more conflict resolvers exist next to one
another. As each application needs to explicitly choose one of the resolvers (based on ratings, reputation,
analysis, judgement), this is not a problem. As in other community-based contexts, some services will
become (highly) successful and others will lead a life at the margin and might eventually drop out.

4.2.3 GrappleStatements

Based on the experiences with GUMO [Heckmann et al, 2005], we use the basic subject-predicate-object
structure for GrappleStatements:

user/statement the main entity the statement is about (mostly the user)

predicate hasKnowledge, haslinterest, hasSkKill,
object the dimension or category of the user like “Age” or “Swimming”
level the level of the object dimension like “low”, “medium”, “high”.

An example SPO statement would be: <Peter> <know Java> <very well>. Note that we do not impose
certain predicates or valid ranges for the object values, as this may be domain-dependent. In some cases
ordinal values (poor, average, well) will be the best option, in other cases refined scales (for example 0%-
100%) are desirable.

An important part of the GrappleStatements are the footnotes, which provide metadata on each statement.
This metadata is needed for understanding the applicability of a statement in different contexts, for judging
its reliability and for retracing the steps that led to the statements (the observations and reasoning steps on
which the statement is based). As motivated in the previous section, support for the provenance of data is
essential and any data without a proven history should be treated with great scepticism (but we do not
prevent systems from working with this kind of data). In principle, the following kinds of uncertainties, which
are inherent to the process of user modelling, should be taken into account [Herder, 2006]:

e observation may be limited or erroneous: badly designed questionnaires, noise in logging data,
incompleteness of actions recorded, ...

e deduction of higher-level user details may introduce inherent uncertainty (‘based on your top-ten
gueries, we think these are your interests') or the hypothesis behind the deduction may be even silly
(‘all girls like dolls")

e representation of the user model may cause limitations (inherently, as one cannot enumerate all
possibilities)

e adaptation decisions may be the wrong solution for the rightly diagnosed problem.

In order to provide such provenance data / history traces, some basic metadata is required for each object in
the event model: a unique identifier, the context in which the event is applicable, the owner/creator of the
statement, a timestamp, the evidence, an estimation of the certainty and privacy notices. A further type of
metadata, not provided by the creator, but by the community, is the rating.

The evidence can be provided in any human- or machine-readable format. However, for properly
reproducing the inference chain, the best format would be pre- and postconditions.

- Precondition :the data and observations on which the current statement is based - a list of the
relevant Grapple Statement IDs

- Postcondition: how has the data been processed and what does the outcome represent. In certain
cases, a concrete formula can be given; in other cases (in particular when machine learning
techniques are used) a verbal description would be better.
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To summarize the above, we conclude this section with an outline of the Grapple Statement structure:
<statement id="081103-12A3B4243E">

<user> "POINTER to the ontology, denoting the learner" </user>

<predicate> "POINTER to the ontology, denoting the attribute"</predicate>

<object> "describing the value" </object>

<creator> "who create the statement" </creator>

<created> "when has the event been created </created>

<what> “description of the type of event"</what>

<when> "when is the statement valid" </when>

<where> "describes where the statement is valid" </where>

<evidence> "is there any evidence given" </evidence>

<certainty> "describes the uncertainty level of the statement"</certainty>

<rating> "if the statement has been rated by a community"</rating>

<privacy> "here possible privacy aspects can be stored" </privacy>

</statement>

4.3 Remarks to the preliminary user model framework

In this chapter we introduced the User Modelling Framework, as we plan to implement in the GRAPPLE
project. In contrast to earlier user modelling frameworks, we do not impose a fixed ontology and a
centralized repository. Instead, we envision a dynamically growing user model in which new features and
ontology extensions will be implemented once the need arises. Specific attention for the provenance of data
and the provision of a Web site that allows users to find, use and rate the user modelling extensions of other
systems are key elements to ensure the success of the framework which could probably be coined “User
Modelling 2.0".

5 Summary & Discussion

We have presented an initial design of a distributed user model platform, consisting of statement repositories
and a statement broker that manages the partial user models. All conceptual modules of this design are
formally defined.

We base this design on a large chapter on related research areas like classical user modelling frameworks,
student modelling and context brokerage, on related technologies and related systems like the personal
reader framework and the UbisWorld Situation Service.

Furthermore we present a preview to the global user modelling framework UMF, to which the distributed user
model platform belongs to. The implementation of the designed concepts has already been started and the
first results are promising.

Implicitly, our strategy assumes that system administrators who run e-learning systems (developed by
themselves or a customized off-the-shelves product) will be willing to invest time to implement the
connections with GRAPPLE’s UMF. Good reasons for that are for example the students that study courses in
different universities at the same time with different systems, chosen by the different universities.

However, in many cases e-learning systems are mainly based on a system- and domain-specific user model.
It would not make sense to share this model (as most likely no one will use it), unless effort is given to
translate the model to a higher level, or to integrate it with another generic model. Conversely, if ALE does
not need anything beyond its own user model for carrying out the adaptations, why invest the effort to use
additional information on the learner?

The above sounds a bit negative, but it is a known fact that most systems are incompatible and that many
standardization efforts have failed due to lack of commitment. This is a serious risk that we need to consider.
We have the chicken-and-the-egg problem: we need added value to attract users and we will have only
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added value once we have attracted users. In addition to simply hoping that this will be the case, we will
concentrate on the following to stimulate take-up:

- provide clearly described interfaces

- raise awareness via an attractive community-based site

- provide tools and core services (UM editors, event loggers, reasoners) that provide added value
- create some connections between systems ourselves, as a proof-of-concept and example.

A more fundamental question is whether there is the need for general-purpose or shared user models. This
has been issue of debate within the user modelling community for years, without any real answers. We think
that it is a question of creating added value that compensates for the extra effort that one needs to take to
make use of it. If a commonly used, fairly reliable user interest model — based on the learners’ book
purchases, search history and visits to Wikipedia — would be available, a responsible system administrator or
e-learning material author would at least want to explore this avenue.

The situation in GRAPPLE however shows a practical problem that needs a practical solution: there exist
different LMS and different ALE within GRAPPLE with wildly different user models and wildly different user
model handling. With the effort of this design-deliverable we try to contribute to enable a fundamental
solution with a distributed approach.

5.1 Outlook to D6.1b)

The following deliverable hereafter — D6.1b) - will take into focus the implementation of this design. Apart
from describing the software, we will also include a technical documentation. Furthermore, design issues that
have not fully been worked out in this deliverable will be finally defined and reported there.

6 Appendix
6.1 GrappleStatements

6.1.1 A basic model for GrappleStatements

Since the GrappleStatements are a matter of research in the GRAPPLE project, they are under constant
development and improvement in order to grow together with the GRAPPLE project and in order to remain
flexible. However, here a basic model of GrappleStatements:

<statement [version="basic”| id="uniquelD for the statement“>
<user> uniquelD, denoting the learner </user>
<predicate> { hasKnowledge | hasLearned | hasinterest | hasProperty | hasDone } </predicate>
<object> uniquelD, denoting a concept in the domain ontology </object>
<creator> uniquelD, denoting the creator of this statement </creator>
<created> Timepointin XML:datetime Format, denoting the initial creation time </created>

</statement>

Here, the three attributes subject, predicate, object belong to the mainpart of the statement, while id, creator
and created belong to the metapart of the statement.

6.1.2 An extended model for GrappleStatements

In the following extended Model for GrappleStatements, the brackets indicate optional attributes, in
comparison to basic version. The main extension in comparison to the basic version is the introduction of
new meta attributes. Most probably, more mainpart attributes apart from subject, predicate, object will follow
(like <level> to refine the knowledge level). An RDF realization of this model will be defined in D2.1a)
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<statement [version="extended”] id="uniquelD for the statement”>
<user> uniquelD, denoting the learner </user>
<predicate> uniquelD, denoting the predicate from an Predicate Ontology</predicate>
<object> uniquelD, denoting a concept in the domain ontology </object>
[ <level> underspecified — i.e. to represent a knowledge level like 0.44 </level> ]
<creator> uniquelD, denoting the creator of this statement </creator>
<created> timepoint in XML:datetime format, denoting the initial creation time </created>
[ <access> { private | public | List of uniquelDs, denoting the accessors } </access> |
[ <privacy> underspecified - privacy policy can be attached to the statement </privacy> |
[ <evidence> underspecified - description of the evidence for this statement</evidence> |
[ <certainty> underspecified - description of the uncertainty level of the statement</certainty> |
[ <rating> underspecified "if the statement has been rated by a community" </rating> ]
[ <what> underspecified “description of the type of event’</what> |
[ <when> underspecified "when is the statement valid" </when> |
[ <where> underspecified "describes where the statement is valid" </where> |

</statement>

6.1.3 A model for GrappleStatements

In the following model for GrappleStatements, the brackets indicate optional attributes. The main extension
in comparison to the basic version is the introduction of new meta attributes. Most probably, more mainpart
attributes apart from subject, predicate, object will follow (like <level> to refine the knowledge level). An RDF
realization of this model will be defined in D2.1a)

<statement [what="general”] id="uniquelD” >
<subject> uniquelD, denoting the learner </subject>
<predicate> uniquelD, denoting the predicate from an Predicate Ontology</predicate>
<object> uniquelD, denoting a concept in the domain ontology </object>
<creator> uniquelD, denoting the creator of this statement </creator>
<created> timepointin XML:datetime format, denoting the initial creation time </created>
[ <access> { private | public | List of uniquelDs, denoting the accessors } </access> |
[ <privacy> underspecified - privacy policy can be attached to the statement </privacy> |
[ <evidence> underspecified - description of the evidence for this statement</evidence> |
[ <certainty> underspecified - description of the uncertainty level of the statement</certainty> |
[ <rating> underspecified "if the statement has been rated by a community" </rating> ]
[ <when> underspecified "when is the statement valid" </when> |
[ <where> underspecified "describes where the statement is valid" </where> ]
[ <origin> underspecified, the original piece of information </origin> |

</statement>

The general statement can be instantiated for special purpose statements like the “knowledge domain-
overlay”, suitable for example for AHA! user models
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<statement [what="domain-overlay”] id="uniquelD">
<learner> user:peter (uniquelD, denoting the learner)  </subject>
<predicate> hasKnowledge </predicate>
<level> 70% </level>
<concept> domain-ns:SentenceOfPythagoras (URI to the domain ¢ oncept) </concept>
<creator> uniquelD, denoting the creator of this statement </creator>
<created> timepointin XML:datetime format, denoting the initial creation time </created>
[ <access> { private | public | List of uniquelDs, denoting the accessors } </access> |
[ <privacy> underspecified - privacy policy can be attached to the statement </privacy> |
[ <evidence> underspecified - description of the evidence for this statement</evidence> |
[ <certainty> underspecified - description of the uncertainty level of the statement</certainty> |
[ <rating> underspecified "if the statement has been rated by a community" </rating> |
[ <when> underspecified "when is the statement valid" </when> |
[ <where> underspecified "describes where the statement is valid" </where> ]
[ <origin> underspecified, the original piece of information </origin> |

</statement>

uniquelD == URI or URIref.

6.2 Scenarios, explained by examples (needs to be u  pdated)

In this section we will present different scenarios, which, we think, are typical in an Adaptive Learning
Environment (ALE). Each scenario describes the interaction between an application (typically a LMS) and
the user modelling framework on the “content level”, i.e. we describe which information is passed from the
LMS to the UM framework and vice versa. In particular, we focus on (i) events the LMS stores in the UM, (ii)
queries the LMS sends to the UM to get user profile statements, and (iii) GrappleStatements.

Note: the user modelling framework (UMF), which is developed in WP2 and WP6 is a generic framework that
can be utilized by arbitrary applications. It is thus not only restricted to learning applications and the
scenarios presented in this section can therewith be applied to any other domain.

6.2.1 Scenario A — LMS stores and queries for infor  mation about a user

LMS A provides a course about “Java Programming”, which is structured in different learning units consisting
of tutorials, tests, and other learning material. If LMS A is for example a Web application then the tutorials,
test, and other learning material could be composed of a set of Web pages (possibly containing multimedia
content) identifiable via their URL. LMS A interacts with the UMF in two ways:

1. LMS A stores events about the user, in particular events that allow deducing the knowledge level of
a user, e.g. which pages did the user access, etc.

2. LMS A gueries the UM framework for GrappleStatements about the user in order to adapt the LMS
to the user’s knowledge level, preferences, ...

Below, there is an extract from the (non-adapted) structure of the “Java Programming” course. Each listed
item corresponds to a learning object, which teaches about some concepts (e.g. “3.1 Classes” overviews
about the concepts “http://fexample.com/java-programming/ClassDeclaration”, “http://example.com/java-
programming/MethodParameter”, etc.).
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Introduction
1. Object-Oriented Programming Concepts
2. Language Basics
2.1 Variables
2.2 Operators
2.3 Expressions, Statements, and Blocks
2.4 Control Flow Statements
2.5 Test about ,Language Basics"
3. Classes and Objects
3.1 Classes
3.1.1 Declaring Classes
3.1.2 Declaring Member Variables
3.1.3 Defining Methods
3.1.4 Constructors for Your Classes

3.1.5 Passing Information to a Method or a Constructor

3.2 Objects

3.3 More on Classes

3.4 Nested Classes

3.5 Enum Types

3.6 Annotations

3.7 Test about ,Classes and Objects"
4. Interfaces and Inheritance
5. Numbers and Strings
6. Generics

Let's assume that Alice utilizes LMS A for the first time. Alice is a computer science student and has already
attended a course about “Web Programming”, which is known by the UM Framework.

Step | User “Alice” LMS A UM Framework

1 Calls the Tells UM Framework that Alice requests the | Stores the event in form of
learning object | “Introduction” learning object. an statement with
“Introduction” predicate “hasDone”

2 Asks UM framework about knowledge level | Receives the query and
regarding concepts related to the JAVA tries to answer it...
programming language.

3 Receives the answer... Returns answer

(GrappleStatements) to the
LMS A.
4 Receives Adapts the presentation of the “Introduction”
adapted learning object and the structure of the
“Introduction” | course (e.g. some navigational support),
object and returns it to the client.
representation

Table 1: Interaction between User, LMS A, and the UM Framework

Stepl — the Event (incl. context information) that is in the end stored in the UM could look as follows:

Attribute

Value

Event-Statement id

http://grapple-project.org/statement/2008-08-20/113500

what type gc:DocumentAccessed
time and date 2008-08-20 11:35:00pm
user http://grapple-project.org/user/alice

client application

Firefox 2.01.4 / Mac OS 10.4 / resolution: 1440x900

user's IP address

130.75.152.180

user's location

wgs84:long = 9.44, wgs84:lat = 52.22

accessedDocument http://example.com/LMSA/introduction/ The “accessed Document” has
itself properties, which are also stored...
Accessed id http://example.com/LMSA/introduction/
Document
type foaf:Document
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domainl:introduces http://lexample.com/programming/Programming
domainl:introduces http://example.com/programming/OOP
domainl:introduces http://lexample.com/java-programming/Java
dc:creator http://lexample.com/peter
dc:title “Introduction to Java Programming”

The idea is to store a lot of valuable context information about the actual user event (some of the listed
properties may be not that useful, e.g. the “user’s location” makes more sense for mobile applications
because one could determine the approximate location via the IP address of the user). Another important
aspect/requirement is that all things should have a (resolvable) URI, e.g. the user (http://grapple-
project.org/user/alice), the learning object (accessed document: http://example.com/LMSA/introduction/), the
corresponding concepts being taught (http://fexample.com/programming/Programming, ...), etc.

Important remark: The description of the accessed document has to correspond to the learning object as it
was presented to Alice, i.e. it has to be a description of the learning object representation because the
learning object and its representation could differ, e.g. LMS A could adapt the content of learning object
“http://example.com/LMSA/introduction/” and could e.g. exclude text that introduces
“http://example.com/java-programming/WebServices” because Alice is already familiar with Web Services.

Step2 — Querying the UM framework

The UM Framework will provide different “query interfaces”, e.g. a SPARQL endpoint (possibly extended with
modules that ease formulation of user profile queries), a REST interface, JSON interface, etc. Access via the
REST interface could look as follows:

Query Description

http://grapple-project.org/user/alice Asks for all information about “Alice” that is accessible for
the inquirer (access control will be realized in another
layer)

http://grapple-project.org/user/alice/knowledge Asks for GRAPPLE statements that say something about
the knowledge “Alice” has.

http://grapple-project.org/user/alice/knowledge/java Asks for GRAPPLE statements that say something about
Alice’s knowledge related to “Java’.

Querying via a SPARQL endpoint would look as follows:

Query Description

SELECT * WHERE { Asks for all information about “Alice” that is
?stmt ?property ?value . accessible for the inquirer (access control will be
FILTER(user(?stmt) = <http://grapple-project.org/user/alice>) realized in another layer)

}

SELECT * WHERE { Asks for GRAPPLE statements that say something
?stmt ?property ?value . about Alice’s knowledge related to “Java”’. Only

FILTER( user(?stmt) = <http://grapple-project.org/user/alice>)  those statements are returned, which report a
. knowledge level greater than 0.4.
FILTER( knowledge(user(?stmt), http://../Java).level > 0.4 )

}

The SPARQL-like queries indicate that there will be some module that facilitate formulation of queries, e.g.
“user(?stmt)” returns the user about who a statement is, or “knowledge(user(?stmt), http://../Java)” checks if
the statement says something about the user's knowledge level about concepts related to “http://../Java”
(here, the inquirer has to know which scale is used by the knowledge-module in order to interpret 0.4).

Other questions LMS A might ask the UM Framework:

* Which preferences does the user (currently) have regarding presentation of content (e.g. which
device is she using at the moment, etc.)?

e [to be extended]

Although we will make strong use of Semantic Web technologies, the query languages and formats of the
UM Framework will not only limited to Semantic Web standards.

Step3 — GRAPPLE statements
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In our scenario Alice has attended a course about “Web Programming” before and thus may know about
some concepts that are relevant for the “Java Programming” course. Below there are some statements
returned by the UM framework.

Attribute Value
Statement id http://grapple-project.org/statement/alice/knowledge/programming/627
main part

subject http://grapple-project.org/user/alice

property http://example.com/um/hasKnowledge

value http://example.com/programming/Programming
meta part

creator The statement was created by: http://grapple-project.org/um/resoning-

service-XY
evidence How the statement was deduced:

http://grapple-project.org/event/alice/LMSX/2008-07-12/101409 AND
http://grapple-project.org/event/alice/LMSX/2008-07-12/101834 AND
http://grapple-project.org/statement/alice/knowledge/programming/107

http://grapple-project.org/statement/alice/knowledge/programming/186
AND
http://grapple-project.org/statement/alice/knowledge/programming/163

http://grapple-project.org/statement/alice/knowledge/programming/627

certainty 0.85

dc:created 2008-07-15 01:41:17pm

valid until 2008-12-31 12:00:00pm

um:knowledgeLevel 0.45"http://lexample.com/knowledge-leve-scaleX

um2:skillLevel “guite poor"Mhttp://example.com/knowledge-leve-scaleY
g:relatedStatement http://grapple-project.org/statement/alice/knowledge/programming/474
g:relatedStatement http://grapple-project.org/statement/alice/knowledge/programming/485

The properties that are part of the GRAPPLE statement refer to the core GRAPPLE user modelling ontology
(subject, creator, ...) as well as to domain ontologies (dc:created, um:knowledgelLevel, ...). If some domain
ontologies prove that they are valuable extensions to the core GRAPPLE user modelling ontology then we
can think of integrating them to the core ontology.

6.2.2 Scenario B — Reasoning new statements

Alice has already utilized LMS A (see Section 6.2.1) for some time and has now passed a test. LMS A
informs the UM Framework about this event. Thereby a reasoning service R is triggered, which listens for
events that report about the “learning performance” of users.

Step | User “Alice” LMS A UM Framework
1 Finishes “3.7 Tells UM Framework that Alice has passed Stores the event.
Test about the “3.7 Test about ‘Classes and Objects™
‘Classes and without making many mistakes.
Objects™
learning
object.
2 When storing the event a
reasoning service R1 is
triggered that deduces a
new statement about Alice.

Table 2: Event storage triggers a reasoning service, which is part of the UM Framework

Stepl — the Event (incl. context information) that is in the end stored in the UM has the following properties:

Attribute Value

Event id http://grapple-project.org/event/alice/LMSA/2008-08-24/114000
type el:TestPerformed (el: Namespace of Event ontology for eLearning)
time and date 2008-08-24 11:40:00am
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user

http://grapple-project.org/user/alice

client application

Firefox 2.01.4 / Mac OS 10.4 / resolution: 1440x900

user's IP address

130.75.152.180

user's location

wgs84:long = 9.44, wgs84:lat = 52.22

el:attendedTest

http://lexample.com/LMSA//classes-and-objects/test/ The
“attendedTest” property could be a sub-property of
“accessedDocument” and the test/document has itself properties,
which are also stored...

id

http://example.com/LMSA/classes-and-objects/test/

Attended Test
type el:Test
el:level “4""Mhttp://example.com/LevelScale
el:timeScheduled 40min
el:timeNeeded 33min

el:result

90% correct, http://example.com/RatingScaleA

el:partialResult

(http://example.com/programming/java/Classes, 100%, ..RatingScaleA)

el:partialResult

(http://example.com/programming/java/Enums, 40%, ..RatingScaleA)

The event above is on a much higher level than the event presented in Section 6.2.1 as it bundles
information about Alice gathered during the whole 33 minutes she needed to complete the test (in contrast to
the basic e:AccessedDocument event, which just informs about a learning object accessed by a user).

The information about the results of the tests have to refer to refer to the description of the used scale.

Step2 — Reasoning

Reasoning service R1 is a service that enables to update the “knowledge profile” of users. It is, for example,
aware of the vocabulary used to describe test results of learners, i.e. it understands concepts like el:result,
el:partialResult, etc. R1 starts a reasoning process whenever an event of the type “el:TestPerformed” is
reported to the UM Framework. Hence, R1 does not need to know LMS A in detail, because LMS A provides
events to the UM Framework in such a way that is understandable by R1.

Let us assume that R1 is a rule-based reasoning service then a simple rule (with the URI http://grapple-
project.org/rules/rulel) utilized by R1 to deduce a new GRAPPLE statement that describes the knowledge of

Alice could be:

http://grapple-project.org/rules/rulel:

If event == el:TestPerformed AND el:result > 60% then

For all concepts C tested by event.el:attendedTest:

Create a GRAPPLE Statement (User, C, computeKnowledgeLevel(...));

Here the function computeKnowledgeLevel could compute a score based on the el:partialResult, the el:level,
which indicates how difficult the test is, and also on previous GRAPPLE statements about the user’s
knowledge regarding concept C. One of the resulting GRAPPLE Statements could look as follows:

Attribute Value
Statement id http://grapple-project.org/statement/alice/knowledge/programming/987
main part
subject http://grapple-project.org/user/alice
property http://example.com/um/hasKnowledge
um:knowledgeLevel 0.9"http://example.com/knowledge-leve-scaleX
value http://example.com/programming/java/Classes
meta part
creator The statement was created by: http://grapple-project.org/um/resoning-
service-rl
evidence How the statement was deduced:
http://grapple-project.org/rules/rulel AND
http://grapple-project.org/event/alice/LMSA/2008-08-24/114000 AND
http://grapple-project.org/statement/alice/knowledge/programming/987
certainty 0.7
dc:created 2008-08-24 11:40:01am
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