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Summary

In this deliverable we introduce the event detection and contextualization components that are part of the
Grapple User Modeling Framework (GUMF). Event detection and contextualization in GUMF is based on the
principles of dataspaces, which provide a logical view on (possibly distributed) user data: GUMF client
applications add observations about users modeled by means of Grapple statements to a dataspace.
Contextualization components that are plugged into the dataspaces do the actual contextualization of the
event data: They gather additional context information from other sources and mash up event and context
data to provide a meaningful space of data that serves as input for user modeling.

Authors
[Pesn  [Eml 0 [Pemmercade |
Fabian Abel abel@I3s.de LUH
Dominikus Heckmann heckmann@dfki.de DFKI
Eelco Herder herder@I3s.de LUH
Jan Hidders a.j.h.hidders@tudelft.nl TUD
Geert-Jan Houben g.j.p-m.houben@tudelft.nl TUD
Daniel Krause krause@I3s.de LUH
Erwin Leonardi e.leonardi@tudelft.nl TUD
Kees van der Sluijs k.a.m.sluijs@tue.nl TUE

Tool for user event detection Page 2 (33)



GrROPPLE
D2.2a - Tool for user event detection (v2.0), August 28, 2009

Table of Contents

SUMMARY .ottt e s te e e e e e e e e e b se e et saaesaeaateaeaaaaeateaaste s et s e s ss s e s be s e b b e e e b et aa e aaeeseaeeaeaeeaaseeeeeesrerrerraree 2
F Y (O] 2
TABLE OF CONTENT S ittt ettt et se e et e e e e e e e e e e eaeeeeeeaeeeeeseesssesbasarbe s bbaasananann 3
TABLES AND FIGURES. . ... ..ottt eeee e e ettt ettt e et a e bbb s st eeeeseeeeeaaeaaeteaaeeesteeasseabeebebanbbresarannan 4
LIST OF ACRONYMS AND ABBREVIATIONS .....ovittitiii cieeiiiie ittt s n e e e e e e e 5
i L =0 5 10O 1 (O N S 6
1.1  Task and Deliverable DeSCHPLION. .....cccciiiiiiis ettt ee e e b b be e e s b be e e e annaees 6
1.2 OUtliNg Of thiS DEIVEIADIE ........cevveiiiiiiiis et e e e e e e e e e e s e e abb e e e s eesab e s sessaaaeaeaees 6
2 RELATED WORK ....cottitttittitiiiietiees it et ee e e oetieaese e e et e e e e e e eee et ee e te e et et aaeae s be s e bbbt essaeesaaeeseaaaaasaeseeesssesesnerens 7
2.1 Mashing up data from differeNt SOUICES......ccciiis e e e e e e e e e eeeeaaee e s 7
2 I o o N 8

2.2.1  User EVent LOGQING TOOIS .....uueeiiiiiiiieeiiiiie sttt sttt ee st ee sttt e st a e s st ee s s nmteeeeesnbbbeeessntbeeesennnees 8

2.2.2  TOOIS fOr Creating MAaSHUPS .......ccoiiiiiiiiiie et ee s et e e e st b be e e s sbbbee e e snnnees 9
P22 TS Tl 1= =Y = 1Y =T o o 1T SRR 11

2.3.1  GLUE ittt e ettt — et — L ——— e asaaeaeaeaeeaaaeaataeeereertrrraar——————_ 11

G T | = U =AY o 1 12
3 EVENTS AND CONT EXT caiiiiiiiiiiiiii ettt ettt ettt e e e s e e e e e e e e e aaeaeeaes 15
4 EVENT DETECTION AND CONTEXTUALIZATION WITHIN GUMF . ...coiiiiiiiiiiieeeeeeeeeiia, 17
L € 0 1Y | AN (ot 1 (=03 U] = 17
4.2 Event Detection and ConteXtUALIZAtION..........cc. coiiiieeie e e e e e e e e e e e e e e e s eeaba e e e eesarans 18
I A ad 2 I (00N I [0 ] NN SRR 23
5.1 User Observations reported via Desktop Logging Tool S ettt e e reraaaa 23
5.2 Mashing up User Information With SILK ............. oo e e e eeaeees 26
TR T U LS T gl T o1 PR 29
6 CONCLUSIONS AND FUTURE WORK ... .o e e e e n e 31
REFERENGCES ... s e e e e e e et e e e e e et e e e et e eeeee e et et e ae e be et b be bbb bbbt s et s eeeeeeeasaaseaeees 31

Tool for user event detection Page 3 (33)



D2.2a - Tool for user event detection (v2.0), August 28, 2009

Tables and Figures

List of Figures

Figure 1 - Creating a Mashup using Yahoo! PIPES ........ccoviiiiiiiiiiiieeeeice e 8
Figure 2 - Aggregation of user observations in the User Observation Hub. .............ccccovvviviviiennnnne. 9
Figure 3 - Semantic Web Pipes (Deri PiPES) .....ccciiieiiiiiiiiiiiiiiieiiieteeeieeee e ee e e e eeeeeeeeeeeeeees 10
Figure 4 - General process schema in adaptive systems as defined in [1]. .......coovvvviiiiieiiiiiienennnnns 15
Figure 5 - GUMEF ArChILECIUIE ......coi ittt e e e e e eeeeeeeeeeees 18
Figure 6 - Scenario illustrating the interaction between client applications, plug-ins and dataspaces.
............................................................................................................................................... 19
Figure 7 - The GUMF administration Web interface: Details about Client application C1. ............. 20
Figure 8 - Gathering contextual information about @ USEr..........ccoiviiiiiiiiiiiiiii e 22
Figure 9 - Integration of logging tools via (a) client application and (b) plug-in approach............... 24
Figure 10 - Configuration of the Dragontalk Firefox plug-in. .......cccoviiiiiiiiiiii e 25
Figure 11 - Snapshot of Anna’s Facebook Profile ... 26
Figure 12 - Snapshot of ANNa’s Orkut Profile ..........c.cociiiiiiiie e 27
Figure 13 - User Pipe: Mashing up user profile data streams from different sources (here: GUMF
search activity stream and Delicious bOOKMArKS). .........coovviiiiiiiiiiii e 30
List of Tables
Table 1 - Predefined Similarity Metrics in Silk Framework..............coiiiiiiiiiiiiiiiii e 15
Table 2 - Constructs for the formal representation of (user) observations. .............cccccvvvvviiiiennenn. 16
Table 3 - Reporting user events via the Java Client APL..........oooouiiiiiiii e 19
Table 4 - User observation/event serialized as RDF/XML. ........cooooiiiiiiiii e 20
Table 5 - Example of extracted DCMI metadata.............cooveveeeieeeiioiii e 21
Table 6 - Example of querying the Google SocialGraph APL. ..........coiiiiiiiiiiiiiii e 22
Table 7 - XML-RPC message sent from the Dragontalk Firefox plug-in to the User Observation
[ [U o OO PPRPRPP 24
Table 8 - User event modeled via the Native Operation Ontology. .........oooveeeiiieiieceeiciiieee 25
Table 9 - Grapple statement referring to the NOP eVeNt. ........ocovviiiiiiniiiiiice e 26

Tool for user event detection Page 4 (33)



GrROPPLE
D2.2a - Tool for user event detection (v2.0), August 28, 2009

List of Acronyms and Abbreviations

ALE Adaptive Learning Environment

FOAF Friend of a Friend

GRAPPLE Generic Responsive Adaptive Personalized Learning Environment
Grapple

Statement Specific statements about a user  a user profile is a set of GRAPPLE statements
GUMF Grapple User Modeling Framework

GUMO General User Model Ontology

LMS Learning Management System

LOM Learning Object Metadata

OWL Ontology Web Language

RDF Resource Description Framework

SCORM Sharable Content Object Reference Model

SUMO Suggested Upper Merged Ontology

TEL Technology-Enhanced Learning

UM User Model (or sometimes “User Modeling”) a set of Grapple Statements
UMF User Model Framework

UserML User Model Markup Language

UserQL User Model Query Language

WP Work Package

WPL WP Leader

Tool for user event detection Page 5 (33)



GrROPPLE
D2.2a - Tool for user event detection (v2.0), August 28, 2009

1 Introduction

User modeling starts with the observation of users, i.e. collecting data about users. In traditional human-
computer interaction, this data is event-based: Whenever a user performs some activity (e.g., a mouse click)
then — from the system’s perspective — this is interpreted as an event performed by the user. To interpret a
user event a system needs to know in which (application) context the event happened. For example, the
knowledge about a mouse click is rather useless if one does not know in which application and for what
purpose the click was done. Hence, event detection requires some sort of contextualization of the events to
provide a useful and meaningful basis for user modeling.

User events can be modeled at different levels of granularity. A series of low-level events such as clicks and
keyboard inputs can be interpreted as an event as well. For example, if a user bookmarks a Web page then
she possibly first enters name, description and tags to describe the page before she finally saves the
bookmark. Modeling user events is heavily application-specific. In Grapple, where students are using
learning management systems (LMS), user events are mainly related to e-learning, e.g. participating in a
course, answering a question in a test, finishing a test, etc. However, different learning management
systems still have the opportunity to model similar types of events in a different way: While one LMS might
model the completion of a test by simply summarizing the percentage of correctly answered questions,
another LMS might rate the performance of the student in the test by assigning a grade from A to F.

The goal of the Grapple User Modeling Framework (GUMF) is to provide flexible event detection
functionality, which allows for contextualization and semantic enrichment of user events resulting in a
meaningful collection of user data that can be exploited for user modeling. Events of interest to GUMF are
not only those that are performed in a LMS but also those events that are performed in neighbouring
applications. For example, for modeling the interests of a student it might be interesting and worthwhile to
detect — e.g., in addition to courses the student participates in — the kind of bookmarks the student created in
her bookmarking tool. Event data fusion, which includes the functionality to map and align data originating
from different sources, is therewith an important feature to be provided by GUMF.

In this document we introduce the first version of the event detection and contextualization framework. We
explain the rationale of the framework as well as its architecture and the first components that are already
implemented.

1.1 Task and Deliverable Description

The task to be performed by WP2 in the second and third period of the Grapple project aims at the
development of an event detection and contextualization framework. The event detection components, which
are part of the Grapple user modeling framework, contextualize users’ events (e.g. selecting a link, providing
textual input, or other interactions with standard user interface elements). The contextualization of events
happens by (a) embedding the event within the semantic descriptions of the source page or object and its
user interface elements, and (b) detecting the current navigation or interaction pattern to which the event
belongs. A navigation pattern may consist of a set / sequence of pages which belong together, e.g. are
navigated within a certain period of time or are thematically related or have frequently been used together by
this user or by others, etc. Thus, navigation patterns will be identified by mining (a) the individual navigation
paths, and (b) the collaborative navigation behaviour. All captured information about a user event will be
stored in an ontology-based format.

1.2 Outline of this Deliverable

In Section 2 we present related work. From the GUMF perspective, event detection is a data aggregation
and data fusion problem. User event data from different sources has to be mashed up and contextualized to
be usable for the user modeling components of GUMF. Hence, GUMF event detection and contextualization
components can be considered as mush-ups. In Section 2.1 and 2.2 we explain the principles of mashups as
well as tools that allow for the creation of mashups and in Section 2.3 we discuss approaches that allow for
the merging of data adhering to distinct schemata. Our understanding of events and context is summarized
in Section 3. Section 4 explains how the event detection and contextualization framework is embedded into
GUMF and in Section 5 we present different event detection and contextualization applications that have
already been implemented in GUMF. Finally, we summarize our work and discuss the current
implementation and the future work.
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2 Related Work

The event detection and contextualization framework that is embedded into the Grapple user modeling
framework (GUMF) is highly inspired by the principles of mashups and thus focuses on the aggregation,
intermixture and alignment of event data originating from different applications. In this section we introduce
the principles of mashups and intertwining data from different sources (Section 2.1) before we present tools
that support event detection and contextualization (Section 2.2) as well as approaches for aligning event
data that adheres to different schemata (Section 2.3).

2.1 Mashing up data from different sources

A mashup is a web page or application that combines data or functionality from two or more external sources
to create a new service [28]. It enables easy and fast integration, frequently using open APIs and data
sources to produce results. It deals with situational and ah-hoc problems. Some examples of mashup
applications are as following.

0 BookTour (http://www.booktour.com) is a Web site that provides free directory of author events. It
aims to help the Web users to find when their favourite authors have events nearby, for example,
their cities. It also offers a mashup application that mashes up Amazon and Google Earth, providing
a new way of finding authors on tour.

0 Woozor (http://woozor.com/) is a Google Maps / Weather.com mashup providing 10 day weather
forecasts all around the world.

o Portwiture (http://portwiture.com/) grabs photography from Flickr that matches the content of your
most recent Twitter updates. The result is a serendipitous visual representation of your Twitter

profile.

0 Triptouch (http://www.triptouch.com/) is a website for independent travellers who want the best from
their trip. Everything at TripTouch is centered around your location and your personalized travel
tastes. It mashes up data from several data sources, such as WikiTravel, Google Map, etc.

Recently, several mashup editors for building new mashups applications have become available. Examples

are Yahoo! Pipes [29], IBM Damia [30], Microsoft Popfly [31], and Intel Mash Maker [32]. Figure 1 depicts an
example of a mashup application built using Yahoo! Pipes. Yahoo! Pipes, IBM Damia, and Microsoft Popfly

provide a set of flow-chart-based graphical operators and adopt a flow-style orchestration specification. Intel
Mash Maker adopts the tree-based programming concept.
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Figure 1 - Creating a Mashup using Yahoo! Pipes

In recent times, the research on mashup reveals the possibility of building mashups in the spreadsheet
environment [33,34]. The motivation behind this research is that APIs provided by various Web applications
aim at the Web users with a programming background, while a great number of Web users do not have
programming skills. Wang et al. proposed an end-user-oriented programming environment called Mashroom
[33]. It takes the nested table as the data structure and formally defines a set of visual mashup operators to
offer a spreadsheet-like environment experience. In [34], a spreadsheet-based Web mashup development
framework is proposed. The framework enables users to develop mashups in the spreadsheet environment.
In the framework, complex data is considered as first class spreadsheet cell values and thus the users are
able to apply familiar spreadsheet concepts to explore, manipulate, and analyze the data.

2.2 Tools

For the Grapple event detection and contextualization, there is a special interest in two kinds of tools: (1)
tools that enable logging of user activities/events (see Section 2.2.1) and (2) tools that support developers in
aggregating and contextualizing logging data from different sources (see Section 2.2.2).

2.2.1 User Event Logging Tools

Most applications log in some way user activities as these logs can be applied to improve certain
functionalities. For example, search engines can use click through data to improve rankings of search results
[11]. Moreover, there exist logging tools that provide functionality to make logging data also available for
applications different from the system, in which the activity was logged. Dragontalk [7] is a project that offers
Mozilla plug-ins that report user events arising in Mozilla products to some data repository. Currently, event
notification plug-ins for the Firefox browser and the Thunderbird email client have been implemented
throwing user events related to browsing (e.g., Web pages loaded, Web page bookmarked, etc.) and mailing
(e.g., email received, email sent, etc.) respectively. Further, a notification service for the Windows operating
system is available, which sends notifications such as “application started/closed” to the corresponding hub
using HTTP Post and XML-RPC.

Tool for user event detection Page 8 (33)
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Figure 2 - Aggregation of user observations in the User Observation Hub.

Within the scope of the Nepomuk project’ the so-called User Observation Hub (UOH) was developed that is
able to receive and aggregate such notifications from different “observation plugins”. Figure 2 shows its
architecture. Events reported to the UOH are processed by a Collector, which is appropriate for the given
kind of observation. Received events are mapped to the Native Operation (NOP) Ontology” before they are
passed to registered UOH listeners that further process the events. The NOP ontology models native
operations as well as data objects on which an operation was performed (cf. Deliverable 2.1). The
functionality of a listener is not prescribed. There might be a listener that further contextualizes the event or
another listener that maps the NOP-formatted event to another format and forwards it to another service. In
[16] a context model for the UOH has been presented and in [5] Chernov et al. show how user events
collected via the UOH can be exploited to improve personal information management.

2.2.2 Tools for creating mashups

Yahoo! Pipes [29] is a free online service that lets users remix popular feed types and create data mashups
using a visual editor. The visual editor consists of the Library pane, the Canvas pane, and the Debugger
pane. The Library pane (Figure 1, on the left side hand) lists available modules and saved Pipes. The
modules are grouped based on their functionalities: Sources, User inputs, Operators, Url, String, Date,
Location, and Number. The modules have configurable parameters and input fields. The user assembles
Pipes on the Canvas pane (Figure 1, in the centre) by dragging modules around and arranging them in
whatever way looks good to the user. In order to make the assembled Pipes work, the user has to connect
modules. The Debugger pane (Figure 1, at the bottom) allows the users to inspect Pipe output at various
stages in the assembled Pipes.

In [33], Le-Phuoc et al. proposed Semantic Web Pipes (also known as Deri Pipes®) that facilitates an
implementation of Semantic Web data mashups. It is based on an extended classical pipe abstraction that
meets requirements for Semantic web application using RDF. Furthermore, the aim of Semantic Web Pipes
is to enable aggregation of data available on the Web expressed in several RDF serialization format and to
facilitate filtering and transformation of this RDF data. By definition, Semantic Web Pipes is a predefined
workflow that, given a set of RDF sources, composes, and processes them by means of pipelined special
purpose operators [26]. Figure 3 depicts the interface of the Semantic Web Pipes.

! http://nepomuk.semanticdesktop.org
2 http://ontologies.opendfki.de/repos/ontologies/userobs/nop.rdfs

® hitp://pipes.deri.org/
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Figure 3 - Semantic Web Pipes (Deri Pipes)

In Semantic Web Pipes, there are five operator categories: Fetch, General, URL, Inputs, and Choose. A
summary of these operator categories is as follows:

Fetch Operators

General Operators

RDF fetch Simple Mix

HTML fetch RDFS Mix

HTTP get Construct

SPARQL Result Fetch Select

XML fetch Patch Generator

XSL fetch Patch Executor
URL Operators Pipe Call

URL builder RDF Extract

SPARQL Endpoint

Replace Text

Input Operat ors
Parameter

For-Variable

Smoosher
Text
FOR loop

Choose Operators

Choose (ifithen/else)

XSLT
XQuery
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Condition: Input Is Empty HTML->XML
Condition: Compare Stringify
Condition: Matches
Condition: And
Condition: Or
Condition: Not

The objective of the Fetch operators is to fetch data from data resources. The “RDF fetch” operator retrieves
a HTTP URL and extracts the RDF content. It is able to return RDF contents in various RDF serialization
format, such as, RDF/XML, N3, N-Triples, TriG, TriX, and Turtle. The “HTML fetch” operator is used to
retrieve an HTML page using HTTP GET. For fetching some contents using HTTP GET (in general), the
“HTTP GET" operator is utilized. We also can retrieve the result of a SPARQL query using the HTTP protocol
by using the “SPARQL result fetch” operator. If we want to retrieve XML and XSL contents using the HTTP
protocol, then the “XML fetch” and “XSL fetch” operator are used, respectively.

The URL operators are used to build URLs. The “URL builder” parameter is used to build a URL containing
parameters or other inputs. A URL containing a SPARQL query to be run against a SPARQL endpoint can
be created by using the “SPARQL endpoint” operator.

There are two functions of the Input operators as follows. Firstly, it defines a parameter by which a user can
specify an input (the “Parameter” operator). Secondly, it declares a field from a query result to be used within
a loop (the “For-Variable” operator).

The choose operators serve as control operators. The “Choose (if/then/else)” operator controls the flow of
the pipes based on a given condition. If the condition is true, then the flow of the pipes follows the “then”
branch. Otherwise, it follows the “else” branch. The “Condition: Input Is Empty” operator returns true if the
input is empty. The “Condition: Compare” operator compares two inputs based on specified relational
operators (e.g. ==, I=, <, >, <=, and >=). We can also check whether the string representation of the input
matches a pattern by using the “Condition: Matches” operator. Furthermore, the “Condition: And” operator
checks if both of two underlying conditions are true. To check if either of two underlying conditions are true,
the “Condition: Or” is utilized. Finally, to check if the given condition is false we can use the Condition: Not”
operator.

The general operators in Semantic Web Pipes have various functionalities. The “Simple Mix” and “RDFS
Mix” operators merge two or more RDF graphs. The difference between these operators is as follow. After
merging two or more RDF graphs, “RDFS Mix” operator infers implicit triples from the merged triples. The
“Construct” operator creates triples by using SPARQL-CONSTRUCT query on specified RDF sources. The
“Select” operator executes a SPARQL-SELECT query and outputs SPARQL-Result XML. The “Patch
Generator” operator negates some RDF in order to subtract statements from another graph. The “Patch
Executor” operator combines one or more RDF results with a negated graph produced by a Patch
Generator. If we want to call another pipe and use its result, then we can employ the “Pipe Call” operator.
Furthermore, the “Text” operator allows the users to define a text or RDF. The RDF should be serialized in
RDF/XML format. The “Replace Text” operator facilitates the users in replacing all occurrences of a given
pattern in a text. In the general operator category, Semantic Web Pipes also provide transformation and
conversion operators: the “XSLT”, “XQuery”, and “HTML->XML" operators. The “XSLT” and “XQuery”
operators perform XSLT and XQuery transformations of the input, respectively. An HTML can be converted
into well-form XML by utilizing the “HTML->XML" operator. The “RDF extract” operator allows the RDF
extraction of the input, while the “Stringify” operator generates a string representation of the input. The
“Smoosher” operator can be used to normalize triples by resolving owl:sameAs predicates. Finally, the
“FOR loop” operator iterates over the results of a query and performs some operations for each iteration.

2.3 Schemata Mapping

In this section, we discuss some approaches that can be used to find mappings between different schemata.

2.3.1 GLUE

GLUE [27] is a semi-automatic tool for generating ontology mapping using machine learning technique. It
focuses on finding a one-to-one mapping between concepts of two given ontologies. In other words, for each
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concept in one ontology, it finds the most similar corresponding concept in an other ontology. It consists of

three main modules: Distribution Estimator, Similarity Estimator, and Relaxation Labeler.

In the Distribution Estimator module, the joint probability distribution between two concepts is computed by
using a multi-strategy learning technique. Using a multi-strategy learning approach, GLUE employs a set of
learners and combines their predictions using a meta learner to validate its effectiveness. GLUE has three
learners, namely, the content learner, the name learner, and the meta learner. The content learner uses the
number of occurrences of words in the textual content of the input instance to make predictions. It employs
the Naive Bayes learning technique. The name learner uses the name of the input instance instead of the
textual content. The predictions computed by the content and name learners are combined using the meta
learner. Then, the meta-learner assigns to each base learner a learner weight that indicates how much it
trusts that learner’s predictions. Then, it combines the base learners’ predictions via a weighted sum.

The Similarity Estimator module computes a similarity value for each pair of concepts. It takes the result of
the Distribution Estimator and applies similarity measurements selected by the users. The result of the
Similarity Estimator is a matrix containing the similarity values of the concepts from two ontologies. Finally,
the Relaxation Labeler module uses this similarity matrix to determine the best label assignment between
concepts (the mapping configuration). Note that the Relaxation Labeler module also uses domain-specific
constraints and heuristic knowledge in searching for the mapping configuration. This mapping configuration
is the final product of GLUE.

2.3.2 Silk Framework

The Silk framework [16] is a tool for finding relationships betweens entities within Linked Data sources. By
using the Silk Link Specification Language (Silk-LSL), data publishers can set RDF links from their data
sources to other data sources on the Web. It also enables data publishers to specify what type of RDF link
should be discovered between data sources and which conditions should be satisfied such that the entities in
data sources are interlinked. In this section, we describe the Silk-LSL and Silk Framework implementation.

Silk-LSL is a declarative language that allows the data publishers to specify RDF links between data sources
and the conditions that must be fulfilled such that these RDF links are established. The Silk-LSL is
expressed in XML with root tag name <Silk> . A valid Silk-LSL document may contain the following types of
top-level statements beneath the root element:

- Prefix definition (denoted by tag hame <Prefix>)

- Data source definitions (denoted by tag name <DataSource> )

- Link specifications (denoted by tag name <Interlink> )

- User-defined metrics definitions (denoted by tag name <Metric> )

Note that there must be at least one <Interlink> section in the valid Silk-LSL document and the

<Metric> section is optional. Consider an example of Silk-LSL document shown in Listing 1. This document
is used to discover links between the URIs that are used by DBpedia* and GeoNames?® to identify the
continents in which countries are located. Lines 03-06 describe the prefix definition. Two data source
definitions are in Lines 07-17. The link specification is specified in Lines 18-41. In our example, there is no
user-defined metric definition. This optional definition is used to define additional metrics that combine and
reuse a set of other metrics. The defined metrics can be used in other metric definitions or within a link
specification.

Prefix Definitions. The prefix definitions define the bindings between prefixes and namespaces. The
definition must follow the following specification:

<Prefix id=" prefix id "namespace=" namespace URI " />

Data Source Definitions. The data source definitions allow the specification of access parameters to a local
or remote SPARQL endpoint. The defined data sources may be referred to and used by their ID within a link
specification. The attribute id of DataSource element is the identifier of a particular data source. The
EndPointURI  specifies the URI of a local/remote SPARQL endpoint. The Graph specifies the name of the
graph from which the resources are selected. If the value of DoCache is set to 1, then the engine will cache
the RDF path evaluations for this particular data source. This setting only has performance impact. By

* http://dbpedia.org/

> http://www.geonames.org/ontology/
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default, the evaluations are cached. The value of PageSize limits each SPARQL query to fetch a fixed
amount of results. The default value is 1000. This paging mechanism is implemented via SPARQL LIMIT
and OFFSETqueries. There are also three additional parameters that are related to the SPARQL endpoint
connection. To allow rate-limiting of queries to public SPARQL severs, the Pause statement specifies the
number of milliseconds to wait in between subsequent queries. By default, there is no delay between
queries. The RetryCount and RetryPause parameters specify the number of times to retry connecting to
a SPARQL endpoint if the connection is failing and how long to wait between retries, respectively.

Link Specifications . The <Interlink> statements state that a link of a given type should be established
between two entities if a specified condition is satisfied. In our example, we want to discover a geo:locatedin
relationship between countries in the DBpedia data source and continents in the GeoNames data source
(Line 19). Futhermore, the <SourceDataset> and <TargetDataset>  statements must be defined (Lines
20-24 and 25-29, respectively). To restrict the sets of examined resources the <RestrictTo>  statement is
defined. This statement may contain any valid SPARQL expressions that are usually found in the WHERE
clause of a SPARQL query. In our example, for resources in DBpedia we are only interested in the ones that
are the instances of class dbpedia:Country (Line 22). Since we want to link these DBpedia resources to
the resources in GeoNames that describe information about continents, we restrict these resources by
defining a SPAQRL expression shown in Line 27. Note that all GeoNames resources about continents must
have a property geo:featureCode with resource URI geo:L.CONT .

Recall that there is a condition that has to be satisfied in order to make a link between two data items from
source and target datasets. The <LinkCondition> section defines such condition (Lines 30-37). It
specifies how similarity metrics are combined in order to compute the total similarity for a data item pair.
There are predefined similarity metrics in the Silk framework as shown in Table 1. Each metric in Silk
evaluates to a similarity value between 0 and 1, with higher values indicating a greater similarity. Based on
our experience with the Silk framework, it is possible to add more similarity metrics into the Silk framework
engine. The results of these similarity metrics can be combined by using aggregation functions: AVG MAX
MIN, EUCLID, and PRODUCTTo take into account the varying importance of different properties, the
matrices aggregated using the AVG, EUCLID, and PRODUCTunctions may be weighted individually using an
optional attribute weight .

In our example, we compare the country names that are in English using the jaroSimilarity metric. The
names of the countries in DBpedia can be obtained using RDF path specified in Line 33. Similarly, to get the
names of countries in GeoNames we use RDF paths defined in Line 34. Note that the “/” operator in RDF
path is the forward operator, meaning that the process moves forward from a subject resource through a
property to the object resource. The “\" operator is the reverse operator. This means that the process moves
backward from an object resource thought a property to the subject resource.
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01 <?xml version="1.0" encoding="utf-8" ?>

02 <Silk>

03 <Prefix id="rdf" namespace="http://www.w3.org/ 1999/02/22-rdf-syntax-ns#" />
04 <Prefix id="rdfs" namespace="http://www.w3.org/ 2000/01/rdf-schema#" />

05 <Prefix id="geo" namespace="http://www.geonames .org/ontology#" />

06 <Prefix id="dbpedia" nhamespace="http://dbpedia. org/ontology/" />

07 <DataSource id="dbpedia">

08 <EndpointURI>http://localhost:8080/spargl</End pointURI>

09 <Graph>http://dbpedia.org</Graph>

10 <DoCache>0</DoCache>

11 <PageSize>500</PageSize>

12 </DataSource>
13 <DataSource id="geonames">

14 <EndpointURI>http://localhost:8080/spargl</End pointURI>
15 <Graph>http://www.geonames.org</Graph>
16 <DoCache>0</DoCache>

17 </DataSource>
18 <Interlink id="related">

19 <LinkType>geo:locatedIn</LinkType>
20 <SourceDataset dataSource="dbpedia" var="a">
21 <RestrictTo>
22 ?a rdf:type dbpedia:Country
23 </RestrictTo>
24 </SourceDataset>
25 <TargetDataset dataSource="geonames" var="b">
26 <RestrictTo>
27 ?b geo:featureCode geo:L.CONT
28 </RestrictTo>
29 </TargetDataset>
30 <LinkCondition>
31 <MAX>
32 <Compare metric="jaroSimilarity">
33 <Param name="str1" path="?a/rdfs:label[@lan g='en" />
34 <Param name="str2"
path="?b\geo:parentFeatures[rdf:type=geo:Country] /geo:alternateName[@lang="en']" />
35 </Compare>
36 </IMAX>
37 </LinkCondition>
38 <Thresholds accept="0.9" verify="0.7" />
39 <Limit max="1" method="metric_value" />
40 <Output mode="truncate" format="n3_debug"
acceptedLinks="accepted_links.n3" v erifyLinks="verify_links.n3" />
41 </Interlink>
42 </Silk>

Listing 1 - An Example of Interlinking between DBpedia and GeoNames

After specifying the link condition, the Thresholds , Limit , and Output clauses are finally defined (Lines
38-40). The <Thresholds> directive within the <Interlink> allows the definition of two thresholds: the
metric value above which the specified link should definitely be established (accept attribute) and another
threshold above which possible links should be submitted to an expert for review (verify  attribute). The
<Limit> specifies that the top k highest-rated links will be returned as the results. With the <Output>
clause, we can specify files to output the generated links. The Silk framework returns the results in either N3
or CSV formats.

Metric Description

jaroSimilarity String similarity based on the Jaro distance metric.

jarowWinklerSimilarity String similarity based on the Jaro-Winkler metric.

gGramSimilarity String similarity based on g-grams (g=2).
stringEquality Return 1 if strings are equal, O otherwise
numsSimilarity Computes the numeric similarity of two numbers: min((num1/numz2), (hum2/num1)).
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Computes the similarity between two dates ("YYYY-MM-DD" format). At a
dateSimilarity difference of "max_days", the metric evaluates to 0 and progresses towards 1 with
a lower difference.

uriEquality Return 1 if the two URIs are equal, O otherwise.

The taxonomic matcher computes the similarity of two concepts based on their

taxonomicSimilarity distance in a taxonomic hierarchy.

Returns the highest encountered similarity of comparing a single item to all items in

maxSimilaritylnSet
a set.

setSimilarity Similarity between two sets of items

Table 1 - Predefined Similarity Metrics in Silk Framework

3 Events and Context

The Grapple user modeling framework aims to provide user modeling capabilities that allow applications to
adapt to a particular user. Figure 4 shows the general process of user-adaptive systems as proposed by
Jameson in [1]. In the first step of that process, information about a user has to be collected, which is then
interpreted and transformed into a user model. The modeled data about a user will be applied in order to
make predictions and/or decisions about the user and to adapt the system behaviour to the user. Without
appropriate information about the individual user, the personalization process is likely to fail. It is thus
important to gather information about the user and particularly about the user’s activities (events) as well as
the context in which these activities were performed. In this section we will explain how events and context
are considered in the Grapple user modeling framework (GUMF).

USER MODEL

/‘7‘%'\-\.
— A

USER MODEL ACOQUISITION USER MODEL APPLICATION

A

PREDICTIONS OR
DECISIONS ABOUT U

INFORMATION
ABOUT U

Figure 4 - General process schema in adaptive systems as defined in [1].

User interaction with a computer is usually done with a mouse and keyboard device. Users move their
mouse, click on menu items or type in some phrases with their keyboard. What a mouse click or some other
low-level interaction event means entirely depends on the actual application and context where the activity is
performed. In an email client the mouse click might be part of a bigger activity such as sending an email to a
friend or colleague. While in some learning management system such as Sakai or Moodle, the mouse click
might say that the user has finished some test or quiz. Hence, user activities/events can be captured at
different granularity. Moreover, the meaning of the events is strongly application-dependent. For example,
finishing a test in Sakai with a score of 70 has to be interpreted in a different way than if the user finishes a
test with the same result in Moodle. In addition to the actual event (e.g., “user has finished a test”) it is
important to also capture the context of such an event (e.g., “in which LMS was the test performed and what
scale does the LMS apply”).

In Deliverable 2.1, we therefore proposed a model that allows for capturing events and context by means of
special Grapple statements, where the general structure of an observation can be phrased as follows.

ID of observation — Reporter, time of reporting: Wh o — did what — when — on something.
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The core user event is therewith given by “who did what” and is enriched with some basic context
information such as the time (i) when the event was observed and (ii) when the observation was reportedG, a
reference to the object, on which the user performed some activity (“on something”) and a pointer to the
application that reported the event (“reporter”). An observation statement can be serialized with (special)
Grapple statement constructs. Table 2 lists these constructs and explains their meaning.

construct represents type range description

A gc:Observation is a specialization of
a Grapple statement (gc:Statement).
The entire Class n.a. Mandatory basic properties: gc:ID,
observation. gc:creator, gc:created, gc:event
Optional basic properties: gc:subject,
gc:when, gc:event, gc:object

gc:Observation

: ID of Property (as in :
gc:ID observation gc:Statement) cf. gc:ID of Grapple statements

The reporter of the event is put into the
) gc:creator property of a Grapple
gc:creator reporter Property | String (URI) statement. Ideally, the reporter is
specified via a URI that allows GUMF
to unambiguously identify the creator.
time of Literal The time the event was reported
gc:created reporting Property (xsd:dateTime) should be encoded according to the
W3C-DTF profile [18].
In general, the component “who” is
represented by the gc:subject
construct. Ideally, it is referenced by a
) URI. If the actor of an observation can
gc:subject who Property | String (URI) be characterized more precisely, then
specializations of gc:subject can be
used, e.g. if a user is the actor of an
observation then gc:user can be

applied.
Literal The time the event was observed. It
gc:when when Property (xsd:dateTime) should be encoded according to the

W3C-DTF profile [18].

The “did what” component is
represented by gc:event, which is a
specialization of gc:predicate, i.e. the
predicate of a Grapple statement. It
refers to a property that describes the
] user activity. Usually, the semantics of
gcevent did what Property | String (URI) the property should be defined in a
(domain) ontology. The value of
gc:event can, for example, be
http://www.grapple-
project.org/nop.owl#perfomed, which
says that the user performed some
NOP event.

The value might be a URI that points to
) the object on which the activity was
gc:object on something | Property String performed and which might also
describe the observation in more
detail.

Table 2 - Constructs for the formal representation of (user) observations.

® Note that observations might be reported not at the same time when the observation is done, e.g.
observations can be reported within a batch operation.
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Some examples of user events were already given in Deliverable 2.1 ranging from simple clicks on links,
which can be interpreted as interest for the resource that is referenced by the link, to bookmarking, tagging
or question answering. It is interesting to see that in today’s Web user leave their traces across several
systems. They might bookmark Web sites in Delicious or annotate video tutorials in YouTube. Most of these
systems provide feeds containing information about the user’s activities or they allow other applications to
access this kind of information via APIs.

For GUMF the traces of the users left across the Web are valuable information sources that later help to
model the user more precisely than it would be possible by just gathering information from a single learning
management system, which might moreover be used too infrequently to draw conclusions about a user.
However, gathering user events from different sources requires (1) to link the different accounts of a user
and (2) to capture context that helps to understand the semantic meaning of a user event within a particular
application so that events from different sources can be aligned to each other. For the first problem of
identifying users across different systems, heuristic approaches as proposed in [1] could be applied or
lookup services such as Google’s Social Graph API”. For the latter problem of mapping between data from
the different systems approaches such as SILK [16] can be exploited. In Section 5 we will give a more
detailed description on how mappings can be realized in order to align user events that originate from
different systems spread across the Web.

Even more valuable information is provided by the user events that are reported within the Grapple
infrastructure. Deliverable 7.2b “Data models and related documentation” lists typical user activities that are
performed within the learning management systems (LMSs) in Grapple such as access to a course,
participation in tests/quizzes, etc. For reporting these events, which focus on the learning activities of the
users within Grapple, the LMSs can make use of the GUMF event detection API that will be introduced in
Section 4.2.

4 Event Detection and Contextualization within GUMF

To understand the principle of event detection and contextualization in GUMF, it is important to get an idea
of the general architecture of the framework. We thus first explain the GUMF architecture (for further details
the reader is referred to D6.1b) and then explain how event detection and contextualization is realized within
GUMF.

4.1 GUMF Architecture

The event detection and contextualization framework is an essential part of the Grapple user modeling
framework (GUMF). Event detection and contextualization modules can be integrated into GUMF by means
of plug-ins and so-called dataspaces, which provide a contextualized, logical view on a specific set of data.
Further, client applications themselves can report events about users to GUMF. Figure 5 overviews the
architecture of GUMF.

! http://code.google.com/apis/socialgraph/
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Figure 5 - GUMF Architecture

Administrator

The blue elements at the top provide the essential, generic functionality of the framework; the purple
components at the bottom provide generic as well as domain-specific plug-in and reasoning functionality.

Client applications can access GUMF either via a RESTful or SOAP-based API. Further, there is a Java
Client API that facilitates development of GUMF client applications. Client applications mainly approach
GUMF to store user information (handled by the Store Module) or to query for information (handled by Query
Engine). User profile information is modeled by Grapple statements (cf. Deliverable 2.1), which are basically
reified RDF statements about a user, enriched with DCMI metadata for provenance. The current GUMF
implementation supports SPARQL [15] and SeRQL [3] queries as well as a pattern-based query language
that exploits the Grapple statement structure to specify what kind of statements should be returned by
GUMF. GUMF’s Dataspace Logic answers authorized client requests. Dataspaces are equipped with data
storage repositories that either reside at the GUMF server or are distributed across the Web (possibly
maintained by the client application itself), and with reasoning and contextualization plug-ins that further
enrich the data that is available in the repositories.

The Administrator of a GUMF client application can configure dataspaces and plug-ins via the GUMF Admin
Interface. Activating or deactivating plug-ins directly influences the behaviour of dataspaces. Further,
administrators can adjust the plug-ins and reasoning rules to their needs. For example, we developed a plug-
in that gathers user profile information from Facebook and maps — with support of Sl|k [16] — the profile into a
format preferred by the client application administrator (e.g., FOAF [1] or OpenSocial®). Inspired by Web 2.0
practices, a key principle of GUMF is that dataspaces can be shared across different client applications.
Therefore, clients can subscribe to other dataspaces, as long as the administrator of the dataspace approves
them. When subscribed to a dataspace, the client is allowed to query it. However, it might still not be allowed
to access all statements that are made available via the dataspace, as fine-grained access control
functionality can be embedded in the dataspaces as well.

4.2 Event Detection and Contextualization

As mentioned in the previous section, the event detection and contextualization is realized by the interplay
between client applications, dataspaces and plug-ins. Figure 6 shows a typical scenario of that interplay.

8 http://web-semantics.org/ns/opensocial/
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Figure 6 - Scenario illustrating the interaction between client applications, plug-ins and dataspaces.

In the scenario in Figure 6, there are two client applications that communicate with GUMF. In detail, both
client applications are accessing dataspace D1: C1 performs tell- and ask-operations while C2 is a
subscriber of D1 and is not allowed to add new data to the dataspace (more precisely, the underlying
repository), but can query D1. Client C1 might be an e-learning application that stores the activities
performed by the learners in D1 and later on queries D1 to obtain user profile information (such as strengths
and weaknesses of a student) to adapt to the skills of an individual student. For storing user events C1 can
make use of the GUMF Client API (see top left in Figure 5). In our scenario, C1 is a Java application and tells
GUMF about a rather simple user event, namely that a user accessed some learning object, using the Java
Client API.

Client client = ClientFactory.getClient(
"17", /lclient ID of C1
"14096511-613309362"); /lthe secret of client C1

/Itelling GUMF about some user activity:

GrappleStatement result = client.tell(
"20", /lthe dataspace where the statement/observation sho uld be stored
"http://peter.myopenid.com", /lthe user about whom the statement is
"http://example.com/activity/accessed", /lthe property: what did the user do?
"http://application-c1l.com/web-course/47", /lthe value of the property
"2009-07-27T00:09:18.211+02:00" );

Table 3 - Reporting user events via the Java Client API.

In the current GUMF implementation, client applications authenticate themselves at GUMF via a shared
secret that is provided after registering the application.
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Figure 7 - The GUMF administration Web interface: Details about Client application C1.

Figure 7 shows the details about client application C1 as it is registered at the GUMF administration Web
interface. The “id” and “secret” fields have to be specified when a new client instance is created via the Java
client API (see code snippet above in Table 3). Having done that, the tell-method of the client can be invoked
to report about user observations. In the example above, C1 reports that Peter, whose user ID is
http://peter.myopenid.com, accessed (http://example.com/activity/accessed) a learning resource, which is
identified and accessible via http://application-c1.com/web-course/47. The observation will be stored in the
repository that is associated to the dataspace D1 (cf. “Repository” in Figure 6), which has the GUMF-internal
ID “20” and is accessible via its URI (http://semweb.kbs.uni-hannover.de:8082/grapple-umf/ds/20, cf. “default
dataspace in Figure 7). Whether C1 is allowed to add data to the dataspace D1 is verified by the Access
Control layer that is embedded into D1 (see Figure 6). The statement that is actually stored in GUMF and

returned to the client might look as follows.

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xmins:gc="http://www.grapple-project.org/grapple
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-synt

<gc:Observation rdf:about="http://www.grapple-proje
<gc:subject>http://peter.myopenid.com</gc:subject
<gc:event rdf:resource="http://example.com/activi
<gc:object rdf:resource="http://application-cl.co
<gc:level rdf:datatype="http://www.w3.0rg/2001/XM
<gc:created rdf:datatype="http://www.w3.0rg/2001/

27T00:09:20.621+02:00</gc:created>

<gc:when rdf:datatype="http://www.w3.0rg/2001/XML

27T00:09:18.211+02:00</gc:when>

<gc:creator rdf:resource="http://www.grapple-proj
</rdf:Observation>
</rdf:RDF>

-core/"
ax-ns#">

ct.org/umf/782828451098251349">
>

ty/accessed"/>

m/web-course/47"/>
LSchema#double">1.0</gc:level>
XMLSchema#dateTime">2009-07-
Schema#dateTime">2009-07-

ect.org/umf/client/17"/>

Table 4 - User observation/event serialized as RDF/XML.
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Here, the fields gc:subject, gc:event, and gc:object contain the core information as provided by the client,
namely that “peter accessed http://application-c1.com/web-course/47”. GUMF enriches this information with
some basic context such as the creation time (gc:created) as well as the reporter of the event (gc:creator)
and generates a unique URI (http://www.grapple-project.org/umf/782828451098251349) that allows unique
identification of the observation. The gc:created attribute denotes the point in time when the observation was
reported while gc:when indicates the point in time when the observation was done in the client application
which, in the example above , is slightly (2 seconds) before GUMF received the event. The value of gc:when
is specified by the client application C1 (see Table 3) so that C1 can classify the observations chronologically
even if multiple observations are reported as a batch.

Accessing a dataspace (tell and/or ask operations) might trigger the plug-ins that are activated for a
dataspace. In the scenario shown in Figure 6 there are three different plug-ins activated for D1. P1 is a plug-
in that gathers additional metadata about resources related to an observation. Regarding the example shown
in Table 4, it P1 queries service S1 about the learning resource http://application-c1.com/web-course/47. S1
could be a service such as DCdot’ that extracts Dublin Core metadata [8] or an RDFa extractor such as
RDFa Distiller™. S1 might extract the following metadata about the learning resource that was accessed by
Peter (see Table 5).

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-synta x-ns#"
xmlins:dc="http://purl.org/dc/elements/1.1/">

<rdf:Description rdf:about="http://application-cl.c om/web-course/47">
<dc:subject>Web</dc:subject>
<dc:subject>Hypertext Transfer Protocol</dc:subje ct>

</rdf:Description>

Table 5 - Example of extracted DCMI metadata.

The data that is extracted from the accessed learning resource (see Table 5) further contextualizes the
observation reported to GUMF (see Table 4). In addition to the URL of the accessed learning resource, the
dataspace D1 now provides more detailed information about the resource. User modeling reasoners (cf.
Reasoning Logic in Figure 5) can apply this information to deduce, for example, the interests of a student. In
Figure 6, plug-in P1 also gathers information from the Web to describe the accessed learning resource more
precisely. In detail, it utilizes the dc:subject attributes, which were extracted from the accessed resource, as
search queries to find Wikipedia pages that explain the corresponding concepts. For the two dc:subject
attributes in Table 5 it identifies the Wikipedia pages about “World_Wide_Web” and
“Hypertext_Transfer_Protocol” which it then maps to the following DBpediall URIs:
http://dbpedia.org/resource/World_Wide_Web and http://dbpedia.org/resource/Hypertext_Transfer_Protocol.
These URIs are used to define the semantics explicitly. If the same user would, for example, access another
learning resource (http://application-c1.com/web-course/47b) where service S1 would extract the keywords
“WWW” and “HTTP” then it would not be clear that the resources http://application-c1.com/web-course/47,
which has “Web” and “Hypertext Transfer Protocol” as dc:subject keywords, and http://application-
cl.com/web-course/47b are dealing with the same topics. Mapping the plain terms to URIs reveals that both
resources are talking about the same topics as the keywords of http://application-c1.com/web-course/47b
(“WWW” and “HTTP”) would be mapped to the same URIs (http://dbpedia.org/resource/World_Wide_Web
and http://dbpedia.org/resource/Hypertext_Transfer_Protocol) as is done for http://application-c1.com/web-
course/47b. Hence, mapping the plain textual terms to URIs reveals the semantics more precisely.

Thus, plug-in P1 in Figure 6 contextualizes the events reported by client application C1 by semantically
describing the resources on which some user activity was performed. In contrast, plug-in P2 tries to gather
additional context information about the user who performed the activity/event.

® http://www.ukoln.ac.uk/metadata/dcdot/
19 http://www.w3.0rg/2007/08/pyRdfa/
1 http://dbpedia.org
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Figure 8 - Gathering contextual information about a user.

Figure 8 illustrates the task that is performed by plug-in P2, which is triggered on adding an observation
(here, “Peter accessed http://application-c1.com/web-course/47") to the dataspace D1 (cf. Figure 6): P1 first
tries to receive other accounts of Peter by invoking the Google Social Graph API [9] with Peter’s OpenlID [12]
(http://peter.myopenid.com) as shown in Table 6.

Query:
http://socialgraph.apis.google.com/otherme?qg=http:/ /peter.myopenid.com

Result:

"http:/lwww.last.fm/user/peter/": {
"attributes": {
"url": "http://www.last.fm/user/peter/",
"profile": "http://www.last.fm/user/peter/"

"http://delicious.com/peter": {

"attributes"; {

"rss": "http://feeds.delicious.com/rss/peter",
"url": "http://delicious.com/peter",

"profile"; "http://delicious.com/peter"

b
e

Table 6 - Example of querying the Google SocialGraph API.

P1 then iterates over the list of Peter’s other accounts to gather information about the activities Peter
performed in the corresponding system. For example, P2 gather the Twitter posts Peter created within a
certain time period that is considered close to t1, the point in time when the observation was actually done.
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There might be a post such as “HTTP is a nice protocol.” that could be interpreted to deduce the sentiment
Peter has regarding the topic of the resources (http://application-c1.com/web-course/47) he accessed. There
might also be posts, which are not related to the observation reported to GUMF. However, such information
might still be useful to deduce how attentive Peter was working on the accessed learning resource. If there
are a couple of Twitter'” posts or Last.fm™® activities (i.e., Peter was listening to some music) shortly after t1
then this might indicate that he was distracted by something different from the learning resource. P1 also
gathers the user’s latest bookmarking activities performed at Delicious™, e.g. further readings the user
bookmarked after accessing http://application-c1l.com/web-course/47. Moreover, observations done by the
Dragontalk Firefox plug-in (cf. Section 2.2.1) could be exploited to detect if the user performed some Web
search queries around t1 and, if yes, what kind of keywords did the user query for. For example, if Peter
would query for “HTTP content negotiation” one could assume that he is rather an expert in HTTP while
querying for “What is an Hypertext?” would indicate that Peter is not that familiar with HTTP and related
technologies. The plug-in P1 therewith enriches dataspace D1 with contextual background information about
the users that performed some event.

Plug-ins can also access other dataspaces. In the scenario in Figure 6, P3 queries another dataspace D2
that is frequently updated by an LMS, which is some kind of portal to other e-learning applications. D2 thus
contains knowledge about users and el-earning courses they are attending and P3 conducts queries to
enrich also dataspace D1 and its subscribing applications, C1 and C2, with general information about the
users’ learning activities such as high-level learning goals and an overview on the courses the students
attended already. Access control can directly embedded into the dataspaces by means of approaches such
as AC4RDF [1] that enable administrators of a dataspace to specify which client application or plug-in is
allowed to access which (kinds of) Grapple statements under which conditions.

In summary, plug-ins enrich dataspaces with additional (context) information. Moreover, they can be used to
make the event data, which is reported by some applications, semantically more precise and to put the
observed user activities into a context as outlined in the scenario. The dataspace approach further allows for
flexible event detection and contextualization: The administrator of a dataspace can activate or deactivate
plug-ins according to the requirements of the client applications that are allowed to access the dataspace (cf.
Figure 6). The plug-in principle gives developers of plug-ins as well as the actual clients of GUMF a lot of
freedom to implement and adjust the contextualization of event data so that GUMF, in general, provides a
generic solution for event detection and contextualization.

5 Applications

In this section we present three different applications that have already been implemented for the event
detection and contextualization framework that is part of GUMF. In Section 5.1 we present logging tools that
are running on a user’'s Desktop in order to inform GUMF about the user’s activities. Section 5.2
demonstrates how we applied the Silk mapping framework to align user context information gathered from
different social networking tools. In Section 5.3, we introduce a novel approach to mash up user data from
different sources which we call user pipes.

5.1 User Observations reported via Desktop Logging Tools

The event detection framework of GUMF provides a suite of logging tools that can be applied to gather
information about users. Here, we make use of the existing logging tools, which we introduced in Section
2.2.1.

12 http://twitter.com
13 http://last.fm

1 http://delicious.com
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Figure 9 - Integration of logging tools via (a) client application and (b) plug-in approach.

Figure 9 demonstrates how the logging tools, which run (as plug-ins) on the Desktop of the user, are
integrated into GUMF. When a user interacts with some Desktop application that supports logging
functionality such as the Firefox browser or the Thunderbird email application, which both provide user
activity logging via Dragontalk plug-ins, then the logging events are passed to the User Observation Hub (cf.
Section 2.2.1).

<methodCal I>
<methodName>UserObservationHub_MozUserObsApi.even tEndDocumentLoad</methodName>
<params>
<param>
<value>
<struct>
<member>
<name>currentURI</name>
<value><string>http://www.w3.org/TR/html 401/</string></value>
</member>
<member>
<name>plaintext</name>
<value><string>
<h1>HTML 4.01 Specification</h1>
<h2>W3C Recommendation 24 December 19 99</h2>
<h2>Abstract</h2>
<p>This specification defines the Hyp erText Markup Language (HTML), the
publishing language of the World Wide Web. This specification...
</string></value>
</member>
<member>
<name>focused</name>
<value><string>true</string></value>
</member>
</struct>
</value>
</param>
</params>
</methodCall>

Table 7 - XML-RPC message sent from the Dragontalk Firefox plug-in to the User Observation Hub.
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Table 7 shows an example message (XML-RPC format) that is sent from the Dragontalk Firefox plug-in to
the User Observation Hub (UOH). The message contains the URL of a Web page (currentURI ) that was
loaded within the Firefox browser as well as the complete content of the Web page (plaintext ). Further,
the focus information indicates whether the browser window was focused by the user on loading (true ) or
not (false ). The ID of the user is passed as parameter to the UOH and can be adjusted via the
configuration page of the Dragontalk plug-in that is displayed in Figure 10. The user can activate or
deactivate the plug-in via the checkbox in the “Plugin status” pane.

Figure 10 - Configuration of the Dragontalk Firefox plug-in.

For the GUMF integration we slightly modified the User Observation Hub and basically implemented our own
listener (cf. Figure 2) that reports the events to GUMF. The events consist of a Grapple statement and a
“NOP event”, which models the message that was sent to the UOH as an RDF resource by referring to the
Native Operation Ontology. Table 8 depicts how the message given in Table 7 is modeled as a NOP
resource.

<rdf:RDF
xmlins:nop="http://ontologies.opendfki.de/repos/on tologies/userobs/nop#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-synta X-ns#">
<nop:WebpagelLoaded rdf:about="http://grapple-projec t.org/event/26173-1248088339437_2">
<nop:webUrl>
<nop:Web rdf:about="http://www.w3.org/TR/html4 01/"/>
</nop:webUrl>
<nop:timestamp rdf:datatype="http://www.w3.0rg/2 001/XMLSchemat#dateTime">

2009-07-20T13:12:19.437+02:00
</nop:timestamp>
<nop:plaintext>
<h1>HTML 4.01 Specification</h1>
<h2>W3C Recommendation 24 December 1999</h2>

<h2>Abstract</h2>
<p>This specification defines the HyperText Ma rkup Language (HTML), the
publishing language of the World Wide Web. This specification...

</nop:plaintext>

<nop:focused>true</nop:focused>

<nop:application rdf:resource="http://grapple-pr oject.org/Mozilla_Firefox"/>
</nop:WebpagelLoaded>
</rdf:RDF>

Table 8 - User event modeled via the Native Operation Ontology.

The NOP resource consists — similarly to the XML-RPC message — of the URL of the accessed Web page
(nop:webUrl ), the actual content of the page (nop:plaintext ) and the focus information

(nop:focused ). It further provides a timestamp (nop:timestamp ) indication of the creation time of the
NOP resource, which is of the type nop:WebPagelLoaded . The nop:application property refers to the
application in which the event occurred. Finally, the NOP resource is identifiable via its URI
(http://grapple-project.org/event/26173-124808833943 7_2) that is generated based on the
current time and user. The Grapple statement that is together with the NOP event sent to GUMF refers to the
NOP event by using that URI. For example, the corresponding Grapple statement that will be finally stored in
GUMF might be the following (Table 9).

<?xml version="1.0" encoding="UTF-8"?>
<rdf:RDF
xmins:gc="http://www.grapple-project.org/grapple -core/"
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xmins:rdf="http://www.w3.0rg/1999/02/22

<gc:Observation rdf:about="http://www.grapple-proje
<gc:subject>http://peter.myopenid.com</gc:subject
<gc:event rdf:resource="http://example.com/activi
<gc:object rdf:resource="http://grapple-project.o
<gc:level rdf:datatype="http://www.w3.0rg/2001/XM
<gc:created rdf:datatype="http://www.w3.0rg/2001/

-rdf - syntax - ns#">

ct.org/umf/782828458237846725">
>

ty/performed"/>
rg/event/26173-1248088339437_2"/>
LSchema#double">1.0</gc:level>
XMLSchema#dateTime">2009-07-

20T13:12:20.855+02:00</gc:created>

<gc:when rdf:datatype="http://www.w3.0rg/2001/XML
20T13:12:19.437+02:00</gc:when>

<gc:creator rdf:resource="http://www.grapple-proj
</rdf:Observation>
</rdf:RDF>

Schema#dateTime">2009-07-

ect.org/umf/client/18"/>

Table 9 - Grapple statement referring to the NOP event.

The core statement basically says that “http://peter.myopenid.com performed a NOP event that has the URI
http://grapple-project.org/event/26173-1248088339437_2". Here, the gc:when property corresponds to the
nop:timestamp  that is listed in Table 8 while gc:created  denotes the time when the Grapple statement
(gc:Observation ) was stored in GUMF. The creator of the statement is the actual client that reported the
statement to GUMF, which is in this case the User Observation Hub that has http://www.grapple-
project.org/umf/client/18 as GUMF client ID. The actual application (http://grapple-
project.org/Mozilla_Firefox), in which the user performed the activity, is contained in the NOP resource (cf.
nop:application in Table 8).

The integration of the logging tools and the User Observation Hub (UOH) respectively is realized either by
utilizing the UOH as (a) client application or (b) as plug-in that can be activated within some dataspace (see
Figure 9).

5.2 Mashing up User Information with SILK

One form of contextualization is mashing up data from different sources, for example, mashing up user
information from different application. In this section, we present a plug-in that builds up a user profile by
mashing up several existing profiles. In other words, given a set of source user profiles {Si, S,, ..., Sy}, the
plug-in constructs or fills up a target user profile T. Let us now define some terms that we shall use
subsequently to facilitate exposition. The schema and instance of user profile S are denoted by schema(S)
and instance(S).

This plug-in employs and extends the Silk framework discussed in Section 2.3.2 to determine mapping
candidates. We add two additional similarity metrics, that is, Levenshtein similarity [6] and WordNet similarity
[13], specifically, using the Wu-Palmer algorithm™ [19]. The Levenshtein similarity is a metric for measuring
the amount of difference between two sequences (i.e., the so called edit distance). The WordNet similarity
measures the semantic similarity based on information found in the lexical database WordNet. This will help
in discovering the similarity, for example, between “sex” and “gender”, which are syntactically different, but
semantically the same.

The plug-in consists of three phases: the Mapping Construction phase, the User Selection phase, and the
Transformation phase. We elaborate each phase in turn by using the following example.

Example: Suppose a user named Anna has Facebook and Orkut profiles. Suppose a Web application
requires Anna to provide her profile based on OpenSocial. This plug-in can be used to mashup Anna’s
Facebook and Orkut profiles and generate her OpenSocial profile. For simplicity, let us assume that the Web
application requires Anna to give her favourite TV shows and food. Figure 11 and Figure 12 depict the
shapshots of Anna’s Facebook and Orkut profiles, respectively.

Figure 11 - Snapshot of Anna’s Facebook Profile

15 http://wn-similarity.sourceforge.net/
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Figure 12 - Snapshot of Anna’s Orkut Profile

The Mapping Construction Phase. In this first phase, we discover mapping candidates between
schema(S;) and schema(T). We measure the similarity of each mapping using similarity metrics. The Silk
framework is employed for discovering mapping candidates together with their similarity score. In our
example, this phase constructs the mapping candidates between schema(Facebook) and
schema(OpenSocial), and schema(Orkut) and schema(OpenSocial). Note that Orkut is based on
OpenSocial. Hence, schema(Orkut) is based on schema(OpenSocial). To facilitate the Silk framework in
constructing the mapping candidates, a Silk LSL file as shown in Listing 2 is used (partial view only). The Silk
framework will return two sets of candidate mappings together with their similarity scores.
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01 <?xml version="1.0" encoding="utf-8" ?>

02 <Silk>

03 <Prefix id="orkut" namespace="http://www.orkut.
04 <Prefix id="fb" namespace="http://www.facebook.
05 <Prefix id="o0soc" namespace=" http://web-semant

06 ...

07 <DataSource id="facebook">

08 <EndpointURI>http://localhost:8080/spargl</End
09 <Graph>http://facebook.com</Graph>

10 </DataSource>

11 <DataSource id="orkut">

12 <EndpointURI>http://localhost:8080/spargl</End
13 <Graph>http://orkut.com</Graph>

14 </DataSource>

15 <DataSource id="opensocial">

16 <EndpointURI>http://localhost:8080/sparql</End
17 <Graph>http://web-semantics.org/ns/opensocial<
18 </DataSource>

19 <Interlink id="related">

20 <LinkType>gc:isMappingCandidateOf</LinkType>
21 <SourceDataset dataSource="facebook" var="a">
22

23 </SourceDataset>

24 <TargetDataset dataSource="opensocial" var="b"

25 L

26 </TargetDataset>

27 <LinkCondition>

28 <AVG>

29 <Compare metric="levenshteinSimilarity">
30

31 </Compare>

32 <Compare metric="wornetSimilarity">

33

34 </Compare>

35 </AVG>

36 </LinkCondition>

37 e

38 </Interlink>
39 <Interlink id="related">

40 <LinkType>gc:isMappingCandidateOf</LinkType>
41 <SourceDataset dataSource="orkut" var="a">

42

43 </SourceDataset>

44 <TargetDataset dataSource="opensocial" var="b"
45

46 </TargetDataset>

47 <LinkCondition>

48

49 </LinkCondition>

50 .

51 </Interlink>

52 </Silk>

com/#" I>
com/#" I>

ics.org/ns/opensocial/#" />

pointURI>

pointURI>

pointURI>
/Graph>

Listing 2 - Silk LSL

The candidate mappings discovered by the Silk framework in the n3_debug

[0.5600]:
[1.0000]:
[0.5000]:
[0.5000]:
[0.7692]:
[0.4444]:

[1.0000]:
[1.0000]:
[1.0000]:

fb:tv gc:isMappingCandidateOf osoc:tvSho
fb:movies gc:isMappingCandidateOf 0socC:
fb:quotes gc:isMappingCandidateOf  osoc:
fb:activities gc:isMappingCandidate Of o]

fb:religion gc:isMappingCandidate Of 0S0

fb:books gc:isMappingCandidateOf osoc:f
orkut:tvShows gc:isMappingCandidateOf 0s
orkut:movies gc:isMappingCandidateOf 0s
orkut:food gc:isMappingCandidateOf 0soc
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format are as follows (partially):

WS .
movies .
movies .

soc:movies .

c:food .
ood .

oc:tvShows .

oc:movies .
:food .
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The User Selection Phase. The previous phase returns a set of candidate mappings. From these candidate
mappings the application developer, who wants to make use of Silk mappings, has to choose the appropriate
mappings that according to him/her are meaningful. In addition, the user is able to specify rules that define
how the instance of data from the source profile is transformed. For example, Anna chooses the following

mappings.
[0.5600]: fb:tv gc:isMappingCandidateOf  osoc:tvSho ws .
[1.0000]: orkut:tvShows gc:isMappingCandidateOf 0s oc:tvShows .
[1.0000]: orkut:food gc:isMappingCandidateOf  osoc :food .
She also specifies the following transformation rules.
osoc:food orkut:food
osoc:tvShows fn:combine(fb:tv, orkut:tvShows)

The first rule indicates that the value of attribute food in OpenSocial profile is taken from the value of
attribute food in Orkut profile. The second one specifies that the value of attribute tvShows in OpenSocial
profile is composed from the values of attributes tv in the Facebook profile and tvShows in the Orkut

profile.

The mapping construction and user selection phases are optional if the user is able to manually specify the

mappings and the transformation rules.

The Transformation Phase. Given the selected mappings and the transformation rules, user profile T is
constructed in this phase. The engine fetches the instances of source user profiles {S;, S», ..., S}, performs
transformation on the data, and fills up the target user profile T. In our example, the plug-in engine fetches
data from instance(Facebook) and instance(Orkut), and uses the mappings and transformation rules to
generate instance(OpenSocial). The value of attribute food in OpenSocial profile is “Pizza, Sushi, KFC”.
The tvShows attribute in OpenSocial profile is “Scrubs, The O.C., Malcom in the Middle, Everybody hates

Chris, Prison Break, Whose line is it anyway, Chuck, Friends”.

5.3 User Pipes

To align user events from different sources, we propose a new approach that we call “user pipes”. User
pipes combine data streams in RDF, XML or RSS format by utilizing Semantic Web Pipes [14] or Yahoo
Pipes'® which allow for syndication of such streams and furthermore provide modules by which specific
service APIs such as Flickr can be called. The user pipe approach, i.e. mashing up data streams from
different sources, can also include data streams that are provided by GUMF itself.

Example: A specific user event stream "searchedFor” of the user fabian can be retrieved by requesting
.Juser/fabian/predicate/searchedFor. An extract of the data stream is given below.

<?xml version="1.0" encoding="UTF-8"?>
<rdf:RDF ...>
<channel rdf:about="http://semweb.kbs.uni-hannove
<title>GUMF data stream matching the query ...<
<link>http://semweb.kbs.uni-hannover.de:8082/gr
<items>
<rdf:Seq>
<rdf:li rdf:resource="http://semweb.kbs.uni
<rdf:li rdf:resource="http://semweb.kbs.uni

</rdf:Seq>

<[items>

</channel>

<item rdf:about="http://semweb.kbs.uni-hannover.d
<title>user 'fabian' searched for 'Trento'</tit
<link>http://semweb.kbs.uni-hannover.de:8082/gr
<gc:subject>http://fabian.myopenid.com</gc:subj
<gc:predicate>http://www.grapple-project.org/no
<gc:object>Trento</gc:object>
<gc:level>1.0</gc:level>
<gc:created>2009-03-20T18:23:50Z</gc:created>
<gc:creator=>http://bookstore.example.org</gc:cr

16 http://pipes.yahoo.com
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r.de:8082/grapple-umf/user/fabian">
fitle>
apple-umf/user/fabian</link>

-hannover.de:8082/grapple-umf/62715"/>
-hannover.de:8082/grapple-umf/63526"/>

e:8082/grapple-umf/62715">

le>

apple-umf/62715</link>

ect>
p.owl#searchedFor</gc:predicate>

eator>
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</item>

</rdf:RDF>

This data stream can be combined with other data streams to deduce new user profile information. For
example, it can be combined with information from the feed ../user/fabian/predicate/interest to deduce

whether the user's interests and search activities are thematically similar or it can even be mashed up with
other RSS feeds from the Web.

To demonstrate how meaningful streams can be created by embedding profile data from social networking

sites, we created a simple user pipe which is available at http://pipes.yahoo.com/userpipes/gumf_showcase,
that combines the search activity stream listed above with the latest bookmarks that the user created at
Delicious (http://feeds.delicious.com/v2/rss/fabianabel). Figure 13 shows the editor view of the corresponding

user pipe.
O Pipes: editing 'GUMP
| - | [+] | | | | it | |é httg:/ /pipes yahoo.com/userpipzs/gurf_showcase | A .El' Google q’
Ep!
=PlPes  cuMF
Layewut Expand All Collapse Al Back to My Fipes MNew Save a cooy Sroperties...
¥ Sources s 4
! - il 7= s
Fetch G5V YaL 2" led — _ =
Feed Auta-Dssnue Entzr Your Query: Try in the consolz For cach in nput feed
Fetch Feed Zz!zuiliull‘l)e‘\;hnk. dfzgﬂo-'.'{ subject, predicate, . [ tem Builder q=)
oot from rag wiere url i Aiibuies
Fetch Dala ("hitp:eemweb kbs uni-hanncver.de:8082 X S :
ot [ ) Rasuits sty O Dizgnnstics and resulls e 0O = [fem eopyscarch §
= = asults nnly ' Lis &hirs 351l o . .
Fetrh Site Feer! & daserinlicn b O = item.cbject b
ity link ¥ = itemlink y
Google Base o - - . .
< - Lees HE¥] subject b= itemsusjEct b
LD i For each ninput feed
F RAC npe -y o =} ol
Yahoo! Local j r | prediecate ] interest 3
5 B
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‘Yahoo! Search Search for iter.object ] leval ¥ =g N
inpiLt Site restiiction .
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b Operators htig:/wikipediz.or ®
b UF - — ®amtf al 4] esats
. —emi.| al 5| esulls _ il
b String . - . . .
= o = - — assign | all 5 ]reaull& to iterJoopitambuilder b
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} Locaticn -l b
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J=bugger: Mipe Cutput (2 iters) v
Tire aken: 0.1484185 Rafresh i
http://en.wikipedia.org/wiki/World Wide_web
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Figure 13 - User Pipe: Mashing up user profile data streams from different sources (here: GUMF search
activity stream and Delicious bookmarks).

The user pipe given in Figure 13 detects those keywords that a user applied for both search and tagging of
his latest bookmarks, which is expressed via the following YQL query.

SELECT title, link, description, subject, predicate , object FROM rss WHERE url in

(‘http://semweb.kbs.uni-hannover.de:8082/grapple-
umf/user/fabian/predicate/searchedFor’)
AND object in

(select category from rss where url in (‘http://fe eds.delicious.com/v2/rss/fabianabel'))

The result of the YQL query is then passed to a component that tries to map the detected keywords to
Wikipedia articles that further explain the concepts that are referred by the keywords. In the last stage, an
Item Builder component is used to generate new Grapple statements. The above item makes use of the
FOAF vocabulary (foaf:interest) to express that the user is interested in http://en.wikipedia.org/wiki/Trento (cf.
bottom of Figure 13):

<?xml version="1.0" encoding="UTF-8"?>
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<item rdf:about="http://www.grapple-project.org/u mf/1215715049-
14264674241239174361456">
<title>http://en.wikipedia.org/wiki/Trento</tit le>
<gc:subject>http://fabian.myopenid.com</gc:subj ect>
<gc:predicate>http://xmIns.com/foaf/0.1/interes t</gc:predicate>
<gc:object>http://en.wikipedia.org/wiki/Trento< /gc:object>
<gc:creator=>http://pipes.yahoo.com/userpipes/gu mf_showcase</gc:creator>
<[item>

The benefit of the user pipe approach is that user pipes result in user activity streams that can again be used
by other user pipes or user profile reasoners, which allows overall for flexible and extensible user profile
reasoning. For publicly available data streams it is also possible to directly use the Semantic Web Pipe17 or
Yahoo Pipe editor, which provides an easy drag-and-drop user interface to process, combine, and perform
various operations on data streams. This means that not only programmers or experts familiar with SPARQL
or rule-based languages are enabled to create profile reasoners, but also casual user as they can create
such reasoners (user pipes) visually.

The critical point of this approach is the immensely huge amount of RSS data on the Web that could slow
down the processing of a pipe. Therefore, we are going to explore caching strategies (e.g. precomputing
pipes regularly and delivering the cached results) as proposed in [20] and will conduct performance
measures as well.

6 Conclusions and Future Work

In this deliverable we presented the design as well as the current implementation of the event detection and
contextualization framework that is directly embedded into GUMF. Event detection and contextualization in
GUMF is based on dataspaces: GUMF client applications (mainly, LMSs integrated into the Grapple
infrastructure) can add user event data (observations about users) modeled by means of Grapple statements
to a dataspace. Dataspaces can be enhanced by plug-ins that actually do the contextualization of the event
data, e.g. by enriching the data with information gathered from other sources. Mashing up data in a
meaningful way is one of the key principles of dataspaces and therewith also one of the main principles of
the event detection and contextualization approach. In this work, we further presented three different
application scenarios that have already been implemented as part of the framework including logging tools
that are observing the users’ behaviour on her desktop as well as so-called user pipes that gather and
intertwine user context information from different Web systems such as social networking systems.

The quality and amount of user events will heavily influence the quality of user modeling in GUMF. The more
valuable information GUMF has about the users/learners the better it can deduce their interests,
preferences, etc. An important source of information is given by the activities the users perform in the
learning management systems, e.qg. if a learner completes a test or quiz about a specific topic with a certain
grade then the LMS has to report that information to GUMF so that GUMF can utilize the information to
deduce further knowledge about the user which can, in turn, be applied by the LMS (and GALE in particular)
to provide better adaptations to the user.

The implementation of the event detection and contextualization functionality in GUMF is in progress. In the
next steps, we have to implement further plug-ins that allow for contextualization and investigate how
contextualization can be applied to best support user profile reasoners in exploiting the user event data that
is stored in dataspaces. Moreover, we will work on the dataspaces themselves. Here, the performance of
running plug-ins (using caching mechanisms) as well as access control mechanisms will be developed and
evaluated.
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