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Abstract. Due to the decentralized and linked architecture of Linked Open Data,
answering complex queries often requires accessing and combining information
from multiple datasets. Processing such federated queries in a virtually integrated
fashion is becoming increasingly popular. This tutorial will explore the different
approaches used for federated query processing over Linked Data. In particular,
we will focus on query federation over SPARQL endpoints, Triple Pattern Frag-
ments, and live Linked Data streams. State-of-the-art techniques will be practically
demonstrated with examples along with hands-on experience and exercises to
be carried out by the participants. By the end of the tutorial, participants will
obtain hands-on knowledge of the federated query processing over Linked Data,
understand the main differences between state-of-the-art systems, and be able to
position these systems based on their pros and cons.

1 Motivation

The transition from the Web of Documents to the Web of Data has resulted in a large
compendium of interlinked datasets from diverse domains. Currently, the Linking Open
Data (LOD) Cloucﬂ contains over 60 billion triples available from more than 1000 dif-
ferent datasets with large datasets [13] being added frequently. Any complex application
which relies on more that one data sources hence needs to be able to execute queries over
multiple sources at the same time. We call such queries federated queries. Such datasets
are not always or only available as SPARQL endpoints. In some cases, they might be
available as Triple Pattern Fragments [[16]], or as data streams originated from various
physical and virtual sensors (e.g., smart city infrastructure such as http://www.odaa.dk/
and http://iot.ee.surrey.ac.uk:8080/index.html). Consequently, various engines and ap-
plications have been developed to enable the execution of federated queries on these
different data infrastructures.

The aim of this tutorial is two-fold. First, we aim to provide the participants with
an overview of the state of the art in federated queries. In addition, we aim to provide
the participants with practical insights and hands-on experience that will allow them to
select the right system for their purposes or even improve upon existing solutions in their
future research.
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2 Related Events

Hartig and Ozsu [7]] presented a tutorial on Linked Data query processing. They focused
more on the basics of the Linked Data, SPARQL query, types of source selection, and
query optimization strategies. In this tutorial we are aiming to go into further details of the
federated query processing with the assumption that the audience already have the basic
knowledge of Linked Data and SPARQL queries. Moreover, we will be more focused
on the practical demonstrations by using running examples and hand-on exercises. In
addition, we will cover query federation in Linked Data Fragments [[16] and Linked Data
streams.

Tutorials on RDF Stream Processing (RSP) have been presented in ISWC 2013,
2014 and in ESWC 2014. However, RSP is still in its infancy stage and most of the
tutorials are focused on the basic presentation of RDF streams and their query semantics.
Complimentary to the previous work, in this tutorial we will be focusing on harnessing
the true value from RDF streams by showcasing how these streams can be integrated
with the background knowledge by executing federated queries over distributed data
sources in combination with RDF streams. In order to provide better insights and hands
on experience to the audience, in this tutorial we will use real time city data streams
(e.g. traffic and temperatures sensors ) and integrate them with background knowledge
to answer complex user queries.

3 Detailed Description

In this section we describe the contents of tutorial, the aims and learning objectives,
presentation style and tutorial format, and the prior knowledge required by the attendees.

3.1 Content Overview
Our tutorial will consist of four sessions:

— Federated SPARQL query processing: In this session, we will briefly describe
the general steps involved in federated query processing over Linked Data, fol-
lowed by the description of the state-of-the-art SPARQL query federation engines
(140611010417 over SPARQL endpoints. In particular, we will explain the source
selection, query planning and optimization, and join implementation techniques in
these engines. All of the these steps will be explained by using running examples.
The aim is this section will be to familiarize the audience with the topic and enable
them to understand the main differences between the selected engines. The insights
gained in this session will also be central for the hands-on exercises (see last section
of the tutorial).

— Federation with Triple Pattern Fragments: Since not all datasets are available
as SPARQL endpoints all the time, Triple Pattern Fragments [16] were proposed
as a light-weight interface to publish queriable Linked Data. Currently, more than
600,000 datasets are available as Triple Pattern Fragments (on http.//lodlaundromat,
org/). Since SPARQL queries are executed on the client side, this interface has
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interesting potential for federation. In this part, we will briefly zoom in on the theory
behind Triple Pattern Fragments, and then see how to execute custom federated
queries. Furthermore, we will discuss how this technology can be integrated in
real-world applications.

Federation over Streaming Linked Data: Recent developments in technologies
for the internet of things facilitate the availability of dynamic data streams produced
by multiple sensors. These streams contain information from multiple domains
(e.g., health, traffic, weather). Many RSP engines have been introduced to process
semantic RDF streams [8l2J3]]. In this session we will demonstrate how to effectively
discover relevant data streams (data source selection) and integrate them with the
federated data sources containing domain knowledge (federated query processing).
We will showcase how applications can effectively discover and select relevant
data streams while taking customised constraints and preferences of the user into
account [4L5]. We will formulate federated queries to integrate real-time data streams
http://www.odaa.dk/ together with federated static data sources http.//iot.ee.surrey,
ac.uk:8080/index.html| to answer complex user queries for smart city applications
[L15]].

Hands-on Experience: In the last session, we will have a hands-on session where
the audience will be provided with a set of practical exercises related to each of
the above three sessions. In particular, simple federated queries will be executed
using some of the SPARQL query federation engines presented in the first session.
Moreover, triple-pattern-fragment-based queries will be executed on data from the
LOD laundromat. Finally, RDF data streams will be provided to the participants to
enable them to execute federated queries using RSP engines.

Aims and Learning Objectives

Our learning objectives are the following:

3.3

Provide basic knowledge of the federated query processing over Linked Data.
Elaborate on the main differences between state-of-the-art federated query engines
by using examples and hand-on exercises.

Position these systems based on their pros and cons.

Present the setup of federated environment for experiments and evaluation in the
context of federated query engines over Linked Data.

Presentation Style and Format

Our presentations will be mostly based on animations, running examples, hands-on
exercises and visualization. Basic questions will be asked during the session to keep
the audience alert and ensure that the core message is understood. Questions will be
allowed throughout the presentations. The first three sessions will last 45 minutes each
questions. The hands-on exercise session will be conducted at the end of the tutorial and
will last for about 1 hour. If time permits, we will discuss some of the open problems
in the federated query processing over Linked Data. Furthermore, a short explanation
of the federated evaluation setup and key performance metrics (to be considered for
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the performance evaluation of federation engines) will be discussed as well. Given the
centrality of federated queries for all complex Linked Data applications, we expect that
most of the semantic web community will be interested in our tutorial and are thus
expecting between 20 and 30 attendees (conservative estimate).

3.4 Required Prior Knowledge

The audience are required to have basic knowledge of the SPARQL query, Linked Data,
and SPARQL endpoints.

4 Length

This will be a half day tutorial.

5 Technical Requirements

We will only need standard projection equipment. Participants should bring their own
laptop. VirtualBox 4.3 will need to be installed in order to run the virtual machine image
that we will distribute for the hand-on parts.
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