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ABSTRACT

Over the past years, the Linked Data principles have suc-
cessfully been applied, resulting in the Linked Open Data
(LOD) cloud with over 200 datasets containing 26 billion
statements, connected by 400 million typed links. Publish-
ing into the LOD cloud is certainly a challenge, however
various tutorials and guidelines exist.

This tutorial addresses the consumption part, that is, it
gives an introduction how to use data from the LOD cloud
in Web applications. We start with simple access methods
(follow-your-nose, using dumps) over querying LOD data
using SPARQL, to client-side access in the browser (using
JavaScript) as well as show the integration steps into a pop-
ular Content Management System (Drupal).

Categories and Subject Descriptors

H.3.5 [Information Storage and Retrieval]: Online In-

formation Services—Data sharing; H.3.5 [Information Stor-

age and Retrieval]: Online Information Services— Web-
based services

General Terms

Experimentation, Standardization, Verification
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1. LINKED DATA WEB

Linked Data [2] refers to a set of best practices for publish-
ing and interlinking structured data on the Web, introduced
in 2006 by Tim Berners-Lee. In a nutshell, Linked Data
applies the general architecture of the World Wide Web
to the task of sharing structured data on a global scale.
Technically, Linked Data is about employing Uniform Re-
source Identifiers (URIs), the Resource Description Frame-
work (RDF) and the Hypertext Transfer Protocol (HTTP)
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to publish structured data on the Web and to connect related
data that is distributed across multiple data sources. Simi-
lar to hyperlinks in the Web of Documents creating a single
global information space, Linked Data provides for setting
typed links between data items in different data sources,
thereby connecting these sources into a single global data
space—the Web of Data [3].

Increasing numbers of data providers and application de-
velopers have begun to adopt Linked Data [4]. In doing so
they have created a global, interconnected data space. Just
as the classic document Web is diverse in its topical cover-
age, so the Web of Data spans numerous topical domains,
containing data about people, companies, films, music, lo-
cations, books and other publications, online communities,
as well as an increasing amount of scientific and government
data.

Figure 1 gives an overview of the Web of Data. Each
node in the diagram represents a distinct data set published
as Linked Data. The arcs indicate the existence of links
between items in the two data sets. As of September 2010,
the Web of Data is estimated to contain 26 billion RDF
triples and over 400 million cross-data set links [5].

Relatively recent additions to the Web of Data, such as
Ordnance Survey, New York Times and various government
data sets from the UK and US, demonstrate how the Web
of Data is evolving from data publication primarily by third
party enthusiasts and researchers, to data publication at
source by large media and public sector organisations.

A key challenge now is to build applications based on the
Web of Data [7, 8]—this tutorial is one first step to get re-
searchers and practitioners up to speed with the possibilities
and their shortcomings.

2. TUTORIAL TOPICS

The tutorial focuses on the consumption part of Linked
Open Data. In the following, some typical scenarios are
discussed, which form the core topics of the tutorial.

2.1 Discovery

One main tenant of Linked Data are URIs. However, quite
often one is only equipped with a term, that is, for example
a word in a certain language. In such a situation a look-
up service can be used that takes a term as and input and
returns one or more URIs as result. We note that look-up
service might also take URIs as input and deliver documents
or resources that use these input URIs. Several types of
look-up services can be distinguished:

e Simple, dataset-specific look-up services, such as DB-
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Figure 1: Topology of the Web of Data (September 2010) with more than 26 billion facts and over 400 million
cross-data set links from over 200 datasets.

The discovery process on the dataset-level can be made
<sameAs> more effective and efficient using metadata. A widely de-
ployed way to express dataset metadata is based on the “Vo-
cabulary of Interlinked Datasets” (VoID) [1]. VoID descrip-
tions® can contain dataset characteristics and interlinking
information, as well as licensing, provenance and statistics
about the dataset.

Community-driven services, such as the Comprehensive
Knowledge Archive Network (CKAN)* (Fig. 3) allow users
to find datasets, based on topics, license and quality indica-

interlinking the Web of Data

The Web of Data has many equivalent URIs. . Q
y . . <sameAs> Enter a Linked Data URI...

This service helps you to find co-references

between different data sets.

Enter a known URI, or use Sindice to search fist.  <geo  Norway Q

Search results from Sindice, with co-references applied...

“Sinoce “Kongeriket Norge / Kongeriket Noreg” &

b bpeda rafasoucaNorts tors. Addltlonally7. these serv1ces.typlcally also expose the
e oo e PR dataset metadata in VoID, enabling an automation of the
i hitp://zbw.eu/stw/descriptor/16985-6 diSCOVGI‘y task.
. GCatogori:Singles nimero um na Noruega? @ 2.2 Follow-Your-Nose

_singles_in_Norway
’ ' Linked Data has an intrinsic discovery mechanism, of-
ten referred to as “Follow-Your-Nose” (FYN)®. The FYN
Figure 2: The sameAs.org look-up service. method is a native, but not very efficient way to discover
resources in RDFS. There are also other issues with it, such
as with the trust aspect, but for certain use cases FYN is

pedia Lookup!. These services typically take a term ideal.
as an input and return one or more URIs of resources Based on FYN, the Linked Data Web can be accessed us-
that potentially are of interest regarding this term; ing Linked Data browsers and aggregators, such as Sig.ma
(Fig. 4). However, instead of following links between HTML
e Generic look-up services (or semantic indexer), such pages, Linked Data browsers enable users to navigate be-
as Sindice [9] or Watson [6] that allow to look-up both tween different data sources by following RDF links. This
terms and URIs, typically covering large parts of the allows the user to start with one data source and then move
LOD cloud; through a potentially endless Web of data sources connected

by RDF links.
e Specialised, link type or entity look-up services, such
as sameAs.org?, see Fig. 2. Shttp://www.w3.org/TR/void/
“http://ckan.net/
Shttp://esw.w3.org/topic/FollowLinksForMoreInformation

'http://lookup.dbpedia.org/ Shttp://webofdata.wordpress.com/2009/03/01/
’http://sameas.org effective-and-efficient-discovery/
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Figure 3: CKAN, a community-driven dataset dis-
covery service.

Figure 4: Sig.ma, the Web of Data aggregator.

Additionally, Linked Data Search engines crawl the Web
of Data, based on FYN, and provide sophisticated query
capabilities on top of the complete data space, similar to
those provided by conventional relational databases.

2.3 Access

Concerning the data access, one needs to think about the
physical access on the one hand and about the optimal ac-
cess method on the other hand. While for the former issue,
certain converter and extractor tools, such as OpenLink’s
URIburner’ or the Java library any23® can be utilised, for
the latter issue there is no general applicable method.

VolD-based metadata may help in understanding which
access methods (dump, SPARQL endpoint, etc.) a dataset
offers, however, this typically can not take over the task to
decide what is best for the agent accessing the dataset.

2.4 Applications

Taken discovery and access together, one can advance
to build a concrete application based on Linked Data [7].
Besides the overall issues what kind of application (for ex-
ample an Ajax-based application or a desktop application)
one plans to develop, there exist orthogonally certain cross-
cutting concerns. This includes the utilisation of a local
RDF store or synchronisation policies concerning dynamic
datasets [10].

3. TUTORIAL OUTLINE

The tutorial is of practical nature, with a number of hands-
on sessions included. The topics as outlined above will be
covered in the following order:

1. Linked Data 101
(a) HTTP URISs
(b) RDF data model

(c) Vocabularies
2. The Linked Open Data cloud

(a) Domains and coverage
(b) Community-driven discovery (CKAN)
(¢) Licenses and provenance
3. Discovery and Access of Linked Data
(a) Using Look-up services
(b) Dumps and FYN
4. Querying Linked Data
(a) SPARQL Introduction
(b) SPARQL Endpoints
(c) Recipes
5. Developing an Ajax application with Linked Data
6. Using Linked Data from Drupal 7

All materials from the tutorial, including slides and source
code as well as references to advanced topics and tools will
be made available via http://latc-project.eu/.

"http://linkeddata.uriburner.com/
Shttp://code.google.com/p/any23/
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