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Outline

1. Foundations of Linked Data
 What  is the vision and goal?

2. The Web of Linked Data
 What data is out there?

 What is being done with the data?

3. How to publish Linked Data?
 Tasks and Tools

4. How to consume Linked Data?
 Tasks and Tools 
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Linked Data Principles

1. Use URIs as names for things.

2. Use HTTP URIs so that people can look up those names.

3. When someone looks up a URI, provide useful RDF
information.

4. Include RDF statements that link to other URIs so that 
they can discover related things.

Tim Berners-Lee, http://www.w3.org/DesignIssues/LinkedData.html, 2006

Set of best practices for publishing 
structured data on the Web in accordance 
with the general architecture of the Web.
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Architecture of the classic Web
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Single global information space

Small set of simple standards
1. HTML as document format
2. HTTP URLs as 

 globally unique IDs
 retrieval mechanism

3. Hyperlinks to connect everything

A

HTTP
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Web 2.0 APIs and Mashups
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No single global dataspace

Shortcomings

1. APIs have proprietary interfaces

2. Mashups are based on a 
fixed set of data sources

3. No hyperlinks between data 
items within different APIs
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Web APIs slice the Web into Walled Gardens

Image: Bob Jagensdorf, http://flickr.com/photos/darwinbell/, CC-BY
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Linked Data
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Extend the Web with a single global dataspace
1. by using RDF to publish structured data on the Web
2. by setting links between data items within different 

data  sources.
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The Basis: RDF Data Model

Richard Cyganiak

dbpedia:Berlin

foaf:name

foaf:based_near

foaf:Person
rdf:type

pd:cygri

Flexible graph-based data model.
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Data items are identified with HTTP URIs

pd:cygri

Richard Cyganiak

dbpedia:Berlin

foaf:name

foaf:based_near

foaf:Person
rdf:type

HTTP URIs take the role of global primary keys.

pd:cygri = http://richard.cyganiak.de/foaf.rdf#cygri
dbpedia:Berlin = http://dbpedia.org/resource/Berlin
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Resolving URIs over the Web

dp:Cities_in_Germany

3.405.259
dp:population

skos:subject

Richard Cyganiak

dbpedia:Berlin

foaf:name

foaf:based_near

foaf:Person
rdf:type

pd:cygri

The HTTP protocol brings together identification and 
retrieval again.
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Following Links deeper into the Web

dp:Cities_in_Germany

3.405.259
dp:population

skos:subject

Richard Cyganiak

dbpedia:Berlin

foaf:name

foaf:based_near

foaf:Person
rdf:type

dbpedia:Hamburg

dbpedia:Muenchen

skos:subject

skos:subject

pd:cygri
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The Disco – Hyperdata Browser
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Properties of the Web of Linked Data

Global, distributed dataspace build on a simple set of standards
 RDF, URIs, HTTP

 Entities are connected by links
 creating a global data graph that spans data sources and 

 enables the discovery of new data sources

 Provides for data-coexistence
 Everyone can publish data to the Web of Linked Data

 Everyone can express their personal view on things

 Everybody can use the vocabularies/schema that they like
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Linked Data Deployment on the Web

 Is this real?
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W3C Linking Open Data Project

 Grassroots community effort to
 publish existing open license datasets as Linked Data on the Web
 interlink things between different data sources
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LOD Datasets on the Web: May 2007

 Over 500 million RDF triples 
 Around 120,000 RDF links between data sources
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LOD Datasets on the Web: September 2008
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LOD Datasets on the Web: July 2009

 Over 13.1 billion RDF triples 
 Over 142 million RDF links between data sources



Christian Bizer: Linked Data - Introduction to the Semantic Web Tutorial at ISWC 2010 (11/7/2010)

LOD Datasets on the Web: September 2010

 Over 24,7 billion RDF triples 
 Over 436 million RDF links between data sources
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Uptake in the Libraries Community

 Institutions publishing Linked Data
 Library of Congress (subject headings)

 Schwedische Nationalbibliothek (Libris - catalog)

 Hungarian National Library (OPAC and Digital Library)

 Deutschen Zentralbibliothek für Wirtschaftswissenschaften (subject headings)

 Deutsche Nationalbibliothek (PND dataset and subject headings)

 Europeana project is moving towards Linked Data

W3C Library Linked Data Incubator Group

Open Archives ORE Standard

Goals: 
1. Integrate Library Catalogs on global scale.

2. Interconnect resources between repositories 
(by topic, by location, by historical period, by ...).
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Uptake in Life Sciences

W3C Linking Open Drug Data Effort

Bio2RDF Project

Allen Brain Atlas

Goal: Smoothly integrate
internal and external data
in a pay-as-you-go-fashion.
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Uptake in the Media Industry

 Publish data as RDF/XML or RDFa

 Goal: Drive traffic to websites via 
search engines
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Linked Data Applications
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What can I do with this?
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Linked Data Browsers

Tabulator Browser (MIT, USA)

Marbles (FU Berlin, DE)

OpenLink RDF Browser (OpenLink, UK)

Zitgist RDF Browser (Zitgist, USA)

Disco Hyperdata Browser (FU Berlin, DE)

Fenfire (DERI, Irland)

Provide for navigating between data sources 
and for exploring the dataspace.
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Web of Data Search Engines

 Falcons (IWS, China)

 Sig.ma (DERI, Ireland)

 Swoogle (UMBC, USA)

 VisiNav (DERI, Ireland)

Watson (Open University, UK)

Crawl the dataspace and provide best-effort 
query answers over crawled data.
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3. How to publish Linked Data?

Tasks:

1. Make data available as RDF via HTTP

2. Set RDF links pointing at other data sources

3. Make your data self-descriptive

How to publish Linked Data Tutorial
http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial/
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3.1 Make Data available as RDF via HTTP

Ready to use tools (examples)

1. D2R Server
 provides for mapping relational 

databases into RDF and for
serving them as Linked Data

2. Pubby
 Linked Data Frontend for

SPARQL Endpoints

3. More tools
 http://esw.w3.org/TaskForces/

CommunityProjects/
LinkingOpenData/PublishingTools
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3.2 Set RDF links pointing at other data sources

 Examples of RDF links

<http://dbpedia.org/resource/Berlin> owl:sameAs 

<http://sws.geonames.org/2950159> .  

<http://richard.cyganiak.de/foaf.rdf#cygri> foaf:topic_interest 

<http://dbpedia.org/resource/Semantic_Web> .

<http://example-bookshop.com/book006251587X> owl:sameAs 

<http://www4.wiwiss.fu-berlin.de/bookmashup/books/006251587X> .
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How to generate RDF links?

 Pattern-based Approaches
 Exploit naming conventions within URIs (for instance ISBNs, ISINs, …)

 Similarity-based Approaches
 Compare items within different data sources using various similarity metrics

Ready to use tools (Examples)

1. Silk – Link Discovery Framework
 provides a declarative language for specifying link conditions 

which may combine different similarity metrics

 Silk Single Machine, Silk MapReduce

2. More tools
 http://esw.w3.org/TaskForces/CommunityProjects/LinkingOpenData/Equivale

nceMining
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3.3 Make your Data Self-Descriptive

 Increase the usefulness of your data and ease data integration

Aspects of self-descriptiveness
1. Enable clients to retrieve the schema

2. Reuse terms from common vocabularies

3. Publish schema mappings for proprietary terms

4. Provide provenance metadata

5. Provide licensing metadata

6. Provide data-set-level metadata using voiD

7. Refer to additional access methods using voiD

 Statistics about the compliance with these best practices
 http://lod-cloud.net/state/
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Enable Clients to retrieve the Schema

Clients can resolve the URIs that identify vocabulary 
terms in order to get their RDFS or OWL definitions.

<http://xmlns.com/foaf/0.1/Person> 

rdf:type owl:Class ;

rdfs:label "Person"; 

rdfs:subClassOf <http://xmlns.com/foaf/0.1/Agent> ;

rdfs:subClassOf <http://xmlns.com/wordnet/1.6/Agent> .

<http://richard.cyganiak.de/foaf.rdf#cygri> 

foaf:name "Richard Cyganiak" ;

rdf:type <http://xmlns.com/foaf/0.1/Person> .

RDFS or OWL definition

Some data on the Web

Resolve unknown term 
http://xmlns.com/foaf/0.1/Person
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Reuse Terms from Common Vocabularies

Common Vocabularies
 Friend-of-a-Friend for describing people and their social network 

 SIOC for describing forums and blogs 

 SKOS for representing topic taxonomies

 Organization Ontology for describing the structure of organizations

 GoodRelations provides terms for describing products and business entities 

 Music Ontology for describing artists, albums, and performances

 Review Vocabulary provides terms for representing reviews 

Common sources of identifiers (URIs) for real world objects 
 LinkedGeoData and Geonames locations

 GeneID and UniProt life science identifiers

 DBpedia wide range of things 
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Publish Schema Mappings on the Web

 Simple Mappings: OWL, RDFS, SKOS
 owl:equivalentClass, owl:equivalentProperty, 

 rdfs:subClassOf, rdfs:subPropertyOf

 skos:broadMatch, skos:narrowMatch

Complex Mappings: R2R
 provides value transformation functions

 structural transformations

<http://xmlns.com/foaf/0.1/Person> 

owl:equivalentClass 

<http://dbpedia.org/ontology/Person> . 
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4. How to consume Linked Data?

Tomorrow:

First International Workshop on 
Consuming Linked Data (COLD 2010)
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Task involved in Linked Data Consumption
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LDspider

 Flexible open-source Linked Data crawler

Crawls RDF/XML and RDFa

 Poster about LDspider at ISWC poster session

Crawl 
Linked Data
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R2R Framework

 Tool for translating RDF data between different vocabularies

 Provides for publication and discovery of mappings on the Web

 Talk about R2R at COLD workshop Normalize
vocabularies
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The Dataspace Vision 

 Properties of dataspaces
 may contain any kind of data 

(structured, semi-structured, unstructured)

 require no upfront investment into a global schema

 provide for data-coexistence

 give best effort answers to queries 

 rely on pay-as-you-go data integration

Franklin, M., Halevy, A., and Maier, D.: From Databases to Dataspaces 
A new Abstraction for Information Management, SIGMOD Rec. 2005.

Madhavan, J., et al.: Web-scale Data Integration: You Can Only Afford 
to Pay As You Go, CIDR 2007 

Alternative to classic data integration systems in 
order to cope with growing number of data sources.
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Silk Server

Add missing links while consuming Linked Data

Designed to work together with LDspider

 Talk about Silk Server at COLD workshop
Identity

Resolution
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WIQA Framework

Allows you to filter Web data using different data quality 
assessment policies

Will be extended towards
Data Fusion Data

Fusion
Quality 

Assessment
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Named Graphs

 Extension of the RDF Data Model for representing
meta-information about RDF Graphs

 Implemented by most SPARQL stores

Used by many Linked Data applications
for provenance tracking

 Provenance vocabularies
 Are compared by W3C 

Provenance XG

 Open Provenance Model
is gaining traction

Representation 
of provenance 

meta-information
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Conclusion

 The Web of Linked Data is growing rapidly
 Active deployment communities exist in various domains

 Has exceeded the critical mass

Web search is evolving into query answering
 Search engines will increasingly rely on structured data from the Web

Next step: Linked Data within Enterprises
 alternative to data warehouses and EAI middleware

 advantages: schema-less data model, pay-as-you go data integration

 You are looking for a topic for your PhD thesis?
 There are many exciting research challenges around consuming Linked Data

 Examples: Web-scale data integration, data quality assessment
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Thanks!
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