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Outline

|. Foundations of Linked Data

* What s the vision and goal!
pilie vvebiof Linked Data

* What data is out there?

» What is being done with the data!
3. How to publish Linked Data!?

4. How to consume Linked Data?



Architecture of the classic VWeb

Single slobal dataspace
g g p Web Search

Browsers Engines

Small set of simple standards ﬁ ﬁ

RIS document format
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* retrieval mechanism

3. Hyperlinks to connect everything @ . .



Web 2.0 APls and Mashups

No single global dataspace
programmable%

Shortcomings
I

i

APls have proprietary interfaces Mashup

Mashups are based on a fixed set of data

SOUrces / \

No hyperlinks between data rtems within /Web/ /Web/ /Web/ /Web/
different APIs API[ [ API[ [ API[ | API




Web APIs slice the Web into Walled Gardens




L inked Data

Extend the Web with a single global dataspace
|. by using RDF to publish structured data on the Web

2. by setting links between data items within different data sources

RDF

RDF / ROF | v~ RDF / RDF
RDF ROF | | RDF

RDF

Links

\
ROF | — | RDF
RDF
Links



Linked Data Principles

Set of best practices for publishing structured data on the Web in
accordance with the general architecture of the VWeb.

Use URIs as names for things.
Use HT TP URIs so that people can look up those names.
When someone looks up a URI, provide useful RDF information.

Include RDF statements that link to other URIs so that they can discover
related things.
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Tim Berners-Lee, http://www.w3.org/Designissues/LinkedData.html, 2006



Properties of the Web of Linked Data

» Global, distributed dataspace build on a simple set of standards
BRI S T TR

* 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



W3C

inking Open

* Grassroots community effort to

Data Project

» publish existing open license datasets as Linked Data on the Web

* Interlink things between different data sources

3{ UNKINGOPENDATA



B@IDNData Sets on the Vveb: Mz
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» Over 500 million RDF triples
« Around [20,000 RDF links between data sources



LS

Datd Sets on the Vveb: SepitemberZ@ie

BBC
Later +

Open-
ECS Guides
South-
‘w
DBtune AN .

v ~— ™ RDF Book
} Mashup

DBLP
vEVV: Berlin
flickr
wrappr
Project DBLP
Guten- Hannover

Wiki-
company

berg



Sussex
Reading
Lists

Audio-
scrobbler

RAMEAU
SH
/

LCSH
lobid -
Resources
4 ! RISKS

he Open ECS |
Library Gem. us South- | |
(Talis) Norm- Mann- ampton/ | !

l datel heim ¢ | RESEX

/aor ‘ | ‘

pouee \ |

Book V- Y\ /T
Mashup i'scmanuc\- pisa |\ /11 AN
1 :

MySpace
(DBTune)
i |

/

— 7N\ \
. § (.. \{ A A
/Semantic | Lotico \ Revyu / \
[c;nch / \ ) "I" g‘\)vg . ,x
= // roF "Qod/z g
—~ g | ohloh _—~ =
Ve viildiife |/ NS -
[ Finder 3
| legisiation Bome ' Tele- "’ VIVO UF
.gov.uk _ nl ~ graphis A -
_—_— ! & > Indiana DBLP
“ \\ VIVO Bé:I‘IJn)

| Linked Data
| for Intervals

~—\ Cornell °
7 £ = Projects
[ (Dat ” N < [ Guten-
! sn:u? 1 QL‘& el ———>. berg —— —
B Fishes | v~ 2R " — N
ofTexas = N
7 5
' i

) e P

once| @ 7 :- - N
sk a’“e‘ i’! N

Geo
pecies

s 7~ — ‘ i

rdfabout
US Census

el billion RDF triples

* Over 436 million RDF links between data sources

Patd Sets on the Vveb: Septembers2eiis

Media O
Geographic Q

Publications | )
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Government |
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@ Data Set statistics as of Nove 20Nk

Domain Data Sets Triples Percent RDF Links Percent
Cross-domain 20 1,999,085,950 7.42 29,105,638 7.36
Geographic 16 5,904,980,833 21593 16,589,086 4.19
Government 25 11,613,525,437 43.12 17,658,869 4.46
Media 26 2,453,898,811 91l 50,374,304 12.74
Libraries 67 2,237,435,732 8.31 77,951,898 19.71
Life sciences 42 2,664,119,184 9.89 200,417,873 50.67
User Content 7 57,463,756 0.21 3,402,228 0.86
203 26,930,509,703 395,499,896

LOD Cloud Data Catalog on CKAN

* http://www.ckan.net/group/lodcloud

More statistics

» http://lod-cloud.net/state/




DBpedia—The Hib  oxtil
on the Web of Data DBmd'

DBpedia is a joint project with the following goals

extracting structured information from Wikipedia
publish this information under an open license on the Web

setting links to other data sources

e ElifErs

Freie Universitit Berlin (Germany) Freie Universitat Yok

Universitat Leipzig (Germany)
Openlink Software (UK)

neofonie (Germany) =) OPEN! INK

- S OFTWARE



Extracting structured data from Wikipedia

N

Article Discussion

o Log In / create account

, Q

Read Edit View history |>earch

WIIQIPEDIA I Geneva I

The Free Encyclopedia

Main page
Contents

Featured content
Curment events
Random article
Donate to Wikipedia

~ Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact Wikipedia

* Toobox
What inks here
Related changes
Upload file
Special pages
Permanent ink
Cite this page

b Prnt/expon

From Wikipedia, the free encyclopedia I Coordinates: (g 46°12'N 6°09'E I

For other uses, see Geneva (disambtguation).

Geneva (y) /d3i nival; French: Genéve, IPA: [3encv]; Arpitan: Genéva, IPA: [dzeneva])™'€ 'l is the
second-most-populous city in Switzerland (after Zarich) and is the most populous city of Romandie,
the French-speaking part of Switzerland. Situated where the Rhone exits Lake Geneva, it is the
capital of the Republic and Canton of Geneva. While the municipality itself (city centre ville de
Genéve) has a population (as of December 2010) of 191,415, the canton of Geneva ( République et
Canton de Genéve, which includes the city) has 457,628 residents (as of December 2009).'2 The

agglomeration has 1,240,000 residents.

Geneva is a global city, a financial centre, and a worldwide centre for diplomacy and the most
important UN international co-operation centre with New York thanks to the presence of numerous
international organizations, including the headquarters of many of the agencies of the United
Nations!®| and the Red Cross.!? It is also the place where the Geneva Conventions were signed,
which chiefly concern the treatment of wartime non-combatants and prisoners of war.

Geneva has been described as the third European financial centre after London and Zurich,'®) and
the world's eighth most important financial centre by the Global Financial Centres Index, ahead of
Frankfurt and Sydney,'®! and a 2009 survey by Mercer found Geneva to have the third-highest
quality of life of any city in the world (narrowly outranked by Zirich).!”! The city has been referred to

as the world's most compact metropolis and the "Peace Capital."'®) In 2009, Geneva was ranked as

the fourth most expensive city in the world.®) 2 ? e T e e Ry ey

-

¥ Languages
Afrikaans
Alemannisch
fEnglisc

Laboratory, Right: Jet a'Eau, Bottom: View over
Geneva and the lake.

Contents [nida]

1 Etymology

2 History
2 1 Antinunvy

Country Switzerland
Canton Geneva
District N/A




Extracting structured data from Wikipedia

dbpedia:Geneva rdf:type dbpedia-owl:Place ,
dbpedia-owl:PopulatedPlace ,
dbpedia-owl:Settlement ;
rdfs:label "Geneva'"@en ,

"Genf"@de ;
dbpedia-owl:population 191237 ;
dbpedia-owl:postalCode "1200"@en .

dbpedia:CERN dbpedia-owl:headquarter dbpedia:Geneva .

* access to DBpedia data:
* dumps
- RO endpoint
* Linked Data interface



The DBpedia Data Set

Information on more than 3.5 million “things”

364,000 persons

| 48,000 organizations
462,000 places
99,000 music albums
54,000 movies
169,000 species

overall more than half a billion RDF triples

» title and abstract in 97 different languages
1,850,000 links to images
5,900,000 links to external websites

6,500,000 links to other Linked Data sets



As of September 2010 @ @ @




HM Government data.gov.uk

Home Blog Data SPARQL Apps Ideas Forum Wiki Resources About m
Subscribe by RSS | R\

Community
Login/ Sign up

Local Data Panel

Unlocking innovation

Working with UK Public
Sector information and data

Advised by Sir Tim Berners-Lee and Professor Nigel Shadbolt and others, government is opening up
data for reuse. This site seeks to give a way into the wealth of government data and is under

constant development. We want to work with you to make it better. What is the
We're very aware that there are more people like you outside of government who have the skills and Semantic
abilities to make wonderful things out of public data. These are our first steps in building a Web?

collaborative relationship with you. Combining different data

Latest news: sources has never been easy
but the Semantic Web will
enable data to be joined easily
across boundaries.

» Read about our latest site changes
« find out how the data.gov.uk team has been getting involved with the community
« listen to a Podcast on setting up data.gov.uk

Search Data Browse for Data

List all datasets
Enter keyword(s)
By Public Body

Read more

Digital Engagement

e.g. education, NHS, crime, transport, environment

Twitter stream

Powered by: CKAN Common tags



QL DATA cov

EMPOWERING PEOPLE

HOME DATA v+ TOOLS COMMUNITY METRICS DIALOGUE

Most Popular Datasets
LINKING OPEN

GOVERNMENT
DATA

. Worldwide M1+ Earthquakes, Past 7 Days
2. U.S. Overseas Loans and Grants (Greenbook)
5. Latest Volumes of Foreign Relations of the...
4. OSHA Data Initiative - Establishment...

VIEW MORE »
5. IT Dashboard - Federal IT Spending (major...

SEARCH OUR CATALOGS

COMMUNITY SEMANTIC WEB

Data.gov is leading the way in democratizing As the Web of linked
public sector data and driving innovation. The documents evolves to
data is being surfaced from many locations include the Web of
making the Government data stores available to linked data, we're
researchers to perform their own analysis. working to maximize the
Developers are finding good uses for the potential of Semantic
datasets, providing interesting and useful Web technologies to
applications that allow for new views and public realize the promise of
analysis. This is a work in progress, but this Linked Open

With so much government data to work with, movement is spreading to cities, states, and Government Data.

developers are creating a wide variety of other countries. After just one year a community

applications, mashups, and visualizations. From is born around open government data.

crime statistics by neighborhood to the best Just look at the numbers:

Thanks to our collaboration with the Tetherless
World Constellation at the Rensselaer
Polytechnic Institute. Data gov is now hosting




Uptake in the Libraries Community

» Institutions publishing Linked Data

* Library of Congress (subject headings)

« German National Library (PND dataset and subject headings)
» Swedish National Library (Libris - catalog)

* Hungarian National Library (OPAC and Digital Library)

» Europeana project just released data about 4 million artifacts
« W3C Library Linked Data Incubator Group

« OKFN Working Group on Bibliographic Data

» Goals:

* Integrate Library Catalogs on global scale

* Interconnect resources between repositories (by topic, by location, by
historical period, by ...)



Uptake in the Media Industry

Ehc;}'cwﬂorkq"ﬁmcs Linked open Data BETA Search data.nytimes.com

\ - "
e “% @ data.nytimes.com
\\ . .

\ 7/
\/

For the last 150 years, The New York Times has maintained one of the most authoritative news vocabularies ever

* Publish data as RDEAMIES GRS

The Data « Goal: Drive traffic to websites via

As of 13 January 2010, The New York Times has published approximately ,10,000 subject headings as linked open data

under a CCBY license. We provide both RDF documents and a human-friendly HTML versions. The table below gives a S e a rC h e n g i n e S

breakdown of the various tag types and mapping strategies on data.nytimes.com.

Type Manually Mapped Tags Automatically Mapped Tags Subscribe

People 4,978 0

Organizations 1,489 1,592

Locations 1,910

Newsweek

What matters most

(o421l Q Enter an artistname ...

STORIES | TOPICS | AUTHORS

FedEx

Ground

BBC TWO - Faster to more locations

Later Live
With Mumfo Joanna Ne m, lan Hunter and tt ’) than UPS Ground.
SR : ST er Plan”

Angelique Kidjo, pl ;Vlth lggy Pop.
e scenario if they wanted to drill the gulf. But
1t approved—is alarmingly short on

SAVE NOW »

Veek Now Subscribe now and save up to 78% ,
GROTz

KATIE MELUA
WEEKEND GAN

are. We're Queer. We're Retiring.

To Meet The Demands Of America’s Aging

Gay Population, Developers Are Now by Linda Stern
Targeting The Lgbt Market With Everything
From Active Adult Rental Apartments To

Retirement Communities That Promise Life- ™ 43

BROWSE BY GENRE Classic Pop & Rock * Classical * Country Dance & Electronica Desi Easy Listening, Soundtracks & Musicals
Folk * Hip Hop, RnB & Dancehall *+ Jazz & Blues * Pop & Chart * Rock & Indie Soul & Reggae * World

Most Played Artists On The BBC May 26, 2010

3-9 MAY 2010

(] ) M

Long Care. More »
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http://www.w3.org/People/Berners-Lee/card#i

Tim Berners-Lee

hitp://www.w3.0rq/1999/02/22-rdf-syntax-ns#type

Weblinks

Given name

family name

shalsum of a personal mailbbox URI name

workplace homepage

Open

@O0 Q@O@O00000000

hitp:/iwww.w3.0rg/2000/10/swap/pim/contacti#Male O O

Tim Bermers-Lee O O O O

Tim Bemers-Lee (also at wwwd .wiwiss.fu-berlin.de) O O

00
hitp:/iwww.w3.org/People/Bemers-Lee/ o O O o

Tim Bemers-Lee o o o O ° O
Timothy Berners-Lee O ° O O

Tim Bemers Lee °

Timothy O O
Bemers-Lee O O

98504 7c5a70db7407210cefSe4e8{5374a525¢5¢ O O o

hitp://'www.w3.org/ O O
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M

Help About Forum

SEMANTIC INFORI
ASHUP

Chris Bizer

Add More Info

Options #

Chris Bizer

picture:

given name:
family name:

is creator of:

Order &2 | Permalink &#

PICTURE

NOT

Chris | ]

Bizer | ]

DBpedia: A Nucleus for a Web of Open Data | Semantic Web Dog Food | ]

http://data.semanticweb.org/conference/eswc/2007/demo-3 [7]

The TriQL.P Browser: Filtering Information using Context-, Content- and

Rating-Based Trust Policies. [16]

D2R Server - Publishing Releational Databases on the Semantic Web. [ 4]

Named Graphs, Provenance and Trust [16]

hide value @ | just this value ® J§f which sources & | reject sources % | P

RAP: RDF API for PHP | ]J

Fresnel: A Browser-Independent Presentation Vocabulary for RDF [16]

NI W I | Marmnd Cranhe AN fAar lana T 1

Sources (20) ‘ Approved (0

1 Chris Bizer - Free Unive... 31
http://videolectures.net/chris_bizer/

2 Chris Bizer - semanticwe... =
http://ontoworld.org/wiki/Chris_Bizer

3 Untitled document 6 facts | 2C
B@SS http://www.facebook.com/pe

4 Chris Bizer - semanticwe... =

http://semanticweb.org/wiki/Chris_Bizei

5 Chris Bizer - LinkedIn 9 facts |
BESS hup://www.linkedin.com/in/c

6 Chris Bizer 10 facts | 2008-05-2
http://data.semanticweb.org/person/chr

7 Chris Bizer - semanticwe... =

http://semanticweb.org/index.php?title=

8 Flickr: Chris Bizer's Ph... 3 fa
B@SS http://flickr.com/photos/261¢

9 Untitled document 8 facts | 2¢C

http://data.semanticweb.org/conference

10 Chris Bizer 6 facts | 2009-06-(
B@SS http://ebiquity.umbc.edu/pers

1 - B

http://example.loc/document.
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How to publish Linked Data ?

RiEisks:

|. Make data available as RDF via HT TP

2. Set RDF links pointing at other data sources
3. Make your data self-descriptive

4. Reuse common vocabularies

Tom Heath, Christian Bizer: Linked Data: Evolving the Web into a Global Data
Space

http://linkeddatabook.com/




inked Data Publishing Patterns

Type of Data
Structured Data Text
1. Data Preparation . .
RDF-izers Entity
for CVS, XML, Extractor
Excel, ... (e.g. Calais)

2. Data Storage

Relational Data Source RDF
Database with API Store

—e—— - ———— - — - ——— - - —— e - - — - - —— - - -

3. Data Publication

RDB-to-RDF CMS with Custom Linked Data Web
Wrapper RDFa Qutput Linked Data Interface Server
(e.g. D2R) (e.g. Drupal) Wrapper (e.g. Pubby) (e.g. Apache)

' ' ' '

Linked Data on the Web




e [®0 conslme Linked B

Application Layer

Application Code

SPARQL
Data Access,
Integration and Web Data Vocabulary Identity Quality
Access L pi Mapping [ Resolution [ Evaluation Integrated
Storage Layer Module Module Module Module Web Data
_______________________ A S
Web of Linked Data ° —> 0 4 ® <

Publication Layer T HTTP T
LD Wrapper LD Wrapper
x______/
Database A Database B

N~



Conclusion

The Web of Data Is growing fast

Linked Data provides a standardized data access interface

Linked Data allows for the development of a variety of tools to integrate,
enhance and and view the data

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
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