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INTRODUCTION TO
A WEB OF LINKED DATA

& A SEMANTIC WEB

Fabien GANDON,  @fabien_gandon http://fabien.info

    

le web originel
liens typés…

le web originel
liens typés…

semantic web
mentioned by Tim BL

in 1994 at WWW

[Tim Berners-Lee 1994, http://www.w3.org/Talks/WWW94Tim/] 

W3C®SEMANTIC WEB STACK W3C®

identify

http://www.w3.org/People/Berners-Lee/
http://www.w3.org/Talks/WWW94Tim/
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W3C®

A WEB OF
LINKED DATA

W3C®

PUBLISHED
SEMANTICS
OF SCHEMAS

IDENTIFYING EVERYTHING ON THE WEB 

What are the three keystones of the 
Web architecture?

?

URL

HTML

HTTP

identification

address

communication

WEB

URI/IRI

representations

HTTP

identification

address

communication

WEB
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propose your own languages (XML)

• structure data

using tags

in a textual format

open standard  family languages

composable languages

open non-proprietary

14

example of a name card

<card>

<name>gandon</name>

<tel type="office">+33492965170</tel>

<page url="fabien.info"/>

</card>

URL
identify what 
exists on the web.

http://my-site.fr

16

URL
identify what 
exists on the web.

http://my-site.fr

URI
identify,

on the web,
what exists.

http://animals.org/zebra#this

17

URL
identify what 
exists on the web.

http://my-site.fr

URI
identify,

on the web,
what exists.

http://animals.org/zebra#this

IRI
identify,

on the web,
in any language,

what exists.

http://الحيوانات.tn/斑馬#this

URL URI IRI
RESOURCE
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Definition: a resource is 
anything that can be 
identified by a URI.

e.g. a page, a person, a car, 
a dog, an idea, a country, a 
product, a service...

http://fabien.info/objects#mycar

ratatouille.fr

datatouille.fr

May 2007 April 2008 September 2008

March 2009

September 2010

Linking Open Data

Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/

September 2011
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thematic content
Domains

Number of 

datasets

Number of 

Triples
% Out links %

Media 25 1 841 852 061 5,82 % 50 440 705 10,01 %

Geography 31 6145 532 484 19,43 % 35 812 328 7,11 %

Government 49 13 315 009 400 42,09 % 19 343 519 3,84 %

Publications 87 2 950 720 693 9,33 % 139 925 218 27,76 %

Inter-domain 41 4 184 635 715 13,23 % 63 183 065 12,54 %

Life Sciences 41 3 036 336 004 9,60 % 191 844 090 38,06 %

Users’ content 20 134 127 413 0,42 % 3 449 143 0,68 %

295 31 634 213 770 503 998 829

42%

20%

13%

10%

9%
6%

0%

Government

Geography

Inter-domain

Life Sciences

Publications

Media

Users' content

surf on the Web of data

http://www.ckan.net/dataset/search?q=groups:lodcloud+AND+-tags:lodcloud.unconnected+AND+-tags:lodcloud.needsfixing
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Practice with BBC

Great White Shark
http://www.bbc.co.uk/nature/life/Great_white_shark

http://www.bbc.co.uk/nature/life/Great_white_shark.rdf

Reference: "Current and future uses of Semantic Web 
technologies at the BBC"
http://raimond.me.uk/slides/isemantics-2013/

a Web approach to data publication

URI ???...

« http://fr.dbpedia.org/resource/Paris »

a Web approach to data publication

HTTP URI
« http://fr.dbpedia.org/resource/Paris »

a Web approach to data publication

HTTP URI

GET

a Web approach to data publication

HTTP URI

GET

303 redirect

a Web approach to data publication

HTTP URI

GET

303 redirect

GET

http://raimond.me.uk/slides/isemantics-2013/
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a Web approach to data publication

HTTP URI

GET

HTML, …

303 redirect

GET

a Web approach to data publication

HTTP URI

GET

HTML, XML,…

303 redirect

GET

linked data

linked data principles
 Use RDF as data format

 Use HTTP URIs as names for things so that
people can look up those names

 When someone looks up a URI, provide useful information
(RDF, HTML, etc.) using content negotiation

 Include links to other URIs so that related things can be discovered

HTTP URI

GET

HTML,RDF,…
GET

303

content negotiation
 mechanism defined in the HTTP protocol specification

 serve different representation of a resource at the same URI

 user agents inform the servers of media types preferences 
(format, language, etc.)

 servers select the most suited representation

HTTP URI

GET

HTML,RDF,…

GET
303

Accept-Language: fr; q=1.0, en; q=0.5

Accept: text/html; q=1.0, text/*; q=0.8, image/gif; q=0.7, 

image/jpeg; q=0.6, image/*; q=0.5, */*; q=0.1

a Web approach to data publication

HTTP URI

GET

Accept: 

text/html
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a Web approach to data publication

HTTP URI

GET

303 redirect

URL of HTML

Accept: 

text/html

a Web approach to data publication

HTTP URI

GET

303 redirect

URL of 

RDF/XML

Accept: 

application/

rdf+xml

DBpedia demo Practical Session

1. Find “London” on DBpedia.org
e.g. Google: "london site:dbpedia.org"

2. Find  dbp:populationDemonym

3. Find rdf:type

4. Find value yago:CapitalsInEurope

5. Find “Vienna” 

6. Find its URI

use CURL to
get data Practical Session

Do you have  CURL? (windows=no, mac= yes, linux=?)

CURL : http://curl.haxx.se/

Installation wizard: http://curl.haxx.se/dlwiz/?type=bin

curl -o Paris.html -L http://dbpedia.org/resource/Paris

curl -o Paris-rdf-xml.txt -L -H "Accept: application/rdf+xml"
http://dbpedia.org/resource/Paris

http://curl.haxx.se/
http://curl.haxx.se/dlwiz/?type=bin
http://dbpedia.org/resource/Paris
http://dbpedia.org/resource/Paris
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Free book !!!
Linked Data: Evolving the Web 
into a Global Data Space, 

Tom Heath and Christian Bizer, 
Synthesis Lectures on the 
Semantic Web: Theory and 
Technology, 1:1, 1-136. Morgan 
& Claypool (2011)

http://linkeddatabook.com/

A WEB OF LINKED DATA

W3C®

A WEB OF
LINKED DATA

48

RDF: data model

W3C®

HTTP

URI

RDF

reference address

communication

Web of 
data

http://linkeddatabook.com/
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RDF stands for

Resource: pages, dogs, ideas...

everything that can have a URI

Description: attributes, features, and

relations of the resources

Framework: model, languages and

syntaxes for these descriptions

RDF is a triple model i.e. every 

piece of knowledge is broken down into

( subject , predicate , object )

doc.html has for author Fabien 

and has for theme Music

doc.html has for author Fabien

doc.html has for theme Music

( doc.html , author , Fabien )

( doc.html , theme , Music )

( subject , predicate , object ) 

Predicate

Subject

Object

a triple
the RDF atom
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RDFis also a graph model

to link the descriptions of resources
RDFtriples can be seen as arcs

of a graph (vertex,edge,vertex)

( doc.html , author , Fabien )

( doc.html , theme , Music )

Fabien

author 

doc.html 

theme

Music

59

RDFis a model for directed labeled multigraphs

edges have a direction:

starting/head node (subject)

arrival/tail node(object)

doc.html

Music

Fabien

author

theme

60

RDFis a model for directed labeled multigraphs

edges and nodes have labels

doc.html

Music

Fabien

author

theme
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RDFis a model for directed labeled multigraphs

several edges/arcs between nodes/vertices

contains

Music

Fabien

author

theme

doc.html

62

several points of views on a graph

r S O

1 a b

2 a c

3 a a

r

r

r

a
b

c

What is the mathematical structure 
built by the RDF triples?
(give the type of structure
and its definition/explanation)?

références
au web

URL
identify what 
exists on the 
web
http://my-site.fr

IRI
identify,

on the web, 
what exists

http://animals.org/this-zebra

http://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#author 

http://inria.fr/rr/doc.html 

http://inria.fr/schema#theme

Music
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open and link data in a

global giant graph

RDFin                 values of properties can also be 
literals i.e. strings of characters

( doc.html , author , Fabien )
( doc.html , theme , "Music" )

http://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#author 

http://inria.fr/rr/doc.html 

http://inria.fr/schema#theme

"Music"

http://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#author 

Music

http://inria.fr/rr/doc.html 

http://inria.fr/rr/doc.html 

http://inria.fr/schema#theme

see the graph
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namespace

Definition: abstract 

space gathering

names in a same set

e.g. a dictionary, a library 

index, a glossary, a 

standard, a thesaurus,...

http://inria.fr/sujets#compilation

http://mit.edu/org/Lab

74

Namespaces, Prefixes, Qualified Names (in general) 

NAMESPACES

• A collection of names identified by a URI 

• Names belonging to a same namespace start with the same URI. 

PREFIXES

• local shortcut to declare an namespace in a file, document, etc.

• localy use prefix instead of repeating namespace

• representation languages provide prefix declaration means

QUALIFIED NAMES

• prefix + ”:” + local name

• e.g.    dc:title instead of    <http://purl.org/dc/elements/1.1/title> 

http://ns.inria.fr/fabien.gandon#me

voc:author

Music

http://inria.fr/rr/doc.html 

http://inria.fr/rr/doc.html 

voc:theme

RDF<               /> has an XML syntax

77

RDF<                 /> :  graphs serialized in XML trees

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-

syntax-ns#" xmlns:inria="http://inria.fr/schema#" >

<rdf:Description

rdf:about="http://inria.fr/rr/doc.html">

<inria:author rdf:resource=

"http://ns.inria.fr/fabien.gandon#me"/>

<inria:theme>Music</inria:theme>

</rdf:Description>

</rdf:RDF>

"Music"

http://inria.fr/rr/doc.html

http://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#author

http://inria.fr/schema#theme

RDFhas other syntaxes
(Turtle, TriG, N-Triples, N-Quads, JSON, RDFa)
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N-Triples

<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#author>

<http://ns.inria.fr/fabien.gandon#me> .

<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#theme> "Music" .

just a list of triples: simple to load / parse

- URI between angle brackets <…>

- literal values between double quotes "..."

- triplets separated by a point .   

(but verbose)

80

RDF very concise syntax (Turtle/N3)

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix inria: <http://inria.fr/schema#> .

<http://inria.fr/rr/doc.html>

inria:author <http://ns.inria.fr/fabien.gandon#me> ;

inria:theme "Music" .

What is the historical syntax of RDF ?

?

validate & transform

Practice
1. Get the RDF data from: 

http://ns.inria.fr/fabien.gandon#me

2. What is the syntax used?

3. Validate it and see the graph:
http://www.w3.org/RDF/Validator/

4. Translate into Turtle/N3:
http://rdf-translator.appspot.com/

5. Visualize it also with:
https://graves.cl/visualRDF/

6. Adapt to your data and do it again

RDF (named) graphs
group triples in graphs named by IRIs 

http://ns.inria.fr/fabien.gandon#me
http://www.w3.org/RDF/Validator/
http://rdf-translator.appspot.com/
https://graves.cl/visualRDF/
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http://ns.inria.fr/fabien.gandon#me

http://inria.fr/schema#author 

Music

http://inria.fr/rr/doc.html 

http://inria.fr/rr/doc.html 

http://inria.fr/schema#theme
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86

RDF1.1 extends Turtle and N-Triples for named graphs

W3C ©

TriG

@prefix rdf:

<http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix inria: <http://inria.fr/schema#> .

GRAPH <http://inria.fr/people>

{ <http://inria.fr/rr/doc.html>

inria:author

<http://ns.inria.fr/fabien.gandon#me> .

}

GRAPH <http://inria.fr/topics>

{ <http://inria.fr/rr/doc.html>

inria:theme "Music" .

} N-Quads

<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#author>

<http://ns.inria.fr/fabien.gandon#me> 

<http://inria.fr/people> .

<http://inria.fr/rr/doc.html>

<http://inria.fr/schema#theme> "Music"

<http://inria.fr/topics> .

Linked Data in JSON

• JSON (JavaScript Object Notation)

– hierarchy of name-value pairs

• JSON-LD (JSON for Linked Data)

– designed around the notion of "context" to provide 
additional mappings from JSON to an RDF model.

– a context can be embedded directly in a JSON-LD 
document or put into a separate file and referenced.

– specific reserved names prefixed by @
e.g. @context , @type

e.g. LinkedIn JSON

{

"@context": {

"@vocab": "http://schema.org/",

"@base" : "http://data.org/",

"id" : "@id",

"firstName": "givenName",

"lastName": "familyName",

"headline": { "@id": "jobTitle", "@language": "en" },

"siteStandardProfileRequest" : null },

"firstName": "Fabien",

"headline": "Research Director at Inria",

"id": "Fg-fjekzI",

"lastName": "Gandon",

"siteStandardProfileRequest": {

"url": "https://www.linkedin.com/profile/view?id=AAAAAA"

}

}
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Mapping with @vocab e.g. LinkedIn JSON

{

"@context": {

"@vocab": "http://schema.org/",

"@base" : "http://data.org/",

"id" : "@id",

"firstName": "givenName",

"lastName": "familyName",

"headline": { "@id": "jobTitle", "@language": "en" },

"siteStandardProfileRequest" : null },

"firstName": "Fabien",

"headline": "Research Director at Inria",

"id": "Fg-fjekzI",

"lastName": "Gandon",

"siteStandardProfileRequest": {

"url": "https://www.linkedin.com/profile/view?id=AAAAAA"

}

}

Mapping with @vocab e.g. LinkedIn JSON

{

"@context": {

"@vocab": "http://schema.org/",

"@base" : "http://data.org/",

"id" : "@id",

"firstName": "givenName",

"lastName": "familyName",

"headline": { "@id": "jobTitle", "@language": "en" },

"siteStandardProfileRequest" : null },

"firstName": "Fabien",

"headline": "Research Director at Inria",

"id": "Fg-fjekzI",

"lastName": "Gandon",

"siteStandardProfileRequest": {

"url": "https://www.linkedin.com/profile/view?id=AAAAAA"

}

}

@prefix : <http://schema.org/> .

<http://data.org/Fg-fjekzI> :familyName "Gandon" ;

:givenName "Fabien" ;

:jobTitle "Research Director at Inria"@en .

Test online
• Transform your FOAF profile in JSON-LD with the translator:

http://rdf-translator.appspot.com/

• Use the following online tool to generate different 
variations of JSON-LD of your profile (expanded, collapsed, 
flattened, etc.)
http://json-ld.org/playground/

Visit Leukocyte surface antigen CD53

1. See HTML data from:
http://www.uniprot.org/uniprot/Q61451

2. Get RDF data from:
http://www.uniprot.org/uniprot/Q61451.rdf

3. What is the syntax?

4. Translate into Turtle/N3:
http://rdf-translator.appspot.com/

5. Any remark?

ACCESSING DATA ON THE WEB?
96

Query RDF data

http://rdf-translator.appspot.com/
http://json-ld.org/playground/
http://www.uniprot.org/uniprot/Q61451
http://www.uniprot.org/uniprot/Q61451.rdf
http://rdf-translator.appspot.com/
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SPARQL
Protocol and
RDF
Query
Language

SPARQL in 3 parts
part 1: query language
part 2: result format
part 3: access protocol

SPARQL query
SELECT ...

FROM ...

WHERE { ... }

query syntax based on Turtle
e.g. persons at least 18-year old

PREFIX ex: <http://inria.fr/schema#>

SELECT ?person ?name

WHERE {

?person rdf:type ex:Person .

?person ex:name ?name .

?person ex:age ?age .

FILTER (?age > 17)

} 

left left

x

*

z

left(x,y)
left(y,z)

right(z,v)
right(z,u)
right(u,v)

left(x,?p)   left(?p,z)


right

x

y

z

u v

right

left left

question: 
• Query:
SELECT ?name WHERE {

?x name ?name .

?x email ?email .

}

• Base:
_:a name "Fabien"

_:b name "Thomas"

_:c name "Lincoln"

_:d name "Aline"

_:b email <mailto:thom@chaka.sn>

_:a email <mailto:Fabien.Gandon@inria.fr>

_:d email <mailto:avalandre@pachinko.jp>

_:a email <mailto:bafien@fabien.info>

• Results ?

x2
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same shortcuts as Turtle
triples with a common subject:
SELECT ?name ?fname

WHERE {

?x a Person;

name ?name ;

firstname ?fname ;

author ?y . }

list of values 
?x firstname "Fabien", "Lucien" .

blank node 
[firstname "Fabien"] or [] firstname "Fabien"

SELECT ?name ?fname

WHERE {

?x rdf:type Person .

?x name ?name .

?x firstname ?fname .

?x author ?y .

}

Query DBpedia

Test on DBpedia

• Connect to:

http://dbpedia.org/snorql/ or
http://fr.dbpedia.org/sparql or …

http://wiki.dbpedia.org/Internationalization/Chapters

• Query:
SELECT * WHERE {

?x rdfs:label "Paris"@fr .

?x ?p ?v .

} 

LIMIT 10

American presidents on Wikidata
https://query.wikidata.org/

SELECT ?president  ?name WHERE

{     wd:Q30 p:P6/ps:P6 ?president .

?president p:P734 ?pLabel .

?pLabel ?x ?v .

?v rdfs:label ?name .

FILTER (lang(?name)="en")

}

108

SPARQL Update
Update language for RDF graphs

CRUD: Create Read Update Delete

http://dbpedia.org/snorql/
http://fr.dbpedia.org/sparql
http://wiki.dbpedia.org/Internationalization/Chapters
https://query.wikidata.org/
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109

SPARQL Update
Search, remove and add triples

PREFIX ex: <http://example.org/>

DELETE {

?x a ex:Musician

}

INSERT {

?x a ex:Artist

}

WHERE { 

?x a ex:Musician 

}

HTTP SPARQL

Linked Data Platform
HTTP access to LD resources & containers 
get, post, put, delete resources from LD servers.

GET /people/fab HTTP/1.1

Host: data.inria.fr

PUT http://data.inria.fr/people/fab  HTTP/1.1

Host: data.inria.fr

Content-Type: text/turtle

<fab> a foaf:Person ;

rdfs:label "Fabien" ;

foaf:mbox <fabien.gandon@inria.fr> .

?

!

Corese KGram

SEMANTIC WEB

do not read
the following sign
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you
loose

machines don’t.
we identify and interpret information,

117

know the meaning of data
to find out what can be done with it.

+ =

Foyers fiscaux en 

2009

Revenu net 

déclaré foyers 

fiscaux en  2009 

(€)

Impôt total foyers 

fiscaux en 2009 (€)

Foyers fiscaux 

imposables en 

2009

Rev net déclaré foy

fiscaux imposables 

en 2009 (€)

Foyers fiscaux non 

imposables en 

2009

CODGEO REG DEP ARR CV ZE2010 EPCI LIBGEO NBFF09 RNETFF09 IMPTOTFF09 NBFFI09 RNETFFI09 NBFFNI09

01001 82 01 012 0110 8213 240100644 L'Abergement-Clemenciat 404 10621027 459741 264 8879989 140

01002 82 01 011 0101 8201 240100883 L'Abergement-de-Varey 127 3163192 118686 79 2649523 48

01004 82 01 011 0101 8201 240100883 Amberieu-en-Bugey 7627 163316020 6768425 4054 127815327 3573

01005 82 01 012 0130 8213 240100735 Amberieux-en-Dombes 824 21115054 892477 519 17944057 305

01006 82 01 011 0104 8216 240100354 Ambleon 64 1515404 79359 35 1180658 29

01007 82 01 011 0101 8201 240100883 Ambronay 1261 29091338 925955 741 23583347 520

01008 82 01 011 0117 8201 240100883 Ambutrix 375 9586352 355871 261 8200681 114

01009 82 01 011 0104 8216 240100354 Andert-et-Condon 170 5042106 276829 102 4237545 68

01010 82 01 011 0131 8219 247400823 Anglefort 525 11767033 321265 286 8792809 239

01011 82 01 014 0122 8203 240100909 Apremont 187 4441860 106861 114 3621251 73

01012 82 01 011 0115 8203 240100578 Aranc 197 4267862 177702 110 3419086 87

01013 82 01 011 0128 8201 240100396 Arandas 79 1515076 37886 40 1133352 39

01014 82 01 014 0123 8203 240100172 Arbent 1755 43933313 2253068 967 34739949 788

01015 82 01 011 0104 8216 240100354 Arbignieu 274 6354673 224353 164 5170255 110

01016 82 01 012 0126 0053 240100685 Arbigny 208 4565586 130885 109 3438553 99

01017 82 01 011 0128 8201 240100396 Argis 265 4729197 129253 124 3321918 141

01019 82 01 011 0136 8203 240100743 Armix

01021 82 01 012 0142 8213 240100735 Ars-sur-Formans 646 16789107 797404 380 14006622 266

01022 82 01 011 0109 8216 240100370 Artemare 667 13068498 332456 340 9748315 327

01023 82 01 012 0102 0053 240100818 Asnieres-sur-Saone 45 788202 8419 21 528296 24

01024 82 01 012 0121 8202 240100156 Attignat 1507 37579086 1382931 972 31245219 535

01025 82 01 012 0102 0053 240100818 Bage-la-Ville 1472 36185741 1212334 868 29519068 604

01026 82 01 012 0102 0053 240100818 Bage-le-Chatel 467 9713907 387278 240 7495898 227

01027 82 01 012 0120 8214 240100610 Balan 741 19481804 752380 506 16846338 235

01028 82 01 012 0130 8213 240100644 Baneins 296 7035714 214786 190 5789873 106

01029 82 01 012 0111 8202 240100651 Beaupont 358 5964994 56617 153 4216296 205

01030 82 01 012 0134 8213 240100735 Beauregard 476 11210478 472630 262 9002107 214

01031 82 01 014 0141 8203 240100172 Bellignat 1975 41912804 1678488 1053 32925596 922

01032 82 01 012 0120 8214 240100610 Beligneux 1762 40245076 1280167 1204 33567849 558

01033 82 01 014 0103 8219 240100891 Bellegarde-sur-Valserine 6197 125665495 3081739 2941 88869401 3256

01034 82 01 011 0104 8216 240100354 Belley 5147 106205221 4342498 2512 80527548 2635

01035 82 01 014 0123 8203 240100172 Belleydoux 183 3992017 113745 103 3050825 80

01036 82 01 011 0109 8216 240100370 Belmont-Luthezieu 300 6861866 227556 180 5648816 120

01037 82 01 011 0118 8201 240100412 Benonces 159 3298480 118266 77 2510909 82

01038 82 01 012 0111 8202 240100651 Beny 367 9061682 340392 218 7281839 149

01039 82 01 011 0109 8216 240100438 Beon 220 4783182 169459 115 3590158 105

01040 82 01 012 0121 8202 240100156 Bereziat 235 4542566 58890 117 3294318 118

01041 82 01 011 0101 8201 240100883 Bettant 438 10643331 575048 268 8941011 170

01042 82 01 012 0127 0053 240100826 Bey 109 3507868 185011 86 3271887 23

01043 82 01 012 0140 8214 240100800 Beynost 2327 72699937 4356332 1606 64465531 721

01044 82 01 014 0103 8219 240100891 Billiat 244 6713892 91929 154 5564979 90

01045 82 01 012 0135 8214 240100875 Birieux 120 3257358 127941 76 2691053 44

01046 82 01 012 0110 0053 240100669 Biziat 413 9632681 353032 230 7512447 183

01047 82 01 011 0117 8201 240100883 Blyes 431 12453953 436134 298 10625490 133

01049 82 01 012 0120 8214 240100610 La Boisse 1458 41474096 2026702 1005 36344784 453

01050 82 01 012 0126 0053 240100685 Boissey 147 2818268 13011 71 2036920 76

01051 82 01 014 0116 8203 240100701 Bolozon 58 1093157 29615 35 859604 23

01052 82 01 012 0135 8214 240100875 Bouligneux 157 4854983 285846 109 4301187 48

01053 82 01 012 0199 8202 240100628 Bourg-en-Bresse 23688 480557607 22269731 12149 372480510 11539

01054 82 01 012 0119 8201 240100883 Bourg-Saint-Christophe 584 16406383 719369 390 14290198 194

01056 82 01 014 0124 8201 200029999 Boyeux-Saint-Jerome 192 3853870 84735 106 3088834 86

01057 82 01 012 0126 0053 240100685 Boz 252 5338111 199053 144 4145493 108

01058 82 01 011 0104 8209 240100347 Bregnier-Cordon 387 8144868 232099 205 6113260 182

01059 82 01 011 0109 8216 240100370 Brenaz 58 1037775 15038 26 732970 32

01060 82 01 014 0106 8203 240100867 Brenod 270 6642480 270697 163 5469956 107

01061 82 01 011 0104 8216 240100354 Brens 523 14418128 452949 344 12441768 179

01062 82 01 012 0120 8214 240100610 Bressolles 368 11291204 557686 259 10208418 109

01063 82 01 014 0122 8203 240100909 Brion 267 7910648 419674 188 7001544 79

01064 82 01 011 0118 8201 240100412 Briord 502 9833339 204916 277 7490605 225

01065 82 01 012 0143 8202 240100628 Buellas 836 25899579 1366612 602 23188243 234

01066 82 01 011 0136 8201 240100743 La Burbanche 57 968466 18312 20 635445 37

01067 82 01 014 0116 8203 240100701 Ceignes 149 3340373 116097 87 2679299 62

01068 82 01 014 0124 8201 200029999 Cerdon 450 8176691 210730 213 5977680 237

01069 82 01 012 0125 8202 240100842 Certines 725 20250800 844404 483 17383516 242

01071 82 01 013 0114 8219 240100750 Cessy 1781 70515404 3235114 1117 58662291 664

01072 82 01 012 0107 8202 240100693 Ceyzeriat 1533 41883682 1918494 962 35704267 571

01073 82 01 011 0136 8216 240100438 Ceyzerieu 562 13398617 554933 333 11049953 229

01074 82 01 012 0108 8214 240100677 Chalamont 1274 27933969 937359 671 21507865 603

01075 82 01 012 0130 8213 ZZZZZZZZZ Chaleins 576 16119361 695774 369 13760306 207

01076 82 01 011 0128 8201 240100396 Chaley 84 1440881 23803 45 1074936 39

what is the last

document
you read?

documents

{                            } your answer relies on a
shared ontology

you infer from it

we all understood
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Document

Book

Novel Short story

kind
of

kind
of

#12

#21

#47 #48

"document"

"book"

"livre"

"novel"

"roman"

"short story"

"nouvelle"

#12

#21

#47 #48

#21 #12

#48 #21#47 #21

knowledgeformalized ontological

languages
to formalize

ontologies

W3C®

PUBLISH
SEMANTICS
OF SCHEMAS

126

stack of standards

W3C®

HTTP

URI

RDFS

référence adresse

communication

web de 
données
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RDFS means RDF Schema RDFS provides primitives to Write 

lightweight ontologies

RDFS to define classes of resources 
and organize their hierarchy

Document

Report

RDFS to define relations between 
resources, their signature  
and organize their hierarchy

creator

author
Document Person

131

instances of rdfs:Class
the class of classes is in RDFS namespace.

<rdf:RDF xml:base="http://inria.fr/2005/humans.rdfs"

xmlns:rdf ="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">

<rdfs:Class rdf:ID="Man">

<rdfs:subClassOf rdf:resource="#Person"/>

<rdfs:subClassOf rdf:resource="#Male"/>

</rdfs:Class>

</rdf:RDF>

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .

@base <http://inria.fr/2005/humans.rdfs> .

<Man> a rdfs:Class ;

rdfs:subClassOf <Person>, <Male> . 

132

instances of rdf:Property
the class of properties was placed in the RDF namespace because triples are a 

construction of RDF.
<rdf:RDF xml:base="http://inria.fr/2005/humans.rdfs"

xmlns:rdf ="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">

<rdf:Property rdf:ID="hasMother">

<rdfs:subPropertyOf rdf:resource="#hasParent"/>

</rdf:Property>

</rdf:RDF>

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .

@base <http://inria.fr/2005/humans.rdfs> .

<hasMother> a rdf:Property ;

rdfs:subPropertyOf <hasParent> . 
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133

domain and range
Class of departure or domain: rdfs:domain

Class of arrival, co-domain or range: rdfs:range

<rdf:RDF xml:base="http://inria.fr/2005/humans.rdfs"

xmlns:rdf ="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">

<rdf:Property rdf:ID="hasMother">

<rdfs:subPropertyOf rdf:resource="#hasParent"/>

<rdfs:domain rdf:resource="#Human"/>

<rdfs:range rdf:resource="#Woman"/>

</rdf:Property>

</rdf:RDF>

134

domain and range
Class of departure or domain: rdfs:domain

Class of arrival, co-domain or range: rdfs:range

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .

@base <http://inria.fr/2005/humans.rdfs> .

<hasMother> a rdf:Property ;

rdfs:subPropertyOf <hasParent> ;

rdfs:domain <Human> ;

rdfs:range <Woman> .

135

AgentObject
& &

multiple domains and ranges

• conjunction of domains and ranges. 

• the effective domain is the intersection of declared and inherited domains.

• the effective range is the intersection of declared and inherited ranges.

creator

author

PersonDocument

AgentObject

136

semantics

1. Type inference (domain)
IF p rdfs:domain d AND  x p y 

THEN  x rdf:type d

2. Type inference (range)
IF p rdfs:range r AND  x p y 

THEN  y rdf:type r

question
If I use the property author on a car what happens?

creator

author

PersonDocument

OWL provides additional 
primitives for 
heavyweight ontologies
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139

Web Ontology Language (OWL) 

• a W3C recommendation

• additional primitives for more complex ontologies.

• richer definitions of classes and properties.

• perform more inferences, draw more conclusions.

140

namespace and prefix for OWL

• namespace of the OWL primitives

• same principle as RDFS

• owl: prefix in the rest of the slides

http://www.w3.org/2002/07/owl#

OWL in one…

enumeration

intersection

union

complement

 disjunction

restriction!

cardinality
1..1

algebraic properties

equivalence

[>18]

disjoint union
value restrict.

disjoint properties

qualified cardinality
1..1

!

individual prop. neg

chained prop.  keys
…

OWL profiles

• Each profile is a sub-set of the OWL primitives.

• Choosing a profile is choosing a level of 
expressivity.

• The higher the expressivity the more complex 
the inferences.

• The more complex the expressivity, the longer 
it takes to compute the results.

OWL 2 profiles

EL: large numbers of properties and/or classes and 
polynomial time.

QL: large volumes of instance data, and conjunctive 
query answering using conventional relational 
database in LOGSPACE

RL: scalable reasoning without sacrificing too much 
expressive power using rule-based reasoning in 
polynomial time

DL: the most expressive with complete reasoning

FAMOUS SCHEMAS
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SKOS

knowledge
thesauri, 

classifications, 

subjects, 

taxonomies, 

folksonomies, 

... controlled 

vocabulary

146

147

SKOS schema : 4 classes and 28 properties in OWL

http://www.w3.org/2004/02/skos/core

natural language expressions to refer to concepts

148

inria:CorporateSemanticWeb

skos:prefLabel "corporate semantic web"@en;

skos:prefLabel "web sémantique d'entreprise"@fr;

skos:altLabel "corporate SW"@en;

skos:altLabel "CSW"@en;

skos:hiddenLabel "web semantique d'entreprise"@fr.

labels

between conceptsinria:CorporateSemanticWeb

skos:broader w3c:SemanticWeb;

skos:narrower inria:CorporateSemanticWiki;

skos:related inria:KnowledgeManagement.

relations

inria:CorporateSemanticWeb

skos:scopeNote "only within KM community";

skos:definition "a semantic web on an intranet";

skos:example "Nokia's internal use of RDF gateway";

skos:historyNote "semantic intranet until 2006";

skos:editorialNote "keep wikipedia def. uptodate";

skos:changeNote "acronym added by fabien".

http://www.w3.org/2004/02/skos/core
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151

CC (Creative Commons)
a very popular schema to describe rights associated to a resource

6+12 classes and 11 properties to :

• describe the rights associated with a resources

• describe a license and associated to a resource

• state the rights, conditions and prohibitions to use a resource

@prefic cc: <http://creativecommons.org/ns#>

CC REL : Creative Commons Rights Expression Language

http://creativecommons.org/ns

152

FOAF : Friend of a Friend
a very popular schema to describe persons and social networks

13 classes and 62 properties to describe:

• user profiles (your RDF homepage)

• social networks (persons you know)

• social activities (accounts, actions)

@prefix foaf: <http://xmlns.com/foaf/0.1/>

FOAF = Core + Social Web + Linked Data Utilities

http://xmlns.com/foaf/spec/

VoID: describing RDF datasets/linksets
DCAT: describe any dataset (not just
RDF)

Data Cube: publish multi-dimensional 
data (statistics)

W3C®

PROVENANCE

http://creativecommons.org/ns
http://xmlns.com/foaf/spec/
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Provenance: PROV-DM & PROV-O
describe entities and activities
involved in providing a resource

158

e.g. a chart produced from two sources of data
ex:compose prov:used ex:dataSet1 ;

prov:used ex:regionList . 

ex:composition prov:wasGeneratedBy ex:compose .

ex:illustrate prov:used ex:composition .

ex:chart1 prov:wasGeneratedBy ex:illustrate

© W3C

159

e.g. a chart produced from two sources of data
ex:compose prov:used ex:dataSet1 ;

prov:used ex:regionList . 

ex:composition prov:wasGeneratedBy ex:compose .

ex:illustrate prov:used ex:composition .

ex:chart1 prov:wasGeneratedBy ex:illustrate

© W3C

LOV LOV LOV…

semantic waste separation
the web is a garbage can,
the semantic web will be a semantic garbage can.

EXTENDING TO OTHER SOURCES
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toward all forms of data on the web

R2RML
a standard transformation of a 
relationnal database in RDF

schema

mapping

165

two types of transformations

• Default transformation
[A Direct Mapping of Relational Data to RDF]

• Customized transformation
[R2RML: RDB to RDF Mapping Language]

mapping

schema

many data
buried and dormant in web pages

167

RDFa means RDF in HTML attributes

<body vocab="http://purl.org/dc/terms/> 

<div resource="http://lib.com/books/0684853949">

<h2 property="title">The Man Who Mistook His

Wife For a Hat</h2>

<h3 property="creator">Oliver Sacks</h3>

...

Do it…
• Look at the Web Page 

http://schema.openspring.net/person/dries-buytaert

• Call the translator on this Web page to get Turtle:
http://rdf-translator.appspot.com/

• What are the types of the main resource extracted?

• Do the same with:
http://schema.openspring.net/event/2014-winter-olympics
http://schema.openspring.net/recipe/apple-pie
http://schema.openspring.net/events/drupalcamps

http://schema.openspring.net/person/dries-buytaert
http://rdf-translator.appspot.com/
http://schema.openspring.net/event/2014-winter-olympics
http://schema.openspring.net/recipe/apple-pie
http://schema.openspring.net/events/drupalcamps
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Do it…
Use the online tool to play with RDFa adding for instance a 
“creator” property
https://rdfa.info/play/

CC REL in RDFa

<div about="" typeof="cc:Work"

xmlns:cc="http://creativecommons.org/ns#" 

xmlns:dc="http://purl.org/dc/elements/1.1/" align="center">

<img alt="Creative Commons License" 

src="http://i.creativecommons.org/l/by/3.0/us/88x31.png" /> <br />

<span property="dc:title">The Lessig Blog</span>, a

<span rel="dc:type" href="http://purl.org/dc/dcmitype/Text">

collection of texts </span> by

<a property="cc:attributionName" rel="cc:attributionURL“

href="http://lessig.org/"> Lawrence Lessig </a>,<br />

is licensed under a <a rel="license"

href="http://creativecommons.org/licenses/by/3.0/"> Creative

Commons Attribution License </a>.<br />

There are <a rel="cc:morePermissions"

href="http://lessig.org/blog/other-license"> alternative

licensing options </a>. </div>

schema.org

schemas to improve index, search and display e.g:
• Creative works, Book, Movie, MusicRecording, Recipe, TVSeries ...

• Embedded non-text objects, AudioObject, ImageObject, VideoObject

• Event

• Organization

• Person

• Place, LocalBusiness, Restaurant ...

• Product, Offer, AggregateOffer

• Review, AggregateRating

= + + +

172

OGP code
<html xmlns="http://www.w3.org/1999/xhtml" dir="ltr" lang="en-US"

xmlns:fb="https://www.facebook.com/2008/fbml"> 

<head prefix="og: http://ogp.me/ns# fb: http://ogp.me/ns# YOUR_NAMESPACE: 

http://ogp.me/ns/apps/YOUR_NAMESPACE#"> 

<meta property="fb:app_id" content="YOUR_APP_ID" /> 

<meta property="og:type" content="YOUR_NAMESPACE:recipe" /> 

<meta property="og:title" content="Stuffed Cookies" /> 

<meta property="og:image" content="http://example.com/cookie.jpg" /> 

<meta property="og:description" content="The Turducken of Cookies" /> 

<meta property="og:url" content="http://example.com/cookie.html"> 

<script type="text/javascript">

function postCook()

{   FB.api('/me/YOUR_NAMESPACE:cook' + '?recipe=http://example.com/cookie.html','post',  (…)       });    }

</script>

</head> 

<body> 

(…)

<form>

<input type="button" value="Cook" onclick="postCook()" />

</form>

</body> 

</html>

173

These data are accessible to everyone !

If you apply a parser to these pages, you will get their data...

Test online
• IMDB uses RDFa – OGP for the I like button

• Choose a movie on IMDB http://www.imdb.com

• Copy the URL of the page of the movie

• Go to the RDFa 1.0 RDFa Distiller and Parser:
https://www.w3.org/2007/08/pyRdfa/

• Open the URI option, past the URL of the movie page and 
configure and perform the extraction to get Turtle

• Try also the transformation on the translator:
http://rdf-translator.appspot.com/

https://rdfa.info/play/
http://www.imdb.com/
https://www.w3.org/2007/08/pyRdfa/
http://rdf-translator.appspot.com/
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Call the translator on…
• A product on eBay

• A movie in Dailymotion

• An article on LeMonde.fr

• A recipe on Marmiton.org

• A hotel on Booking.com

…

CSV-LD & Linked CSV

• contexts to interpret and generate CSV

• conventions for CSV to be linked in RDF

Spreadsheet to CSV

"country","country group","name (en)","name (fr)","name (de)","latitude","longitude"

"at","eu","Austria","Autriche","Österreich","47.6965545","13.34598005"

"be","eu","Belgium","Belgique","Belgien","50.501045","4.47667405"

"bg","eu","Bulgaria","Bulgarie","Bulgarien","42.72567375","25.4823218"

country country group name (en) name (fr) name (de) latitude longitude
at eu Austria Autriche Österreich 47.6965545 13.34598005
be eu Belgium Belgique Belgien 50.501045 4.47667405
bg eu Bulgaria Bulgarie Bulgarien 42.72567375 25.4823218
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Based on JSON contexts

"country","country group","name (en)","name (fr)","name (de)","latitude","longitude"

"at","eu","Austria","Autriche","Österreich","47.6965545","13.34598005"

"be","eu","Belgium","Belgique","Belgien","50.501045","4.47667405"

"bg","eu","Bulgaria","Bulgarie","Bulgarien","42.72567375","25.4823218"

{

"@context": "http://www.w3.org/ns/csvw",

"url": "countries.csv",

"tableSchema": {

"aboutUrl": 

"http://example.org/country/{code}",

"columns": [{

"titles": "country",

"name": "code",

"suppressOutput": true

},{

"titles": "country group",

"suppressOutput": true

},{

"titles": "name (en)",

"lang": "en",

"propertyUrl": "schema:name"

},{

"titles": "name (fr)",

"lang": "fr",

"propertyUrl": "schema:name"

},{

"titles": "name (de)",

"lang": "de",

"propertyUrl": "schema:name"

},{

"titles": "latitude",

"datatype": "number",

"aboutUrl": 

"http://example.org/country/{code}#geo",

"propertyUrl": "schema:latitude"

},{

"titles": "longitude",

"datatype": "number",

"aboutUrl": 

"http://example.org/country/{code}#geo",

"propertyUrl": "schema:longitude"

},{

"virtual": true,

"propertyUrl": "rdf:type",

"valueUrl": "schema:Country"

},{

"virtual": true,

"propertyUrl": "schema:geo",

"valueUrl": 

"http://example.org/country/{code}#geo"

},{

"virtual": true,

"aboutUrl": 

"http://example.org/country/{code}#geo",

"propertyUrl": "rdf:type",

"valueUrl": "schema:GeoCoordinates"

}]

}

} RDF Result

"country","country group","name (en)","name (fr)","name (de)","latitude","longitude"

"at","eu","Austria","Autriche","Österreich","47.6965545","13.34598005"

"be","eu","Belgium","Belgique","Belgien","50.501045","4.47667405"

"bg","eu","Bulgaria","Bulgarie","Bulgarien","42.72567375","25.4823218"

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .

@prefix schema: <http://schema.org/> .

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

<http://example.org/country/at> a schema:Country;

schema:geo <http://example.org/country/at#geo>;

schema:name "Austria"@en, "Autriche"@fr, "Österreich"@de .

<http://example.org/country/be> a schema:Country;

schema:geo <http://example.org/country/be#geo>;

schema:name "Belgium"@en, "Belgique"@fr, "Belgien"@de .

<http://example.org/country/bg> a schema:Country;

schema:geo <http://example.org/country/bg#geo>;

schema:name "Bulgaria"@en, "Bulgarie"@fr, "Bulgarien"@de .

<http://example.org/country/at#geo> a schema:GeoCoordinates;

schema:latitude 4.76965545e1;

schema:longitude 1.334598005e1 .

<http://example.org/country/be#geo> a schema:GeoCoordinates;

schema:latitude 5.0501045e1;

schema:longitude 4.47667405e0 .

<http://example.org/country/bg#geo> a schema:GeoCoordinates;

schema:latitude 4.272567375e1;

schema:longitude 2.54823218e1 .

doggy-bag

impossible
to predict every 
usage

black boxes
avoid building

explicit
make conceptualizations
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open your data
to those who could use them

#WatchDogs #WeAreData @ubisoft

66 FOAF primitives 3 475 908 348 references (2)

x 52 millions

“a small tree ruling a big graph”(1)

(1) Franck Van Harmelen, ISWC 2011
(2) Libby Miller, 2009

“semantic web”
and not

“semantic web”

[C. Welty, ISWC 2007]

“a lightweight ontology
allows us to do
lightweight reasoning”

[J. Hendler, ISWC 2007]

data

data bases

data models

open data

linked data

closed data

enterprise data

linked enterprise data

linked open data

data schemas

semantic web of data

data structures

linked data schemas

web of data

big data

big data streams

data streams

linked data streams web of sensors, things, …

VELOCITY

big linked data

VOLUME

VARIETY

VVeb data

linked healthcare data

VICINITY

VISIBILITY

personal data

data mining

data type
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identify

describe & link

query

reasoning

trace 

URI

RDF

HTTP, SPARQL, LDP

RDFS & OWL

PROV-O

GOALS AND MEANS

identify

describe & link

query

reasoning

trace 

http://fabien.fr#me

#me type man

select * {?r type ?t}

man subClassOf male

wasAttributedTo #me

GOALS AND MEANS

web 1, 2

price convert?

person homepage?

more info?

web 1, 2, 3

he who controls metadata, controls the web
and through the world-wide web many things in our world. 

fabien, gandon, @fabien_gandon, http://fabien.info


