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• Partie 1 (5 à 6 séances de 3h, incluant TP):
Interrogation du Web des données et  Web sémantique

• Modèles de données et de connaissances standardisés par le W3C (URIs, namespaces, 
RDF, RDFS, OWL)

• Langage de requêtes SPARQL
• Interrogation de données en présence d’ontologies

– raisonnement automatique combiné avec SPARQL

• Ontologie
• Prenez votre propre ordinateur
• Évaluation est un QCM avec des exercices : 40% de la note, en conditions d’examen, sans 

réseau, document autorisé : 1 feuille A4 manuscrite recto-verso.
• Le contrôle de connaissance se fera après le congés de toussaint.

• Partie 2 (5 à 4 séances de 3h, projet soit 14h): 8 binômes

Conception d’un graphe de connaissances
• Collecte de données pour établir un graphe de connaissances
• Extraction d’information
• Représentation connaissances : conception d’une ontologie, peuplement
• Analyse sémantique des informations et raisonnement et proposition de requêtes
• Linked Data
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Make our datasets accessible and 
interoperable on the Web…
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• For what ?

– Not only because of H2020 requirement

– Linking data increases its value
• Mash up with related data

• Produce new knowledge

• Opportunity for new (unexpected) usage

– Citizenship demand for access to public

– data (scientific, government…)

– …
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Make our datasets accessible and 
interoperable on the Web…

• Publication/interlinking of open datasets

– Publish heterogeneous data in a common format

– Using common vocabularies

• Driven by major initiatives, e.g.:

– Linking Open Data

– W3C Data Activity

– Open Data hosting services... 
• OpenAIRE, Zenodo...

• As well as other domain-specific projects

– Bio2RDF, AgroPortal, BioPortal …

7
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Make our datasets accessible and 
interoperable on the Web…
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• Which data ?

– All (values, map, images, sound ….) with Heterogeneous data 
models with Heterogeneous query capabilities
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The key is Metadata

• Context: identification, authors, dates, license, version,

• reference articles

• Access: format, structure, location (dwld), query method

• Meaning:

– What does it represent? What concepts, entities, semantics?

– Interpretation: units (cm or inches, left/right)…

– Provenance:

– Acquired with what equipment? Parameters, protocols?

– Derived from what dataset? With what processing?

– Dataset-level or entity-level provenance

• Statistics

• Etc.

9
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Challenges of publishing Metadata and/or 
Data ?

10

Crédit Franck Michel CNRS Université Côte d’Azur.
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Make our datasets accessible and 
interoperable on the Web…
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• How ?

– Have a common representation format
• => Structural heterogeneity

– Have common ways to describe the data
• Vocabularies, ontologies, thesaurus…

• => Semantic heterogeneity

– Have common ways to query the data

– The Web of Data and the Semantic Web
• Create, reuse and link vocabularies

• Populate the Web of Data

• Publish Linked Open Data on the Web
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The Semantic Web
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• Tim Berners-Lee’s description :

“ The Semantic Web is not a separate Web but an extension of the current one, in 

which information is given well-defined meaning, better enabling computers and 
people to work in cooperation. The first steps in weaving the Semantic Web into the 
structure of the existing Web are already under way. In the near future, these 
developments will usher in significant new functionality as machines become much 
better able to process and “understand” the data that they merely display at present.” 
Berners-Lee et al. 2001. The Semantic Web. Scientific American

• Automating tasks with the Web can be done by: 

– Making more powerful intelligent software agent on the client 
side. This is part of Artificial Intelligence.

– Making a more intelligible Web: better standards, better 
practices, on both client and server sides. This is what the 
Semantic Web is about.
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Une vision globale et cohérente
Le web est en train d’évoluer d’un web textuel à un web de 

connaissances de manière cohérente et sans rupture
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Web textuel
pages  web identifiées par des URLs

Couche « données »
Métadonnées  en RDFS sur  les  URLs

Couche 

« connaissances » 
Ontologies (contraintes 

sémantiques)
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• The traditional web (Web of Documents) is for humans
– based on the HTML markup language

– HTML describes

• what information is presented + how it's presented in conjunction with CSS

• how information is linked

• but not what the information means

– meaning (semantics) of information is derived from available information

14

From Web of Documents to Web of Data
"The web of  human-readable document is being merged with a web of  machine understandable data."

Tim Berners-Lee, James Hendler and Ora Lassila , The Semantic Web
Scientific American, 284(5), pp 34-43 (2001)
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From Web of Documents to Web of Data
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• How a machine knows?

• Understanding people’s documents (text, image, 
sound, video) is too difficult for a machine (at the 
moment)

• Machines understand formal languages (programming 
languages, data formats, etc.)

• Make knowledge accessible to, and processable by 
machines in a formal language
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*

From Web of Documents to Web of Data

"The semantic web is an extension of  the current web in which information is given well-

defined meaning, better enabling computers and people to work in cooperation"

Tim Berners-Lee, James Hendler and Ora Lassila , The Semantic Web
Scientific American, 284(5), pp 34-43 (2001)

"The web of  human-readable document is being merged with a web of  machine understandable data."

• The Semantic Web (Web of Data) is for machines
– meaning of entities is defined explicitly using formal 

(structured) and standardized knowledge 
representations (ontologies) 

➔possibility to
• process the meaning of information automatically

• automatically deduce implicit information from 
existing data

• relate and integrate heterogeneous data

Pluto

Dwarf Planet Planet

Celestial Body

Natural Object

is a

subclass of subclass of

subclass of
is a

logical
inferences

is a

entity

class
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Pourquoi un cours web sémantique ?

17

• On en parle

Des formations 
en entreprise

des MOOC
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Des technologies adoptées

Pourquoi un cours web sémantique ?
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Pourquoi un cours de web sémantique : FAIR

19

From Open Science overview in Europe, https://www.openaire.eu
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What is This Thing Called Linked Data?
M. Atencia, J. David, Ph. Genoud 

Pourquoi un cours de web sémantique : Open 
Data

• Open Data Movement
– “A piece of content or data is 

open if anyone is free to use, 
reuse, and redistribute it —
subject only, at most, to the 
requirement to attribute and/or 
share-alike.”
http://opendefinition.org/

– an old idea but a recent term 
gaining popularity

• with the rise of the Internet 
and World Wide Web 

• with the launch of open-data 
government initiatives such as 

Data.gov (USA), data.gouv.fr 
…

20

http://opendefinition.org/


Web Sémantique – Ontologies © Ph. Genoud, D. Ziebelin21

Des technologies adoptees : Plateformes de partage des données

• Dataverse : https://dataverse.org/

• UData : pour data.gouv.fr. 
https://github.com/opendatateam/udata

• Koumoul qui est un projet français et qui est utilisé 
notamment pour le site de l’ADEME. https://koumoul.com/

• Site public gouvernementaux : https://ckan.org/government
pour Etats-Unis (data.gov), la France 
https://www.data.gouv.fr/, Royaume-Uni (data.gov.uk)

Pourquoi un cours web sémantique ?

https://dataverse.org/
https://github.com/opendatateam/udata
https://koumoul.com/
https://ckan.org/government
http://data.gov/
https://www.data.gouv.fr/
http://data.gov.uk/
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Pourquoi un cours web sémantique ?
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• des entreprises spécialisées
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Des offres
d'emploi…

Pourquoi un cours web sémantique ?
19/09/2019

19/09/2019

ou de 
stages…

01/10/2019
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Pourquoi un cours web sémantique ?

24

Des technologies adoptées

http://www.linked.data.gov.au/

http://www.linked.data.gov.au/
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https://www.insee.fr/fr/information/2410909

https://cros.ec.europa.eu/book-page/disseminating-official-statistics-
linked-open-data-2024

. . .

https://www.insee.fr/fr/information/2410909
https://cros.ec.europa.eu/book-page/disseminating-official-statistics-linked-open-data-2024
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Linked Open Data Cloud

August 2017

• Linking open data project
– goals: 

• Use RDF to “expose” open data sets

• Create RDF links between these datasets

• If possible, deploy SPARQL endpoints

http://lod-cloud.net

http://stats.lod2.eu/
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http://lod-cloud.net/
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Linked Open Data Cloud

27

Linking Open Data cloud diagram 2019, by John P. McCrae, Andrejs Abele, Paul Buitelaar, Richard Cyganiak, Anja Jentzsch, Vladimir Andryushechkin, Jeremy Debattista
http://lod-cloud.net/
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http://lod-cloud.net/
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Linked Open Data Cloud
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 21.93 16,589,086 4.19

Government 25 11,613,525,437 43.12 17,658,869 4.46

Media 26 2,453,898,811 9.11 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

28

http://lod-cloud.net/state
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http://lod-cloud.net/state
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Linked Open Data Cloud
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 21.93 16,589,086 4.19

Government 25 11,613,525,437 43.12 17,658,869 4.46

Media 26 2,453,898,811 9.11 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
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http://lod-cloud.net/state

(2011, September)

http://linkeddatacatalog.dws.informatik.uni-
mannheim.de/state/

(2014, August)

http://lod-cloud.net/state
http://linkeddatacatalog.dws.informatik.uni-mannheim.de/state/
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Linked Open Data Cloud

30

• https://lod-cloud.net/#→mise à jour 2023

• Lier des jeux de données :

– https://data.europa.eu/fr

– https://www.data.gouv.fr/fr/

– https://www.wikidata.org/wiki/Wikidata:Main_Page

https://lod-cloud.net/
https://data.europa.eu/fr
https://www.data.gouv.fr/fr/
https://www.wikidata.org/wiki/Wikidata:Main_Page
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Les technologies vues dans le cours

• Vocabulaires et ontologies

• Evolution des technologies du web

• Technologies des données ouvertes et liées

31
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*

From Web of Documents to Web of Data

"The semantic web is an extension of  the current web in which information is given well-

defined meaning, better enabling computers and people to work in cooperation"

Tim Berners-Lee, James Hendler and Ora Lassila , The Semantic Web
Scientific American, 284(5), pp 34-43 (2001)

"The web of  human-readable document is being merged with a web of  machine understandable data."

• The Semantic Web (Web of Data) is for machines
– meaning of entities is defined explicitly using formal 

(structured) and standardized knowledge 
representations (ontologies) 

➔possibility to
• process the meaning of information automatically

• automatically deduce implicit information from 
existing data

• relate and integrate heterogeneous data

Pluto
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Celestial Body

Natural Object

is a
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logical
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Make our datasets accessible and 
interoperable on the Web…

33

• What language can you speak ?

– Taxonomy:

• Practice and science of classification

• Hierarchical categorization of controlled classes/terms

• Nested classes under broader categories

– Thesaurus

• Networked collection of controlled vocabulary terms, grouped according to various 
types of relationship, e.g. similarity of meaning (synonyms, antonyms),

– Ontology

• Formal semantic description for the taxonomy terms, properties and 
interrelationships between categories in a domain of discourse, to facilitate 
conceptual search and natural language queries.

– Folksonomy
• Collaborative/social tagging, social classification…

• Tag category schemes

• No (not necessarily) hierarchical categorization

• Create, reuse and link vocabularies
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Make our datasets accessible and 
interoperable on the Web…
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https://lov.linkeddata.es/dataset/lov

https://lov.linkeddata.es/dataset/lov
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?

Web evolution

35
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?

Web evolution

36

*d’après le cours Technologie du Web – A. Hombiat - Licence Professionnelle Études Statistiques et Systèmes d'Information Géographique (ESSIG) – UPMF - 2015

* *
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?

Web evolution
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*d’après le cours Technologie du Web – A. Hombiat - Licence Professionnelle Études Statistiques et Systèmes d'Information Géographique (ESSIG) – UPMF - 2015

* *
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* *

Web evolution

Tim Berners-Lee, The World Wide Web: A very short personal history, May 1998

http://www.w3.org/People/Berners-Lee/ShortHistory.html

"The web of  human-readable document is being merged with a 

web of  machine understandable data. The potential of  the mixture 

of  humans and machines working together and communication 

through the web could be immense."

http://www.w3.org/People/Berners-Lee/ShortHistory.html
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*d’après le cours Technologie du Web – A. Hombiat - Licence Professionnelle Études Statistiques et Systèmes d'Information Géographique (ESSIG) – UPMF - 2015

* *

Web evolution

• Web sémantique
• Services internet 

(registres distribués 
blockchain),

• utilisateurs contrôlent 
leurs données (RGPD)

• I.A. exploitation des 
données

• visualisation
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Web standardization

40

Based on a transparent and public Process

Standard

http://www.w3.org/2013/dd-epasorg.htm#%288%29

• 1994 creation of the W3C
• International consortium, around 400 Members
• Standardization of core Web technologies, 

publication of guidelines, technical notes, etc.

Standardization activities

https://www.w3.org/TR/

https://www.w3.org/standards/

Technical reports, notes, recommendations

https://www.w3.org/2019/Process-20190301/

http://www.w3.org/2013/dd-epasorg.htm#%288%29
https://www.w3.org/TR/
https://www.w3.org/standards/
https://www.w3.org/2019/Process-20190301/
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• Semantic web standards

41

Web standardization

(Crédit Benjamin Nowack)

https://www.w3.org/2013/data/

https://www.w3.org/2013/data/
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Linked Data

42

Crédit Benjamin Nowack

"The Semantic Web isn't just about putting data on the web. It is about making 

links, so that a person or machine can explore the web of  data.  With 

linked data, when you have some of  it, you can find other, related, data." 

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

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

Basic idea: to apply the general architecture of the
World Wide Web to the task of sharing structured data
on global scale.

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 
information, using the standards (RDF, SPARQL…).

4. Include links to other URIs, so that they can discover 
more things.

a set of best practices for publishing and interlinking 
structured data on the Web

http://www.w3.org/DesignIssues/LinkedData.html
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From Open Data to Linked Open Data

44

• 2006: defines basic principles for publishing 
Linked Data

• 2010: added a 5 star rating system for 
Linked Open Data (LOD)

"in order to encourage people -- especially 

government data owners -- along the road to good 

linked data…"

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

http://www.w3.org/DesignIssues/LinkedData.html
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Linked Open Data (LOD)

45

Richard Cyganiak and Anja Jentzsch

http://lod-cloud.net

http://lod-cloud.net/


A Faire : Quelques ressources à regarder
• The semantic web of data Tim Berners-Lee : 

https://www.youtube.com/watch?v=HeUrEh-nqtU&ab_channel=dilshod2006

• Le web sémantique, web des données en 10 mn : 
https://www.youtube.com/watch?v=r795n3AffgA&ab_channel=ChristianAubry

• Les vidéos de Manu Sporny:
– Intro Web-Sem : 

https://www.youtube.com/watch?v=OGg8A2zfWKg&ab_channel=ManuSporny
– Les donnéesliées: 

https://www.youtube.com/watch?v=4x_xzT5eF5Q&ab_channel=ManuSporny
– JSON-LD : https://www.youtube.com/watch?v=vioCbTo3C-4&ab_channel=ManuSporny

• Google knowledge graph : https://www.youtube.com/watch?v=mmQl6VGvX-c
https://www.youtube.com/watch?v=mmQl6VGvX-c&ab_channel=Google

• Global data space : http://linkeddatabook.com/editions/1.0/

• RDF URI SPARQL : https://www.youtube.com/watch?v=FvGndkpa4K0
https://www.youtube.com/watch?v=FvGndkpa4K0&ab_channel=bobdc

https://www.youtube.com/watch?v=HeUrEh-nqtU&ab_channel=dilshod2006
https://www.youtube.com/watch?v=r795n3AffgA&ab_channel=ChristianAubry
https://www.youtube.com/watch?v=OGg8A2zfWKg&ab_channel=ManuSporny
https://www.youtube.com/watch?v=4x_xzT5eF5Q&ab_channel=ManuSporny
https://www.youtube.com/watch?v=vioCbTo3C-4&ab_channel=ManuSporny
https://www.youtube.com/watch?v=mmQl6VGvX-c
http://linkeddatabook.com/editions/1.0/
https://www.youtube.com/watch?v=FvGndkpa4K0
https://www.youtube.com/watch?v=FvGndkpa4K0&ab_channel=bobdc

