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FROM THE WWW TO THE 
WEB OF DATA
- applying the principles of the WWW to data 

data is links, 
not only properties

Linked Open Data
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LINKED DATA 
PRINCIPLES
① Use HTTP URIs as identifiers for resources

à so people can look up the data

② Provide data at the location of URIs
à to provide data for interested parties 

③ Include links to other resources
àso people can discover more information
àbridging disciplines and domains
è Unlock the potential of isolated repositories (islands) 

Tim Berners Lee, 2006

3



RDF – RESOURCE 
DESCRIPTION FRAMEWORK 
• Statements of < subject  predicate object >  

http://dbpedia.org/resource/Airbus 
dbo:name “Airbus”

Subject Predicate Object

… is called a triple
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LINKED OPEN DATA
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Linked Data - Datasets 
under an open access 
- 1,139 datasets 
- over 100B triples
- about 500M links
- several domains 

Ex. DBPedia : 1.5 B 
triples

"Linking Open Data cloud diagram 2017, by Andrejs Abele, John 
P. McCrae, Paul Buitelaar, Anja Jentzsch and Richard Cyganiak. 
http://lod-cloud.net/"

Linked Open Data (LOD)



NEED OF 
KNOWLEDGE 
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THE ROLE OF KNOWLEDGE IN AI
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[Artificial Intelligence 47 (1991)]

The knowledge principle: “if a program is
to perform a complex task well, it must
know a great deal about the world in
which it operates.”



ONTOLOGY, A DEFINITION
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“An ontology is an explicit, formal specification of a shared
conceptualization.” 

[Thomas R. Gruber, 1993]

Conceptualization: abstract model of domain related expressions

Specification: domain related
Explicit: semantics of all expressions is clear

Formal: machine-readable

Shared: consensus (different people have different perceptions)



SEMANTIC WEB: 
ONTOLOGIES
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RDFS – Resource Description 
Framework Schema 
• Lightweight ontologies  

OWL – Web Ontology Language 
• Expressive ontologies

Source: https://it.wikipedia.org/wiki/File:W3C-
Semantic_Web_layerCake.png
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OWL ONTOLOGY
OWL – Web Ontology Language 

• Represents rich and complex 
knowledge about things 

• Based on Description Logic

• Can be used to verify the consistency 
of knowledge 

• Can make implicit knowledge explicit 

• Classes: concepts or collections of 
objects (individuals)

• Properties: 

• owl:DataTypeProperty (attribute)
• owl:ObjectProperty (relation)

• Hierarchy: 

• owl:subClassOf
• owl:subPropertyOf

• Individuals: ground-level of the 
ontology (instances)



ONTOLOGY LEVELS
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:type :type :type

Conceptual level:
- classes, properties 
(relations)

Instance level:
- facts (individuals)
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• Axioms: knowledge definitions in the ontology that were explicitly defined and have 
not been proven true.

• Reasoning over an ontology
→ Implicit knowledge can be made explicit by logical reasoning

• Example: 

Pompidou museum is an Art Museum  
< Pompidou_museum rdf:type ArtMuseum> . 

Pompidou museum contains Hallucination partielle
< Pompidou_museum ao:contains Hallucination_partielle> .

• Infer that: 

è Pompidou museum is a CulturalPlace

< Pompidou_museum rdf:type CulturalPlace> .

Because: Museum subsumes ArtMuseum and CulturalPlace subsumes Museum

è Hallucination partielle is a Work                                   

<Hallucination_partielle rdf:type ao:Work> .

Because: the range of the object property contains is the class Work. 

OWL ONTOLOGY - AXIOMS



LINKED OPEN 
VOCABULARIES (LOV) 
Linked Open Vocabularies 

• Keeps track of available open 
ontologies and provides them 
as a graph 

• Search for available 
ontologies, open for reuse 

• Example:

http://lov.okfn.org/dataset/lov/vo
cabs/foaf
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ONTOLOGY PREDICATES SPREAD 
ON THE SEMANTIC WEB
• RDFa (or Resource Description Framework in Attributes)
• Top 50 web sites publishing Semantic Web data, clustered by 

predicates used.

FOAF 



KNOWLEDGE 
GRAPHS
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WHO IS DEVELOPING 
KNOWLEDGE GRAPHS?

16

2012

2013

2015 2016

2013

2007
2008

2007

2012

Academic side Commercial side



WEB SEARCH WITHOUT 
KNOWLEDGE GRAPHS
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WEB SEARCH WITH 
KNOWLEDGE GRAPHS
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QUESTION ANSWERING WITH 
KNOWLEDGE GRAPHS
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CONNECTING EVENTS AND PEOPLE 
WITH KNOWLEDGE GRAPHS
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TOWARDS A KNOWLEDGE-
POWERED DIGITAL ASSISTANT 
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Cortana (Microsoft)

• Natural access and storage of knowledge
• Chat bots 
• Personalization 
• Emotion  



KNOWLEDGE GRAPH: A 
DEFINITION … 
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Wikipedia (en)

This is not a formal definition!



KNOWLEDGE GRAPH: A 
DEFINITION … 
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KNOWLEDGE GRAPH (KG) 

dbo:Painting

dbo:Museum

dbo:museum-of

dbo:Artist
dbo:author

dbo:city
dbo:PopulatedPlace

Thing

dbo:Person

dbo:Agent

owl:equivalentClass(dbo:Municipality, dbo:Place) 
owl:equivalentClass(dbo:Place, dbo:Wikidata:Q532)
owl:equivalentClass(dbo:Village, dbo:PopulatedPlace)
owl:equivalentClass(dbo:PopulatedPlace,dbo:Municipality)
owl:disjointClass(dbo:PopulatedPlace, dbo:Artist) 
owl:disjointClass(dbo:PopulatedPlace, dbo:Painting) 
owl:FunctionalProperty(dbo:city) 
owl:InverseFunctionalProperty(dbo:museum-of)

dbo:birthPlace(X, Y) => dbo:citizsenOf(X, Y) 
dbo:parentOf(X, Y) => dbo:child(Y, X) 

is-a is-a

is-a
is-a

is-a

Ontology hierarchy 

Ontology axioms and rules
PREFIX dbo: <http://dbpedia.org/ontology#> 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
SELECT ?m ?p
WHERE { ?m rdf:type dbo:Museum . ?m dbo:musuem-of ?p .}

Querying (SPARQL)

- KG saturation: infer whatever can be inferred from the 
KG.

- KG consistency checking: no contradictions
- KG repairing
- …

Reasoners: (Pellet, Fact++, Hermit, etc. ) 

RDF Graphs
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KNOWLEDGE GRAPH EXPANSION 
AND ENRICHMENT

§ Expansion: knowledge graphs are incomplete 
§ Data linking (entity resolution, reference reconciliation, …) 
§ Link prediction: add relations
§ Ontology matching: connect graphs 
§ Missing values prediction/inference

§ Enrichment: can new knowledge emerge from knowledge graphs?
§ Knowledge discovery: Key discovery 
§ Automatic reasoning and planning

§ Validation: knowledge graphs may contain errors
§ Link Validation 
§ Dealing with errors and ambiguities
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OUTLINE
§ Introduction (F. Saïs) 

§ Technical Part 
1. Data Linking (N. Pernelle) 
2. Key Discovery (D. Symeonidou) 
3. Link Validation (F. Saïs) 

§ Future Challenges (F. Saïs) 
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