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Agenda

9:00-9:30 Short introduction of the participants and their background

9:30-11:00 Introduction to linked data and semantic technologies

11:00-11:20 Coffee break

11:20-13:00 Key standards and technologies: RDF, OWL, SKOS

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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5 star data

Tim Berners-Lee, the inventor 
of the Web and Linked Data 
initiator, suggested a 5-star 
deployment scheme for Open 
Data.

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”

https://5stardata.info/en/
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5 star data

https://www.youtube.com/watch?v=OM6XIICm_qo“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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What is Linked Data?

“Linked Data is a method of publishing structured data using standard Web 
technologies such as HTTP, RDF and URIs” - Tim Berners-Lee

Linked Data principles:

• Use URLs to name (identify) things
• Provide useful information about a thing when it's looked up
• Refer to other things (using their URL) when publishing data on the Web

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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What is RDF?

“The Resource Description Framework (RDF) is a standard model for data 
interchange on the Web”

https://www.w3.org/TR/rdf11-concepts/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”



7

Triples

In RDF all data is modeled as a triple

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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RDF graphs

Multiple triples form a graph

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How do I publish my data as Linked Data?

1. Use URLs to name (identify) things
2. Provide useful information about a thing when it's looked up
3. Refer to other things (using their URL) when publishing data on the Web

e.g.

“I like pizza”

https://orcid.org/0009-0001-9691-1989 http://protege.stanford.edu/ontologies/pizza/pizza.owl#Pizza

http://www.mysite.com/myOntology#like

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How do I publish my data as Linked Data?

1. Use URLs to name (identify) things
2. Provide useful information about a thing when it's looked up
3. Refer to other things (using their URL) when publishing data on the Web

What do these URLs resolve 
to?

https://orcid.org/0009-0001-9691-1989 http://protege.stanford.edu/ontologies/pizza/pizza.owl#Pizza

http://www.mysite.com/myOntology#like

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Provide useful information about a thing when it's looked up

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How to represent RDF?

https://www.w3.org/TR/turtle/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Provide useful information about a thing when it's looked up

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Provide useful information about a thing when it's looked up

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How do I publish my data as Linked Data?

1. Use URLs to name (identify) things
2. Provide useful information about a thing when it's looked up
3. Refer to other things (using their URL) when publishing data on the Web

For example: who do I know?

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How to represent RDF?

https://www.w3.org/TR/n-triples/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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How to represent RDF?

https://www.w3.org/TR/rdf-syntax-grammar/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”



18

Knowledge graph

A knowledge graph, also known as a 
semantic network, represents a 
network of real-world entities—such 
as objects, events, situations or 
concepts—and illustrates the 
relationship between them. This 
information is usually stored in a 
graph database and visualized as a 
graph structure, prompting the term 
knowledge “graph.”

https://www.ibm.com/think/topics/knowledge-graph

https://zilliz.com/learn/what-is-knowledge-graph
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RDF triple stores

RDF graph objects can be persisted in specialized databases, RDF graph 

databases also known as RDF triple stores. Some examples are:

● Allegrograph

● Blazegraph

● GraphDB

● Stardog

● Virtuoso
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FAIR Principles

https://doi.org/10.1038/sdata.2016.18

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”



21https://www.ccdc.cam.ac.uk/solutions/about-the-csd/fair-data-principles/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Knowledge organisation systems (KOS)

• The term knowledge organization systems (KOS) is intended to encompass 
all types of schemes for organising information and promoting knowledge 
management. 

• KOS are used to organise materials for the purpose of retrieval and to 
manage a collection. A KOS serves as a bridge between the user’s 
information need and the material in the collection.

• Examples: authority files, gazetteers, taxonomies, thesauri, ontologies.

https://www.clir.org/pubs/reports/pub91/1knowledge/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Some definitions

Thesaurus: “controlled and structured vocabulary in which concepts are 
represented by terms, organised so that relationships between concepts are 
made explicit, and preferred terms are accompanied by lead-in entries for 
synonyms or quasi-synonyms”.

Ontology: “A formal model that allows knowledge to be represented for a 
specific domain. An ontology describes the types of things that exist (classes), 
the relationships between them (properties) and the logical ways those classes 
and properties can be used together (axioms).”

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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From KOS to semantic artefacts

A semantic artefact as a 
machine-actionable formalisation 
(represented using appropriate 
formats and serialisations, 
including RDF and non-RDF 
standards) of a conceptualisation, 
enabling sharing and reuse by 
humans and machines.

https://doi.org/10.1038/s41597-024-03185-4“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Semantic Web technologies

vocabulary scope prefix namespace URI

RDF Basic RDF 
elements

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

RDF Schema RDF Schema 
elements

rdfs: http://www.w3.org/2000/01/rdf-schema#

Web Ontology 
Language (OWL)

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

SKOS SKOS elements skos: http://www.w3.org/2004/02/skos/core#

SHACL SHACL elements sh: http://www.w3.org/ns/shacl#

https://csiro-enviro-informatics.github.io/info-engineering/standards.html“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”

https://www.w3.org/TR/rdf11-concepts/
https://www.w3.org/TR/rdf-schema/
https://www.w3.org/TR/owl2-overview/
https://www.w3.org/TR/owl2-overview/
https://www.w3.org/TR/skos-reference/
https://www.w3.org/TR/shacl/
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Semantic Web technologies

https://csiro-enviro-informatics.github.io/info-engineering/standards.html“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Simple Knowledge Organization System (SKOS)

The Simple Knowledge Organization 
System is a common data model for KOS 
such as thesauri, classification schemes, 
subject heading systems and 
taxonomies. 

Using SKOS, a knowledge organization 
system can be expressed as 
machine-readable data. It can then be 
exchanged between computer 
applications and published in a 
machine-readable format in the Web.

https://www.w3.org/TR/skos-reference/
https://doi.org/10.1016/j.websem.2013.05.001“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”

https://www.w3.org/TR/skos-reference/
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SKOS thesauri in environmental sciences
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Web Ontology Language (OWL)

The W3C Web Ontology Language (OWL) is a Semantic Web language 
designed to represent rich and complex knowledge about things, groups of 
things, and relations between things.

Main elements are: classes, data properties, object properties, individuals

https://www.w3.org/TR/2012/REC-owl2-syntax-20121211/“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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OWL ontologies in environmental sciences 

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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What are their applications?

Main applications of thesauri and ontologies are in the data management 
systems, but also in data integration systems.

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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Dataset mapping

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”



33https://doi.org/10.1016/j.ecoinf.2023.102360“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
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FAIR and knowledge graphs

● Metadata should be active → usable by software agents without the need 

of human intervention, thanks to the resolvable links found in the 

electronic documents and the associated semantics available to the agent.

● Providing metadata about a dataset in the form of Linked Data Graph is a 

significant path towards making data FAIR.

“Exploring meaning in data: a hands-on course in semantics and analysis for FAIR Research”
https://faircookbook.elixir-europe.org/content/recipes/introductio
n/FAIR-and-knowledge-graphs.html

But FAIR data and knowledge graphs are not equivalent. Not 
all FAIR data is a knowledge graph and not all knowledge 

graphs are FAIR



35https://lod-cloud.net/
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Ten simple rules

● ente che custodisca il vocabolario
● avere una licenza
● controllare termini e definizioni siano univoche e comprensibili
● tracciare il processo di costruzione del vocabolario
● assegnare un URI univoco e persistente
● termini che siano machine-readable utilizzando modelli come SKOS E owl
● metadatare il vocabolario
● registrare il vocabolario in una repository
● rendere il vocabolario accessibile
● implementare un processo di revisione del vocabolario con l’aiuto degli 

esperti nel rispetto dei principi FAIR
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Best practices

● URI che devono seguire i principi dei Linked Data
● sostenibilità a lungo termine
● versioning



THANKS!


