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About the speaker
• Background in Neuroscience, Computational Neurosciences and Machine 

Learning

• Expert in Semantic Web and Ontology design (10 years)

• Chairman of EUDAT Semantic Web Working Group 

• Co-chairman of RDA Vocabulary and Semantic Services Interest Group

• Member of GoFAIR Implementation Network INTER – Cross-disciplinary
Semantic Interoperability

• Task leader – FAIR Semantics
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NIH, …)
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Increasing interest from governments and industry stakeholders



How to implement FAIR? Leveraging graph data
• Different formats for data

• Tabular databases: SQL/RDBMS
• CSV (Comma Separated Values) and spreadsheets
• PDF, Text (txt, docx,…)

• The advantages of graph data

• Faster than using SQL and associated JOIN operations
• Better suited to integrating data from heterogeneous sources and with heterogeneous 

formats
• Better suited to situations where the data model is evolving

• Emerging role for knowledge graphs as the basis for integration and governance 
across the enterprise

Derived from: “Open Markets of Services and the Sentient Web” (2019), D. Ragget – Web of Things Open Day – June 3rd 2019 - Munich 



Different types of directed graphs

From https://www.w3.org/TR/rdf11-primer/ From https://neo4j.com/developer/graph-database/

Named Graph Property Graph



W3C’s suite of standards for graph data
• Binary named directed relationships between concepts

• <subject, predicate, object>, e.g. Mary loves Jack

• Global identifiers for concepts and predicates

• HTTP URLs and URNs e.g. urn:tdm:aws:property:switch

• HTTP based identifiers can be dereferenced for more information

• HTTP content negotiation to select between different formats (e.g. HTML, RDF/XML, Turtle, 
N3, JSON-LD, …)

• New work underway on a higher level framework (Easier RDF)

• RDF as basis for mapping between different Property Graph solutions

Derived from: “Open Markets of Services and the Sentient Web” (2019), D. Ragget – Web of Things Open Day – June 3rd 2019 - Munich 



Real life examples of data graphs

From https://seopressor.com/blog/why-is-everyone-talking-about-google-knowledge-graph/

Linked Open Data Graph

https://lod-cloud.net/

https://seopressor.com/blog/why-is-everyone-talking-about-google-knowledge-graph/
https://lod-cloud.net/


Semantics: How do I know what you mean?

• Interoperability requires agreement at multiple levels, including protocols, data formats and the 
meaning of data

• Example: a sensor reading that is a floating point number that denotes a temperature value in degrees Kelvin. 
We also need to know what this measurement applies to, e.g. “reactor chamber 7”.

• We can state this information as metadata using agreed vocabularies of terms – also known as 
“ontologies”

• Ontologies describe relationships between terms to support reasoning over data

• Different ontologies may be at widely varying levels of maturity and designed for different needs

• Reaching agreement on criteria for attaining different levels of maturity
• Making it easier to share knowledge and re-use existing work when appropriate

Derived from: “Open Markets of Services and the Sentient Web” (2019), D. Ragget – Web of Things Open Day – June 3rd 2019 - Munich 



Interoperability levels

Syntactic interoperability
•Technical Interoperability
•Specific cases
•Limited use of metadata

Semantic 
interoperability 
•Requires Metadata 
(Schema, 
Vocabulary, 
conceptual model, 
common ontology)

Cross-domain 
interoperability
•Interoperability of 
metadata schemas

•Community strict 
agreements

Semantics and metadata allow a resource 
to be understood by both humans and 
machines à promote interoperability.

Most a
re somewhere here

E. Ghedini (Univ. Bologna), G.Goldbeck (GCL), A. Hashibon (Fraunhofer IWM), G. J. Schmitz (ACCESS), J. Friis (SINTEF)



In practice, what is Semantics? 

From: “Terminology for FAIR data competency – Considerations: before we get our hands dirty!” (2019), S.A. Sansone and P. McQuilton – Terminology Workshop – May 20-21 2019 - Paris



Semantic Spectrum of Knowledge Organization Systems

Adapted from:
Leo Obrst “The Ontology Spectrum”. Book section in of Roberto Poli, Michael Healy, Achilles Kameas “Theory and Applications of 
Ontology: Computer Applications”. Springer Netherlands, 17 Sep 2010.

Semantics and metadata allow a resource 
to be understood by both humans and 
machines à promote interoperability.

List glossary, catalogue ID

Thesaurus synonyms, association relations

Taxonomy formal hierarchy, RDFS

Ontology Logics, OWL

Informal hierarchy table of contents, xml

semantic 
interoperability

syntactic 
interoperability Machine can process information 

due to compatible syntax

Machine can interpret
information and reason.

E. Ghedini (Univ. Bologna), G.Goldbeck (GCL), A. Hashibon (Fraunhofer IWM), G. J. Schmitz (ACCESS), J. Friis (SINTEF)



How to build ontologies? 
Ontology editors

Bottom Up 
approach

Model driven

Use-case driven

Top down 
approach

Formal Ontologies

Application Ontologies
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W3C’s suite of standards for semantics

• Mature suite of standards, e.g. RDF core, OWL, SKOS, SPARQL, Turtle, 
SHACL

• Lots of work at W3C and elsewhere on ontologies

• Recent W3C Workshop on Graph Data focused on bridging SQL, 
Property Graph* and Semantic Web/Linked Data communities

• W3C is launching a W3C Business Group to progress this
* Property Graphs – both nodes and edges can be associated with sets of named property values

Derived from: “Open Markets of Services and the Sentient Web” (2019), D. Ragget – Web of Things Open Day – June 3rd 2019 - Munich 
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and FAIR implementation
• Rapid increase of the number of ontologies and semantic repositories
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Semantics, a key component of Knowledge Graphs 
and FAIR implementation

• Rapid increase of the number of ontologies and semantic repositories

• Need for a harmonized semantic landscape

• FAIR principles should be applied to semantic artefacts (controlled 
vocabularies, thesauri, ontologies,…)



FAIR Semantics: new opportunities
• Standardized ontology design based on expert-driven recommendations and good 

practices

• Improved discoverability and reusability of semantic artefacts

• Reduction of ontology development cost
• Reduction of semantic ambiguity (duplication of concepts)

• Extend the capabilities of semantically-enabled tools to leverage multi-disciplinary
semantics

• Improved Semantic Interoperability enables the creation of multi-disciplinary
knowledge graphs (easier integration of heterogeneous and distributed sources)

• Enables the creation of a  framework to analyse semantic usage, overlap,…



Findable

Accessible

Interoperable

Reusable

Licenses

Publish ontologies in dedicated repositories

Mininum Ontology metadata

Use unique Ids to identify concepts, relations and ontologies

Use common practices at syntactic level

Use logical interoperability

Use common structure for concepts and relations

Reuse existing related ontologies to avoid ambiguity

How can we make Semantics FAIR?



Existing Recommendations



URI/Identifier Space

Each class and relation (property) in the ontology must have a unique URI identifier. The URI should be 
constructed from a base URI, a prefix that is unique within the Foundry (e.g. GO, CHEBI, CL) and a local 
identifier (e.g. 0000001).
Example: http://www.exampleontology.com/onto_XXXXXXX

Naming convention

• Write labels, synonyms, etc as if writing in plain English text. ie use spaces to separate words, only 
capitalize proper names (e.g. Parkinson disease). 

• Do not use CamelCase, do_not_use_underscores
• Spell out abbreviations. Abbreviations can be included as a separate property.

Example of “Syntactic” interoperability for ontologies

http://www.obofoundry.org/

http://www.obofoundry.org/


Why FAIR Semantics is useful ?

https://b2note.eudat.eu B2NOTE: a semantic annotator

• Use index of semantic concepts 
for auto-completion

• Restricted to biomedical
domain concepts

• Could be extended to other
scientific domains



Why FAIR Semantics is useful?

Goldfarb D. and Le Franc Y., Enhancing the Discoverability and Interoperability of Multi-disciplinary Semantic Repositories, 2017

Semantic Look Up Service

• Provide a unique centralized access
point to multi-disciplinary semantic
resources

• Support access, reuse and analytics
on semantics resources.

• FAIR Semantic to lower the cost of 
adding new semantic resources



üBreak domain-specific semantic silos
ü Improve discoverability and reuse of domain specific semantic resources
ü FAIR Ontologies by design

üAchieve cross-disciplinary semantic interoperability e.g. material science for 
biomedical research

ü Extend scope of semantic tooling
ü FAIR Semantics for FAIR data

Conclusions
Our objectives

Why?

How?

üBring domain-specific semantic experts together
ü Evaluate existing recommendations and good practices for ontology design
ü Extend with pragmatic recommendations from Knowledge Modeling practitionners



Join us for our first workshop co-located
with RDA 14th Plenary on October 22nd in 

Finland

Want to contribute to FAIR Semantics? 



Thanks

Grant agreement No. 654065.

Grant agreement No. 777536

Grant agreement No. 831558

Dave Ragget

Questions? Comments? Ideas? Contact me: ylefranc@esciencefactory.com

mailto:ylefranc@esciencefactory.com

