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Why do we need semantic interoperability?
Semantic interoperability 

is the ability of computer systems to exchange data with 
unambiguous, shared meaning
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Data-driven analyses 

Standardised data
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Data 
democratisation:
Collected data released 
often (following required 
privacy standards) 

Open standards and 
machine-readable 
formats
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How do we achieve semantic 
interoperability?

… FAIR vocabularies
(vocabularies that adhere to the FAIR data principles)

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

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


What is a FAIR vocabulary?
Findable
indexed, 
listed

Accessible
on the web, 
downloadable

Interoperable
in a standard 
representation

Reusable
licensed, 
maintained

Registered in a community service or portal
Persistent identifiers for the vocabulary and terms

Reachable via a standard protocol
Machine/human readable representations

Encoded in a standard representation language
Mappings and relationships to other vocabularies

Clear and accessible license (ideally open) and with a 
maintenance process
Clear definitions and provenance metadata per term



Why FAIR vocabularies?

• To know if references in different datasets mean the same thing, building 
data bridges

• To annotate data using terms in shared vocabularies to facilitate data 
integration

○ Classifications of places

○ Units of measure

○ Chemicals 

○ Proteins

○ Taxa / species

○ ...

• Vocabularies trusted by the community, based on standards, machine 
actionable



How do you build a FAIR vocabulary?





Pre-conditions / assumptions
• community requirement to be able to annotate or classify data, 

using terms from a controlled vocabulary

• a legacy vocabulary is available (a list of terms and definitions) 

• the vocabulary is not arranged & published to allow remote reference to individual terms
e.g. a print document, a digital document, or in a semi-structured form 

• no other FAIR vocabulary suitable for the application, and acceptable to the community is 
published



Ten simple rules for making a vocabulary FAIR

1. Determine the governance arrangements and custodian of the legacy vocabulary
2. Verify that the legacy-vocabulary license allows repurposing, and agree on the license 

for the FAIR vocabulary
3. Check term and definition completeness and consistency in the legacy vocabulary
4. Establish a traceable maintenance-environment for the FAIR vocabulary content
5. Assign a unique and persistent identifier to (a) the vocabulary and (b) each term in the 

vocabulary
6. Create machine readable representations of the vocabulary terms
7. Add vocabulary metadata
8. Register the vocabulary
9. Make the vocabulary accessible for humans and machines

10. Implement a process for publishing revisions of the FAIR vocabulary



https://fairvocabularies.github.io

● A growing number of 
resources and 
guidelines supporting 
the lifecycle of FAIR 
vocabularies

● Guidelines, examples, 
pointers to technical 
best practices
○ How to find existing 

vocabularies
○ How to maintain 

them
○ .... 

https://fairvocabularies.github.io/examples/


Take-away messages

• Data-driven analyses and solutions are crucial for addressing global 
challenges in an evidenced-based approach

• These approaches pose many data integration challenges
• Semantic interoperability is an enabler for integrating data, as it 

resolves the ambiguity in term definitions
• FAIR vocabularies are needed for semantic interoperability and can be 

used as data bridges
• More guidelines, tools, and training are needed to facilitate the use of 

open standards and machine-readable formats for FAIR vocabularies and 
more broadly, data sharing
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