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We know how to build Ontologies
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• Competency Questions 

technique

• Intermediate 

representations

• Activities identification 

and definition

• Activities organization

• Best practices

• Lightweight

• Common problems addressed

• Frames oriented… but still applicable

• Collaborative process

• Local adaptations

• 9 Scenarios

• Activity templates

• Guidelines for: specification, 

ontology reuse, NOR reuse, 

ODP reuse, scheduling, etc.
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Wilkinson, Mark D., et al. "The FAIR 

Guiding Principles for scientific data 

management and stewardship." 

Scientific data 3.1 (2016): 1-9.
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FAIR recommendations for ontologies
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▪ Garijo, D. and Poveda-Villalón, M. (2020) ‘Best Practices for Implementing FAIR Vocabularies and Ontologies on 
the Web’, in G. Cota, M. Daquino, and G.L. Pozzato (eds) Studies on the Semantic Web. IOS Press. 

▪ Cox, S. J., Gonzalez-Beltran, A. N., Magagna, B., & Marinescu, M. (2021) ‘Ten simple rules for making a 
vocabulary FAIR’, PLOS Computational Biology, 17(6), p. e1009041. 

▪ Amdouni, E., Bouazzouni, S. and Jonquet, C. (2022) ‘O’FAIRe makes you an offer: metadata-based automatic 
FAIRness assessment for ontologies and semantic resources’, International Journal of Metadata, Semantics and 
Ontologies, 16(1), pp. 16–46. 

▪ Le Franc, Y., Bonino, L., Koivula,H., Parland-von Essen, J. & Pergl, R. (2022). ‘D2.8 FAIR Semantics 
Recommendations Third Iteration (V1.0),’ FAIRsFAIR, Zenodo.

▪ Xu, F. et al. (2023) ‘Features of a FAIR vocabulary’, Journal of Biomedical Semantics, 14(1), p. 6. FVF
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Linked Open Terms Methodology
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Linked Open Terms Methodology

▪ Poveda-Villalón, M., Fernández-Izquierdo, A., Fernández-López, M., & García-Castro, R. (2022). LOT: An industrial-

oriented ontology engineering framework. Engineering Applications of Artificial Intelligence, 111, 104755. DOI: 

https://doi.org/10.1016/j.engappai.2022.104755

o Towards lightweight and agile processes

o Inspiration from software development practices

o Coupling Software and ontology development

o Including Ontology Publication Guidelines within the process

o Best practices from Semantic Web and FAIR principles

LOT

FVFG&P Rule F-Q

P-Rec

http://lot.linkeddata.es/

https://doi.org/10.1016/j.engappai.2022.104755
http://lot.linkeddata.es/
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Methodology – Identify needs
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FAIR 

Principle

Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

F1 X X X X X

F2 X X X X

F3 X X X

F4 X X

A1 X X X X X

A1.1 X X

A1.2 X

A2 X X X

I1 X X X X X X

I2 X X X X

I3 X X X X X

R1 X X X X X X

R1.1 X X X X X X

R1.2 X X X X X X

R1.3 X X X X X X

“Is there something to be done while carrying out the ACTIVITY_X

that could affect the FAIRness level of the final ontology with 

respect to FAIR_principle_Y ?”
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My Basic Toolkit for ontology FAIRness boosting
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Legend

Ontology im plem entat ion

Ontology

conceptualization

Ontology model

Ontology

encoding

Ontology 

evaluation

Ontology code
Evaluated

ontology

Ontology reuse

Ont. Devel.

Users
Experts

Ont. Devel.

Ont. Devel.

Users
Experts

Ont. Devel.

Ontology

requirements
specification

ORSD

Ontology

maintenance

Issues, bugs, etc.

Ontology publicat ion

Propose release

candidate

Ontology

documentation
Online publication

Ontology release

candidate

HTML

documentation
Online ontology

Ont. Devel.

Ont. Devel.

Users
Experts

Ont. Devel.

Phase

Zoom  in phase

LOT

Activity

Artefact

generated
from acivity

• HTML generation from 

OWL code

• Multilingual

• Separated sections

• UML based notation for 

OWL

• Converter

• Templates for draw.io

• Linked Open Vocabularies

• General purpose ontology 

registry (+800)

• Web application

• API/SPARQL

• OntOlogy Pitfall Scanner!

• Common errors detection

• 33 automated detection

• 41 pitfalls documented

• Continuous integration

• W3id publication & content negotiation

• Portal Generation

• Integrates OOPS!, Widoco, etc.

• FAIR assessment for ontologies

• 25 tests

https://oops.linkeddata.eshttps://lov.linkeddata.eshttps://chowlk.linkeddata.es/

https://ontoology.linkeddata.es/

https://w3id.org/widoco

https://w3id.org/foops

https://oops.linkeddata.es/
https://lov.linkeddata.es/
https://chowlk.linkeddata.es/
https://ontoology.linkeddata.es/
https://w3id.org/widoco
https://w3id.org/foops
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First steps to support the FAIR validation

• Validation service inspired by OOPS! 
(OntOlogy Pitfall Scanner)

• Designed to guide users (24 tests)

• Tests have an explanation

• Tests indicate potential errors

• Practical

• Based on years of ontology
engineering practices at UPM

• Aligned to FAIR

https://w3id.org/foops/

Slide taken from “FOOPS! An Ontology Pitfall Scanner for the FAIR principles. Dbpedia day” by Daniel Garijo

Garijo, D., Corcho, O., & Poveda-Villalón, M. (2021). FOOPS!: An Ontology Pitfall Scanner for the 

FAIR principles. In ISWC (Posters/Demos/Industry). Best demo award.

https://w3id.org/foops/
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FOOPS!: Getting the full report

Ontology metadata 

summary

FAIRness coverage by 

category
FAIRness overall score. 

Note: this may be a quality 

indicator, but there is no 

defined threshold for 

FAIRness.

FAIR Category

Check

Check description

Check coverage

Check explanation

Slide taken from “FOOPS! An Ontology Pitfall Scanner for the FAIR principles. Dbpedia day” by Daniel Garijo
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Methodology – Map activities and Best Practices
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 G&P-X: Garijo, D. and Poveda-Villalón, M. (2020) ‘Best 
Practices for Implementing FAIR Vocabularies and 
Ontologies on the Web’, in G. Cota, M. Daquino, and 
G.L. Pozzato (eds) Studies on the Semantic Web. IOS 
Press. 

 Rule-X: Cox, S. J., Gonzalez-Beltran, A. N., Magagna, B., & 
Marinescu, M. (2021) ‘Ten simple rules for making a 
vocabulary FAIR’, PLOS Computational Biology, 17(6), p. 
e1009041. 

 FX-QY: Amdouni, E., Bouazzouni, S. and Jonquet, C. 
(2022) ‘O’FAIRe makes you an offer: metadata-based 
automatic FAIRness assessment for ontologies and 
semantic resources’, International Journal of Metadata, 
Semantics and Ontologies, 16(1), pp. 16–46. 

 P-rec-X: Le Franc, Y., Bonino, L., Koivula,H., Parland-von 
Essen, J. & Pergl, R. (2022). ‘D2.8 FAIR Semantics 
Recommendations Third Iteration (V1.0),’ FAIRsFAIR.

 FVF-X: Xu, F. et al. (2023) ‘Features of a FAIR 
vocabulary’, Journal of Biomedical Semantics, 14(1), p. 6. 
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Methodology – Map activities and BP
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FAIR 

Principle

Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

F1 Y Y Y

F2 Y Y

F3 Y Y Y

F4 Y

A1 Y Y Y Y

A1.1 Y

A1.2 Y

A2 Y Y Y

I1 Y Y Y

I2 Y Y Y

I3 Y Y Y Y

R1 Y Y Y Y Y

R1.1 Y Y Y Y

R1.2 Y Y Y Y Y

R1.3 Y Y Y Y

F2. data are described with rich metadata 

(defined by R1 below)

• FVF-2: Vocabularies and their terms have rich 

metadata.

• G&P-6: Generate ontology metadata (includes 

mandatory and optional properties)

• P-Rec3: A common minimum metadata 

schema must be used to describe semantic 

artefacts and their content

• Rule-7: Add vocabulary metadata

A1. (meta)data are retrievable by their identifier 

using a standardized communications protocol

• G&P-1: Design ontology name and prefix

• G&P-2: Decide between hash or slash URIs

• G&P-3: Decide whether to use opaque URIs

• G&P-4: Define an ontology versioning strategy

I2. (meta)data use vocabularies that follow FAIR principles

• I2Q6: Does the ontology provide information about the relation 

to or influence of other FAIR vocabularies?

• P-Rec14: Standard vocabularies should be used to describe 

semantic artefacts

R1.2. (meta)data are associated with detailed provenance

• G&P-6: Generate ontology metadata

• G&P-8: Generate diagrams
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Methodology 
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Methodology – Identify Gaps
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Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

Principle Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref

F1 X GAP X Y X Y X Y X GAP

F2 X GAP X GAP X Y X Y

F3 X Y X Y X Y

F4 X Y X GAP

A1 X GAP X Y X Y X Y X Y

A1.1 X GAP X Y

A1.2 X Y

A2 X Y X Y X Y

I1 X GAP X Y X Y X Y X GAP X Y

I2 X Y X Y X Y X GAP

I3 X Y X GAP X Y X Y X Y

R1 X GAP X Y X Y X Y X Y X Y

R1.1 X GAP X Y X Y X GAP X Y X Y

R1.2 X Y X Y X Y X GAP X Y X Y

R1.3 X GAP X GAP X Y X Y X Y X Y
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Methodology – Identify Gaps
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Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

Principle Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref

F1 X GAP X Y X Y X Y X GAP

F2 X GAP X GAP X Y X Y

F3 X Y X Y X Y

F4 X Y X GAP

A1 X GAP X Y X Y X Y X Y

A1.1 X GAP X Y

A1.2 X Y

A2 X Y X Y X Y

I1 X GAP X Y X Y X Y X GAP X Y

I2 X Y X Y X Y X GAP

I3 X Y X GAP X Y X Y X Y

R1 X GAP X Y X Y X Y X Y X Y

R1.1 X GAP X Y X Y X GAP X Y X Y

R1.2 X Y X Y X Y X GAP X Y X Y

R1.3 X GAP X GAP X Y X Y X Y X Y

High availability of guidelines
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Methodology – Identify Gaps
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Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

Principle Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref

F1 X GAP X Y X Y X Y X GAP

F2 X GAP X GAP X Y X Y

F3 X Y X Y X Y

F4 X Y X GAP

A1 X GAP X Y X Y X Y X Y

A1.1 X GAP X Y

A1.2 X Y

A2 X Y X Y X Y

I1 X GAP X Y X Y X Y X GAP X Y

I2 X Y X Y X Y X GAP

I3 X Y X GAP X Y X Y X Y

R1 X GAP X Y X Y X Y X Y X Y

R1.1 X GAP X Y X Y X GAP X Y X Y

R1.2 X Y X Y X Y X GAP X Y X Y

R1.3 X GAP X GAP X Y X Y X Y X Y

Partial coverage
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Methodology – Identify Gaps
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Ontology 

Requirements 

Specification

Ontology 

Reuse

Ontology 

Conceptualiz.

Ontology 

Encoding

Ontology 

Evaluation

Ontology 

Document.

Ontology 

Publication

Ontology 

Maintenance

Principle Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref Need Ref

F1 X GAP X Y X Y X Y X GAP

F2 X GAP X GAP X Y X Y

F3 X Y X Y X Y

F4 X Y X GAP

A1 X GAP X Y X Y X Y X Y

A1.1 X GAP X Y

A1.2 X Y

A2 X Y X Y X Y

I1 X GAP X Y X Y X Y X GAP X Y

I2 X Y X Y X Y X GAP

I3 X Y X GAP X Y X Y X Y

R1 X GAP X Y X Y X Y X Y X Y

R1.1 X GAP X Y X Y X GAP X Y X Y

R1.2 X Y X Y X Y X GAP X Y X Y

R1.3 X GAP X GAP X Y X Y X Y X Y

Low coverage
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Actionable FAIR by design methodology
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https://w3id.org/sa-fair-by-design/

• Actionable LOT FAIRbyDesign methodology

• Lightweight checks and tools integrated per activity

https://w3id.org/sa-fair-by-design/
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Requirements Specification

27



Towards a FAIR-by-design ontology development framework

Reuse

28

Check reuse in 

ontology metadata 

and content

Check list for 

developers
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Conceptualization
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• UML based notation for 

OWL

• Converter

• Templates for draw.io

https://chowlk.linkeddata.es/

https://chowlk.linkeddata.es/
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Encoding
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Check whether the 

prefix is already 

being used

Versioning 

schemes 

suggested

Machine readable 

metadata assistant
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Documentation and Publication
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Conclusions

32

▪ FAIR by Design framework

o Methodology aligned with tools and existing recommendations

o Actionable framework

o However, increasing the FAIRness level of an ontology should be addressed along 

its whole development life-cycle (e.g., carefully documenting design decisions and 

requirements, including ontology metadata in the conceptualization phase, etc.)
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Future Work
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▪ SOEL: Supporting Ontology Engineering with Large Language Models

o How can LLMs support (FAIR) Ontology engineering

• “Large Language Models for Ontology Engineering: A Systematic Literature Review”. Jiayi 

Li, Ziyuan Wang, Daniel Garijo, and María Poveda-Villalón. (Submitted to Semantic Web 

journal https://www.semantic-web-journal.net/content/large-language-models-ontology-

engineering-systematic-literature-review-1 )

• 34 papers || 49 experiments reviewed

o Tooling to facilitate metadata updates, keep provenance and maintenance: LLMs?

o Better orchestration of services: Agents?

• “A Multi-Agent System for Explainable Ontology Generation. Jiayi Li, Ziyuan Wang, Daniel 

Garijo, and María Poveda-Villalón. (Submitted to LLM4KGOE)

https://www.semantic-web-journal.net/content/large-language-models-ontology-engineering-systematic-literature-review-1
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