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Opening and introduction 
to the session
Presented by Wolmar Nyberg Åkerström
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A web of FAIR data and services for research

“What is sent is what is understood”

● Semantic models connect data 
with relevant research concepts

● Used to translate and exchange 
information to support a variety 
of research related use cases

● Interoperability across tools, 
workflows and infrastructures
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“We are EOSC”: A call to action for all of us

“From Gutenberg to Berners–Lee”

● Roadmap & priorities in 
the Strategic Research and 
Innovation Agenda (SRIA) 
for EOSC document

● Practices & skills

● Standards, tools & services

● Federated infrastructure
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“[…] invest in the creation, adoption 

and governance of community-based 
metadata and data standards […]”

“[…] semantic artefact catalogues 
in national infrastructures and 
guidelines”

“[…] support for publishing semantic 
artefacts through institutional or 

vocabulary specific thematic 
repositories”



Making sense of your group’s data

“ data should be readable for 

machines without the need for 

specialised or ad hoc algorithms, 

translators, or mappings”
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How about another group’s data?



Making sense of another group’s data 

“ data should be readable for 

machines without the need for 

specialised or ad hoc algorithms, 

translators, or mappings”

“ data should be assessable so that 
judgments can be made about 
their reliability and the 
competence of those who 
created them”. 

How about Europe’s research data?



Making sense of Europe’s research data 

“ data should be readable for 

machines without the need for 

specialised or ad hoc algorithms, 

translators, or mappings”
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“ data should be assessable so that 
judgments can be made about 
their reliability and the 
competence of those who 
created them”. 

Terminologies GuidelinesFormats
Data storage 

& exchange 

Conceptual models 
& controlled vocabularies

Requirements 
& checklists

788+ 245+576+

* Numbers from the FAIRsharing Registry

*



Connecting the web of FAIR data and services

9Illustration: “PID Graph” from the FREYA project 

Highlight: 
FAIRCORE4EOSC



Leveraging communities and consensus
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Highlight: 
EOSC Association



Semantic 
interoperability 
for data and 
metadata
Thursday 21 September 

10:30-11:30 CEST

Room: Barcelona
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8 min Opening and introduction to the session 
Wolmar Nyberg Åkerström

8 min Semantic artefacts and their representations 
Yann Le Franc

8 min Catalogues of semantic artefacts and their 
governance
Susanna-Assunta Sansone

8 min Mappings, crosswalks and alignment
Daan Broeder

8 min Implementation examples 
Alexandra Kokkinaki

20 min Q&A and Panel discussion: Opportunities to promote 
and converge on best practices 



Semantic artefacts and their 
representations 
Presented by Yann Le Franc
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What do semantic artefacts represent?
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from https://www.businessinsider.com/different-types-of-

beer-2016-13?r=US&IR=T

Conceptual models of the world which  
describes the concepts and their 
relations necessary to describe data and 
its context. 

From Di Iorio, Angelo & Peroni, Silvio & Vitali, Fabio. (2012). OWiki: Enabling an Ontology-Led Creation of 

Semantic Data. 10.1007/978-3-642-23172-8_24. 



The diversity of Semantic artefacts
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Examples of generic conceptual models
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DCAT
PROV



Examples of generic conceptual models
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Challenger, Moharram. (2012). The Ontology and Architecture for an Academic Social 

Network. International Journal of Computer Science Issues. 9. 

https://www.dublincore.org/specifications/dublin-core/dcq-rdf-xml/2001-08-29/

Dublin 
Core

FOAF



What are semantic artefacts?
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“A semantic artefact is defined within our

work as a machine-actionable and -readable

formalisation of a conceptualisation,

enabling sharing and reuse by humans and

machines. These artefacts may have a broad

range of formalisation, from loose sets of

terms, taxonomies, thesauri to higher-order

logics. Moreover, semantic artefacts are

serialised using a variety of digital

representation formats …”- Yann Le Franc, Luiz

Bonino, Hanna Koivula, Jessica Parland-von Essen, &

Robert Pergl. (2022). D2.8 FAIR Semantics

Recommendations Third Iteration (V1.0). Zenodo.

https://doi.org/10.5281/zenodo.6675295

https://doi.org/10.5281/zenodo.6675295


What are the common representations?
A wide diversity of digital representation of the conceptual 
models. 

18

OBO



Examples of practices in various communities
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Biodiversity and environmental science



Examples of practices in various communities
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Biodiversity and environmental science



Examples of practices in various communities
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Biodiversity and environmental science



Examples of practices in various communities
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Marine, Agriculture, Food, Biomedical science



Examples of practices in various communities
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Marine, Agriculture, Food, Biomedical science



Examples of practices in various communities
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Marine, Agriculture, Food, Biomedical science



Examples of practices in various communities
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Marine, Agriculture, Food, Biomedical science



Examples of practices in various communities
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Linguistics, Humanities



Examples of practices in various communities
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Linguistics, Humanities



Examples of practices in various communities
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Linguistics, Humanities



Examples of practices in various communities
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Material Science and Manufacturing

https://doi.org/10.5281/zenodo.6504553



Semantic artefacts as part of standardisation 
landscape
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StandICT.eu, Sarkar, Arkopaul, Frost, Lindsay, Walshe, Ray, & Muscella, 

Silvana. (2023). Report of TWG Ontologies: Landscape of Ontologies 

Standards. Zenodo. https://doi.org/10.5281/zenodo.7907025



Semantic artefacts as part of standardisation 
landscape
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StandICT.eu, Sarkar, Arkopaul, Frost, Lindsay, Walshe, Ray, & Muscella, 

Silvana. (2023). Report of TWG Ontologies: Landscape of Ontologies 

Standards. Zenodo. https://doi.org/10.5281/zenodo.7907025

Large diversity of Semantic
Artefact representations,
coupled with difficulty to find,
interoperate and reuse which
impair semantic interoperability

How can we resolve this
situation?



Applying the FAIR principles to semantic 
artefacts
• 17 generic recommendations and 12 Best Practices

• Recommendation aligned with RFC 2119 (MUST, SHOULD, MAY)
• 9 MUST
• 7 SHOULD
• 1 MAY
• 1 Undetermined

• Minimum metadata profile for 

FAIR Semantic Artefacts
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https://doi.org/10.5281/zenodo.6675295

Clement Jonquet, Biswanath Dutta, Luiz O. Bonino da Silva Santos, Robert 

Pergl, Yann Le Franc. Common Minimum Metadata for FAIR Semantic 

Artefacts. 2nd Workshop on Ontologies for FAIR and FAIR Ontologies 

(Onto4FAIR), Cassia Trojahn; Luiz Olavo Bonino da Silva Santos; Giancarlo 

Guizzardi; Clement Jonquet, Jul 2023, Sherbrooke, Canada. ⟨hal-

04106533v2⟩



Summary of the recommendations

● Usage of globally unique persistent and resolvable identifiers for semantic artefacts, their content (i.e.
concept/term/class and relation) and their version,

● Minimum machine-readable metadata to describe the semantic artefacts themselves and their
content,

● Usage of repositories/catalogs to share, publish and retrieve semantic artefacts and their content

● Defining common API(s) to access and index semantic artefacts and their content,

● Interoperability approaches to make sure that semantic artefacts of various degrees of complexity and
encoding format should work together including publishing FAIR mappings and crosswalks between
semantic artefacts,

● Semantic artefacts and their content should be retrievable through search engines.
33



Related ongoing work

FAIR Impact

• M5.3 Semantic artefact assessment methodology: 
https://zenodo.org/record/8305173

• Common metadata schema for Semantic Artefact
• Semantic artefact governance
• FAIR Mappings
• Semantic artefact catalogs/repositories

FAIRCORE4EOSC - MSCR
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https://zenodo.org/record/8305173


Catalogues of semantic artefacts 
and their governance
Presented by Susanna-Assunta Sansone
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Types of catalogues/registries - examples  

Artefact-level 

discoverability

https://rdamsc.bath.ac.uk/

Artefact-level discoverability, status,

accessibility, conditions, relations, 

implementations and more
https://fairsharing.org/

Deepest level for terms use and

interoperability

https://bioportal
.bioontology.org
/



Sustainability aspects 
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Technical Embedding EndorsementsContent

People and funds
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Software diversity - examples

Open source shared technology is being developed

Relational and graph database

Github, API



Governance challenges - CLARIN example
● CLARIN’s goal: make metadata profiles and language data explicit:
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1. http://www.lrec-conf.org/proceedings/lrec2014/pdf/153_Paper.pdf

2. https://pure.knaw.nl/ws/portalfiles/portal/1686735/CAC_2015_CCR.pdf

○ Collaboration with ISO TC37 to try to use the ISOcat Data Category Registry1

■ too complicated/formalised ISO procedures to add/change concepts

■ categories (semantic artefacts/data model) not the concepts CLARIN needed

■ work too demanding, but useful in terms of what costs/efforts are involved

■ culture clash between the research community’s dynamic needs and ISO’s slow pace

○ Creation of the CLARIN Concept Registry2, pragmatic and experts-driven
■ a pragmatic ontology, built with linguistic expertise from a editorial board

■ national content coordinators and forum; dealing with ISOcat legacy terms

■ guidelines and approval process for terms (add/change/expire)

■ community involvement with discussion and votes, although sustainability is challenging

● Lesson learned => technology is usually not the main problem!

http://www.lrec-conf.org/proceedings/lrec2014/pdf/153_Paper.pdf
https://pure.knaw.nl/ws/portalfiles/portal/1686735/CAC_2015_CCR.pdf


Organizational differences - SDOs vs grass-roots
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Standard organizations, 
e.g.:

Grass-roots groups, e.g.:

• Industry-level standards

• Mostly regulators-driven 

• Participation is often regulated

• Standards are sold or licenced 

• Formal development process, often less flexible, could be 

lengthy

• Charges apply to advanced training or programmatic access 

• Mostly research-level standards

• Open to any interested party

• Volunteering efforts 

• Standards are free for use

• Development process varies, more flexible and adaptable to 

changes

• Minimal or little funds for carry out the work, let alone provide 

training 

IdentifiersTerminologies GuidelinesFormats



● FAIRsharing holds a ‘live’ collection of the standards (incl. semantics 
artefacts) and their relationships, recommended by the ISO 
document.

● Complements the static (and non-machine readable) list of standards 
in the ISO spec!

Synergies opportunities - ISO & FAIRsharing example
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“Recommended standards referenced in
this document can be found online as a 
constantly actively curated and updated list 
in the “ISO 20691 FAIRsharing Collection”

https://committe
e.iso.org/standar
d/68848.html

https://fairsharing.org/3533

https://committee.iso.org/standard/68848.html


Long standing issues and known pain-points

DOI: 10.6084/m9.figshare.4055496.v1 

Technical and social challenges, incl.:

• Governance and ownership, 
especially when working across-
sectors

• Fragmentation, harmonization and 
extensions

• Indicators and evaluation methods

• Implementations, tools and services

• Credit and incentives for 
contributors

• Education, documentation and 
training

• Funding stream to support the ‘life 
cycle’ and uptake/adoption

• Business models for the 
sustainability  of people/experts 
and related services
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DOI: 10.1016/j.drudis.2011.09.013



Ongoing and planned activities - examples 
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https://hal.science/hal-
04106533v2

https://fair-impact.eu/events/fair-impact-
events/fair-impact-semantic-artefact-governance-
workshop`

Standards and Semantic artefacts 
are pillars of FAIR and therefore 
addressed by all EOSC projects

https://www.eosc.
eu/sites/default/fi
les/2023-
01/Report%20on
%20the%20FAIR%
20Evaluation%20e
vents_final_sub.pd
f

Semantic artefacts key in the 
FAIR evaluation/assessment 



Mappings, crosswalks and 
alignment
Presented by Daan Broeder
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Mapping different structures and semantics

Mappings relate the content of items in different data 
description schema meant for similar information. 
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XML

table

semantic relation types: “equality (close) 
(exact)”, “broader” and “narrower” …

value scheme conversions: eg. date/time, 
coordinate system formats
unit conversions: eg.  temperature in K vs C

attribute names
attribute values
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Mapping examples

simple mapping example  BioDiv / Earth System Sciences

tables are powerful and can provide 
sufficient information (adding extra 
columns)  for very detailed mapping 
descriptions

Some communities use XML as a metadata 
format with hierarchical schema, which can 
introduce additional context for the entity 
semantics and their mappings

not easy to create conversions without 

using complex  code



The use for mappings and crosswalks

Main purposes:

- aggregating and integrating data-sets for further 
processing

- retrieval of suitable records from heterogeneous sources

Crosswalks do not always need to be complete, just need to 
achieve their (project limited) purpose, many are 
‘experimental’

Note the difference between modelling and only specifying 
relations, and actually converting data, collecting all relevant 
mappings (crosswalk) and putting this in code

47



Mappings can be represented or found in many formats

• Research papers, Tables, Code and XSLT, RDF/OWL
• Tables are still broadly mappings
• Source code and esp. XSLT also are heavily used

Mappings in non-RDF formats should not be ignored, 
improve their FAIRness by providing proper metadata, 
provenance and registration using PIDs

However proper modelling with agreed relation 
typology should be preferred for future work eg. using 
SSSOM

Mapping representations  

48



Tools for creating mappings and
crosswalks
- Automatic, usually based on automatic string 

matching of the entities in semantic artefacts.
- e.g. OntoPortal; challenges are the string matching 

to be domain specific fuzzy, and the lack of context

- Tools allowing experts to create relations 
between suitably visualised entities in schema 
& ontologies

- Good examples exist eg. Cocoda (libraries), 
VMT (Archeology/Cultural Heritage), DME 
(Humanities), 

- New tool under construction, FAIRCORE4EOSC 
project is working on MSCR

49



Current relevant EOSC project work
FAIRIMPACT:

See the references doc

FAIRCORE4EOSC:

• Creating the MSCR, a metadata schema crosswalk registry for all 
types of mappings including those embedded in texts, tables, code, 
…
• FAIR data management functions, ao: proper metadata, 

provenance and PIDs helping researchers to find, reuse and 
share crosswalks

• A graphical mapping tool allowing users create crosswalks 
between different metadata schema

• Two community case-studies Climate and SSH testing out the MSCR
• Two demonstrators, general data management tools B2SHARE and 

B2FIND using the MSCR to manage metadata schema and mappings
50



Implementation examples: 
The Semantic Analyser
Alexandra Kokkinaki & Gwenaelle 

Moncoiffe



The objective
• Semantic interoperability for multidisciplinary data from 

various sources 

• Earth & Environmental Dynamics

• Environmental Bio-geochemistry

• Biodiversity Observations

• Discovery - Harmonisation

52

Low 
granularity 

level semantic 
artefacts

High 
granularity 
level semantic 
artefacts



Building Blocks

• Crosswalks between metadata/data standards 

• e.g. from ISO19139, DCAT etc TO ISO19115 

• Mappings between semantic artefacts (terms/instances)

• Avoid manual mappings when possible (tedious)

• Mapping frameworks e.g. I-ADOPT

53

Syntactic 
interoperability

Semantic 
interoperability



Values

Strings that may/may not originate from a semantic artefact  
oceans, geoscientificInformation,sea surface temperature,fCO2,Ship,satellite-observation,

Seas and coasts etc,marine biome (ENVO:00000447), 454 GS FLX Titanium, 

Inorganic chemical composition of sediment or rocks

URIs: http://vocab.nerc.ac.uk/collection/L05/current/60/ http://www.seadatanet.org/urnurl/SDN:P02::RMIN/

Codes: ENVO:00000447, SDN\:L05\:\:60

Combination: deep chlorophyll maximum layer (ENVO:xxxxxxxx)
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http://vocab.nerc.ac.uk/collection/L05/current/60/


The semantic analyser:

Focus on a set of metadata elements

• Keywords
• Parameters
• Units
• Platforms
• Sensors 

Analyse them to identify

55

Semantic artefacts?

<gmd:descriptiveKeywords>

<gmd:MD_Keywords>

<gmd:keyword>

<gco:CharacterString>Biocenosis</gco:Ch

aracterString>

</gmd:keyword>

<gmd:keyword>

<gco:CharacterString>Eutrophication</

gco:CharacterString>

</gmd:keyword>

<gmd:keyword>

<gco:CharacterString>EUROBIS</gco:Chara

cterString>

</gmd:keyword>

</gmd:MD_Keywords>

</gmd:descriptiveKeywords>
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Programmatic 
approach

LLM agent 
architecture to 
automate the 

code generation 
to extract 

metadata from 
XML

Better allocation of skills to 
the tasks



The semantic analyzer
57



Preliminary results
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The Knowledge Base
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https://w3id.org/ozcar-theia

http://inspire.ec.europa.eu/theme

https://w3id.org/ozcar-theia/

http://purl.obolibrary.org/obo/envo.owl

http://www.w3.org/ns/sosa/

http://www.w3.org/ns/sosa/

http://www.w3.org/ns/ssn/

http://www.w3.org/ns/ssn/

http://qudt.org/2.1/vocab/unit

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

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

http://www.w3.org/ns/prov-o#

http://www.w3.org/2002/07/owl

http://www.w3.org/2004/02/skos/core

http://purl.org/voc/cpm

https://w3id.org/iadopt/ont

https://w3id.org/iadopt/ont

http://www.w3.org/ns/prov#

http://qudt.org/2.1/vocab/quantitykind

http://www.w3.org/ns/dcat

https://w3id.org/ozcar-theia/variableCategoriesGroup

https://w3id.org/ozcar-theia/variableGroup

https://w3id.org/ozcar-theia/skosCollection_a415bff4

https://w3id.org/ozcar-theia/skosCollection_58254f70

https://w3id.org/ozcar-theia/skosCollection_65cf7fa2

https://w3id.org/ozcar-theia/skosCollection_7198f400

https://w3id.org/ozcar-theia/skosCollection_ba31712c

http://vocab.nerc.ac.uk/collection/



Next steps for the semantic analyser (SA)

• Enhance the KB with more semantic resources as we learn 
more about the data

• Finalise the LLM algorithm to automatically identify 
diverse XML snippets

• Enhance the SA input with datasets
• Implement the vocab guesser to provide mapping 

suggestions
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The  EOV demonstrator - parameter 
harmonisation

i-adopt 

Smart

mappings

Find all the datasets that observe 

what is defined to be EOV oxygen



Conclusions
Complying to a standard does not achieve interoperability: 

• Community agreements are essential

Semantic resources need standardised referencing from 
metadata/data records 

• see definedTerm

Semantic mappings are a way to provide harmonisation but
they are tedious:

Frameworks like iadopt can provide:

• Automated mappings
• Sliding up and down the granularity scale
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https://github.com/ESIPFed/science-on-schema.org/blob/master/guides/Dataset.md


Next up
EOSC contribution to Research Assessment

#EOSCsymposium23

Barcelona | 12.10 - 13.10



Stay tuned
symposium23.eoscfuture.eu
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https://symposium23.eoscfuture.eu/

