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GO FAIR ACTIVITIES

GO BUILD FAIRification technology 
• FAIRifier 
• FAIR Data Point 
• FAIR Metrics  
• convergence on standards 

GO TRAIN and certification of people 
• LERU Summer School 
• Lorentz Workshop 
• BYODs 
• Canonical FAIR processes and curriculum  

GO CHANGE organizations (incentives) 
• Public: universities, funding organizations   
• Private: tech, publishing 





WHAT 

What is FAIR Data ? 

“Data and services that are  
findable,  
accessible,  
interoperable,  
re-usable 
both for machines and for people.” 

The FAIR Guiding Principles for scientific data management and stewardship, 
Scientific Data (2016), https://www.nature.com/articles/sdata201618 



WHAT 

What is FAIR Data ? 

Data and services that are  
findable,  
accessible,  
interoperable,  
re-usable 
for machines (and sometimes, in rare 
circumstances, may be even for people). 



WHAT IS FAIR ?

Findable: 
F1 (meta)data are assigned a globally unique and persistent 
identifier; 

F2 data are described with rich metadata; 

F3 metadata clearly and explicitly include the identifier of the 
data it describes; 

F4 (meta)data are registered or indexed in a searchable 
resource;

Accessible: 
A1 (meta)data are retrievable by their identifier using a 
standardized communications protocol; 

A1.1 the protocol is open, free, and universally 
implementable; 

A1.2 the protocol allows for an authentication and 
authorization procedure, where necessary; 

A2 metadata are accessible, even when the data are 
no longer available;

Interoperable: 
I1 (meta)data use a formal, accessible, shared, and 
broadly applicable language for knowledge 
representation. 

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

I3 (meta)data include qualified references to other 
(meta)data; 

Reusable: 
R1 meta(data) are richly described with a 
plurality of accurate and relevant attributes; 

R1.1 (meta)data are released with a clear and 
accessible data usage license; 

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

R1.3 (meta)data meet domain-relevant 
community standards; 

Sci. Data 3:160018 doi: 10.1038/sdata.2016.18 (2016)

What is FAIR Data ? 
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Data + MetaData 
as RDF

data

metadata

RDF

GO BUILD REFERENCE IMPLEMENTATION 

Manual coding of tabular data into RDF

A Reference Implementation of the 15 Principles 
to show how Data can be made FAIR for machines
(FAIR-dICT project,DTL: https://www.dtls.nl/fair-data/fair-dict/)

https://www.dtls.nl/fair-data/fair-dict/
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FAIR Data Point

http://www.w3.org/TR/vocab-dcat/
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inhibitors     p65

Mark D. Wilkinson 
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Mark D. Wilkinson 
CBGP-UPM/INIA, Madrid



Find me all known low molecular weight inhibitors of the Human 
p65 Protein.  Separate the list based on those that were found in 
curated databases, from those that were found in self-deposited 
data archives.  Keep track of the license and citation 
information for each one.  If data is relevant, but not public, 
please provide the contact information for the person I need so 
I can request the data.

Mark D. Wilkinson 
CBGP-UPM/INIA, Madrid
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Distinguish: 
Information 
Data
Knowledge

Consider: 
Semantics is the linguistic and 
philosophical study of meaning.
https://en.wikipedia.org/wiki/Semantics 

Semantic Data is, data with meaning.

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

https://en.wikipedia.org/wiki/Linguistic
https://en.wikipedia.org/wiki/Philosophical
https://en.wikipedia.org/wiki/Meaning_(linguistics)
https://en.wikipedia.org/wiki/Semantics


Data: controlled information 
(referenced, calibrated, normalized) 

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 



Malaria is transmitted by mosquitoes.  

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

Knowledge: associations implied by data



Malaria is transmitted by mosquitoes.  

Subject - Predicate - Object

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

Knowledge: associations implied by data



Malaria is transmitted by mosquitoes.  

Subject - Predicate - Object

se
man

tic
 tri

ple

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

Knowledge: associations implied by data



Malaria is transmitted by mosquitoes.  

ORPHA673 - D018562 - Anopheles gambiae

Subject - Predicate - Object

se
man

tic
 tri

ple

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

Knowledge: associations implied by data



Malaria is transmitted by mosquitoes.  

ORPHA673 - D018562 - Anopheles gambiae

Subject - Predicate - Object

se
man

tic
 tri

ple

on
tol

og
ies

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 

Knowledge: associations implied by data



Malaria is transmitted by mosquitoes.  

ORPHA673 - D018562 - Anopheles gambiae

Subject - Predicate - Object

se
man

tic
 tri

ple

on
tol

og
ies

http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=673 -  
    http://bioportal.bioontology.org/ontologies/MESH?p=classes&conceptid=D018562 -  

                                              https://www.vectorbase.org/organisms/anopheles-gambiae

GUPRI
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Knowledge: associations implied by data

20% of known disease causing variants map to TSS

Data
  

mod
els

Practicing FAIR Data
4a 

Find/Build  
semantic  

data model 

5a 
Transform  

data records  
into RDF 



The Future of Semantic Data Modeling:
- Deep dive course on Data Modeling  
- Tools (visual modeling tools) 
- Libraries of FAIR Data Models (F1000) 
- Common Data Model templates 
- Peer review (Myles Axton)
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Practicing FAIR MetaData
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47 Affiliations
• GUPRI 
• metadata profile 
• machine-actionable

• ORCID53 Authors

Practicing FAIR MetaData
4b 

Find/Build  
semantic  
metadata  

model 

5b 
Transform  
metadata  
records  

into RDF 

Metadata: Data about data 



The Future of Semantic Data Modeling:
- Metadata Editors: 

- Center for Expanded Data Annotation and Retrieval (CEDAR) 
https://metadatacenter.org 

- DTL https://fair-course.fair-dtls.surf-hosted.nl/editor/#!/ 

- Libraries of FAIR MetaData Models (F1000)  
- Common Metadata templates: 

- FAIRSharing  https://fairsharing.org 
- People: ORCID profiles https://orcid.org 

- Institutions: 
- your institution 😉  https://www.grid.ac 
- funding organisations https://www.crossref.org/services/funder-registry/

Practicing FAIR MetaData
4b 

Find/Build  
semantic  
metadata  

model 

5b 
Transform  
metadata  
records  

into RDF 

Metadata: Data about data 



D a t e

D a t e

D a t eD a t e

:organisation

:person

:participant

DCodings 06_2018.

PREFIXES
rdfs: <http://www.w3.org/2000/01/rdf-schema#>
skos: <http://www.w3.org/2004/02/skos/core#>
pr: <http://www.wikidata.org/prop/reference/>
pq: <http://www.wikidata.org/prop/qualif ier/>
ps: <http://www.wikidata.org/prop/statement/>
wdref: <http://www.wikidata.org/reference/>
p: <http://www.wikidata.org/prop/>
wdt: <http://www.wikidata.org/prop/direct/>
wd: <http://www.wikidata.org/entity/>
wikibase: <http://wikiba.se/ontology#>

wd:Q43229
organization

wd:Q15617994
designation for an administrative 

 territorial entity

:country
country

:location
location

D a t e

[wd:Q372353]
research funding

:location
location

:country
country

xsd:string
n a m e

xsd:string
official  name

[wd:Q4830453 wd:Q622439 wd:Q31855] 
business enterprise, small and medium enterprise, research institute

D a t e

D a t e

[wd:Q1047113 wd:Q2465832 wd:Q11862829]
specialty, academic discipline, branch of science

:organisation

:funding_agency

D a t eD a t e

[wd:Q3529618 wd:Q189533]
academic title, academic degree

[wd:Q486983]?
academic rank

:person

[wd:Q333291 wd:Q776754 Q1128340]
abstract, summary, index term

[wd:Q1047113 wd:Q2465832 wd:Q11862829]
specialty, academic discipline, branch of science

xsd:string
t i t l e

D a t e

D a t e

D a t e

:participant

wd:Q1298668
research project

[wd:Q41762787 wd:Q30242023]
value, economic value

D a t e

wd:Q1148747 
payment

:grant_payment?

wd:Q230788
grant

[wd:Q41762787 wd:Q30242023]
value, economic value

:project with grant

D a t e

:grant

D a t e

xsd:string
target  cr i ter ion

:country

D a t e

D a t e

:research funding

:funding_scheme

p:P581
end time
qualifier

p:P2868
subject has role
qualifier

p:P580
/end
t ime/
qualifier

p:P581
strt time
qualifier

p:P581
end time
qualifier

p:P580
start time
qualifier

participant

participant

p:P2868
subject has role
qualifier

p:P580
start time
qualifier

p:P581
end time
qualifier

p:P2868
subject has role
qualifier

p:P581
strt time
qualifier

p:P580
end time
qualifier

p:P1344 
participant of

p:P710
participant

 p :P1344  
participant of

p:P580
start time
qualifier

p:P581
end time
qualifier

p:P2868
subject has role

qualifier

p:P2868
subject has role
qualifier

p:P580
start time
qualifier

p:P581
end time
qualifier

p:P527
has part

p:P355
subsidiary

p:P131
located in the administrativeb 

territorial entity

p:P17
country

p:P159
headquarters location

p:P571
inception

p:P31
instance of

p:P159
headquarters location

p:P17
country

rdfs:label
official name

p:P1448
official name

p:P31
instance of

participant

 p :P1344  
participant of

p:P580
start time
qualifier

p:P581
end time
qualifier

p:P2868
subject has role
qualifier

p:P101
field of work specialty

p:P1416
affiliation

participant

: run
run

:disburse
disburse

p:P580
start time
qualifier

p:P581
end time
qualifier

p:P512
academic degree

p:P2868
subject has role
qualifier

p:P106
occupation

p:P1344 
participant of

p:P1535
uses

p:P527
has part

p:P1056
product or material produced

p:P3712
objective of project or mission

p:P921
main topic

p:P146
t i t le

p:P571
inception

p:P580
start time

p:P581
end time

p:P710
participant

p:P31
istance of

p:P361
part of

p:P1552
has quality

p:P585
point in time

p:P31
instance of

p:P31
instance of

p : P 1 5 5 2  
has quality (?)

p:P1535
used by

: f o l l o w s  
conforms to

p:P580
start time

p:P581
end time

p:P1013
criterion used

p : P 1 7  
country

p:P581 
end time

p:P571
inception

p:P31
instance_of

p:P361
part_of



Practicing FAIR Data
FAIR Metrics: http://fairmetrics.org 
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Metrics Score 



Framwork for authoring FAIR Metrics

Practicing FAIR Data
6 
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Metrics Score 
FAIR Metrics: http://fairmetrics.org 



• Community defined 
• Objective 
• Quantifiable 
• Reproducible
• Automatic (scalable)
• Certifiable 
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Findable: 
F1 (meta)data are assigned a globally unique and persistent 
identifier; 

F2 data are described with rich metadata; 

F3 metadata clearly and explicitly include the identifier of the 
data it describes; 

F4 (meta)data are registered or indexed in a searchable 
resource;

Accessible: 
A1 (meta)data are retrievable by their identifier using a 
standardized communications protocol; 

A1.1 the protocol is open, free, and universally 
implementable; 

A1.2 the protocol allows for an authentication and 
authorization procedure, where necessary; 

A2 metadata are accessible, even when the data are 
no longer available;

Interoperable: 
I1 (meta)data use a formal, accessible, shared, and 
broadly applicable language for knowledge 
representation. 

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

I3 (meta)data include qualified references to other 
(meta)data;

Reusable: 
R1 meta(data) are richly described with a 
plurality of accurate and relevant attributes; 

R1.1 (meta)data are released with a clear and 
accessible data usage license; 

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

R1.3 (meta)data meet domain-relevant 
community standards;

FM-F1A FM-F1B

FM-F2
FM-F3

FM-F4

FM-A1.1

FM-A1.2

FM-A2

FM-I1
FM-I2

FM-I3

FM-R1.1

FM-R1.2

FM-R1.3Sci. Data 3:160018 doi: 10.1038/sdata.2016.18 (2016)
http://fairmetrics.org 
https://github.com/FAIRMetrics/Metrics/blob/master/ALL.pdf

14 Core FAIR Metrics 



The FAIR Metrics Framework



v1.0 checks for HTTP 200 return

The FAIR Metrics Framework

v3.0 scores multiple parameters of persistence policy 

Example: FM-F1B, Identifier Persistence 

v2.0 validates a standard RDF persistence policy  
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14 Core FAIR Metrics 
21 Questions 
22 Community Challenges

FAIR Principle F1:  (meta) data are assigned globally unique and persistent identifiers.  
Fundamental requirement for accurate and reproducible machine actionability. Examples: 
Universally unique identifier (UUID): https://en.wikipedia.org/wiki/Universally_unique_identifier ; 
Digital Object Identifier (DOI): http://www.doi.org  

FAIR Metric F1A:  
Question 1: Provide an URL to a registered scheme that defines the globally-unique structure 
of the identifier(s) for your digital resource.  

FAIR Metric F1B:  
Question 2: Provide an URL to a document that defines the persistence policy of your 
identifier(s).  

Community challenge: 
(1) What are your required (or preferred) identifier registration services ? 
(2) What is your minimal persistence policy?  
(3) Can you make your persistence policy machine-readable?  

https://en.wikipedia.org/wiki/Universally_unique_identifier
http://www.doi.org


FAIR Principle F2:  F2: Data are described with rich metadata 
Data should be machine-discoverable by the widest range of stakeholders possible. That is, 
you should not presume who will want to use your data, or for what purpose. Resource 
providers should be generous and expansive with their metadata (see also R1). Exemplar rich 
metadata frameworks: DCAT; ISA framework.  

FAIR Metric F2:
Question 3.Provide the URL to a document that contains machine-readable metadata for the 
digital resource.  

Question 4.Provide the URL for the file format of this metadata. 
 

Community challenge: 
(4) Can you define a minimal set of metadata for your community?  
(5) Can you make your metadata machine-readable?   

14 Core FAIR Metrics 
21 Questions 
22 Community Challenges



FAIR Principle F3: Metadata clearly & explicitly include the identifier of the data it describes 
Metadata and the dataset they describe are often separate (and probably should be, v.v. 
Principle A2).  Because most data formats are not extendible, and therefore cannot always refer 
to the metadata, the association between metadata and the data can often only be achieved by 
explicit references to the data’s globally unique identifier within the metadata record, thus 
facilitating ID-based search. 

FAIR Metric F3: 
Question 5. Provide an URL to the metadata document that contains the globally unique and 
persistent identifier for the digital resource.  

Question 6. Provide the URL to the data described by in that metadata document. 

Community challenge: 
(6) Can you define the metadata model that explicitly links data and metadata?  
(7) Can you make this metadata model machine-readable?   

14 Core FAIR Metrics 
21 Questions 
22 Community Challenges



FAIR Metrics Community Challenges
(1) What are your required (or preferred) identifier registration services ? 
(2) What is your minimal persistence policy?  
(3) Can you make your persistence policy machine-readable?   
(4) Can you define a minimal set of metadata for your community?  
(5) Can you make your metadata machine-readable?  
(6) Can you define the metadata model that explicitly links data and metadata?  
(7) Can you make this metadata model machine-readable?    
(8) What is the required (preferred) search engine for your community ?    
(9) What is the required (preferred) communication protocol for your community ?  
(10) What is your required (preferred) protocols for restricting access to data ?  
(11) Can you make this protocol machine-readable?    
(12) What is your minimal persistence policy for metadata?  
(13) Can you make this persistence policy machine-readable? 
(14) What is your required (preferred) standards in knowledge representation ?   
(15) What are your required (preferred) vocabularies  ?   
(16) What is your required LinkSet  ?   
(17) What is your required (preferred) usage license framework?  
(18) Can you make these usage licenses machine-readable? 
(19) What is your required (preferred) provenance metadata descriptions?  
(20) Can you make this provenance metadata machine-readable?   
(21) What are your certification criteria for data & metadata?  
(22) What is your machine-actionable validation-certification system ?     

Find

Access

Interoperate

Reuse
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14 Core FAIR Metrics

15 FAIR Principles 

Many more 
Community-defined 
FAIR Metrics

Machine-readable metadata profiles
- Research Communities
- Publishers
- Repositories 
- Funding agencies

FAIR Evaluator

FAIR Evaluator (arbitrary collections of FAIR Metrics)



Metadata IN
https://www.go-fair.org/implementation-networks/overview/


