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Framing my presentation

FAIR is intended to help machines help people!
Replace time spent in data discovery/manipulation with
time spent on thoughtful investigation of global data
and knowledge

IT WORKS! We can now prove it!

We have also experienced some notable failures... \
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Start with the Problems: Measuring FAIRness

Am | FAIR?

How can | know?
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nature.com > scientific data > comment > article

SCIENTIFIC D AT A

gomz.  ®E Now with ~15,000 citations HMaxe derail

Comment | OPEN

The FAIR Guiding Principles for scientific
data management and stewardship

Mark D. Wilkinson, Michel Dumontier, IJsbrand Jan Aalbersberg, Gabrielle Appleton, Myles Axton,
Arie Baak, Niklas Blomberg, Jan-Willem Boiten, Luiz Bonino da Silva Santos, Philip E. Bourne, Jildau
Bouwman, Anthony J. Brookes, Tim Clark, Mercé Crosas, Ingrid Dillo, Olivier Dumon, Scott Edmunds,
Chris T. Evelo, Richard Finkers, Alejandra Gonzalez-Beltran, Alasdair J.G. Gray, Paul Groth, Carole
Goble, Jeffrey S. Grethe, Jaap Heringa, Peter A.C 't Hoen, Rob Hooft, Tobias Kuhn, Ruben Kok, Joost
Kok, Scott J. Lusher, Maryann E. Martone, Albert Mons, Abel L. Packer, Bengt Persson, Philippe
Rocca-Serra, Marco Roos, Rene van Schaik, Susanna-Assunta Sansone, Erik Schultes, Thierry
Sengstag, Ted Slater, George Strawn, Morris A. Swertz, Mark Thompson, Johan van der Lei, Erik van
Mulligen, Jan Velterop, Andra Waagmeester, Peter Wittenburg, Katherine Wolstencroft, Jun Zhao &

Barend Mons - Show fewer authors



CBGP == @ =
e csic
e

The FAIR Guiding Principles...

“This necessitates machines to be capable of
autonomously and appropriately acting when
faced with the wide range of types, formats,
and access-mechanisms/protocols that will be
encountered during their self-guided
exploration of the global data ecosystem.”

https://www.nature.com/articles/sdata201618

When | wrote this paragraph, |
was imagining a Web of data
discovery and exploration agents
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“This necessitates machines to be capable of
autonomously and appropriately acting when
faced with the wide range of types, formats,
and access-mechanisms/protocols that will
be encountered during their self-guided
exploration of the global data ecosystem.”

hitps:/iwww.nature com/articles/sdata201618

Notable consequence #1

FAIR is, first, a mechanism to guide automated
agents to discovery of task-relevant data

As a consequence, FAIR is, before all else, about

metadata.
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“This necessitates machines to be capable of
autonomously and appropriately acting when
faced with the wide range of types, formats,
and access-mechanisms/protocols that will
be encountered during their self-guided
exploration of the global data ecosystem.”

hitps:/iwww.nature com/articles/sdata201618

Notable consequence #2

Creating a Web of data that can be appropriately (re)used by machines
necessitates specific data publishing behaviors

These behaviors can be (must be!) concretely described

Software agents then leverage these behaviors to
find, access, and appropriately reuse the correct data

www.cbgp.upm.es
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Notable consequence #3

This means that FAIRness must also be
measurable

by similar automated agents

(i.e. are you providing sufficient metadata, and providing it in a manner
that can be automatically discovered and interpreted
to direct an agent to what it needs?)



The FAIR Evaluator

The first fully-automated “agent” for testing
FAIRNess of a resource

Resulted from early pressure (2017) from e.g.
journal editors who wanted to require FAIRness

https://doi.org/10.1038/s41597-019-0184-5
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Acknowledgement of Susanna-Assunta Sansone

Several of the following slides are adaptations of slides
she created for a presentation we jointly gave a few
weeks ago

Susanna-Assunta Sansone

University of Oxford, UK

- University Academic Lead of Research Practice;

- Professor of Data Readiness, Dept of Engineering Science;
- Director, Oxford e-Research Centre.

- R&D Group Leader: https://datareadiness.eng.ox.ac.uk

%6 ENGINEERING
SCIENCE

FAIRsharing.org
e  ELIXIR Interoperability Platform Co-Lead o @ﬁ_ﬁ' <> standards, databases, policies

° Author of the FAIR Principles, and contributors to a couple of FAIRNness assessment tools
FAIRCOOKBOOK

° Pl of FAIRsharing, and co-lead of FAIR Cookbook, among other FAIR-supporting
resources

www.cbgp.upm.es



Motivation for FAIR testing

Fairness does not mean everyone
gets the same. Fairness means
everyone gets what they need.

e FAIR is a set of principles, not a standard

| : e The narrative is insufficient to
R circumscribe the valid mechanisms to
achieve the behaviours they describe

Nevertheless, we need to trust claims such as

“Ilam FAIR", or “My data is FAIR", or “My repository enables FAIR"

wwwwwwwwwwwwwww
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http://w3id.org/AmIFAIR

FAIR Evaluation Services

FAIR Evaluation Services

Resources and guidelines to assess the FAIRness of digital resources.

O 7ors | O sior fas | Quision [ 22 |

a: Import Maturity Indicators i= Create collections °I° Evaluate resources
Import Maturity Indicators as YAML =mart A7 interfi Maturity Indi into ity centered Evaluate resources FAIRness against Maturity Indicator
annotation collections Collections

Any stakeholder provides the URL of any
Digital Object, and ~22 distinct tests of
“FAIRness” are executed on that Object

www.cbgp.upm.es
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At its core, The Evaluator consists of a “very forgiving’
metadata harvesting workflow & library

Dol Handle
doi.org URI hdl.handle.net URI

INCHI Key
PubChem URI Resolve Ressie
Accept 23
Linked Data AccoplaF
Resolve
Accept Linked L Link A
Data rel="meta"
A A
&2 Resolve Resolve
"is attribute of" i Accept X
l | | Linked Data PeCeptal:
Resolve (D) Tika
Accept Linked i Extruct
Data Distiller

www.cbgp.upm.es
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FAIR Principle F3: metadata explicitly include the identifier of the data it describes

Test Workflow:
Explore the harvested metadata for any metadata facet that appears
to be a reference to a data record

(there are 18 possibilities that are acceptable)
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e = Evaluator usage

~10,000 FAIRness evaluations run using the public version

Several thousand evaluations run using the private version from my company

Executions of individual tests are not monitored, but do occur frequently



FAIRnNness is not a competition!
..Oris it?

The

As of Aug 2024, there are [
28 independent evaluation,

assessment, assistance tools
Shop

(see list at https:/fairassist.orq)

e Mostly questionnaires, few are (semi)automated

The tests used and theresults | ® Mostly focused on metadata
given are inconsistent, and
not comparable

e They use distinct, often subjective ways of
oV ml measuring FAIRness

» \

e \We lack a set of common, trusted FAIR metrics,
and their reproducible FAIR tests




Comparison of The Evaluator*™ with F-UJI, on the same Digital Object
(a Catalog record in the Duchenne Parent Project Patient Registry)

How different can they be?

Test of: https://w3id.org/duchenne-fdp/catalog/c36b662c-
fc4d-4b9f-a833-d4972a6fc395
Mon, 13 Sep 2021 11:08:19 +0000

F Metrics A Metrics

| Metrics

Summary:

Resource PID/URL: https://w3id.or

Metric Version: metrics_v0.4

'g/duchenne-fdp/catalog/c36b662c-fc4d-4b9f-a833-d4972a6fc395

Reusable RL3FEEY  Findable
R12 F2:

R11 F3

R1 8 F4
13
%
Al
Interoperablell Accessible

Findable: I of 7

Accessible: 0 of 3

Interoperable: 1 of 4

Reusable: 0 of 10

Metrics release v1.0.26

20/22 Tests Pass

R Metrics

2/24 Tests Pass
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What is “metadata”?

www.cbgp.upm.es
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What is “metadata”?

When should links be followed
to search for metadata, and
which ones?

www.cbgp.upm.es
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What is “metadata”?

When should links be followed
to search for metadata, and
which ones?

To what extent must a standard
be followed?
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What is “metadata”?

When should links be followed
to search for metadata, and
which ones?

To what extent must a standard
be followed?

Is it acceptable to mix-n-match
standards, rather than using
one that covers everything?
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Test of: https://w3id.org/duchenne-fdp/catalog/c36b662c-
fc4d-4b9f-a833-d4972a6fc395
Mon, 13 Sep 2021 11:08:19 +0000

F Metrics A Metrics | Metrics R Metrics
Not even agreement on what
the Principles mean!
Su mmary Resource PID/URL: https://w3id.org/duchenne-fdp/catalog/c36b662c-fc4d-4b9f-a833-d4972a6fc395
Metric Version: metrics_v0.4 »

Findable: I of 7

Reusable R13FEEY  Findable
R12 F2:

i1 5 Accessible: 0 of 3

R1 8 F4

B % Interoperable: 1 of 4 \
Al

Interoperablell Accessible
Reusable: 0 of 10

www.cbgp.upm.es
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EOSC calls for an investigation of the
FAIR assessment discrepancies

O Ee0SC
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EOSC FAIR Metrics and Data Quality Task Force

. PHASE 1 (2021-2023
Co-chair ( )

FAIR Metrics and Data Quality TF:
https://eosc.eu/advisory-groups/fair-metrics-
and-data-quality

Outputs formally approved by <D eQSC

1
DOl 10.5281/zenodo.10797765

1

1

! Report on FAIR Evaluation community survey
| March 8, 2024
1

1

|

DOl 10.5281/zenodo.10490289

O EeOoSsC

FAIR-related
Task Forces

Report on FAIR Signposting and its Uptake by the Community
January 11, 2024

TOWARDS A DATA QUALITY FRAMEWORK FOR EOSC

January 9, 2023

DOl 10.5281/zenodo.7463421

1
1
1
1
1
1
1
1
1
1
1
:
i | FAIR Assessment Tools: Towards an "Apples to Apples"” Comparisons
1
1
1
1
1
1
1
1
1
1
1
1
1
1

December 20, 2022

DOl 10.5281/zenodo.7390482

Community-driven Governance of FAIRness Assessment: An Open Issue, an
Open Discussion
December 1, 2022

Chris Schubert Co-chair

Head of Data Centre
Climate Change Centre Austria

www.cbgp.upm.es



Three key TF outputs v.v. FAIR Testing

"'D e O S C FAIR Metrics and Data Quinttps://doi.org/10.5281/zenodo.7390482
& Task Force

FAIR Assessment Tools: Towards an "Apples to Apples" Comparisons Community-driven Governance of
December 20, 2022 FAIRness Assessment:

An Open Issue, an Open Discussion
Report on FAIR Signposting and its Uptake by the Community Authorship Community:

January 11,2024 Mark D. Wilkinson'?
Susanna-Assunta Sansone?*
Eva Méndez®
Romain David?®
Richard Dennis?’
David Hecker?®
Mari Kleemola®®
Carlo Lacagnina''®
Anastasija Nikiforova?"'
Leyla Jael Castro™?

www.cbgp.upm.es
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Three key TF outputs v.v. FAIR Testing

"'D e O S C FAIR Metrics and Data Quinttps://doi.org/10.5281/zenodo.7390482
L Task Force

FAIR Assessment Tools: Towards an "Apples to Apples" Comparisons Community-driven Governance of
December 20, 2022 FAIRness Assessment:

An Open Issue, an Open Discussion
Report on FAIR Signposting and its Uptake by the Community Authorship Community:

January 11,2024 Mark D. Wilkinson'?
Susanna-Assunta Sansone?*
Eva Méndez®
Romain David?®
Richard Dennis?’
David Hecker?®
Mari Kleemola®®
Carlo Lacagnina''®
Anastasija Nikiforova®'!
Leyla Jael Castro™?

www.cbgp.upm.es
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EOSC FAIR Metrics TF “Apples to Apples”
workshops & hackathons (2022-2023) Summary

Addressing the problem collaboratively, with key stakeholders:

Creators of all automated FAIR assessment tools came together over 6 sessions
Included several generalist repository representatives (e.g. Dataverse, Zenodo)
Discussed the bases for the differences in FAIR assessment
ldentified that metadata discovery and harvesting was approached differently
o Different expectations, and different levels of “tolerance” between tools
m Wwhat is considered an “error” versus an “acceptable bit of weirdness”
o This results in different “substrates” that are then submitted to the test



EOSC FAIR Metrics TF “Apples to Apples”
workshops & hackathons (2022-2023) Summary

Addressing the problem collaboratively, with key stakeholders:

Creators of all automated FAIR assessment tools came together over 6 sessions
Included several generalist repository representatives (e.g. Dataverse, Zenodo)
Discussed the bases for the differences in FAIR assessment
ldentified that metadata discovery and harvesting was approached differently
o Different expectations, and different levels of “tolerance” between tools
m Wwhat is considered an “error” versus an “acceptable bit of weirdness”
o This results in different “substrates” that are then submitted to the test

<

How metadata harvesting becomes a source of
discord between the FAIR assessment systems

An exemplar case using Zenodo
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Accept:

application/vnd.citationstyles.csl+json

DOI resolution to metadata

doi:10.123/456.78

(c)
Accept: */*

Data
Cite

(b)

(d)
—_
HTTP
300-range
redirect

Eventually leads to a “landing page”

*volume® : “169",

“issue” ; "3946°,

*DOI" - *10.11 26/science. 189,3946 636",

*URL" : "hitps:fidoi.org/10. 1128/science. 1693946 635°,

“litle” : *The Structure of Ordinary Water: New data and interpretations are
yieldng new insights into this fascinating substance”,

*contaneritie” : “Science”,

*publisher” : *American Association for the Advancement of Scence AAAS

(Science)",

A large-scale COVID-19 Twitter chatter dataset
for open scientific research - an international

~ N ‘ v

collaboration

Faaes (TR of e fraast T e sewent pamcaw fw (N Sweee fwe rve bew (ntArted ) Hvtweahgse
P pa gt oo 1 e e . e e e g a VUL e 090 P sfee vary

e cetae

Sun b e rmeres of B COVD 1) ghited panderie e o et oo Swimet of tweets soqured fram e
Tt Vi et b OOV T8 St Taww s Seet rwbeant we bave reretved 2884l 4 froe sur rew
olaterenry Weaty Pe e b gere b 81 teewed vt Dete eted $0% Q@berrg tlarted bure Mamdh 1T
PG St & R Sty § S e et st A erw A prom ied be s reew coliralaty brr ety
1790 M [T W gy e gt caverage Versin 0 added <1 § relion tweets in the Mie e
N liectd Setwen Swnary Vot wnd Say $8, gracefully pravided o ws iy Katps Artemovs (NRU HIE) ad
Tuve Tetsmbng AT Trum srvam 13 we baee ncuded Saly hanttag Tertoee sed eraeds and Pt iregaencie
T wrpectivn bt M T vaeen 6w bwe Sehdnt Bhe tmeet ifevBlers o P inigeeine Wrguege o e
Ay e o D At Tiw wtewae TT e vt v ke wngomyt W gace weabes o o Ineety

The £t coliseind Yo e Crwen camieve 31 Begeages bet tve Mgher prevalince v Fagiah, Spaskd and
Franch We rwimans ol Sewets and sty o0 fhe tell_Swmsest tey S (1 229 136 067 ureges tesets| and a cleared
TerEE Wi w3 etwets 3% e Al St e ov e (341 ITII1S snicaw tveets) Thers e seweral practical
e B o T e P . TR POt faeets aed thed dhuserinaten i one of faere For NP Lok we
prowite S mp MO0 Swguent teemn iy Segeert_terew.ces e 500 $08 bigranes I frequent_bigraTe crs, and B Sop
(331 rgrETs 0 Pegart TG DM OT perees cleteio e de are nchaded for 33t detasen 1 e
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Accept:
application/vnd.citationstyles.csl+json

doi:10.123/456.78

Accept: */*

www.cbgp.upm.es

Data
Cite

—_—
HTTP
300-range
redirect

DOI resolution to metadata

*volume* : "169",
“issue” ; "3946°,

“DOI* -

*10.1126/science. 169.3946 636",

*URL" : "hitps:fidoi.org/10. 1128/science. 169 3946 635°,
“litle” : *The Structure of Ordinary Water: New data and inferpretations are
yielding new insights into this fascinating substance”,
*contaneritle® : “Science”,
*publisher” : *American Association for the Advancement of Science AAAS
(Science)”,

4

<(neta
(meta
(meta
(meta
(neta
(neta
(meta
{meta
(neta
<{meta
(meta
(meta
(meta

nanes citation_author™ contents"Chowell, Gerardo™ /)
name="citation_publication_date" content="2022/07/1]
nanes="citation_doi" contents"10.5281/zencdo. 6855183
name="citation_keywords" contents"social media" />
nane="citation_keywords" content="twitter" />
name="citation_keywords" content="nlp" />
name="citation_keywords" content="covid-13" />
name="citation_keywords" contents"covidly" />
name="citation_abstract_html_url" content="https://3
propertys“og:title" content="A large-scale COVID-19
property="og:description” content="Version 123 of tH
property="og:url" content="https://zencdo.org/record
property="og:site_name" content="Zencdo" />

Landing page embedded metadata
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DOI resolution to metadata

HTML “Typed Links”

Pointers to the data records! Excellent!! ...but...

r r

<link rel-"cahonigal" href-'_;;p r 4

rel="alternate”| type= application/ ip href="h ﬁmﬂmmummmjmﬂ >
<linH rel="alternate"|type="text/csv" href-"mmummﬂmmmmmmmmw >
<lini rel="alternate”|type="text/csv" _hrafs"httg nodo. ocs
<lin{ rel="alternate" |type="text/csv’| hrefs' mmmmmmmnmmmw
<lini rel="alternate"|type="text/tab- SLea-Ve = NLOREil/aenous OrR/recora oA gu T IIee ULl o
<lind rel="alternate"|type= application/g.ip“ hrefs" h;;gg*zzzgnggg‘gr record/64380
<lind rel="alternate"|type="text/tab-separated-values” href="https: n0do.org ord/6438032/f
<lini rel="alternate"|type="application/gzip" href="https://zenodo.org/record/6438¢ ]
<lind rel="alternate"|type="application/zip" hrefs' hxxgi‘LZIQQQQQLQ[s[LgSQLQ[ﬁﬁ}ﬂQ}Z[IiI‘iZh‘ih&‘szL‘Xp >

<lin{ rel="alternate" |type="application/zip" href="https://zenodo,org/record/6438032/files/mentions zip™>
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= DOI resolution to metadata

HTML “Typed Links”

Pointers to the data records! Excellent!! ...but...

r r

<link rel="canonical" href="https://zenodo.org/record/64380

<linfrel="alternate" |type="application/zip" href="https://zenodo.org/record/6438032/files/emojis.zip">
<lini rel="alternate” |type="text/csv" hrefs’ .11Ri;lll:.ﬂdﬂ;ﬁn8L££$9£d£§£159121111311_££9u:nS.hi8.1m14£ix )

<lini rel="alternate” |type="text/csv" _hrafs"httg zenodo . ors

<linM rel="alternate" |type="text/csv’]| href=' mmmmmmmmmmm

<lini rel="alternate" |type="text/tab- JTed-Va = NLNReLl/aenous . Orp/recora/oa g0 Y IIes ULl O
<lind rel="alternate" type-"application/g:ip" href="https://zenodo.org/record/64380 data
<lini rel="alternate" t)pe-“text/tab separated-values” href="https://zenodo,org ord/6438032/f .

<lin{ rel="alternate"|type="application/gzip" href="https://zenodo.org ord/64380
<lin{ rel="alternate" |type="application/zip" hrefs' .xxni*zzz:n9!9¢9rsL_:sn_dzﬁ_lﬂﬁizziilsizhnxbxnsaL.in >
<lind rel="alternate"|type="application/zip" href="https://zenodo.org/record/6438032/files/mentions . 2ip™>

“If the alternate keyword is used with the type attribute, it indicates that the referenced
document is a reformulation of the current document in the specified format.”

www.cbgp.upm.es


https://html.spec.whatwg.org/multipage/links.html#rel-alternate
https://html.spec.whatwg.org/multipage/links.html#attr-hyperlink-type

Many sources of ambiguity

A metadata harvesting agent has to guess (or be coded to know) what to do with a GUID
There is partial overlap between the DataCite-sourced metadata and Repository metadata
The use of typed links is a source of ambiguity due to different interpretations of the spec
The interpretation of a “landing page” itself is ambiguous (“the current document’?)

o Some DOls resolve directly to data, this one resolves to a landing page

o What, then, does the DOI represent? The landing page, or the data?

o What is the interpretation of landing-page embedded metadata?
e There is no consistent way to discover the data***
e There is no consistent way to discover provider-sourced metadata***

o the most important stuff, IMO!!

e This is one example, with a widely accepted identifier system and a mature repository
o Inthe “*Wild Web" - the “long-tail” of data publishing - unexpected things happen
o Testing needs to be applied to all kinds of publishers, with widely different expertise
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And that’s how you end up with this!

Test of: https://w3id.org/duchenne-fdp/catalog/c36b662c-
fc4d-4b9f-a833-d4972a6fc395
Mon, 13 Sep 2021 11:08:19 +0000

Metrics release v1.0.26

F Metrics A Metrics | Metrics R Metrics
Su mmary: Resource PID/URL: https://w3id.org/duchenne-fdp/catalog/c36b662c-fcdd-4b9f-a833-d4972a6fc395
Metric Version: metrics_v0.4

Reusable R13FEEY  Findable
R12 F2:

R11 F3
R1 8 F4
13
%
Al
Interoperablell Accessible

Findable: I of 7

Accessible: 0 of 3

Interoperable: 1 of 4

Reusable: 0 of 10

20/22 Tests Pass

2/24 Tests Pass
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How do you resolve fundamental disagreement
amohng experts?

Hint: Ignore it!




Three key TF outputs v.v. FAIR Testing

"'D e O S C FAIR Metrics and Data Quinttps://doi.org/10.5281/zenodo.7390482
L Task Force

FAIR Assessment Tools: Towards an "Apples to Apples" Comparisons Community-driven Governance of
December 20, 2022 FAIRness Assessment:

An Open Issue, an Open Discussion
Report on FAIR Signposting and its Uptake by the Community Authorship Community:

January 11,2024 Mark D. Wilkinson'?
Susanna-Assunta Sansone?*
Eva Méndez®
Romain David?®
Richard Dennis?’
David Hecker?®
Mari Kleemola®®
Carlo Lacagnina''®
Anastasija Nikiforova®'!
Leyla Jael Castro™?

www.cbgp.upm.es
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The choice of Signposting for achieving FAIR

Image courtesy of Patrick Hochstenbach.

With 28 Assessment frameworks there seemed to be
too much disagreement

(also no incentive to harmonize!)

The solution, therefore, was to “move the goalposts”

Rather than trying to harmonize the FAIR Assessment tools,
pick a FAIR publishing solution that tool owners agreed is completely FAIR

Make sure our assessment tools all score that solution in
exactly the same way


https://openbiblio.social/@hochstenbach

FAIR Signposting uses Typed Links

HTML “Typed Links”

r r

<link rel-"cahonigal" href-'_;;p r 4

rel="alternate”| type= application/ ip href="h .1&21¢L£z:n949¢9£sL_:sn.dzﬁﬁzﬁﬁiziiilsizsmpjiiina >
<lini rel="alternate" |type="text/csv" hfff'"hIIRi;LLI:ﬂRdQ;QEBLLSSQLIL§$2§Q}2£I113111££9u:n&.hi8£nmi;£ix >

<lind rel="alternate"|type="text/csv" _hrefs"httg nodo.ors

<linK rel="alternate" |type="text/csv’] href=' hIIRi;[[lﬁnﬂﬂﬂ;ﬂr81£££9£ﬂ£§£1§932[f11:iLfLSQHﬂﬂl.ﬁniSiﬂni;Six
<lini rel="alternate"|type="text/tab- Lea-Va = NLOREil/aenous OrR/recora oA gu T IIee ULl o
<lind rel="alternate"|type= application/g.ip“ hrefs" h;;gg*zzzgnggg‘gr record/64380

<lind rel="alternate"|type="text/tab-separated-values” href="https: n0do.org ord/6438032/f

<lini rel="alternate"|type="application/gzip" href="https://zenodo.org/record/6438¢ ]
<lind rel="alternate"|type="application/zip" hrefs' hxxgi‘LZIQQQQQLQ[s[LgSQLQ[ﬁﬁ}ﬂQ}Z[IiI‘iZh‘ih&‘szL‘Xp >
<lind rel="alternate" |type="application/zip" href="https://zenodo.org/record/6438032/files/mentions . 2ip"™>




FAIR Signposting “Level 1"*

Table 1: Link Relations used by FAIR Signposting

Relation Usage
cite-as A one-to-one relationship between the entity and its globally

unique identifier

describedby A one-to-many relationship between the entity and all known
metadata records about that entity

item A one-to-many relationship between an entity representing a
deposit and the data file(s) it contains.

These links can appear in:

e The body of the HTML (“Typed Links")
e The Headers of the HTTP message (“Link Headers")

Therefore can be used on both Web pages, as well as other non-HTML digital objects

* a subset of “Signposting”, Van de Sompel & Nelson, 2015: http://doi.org/10.1045/november2015-vandesompel
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FAIR Signposting harvesting workflow

HYPOTHETICAL

I'm showing what we imagine could be done

Some behaviours are already being implemented
Others will no doubt require more extensive changes

Nevertheless, | think there is some “low hanging fruit” that gives
us some critical early wins, particularly w.r.t. FAIR agents
and assessment tooling



FAIR Signposting harvesting workflow

Starting Point:

Web Search
Bookmark

DOI resolution
Other ID resolution

[ Sxaems | Soun hemens |

A large-scale COVID-19 Twitter chatter dataset
for open scientific research - an international
collaboration

Version 105 of the Gotaset The peer-rewewed DUOACSTIoN for this decaset Aas now been pubiished i Epidemiologha
an MDP journal, and can De accessed hare ANps oo org/ 10 3590/ apedamioiopual 030004 Please cite this wheo using
e awamet

Due 1o Bw relevince of the COVID- 10 globel pendemic, we are releasng our dataset of bwwets scquired from T
Twitter Stream related % COVID- 15 chatier Since our first release we have recenved addtional data from our new
colaborators allowing Dis resowte W grow 10 &5 current size Dedicated dats gathering stanied Trom March 11th
predding over 4 milhan tweets » day We have sdded sddl | data o by ot new coll from January
27 1o Marth 27th. 1o prowade extra longiadingl coverage Version 10 added - 1.5 milkon tweets n the Russian
language collected between January 151 and May 8th. gracetully provided 1o us by Katya Artemeovas (NRU HSE) and
Dena Tutubalne (KFU] From version 17 we have moluded dady hasdtags mensons snd emolps and their frequencies
the respective 29 fes. From version 14 we have Doluded Bie tweet and thelr for the
chean version of D duleset Since version 20 we have inclated lengusge and place location Tor all twests

The Gata cofleciod lram Dw stream captres ol langusges tad the highe: are. English. Spanish. snd
French. We release all tweets and retwoets on S il dataset tay Sl (1 329,136 0%7 unigue tweets) and a cleaned
wershon with no retweets o0 The Sl dataset -clean tay Nle (343273 315 usigue tweets ). There aee seversd practical
reasons 101 Ut 10 leave Bhe retweots, UaCIng IMpotant tweets and thew dissemination is ene of them. For NLP 1asks we
provede Do Vop 1000 Seguent Lerme i freguent lerms cos The top 1000 tigrams o Treguent_ Sgrams cov. and the lop
1000 Wigrams in raquent tragrams cve Some general stntistics per day are motuded 1o both dartasets i he

et 3




FAIR Signposting harvesting workflow

Starting Point:

Web Search
Bookmark

@

e CBGPW?:& ] csic

A large-scale COVID-19 Twitter chatter dataset
for open scientific research - an international
collaboration

Version 105 of the Gataset The peerrewewed pubication for his decaset Aes now been pubiished i Epdemioiogla
an MDPY joumal, and can De accessed hare AMps Hdod org/ 10 2390/ apedameniopual 050074 Please cite this wheo using
e awamet

DOl resolution
Other ID resolution

Note that we are not dependent on any
specific identifier resolution, beyond HTTP

Dus 1o Bw relevince of the COVID- 19 global pendemic, we are releasing our dataset of tweets acquired from T
Twitter Stream related % COVID- 15 chatier Since our first release we have recenved addtional data from our new
colaborstors allowing Dis resowse 10 grow 1o 25 current size Dedicated data gathering stared from March 11th
yredding over 4 milhan tweets » day We have sdded sdd | date d by owr new coll from January
27 1o Marth 27th. 1o prowade extra longiadingl coverage Version 10 added - 1.5 milkon tweets n the Russian
language collected between January 151 and May 8th. gracetully provided 1o us by Katya Artemeovas (NRU HSE) and
Dena Tututalne (KFU) From version 17 we have mohuded dady hasdtags mensons snd emoljs and ther frequencies
the respective 29 fles. From version 14 we have nciuded Be tweet and thelr QU
chean version of B duleset Since version 20 we have incladed lengusge and place location lor all tweets

for the

The Gata colleciod tram Dw stream captres oll lengusges tad the highe grevalences are  English Spanish end
Franch. We reloase sl twerts and retwoets on B Sl dataset tay fde (1 329,134 097 unigue tweets) and a cleaned
worsion with no fetweets on The ful_dataset -clean ey file (343 273 315 usigue tweets ). There aee severd practical
reasons 100 Ut 10 leave e retweots DRCING IMpOriant tweets and ther dissemination is one of them. For NLP Lasks we
provede Bhe bop 1000 eguent Lerme 5 Treguent leems cee The lap 1000 tegrams o Treguent_ Sgrama cov. and the lop
1000 Wigrams in fraquent_tragrams cve Some genersl stntistics per day are motuded o0 both datasets i the



FAIR Signposting harvesting workflow

doi:10.123/456.78

{

"volume" : "169",
"issue” : "3946",

"DOI" :

"10.1126/science.169.3946.635",

"URL":

"https://doi.org/10.1126/science. 169.39

46.635",

"title" : "The Structure of Ordinary
Water: New data and interpretations

are

yielding new insights into this
fascinating substance",
"container-title" : "Science",
"publisher" : "American Association
for the Advancement of Science AAAS

(Science)"

4

5

Data
Cite

A4

 Daxaee: J Gomn Ascuss |

Link rel="cite-as”
http://doi.org/10.123/456.78

Link rel="describedby”
http://data.crosscite.org/10.12
3/456.78

Link rel="item”
https://zenodo.org/record/64380

32/files/frequent_bigrams.csv

Link rel="item”
https://zenodo.org/record/64380
32/files/frequent_terms.csv —

Zenodo
Repo

The purpose of the Landing Page is now unambiguous

It is a “broker” pointing at all other entities required in a FAIR record

eSBGP Qo o



Perhaps most importantly,
there is an unambiguous
mechanism for discovering a
data provider’'s own contextual
metadata about the record
they have deposited

Link rel="item”

Link rel="cite-as”
http://doi.org/10.123/456.78 e
Link rel="describedby” Repo
http://data.crosscite.org/10.123
/456 .78
Link rel="describedby”
https://zenodo.org/record/643803
2/files/ro-crate-metadata. jsonld—f—» {i}
JSON
Link rel="item”
https://zenodo.org/record/643803 )( §§
2/files/frequent_bigrams.csv —i—

https://zenodo.org/record/643803
2/files/frequent_terms.csv —

RO
Crate
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FAIR Signposting harvesting workflow

Link rel="cite-as”

https://upload.wikimedia.org/wikipedia/commons/9/91/Mon
HTTP a_Lisa_vectorized.svg

Link Headers Link rel="describedby”

https://commons.wikimedia.org/wiki/File:Mona_Lisa_vecto
rized.svg#metadata

Starting Point:

Web Search
Bookmark

DOl resolution
Other ID resolution

Sebastian Wallroth, CCO, via Wikimedia Commons

We can do the same thing with other kinds of digital objects,
through HTTP Link Headers
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Most importantly - professionalism!

Benchmarks for Apples-to-Apples FAIR

enpostine DeO0SC
These are the Apples-to-Apples FAIR Signposting benchmark tests for tools to L

verify parsing and compliance with the FAIR Signposting profile.

Benchmarks
e 01-http-describedby-only/ o \Ne h ave 78 + Be n C h m a r kS

* 02-htmi-full o positive examples and negative examples

e 03-http-citeas-only/
® 04-http-describedby-iri/

e 05-http-describedby-citeas/

Challenge metadata harvesting workflows
o toensure that they are all working in

08-http-describedby-citeas-linkset-txt/

e 09-http-describedby-citeas-linkset-json-txt/ exa Ctly the Sa me Way

® 10-http-citeas-not-perma/

e 06-http-citeas-describedby-item/

e 07-http-describedby-citeas-linkset-json/

11-http-describedby-iri-wrong-type/

e 12-http-item-does-not-resolve/

i e e e First step in harmonization of FAIR assessments
® 14-http-describedby-citeas-linkset-json-txt-conneg/ @) t h iS |S | ea d | n g towa rd S a governa nce

e 15-http-describedby-no-conneg/ o

e 16-http-describedby-conneg/ meCha n Ism fo r FAI R a SSeSS m e nt

e 17-http-citeas-multiple-rels/

e 18-html-citeas-only/



Work in progress but uptake of signposting has begun!

A collaboration between:

m> Dataverse“g5

“ DRYAD i flgshare

2R MENDELEY 0 OS F
& Vivli

https://datascience.nih.gov/data-ecosystem/

generalist-repository-ecosystem-initiative

FAIR

DYAUA r

Note that this is being
considered as the metadata
infrastructure for the European
Health Data Space

—/f RO-Crate

UPHINIESIC
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Returning to this list of ambiguities

A metadata harvesting agent has to guess (or be coded to know) what to do with a GUID
There is partial overlap between the DataCite-sourced metadata and Repository metadata
The use of typed links is a source of ambiguity due to different interpretations of the spec
The interpretation of the “landing page” itself is ambiguous

o Some DOls resolve directly to data, this one resolves to a landing page

o What, then, does the DOI represent? The landing page, or the data?

o What is the interpretation of landing-page embedded metadata?
There is no consistent way to discover the data***
There is no consistent way to discover provider-sourced metadata***

o the most important stuff, IMO!!
This is one example, with a widely accepted identifier system and a mature repository

o Inthe “*Wild Web" - the “long-tail” of data publishing - unexpected things happen

o Testing needs to be applied to all kinds of publishers, with widely different expertise
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Returning to this list of ambiguities

What are the FAIR evaluation tools actually testing??

A metadata harvesting agent has to guess (or be coded to know) what to do with a GUID
There is partial overlap between the DataCite-sourced metadata and Repository metadata
The use of typed links is a source of ambiguity due to different interpretations of the spec
The interpretation of the “landing page” itself is ambiguous

o Some DOls resolve directly to data, this one resolves to a landing page

o What, then, does the DOI represent? The landing page, or the data?

o What is the interpretation of landing-page embedded metadata?

e There is no consistent way to discover the data***
e There is no consistent way to discover provider-sourced metadata***

o the most important stuff, IMON
e Thisisone example, with a widely accepted identifier system and a mature repository
o Inthe “*Wild Web" - the “long-tail” of data publishing - unexpected things happen
o Testing needs to be applied to all kinds of publishers, with widely different expertise
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Returning to this list of ambiguities

In most cases, they are testing the repository!

A metadata harvesting agent has to guess (or be coded to know) what to do with a GUID
There is partial overlap between the DataCite-sourced metadata and Repository metadata
The use of typed links is a source of ambiguity due to different interpretations of the spec
The interpretation of the “landing page” itself is ambiguous

o Some DOls resolve directly to data, this one resolves to a landing page

o What, then, does the DOI represent? The landing page, or the data?

o What is the interpretation of landing-page embedded metadata?

e There is no consistent way to discover the data***
e There is no consistent way to discover provider-sourced metadata***

o the most important stuff, IMON
e Thisisone example, with a widely accepted identifier system and a mature repository
o Inthe “*Wild Web" - the “long-tail” of data publishing - unexpected things happen
o Testing needs to be applied to all kinds of publishers, with widely different expertise
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Is FAIR fulfilling its objectives?

Are we yet supporting the discovery and
appropriate reuse of data?

What incentive do data providers have to make
their data FAIR if there's no access to it?




EOSC Task Force Phase 2

Co-chair PHASE 2 (2024-2025)

FAIR Metrics and Digital Objects TF:
https://feosc.eu/advisory-groups/fair-metric
s-and-digital-objects-task-force

Goals as set by D e0SC

OEeOSC

FAIR-related
Task Forces = ‘

- ldentify the limitations of the
current FAIR assessment v.v.
testing repositories vs. data

- ldentify issues on data privacy,
considering data usage
(machine-actionable data
usage policies) and licensing

- Examine how provenance is
being handled in federated
environments

Co-Chair

Elli Papadopoulou,
Athena Research Center

www.cbgp.upm.es



EOSC Task Force Phase 2

. PHASE 2 (2024-2025)
Co-chair

FAIR Metrics and Digital Objects TF:
https://feosc.eu/advisory-groups/fair-metric
s-and-digital-objects-task-force

cHeosc T — e
. To what degree is FAIRness making
FAIR-related ;

a difference at all, v.v.
Task Forces the reuse of data”

Is there hope on the horizon?

Co-Chair

Elli Papadopoulou,
Athena Research Center

www.cbgp.upm.es



Can we prevent the situation from getting worse?

As of Aug 2024, there are
28 independent tools
(evaluation, assessment,
assistance tools, see list at
https:/fairassist.org

The tests used and the results
given are inconsistent, and
not comparable

= -~
- i

The

:/ﬁgl:%

Mostly questionnaires, few are (semi)automated
They use distinct, often subjective ways of
measuring FAIRNness

We lack a set of common, trusted FAIR metrics,
and their reproducible FAIR tests

mm) Along with a common set of
metrics/tests, we also need a governance
model to review and adopt new ones, to
ensure quality, relevance, value and trust
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Delivering the Commons to Plan-Track-Assess research in EOSC
(Started in January 2024)

OpenAlRE

Natalia Manola
CEO OpenAIRE

www.cbgp.upm.es

European Union’'s Horizon Europe framework programme under grant agreement No. 101130187
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The contribution of the EOSC OSTrails project

FAIR Metrics
and Tests co-lead T RIS :

FAIR Metrics and Assessment
Workpackage:

CD EOSC e Operationalize the decisions of the EOSC Task Forces
e Harmonize FAIR Assessment environment through
’)S l ro I lS — standards and APIs
(2024-2027) S De.5|gn and publish metrics and tests fgr a ran‘g‘e of digital

objects beyond “data”, as well as domain-specific
assessments

e Provide clarity around the terminology of assessment

e Professionalize the FAIR assessment ecosystem through
good governance

FAIR Metrics ........................................................................................................................................

Susanna-Assunta Sansone Governa nce Co- Iead
University of Oxford, UK

www.cbgp.upm.e
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Harmonize through standards and APIs

FAIR Test Results vocabulary

Release: April 8th, 2024

This version:
https://w3id.org/ftr/0.0.1

Latest version:
https://w3id.org/ftr#

Revision:
0.0.1

Authors:
Daniel Garijo
Mark Wilkinson
Rober Huber
Lukas Arnhold
Wim Hugo
Elli Papadopoulou
Leonidas Pispiringas
Allyson Lister
Clement Jonquet
Neil Chue Hong
Source:
https://docs.google.com/document/d/1HusredfHgymRg2ub4L0GnVSRV8IWZvFJyMKEGPOejpc/edit?usp=sharing
https://raw.githubusercontent.com/OSTrails/FAIR_assessment_output_specification/main/cqs/cgs.csv

Download serialization:

Format JSON LD | Format RDF/XML J| Format N Triples
License:

License http://creativecommons.org/licenses/by/2.0/
Visualization:

Visualize with WebVowl

Vocabulary maintained at:

§ oo
EMEm ©CSIC

OSlrails

https://github.com/OSTrails


https://github.com/OSTrails
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FAIR Assessment - component terminology

davi  Witpsi//muwad.org/TR/vocab-dav/

dqv:Dimension for example: Peri Wttpsi//wdidorg/Pre#
g v allo: h‘t‘tp:// ur|.a“o‘trope‘org/on‘tologies/property#
A specie FALR privciple sioi  Wttpi//semanticscience.org/resourc
dqviinDimension
Conce,p‘tual level W e éqv;Metﬁc b
dqv:MetrIc b con oy O enchmark
J allo:4Fx_0002%30 ‘Expected Metric
Value'?
o has (ao.r’t

is implementation of sie:SIO_00002% it tplesentortion ob

......................................................................... 50510 000233 e s s e s e e JSIDISTO 00098,
Al&oﬁ‘thm ) \

SoPtware level Te_s‘tA . (Code ?Mp[emen‘t?ng benchmark, qvisMeasurementOR

PtrTestSpecification recipe, SoPtwane) /

[ 7 A vk
P‘tr:de}‘medBy .*'/ pmv.wasbér}uedFrOM
va;thPlan /
( Recul . . ,/" (=" Assessment Outcome
Test Result ! Vo (dav:QualityMeasurement) |
T o ! ¥ ion ! . > —dqvivalue —>
Data level PtrTestResult <'"‘P"°V'U$€A ! o‘lﬁzﬁttﬂj:t?:;t;n ;<-.-Prov:wa56>ene.ro~‘tedBy '''' Metric Value ’/T'es‘t Result”. Eg i 0.%5
i ) i {prov: VLY. H ‘0.9". Or "Good"

e — A S ’ ‘\ 7/’
Prrst 't \ under the hood, an activity /// .
ristatus \|s run with the algor?thm to ?enefocte o voJue_ st q S r I l
HPCASS/@a?I/Mcleterm}ﬂo\‘te” "~—;;\\\ / i \ ‘ . 5

oo https://github.com/OSTrails


https://github.com/OSTrails

CBGP

Benchmark Signposting Test Suite for the
FAIR Champion* FAIR Assessment Tool

> Ca
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FTests FAIR CHampion F tests F1-1 test: metadata is a persistent GUID

FTests FAIR CHampion F tests F1d-1 test: data is a persistent GUID

FTests FAIR CHampion F tests F1 test: signposting record is a persistent GUID

FTests FAIR CHampion F tests F1d-1 test: data is not a a persistent GUID

FTests FAIR CHampion F tests F1 test: signposting record data is not a a persistent...
r-tests_spec.rb

RTests FAIR Champion R tests runs tests

RTests FAIR Champion R tests R1 test: No items means not an About page

RTests FAIR Champion R tests R1 test: about pages must have at least two types

Governance and RTests FAIR Champion R tests R1 test: Pages with items must be AboutPages
PI’OfeSSIona| |Sm RTests FAIR Champion R tests R1t1 test: All items must have a type

RTests FAIR Champion R tests R1t1 test: All items must have a type when there ar...
RTests FAIR Champion R tests R1t1 test: test of item types should pass if there are...

ensu re that a” FAl R RTests FAIR Champion R tests R1t1 test: test of item types should fail if any item L...

RTests FAIR Champion R tests R1t1 test: test of item types should fail item type d...

teStS Comply W|th the RTests FAIR Champion R tests R1t1 test: test of item types should not Ffail if item E...
RTests FAIR Champion R tests R1t1 test: test of item types should not Ffail if item t...

Sta ndards RTests FAIR Champion R tests R1t1 test of item types should throw a warnin...

FAIR-Signposting-Harvester RSpec

cite-as_spec.rb T3 ]

String When testing the FSP Harvester cite-as functions should find cite-as https:/...

String When testing the FSP Harvester cite-as functions should find cite-as https:/..
String When testing the FSP Harvester cite-as functions should not find non-PURL ...

String When testing the FSP Harvester cite-as functions should not find PURL cite...

String When testing the FSP Harvester cite-as functions should find PURL citeas in...

String When testing the FSP Harvester cite-as functions should NOT find PURL cit...

rails

*FAIR Champion is the evolution of the FAIR String When testing the FSP Harvester cite-as functions should find PURL citeas in...
Evaluator, that will be compliant with the OSTrails String When testing the FSP Harvester cite-as functions should NOT find non-PUR...
APIs and standards String When testing the FSP Harvester cite-as functions should find PURL citeas in... httpS//g |th u b Com/OSTra | IS

String When testing the FSP Harvester cite-as functions should NOT find non-PUR...


https://github.com/OSTrails
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End with Success Stories: FAIR works!*

Two examples:

Rare Diseases

Seed Banking

* with some important caveats



An example of a successful
large-scale FAIRification initiative

The European Joint Programme on Rare Diseases
(EJP-RD)

EUROPEAN JOINT

%
9, RARE DISEASES




+1800
people

35 participating

countries

26 EU MS, 7 associated (AM, CH,
GE, IL, NO, RS, TK), UK and CA

ALL 24 ERNs

101 M€
Budget

Union conftribution: 55 M€ (70%
reimbursement rate)

www.cbgp.upm.es

Yanis Mimouni, 2021.

EJP RD in numbers

85% of {

European RD research commum’ry
(directly or |nd|recﬂy) 2
involved in #,!PDRDCZ g

FR H HU
< SIHR RO

RS
v BG GE

ES AM

PT GR R

Coordinated by
i Inserm

Lo seimnce pour te sasee
From ssence Yo hesth

91 beneficiaries

10 hospitals

12 research institutes

31 research funding bodies/ ministries
27 universities/hospital universities

5 EU infrastructures

5 charities/foundations

EURORDIS

+ 52 linked third parties
+100% associated networks

~ e
S >

J«  eatris El?ﬁ;:.

EURORDIS
..~‘.

S

'\ European
O % Ref

) INFRAFRONTIER e7wyii) Reference

eg0' Networks

M ECRIN -/ »BBMRI-ERIC®
- EUROPEAN CLINICAL RESEARCH ?J{\ gateway for health

https://vascern.eu/wp-content/uploads/2021/10/20211008_EJP-RD_presentation_VASCERN.pdf
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%
%

EJPRD

+1800
people

EJP RD in numbers

Coordinated by
i Inserm

Lo seimnce pour te sasee
From ssence Yo hesth

91 beneficiaries

10 hospitals

12 research institutes

35 participa

couni

26 EU MS, 7 associated (A
GE, IL, NO, RS, TK), UK 4

ALL24 E

101

Bu

-~

Challenge: Make it all FAIR

...but how?

Hing bodies/ ministries
bspital universities

res

Hations

hird parties
tiated networks

Union conftribution: 55 M€ (70%
reimbursement rate)

www.cbgp.upm.es

PT

12]

MT

GR

b A
EUBORDG

eatris el?ﬁ'r'

-
o3}, European

@
INFRAFRONTIER @4’ * Reference

s’ Networks

vvvvvvvvvvvvvvvv

Yanis Mimouni, 2021. https://vascern.eu/wp-content/uploads/2021/10/20211008_EJP-RD_presentation_VASCERN.pdf
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Step 1 - Focus on Metadata

that answers the question:
“What kind of data does this partner have”?

ejprd:vpConnection
foaf:0 <<mandatory>> +dcterms:license : xsd:AnyURI [1]
<<mandatory>> +dcterms:title : xsd:string (1) <<mandatory>> +dcterms:title : xsd:string [1] _
<<mandatory>> +dcterms:description : xsdstring [1. <<mandatory>> +dcterms:description : xsd:string [1..]
< y>> + YURI 0. <<mandatory>> +dcat:theme : xsd:AnyURI [1..*]
<<optional>> +foaflogo : xsd:AnyURI [0..1 y>> + : foaf-0 .4
<<optional>> +dcterms:location : xsd:string [0..1] Y>>+ 0int
<<optional>> -+dcterms:identifier : xsd:string [0..1] < Y>> + : [|so 639-1] [1.]
<<mandatory>> +ejprd person.\lDau xsd:string [true|false] [1]
<<optional>> +dcterms:conformsTo : xsd:AnyURI [0..1] [ ejprd:Guideline |
<<optional>> +ejprd:vpConnection : ejprd:VPDiscoverable [0..1] ]
<<optional>> +dcterms keyword : xsd string (0.4
[ veard:Agent ptional a
‘wnard:url + xsd:AnyURI[1..4] {unique} |< <<optional>> +odrl: hasPoIlcv xsd: AnyURI [ODRL] [0..7]
_ . <<optional>> +dcterms:identifier : xsd:string (0..1]
pret <<optional>> +dcterms:issued : xsd:date [0..1]
< rage - xsd:string [National | International | Regional | European] (1] AT Ionals S wdctering moalnsd T\ad date [os)
<<optional>> +dcat : version : rdfs:literal [0..1)
<<r +dcter : xsd:AnyURI [0..*]
asbaaee <<recommended>> +dcat:landingPage : xsd:AnyURI [0.."] S —
<<optional>> +dcat:di sdeatDistribution 0.7 [ !

ejprd:Biobank

y distring [National | International | Regional | Earopean] (1] ; KA deatcatalog
overage : xsd: ' f
+ : xsd:string [National | International | Regional | European deatdistribution s O GE TR o
H : i <<optional>> +foaf:homepage : xsd:AnyURI [0..1]
' H | <<optional>> +dcat:dataset : dcat:Dataset [0..*]
v . dcat:dataset
dcatDi HE e deat:service dcatDataservice

<<mandatory>> +dcterms:license : xsd:AnyURI [1] ' <<mandatory>> +dcterms:type - edam:operation [1]

<<mandatory>> +dcterms:title : xsd:string [1] ' i +dcat ] {unique}

<<mandatory>> +dcterms:description : xsd:string [1. ' dcat:servesDataset < >+ i + xsd:anyURI [0..1]

0af:0 . B bbb <<r + < xsd:AnyURI [0..)

<<mandatory>> +dcat:version : xsd:string [1]
<<recommended:>> +dcterms:accessRights : xsd:AnyURI [0..5] F--
<<optional>> +odrl:hasPolicy : xsd:AnyURI [ODRL] [0..7]
<<optional>> +dcat:mediaType : xsd:string [0..1]
+dcterms:isPartOf : xsd:AnyURI[0..%]

- |
<<optional>> +dcat:accessURL : xsd:AnyURI [0..7] APrc: one, dcterms:type
<<optional>> +dcat:downloadURL : xsd:AnyURI [0..4] .
< > +dcat: ice : dcat:D [0..4] i
> +dc To : xsd:AnyURI [0..1] ednm:operall.on_ﬂﬁol‘
[ ejprd:VPI 2_Catalog | 4 1

EJP-RD Metadata Schema:

- Based on DCAT,; attempts to follow the European DCAT-AP
- Published by all sites via semi-automated process using Excel spreadsheets

www.cbgp.upm.es



EJP-RD Metadata Publication Platform: FDP

= ¥ p I

FAIR

Open-source, currently distributed via Docker images
Installs in seconds

Publishes DCAT metadata for human exploration
Publishes DCAT metadata for agent-based exploration
Provides easy-to-use DCAT editing tools via Web pages
Automatically registers the new FDP in a central index

Step 1 - Focus on Metadata
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FAIR Data
Point Index
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Result: a federated network of FDPs

96 2 EUROPEAN JOINT
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FAIR Data Point

Metadata for machines

FAIR Data Points

Filter:

Endpoint

https://w3id.org/ctsr-fdp/

https://directory.bbmri-eric.eu/api/fdp

http://fairdatapointorphanet.info:7070

http://45.88.81.224:7070/

https://w3id.org/simpathic/fdp

https://ejp-rd-fdp.ega-archive.org

https://fair.ciroco.org

https://w3id.org/fairvasc-fdp/

https://w3id.org/duchenne-fdp

https://fdp.wikipathways.org/index.ttl

‘ All 26 “ Inactive 5

Registration

15-12-2023, 06:00:00

04-10-2023, 16:12:15

08-04-2024, 13:32:46

19-03-2024, 10:46:34

1i1=07-2023513:23:57

02-03-2024, 11:53:09

25-07-2023, 13:03:00

15-03-2023, 16:14:48

25-02-2023, 15:41:17

27-02-2024, 22:34:01

Login

Advanced

1 Invalid 7

Modification = V¥

08-06-2024, 06:00:00

07-06-2024, 14:00:00

07-06-2024, 12:03:29

07-06-2024, 11:46:36

05-06-2024, 13:23:57

05-06-2024, 12:53:06

04-06-2024, 13:20:52

04-06-2024, 12:49:36

04-06-2024, 08:43:16

04-06-2024, 03:02:14

[AcTive
Step 1- Focus on Me

Unknown o

ACTIVE

ACTIVE

[acrive]

representing all biobanks and patient registries

tadata
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Result: a federated network of FDPs
representing all biobanks and patient registries

gy momoncvs EAIR Data Point a ogin
O‘QRARE DISEASES Metadata for machines Advanced

FAIR Data Points

Filter: l All 26 ‘ Inactive 5 ‘ 1 Invalid 7 Unknown o

P

PRRTY : <

It is now possible for a computational agent to automatically and in-parallel
explore the metadata of all participants to discover which ones potentially contain
data of interest to a rare disease researcher or clinician

T 5 ™ T
https://ejp-rd-fdp.ega-archive.org 02-03-2024, 11:53:09 05-06-2024, 12:53:06 ACTIVE
https://fair.ciroco.org 25-07-2023, 13:03:00 04-06-2024, 13:20:52 ACTIVE
https://w3id.org/fairvasc-fdp/ 15-03-2023, 16:14:48 04-06-2024, 12:49:36 ACTIVE
https://w3id.org/duchenne-fdp 25-02-2023, 15:41:17 04-06-2024, 08:43:16 ACTIVE
https://fdp.wikipathways.org/index.ttl 27-02-2024, 22:34:01 04-06-2024, 03:02:14 ACTIVE

Step 1 - Focus on Metadata
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FAIR Ifa)

Metadata Metadata Metadatal!

Am | suggesting that there’s no point in making FAIR data?
No...

but there’s little point in working on FAIR data until yothget
the discovery metadata right! g\

Some data will never be made FAIR!
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FAIR Data

However...
EJP-RD also created FAIR Data

via an end-user-friendly reusable
FAIRIification pipeline

This led to some amazing examples of
data-level interoperability!
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L - Challen ge

Need to make all data-focused network partner’s (~50) resources work together

Partners have similar data (patient registry or biobank samples)
Partners have different starting formats
Generally, they are forbidden from sharing or moving their data

So the participants are going to have to do the FAIR transformation
themselves, on-site, sometimes without even letting the FAIR experts see it!
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ac Step 2: Build a shared, generic FAIR data model .

S

Dr. Michel Dumontier,
UMaastricht,
SemanticScience
Integrated Ontology

Pablo Alarcon,
Clinical and Registry
Entries Semantic
Model (CARE-SM)

CARE-SM

Clinical And Registry Entries
Semantic Model
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%»m Step 3: Use CSV as a “lingua franca” for all partners
CSV Generated by the participants (easy!)
Property Observation Value Date W
Fully automated v

transformation and
Diagnosis ORPHA:98896 | - 2021-02-01 “publication” of FAIR data
into their FAIR Data Point

Body NCIT_C25208 | 28kg 2020-04-05 | " [
Measurement L TN T .

nnnnnn — - D
Laboratory NCIT_C399 10mg/L | 2020-04-05 e T i il w =
Measurement - .

ol of any uni ontclogy
Uoagran

e
4
.

| —

; Emw

www.cbgp.upm.es
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= Does this work, in practice?

R wogin
i
ERN EURO-NMD FAIR Data Point
EURO-NMD is a European reference network for the thematic grouping of rare ,
neuromuscular diseases (NMDs), a b
major cause of mortality and lifelong ¢ FAIR Data Point
Catalogs
Duchenne Data Platform
e -
BHB FAIR Data Point e
B Metdsta for machin
CRAMP FAIR Data Point o &
The exemplar FAIR Data Foint for the CRAMP Registry
Catalogs '@ togin
Top-level Cataloy
Is5ued 26.022023  Modified 28022023 R DMscope FDP
[ Thes
Catalogs
paedisricans, and patents
20230 3002303
* EAIR Data poln Pratie
i 2702203 wodted 27
0
Catalogs
)
dentitr
702208
270330

Five FAIR Data Points for partners representing NMDs

EURO-NMD
Registry Hub
European Reference Network
for neuromuscular diseases

WORLD | am—
DUCHENNE A—
ORGANIZATION S ATA SYSTEMS

UPPMD

www.cbgp.upm.es
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“What is the delay between symptom onset and diagnosis?”

1) The same query* sent to all participants (shared model)

2) Integrate the output

Duchenne Parent Project (DPP)

EURO-NMD (mock data)

2001
2002
2003
2004
2007
2008
2009
2010
2011
2012
2013
2014
2016
2018
2019
2020
2021

Time to diagnosis for "Duchenne muscular dystrophy" in the DPP registry

I Delay-to-
Diagnosis (
days)
0 500 1,000 1,500 2,000 2,500

Time to diagnosis for "Duchenne muscular dystrophy" in the ENMD registry

Il Delay-to-
Diagnosis (
2019 days)
2021
2023
N
0 2,000 4,000 6,000 8,000

www.cbgp.upm.es

* we “cheat” a bit here, with our micro-services...




Caveat emptor!!

FAIR alone 1s NOT sufficient to
achieve interoperability!




This paper compares two independent
FAIRification efforts (C-PATH and CARE-SM)
over identical data items

Alarcén-Moreno P, et al. Leveraging Biolink as a FAIR “Rosetta Stone”
Journal «rue Society i Between Clinical Semantic Models Provides Emergent Interoperability.
Clinical Data Marfagemem Journal of the Society for Clinical Data Management. 2022; 2(3): 2,
pp. 1-8. DOI: https://doi.org/10.47912/jscdm.130

A

&

ORIGINAL RESEARCH

Leveraging Biolink as a FAIR “Rosetta Stone”
Between Clinical Semantic Models Provides Emergent
Interoperability ¥

Pablo Alarcén-Moreno’, lan Braun®, Emily Hartley', Daniel Olsonf, Nirupama Benis*,
Ronald Cornet*, Mark D. Wilkinson" and Ramona L. Walls*




The C-PATH Semantic Model for
Biological Sex

"00926275" <—bna~[ sdtm:SUBJECT ]—rdf:type—> bl:Case

Lbl has_attribute

bl:Attribute

sdtm:SEX
I—bl'has_quamati-.'e_valu

“E

rdf-type—>» Dbl:BiologicalSex
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Rt The CARE-SM Semantic Model for
Biological Sex

sio:refers to// \ \

rdf:type rdf:type siozhas value

<Attribute type: Femaleg sio:information content entity bl:InformationContentEntity @

f-type: rdf:type rdf:type rdf:type

| Sy —

bl:Attribute siozattribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.e
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Comparison of the “FAIR” Models

( "00926275" e—blid

sdtm:SUBJECT

rdf-type—» bl:Case

bl-has_attribute

|
(=

I-has_qualitative_value
s <
Q@ //

sio:refers to

bl:Attribute

rdf-type—»  bl:BiologicalSex

rdf:type rdf:type sio:has value
4 sio:information content entity bl:InformationContentEntity
ftype: rdf:type rdf-type rdf:type rdf:type
LN T
bl:Attribute sio:attribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es
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Comparison of the “FAIR” Models

.’:‘;609882753:‘,

Our “patient” class is waaaay

<—m:ia—| sdtm:SUBJECT |—rdf:type—>1 bl:Case higher up in the model

\——blhas_attribute

bl:Attribute

%\

sdtm:SEX rdf-type—»  bl:BiologicalSex ﬁ

I-has_qualitative_value
r s
D) P
- sio:refers to / \ \

/ rdf:type rdf:type siohas value

<Attribute type: Female sio:information content entity bl:InformationContentEntity @

ftype: rdf:type rdf-type rdf:type rdf:type

Loy e

bl:Attribute sio:attribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es
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( "00926275" e—blid
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sdtm:SUBJECT

Comparison of the “FAIR” Models

\_

[ blAttribute |
\ sdtm:SEX

A 4

fl:has_qualitative_valu

E"

rdf-type—»  bl:BiologicalSex

~

www.cbgp.upm.es

<Attribute type: Female

sio:refers to

We both have attributes that
are “female”

tput type: Femal
—

rdf:type rdf:type sio:has value

sio:information content entity

bl:InformationContentEntity @

bl:Attribute

sio:attribute

bl:BiologicalSex

obo:Sex
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Comparison of the “FAIR” Models

In their model, they use “F”
rdftype—>, bl-Case where we use “Female”

.’:::‘;6098e27é:::‘,<—bltid

sdtm:SUBJECT

..but...

bl-has_attribute

Py

bl:Attribute

\ sdtm:SEX
I-has_qualitative_value
= <

rdf-type—»  bl:BiologicalSex

CF D P /

sio:refers to

rdf:type rdf:type sio:has value

<Attribute type: Female sio:information content entity bl:InformationContentEntity

kY 3{7 . {mw\'\
bl:Attribute siozattribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es



Comparison of the “FAIR” Models

We don’t put any utility in the
bi:Case string “Female” anyway

We use the NCIT Ontology
term for “Female”

bl:Attribute
\ sdtm:SEX

I-has_qualitative_value
tput type: Femal

rdftype—»| bl:BiologicalSex

CF D P /

sio:refers to

/ rdf:type rdftype  sio:has value

<Attribute type: Female sio:information content entity bl:InformationContentEntity

ftype: rdf:type rdf-type rdf:type rdf:type

bl:Attribute sio:attribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es



Comparison of the “FAIR” Models

How do you approach
bl:Case integrating these two very
different models?

bl:Attribute
\ sdtm:SEX

I-has_qualitative_value
In <
C T D //

sio:refers to

/ rdf:type rdf:type siohas value

rdftype—»| bl:BiologicalSex

<Attribute type: Female sio:information content entity bl:InformationContentEntity

LS e

bl:Attribute sio:attribute bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es



bl:Case

‘ bl:Attribute
\ sdtm:SEX

fl:has_qualitative_valu e

' wew \
\ F = J

Comparison of the “FAIR” Models

In this experiment, both participants
CHANGED our data, to “anchor” our
shared concepts in a third-party
biomedical vocabulary (BioLink)

P
rdf:typeE bl:BiologicalSex
= |

<Attribute type: Female

/ rdf:type rdftype  sio:has value

rdf:type rdf:type

sio:refers to

sio:information content entity bl:InformationContentEntity @

bl:Attribute

sio:attribute

bl:BiologicalSex obo:Female obo:Sex

www.cbgp.upm.es




y mme mmm oo Did that work?

Summary:
We were both making semantic models of the same data type(s)

We used different vocabularies, and different models, but both
would be reasonably considered “FAIR”

We mutually set “anchor” points throughout our data such that an
agent/query could find the “semantic intersection-points” between
the graphs (i.e. we gave the agent a bit of an advantage)



$EL The Federated Query
(this is a query for Leukocyte count, not sex)

PREFIX ncit: <http://purl.obolibrary.org/obo/>

PREFIX obo: <http://purl.obolibrary.org/obo/>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX sio: <http://semanticscience.org/resource/>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX biolink: <https://w3id.org/biolink/vocab/>

PREFIX bl: <https://w3id.org/biolink/>

SELECT DISTINCT ?test ?value ?unit WHERE {
{SERVICE <http://fairdata.systems:8890/sparql>{
{SELECT ?test ?value where {
GRAPH <http://w3id.org/FAIR_Training_LDP/DAV/home/LDP/cpath/cpath_full> {
?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .
?output bl:has_attribute ?att .
?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
?valnode bl:has_numeric_value ?value
}
}
}
}

}

UNION

{SERVICE <http://fairdata.systems:8890/sparql>{

{SELECT ?test ?value ?unit where {
GRAPH

<http://w3id.org/FAIR_Training_LDP/DAV/home/LDP/cpath/cbgp_leuk> {
?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

?output sio:SIO_000300 ?value .

?output sio:SIO_000221 ?unitnode .
?unitnode rdfs:label ?unit

www.cbgp.upm.es



The Federated Query (relevant bits)

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

?output bl:has_attribute ?att .
?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
?valnode bl:has_numeric_value ?value

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

?output sio:SIO_000300 ?value .
?output sio:SIO_000221 ?unitnode .
?unitnode rdfs:label ?unit



Anchor Points
used to set the
“frame” of the
query over the
two models

The Federated Query (relevant bits)

?test a biolink:Procedure) ncit:NCIT_C51948 .
?1est ?has_oufpuf ?oufput

?output a biolink:InformationContentEntity .

?output bl:has_attribute ?att .
?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
?valnode bl:has_numeric_value ?value

?test a biolink:Procedure) ncit:NCIT_C51948 .
7test 7has output 7output .
?output a biolink:InformationContentEntity .

?output sio:SIO_000300 ?value .
?output sio:SIO_000221 ?unitnode .
?unitnode rdfs:label ?unit
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The Federated Query (relevant bits)

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

The remainder of
the query was,
nevertheless,

distinct ?output bl:has_attribute ?att .
?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
?valnode bl:has_numeric_value ?value

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

?output sio:SIO_000300 ?value .
?output sio:SIO_000221 ?unitnode .
?unitnode rdfs:label ?unit




The Federated Query (relevant bits)

?test a biolink:Procedure, ncit:NCIT_C51948 .

One team had the ?test ?has_output ?output .

measurement ?output a biolink:InformationContentEntity .

modeled as an

attribute of the t?output bl:has_attribute ?att .

output of the ?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
procedure ?valnode bl:has_numeric_value|?value

The other team ?test a biolink:Procedure, ncit:NCIT_C51948 .
modeled the ?test ?has_output ?output .

” L . ,
measurement as ?output a biolink:InformationContentEntity .

the value of the

ot ?output sio:SI0_000300 ?value .|  # SIO_000300 — “has value’
outpu ?0utput sio:SI0_000221 2unitnode .
?unitnode rdfs:label ?unit




The Federated Query (relevant bits)

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

And things like
measurement units
did not exist in one

of the models ?output bl:has_attribute ?att .
?att bl:has_quantitative_value|bl:has_qualitative_value ?valnode .
?valnode bl:has_numeric_value ?value

?test a biolink:Procedure, ncit:NCIT_C51948 .
?test ?has_output ?output .
?output a biolink:InformationContentEntity .

?output sio:SIO 000300 ?value .
?output sio:SIO_000221 ?unitnode .
?unitnode rdfs:label ?unit
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g We tried!
[ ]

We tried many ways of solving the problem:

Pre-configured blocks of query fragments that could be dynamically assembled
Query clauses that were “OPTIONAL” between one model and another
Additional semantic anchors

(abortive) attempt to bring an ontological mapping service into the
query as a third participant
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This paper compares two independent
FAIRification efforts (C-PATH and CARE-SM)
over identical data items

Alarcon-Moreno P, et al. Leveraging Biolink as a FAIR “Rosetta Stone”

ﬁ% Journal oue Society i Between Clinical Semantic Models Provides Emergent Interoperability.
@ Clinical Data Management Journal of the Society for Clinical Data Management. 2022; 2(3): 2,
) pp. 1-8. DOI: https://doi.org/10.47912/jscdm130

\« qi-‘ : :\»\
Leveraging Biolink as a FAIR “Rosetta Stone
Between Clinical Semantic Models Provides|Emergent]
Interoperability N

ORIGINAL RESEARCH

Pablo Alarcén-Moreno’, lan Braun', Emily Hartley®, Daniel Olsont, Nirupama Benisf,
Ronald Cornet?, Mark D. Wilkinson® and Ramona L. Walls'

Interoperability was almost zero!

www.cbgp.upm.e
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This paper compares two independent
FAIRification efforts (C-PATH and CARE-SM)
over identical data items

Alarcon-Moreno P, et al. Leveraging Biolink as a FAIR “Rosetta Stone”
Y Journal o Society ir Between Clinical Semantic Models Provides Emergent Interoperability.
%) | Clinical Data Management Journal of the Society for Clinical Data Management. 2022; 2(3): 2,

- pp. 1-8. DOI: https://doi.org/10.47912/jscdm130

ORIGINAL RESEARCH

Leveraging Biolink as a FAIR “Rosetta Stone”
Between Clinical Semantic Models Provides|Emergent]
Interoperability N

Pablo Alarcén-Moreno’, lan Braun', Emily Hartley®, Daniel Olsont, Nirupama Benisf,
Ronald Cornet?, Mark D. Wilkinson® and Ramona L. Walls'

And this was even after we cheated by manually
modifying the starting data by adding “anchors™!
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required for

<= >

rdttype

sioiidentifier

sio:denotes

A shared data model is

data-level reusability*

Legend:
m

M

property——

S

siohasrole

ditype.

< >

rattype

foioverlaps vt

sigrhas-agent

sioinformation content enmy

. Nve

siois-realized-in

[

m‘nﬂ

siochas-part

sioifunctional-specification
dtype
siozaction-specification

CARE-SM

Clinical And Registry Entries
Semantic Model

* Note Principle R1.3

sio:haspart

S “ w es
diype
Sohes-ouput sioreferito
sionas-taget @
Target Sio:has-unit
sois-specied-by witipe
etype
e sioiinformation content entity
e
I siotinformation content entity I

Specification_

Siozhas-part

siochas-part

rittype

n
S sio:concentration

Duchenne Parent Project (DPP)

rdttype




Latest Initiative

Duplicate and expand the Rare Disease success
story in the domain of Seed (Germplasm) Banking
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Santiago Moreno-Vazquez

Universidad Politécnica de Madrid

- Biodiversidad y conservacién de recursos fitogenéticos
- Professor BIOTECNOLOGIA - BIOLOGIA VEGETAL

- Lead of the Banco de Germoplasma Vegetal de la UPM
“César Gomez Campo”

FLAIR-GG

FAIRification, Linking And Integrated Reuse of
Global ex situ plant Germplasm resources

Dr. Santiago Moreno Vazquez

Dr. Mark D. Wilkinson

Oussama Mohammed Benhamed, PhD Candidate
Alberto Camara Ballesteros, PhD Candidate

M BGV-UPM
” r‘v “César Gomez Campo”

TED2021-130788B-100

5 SeciENcin - < J
< o 2%
a

E INNOVM':ION r

riesiodmivrag
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(:' ",;‘U “César Gébmez Campo”

El Banco de Germoplasma
Vegetal UPM
“César Gomez-Campo”

One of the most complete collections of wild crucifers in the world (1,027 taxa
with 4,863 accessions); Seeds of Iberian and Macaronesian endemic species;
currently preserves 24% of the threatened flora in Spain

wwwwwwwwwwwwwwww
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FLAIR-GG Objectives

N 4
Jué.;.f/ BGV-UPM

(/‘v “César Gomez Campo”

Replicate EJP-RDs success with
BGV as our first target

...then expand!
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BGV FAIR Data Point

Metadata of the Banco de Germoplasma Vegetal de la UPM

Datasets Services

Datasets FAIR Data Point:

Administrative data from the BGV

Information about the institute and/or collection team responsible for the germplasm
deposit

D e G e Customized to the Germplasm case

Issued 03-11-2023 Modified 01-06-2024 Keywords Administrative
86V June 2023 e Automated installer available
Metadata snapshot of BGV taken in June 2023

Issued 28-06-2023 Modified 01-06-2024 Keywords

e [Excel metadata capture templates

Location Information

Geolocation information for the germplasm deposit. This will include features such as Y We offer to hOSt the FDP for any neW

country name/abbreviations, latitutude and longitude, and soil conditions at that position.
Collection site Environmental Geolocation Soil n etWO rk pa rtn e r tO red U Ce COSt-Of-e ntry

Issued 03-11-2023 Modified 01-06-2024 Keywords Collection site

Services

BGV FAIR Data Point Metadata SPARQL server

Metadata Service serving the DCAT for the César Gémez Campo Banco de Germoplasma
Vegetal de la UPM

format_3790

Issued 28-12-2023 Modified 28-12-2023 Keywords

www.cbgp.upm.es
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Datasets

Information about
deposit

BGV June 2023

Collection site

Issued 03-11-2023

Services
BGV FAIR Data
Vegetal de la UPM

format_3790

Issued 28-12-2023

Administrative data from the BGV

Administrative Contact

Issued 03-11-2023 Modified 01-06-2024 Keywords Administrative

Metadata snapshot of BGV taken in June 2023 ==

Issued 28-06-2023 Modified 01-06-2024 Keywords

Location Information _—

Geolocation information for the germplasm deposit. This will ==
country name/abbreviations, latitutude and longitude, and soil cof_.. —

BGV FAIR Data Point

Metadata of the Banco de Germoplasma Vegetal de la UPM

Datasets Services

the institute and/or collection team respo

Institution

T
K

T
i
i

Environmental Geolocation Soil .

Modified 01-06-2024 Keywords Collection site

-1

Point Metadata SPARQL server

Modified 28-12-2023 Keywords

Metadata Service serving the DCAT for the César Gémez Campo Banco de Germoplasma

www.cbgp.up

m.es

FLAIR-GG Status

Models and Templates

e Shared data models have been created
e (CSV Templates are completed
e Transformation pipeline tests confirm success

e FLAIR-GG infrastructure can be replicated by
any partner within minutes.
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FAIR Data Point

Metadata for machines

Q Search FAIR Data Point...

Advan

ced

FAIR Data Points

Filter:

Endpoint

https://w3id.org/bgv-fdp
https://urjc.bgv.cbgp.upm.es
https://ostrails.github.io/sandbox/gobierno.ttl

https://jbo.bgv.cbgp.upm.es

Registration

24-07-2023, 14:04:50
19-10-2024, 14:46:16
29-10-2024, 09:53:09

08-08-2024, 12:13:23

0 Invalid o Unknown o

Modification = v

31-10-2024, 15:10:14

29-10-2024, 10:59:59

29-10-2024, 09:53:09

27-10-2024, 11:13:23

Status

www.cbgp.upm.es

FLAIR-GG Status

FAIR Data Point Federated Partner Index:
e Sofar, only 4 of us
e Several other national and international

germplasm bank partners identified who
should be onboard within a few weeks
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Advances over EJP-RD

The FLAIR-GG Virtual Platform

The FLAIR-GG FDP Proxy




@® T

FLAIR-GG

)
® @ Cconnecting Germplasm Resources

Virtual Platform Resources: All Resources

& catalogs (4} S Datasets (93} BB Distributions (88} B Services (10}

T

SOURCE: http://www.bancodegermoplasma.upm.es

Resource: Germplasm Bank Collections

SOURCE: https://www.vitoria-gasteiz.org/wb021/was/contenidoAction.do?
idioma=es&uid=u_14508e8c_12dbba3c544 7fa6

Resource: Germplasm Bank Collections

SOURCE: https://bgurjc.weebly.com/contacto.html

Resource: Germplasm Bank Collections

SOURCE: https://iepnb.gob.es/catalogo
Resource: CKAN

www.cbgp.upm.es

FLAIR-GG “Virtual Platform”

(VP)

e Entrypoint for federated exploration of the
partner network

e Dirives traffic to partner websites

e One-click launching of question-specific
analytics environments such as
map-integration (possible because of FAIR
annotations of data services)



Screenshots of the FLAIR-GG Virtual Platform
Running over the EJP-RD FAIR Network

We do not yet have enough participants with data services for
me to show you a demo of the VP doing federated analytics over
FAIR Data

FLAIR-GG VP utilizes the same standard (DCAT) that is used by
the Rare Disease network

therefore | will point my VP to look at that network
to do this demonstration



Virtual Platform Resources: All Resources

Keyword Search:
B catalogs (7} € Datasets (9} BB Distributions (1} Qg Services (22} @ other (15} [ [submit

SOURCE: http://www.bancodegermoplasma.upm.es Ontology URI:

Resource: Germplasm Bank Collections [ [Smeit]
Let’s go directly to analytics

SOURCE: https://www.erknet.org/contact | want an overview of the Dats Services:

Resource: ERKNet catalog Frequencies of the phenotypes Please select a service type from the menu below

Resource: ERKNet catalog That appear in each participating (PhenotypeFrequency _]{submi
Registry (“Phenotype Frequency”)

SOURCE: https://wilkinsonlab.info

Resource: Virtual Labs Mock Catalog 1
Resource: Disease X

Resource: VP Labs Resources

* this is DCAT DataService record metadata

www.cbgp.upm.es
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PhenotypeFrequency

Service Execution Parameters (if any)

Which service providers should be invoked?

Provider: https://wilkinsonlab.info

S——— The DCAT mt.et.adata of all
network participants was
Provider: https://wilkinsonlab.info examined to discover those

Phenotype Count who offered the “Phenotype

Frequency” Web Service
Provider: https://www.duchenne-spain.org/que-es-duchenne/

Phenotype Count

4 Click to execute...

www.cbgp.upm.es
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Analytics
Keyword Search:
Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd [ ISme“J
Copy thi it 5 " i i t THIS PAGE
Results Ontology URI:
( |Submit|
SOURCE: http://testbed.ejprd.semlab-leiden.nl:30000/api-localhenotype-frequencies
pheno, frequency
http://purl.obolibrary.org/obo/HP_0000790,13 o
http://purl.obolibrary.org/obo/HP 0003131,12 Data Services:
http://purl.obolibrary.org/obo/HP 0002633, 10 Please select a service type from the menu below
y [SPARQL v |[submit]
SOURCE: http://testbed.ejprd.semlab-leiden.nl:30001/api-localfbhenotype-frequencies Display Wordcloud

pheno, frequency

http://purl.obolibrary.org/obo/HP_0003131,17
http://purl.obolibrary.org/obo/HP_0002633, 14
http://purl.obolibrary.org/obo/HP_0000790, 10

The raw output from executing the
service at each partner site

ies

wn
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0
m
=y
=
hied
L
o~
g
=
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o
)
[
v
in
o]
2
)
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d
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)
=2
I
o
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)
<
el
—
®
>
]
<
B
P
=
]
o
c
®
=]

h o § =

ﬁtig?//;sgfggglibrary.org/obo/NCIT_c131922,31 . . .
http://purl.obolibrary.org/obo/NCIT C62103,27 (note that the services are privacy-preserving...
http://purl.obolibrary.org/obo/UBERON_0001434,27 .

http://purl.obolibrary.org/obo/NCIT C16457,26 another toplc for another day')

httn://nurl ahalihraruy arn/aha/NCTT C255Q7 26

www.cbgp.upm.es
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Analytics

Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd
Copy this and enter it into the "XXXXXXX" variable in the Jupyter notebook at THIS PAGE

http: }/pu rl.obolibrary.org/obo/HP 0000790,13
http://purl.obolibrary.org/obo/HP_0003131,12
http://purl.obolibrary.org/obo/HP 0002633, 10

ttp://purl.obolibrary.org/obo/HP_ 131,17
http://purl.obolibrary.org/obo/HP_0002633, 14
http://purl.obolibrary.org/obo/HP_0000790, 10

Nota Bene!

Keyword Search:
( |Submit|

Ontology URI:
( |Submit|

Data Services:
Please select a service type from the menu below

[SPARQL v |[submit]

Display Wordcloud!

We are also maintaining

http://purl.obolibrary.org/obo/NCIT C131922,31
http://purl.obolibrary.org/obo/NCIT C62103,27
http://purl.obolibrary.org/obo/UBERON_0001434,27
http://purl.obolibrary.org/obo/NCIT C16457,26

httn://nurl ahalihraruy arn/aha/NCTT C255Q7 26

provenance information in this federated
= analytics environment!!
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What'’s this?
Analytics

Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd
Copy this and enter it into the "XXXXXXX" variable in the Jupyter notebook at THIS PAGE

Results

pheno, frequency

http://purl.obolibrary.org/obo/HP 0000790, 13
http://purl.obolibrary.org/obo/HP_0003131,12
http://purl.obolibrary.org/obo/HP 0002633,10

SOURCE: http://testbed.ejprd.semlab-leiden.nl:30001/api-local/phenotype-frequencies

pheno, frequency

http://purl.obolibrary.org/obo/HP_0003131,17
http://purl.obolibrary.org/obo/HP_0002633, 14
http://purl.obolibrary.org/obo/HP_ 0000790, 10

pheno, frequency -
http://purl.obolibrary.org/obo/NCIT C131922,31
http://purl.obolibrary.org/obo/NCIT C62103,27
http://purl.obolibrary.org/obo/UBERON_0001434,27
http://purl.obolibrary.org/obo/NCIT C16457,26

httn://nurl ahalihraruy arn/aha/NCTT C255Q7 26

Keyword Search:
( |Submit]

Ontology URI:
[ |Submit]

Data Services:

Please select a service type from the menu below

[SPARQL v |[submit]

Display Wordcloud!
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Analytics

Keyword

|

Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd
Copy this and enter it into the "XXXXXXX" variable in the Jupyter notebook at THIS PAGE

Results
SOURCE: http://testbed.ejprd.semlab-leiden.nl:30000/api-local/phenotype-frequencies

pheno, frequency
http://purl.obolibrary.org/obo/HP 0000790,13

Analytics

Ontology

|

Dt Gy

SO

Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd
Copy this and enter it into the "XXXXXXX" variable in the Jupyter nc

SOURCE: https://fairdata.services/api-local/phenotype-frequencies

[pheno, frequency -]

www.cbgp.upm.es
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Analytics

Keyword Search:
[ e M|

Your Secret Key: 8c64411a-aee1-4ac9-bada-e51d70a3c9dd
Copy this and enter it into the "XXXXXXX" variable in the Jupyter notebook at THIS PAGE

Results

Ontology URI:

pheno, frequency
http://purl.obolibrary.org/obo/HP_0000790,13

Analytics

SO
Your Secret Key: 8c64411a-aeel1-4ac9-bada-e51d70a3c9dd

Copy this and enter it into the "XXXXXXX" variable in the Jupyter notebook[at THIS PAGE

pheno, frequency B
http://purl.obolibrary.org/obo/NCIT C131922,31
http://purl.obolibrary.org/obo/NCIT_C62103,27
http://purl.obolibrary.org/obo/UBERON 0001434,27
http://purl.obolibrary.org/obo/NCIT_C16457,26

bhttn://nurl ahalihrary arn/oha/NCTT C285Q07 26

www.cbgp.upm.es
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Welcome to the EURO-NMD Hub Phenotype Frequency Analytics Notebook

The Phenotype Frequency Data Service will count the number of times a phenotype appears in a registry (on a per-patient basis - only counts once per patient)

Please run the first cell to set-up the analytics environment

In the second cell, we have pre-filled a basic analytics, to show you how to access and manipulate the data that was retrieved from the FLAIR-GG Virtual Platform.

Fillin the "key = 'XXXXXXX' with the secret key for your federated exploration output, and then... go!

]: | import

import
import
import
import
import
import
import
import

print("DONE!

pyodide kernel

%pip install altair
%pip install pandas
%pip install requests

altair as alt
pandas as pd
pyodide http
ssl

json

requests
urllib3
urllib.parse

urllib3.disable warnings(urllib3.exceptions.InsecureRequestWarning)
Proceed to next cell and replace the XXXXX with your secret key")

BrVEFA

Pre-configured JupyterLite
Notebook

import

io

import array

import

key = "8c64411a-aeel-4ac9-bada-e51d70a3c9dd"

www.cbgp.upm.es

sys

# your secret key from the EURO-NMD Hub Virtual Platform
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Welcome to the EURO-NMD Hub Phenotype Frequency Analytics Notebook

The Phenotype Frequency Data Service will count the number of times a phenotype appears in a registry (on a per-patient basis - only counts once per patient)

Please run the first cell to set-up the analytics environment

In the second cell, we have pre-filled a basic analytics, to show you how to access and manipulate the data that was retrieved from the FLAIR-GG Virtual Platform.

Fillin the "key = 'XXXXXXX' with the secret key for your federated exploration output, and then... go!

]: | import

%pip in
%pip in
%pip in

import
import
import
import
import
import
import
import

print("DONE!

pyodide kernel

stall altair
stall pandas
stall requests

altair as alt
pandas as pd
pyodide http
ssl

json

requests
urllib3
urllib.parse

urllib3.disable warnings(urllib3.exceptions.InsecureRequestWarning)
Proceed to next cell and replace the XXXXX with your secret k

LT 1T Vv & F
Correct notebook selected based
on this metadata element from the
participant’s DCAT record

Data Services:
Please select a service type from the menu below
| PhenotypeFrequency v [submit|

y")

import

io

import array

import

key = "8c64411a-aeel-4ac9-bada-e51d70a3c9dd"

www.cbgp.upm.es

sys

# your secret key from the EURO-NMD Hub Virtual Platform
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Welcome to the EURO-NMD Hub Phenotype Frequency Analytics Notebook

The Phenotype Frequency Data Service will count the number of times a phenotype appears in a registry (on a per-patient basis - only counts once per patient)
Please run the first cell to set-up the analytics environment

In the second cell, we have pre-filled a basic analytics, to show you how to access and manipulate the data that was retrieved from the FLAIR-GG Virtual Platform.

Fillin the "key = 'XXXXXXX' with the secret key for your federated exploration output, and then... go!

]: | import pyodide kernel TN EF R

%pip install altair
%pip install pandas
%pip install requests

import altair as alt

import pandas as pd

import pyodide http

import ssl

import json

import requests

import urllib3

import urllib.parse

urllib3.disable warnings(urllib3.exceptions.InsecureRequestWarning)
print("DONE! Proceed to next cell and replace the XXXXX with your secret key")

import io
import array

import sys Copy/paste your key here I

key = "8c64411a-aeel-4ac9-bada-e51d70a3c9dd" # your secret key from the EURO-NMD Hub Virtual Platform

www.cbgp.upm.es
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/

http://testbed.ejprd.semlab-leiden.nl:3
https://ffairdata.services/api-local/phen...

o
=
c
5}
k=1
o
s
3
o
2]
=]
2
=
o
©
2
8
5
£

=
]
]
>
2
o

“"€E00 dH/oqo/BioAreiqiioqoindy/:dny
“"€€00 dH/0qo/Bio'Areiqioqoindy/:dny
"0€00  dH/0qo/Bio'Areiqijoqoind;/:dny
0200 dH/0qo/BioAreiqiioqoindy/:duy
1100 dH/oqo/Bio Aresqijoqo pundy/:dny
6000 dH/0qo/Bio'Areiqiioqoind/:duy
*"8000 dH/oqo/BioAreiqioqoindy:dny
**9000 dH/0qo/Bio'Areiqioqorind;:duy
9000 dH/0qo/Bio'Areiqioqo indy/:duy
*"G000 dH/oqo/BioAreiqioqoindy:dny
"€000  dH/0qo/Bi0'Areiqijoqoind;/:duy
€000 dH/0qo/Bio'Areiqioqo-ind//:dny
€000 dH/0qo/BioAreiqioqorindy/:dny
"'2000 dH/0qo/Bio'Areiqiioqorindy/:dny
"2000  dH/0qo/Bio'Areiqioqoind//:dny
2000 dH/0qo/Bio'Areiqiioqoindy/:dny
*Z000_ dH/oqo/BioAreiqijoqo-nd;/:dny
"'2000 dH/0qo/Bio'Areiqiiogo indy/:duy
2000 dH/0qo/Bio'Areiqioqoind;/:dny
1000 dH/oqo/Bio'Areiqijoqoind;/:dny
“"T000 dH/oqo/BioAreiqioqoindy:dny
0000 dH/0qo/BioAreiqioqoindy/:duy
0000 dH/0qo/Bio'Areiqiioqoindy/:dny
0000 dH/0qo/BioAreiqioqo-ndy/:dny

# Put

Of course, your data scientists cad do

whatever analysis they wish using the

# Your

data that is pre-extracted for them into

the most popular analytics
t

environmen

# 0wn

(Python Pandas)

# Code

# Here!

1=

www.cbgp.upm.es
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FLAIR-GG Next Steps

Begin constructing shared queries to help
build data-driven conservation strategies



FLAIR-GG Next Steps

Dynamic integration of partner seedbank collection records with GBIF species observations

Conservation Strategy - Breadth:

“What geographic locations have
not been sampled by any collection
expeditions from our network
partners?”

www.cbgp.upm.es

0 100

o

@® Carrichtera annua conserved ex-situ
Carrichtera annua in nature (GBIF)
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TEE - FLAIR-GG Next Steps

Environment drives intra-species diversity - add resources such as AEMET (Spanish Meteorological
Agency), IGME (Geological and Mining Institute), CNIG (Spanish Geographical Agency) to capture
environmental information associated to territories where the species lives.

Conservation Strategy - Depth:

“Are there occurrence locations of
species X that are within soil types
or microclimates for which we lack
samples in our germplasm banks?”

@ Carrichtera annua conserved ex-situ
Carrichtera annua in nature (GBIF)

0 100 200 km

www.cbgp.upm.es
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Which leads me to the final advance

Bringing third-party data (e.g. from the
government) into the VP via a “Proxy”



CENTRO DE BOTECNOLOGIA ey ¢ CSIC

e | FLAIR-GG FDP Proxy

rch FAIR Data Point. Login

;;;;REEE“DOEEASES FAIR Data Point

Metadata for machines Advanced

FDP Proxy FAIR Data Points
Filter: ( All 26 1[ Inactive s ] ¥ [ Invalid 7 ‘ Unknown o

Endpoint Registration Modification - v status

“Va n I I I a 2 https://w3id.org/ctsr-fdp/ 15-12-2023, 06:00:00 08-06-2024, 06:00:00
D CAT https://directory.bbmri-eric.eu/api/fdp 04-10-2023, 16:12:15 07-06-2024, 14:00:00
http://fairdatapointorphanet.info:7070 08-04-2024, 13:32:46 07-06-2024, 12:03:29

Re CO rd hitp://45.88.81.224:7070/ 19-03-2024, 10:46:34 07-06-2024, 11:46:36
https://w3id.org/simpathic/fdp 11-07-2023, 13:23:57 05-06-2024, 13:23:57

7 https://ejp-rd-fdp.ega-archive.org 02:03-2024, 11:53:09 05-06-2024, 12:53:06 cTive

htps://fair.ciroco.org 25-07-2023, 13:03:00 04-06-2024, 13:20:52

0

=
H

hetps://w3id.org/fairvasc-fdp/ 15-03-2023, 16:14:48 04-06-2024, 12:49:36
https:/w3id.org/duchenne-fdp 25-02-2023, 15:41:17 04-06-2024, 08:43:16
hetps:/fdp.wikipathways.org/index.ttl 27-02-2024, 22:34:01 04-06-2024, 03:02:14 [ acmive ]

www.cbgp.upm.es
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FLAIR-GG “Virtual Platform”

(VP)
FLAIR-GG

)
® @ Cconnecting Germplasm Resources

Virtual Platform Resources: All Resources

E Catalogs (4} 5 Datasets (93} BB Distributions (88} nq Services (10}

SOURCE: http://www.bancodegermoplasma.upm.es

Resource: Germplasm Bank Collections

SOURCE: https://www.vitoria-gasteiz.org/wb021/was/contenidoAction.do?
idioma=es&uid=u_14508e8c_12dbba3c544 7fa6

Resource: Germplasm Bank Collections

& /¥ GOBIERNO
? <9 DE ESPANA
SOURCE: https://bgurjc.weebly.com/contacto.html = =

Resource: Germplasm Bank Collections

SOURCE: https://iepnb.gob.es/catalogo
Resource: CKAN

www.cbgp.upm.es

[ ]
MINISTERIO ’ ;
PARA LA TRANSICION ECOLOGICA
Y EL RETO DEMOGRAFICO

“Proxy” the government data
into the VP

Inventario Espanol
de Patrimonio Natural
y de la Biodiversidad
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FLAIR-GG “Virtual Platform”
(VP)
FLAIR-GG

&
® @ Connecting Germplasm Resources

Virtual Platform Resources: All Resources

Keyword Search:

B catalogs (4} € Datasets (94} BB Distributions (88} By Services (10} @ Other (4} [ [Submit|

SOURCE: https://bgurjc.weebly.com/contacto.html

— Ontology URI:
Resource: URJC October 2024 [ ISubmit]

[\
Resource: Administrative data from the URJC

| M— |
Resource: URJC October 2024 BataServices:

" S |
B8] Resource: Location Information Please select a service type from the menu below
SPARQL v
SOURCE:
(am)
888 Resource: Programa de seguimiento de la aplicacién de las declaraciones de impacto ambiental. Display Wordcloud

[\
Resource: |dentifying asymmetries in landscape use at different scales by forest birds and mammals: a

tool for ecological planning and corridor design.

[\
Resource: The role of hydrodynamics in structuring in situ ammonium uptake within a submerged

macrophyte community.

|=lll| Recauirce: Fnviranmental imnact af raad transnart traffic A case studv for Cauntvaf l asi Roaad Nehaark

WWW. CBEP.Upm.ES
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&
® @ Connecting Germplasm Resources

Virtual Platform Resources: All Resources

& catalogs (4} € Datasets (94} BB Distributions (88} Ry Services (10} © other (4}

(SOURCE: https://bgurjc.weebly.com/contacto.html \

:B88] Resource: URJC October 2024

[\
Resource: Administrative data from the URJC

HiTl Resource: URJC October 2024

()
Hll Resource: Location Information

N\ J
SOURCE: \

Resource: Programa de seguimiento de la aplicacion de las declaraciones de impacto ambiental.

[\
Resource: |dentifying asymmetries in landscape use at different scales by forest birds and mammals: a
tool for ecological planning and corridor design.

[\
Resource: The role of hydrodynamics in structuring in situ ammonium uptake within a submerged
macrophyte community.

\ |=lll| Recauirce: Fnviranmental imnact af raad transnart traffic A case studv for Cauntvaf l asi Roaad Nehaark )

WWW. CBEP.Upm.ES

FLAIR-GG “Virtual Platform”

Federated Search over Germplasm
and Government Data

Keyword Search:
[ [Submit]

Ontology URI:
[ |Submit|

Data Services:

Please select a service type from the menu below

Display Wordcloud



P FLAIR-GG “Virtual Platform”

(VP)

®®@ FLAIR-GG Federated Analytics over Germplasm and
Gnl‘lllecllng Germplasm Resources Government Data (coming soon!)

Virtual Platform Resources: All Resources

Keyword Search:

Catalogs (4} &€ Datasets (94} BB Distributions (88} Ry Services (10} Other (4} l [submit|
g = o
(SRCE: https://bgurjc.weebly.com/contacto.html \ Ontology URI:

Resource: URJC October 2024 [ [Submit]

[\
Resource: Administrative data from the URJC

 —.

Resource: URJC October 2024 X
Data Services:

888 Resource: Location Information Please select a service type from the menu below

\_ J [
SOURCE: \

Resource: Programa de seguimiento de la aplicacion de las declaraciones de impacto ambiental. Display Wordcloud

[\
Resource: |dentifying asymmetries in landscape use at different scales by forest birds and mammals: a

tool for ecological planning and corridor design.

A
Resource: The role of hydrodynamics in structuring in situ ammonium uptake within a submerged
macrophyte community.

\ |=lll| Racniirce: Envirnnmental imnact of road transnart traffic A case studv for Countyv.of | asi Ranad Nehaiork ) *
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= - Take Home Messages

Repeated examples of “interoperability” @ both metadata and data layers shows
FAIR is necessary, but not sufficient!

FAIR is metadata first! Almost all useful behavior derived from rich metadata

FAIRness is measurable, but we need global governance of testing
before anyone can trust FAIR quality assessment;
we are almost never able to measure the FAIRness of data

Technologies/strategies allow FAIR experts to assist domain-expert data owners
in creating FAIR (meta)data themselves

] Within a defined community, a high degree of interoperability can be achieved
. through harmonization of semantics and models
(which, of course, is unsurprising!)
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