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Agenda

13:00-13.10 (10 minutes) Welcome - Recap (Erik)

13:10-13:30 (20 minutes) FAIR Principles overview (Erik)

13:30-14:30 (60 minutes) Interpretations: F and A Principles (Andrea, Erik)
14:30-14:45 (15 minutes) Break

14:45-15:45 (60 minutes) Interpretations: | and R Principles (Andrea, Erik)
15:45-16:00 (15 minutes) Break

16:00-16:40 (40 minutes) Breakout

16:40-17:00 (20 minutes) Breakout presentations & discussion

17:00 Adjourn

Common Notes: https://bit.ly/FA-5-T-1 ITINERIS
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- Homework @ ITINERIS

« Panda Bear reads about research in Science
« PBrequests a copy of the data
« BB assumes (wishes) the data are already in the Science article
« PBindicates that the data are not there
o o see - o BB isnotsure where the data are (a USB drive... in a box at home... so many
e e oo titdieptiartara boxes)
' o « BB 7 months to locate sends only copy to PB
BB has ‘complied’ with the request for data but...
e layers of idiosyncratic coding (specialized software is required to decode
the hexidecimal notation)
e software not supported since 2007
 Semantically empty field names (SAM1, SAM2, ...) with no documentation
(not even in the Science publication)
 Personnel point of failure: graduate student who moves back to China

formats. ...more
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s \ Homework @ ITINERIS

Brown Bear performed research that includes data on B Cell Function

« published in Science
e listed in PubMed Central

e funded by NIH

HHHHHH
SCIENCES

5 1.2k GJ £ Share .-

IIIII

193K views 11 years ago
A data management horror story by Karen Hanson, Alisa Surkis and Karen Yacobucci. This is what shouldn't

happen when a researcher makes a data sharing request! Topics include storage, documentation, and file

formats. ...more
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[

Brown Bear performed research that includes data on B Cell Function

‘M,’ - « published in Science
e | e |isted in PubMed Central

i « funded by NIH

5 1.2k GJ £ Share .-

Data Sharing Policy at Science

A data management horror story by Karen Hanson, Alisa Surkis and Karen Yacobucci. This is what shouldn't

happen when a researcher makes a data sharing request! Topics include storage, documentation, and file

http://www.sciencemag.org/authors/science-
editorial-policies

Data and Materials Availability after Publication
After publication, all data and materials necessary to
understand, assess, and extend the conclusions of
the manuscript must be available to any reader of
Science. All computer codes involved in the creation
or analysis of data must also be available to any
reader of Science. After publication, all reasonable
requests for data or materials must be fulfilled.
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Brown Bear performed research that includes data on B Cell Function
« published in Science
e listed in PubMed Central
e funded by NIH

5 1.2k GJ £ Share .-

Data Sharing Policy at PubMed Central https://

A data management horror story by Karen Hanson, Alisa Surkis and Karen Yacobucci. This is what shouldn't

happen when a researcher makes a data sharing request! Topics include storage, documentation, and file

www.ncbi.nlm.nih.gov/pmc/about/guidelines/

Supplementary Data

Any supplementary data (images, tables, video, or
other documents / files) that are associated with an
article must be deposited in PMC with the article.
This applies to supplementary data that are available
at the journal’s site as well as those that may be
stored in a public repository. An exception may be
made for data sets that require custom software to
read/use, or are very large (over 2 GB).
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Brown Bear performed research that includes data on B Cell Function
« published in Science
e listed in PubMed Central

<~ funded by NIH

s mamogsrment oot ston by oSt s s et Data Sharing Policy at NIH
‘ https://www.ncbi.nlm.nih.gov/pmc/about/guidelines/

NIH Data Sharing Policy and Implementation Guidance

In NIH's view, all data should be considered for data sharing.
Data should be made as widely and freely available as
possible while safeguarding the privacy of participants, and
protecting confidential and proprietary data. To facilitate
data sharing, investigators submitting a research application
requesting $500,000 or more of direct costs in any single
year to NIH on or after October 1, 2003 are expected to
include a plan for sharing final research data for research

purposes, or state why data sharing is not possible. ‘@@@@\



https://www.ncbi.nlm.nih.gov/pmc/about/guidelines/
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Conclusion:
Despite the Data Policies of Science, PubMed Central
and NIH, after 7 months of frustration and

uncertainties, Panda Bear still can not reuse Brown
Bear’s data.
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FAIR Principles - Overview

13:10-13:30
(Erik)
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scientific data @ ITIN=ERIS

Explore content v  About the journal v  Publish with us v

2016

nature > scientific data > comment > article

Open Access | Published: 15 March 2016

The FAIR Guiding Principles for scientific data
management and stewardship

...the FAIR Principles
put specific emphasis
on enhancing the

Mark D. Wilkinson, Michel Dumontier, |Jsbrand Jan Aalbersberg, Gabrielle Appleton, Myles Axton, ab|||ty Of machines

Arie Baak, Niklas Blomberg, Jan-Willem Boiten, Luiz Bonino da Silva Santos, Philip E. Bourne, Jildau to automal‘ically ﬁnd

Bouwman, Anthony J. Brookes, Tim Clark, Mercé Crosas, Ingrid Dillo, Olivier Dumon, Scott

and use the data, in
addition to
supporting its reuse

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 by |nd|V|dua|S-

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
Scientific Data 3, Article number: 160018 (2016) | Cite this article @@@@
488k Accesses | 4555 Citations | 2031 Altmetric | Metrics L-EMJ




BOX 2 | The FA|R GUIdlng Princip|es https://www.nature.com/articles/sdata201618

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1l the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
2. (meta)data use vocabularies that follow FAIR principles

3. (meta)data include qualified references to other (meta)data

To be 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

@ITIN=ERIS
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Credits to Annika Jacobsen, LUMC




BOX 2 | The FA|R GUIdlng Principles https://www.nature.com/articles/sdata201618

Computability
* FAIR data use knowledge representation languages and controllea
vocabularies that reduce/eliminate ambiguity.

Trustworthiness
* FAIR data have (rich) provenance which provides evidence for the
source of data. Provenance can include uncertainties and error
estimation. Trust also requires large amounts of metadata.

Equitabilty
* FAIR data make explicit the conditions for reuse. Equitabilty can be
technologically ensured, when data and metadata are FAIR

DITIN=ERIS
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What FAIR is not...

Cloudy, increasingly FAIR; revisiting the FAIR Data guiding principles CO Mmmonm | sconce pt | ons 4 b out FAI R :
for the European Open Science Cloud
| | e FAIR is not a standard
Article type: Research Article
Authors: Mons, Barend® 2 & * | Neylon, Cameron9 | Velterop, Jan® | Dumontier. ® " " / "
Michel?I da Silva Santos, Luiz Olavo Bonincr)%;QIWilkinson,Mark p. FAI R IS ot Only semantic Web Lln ked Open Data
Affiliations: [a] Leiden University Medical Centre, Leiden, The Netherlands. E-

mail: b.mons@ lumc.nl | [b] Dutch Techcentre for Life Sciences, Utrecht, The ® FAI R IS n Ot eq u a I to (O pe n’ O r ‘ F re e,

Netherlands | [c] Netherlands eScience Centre, Amsterdam, The Netherlands |

[d] Centre for Culture and Technology, Curtin University, Perth, Western Australia [ ) f ( ) b

| [e] Independent Open Access Publishing Consultant, Guildford, United Data a re O te n O pe n Access Ut n Ot FAI R
Kingdom | [f] Institute for Data Science, Maastricht University, Maastricht, The

Netherlands | [g] Vrije Universiteit Amsterdam, Amsterdam, The Netherlands | o SO me d ata can never be O pe n, y6t be pe rfe ct Iy FAl R

[h] Centre for Plant Biotechnology and Genomics U.P.M. - L.N.L.A., Madrid, Spain

@ITIN=RIS

Correspondence: [*] Corresponding author: Barend Mons, Einthovenweqg 20,
2333 ZC Leiden, P.O. Box 9600, 2300 RC Leiden, The Netherlands.
Tel.: +31624879779; E-mail: b.mons@lumc.nl

Keywords: FAIR Data, Open Science, interoperability, data integration, standards
DOI: 10.3233/ISU-170824

Journal: Information Services & Use, vol. 37,no. 1, pp. 49-56, 2017

Published: 7 March 2017

& Get PDF G

Abstract

The FAIR Data Principles propose that all scholarly output should be Findable,
Accessible, Interoperable, and Reusable. As a set of guiding principles, expressing
only the kinds of behaviours that researchers should expect from contemporary
data resources, how the FAIR principles should manifest in reality was largely
open to interpretation. As support for the Principles has spread, so has the
breadth of these interpretations. In observing this creeping spread of
interpretation, several of the original authors felt it was now appropriate to revisit
the Principles, to clarify both what FAIRness is, and is not.
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EOSC https://www.eosc-nordic.eu/kh-
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B - - -
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Assessing FAIR

T EOSC | s aomaauin
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Authorship Community:
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Agrondémica, Alimentaria y de Biosistemas, Centro de Biotecnologia y Gendmica de Plantas.
Universidad Politécnica de Madrid (UPM) - Instituto Nacional de Investigacién y Tecnologia Agraria
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Abstract

The FAIR principles have been widely cited, endorsed and adopted by a broad range of
stakeholders since their publication in 2016. By intention, the 15 FAIR guiding principles do
not dictate specific technological implementations, but provide guidance for improving
Findability, Accessibility, Interoperability and Reusability of digital resources. This has
likely contributed to the broad adoption of the FAIR principles, because individual
stakeholder communities can implement their own FAIR solutions. However, it has also
resulted in inconsistent interpretations that carry the risk of leading to incompatible
implementations. Thus, while the FAIR principles are formulated on a high level and may
be interpreted and implemented in different ways, for true interoperability we need to
support convergence in implementation choices that are widely accessible and (re)-
usable. We introduce the concept of FAIR implementation considerations to assist
accelerated global participation and convergence towards accessible, robust, widespread
and consistent FAIR implementations. Any self-identified stakeholder community may
either choose to reuse solutions from existing implementations, or when they spot a gap,
accept the challenge to create the needed solution, which, ideally, can be used again by
other communities in the future. Here, we provide interpretations and implementation
considerations (choices and challenges) for each FAIR principle.
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3.1.4 Principle F4: (meta)data are registered or indexed in a searchable resource

1) Interpretation

Principle F4 states that digital resources must be registered or indexed in a searchable
resource. The searchable resource provides the infrastructure by which a metadata
record (F1) can be discovered, using either the attributes in that metadata (F2) or the
identifier of the data object itself (F3) [21].

2) Implementation considerations

Current challenges are numerous, significantly limiting, and largely outside of the control
of the average data provider. First, there is no single-source for search that currently
indexes all possible metadata fields in all domains. Second, there is no uniform way to
execute a search, and thus every search tool must be accessed with tool-specific
software. Finally, many search engines forbid automated searches, precluding their use by
FAIR-enabled software. Various initiatives are emerging that attempt to address this, at
least in part, by providing a well-defined, machine-accessible search interface over
indexed metadata. Nevertheless, to our knowledge, none of these currently index all
possible metadata properties, nor do they span all possible domains/communities; rather,
they focus on specific metadata schemas such as schema.org, at the expense of other
well-established metadata formats such as DCAT, and/or are limited to specific
communities such as biotechnology, astronomy, law, or government/administration.
Current choices are for each community to choose, and publicly declare, what search
engine to use for their own purposes, general or field-specific, and should at a minimum
provide metadata following the standard that is indexed by the search engine of choice.
They should also provide a machine-readable interface definition that would allow an
automated search without human intervention.
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not dictate specific technological implementations, but provide guidance for improving
Findability, Accessibility, Interoperability and Reusability of digital resources. This has
likely contributed to the broad adoption of the FAIR principles, because individual
stakeholder communities can implement their own FAIR solutions. However, it has also
resulted in inconsistent interpretations that carry the risk of leading to incompatible
implementations. Thus, while the FAIR principles are formulated on a high level and may
be interpreted and implemented in different ways, for true interoperability we need to
support convergence in implementation choices that are widely accessible and (re)-
usable. We introduce the concept of FAIR implementation considerations to assist
accelerated global participation and convergence towards accessible, robust, widespread
and consistent FAIR implementations. Any self-identified stakeholder community may
either choose to reuse solutions from existing implementations, or when they spot a gap,
accept the challenge to create the needed solution, which, ideally, can be used again by
other communities in the future. Here, we provide interpretations and implementation
considerations (choices and challenges) for each FAIR principle.
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Table 1 FAIR data maturity model indicators

FAIR ID Indicator Priority
F1 RDA-F1-01M Metadata is identified by a persistent identifier ®®® Essential
@ ) F1 RDA-F1-01D Data is identified by a persistent identifier ®@9® Essential
F1 RDA-F1-02M Metadata is identified by a globally unique identifier @®® Essential
A ALLIANC F1 RDA-F1-02D Data is identified by a globally unigue identifier ®®® Essential
F2 RDA-F2-01M Rich metadata is provided to allow discovery @®® Essential
F3 RDA-F3-01M Metadata includes the idenftifier forthe data ®®® Essential
F4 RDA-F4-01M Metadata is offered in such a way that it can be harvested and indexed @®® Essential
A1l RDA-A1-01M Metadata contains information to enable the userto getaccess to thedata ®® Important
A1 RDA-A1-02M Metadata can be accessed manually (i.e. with human intervention) ®®® Essential
- A1l RDA-A1-02D Data can be accessed manually (i.e. with human intervention) ®®® Essential
FAI R D ata M at u rl ty M o d e I Al RDA-A1-03M Metadata identifier resolves to a metadatarecord ®®® Essential
Specification and Guidelines A1 RDA-A1-03D  Dataidentifierresolves to a digital object ®®® Essential
A1l RDA-A1-04M Metadata is accessed through standardised protocol @9® Essential
2 0 20 A1l RDA-A1-04D Data is accessible through standardised protocol ©@9® Essential
Al RDA-A1-05D Data can be accessed automatically (i.e. by a computer program) DO Important
A1.1 RDA-A1.1-01M Metadata is accessible through a free access protocol ®®® Essential
A1.1 RDA-A1.1-01D Datais accessible through a free access protocol 00 Important
Data is accessible through an access protocol that supports authentication
@ bl F A I R A1.2 RDA-A1.201D and authorisation o Useful
— T A2 RDA-A2-01M Metadata is guaranteedto remain available after data isno longeravailabe ®@®®  Essential
77| 5] PRINCIPLES 11 RDA-11-01M Metadata uses knowledge representation expressed in standardised format ®® Important
1 RDA-11-01D Data uses knowledge representation expressed in standardised format a0 Important
1 DA-11-02M Metadata uses machine-understandable knowledge representation D0 Important
1 RDA-11-02D Data uses machine-understandable knowledge representation D0 Important
12 RDA-12-01M Metadata uses FAIR-compliant vocabularies OO Important
Proposed RDA Recommendation 12  RDA-2-01D Data uses FAIR-compliant vocabularies o Useful
Produced by: FAIR Data Maturity Model WG, 2019-2020 I3  RDA-I3-01M Metadata includes references to other metadata ©®  Important
https://www.rd-alliance.org/groups/fair-data-maturity-model-wg 13 RDA-I13-01D Data includes references to otherdata O Useful
13 RDA-I13-02M Metadata includes references to otherdata O Useful

https://zenodo.org/records/3909563#.YGRNNg8za70 (SO
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Table 1 FAIR data maturity model indicators

FAIR ID Indicator Priority

F1 RDA-F1-01M Metadata is identified by a persistent identifier @o® Essential

F1 RDA-F1-01D Data is identified by a persistent identifier ®®® Essential

F1 RDA-F1-02M Metadata is identified by a globally unique identifier ®®® Essential

F1 RDA-F1-02D Data is identified by a globally unique identifier ©@®® Essential

F2 RDA-F2-01M Rich metadata is provided to allow discovery ®®® Essential

RDA-I2-01M Metadata uses FAIR-compliant vocabularies »® Important

This indicatoris linked to the following principle: 12: (Meta)data use vocabularnes
that follow the FAIR principles.
The indicator requires the vocabulary used for the metadata to conform to the
FAIR principles, and at least be documented and resolvable using globally
unique and persistent identifiers. The documentation needs to be easily
findable and accessible.
The indicator can be evaluated by verifying that each of the vocabularies used
in the metadata is documented and resolvable using globally unique and
persistent identifiers, with the documentation being easily findable and
accessible. Typically, the reference to the specification of the vocabularies used
willbeincluded in the documentation of the digital object or the repository where
itis kept.

1 RDA-11-02M Metadata uses machine-understandable knowledge representation nlw! Important

11 RDA-11-02D Data uses machine-understandable knowledge representation ute Important

12 RDA-12-01M Metadata uses FAIR-compliant vocabularies a0 Important

12 RDA-12-01D Data uses FAIR-compliant vocabularies O Useful

13 RDA-13-01M Metadata includes references to other metadata olw Important

13 RDA-I13-01D Data includes references to otherdata O Useful

13 RDA-I13-02M Metadata includes references to otherdata QO Useful
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F1: (meta)data are assigned a globally unique and persistent identifier
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311 Principle F1: (meta)data are assigned a globally unique and persistent identifier F1 RDA-F1-01M Metadata is identified by a persistent ide ntifier oo® Essential
1) Interpretation F1 RDA-F1-01D Data is identified by a persistent identifier @e® Essential
Principle F1 states that digital resources, i.e., data and metadata, must be assigned a L. . . . . .

globally unique and persistent identifier in order to be found and resolved by computers. F1 RDA-F1-02M Metadata is identified by a globally unique Identifiler 990 Essental
This is the most fundamental of the FAIR principles, as globally unique and persistent F1 RDA-F1-02D Data is identified by a globally unigue identifier C T T ] Essential

identifiers are essential elements found in all of the other FAIR principles. Globally unique
means that the identifier is guaranteed to unambiguously refer to exactly one resource in
the world (please note that global should be interpreted as universal as there are digital
assets outside the world). Therefore, it is insufficient for it to be unique only locally (e.g.
unigue within a single, local database). Persistence refers to the requirement that this
globally unique identifier is never reused in another context, and continues to identify the
same resource, even if that resource no longer exists, or moves. In practice, this often
involves using a third-party to generate an identifier that has guaranteed longevity and is
project/organization-independent.

2) Implementation considerations

Current challenges relate to ensuring the longevity of identifiers — in particular, that
identifiers created by a project/community should survive the termination of the project or
the dissolution of the community. Obtaining a persistent identifier, therefore, may require
reliance on a third-party organization that promises longevity, and maintains these
identifiers independently of the project/community. Current choices are for each
community to choose, for all appropriate digital resources (i.e., data and metadata),
identifier registration service(s) such as these that ensure global uniqueness and that also
comply with the community-defined criteria for identifier persistence and resolvability.

A common example of a useful identifier is the Digital Object Identifier (DOI) which is
guaranteed by the DOI specification to be globally unique and persistent. DOIls provide an
additional service, under principle A1, of being able to direct calls to the source data to the
location of that data, even if the identified data moves. This ensures that identifiers are
stable and valid beyond the project that generated them. In some circumstances, again
with DOls being an example, third-party persistent identifiers may also provide support for
principle A2 (that metadata exists beyond the lifespan of the data) since these identifiers
may still be responsive to Web calls, and be capable of providing metadata, even if the
source resource is no longer active. For a discussion on identifiers see [16][17].
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311 Principle F1: (meta)data are assigned a globally unique and persistent identifier F1 RDA-F1-01M Metadata is identified by a persistent ide ntifier @o®  Essential
) Interpretation F1 RDA-F1-01D Data is identified by a persistent identifier @86 Essential
Principle F1 states that digital resources, i.e., data and metadata, must be assigned a L. . . . . .
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This is the most fundamental of the FAIR principles, as globally unique and persistent F1 RDA-F1-02D Data is identified by a globally unigue identifier o000 Essential

identifiers are essential elements found in all of the other FAIR principles. Globally unique
means that the identifier is guaranteed to unambiguously refer to exactly one resource in
the world (please note that global should be interpreted as universal as there are digital
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assets outside the world). Therefore, it is insufficient for it to be unique only locally (e.g.

unique within a single, local database). Persistence refers to the requirement that this VUL MU UMV MUULUUL UM DT U D M I T I W I Y W MRS ML T P UMDy YW VI MY UMY W U WUy LA T
globally unique identifier is never reused in another context, and continues to identify the that half of the URLs cited in D-Lib Magazine articles were active 10 years after publication.m Other studies have found higher
same resource, even if that resource no longer exists, or moves. In practice, this often rates of link rot in academic literature but typically suggest a half-life of four years or greater.'®1°] A 2013 study in BMC

involves using a third-party to generate an identifier that has guaranteed longevity and is Bioinformatics analyzed nearly 15,000 links in abstracts from Thomson Reuters's Web of Science citation index and found that

project/organization-independent. the median lifespan of web pages was 9.3 years, and just 62% were archived.!'?) A 2021 study of external links in New York

Times articles published between 1996 and 2019 found a half-life of about 15 years (with significant variance among content

2) Implementation considerations
topics) but noted that 13% of functional links no longer lead to the original content—a phenomenon called content drift[1!

Current challenges relate to ensuring the longevity of identifiers — in particular, that

identifiers created by a project/community should survive the termination of the project or
the dissolution of the community. Obtaining a persistent identifier, therefore, may require
reliance on a third-party organization that promises longevity, and maintains these
identifiers independently of the project/community. Current choices are for each
community to choose, for all appropriate digital resources (i.e., data and metadata),
identifier registration service(s) such as these that ensure global uniqueness and that also
comply with the community-defined criteria for identifier persistence and resolvability.

A common example of a useful identifier is the Digital Object Identifier (DOI) which is
guaranteed by the DOI specification to be globally unique and persistent. DOIls provide an
additional service, under principle A1, of being able to direct calls to the source data to the
location of that data, even if the identified data moves. This ensures that identifiers are
stable and valid beyond the project that generated them. In some circumstances, again
with DOls being an example, third-party persistent identifiers may also provide support for
principle A2 (that metadata exists beyond the lifespan of the data) since these identifiers
may still be responsive to Web calls, and be capable of providing metadata, even if the
source resource is no longer active. For a discussion on identifiers see [16][17].
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means that the identifier is guaranteed to unambiguously refer to exactly one resource in
the world (please note that global should be interpreted as universal as there are digital
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2) Implementation considerations
topics) but noted that 13% of functional links no longer lead to the original content—a phenomenon called content drift.[11]

Current challenges relate to ensuring the longevity of identifiers — in particular, that

identifiers created by a project/community should survive the termination of the project or
the dissolution of the community. Obtaining a persistent identifier, therefore, may require
reliance on a third-party organization that promises longevity, and maintains these
identifiers independently of the project/community. Current choices are for each
community to choose, for all appropriate digital resources (i.e., data and metadata),
identifier registration service(s) such as these that ensure global uniqueness and that also
comply with the community-defined criteria for identifier persistence and resolvability.

A common example of a useful identifier is the Digital Object Identifier (DOI) which is E x a m p I e S :
[

guaranteed by the DOI specification to be globally unique and persistent. DOIls provide an
additional service, under principle A1, of being able to direct calls to the source data to the
location of that data, even if the identified data moves. This ensures that identifiers are
stable and valid beyond the project that generated them. In some circumstances, again
with DOls being an example, third-party persistent identifiers may also provide support for
principle A2 (that metadata exists beyond the lifespan of the data) since these identifiers
may still be responsive to Web calls, and be capable of providing metadata, even if the
source resource is no longer active. For a discussion on identifiers see [16][17].
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F2 RDA-F2-01M Rich metadata is provided to allow discovery ©@9® Essential

31.2 Principle F2: data are described with rich metadata

1) Interpretation

Whereas principle F1 enables unambiguous identification of resources of interest,
principle F2 speaks to the ability to discover a resource of interest through, for example,
search or filtering. Digital resources must be described with rich metadata - descriptors
of the content of the resource referred to by that identifier. It is hard to generally define
the minimally required “richness” of this metadata, except that the more generous it is,
both for humans and computers, the more specifically findable it becomes in refined
searches. While other principles speak to the specific kinds of metadata that should be
included, principle F2 simply says that a digital resource that is not well-described cannot
be accurately discovered. Thus, this principle encourages data providers to consider the
various facets of search that might be employed by a user of their data, and to support
those users in their discovery of the resource. To enable both global and local search
engines to locate a resource, generic and domain-specific descriptors should be
provided.

2) Implementation considerations

It is a challenge for each domain-specific community to define their own metadata
descriptors necessary for optimizing findability. The minimal “richness” of the metadata
should be defined so that it serves its intended purpose and should also be guided by the
requirements of the other FAIR principles. This then poses a challenge to each community C E D A R @ @
to create machine-actionable templates that facilitate capturing uniform and harmonized WO rkben(:h
M4M

metadata about similar data resources among all community stakeholders, and to provide

a means to ensure that this metadata is updated and curated [17]. httpS / / metadataCente I. Org

Examples of metadata schemata can be found in FAIRsharing'\‘j [18][19] and include for

® @
instance the Data Documentation Initiative (DDI) , the HCLS Dataset Descriptors , and

many domain-specific “minimal information” models that have been invented.
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F2 RDA-F2-01M Rich metadata is provided to allowdiscovery @9o® Essential

31.2 Principle F2: data are described with rich metadata

1) Interpretation

Whereas principle F1 enables unambiguous identification of resources of interest,
principle F2 speaks to the ability to discover a resource of interest through, for example,
search or filtering. Digital resources must be described with rich metadata - descriptors
of the content of the resource referred to by that identifier. It is hard to generally define
the minimally required “richness” of this metadata, except that the more generous it is,
both for humans and computers, the more specifically findable it becomes in refined
searches. While other principles speak to the specific kinds of metadata that should be
included, principle F2 simply says that a digital resource that is not well-described cannot

Examples?

be accurately discovered. Thus, this principle encourages data providers to consider the
various facets of search that might be employed by a user of their data, and to support
those users in their discovery of the resource. To enable both global and local search
engines to locate a resource, generic and domain-specific descriptors should be
provided.

2) Implementation considerations

It is a challenge for each domain-specific community to define their own metadata
descriptors necessary for optimizing findability. The minimal “richness” of the metadata
should be defined so that it serves its intended purpose and should also be guided by the
requirements of the other FAIR principles. This then poses a challenge to each community C E D A R @ @
to create machine-actionable templates that facilitate capturing uniform and harmonized WO rkbenCh
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metadata about similar data resources among all community stakeholders, and to provide

a means to ensure that this metadata is updated and curated [17]. https / / metadataCente I. Org
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31.3 Principle F3: metadata clearly and explicitly include the identifier of the data it
describes ’ F3 RDA-F3-01M  Metadata includes the identfierforthe data

1) Interpretation

Principle F3 states that any description of a digital resource must contain the identifier of
that resource being described. For instance, the description of a computational workflow,
should explicitly contain the identifier for that workflow in a manner that is unambiguous.
This is especially important where the resource and its metadata are stored
independently, but persistently linked, which is generally considered good practice in
FAIR. The purpose of this principle is twofold. First, it is perhaps trivial to say that a
descriptor should explicitly say what object it is describing; however, there is a second,
less-obvious reason for this principle. Many digital objects (such as workflows, as
mentioned above) have well-defined structures that may disallow the addition of new
fields, including fields that could point to the metadata about that digital object. Therefore,
if you have one of these digital objects in-hand, the only way to discover its metadata is
through a search using the identifier of that digital object. Thus, by requiring that a
metadata descriptor contains the identifier of the thing being described, that identifier
may then successfully be used as the search term to discover its metadata record.

2) Implementation considerations
& dockerhub | Search Dasker it Ousamma Mohammed Benhamed, Kees

It is a challenge to each community to choose a machine-actionable metadata model that Burger, Rajaram Kaliyaperumal, Luiz

Explore fairdata/fairdatapoint

explicitly links a resource and its metadata. Olavo Bonino da Silva Santos, Marek

Suchének, Jan Slitka, Mark D Wilkinson;
| The FAIR Data Point: Interfaces and
By fairdata « Updated 4 days ago
v Serve FAIR Metadata from this docker image TOO“ng. Data |nte||igence 2022, dO|
e https://doi.org/10.1162/dint_a_00161

An example of a technology that provides this link is FAIR Data Point [20], which is based fairdata/fairdatapoint *

®
that provides not only unique identifiers for

on the Data Catalogue model (DCAT)
potentially multiple layers of metadata, but also provides a single, predictable, and

searchable path through these layers of descriptors, down to the data object itself.
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3.1.4 Principle F4: (meta)data are registered or indexed in a searchable resource

1) Interpretation F4 RDA-F4-01M Metadata is offered in such a way that it can be harvested and indexed ®®® Essential

Principle F4 states that digital resources must be registered or indexed in a searchable
resource. The searchable resource provides the infrastructure by which a metadata

record (F1) can be discovered, using either the attributes in that metadata (F2) or the https://www.doi.org/resources/2006_05 02_Kahn_Framework.pdf

dentifier of the data object itaalf (Fa) (21 A Framework for Distributed Digital Object Services

2) Implementation considerations Robert Kahn
Corporation for National Research Initiatives
Current challenges are numerous, significantly limiting, and largely outside of the control Robert Wilensky
of the average data provider. First, there is no single-source for search that currently University of California at Berkeley
. . . . . . . May 13, 1995
indexes all possible metadata fields in all domains. Second, there is no uniform way to cnri. dlib/n05-01
execute a search, and thus every search tool must be accessed with tool-specific .
1. Introduction

software. Finally, many search engines forbid automated searches, precluding their use by

This document describes fundamental aspects of an infrastructure that is open in its architecture and which supports a

FAIR-enabled software. Various initiatives are emerging that attempt to address thIS, at large and extensible class of distributed digital information services. Digital libraries are one example of such

: i~ _ : AL : : services; numerous other examples of such services may be found in emerging electronic commerce applications.
least in part, by prowdlng awell deflned’ machine-accessible search interface over Here we define basic entities to be found in such a system, in which information in the form of digital objects is

stored, accessed, disseminated and managed. We provide naming conventions for identifying and locating digital
objects, describe a service for using object names to locate and disseminate objects, and provide elements of an access
protocol.

indexed metadata. Nevertheless, to our knowledge, none of these currently index all
possible metadata properties, nor do they span all possible domains/communities; rather,
they focus on specific metadata schemas such as schema.org, at the expense of other
well-established metadata formats such as DCAT, and/or are limited to specific
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communities such as biotechnology, astronomy, law, or government/administration.
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Current choices are for each community to choose, and publicly declare, what search

engine to use for their own purposes, general or field-specific, and should at a minimum

‘ . .
provide metadata following the standard that is indexed by the search engine of choice. \' nanopublication

Note: these are not registries

They should also provide a machine-readable interface definition that would allow an assertion

automated search without human intervention. °

provenance

An example of a generic searchable resource that supports manual exploration is Google
© . e s

Dataset Search ; however, this suffers from several of the problems mentioned above, in publication info

particular, that it indexes only certain types of metadata (schema.org) and the search ‘ @ @@@\

cannot be automated under the Google Terms of Service, and therefore cannot be

implemented within FAIR software.
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3.2.2 Sub-Principle A1.1: the protocol is open, free and universally implementable

1). Interpretation A1l RDA-A1-01M Metadata contains information to enable the userto getaccesstothedata @® Important
The protocol (mechanism) by which a digital resource is accessed (e.g. queried) should Al RDA-A1-02M Metadata can be accessed manually (i.e. with human intervention) ®e® Essential
not pose any bottleneck. It describes an access process, hence does not directly pertain A1l RDA-A1-02D Data can be accessed manually (i.e. with human intervention) @o® Essential
to restrictions that apply to using the resource. The protocols underlying the World-Wide A1 RDA-A1-03M  Metadata identifier resolves to a metadatarecord ®®® Essential
Web, such as HTTP, are an archetype for an open, free, and universally implementable Al RDA-A1-030 Data identifier resolves to a digital object ®®® Essential
protocol. Such protocols reduce the cost of gaining access to digital resources, because , _ _
, L , A1l RDA-A1-04M Metadata is accessed through standardised protocol @o® Essential
they are well defined and open and allow any individual to create their own standards-
compliant implementation. That the use of the protocols is free ensures that those lacking A1 RDA-A1-04D Data is accessible through standardised protocol ©9%® Essential
monetary means can equitably access the resource. That it is universally implementable A1 RDA-A1-05D Data can be accessed automatically (i.e. by a computer program) co Important
ensures that the technology is available to all (and not restricted, for instance, by country
. . . a A1.1 RDA-A1.1-01M Metadata is accessible through a free access protocol @e® Essential
or a sub-community), thus encompassing both the “gratis” and “libre” meaning of “free”
A1.1 RDA-A1.1-01D Datais accessible through a free access protocol oo Important
2) Implementation considerations ' '
Current challenges are to explicitly and fully document access protocols that are not
open/free (for example, access only after personal contact) and make those protocols https://en.wikipedia.org/wiki/World_Wide_Web

available as a clearly identified facet of the machine-readable metadata. Current choices
are for communities to choose standardized communication protocols that are open, free
and universally implementable.

The most common example of a compliant protocol is the HTTP protocol that underlies
the majority of Web traffic. It has additional useful features, including the ability to request

metadata in a preferred format, and/or to inquire as to the formats that are available. It is

This NeXT Computer was used &
B — T by Sir Tim Berners-Lee at CERN
and became the world's first Web
server. CC BY-SA 3.0

also widely supported by software and common programming languages.
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ensures that the technology is available to all (and not restricted, for instance, by country B
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or a sub-community), thus encompassing both the “gratis” and “libre” meaning of “free”
A1.1 RDA-A1.1-01D Datais accessible through a free access protocol OO Important
2) Implementation considerations ' '
Current challenges are to explicitly and fully document access protocols that are not
open/free (for example, access only after personal contact) and make those protocols https://en.wikipedia.org/wiki/World_Wide_Web

available as a clearly identified facet of the machine-readable metadata. Current choices
are for communities to choose standardized communication protocols that are open, free
and universally implementable.

The most common example of a compliant protocol is the HTTP protocol that underlies

Other protocols?

the majority of Web traffic. It has additional useful features, including the ability to request
metadata in a preferred format, and/or to inquire as to the formats that are available. It is

This NeXT Computer was used &
B — T ———— by Sir Tim Berners-Lee at CERN
and became the world's first Web
server. CC BY-SA 3.0

also widely supported by software and common programming languages.
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3.2.3 Sub-Principle A1.2: the protocol allows for an authentication and authorization
procedure, where necessary

1) Interpretation A1l RDA-A1-01M Metadata contains information to enable the userto getaccesstothedata ®® Important

A1l RDA-A1-02M Metadata can be accessed manually (i.e. with human intervention) ®9® Essential
RRENCReE S ucolion e s iR Sl = o Sheigome digital A1l RDA-A1-02D Data can be accessed manually (i.e. with human intervention) @o® Essential
resources, such as data that have access restrictions based on ethical, legal or
contractual constraints, require additional measures to be accessed. This often pertains Al RDA-A1-0.M SSATECENE IS IATF TS SOTES 10 5 I 8 R oo ®8® Essential
to assuring that the access requester is indeed that requester (authentication), that the AT RDA-A1-03D  Dataidentifierresolves to a digital object @e®  Essental
requester's profile and credentials match the access conditions of the resource A1 RDA-A1-04M  Metadata is accessed through standardised protocol ®®® Essential
(authorization), and that the intended use matches permitted use cases (e.g. non- A1l RDA-A1-04D Data is accessible through standardised protocol @o®  Essential
commercial purposes only) (see also R1.1, where there are requirements to provide explicit A1 RDA-A1-05D Data can be accessed automatically (i.e. by a computer program) ol Important
documentation about who may use the data, and for what purposes). At the level of -
technical implementation, an additional authentication and authorization procedure must Data is accessible through an access protocol that supports authentication

A1.2 RDA-A1.201D and authorisation O Useful

be specified, if it is not already defined by the protocol (see A11). A requester can be a

human or a machine agent. In the latter case it is probably a proxy for a human or an
organization to which the authentication and authorization protocol should be applied, in
which case, the machine should be expected to present the appropriate credentials. The

Multi-Factor Authentication

principle requires that a FAIR resource must provide such a protocol, but the protocol

itself is not further specified. In practice, an Internet of FAIR Data and Services cannot

function without implementing Authentication and Authorization Infrastructure (AAl, see

also [22]). OOt

(eg PIN, password)

2) Implementation considerations

Current choices are for communities to choose protocols to use when controlling access Who the cardholder

is (eg fingerprints,

of agents to meta(data). Preferably these should be as generic as possible and as domain ekl eonpRion)

What the
cardholder has
(eg phone,
hardware token)

specific as necessary. Attempts to harmonize AAl approaches are numerous, but not

covered in this article.

Again, the most common example of a compliant protocol is the HTTP protocol. Another ‘@@@@\

example is the life science AAIl protocol. Brewster et al. [22] describe an early

implementation of an ontology-based approach to this challenge.
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which case, the machine should be expected to present the appropriate credentials. The

Multi-Factor Authentication

principle requires that a FAIR resource must provide such a protocol, but the protocol

itself is not further specified. In practice, an Internet of FAIR Data and Services cannot

function without implementing Authentication and Authorization Infrastructure (AAl, see

also [22]). A

(eg PIN, password)

Consider the
ITINERIS Platform?

2) Implementation considerations

Current choices are for communities to choose protocols to use when controlling access Who the cardholder

is (eg fingerprints, .

of agents to meta(data). Preferably these should be as generic as possible and as domain ol reogtiond

What the
cardholder has
(eg phone,
hardware token)

specific as necessary. Attempts to harmonize AAl approaches are numerous, but not

covered in this article.

Again, the most common example of a compliant protocol is the HTTP protocol. Another ‘@@@@\

example is the life science AAIl protocol. Brewster et al. [22] describe an early

implementation of an ontology-based approach to this challenge.
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3.2.4 Principle A2: metadata are accessible, even when the data are no longer available

1) Interpretation

There is a continued focus on keeping relevant digital resources available in the future.
Data may no longer be accessible either by design (e.g. a defined lifespan within limited
financial resources or legal requirements to destroy sensitive data) or by accident.
However, given that those data may have been used and are referenced by others, it is
important that consumers have, at the very least, access to high quality metadata that
describes those resources sufficiently to minimally understand their nature and their
provenance, even when the relevant data are not available anymore. This principle relies
heavily on the “second purpose” of principle F3 (the metadata record contains the
identifier of the data), because in the case where the data record is no longer available,
there must be a clear and precise way of discovering its historical metadata record. This
aspect of accessibility is further elaborated in the Joint Declaration of Data Citation
Principles [23].

2) Implementation considerations

Current choices/challenges are for communities to choose/define a persistence policy for
metadata that describes data that may not always be available, choose/define machine-
actionable templates for a persistence policy document for metadata, and in addition
choose/define a machine-actionable scheme to reference the metadata persistence
policy.

Examples of early attempts to address this critical principle relates closely to the
@
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principles of digital curation including the concept of a FAIR compliant DMP (Data

q-3) identifier (but nanopublications can be retracted, which makes them invisible in most situations).
Management Plan) [24]. Many other efforts are underway to improve the long-term @G)@@

stewardship of reusable digital resources.
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3.2.4 Principle A2: metadata are accessible, even when the data are no longer available
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|11: (meta)data use a formal... language for knowledge representation

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

1) Interpretation

Consumers spend a disproportionate amount of time trying to make sense of the digital
resources they need and designing accurate ways to combine them. This is most often
due to a lack of suitably unambiguous content descriptors, or a lack of such descriptors
entirely with respect to non-machine-interpretable data formats such as tables or
“generic” XML. Community-defined data exchange formats work reasonably well within
their original scope of a few types of data and a relatively homogeneous community, but
not well beyond that. This makes interoperation and integration an expensive, often
impossible task (even forhumans), but also means that machines cannot easily make use
of digital resources, which is the primary goal of FAIR. For example, when a machine visits
two data files in which a field “temperature” is present, then it will need more contextual
descriptions to distinguish between weather data in one file and body temperature
measurements in another. Achieving a “common understanding” of digital resources
through a globally understood “language” for machines is the purpose of principle 11, with
an emphasis on “knowledge” and “knowledge representation”. This becomes critical when
many differently formatted resources need to be visited or combined across
organizations and countries and is especially challenging for interdisciplinary studies or
for meta-analyses, where results from independent organizations, pertaining to the same
topic, must be combined. In this context, the principle says that producers of digital
resources are required to use a language (i.e., a representation of data/knowledge) that
has a defined mechanism for mechanized interpretation — a machine-readable “grammar”
- where, for example, the difference between an entity, as well as any relevant relationship
between entities, is defined in the structure of the language itself. This allows machines to
consume the information with at least a basic “understanding” of its content. It is a step
towards a common understanding of digital resources by machines, which is a
prerequisite for a functional Internet of FAIR Data and Services. Several technologies can
be chosen for principle 1.

11
11
11
11

@ITIN=RIS

RDA-11-01M Metadata uses knowledge representation expressed in standardised format @& Important

DA-11-01D Data uses knowledge representation expressed in standardised format D0 Important
RDA-11-02M Metadata uses machine-understandable knowledge representation e Important
RDA-11-02D Data uses machine-understandable knowledge representation OO Important

2) Implementation considerations

Communities will have to choose an available technology or decide how they will
otherwise deal with multiple representations and languages. In any case, they will have to
make sure that each data item that is the same in multiple resources is interpreted in
exactly the same way by every agent (human and computer), and that how items across
resources relate to one another can be unambiguously understood by all agents [25]. The
key consideration in this regard is that FAIR speaks to the ability of data to be reused by a
generic agent, rather than a community-specific agent. This is most easily accomplished
by making the knowledge available in the most widely used format(s), even if this means
duplication of the information in the community-specific format.

The most widely-accepted choice to adhere to this principle, at the present time, is the

Resource Description Framework (RDF) which is the W3C's recommendation for how to

@l
represent knowledge on the Web in a machine-accessible format . Other choices may

also be acceptable, for instance when they are already in widespread use within a given
community. In that case, it would be helpful for the community to also provide a
“translator” between their preferred format, and a more widely used format such as RDF.
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5

between entities, is defined in the structure of the language itself. This allows machines to
consume the information with at least a basic “understanding” of its content. It is a step

towards a common understanding of digital resources by machines, which is a ‘@@@@\

prerequisite for a functional Internet of FAIR Data and Services. Several technologies can

be chosen for principle 1.




12: (meta)data use vocabularies that follow FAIR principles

3.3.2 Principle 12: (meta)data use vocabularies that follow FAIR principles
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1) Interpretation 12 RDA-12-01M Metadata uses FAIR-compliant vocabularies Q0 Important

Principle 12 uses “vocabularies” to refer to the methods that unambiguously represent 12 RDA-I12-01D Data uses FAIR-compliant vocabularies 0 Useful
concepts that exist in a given domain. The use of shared, and formally structured (I1), sets
of terms is an essential part of FAIR. Terminology systems, including flat “vocabularies”,

O BioPortal Ontologies Search Annotator Recommender Mappings

hierarchical “thesauri” and more granular specifications of knowledge such as data

models and ontologies, play an important role in community standards. However, the
vocabularies used for metadata or data also need to be findable, accessible, ZonMw Generic Terms
interoperable, and reusable in their own right so that users (including machines) can fully Last uploaded: May 25, 2022

understand the meaning of the terms used in the metadata. This principle has been

criticized as “circular” but as has been made clear earlier in this article, the simple use of a T Classes R EL R
label” (e.g. “temperature”) is insufficient to enable a machine to understand both the S to visualization | Notes (0) | Class Mappings (). | &
intent of that label (Body temperature? Melting temperature?) and the contexts within
. . . . L. + biomaterial Preferred Name biomaterial
which it can be properly linked — same-with-same - to other similarly-labelled data. 12, . constraint
. . . #- contributor type Synonyms
therefore, requires that the vocabulary terms used in the knowledge representation . data
o o o ) ) . f dgaprecated ID http://purl.org/zonmw/generic/10007 4

language (principle 1) can be sufficiently distinguished, by a machine, to ensure detection +# disease M M
; fOCUS_area ) inScheme http://purl.org/zonmw/generic

of “false agreements” as well as “false disagreements”. # generic answer options
+- institution substance
+# media type ;
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2) Implementation considerations - property organism

- service
. . . . +- standard , ,

Current considerations are for communities to ensure that terminology systems and, for - subject preflabel Rlomaterial

. . s . . i - temporal scope |

instance, the units of measure, classifications, and relationship definitions are themselves - variable topConceptOf http://purl.org/zonmw/generic

FAIR. Thesauri that are proprietary and not universally accessible should be avoided
wherever possible, because machines (and indeed particular countries, regions or
communities as a whole) may not have the authority to access their definitions, such that
even data that is accessible after authentication via A1.2 may not be useful to an agent
that has no authority to access the concept definitions used within that data.

Ontologies defined in the “Web Ontology Language” (OWL) and shared via a publicly

®
accessible registry (e.g. BioPortal for life science ontologies ) are examples of formally

represented, accessible, mapped, and shared knowledge representations in a broadly ‘@ @@@\

applicable language for knowledge representation, that are also compliant with the

Findability requirements of FAIR, since BioPortal provides a machine-accessible search
interface.
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intent of that label (Body temperature? Melting temperature?) and the contexts within The indicator req uires the vocabulary used for the metadata to conform to the

FAIR principles, and at least be documented and resolvable using globally
unique and persistent identifiers. The documentation needs to be easily

findable and accessible.

which it can be properly linked — same-with-same - to other similarly-labelled data. 12,
therefore, requires that the vocabulary terms used in the knowledge representation
language (principle 1) can be sufficiently distinguished, by a machine, to ensure detection

of “false agreements” as well as "false disagreements . The indicator can be evaluated by verifying that each of the vocabularies used

in the metadata is documented and resolvable using globally unique and

2) Implementation considerations persistent identifiers, with the documentation being easily findable and
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instance, the units of measure, classifications, and relationship definitions are themselves Wi" beincludedinthe documentation of the digital object or the repository where
FAIR. Thesauri that are proprietary and not universally accessible should be avoided itis kept-

wherever possible, because machines (and indeed particular countries, regions or
communities as a whole) may not have the authority to access their definitions, such that
even data that is accessible after authentication via A1.2 may not be useful to an agent
that has no authority to access the concept definitions used within that data.

Ontologies defined in the “Web Ontology Language” (OWL) and shared via a publicly

®
accessible registry (e.g. BioPortal for life science ontologies ) are examples of formally

represented, accessible, mapped, and shared knowledge representations in a broadly ‘@ @@@\

applicable language for knowledge representation, that are also compliant with the

Findability requirements of FAIR, since BioPortal provides a machine-accessible search
interface.
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Ontologies defined in the “Web Ontology Language” (OWL) and shared via a publicly
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accessible registry (e.g. BioPortal for life science ontologies ) are examples of formally
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applicable language for knowledge representation, that are also compliant with the

Findability requirements of FAIR, since BioPortal provides a machine-accessible search
interface.
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3.3.3 Principle 13: (meta)data include qualified references to other (meta)data

1) Interpretation

An important aspect of FAIR is that data or metadata, generally speaking, does not exist
in a silo — we must do what is necessary to ensure that the knowledge representing a
resource is connected to that of other resources to create a meaningfully interlinked
network of data and services. A “qualified reference” is a reference to another resource
(i.e, referencing that external resource's persistent identifier), in which the nature of the
relationship is also clearly specified. For instance, when multiple versions of a metadata
file are available, it may be useful to provide links to prior or next versions using a named
relation such as “prior version” or “next version” (preferably using an appropriate
community standard relationship that itself conforms to the FAIR principles). In the case
of data, imagine a dataset that specifies the population of cities around the world. To be

FAIR with respect to principle I3, the data could contain links to a resource containing city

@®
data (e.g., Wikidata [26]), geographical and geospatial data, or other related domain

resources that are generated by that city, so long as they are properly qualified
references using meaningful, clearly-interpretable relationships. It is also important to
note that many different metadata files (containers) being FAIR digital resources in
themselves, can be pointing to the same “target” object (a data set or a workflow for
instance). We can for instance have intrinsic metadata (“what is this”) and how was it
created (provenance type metadata) as well as “secondary” metadata that are for
instance created (separately and later in time) by reusers of a particular digital resource.
These could all be metadata containers essentially describing the same digital resource
from different perspectives. This principle therefore also relates to the good practice to
clearly distinguish between metadata (files/containers) and the resources they describe.

I3 RDA-I3-01M
13 RDA-13-01D
13 RDA-13-02M
13 RDA-13-02D
13 RDA-13-03M
13 RDA-13-04M

Metadata includes references to other metadata

Data includes references to otherdata

Metadata includes references to otherdata

Data includes qualified references to otherdata

Metadata includes qualified references to other metadata

Metadata include qualifiedreferences to otherdata

2) Implementation considerations

The considerations and choices made here are based on the same reasoning as the
decisions made for principle 12. Vocabularies (often formal ontologies) of both concepts
and relationships exist, and an appropriate relationship should either be selected from
one of these, or “coined” and properly published following the FAIR Principles.

It is worth noting as an example that several “upper ontologies” such as the

SemanticScience Integrated Ontology have a wide range of precisely-defined

relationships that can be used as-is, or as a starting-point for a newly-minted relationship
that is more specific than the one provided in the upper-ontology. The benefit of
“inheriting” from higher-level relationships is that agents capable of understanding these
higher level concepts, can infer at least a basic interpretation of the intent of the new
relationship coined within the community, and therefore enhances interoperability.

@ ITIN=RIS

<Malaria><is associated with><Mosquitoes>

<Malaria><is transmitted by><Mosquitoes>

Important
Useful
Useful
Useful
Important

Useful
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3.4.2 Sub-Principle R1.1: (meta)data are released with a clear and accessible data usage

Iicense IVIVCUTUIVUUILU NIVIVUVSDSY NMINTVITIITITULAIVITUIVVUVL L1 NIV LIV U IV e VB Ltaa wsa e
_ R1.1 RDA-R1.101M Dbereused ®9® Essential
1) Interpretation
R1.1 RDA-R1.1-02M Metadata refersto a standard reuse licence 00 Important
Digital resources and their metadata must always, without exception, include a license . , -
R1.1 RDA-R1.1-03M Metadata refersto a machine-understandablereuse licence DD Important

that describes under which conditions the resource can be used, even if that is
“unconditional’. By default, resources cannot be legally used without this clarity. Note also
that a license that cannot be found by an agent, is effectively the same as no license at

[
all. Furthermore, the license may be different for a data resource and the metadata that creatlve
describes it, which has implications for the indexing of metadata v.v. findability. This is a com m o n s
to digitally facilitate an operation (for instance a smart contract). Thus, the absence of a @ @ @ @ @ @
license does not indicate “open”, but rather creates legal uncertainty that will deter (in k@-“ L@mm; L@‘EIEJ

fact, in many cases legally prevent) reuse. Note also that the combination of resources

with restrictive license conditions may lead to adverse effects, and ultimately preclude the '@ @@ \ ‘@@@@| I@ \

use of the combined resources. In order to facilitate reuse, the license chosen should be

as open as possible. '@ @@ | |@ @ @ @

2) Implementation considerations

A current challenge is that there is currently no well-defined relationship(s) that can be |@ @ ‘ ‘@ @@ \

used to distinguish a license that applies to the data being described, versus a license

clear public domain statement, an equivalent such as terms of use or computer protocol

that applies to the metadata record itself, resulting in potential ambiguity in the
interpretation of a license referred-to in the metadata record. Current choices are for
communities to choose which usage license(s) or licensing requirements to reusable
digital resources as well as to their metadata for its own purposes, but also consider
broader reuse than originally anticipated or intended.

18

There are good reasons for choosing a CCO license for data ~ and these considerations

should be assessed, alongside all other considerations, when a community decides on the ‘ @ @@@\

license they wish to apply. It is critical, however, that a license is chosen. The community

should then ensure that a qualified link to that license is contained in the metadata record.

T ——— R
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3.4.2 Sub-Principle R1.1: (meta)data are released with a clear and accessible data usage
license

. R1.1

1) Interpretation
R1.1
Digital resources and their metadata must always, without exception, include a license R1.1

that describes under which conditions the resource can be used, even if that is
“unconditional’. By default, resources cannot be legally used without this clarity. Note also
that a license that cannot be found by an agent, is effectively the same as no license at
all. Furthermore, the license may be different for a data resource and the metadata that
describes it, which has implications for the indexing of metadata v.v. findability. This is a
clear public domain statement, an equivalent such as terms of use or computer protocol
to digitally facilitate an operation (for instance a smart contract). Thus, the absence of a
license does not indicate “open”, but rather creates legal uncertainty that will deter (in
fact, in many cases legally prevent) reuse. Note also that the combination of resources
with restrictive license conditions may lead to adverse effects, and ultimately preclude the
use of the combined resources. In order to facilitate reuse, the license chosen should be
as open as possible.

2) Implementation considerations

A current challenge is that there is currently no well-defined relationship(s) that can be
used to distinguish a license that applies to the data being described, versus a license
that applies to the metadata record itself, resulting in potential ambiguity in the
interpretation of a license referred-to in the metadata record. Current choices are for
communities to choose which usage license(s) or licensing requirements to reusable
digital resources as well as to their metadata for its own purposes, but also consider
broader reuse than originally anticipated or intended.

®
There are good reasons for choosing a CCO license for data and these considerations
should be assessed, alongside all other considerations, when a community decides on the
license they wish to apply. It is critical, however, that a license is chosen. The community
should then ensure that a qualified link to that license is contained in the metadata record.

T —— L

@ ITIN=RIS

IVIVITUIVUULUL MIVIVUSDS D ITINTVITTITUALIVITUVVUL LTI W TV UG TRV e s La wsa e

RDA-R1.1-01M bereused @0® Essential
RDA-R1.1-02M Metadata refersto a standard reuse licence Q0 Important

RDA-R1.1-03M Metadata refersto a machine-understandable reuse licence ale Important

creative
commons

ouomficoecliorols
Grocifcoceliomem
Grociiouculomem
el Ee

How would we make
“machine-readable” licenses?
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Metadata includes provenance information according to community-specific

3.4.3 Sub-Principle R1.2: (meta)data are associated with detailed provenance

1) Interpretation

R1.2 RDA-R1.2-01M standards 0 Important
Detailed provenance includes facets such as how the resource was generated, why it was Metadata includes provenance information according to a cross-community
generated, by whom, under what conditions, using what starting-data or source-resource, R1.2 RDA-R1.2-02M language - Useful

using what funding/resources, who owns the data, who should be given credit, and any
filters or cleansing processes that have been applied post-generation. Provenance
information helps people and machines assess whether a resource meets their criteria for
their intended reuse, and what data manipulation procedures may be necessary in order
to reuse it appropriately.

2) Implementation considerations

Current choices are for communities to choose a set of metadata descriptions to optimize
provenance to optimally enable machine and human reusability for its own purposes.
These choices, and, as argued before the richness of the provenance associated with a
digital resource will strongly influence its actual reuse. Therefore, the implementation
considerations for implementing according to this principle are inherently the same as
described for principle F2, but now more focused on appropriateness for reuse than on
findability per se.

Provenance descriptions can for instance be implemented following community specific
templates according to the PROV-Template 2 approach. These templates allow to C E D A R WO I‘kben(:h @ @
predefine the structure of the intended collection of provenance information using

variables which are later instantiated with appropriate data extracted from existing https / / metadatacente I. Org Mam
process output. Such templates also reduce the burden on community members to

deeply understand the highly structured PROV ontology, and the well-defined data

structures that emerge from its use - that is to say, PROV should not be treated as a

simple vocabulary from which terms can be selected, but rather as a model that
constrains how those terms must be used in relation to one another. Several early tools

are under development to make the construction of FAIR metadata easier, including for @ @@@

@0 @D
instance CEDAR , CASTOR and the knowledge models in the Data Stewardship

@2
Wizard [24].
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Metadata includes provenance information according to community-specific

1) Int tati
) Interpretation R1.2 RDA-R1.2-01M standards e Important ‘

|

Detailed provenance includes facets such as how the resource was generated, why it was Metadata includes provenance information according to a cross-community
generated, by whom, under what conditions, using what starting-data or source-resource, R1.2 RDA-R1.2-02M language 0 Useful

using what funding/resources, who owns the data, who should be given credit, and any %
filters or cleansing processes that have been applied post-generation. Provenance

information helps people and machines assess whether a resource meets their criteria for

their intended reuse, and what data manipulation procedures may be necessary in order

to reuse it appropriately.

2) Implementation considerations

Current choices are for communities to choose a set of metadata descriptions to optimize Exa m p I e S Of p rOVE n a n Ce i nfO r m at i O n ?

provenance to optimally enable machine and human reusability for its own purposes.
These choices, and, as argued before the richness of the provenance associated with a
digital resource will strongly influence its actual reuse. Therefore, the implementation
considerations for implementing according to this principle are inherently the same as
described for principle F2, but now more focused on appropriateness for reuse than on
findability per se.

Provenance descriptions can for instance be implemented following community specific
templates according to the PROV-Template 2 approach. These templates allow to C E D A R WO I‘kben(:h @ @
predefine the structure of the intended collection of provenance information using

variables which are later instantiated with appropriate data extracted from existing https / / metadatacente I. Org Mam
process output. Such templates also reduce the burden on community members to

deeply understand the highly structured PROV ontology, and the well-defined data

structures that emerge from its use - that is to say, PROV should not be treated as a

simple vocabulary from which terms can be selected, but rather as a model that
constrains how those terms must be used in relation to one another. Several early tools

are under development to make the construction of FAIR metadata easier, including for @
instance CEDAR , CASTOR
QZ:
Wizard [24].
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3.4.4 Sub-Principle R1.3: (meta)data meet domain-relevant community standards

. Data is expressed in compliance with a machine-understandable
1) Interpretation R1.3 RDA-R1.3-02D communitystandard ®®  |mportant

Where community standards or best practices for data archiving and sharing exist, they
should be followed. Several disciplinary communities have defined Minimal Information
Standards describing most often the minimal set of metadata items required to assess

Home > Advancesin Conceptual Modeling > Conference paper

the quality of the data acquisition and processing and to facilitate reproducibility. Such

standards are a good start, noting that true (interdisciplinary) reusability will generally Reusable FAIR Implementation Profiles as
R Accelerators of FAIR Convergence
require richer metadata. For a list of such standards, consult FAIRsharing . Conference paper | First Online: 22 December 2020

pp 138—147 | Cite this conference paper

2) Implementation considerations

Advances in Conceptual Modeling

Current choices are for a community to choose which practices to use for data and

metadata, taking into full consideration the relevant inter-domain interoperability R
requirements. Communities must then take-on the challenge of deciding which metadata FAIR Im plementation Commun ity
elements, addressed within their community's “boutique” standard(s), should be
additionally represented using a more global standard (principles F2 and R1.2), even if this ——— FAIR Enabling Resource
results in duplication of metadata, such that it can be used for search and interpretation  FAIR Enablin g Resource
by more generic, third-party agents. _____ FAIR Enab ling Resource
An example of minimal information standards is the MIAME standard [27], and various —— FAIR Enabling Resource
metadata profiles have been defined on top of specifications (e.g. various DCAT profiles). ——— FAIR Ena bling Resource
— —— FAIR Enabling Resource
—— FAIR Enabling Resource
—— FAIR Enabling Resource
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« Panda Bear reads about research in Science (F)
 PB requests a copy of the data (A)
« BB assumes (wishes) the data are already in the Science article (assumes data
are FAIR)
 PB indicates that the data are not there (they are not FAIR)
« BB is not sure where the data are (a USB drive... in a box at home... so many
boxes) (F, A, 1)
« BB 7 months to locate (F) sends only copy to PB (risking A)
« BB has ‘complied’ with the request for data but...
e layers of idiosyncratic coding (specialized software is required to decode
the hexidecimal notation) ()
« software not supported since 2007 (F, A, R)
 Semantically empty field names (SAM1, SAM?2, ...) with no documentation
(not even in the Science publication) (I, R)
e Personnel point of failure: graduate student who moves back to China (I, R)
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