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FAIR PRINCIPLES — TECHNOLOGY-RELATED

Findable:

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

F2. data are described with rich metadata;

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

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

Interoperable:

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

12. (meta)data use vocabularies that follow FAIR principles;

13. (meta)data include qualified references to other
(meta)data;

Accessible:

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

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

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

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

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;



FAIR PRINCIPLES — SOCIAL CONTRACT—RELATED

Findable:

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

F2. data are described with rich metadata;

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

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

Interoperable:

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

12. (meta)data use vocabularies that follow FAIR principles;

13. (meta)data include qualified references to other
(meta)data;

Accessible:

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

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

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

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

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;
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Warnat-Herresthal, S., Schultze, H., Shastry, K.L. et al. Swarm Learning for decentralized and confidential clinical machine



Fig.1

The Ogden Triangle — Concepts versus words

Unique ID
Concept
The relations between the corners:
1. Object evokes Concept (in writer’s or
speaker’s mind)
2, Writer/speaker uses Token to refer to
Object
3. Token evokes Concept (in reader’s or
listener's mind)
4. Reader/listener refers Token back to Object
‘cancer’
Token or word or icon: Object
‘cancer’
Malignant Neoplasms
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C0O-265
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unit of thought
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Nanopub schema: https://nanopub.org/nschema
A nanopub example https://np.petapico.org/RABv2ScODOVIRskTF3WaOQhc8gtly0 MtEVzDKPIitRPaRo#FDO
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The Comparative Anatomy of
Nanopublications and FAIR Digital Objects

nanopublication

» Erik Anthony Schultes, Barbara Magagna, Tobias Kuhn, Marek Suchanek, Luiz Olavo Bonino da
Silva Santos, Barend Mons

assertion
Abstract - T

Beginning in 1995, early Internet pioneers proposed Digital Objects as encapsulations of data provenance
and metadata made accessible through persistent identifier resolution services (Kahn and

Wilensky 2006). In recent years, this Digital Object Architecture has been extended to include . . .
S - . publication info

the FAIR Guiding Principles (Wilkinson et al. 2016), resulting in the concept of a FAIR Digital

Object (FDO), a minimal, uniform container making any digital resource machine-actionable. \ ¢

Intense effort is currently underway by a global community of experts to clarify definitions

around an FDO Framework (FDOF) and to provide technical specifications (FAIR DO group 2020,
FAIR Digital Object Forum 2020 , Bonino da Silva Santos (2021)) regarding their potential
implementation.

Beginning in 2009, nanopublications were independently conceived (Groth et al. 2010) as a
minimal, uniform container making individual semantic assertions and their associated
provenance metadata, machine-actionable. They represent minimal units of structured data as
citable entities (Mons and Velterop 2009). A nanopublication consists of an assertion, the
provenance of the assertion, and the provenance of the nanopublication (publication info).
Nanopublications are implemented in and aligned with Semantic Web technologies such as RDF,
OWL, and SPARQL (World Wide Web Consortium (W3C) 2015) and can be permanently and
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hasType
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F/11R Based on the hourglass model of the current Internet and where possible its running infrastructure

Technical: FAIR Digital Objects Operational: Machine Actionable Units of Information ~ Visual for Lay People: Machines know what it means (FAIR)

Machines

Web Applications (Machines and Man) Web of FAIR data and Services

(Portals, services, VMs, FDT)

Machine Actionable Units of Information at the core

IT infrastructure able
To handle trillions of FDQO'’s
As MAUI’s

ICT infrastructure (Internet based)

Based on early implementation choices congruent with the original FAIR guiding principles
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DO (container) DO (container)

type= metadata

type= metadata
class = provenance

class = pub info

Publication info

GUPRI
for the container DO (container)

type= assertion
class= nanopub




Fig.8

~ GUPRI
for each container

DO (container)

type= metadata
class = provenance

DO (container)

type= metadata
class = pub info

1-n Publication info containers

GUPRI
for the container DO (container)

type= assertion
class= CA




Fig.9

provenance

A

A nanopublication is the smallest meaningful assertion,
minimally one Subject-Predicate-Object triple

S,P, & O are all concepts and thus all have Unique,

Persistent and Resolvable Identifiers. Many nanopublications are

provenance

small graphs with multiple triples forming the assertion /

B

Two nanopublications representing the same meaningful assertion,
..e. the Subject-Predicate-Object triples are identical

may have different provenance (they come from different sources)
They each have their Persistent and resolvable |dentifier.

and different provenance graphs

/

provenance

provenance
== GUPRI

Towards Computational Evaluation of Evidence for Scientific Assertions with Nanopublications and Cardinal Asserti(m
‘ : A Gibson, JCJ Van Dam, EA Schultes, M Roos, B Mons

Proceedings of the 5th International Workshop on Semantic Web Applications ...

The value of data
B Mons, H van Haagen, C Chichester, JT den Dunnen, G van Ommen, ...
Nature genetics 43 (4), 281-283

A Cardinal Assertion is one assertion that is linked to 1-n
provenance graphs (up to thousands in some cases)




Fig.10

provenance

Multiple different cardinal Assertions™
with the same subject

CA2 @
CA3 @@V
CA4 O——

CAT

form a —— Knowlet
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GUPRI's and Provenance not depicted for simplicity reasons
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Diagnosis, Prevention, and Treatment of
Thromboembolic Complications in COVID-19: Report of
the National Institute for Public Health of the
Netherlands
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COVID-19: can glutathione (GSH) help to reduce
severe symptoms?
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Cytokine-Targeted Therapy in Severely ill COVID-19 Patients:
Options and Cautions
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/ %‘“g, World Health
i % Organization

Interim case reporting form for 2019 Novel Coronavirus (2019-nCoV)
of confirmed and probable cases
WHO Minimum Data Set Report Form

Date of reporting ta national health authority: L0 1L 1A JLV VLY IL L L

Reporting institution

Reporting country:

Case classification: Confirmed Probable

Detected at point of entry No oYes o Unknown If yes, date (0_JL0_ LY ILHVL LY LY

Section 1: Patient information

Unique Case Identifier (used in country)

Date of Birthe [_°JL0 WLV LV VL JL L L] or estimated age: [_J[_I[_] in years
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Sex at birth & Male Female

Place where the case was disgnosed: Country:

concentrations (pg/mi)
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