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A Framework for Distributed Digital Object Services

Robert Kahn
Corporation for National Research Initiatives

Robert Wilensky
University of California at Berkeley

May 13, 1995
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1. Introduction

This document describes fundamental aspects of an infrastructure that is open in its architecture and which supports a
large and extensible class of distributed digital information services. Digital libraries are one example of such
services; numerous other examples of such services may be found in emerging electronic commerce applications.
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.

We use the term digital object here in a technical sense, to be defined precisely below. Files, databases and so forth
that one may ordinarily think of as objects with a digital existence are not digital objects in the sense used here, at
least not until they are made into an appropriate data structure, etc., as we will describe shortly.

Only the most basic elements of the infrastructure are described herein. These elements are intended to constitute a
minimal set of requirements and services that must be in place to effect the infrastructure of a universal, open, wide-
area digital information infrastructure system ("the System"). We anticipate that many other services and elaborations
will come into existence as the System is further developed, either building upon or otherwise added to these
elements.
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2016 Costs of Data Inefficiencies

What data scientists spend the most time doing

3% 5%
4%

® Building training sets: 3%
® (leaning and organizing data: 60%
® (ollecting data sets; 19%
Mining data for patterns: 9%
® Refining algorithms: 4%
® Other: 5%

79% of data scientists time spent doing data preparation.
4 days per week Is for data prepartion.
-1 pay per week is for science.

http://visit.crowdflower.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf



Lorentz

center | Jointly Designing a Data FAIRPORT

Workshop: 13 - 16 January 2014, Leiden, the Netherlands

e — ———— —

« Scott Lusher, NLeSC Amsterdam
. BarendMons Lelden UMC

I =~

| e

I

I

I

I

I

l — o ’

I

:

Topics | «+ Towards a Modular Blueprint :

| ‘Floor-plan’ of a Safe and Falr Data o AT e

| Stewardship, Trading and Routing g

I Environment

I

| « APublic Private Partnership to

Ensure Long Term Solutions for

: Data In the eSclence Era.

' -

I

I /

! | ;

: / : ) < -

i -, »-5

: /,/ ~ z

I

I v The Lomntz Cantar is an Imermaticnal
_.:_—_—l wnhmzxgxhsa:sn:;?

v ————: atmosphas that fiostors collaboratve
‘ \ “_ —_—_’ work, discussions and Intencions.
\ =) For registration soa wwwolorentzntaend
\ e -—: S

e docr wprhow adon M

;...@‘... FOM @/eh/lr DTL|‘1 mw NJ?O____“%

rent z center




2016

nature > scientificdata > comment > article

SCIENTIFIC D AT A,

Comment OPEN Published: 15 March 2016

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, Merce 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, R - *-* *=——=
Kok, Scott J. Lusher, Maryann E. Martone, Albert Mons, Abel L. Packer, Bengt Persso
Serra, Marco Roos, Rene van Schaik, Susanna-Assunta Sansone, Erik Schultes, Thiet Google Scholar February 18, 2020
Slater, George Strawn, Morris A. Swertz, Mark Thompson, Johan van der Lei, Erik val Total citations Cited by 2249 1049
Velterop, Andra Waagmeester, Peter Wittenburg, Katherine Wolstencroft, Jun Zhao {
Mons - Show fewer authors 606 I
299
Scientific Data 3, Article number: 160018 (2016) Download Citation £ 70 I 167
- -

2016 2017 2018 2019 2020




2016

nature > scientificdata > comment > article

SCIENTIFIC D AT A,

Comment OPEN Published: 15 March 2016

The FAIR Guiding Principles for scientific Data and
data management and stewardship services that

Mark D. Wilkinson, Michel Dumontier, IJsbrand Jan Aalbersberg, Gabrielle Appleton, Myles Axton, Arie a re

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, fl n dab le ’
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 acceSS] b le ’

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 ] nte ro pe rab le 9

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 re - U Sab le

Mons - Show fewer authors
both for

Scientific Data 3, Article number: 160018 (2016) Download Citation £ .
machines and

for people.



2016

nature > scientificdata > comment > article

Vv

Comment OPEN Published: 15 March 2016

The FAIR Guiding Principles for scientific
data management and stewardship

Mark D. Wilkinson, Michel Dumontier, |Jsbrand Jar

Box 2 | The FAIR Guiding Principles

Baak, Niklas Blomberg, Jan-Willem Boiten, Luiz Bo

Bouwman, Anthony J. Brookes, Tim Clark, Mercé C | To be Findable: , , _ _ _
F1. (meta)data are assigned a globally unique and persistent identifier

Chris T. Evelo, Richard Finkers, Alejandra Gonzalez | F2. data are described with rich metadata (defined by R1 below)
, ' F3. metadata clearly and explicitly include the identifier of the data it describes
Goble, Jeffrey S. Grethe, Jaap Heringa, Peter AC't | F4. (meta)data are registered or indexed in a searchable resource

Kok, Scott J. Lusher, Maryann E. Martone, Albert M To be Accessible:

Serra. Marco Roos. Rene van Schaik. Susanna-Assu | ALl (meta)data are retrievable by their identifier using a standardized communications protocol
' ' ' Al.1 the protocol is open, free, and universally implementable
Slater, George Strawn, Morris A. Swertz, Mark Thon | 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
Velterop, Andra Waagmeester, Peter Wittenburg, K

To be 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

Scientific Data 3, Article number: 160018 (2016) 13. (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
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Box 2 | The FAIR Guiding Principles

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.1 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:

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

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
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To be Findable:
F1. (meta)data are assigned a globa

F2. data are described with rich me . . .
F3. metadata clearly and explicitly ij M4M #2: Preclinical Trials + M4M #3: Funders

F4. (meta)data are registered or indé | Jan142019

Home > Events » M4M #2: Preclinical Trials + M4M #3: Funders

To be Accessible:
Al. (meta)data are retrievable by th SOORNIR
Al.1 the protocol is open, free, and
Al.2 the protocol allows for an auth
A2. metadata are accessible, even w

To be Interoperable:
11. (meta)data use a formal, accessik:
12. (meta)data use vocabularies that
13. (meta)data include qualified refer

ion.

To be Reusable: Making it easy for humans to make metadata for machines

R1. meta(data) are richly described \
R1.1 (meta)data are released with a Following the Inaugural M4M Workshop (October 15-16 2018, Leiden), members from GO

R1.2. (meta) data are associated with FAIR and RDA are supporting back-2-back M4M Workshops to create machine-actionable
R1.3. (meta) data meet domain-relev metadata for the Preclinical Trials Research Community (#2) and for Scientific Funders (#3).
Participants include: members from the Preclinical Trails and Funders communities and
metadata experts from the Centre for Extended Data and Annotation and Retrieval.

At 12.00 there will be a social lunch hosted by GFISCO
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2017 What FAIR is not...

FAIR is not a standard
FAIR is not only semantic web / LOD
FAIR is not equal to ‘Open’ or ‘Free’
Data are often Open (Access) but not FAIR
Some data can never be Open, yet be perfectly FAIR

By design, FAIR is not explicit about data quality,
trustworthiness, responsibility, ethics, etc.

Cloudy, increasingly FAIR; revisiting the FAIR Data guiding principles
for the European Open Science Cloud DOI: 10.3233/ISU-170824
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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




Technical infrastructure (generic operations)
Data (domain-specific content)

Box 2 | The FAIR Guiding Principles

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.1 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:

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

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 dpiailed=Rsamanance
R1.3. (meta)data meet domain-relevan tandards
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The hard problems are social
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There are no fundamental
technology barriers to FAIR
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The hard problems are social
Community Agreements
*Choices
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Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility

George Strawn, US National Academy of Sciences

February 2018
https://www.rd-alliance.org/sites/default/files/Common_Patterns_in_Revolutionising_Infrastructures-final.pdf
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@ Implementation

e Rough consensus, running code

e Minimal standard + Freedom to operate
e Voluntary participation

e Critical mass of users



Convergence: Internet

o )
5 c =y © B I
. o = 05 &/
5 @ £ ) S
- o— - — ‘ - x
> o £ N - N
S © E4 O x -
L VD w €
) email WWW phone... \“L
o | SMTP HTTP RTP.. / &
e — -

ethernet PPP..

( CSMA async sonet...‘\

! copper fibre radio... !




Convergence: Datanet

convergence
exploitation

Internet of FAIR
Data and Services




Convergence: Datanet

vision
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Internet of FAIR
Data and Services

Box 2 | The FAIR Guiding Principles.

To be Findable:
FL. (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 prot
AL1 the protocol is open, free, and universally implementable

AL2 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:
11. (meta)data use a formal, accessible, shared, and broadly applicable language for knowl
12. (meta)data use vocabularies that follow FAIR principles

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

presentation.

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
R13. (meta)data meet domain-relevant community standards

2014
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Box 2 | The FAIR Guiding Principles.

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 sing a standardized communications protoed

AL1 the protocol is open, free, and universally implementable

AL2 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:

11. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledg@llepresentation.

12. (meta)data use vocabularies that follow FAIR principles
13. (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

R13. (meta)data meet domain-relevant community standards
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Box 2 | The FAIR Guiding Principles.

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 sing a standardized communications protoed

AL1 the protocol is open, free, and universally implementable

AL2 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:

11. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledg@llepresentation.

12. (meta)data use vocabularies that follow FAIR principles
13. (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

R13. (meta)data meet domain-relevant community standards

2014 2018
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Coordinating decisions to optimize FAIR Implementation

Box 2 | The FAIR Guiding Principles
To be Findal bI
F1. (me t )d ta ssigned a globally unique and persistent identifier
F2. dat. d bdwhrchmed a (define dblewa)
F3. m t d I \y d nclude th d ntifier f h d describes
F4. (meta )d regist d d ed in rchable
To be Acc ble:
Al. (meta )d vable by thei d tifier using a standardized communications protocol
Al.1 the pro t f e, and un IIy impleme t bI
Al.2 the prof t F authe t t d uthorizatiol p ocedure, where necessary
A2. metadata ssible, even when the d e no Iong ailable
To be Inter roper bI
11. (meta)dat: formal ssible, shared, a d broadly applicable language for knowledge repre:
12. (meta)dat: vocabulari h f ||ow FAIR principles
13. (meta)dat: Id e qua Iﬁd efere s to other (meta)dat
To be Reusable:
R1. mt(dt) hlyd bdwth pl Ity of a and r I t attributes
Rll(mt)dt Ieasd with a clear and a bI dt sage lic
R1.2. (meta)dat dW|hd Idp
R1.3. (meta)data meet d lomain-relevant communi y d rds
R — T—

Domain
Communities

( Implementation ) 4 Implementation )

Choice A matrix of : Challenge

Community chooses to re-use Communities x Resources Community accepts challenge to
Qmplement FAIR * )

exi_sting resources as needed create new resources as needed to
\ to implement FAIR

'

(Declaration / Registration)

Optimal
Reuse

* every “choice” was once a “challenge”



Survey https://docs.google.com/forms/d/10ug6GowuG1jNZNsjkIXOeEvPbUrhyuS_F-d185S0y6A/edit
Kristina Hettne, CDS University Library

InChiKey

canonical SMILES

SUBJECT PREDICATE OBJECT InChl
name of IN (UPRI) has-coordinator ORCID
name of IN (UPR)  has-participant ORCID PubChem CID
has-member-organisation VIVO / CrossRef
name of IN PR _ ChemSpider ID
name of IN (UPRI) uses-repository CTS?
name of IN (UPR])  USes-registry-service PW? F1 isomeric SMILES
name of IN (UPRI) provides-registry-service F1
name of IN (UPR])  uses-data-format format-PID F2 ChEBI ID
name of IN (UPRI)  Provides-data-format format-PID F2 CAS Registry Number
name of IN (UPRI) provides-access-protocol format-PID A1
name of IN (UPRI)  Uses-access-protocol protocol-PID A1 UNII
name of IN (UPRI) has-persistence-policy policy F1/ A2 ChEMBL 1D
name of IN (UPRI) is found by Search engine F4
name of IN (UPRI)  Uses-term-system Term System-PID | DSSTOX substance identifier
name of IN (UPRI) provides-term-system Term System-PID [
name of IN (UPRI) uses-license MR-license ID R1.1 ECID
uses-metadata-format format-PID
it R1.2 Beilstein Registry Number
name of IN (UPRI) provides-meta-data-format Format-PID R1.2
name of IN (UPR])  Provides-training-material Resource-ID KEGG ID
name of IN (UPRI) uses-uses-training-material Resource-ID
name of IN (UPRI) provides-DS-tools Resource-ID ECHA InfoC ard 1D
name of IN (UPRI) uses-DS-tools Resource-ID Dru’_)h ank 1D
name of IN (UPRI) uses-workspace-tool Resource-ID
Provides-workspace-tool Resource-ID Guide to Pharm acology Ligand ID

name of IN (UPRI)
40 b"."r:”)
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F/IIR IN Profile Matrix

Survey https://docs.google.com/forms/d/10ug6GowuG1jNZNsjkIXOeEvPbUrhyuS_F-d185S0y6A/edit

IN Profile Matrix 0

File Edit View Insert Format Data Tools Add-ons Help

All changes saved in Drive

January 15-16, Leiden

Matrix https://docs.google.com/spreadsheets/d/1MUZn7uh4x5YLPjgxi-V8XubsSEEonQWvx2jBlcyyNdU/edit#gid=0
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fx
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FAIR Implementation Matrix
On the OSF https://osf.io/n7uwp/
Red indicates waist of hourglass
Blue is an Implementation Choice
Green highlight indicates a service provided by the IN or spin-off
Blank cell is not relevant for IN
FAIR Principle Services Component Most used C2CAMP OPEDAS PHT Rare-Diseases GERI
central to all DOIP DOIP DOIP DOIP DOIP DOIP
central to all Metadata format RDF RDF RDF
central to all Metadata access protocol LDP/FDP LDP/FDP LDP/FDP
central to all Metadata core elements TBD on M4M -
Technology Data Format RDF for interop. RDF for interop. RDF for interop.
Technology Data Access Protocols (MR/A) _ PHT-standard PHT-standard
Technology Computer-actionable license description language RDF RDF RDF
Tooling Repository (Data/Metadata) DONA IFDS Data Station IFDS Data Station ERN?
Tooling(Repository) https://www.dataone.org -
Tooling Registry Service DONA IFDS Station Registry IFDS Station Registry ERN?
tooling Metadata forms/creators CEDAR/CASTOR
Tooling Search capability DOIP IFDS Station Registry IFDS Station Registry IFDS Station Registry
Policy Persistence Policy
Technology Computer-actionable policy description language RDF RDF RDF
Tooling License protocols
Tooling Training Materials 41 Training-IN Training-IN EJP



Community FAIR Implementation Choices & Challenges
https://osf.io/l4v9pm/

RD-Connect
platform

Identifiers.or
9

Sample
Catalogue

— repository

S
@ <l ‘
\ 57
ak
o N N i, [
! LI
X Standards... .
v l L'. v " —um_mumuo.
\\ (Tl o\
NEA
N 2

[
L\ (=< &
A= D
oo e ket Gt Wl —
: |y B L S

. & ) % = e i)
) » € == "\

ege] >
| I — |
| T |

uses_metadata_f.

—
|

‘ -
vnm ‘ J
4
Agroportal uses_license NOMAD.
map of
standards
sses temsystem| - 0 H

 ——
m -
S——

uses. ] NOMAD
C S metadata
schema.

A — O
&
N N\ !
4 b/ Ny
% e | N/ ]
- e E=x
Wl =T S
N |
/\
e o Lo
N s (oot '

ISIDORE
SPARQL
endpoint.

NOMAD.
metadata NOMAD.
conceptual repository
‘model search

_metadata..

N e

uses_DS. ools

s —Dxee regsn.ser |
cadataner
Common
jocabtanes

Tl

N
e
===

Joni

s
v
| N e ~—
/A R— | |
" SeaDataet
eposiory

INs

Resource

Pangea
Taxon

CE
Shared resource =

Verba Alpina

N

Pangaca

Kristina Hettne, CDS University Library



Matrix Development
June 13 2019

Y
?ﬁ% A

Peter Wlttenburg Tobias Kuhn

;::."G')L':?%’ e — A, .30 v of s bt . \ T
AR Umversueltm i - L/ TECHNICAL
&) Leiden V UNIVERSITY

T PRAGUE
,.,RE.SE‘?R(H DATA AillIA,II(E

/~ nanopublication "\ UNIVERSITY OF

0), 401D

assertion

— & DSW | FAIRsharing.org

{ <> standards, databases, policies

Sy saMAX-PLANCK-GESELLSCHAFT

pUblication info DATA STEWARDSHIP WIZARD

\_ I ) N S

ENVRI-FAIR

KICK OFF MEETING

Barbara Magagna Hotel International Prague, Czech republic
January 14-16, 2019

A~

u mwe;l }“ ln de S .Lmt\ »\I‘lligister at www.envri.eu

ENVIRONMENT AG YAUS’!R




FAIR Experts

Preparing the
Questionnaire

Community

£

(1)

(2)

Matrix Wizard Interface

Convergence Matrix
Questionnaire:

| Questions prompting

Implementation Choices

A

Creating the

Knowledge Model

(4)

Spokesperson W
fills-in the

Questionnaire J

(3)

FAIRsharing

E//xflgsharmgorg

smarcaccs, cataszses, polc es

Provide identifers for
standards, policies and
databases for
autocomplete

FAIR Convergence Matrix

Nanopublications

Nanopublication Server Network

Y

Nanopublications

/~  nanopublication \

assertion

publication info

Make w
»-| nanopublications

B

- i /

s

Store

>

serialisation J
\_

nanopublications

Analyses and
Visualisations

(6)

(7)

(8)



FAIR Convergence Matrix

Trusted 3rd party endorsement
of FAIR best practices
(2)

Matrix Wizard Interface

(3) "WILEY

1
( ) | ;' FAIRsharing T ZO n M W

'
Convergence Matrix N\
Preparing the Questionnaire: Creating the FA |R§baa“r(|ap %%’ g ~
Questionnaire | Questions prompting Knowledge Model
Implementation Choices —

Provide identifers for
standards, policies and

databases for

Community autocomplete

Nanopublications Nanopublication Server Network

/~  nanopublication \

(4)

Spokesperson . assertion
fills-in the

L ]
Questonare ) | provenance |

publication info
- i /

v 4
Make w
Nanopublications »| nanopublications > Store Analyses and
R B nanopublications Visualisations
e SC L L serialisation

= B ™ ®

B



Email: “guest@example.com”
Password: “guest"

j' CS3 Community FIP (FAIR Implementation Profile, 1.3.1) (unsaved changes)

https://fair-matrix.ds-wizard.org/

h t . ege
%2 Knowledge Models Chapters I". Flndablllty
General Information about Chapter text
B Questionnaires " Survey v

General Information about

I' Participant ° n F1 What globally unique, persistent, resolvable identifiers do you use for metadata + !
IV. Accessibility s EFXD Choose your answer from FAIRsharing + @ @
V. Interoperability 6
VI. Reusability 4
More EEEED Add your resource description here + !

Summary Report

a F1 What globally unique, persistent, resolvable identifiers do you use for datasets? +

<+ Add

) F2 Which metadata schema(s) are you using for findability? + !

© Help

+ Add
© Guest Account

<« Collapse sidebar
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What are the relevant domain standards for
your community?

Box 2 | The FAIR Guiding Principles

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 |dent|ﬁer 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.1 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:

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

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 dpiailed=Rsamanance
R1.3. (meta)data meet domain-relevan tandards




What are the relevant domain standards for
your community? Especially for metadata?

Box 2 | The FAIR Guiding Principles

To be Findable:

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

F2. data are described with richmetadata (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.1 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:

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

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 dpsailec-asamaaance
R1.3. (meta)data meet domain-relevan tandards




D JA # CN: 10-1626/G2

ntelligence ISSN: 2096-7004 Published Issues &, Submit Paper & Subscribe

Published « Versions3 | Vol2 (1):158-1702019 \<I

FAIR Convergence Matrix: Optimizing the Reuse of Existing FAIR-Related

Resources

&
€

Hana Pergl Sustkova &, Kristina Maria Hettne, Peter Wittenburg, Annika Jacobsen, Tobias Kuhn, Robert Pergl, Jan Slifka,
Peter McQuilton, Barbara Magagna, Susanna-Assunta Sansone, Markus Stocker, Melanie Imming, Larry Lannom, Mark

Musen, Erik Schultes =

DOI: 10.1162/dint_a_00038

@ 439 © 43 ®0

Abstract & Keyworc

Abstract: The FAIR Principle
and Reusable by machines
consider actual implementat
implementation preferences
approach remains a global (
the GO FAIR community has
any community of practice,
Matrix is itself a FAIR resol
practice (not only the GO
Convergence Matrix suppor
technologies in the emerging

Keywords: FAIR Implementé

Acknowledgments

References

Reusable FAIR Implementation Profiles as Accelerators of FAIR Convergence

|
Erik Schultes
GO FAIR International Support and Coordination Office, Leiden, The Netherlands
ORCID 0000-0001-8888-635X
Version 2.0 DRAFT: DO NOT CIRCULATE
December 11, 2019
On OSF: https://osf.io/8sv5t/

Abstract

There are now powerful incentives driving the adoption of FAIR practices among a broad cross section of
public and private sector organizations' . This adoption process requires considerations on both domain-specific
and infrastructural resources. Together, these considerations compose a potentially very large number of
decisions on the use and reuse of standards and technologies. Many of the relevant factors in these
considerations are likely to exceed the knowledge and experience of individual domain specialists and data
stewards. For communities adopting FAIR practices, the collection of their implementation choices compose
their FAIR Implementation Profile (FIP). The FIPs of numerous communities can be systematically acquired
from the FAIR Convergence Matrix® and used as the basis to optimize the reuse of existing resources and
interoperation within and between domains. Ready-made and well-tested FIPs created by trusted
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FAIR Digital Objects

https://www.go-fair.org/today/fair-digital-framework



FAIR Digital Objects

-...B...

Group of European Data Experts

Moving Forward on Data Infrastructure

Technology Convergence

AugL’ISt - GO FAIR - Lelden Expert Meeting: 28/29.10.2019.
September - NAS - Washington DC 2t the Observatolre of Pari

September - CODATA - Beijing \ @
October - RDA GEDE - Helsinki

Goal of the Meeting
The goal of the meeting is to decide on a Joint Agreement on FAIR Digital Objects stating
the requirements for FAIR Digital Objects and to agree on a governance structure to
advance FAIR DO development. The contributions and discussion aim for a constructive
approach towards these goals. We welcome by the way all participants to come up with a
better label for the declaration, since it should be remembered.

Label Suggestions:
Joint Agreement on FAIR Digital Object Specifications” - people will use “The Paris
Agreement”
Paris Agreement on Research Infrastructure Standards Declaration, Giving P.A.R.L.S
Declaration

Tentative Agenda

S

https://github.com/GEDE-RDA-Europe/GEDE/tree/master/FAIR%20Digital%200bjects

Join the Paris Declaration
to formulate a common FDO
specification:

- Have impact on the spec
- Speak with one voice

https://docs.google.com/document/d/
11FmDxgncy-LynQqTIvxFProW-
i51I7JBFtp7ELyztlg/edit

https://github.com/GEDE-RDA-Europe/GEDE/tree/master/FAIR%20Digital %200bjects/Paris-FDO-workshop



FAIR Digital Objects

1995 °°° 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Kahn & Wilenski 1995

RDA Data Fabric

C2CAMP
Digital Object Architecture RDA GEDE

IBM's Rational Product Group

Linked Data Platform (Semantic Web)

Lorentz Center Workshop: FAIRport

FAIR Principles

EOSC

FAI R GO FAIR

Timeline of developments in the convergence of various approaches to data infrastructures: conceptualization (blue background),
design (green background), and implementation (yellow background)



FAIR Digital Objects

Metadata

Globally Unique,
Persistent and resolves t°> FDO |dentifier Record
Resolvable Identifier

hasldentifier: fdoldentifier
hasMetadata*: {metadataldentifier}
hasType: FDOType
hasResourceLocation*: {Object/ResourcelLocation}

Object/Resource

f dof: h
asResourceLOC ati
On

Bonino 2019



FAIR Molecule Hackathon

ta
fdof asttete®® Metadata

Globally Unique,

Persistent and resolves t°> FDO |dentifier Record

fdof :isMetadataOf
Resolvable Identifier

CH,OH

hasldentifier: fdoldentifier
hasMetadata*: {metadataldentifier}
hasType: FDOType OH
hasResourceLocation*: {Object/ResourcelLocation}

fdof: OH
asResourceLoca ti
on

Hamburg, January 21-22, 2020
https://osf.io/ftéwn/



End users are domain scientists
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Data (formats)

Long tail metadata
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Network (routing of FDO’s)

File, Cloud, DB, HPC Systems

Driving applications
- ESFRIs

= Cluster projects
- Many others
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