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1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final
phase transition occurs where the experts converge towards broadly accepted principles and
specifications that lead to exploitation and standardization.

Happy birthday
Internet

90 years old this year!

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially
large influence on societies, industry and science. In order to gain new insights about complex
relationships in nature, societies and minds, by integrating data from different silos we have seen an
explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we
have entered a phase of creolization. Also, we have an increasingly clear view of the current
inefficiencies in working with data. These inefficiencies retard innovation and broad participation,
which will become even more important as billions of smart devices produce the data deluge of the
Internet of Things. Stakeholders have begun looking for steps toward convergence that would
increase efficiency without hampering innovation.
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Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that, * Then the private sector “LooK over" just as the Internet
despite all initiatives already taken, we have not reached convergence on a set of universals that rocket took off (first millions now t:;ll:('_z.ﬁ:s of .JJ. )

would boost developments and create a momentum towards an efficient and interoperable data
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step
towards convergence.
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! Creolization is a term used to describe the development of culture and languages. It describes a process in
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.
? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 l@ ®®@I




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final
phase transition occurs where the experts converge towards broadly accepted principles and
specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially

large influence on societies, industry and science. In order to gain new insights about complex

relationships in nature, societies and minds, by integrating data from different silos we have seen an

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current

inefficiencies in working with data. These inefficiencies retard innovation and broad participation, -
which will become even more important as billions of smart devices produce the data deluge of the
Internet of Things. Stakeholders have begun looking for steps toward convergence that would
increase efficiency without hampering innovation.

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that
would boost developments and create a momentum towards an efficient and interoperable data
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step
towards convergence.

vision
creolisation
convergence
exploitation

Acknowledgements

We would like to acknowledge the many contributions to this discussion from close collaborators during the
last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives.

! Creolization is a term used to describe the development of culture and languages. It describes a process in
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.
? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 l@ ®@@I




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final
phase transition occurs where the experts converge towards broadly accepted principles and
specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially

large influence on societies, industry and science. In order to gain new insights about complex

relationships in nature, societies and minds, by integrating data from different silos we have seen an

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current

inefficiencies in working with data. These inefficiencies retard innovation and broad participation, -
which will become even more important as billions of smart devices produce the data deluge of the
Internet of Things. Stakeholders have begun looking for steps toward convergence that would
increase efficiency without hampering innovation.

vision

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that
would boost developments and create a momentum towards an efficient and interoperable data
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but —

creolisation
convergence
exploitation

potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step e% 6
towards convergence. Q o (\e

Acknowledgements o
We would like to acknowledge the many contributions to this discussion from close collaborators during the o&

last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives. Q

! Creolization is a term used to describe the development of culture and languages. It describes a process in O
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.

? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 l@ ®@@I




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final
phase transition occurs where the experts converge towards broadly accepted principles and
specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially

large influence on societies, industry and science. In order to gain new insights about complex

relationships in nature, societies and minds, by integrating data from different silos we have seen an

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current

inefficiencies in working with data. These inefficiencies retard innovation and broad participation, -
which will become even more important as billions of smart devices produce the data deluge of the
Internet of Things. Stakeholders have begun looking for steps toward convergence that would
increase efficiency without hampering innovation.

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that
would boost developments and create a momentum towards an efficient and interoperable data
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for

vision
creolisation
convergence
exploitation

many developers to invest in data infrastructure building. We believe that it is time to take this step 6
towards convergence. Qe o (\
Acknowledgements o&A ec’\
We would like to acknowledge the many contributions to this discussion from close collaborators during the & Q

last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons (0 ,9

and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives. Q

! Creolization is a term used to describe the development of culture and languages. It describes a process in O
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.

? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 l@ ®@@I




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final
phase transition occurs where the experts converge towards broadly accepted principles and
specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially

large influence on societies, industry and science. In order to gain new insights about complex

relationships in nature, societies and minds, by integrating data from different silos we have seen an

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current

inefficiencies in working with data. These inefficiencies retard innovation and broad participation, -
which will become even more important as billions of smart devices produce the data deluge of the
Internet of Things. Stakeholders have begun looking for steps toward convergence that would
increase efficiency without hampering innovation.

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that
would boost developments and create a momentum towards an efficient and interoperable data
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for

vision
creolisation
convergence
exploitation

many developers to invest in data infrastructure building. We believe that it is time to take this step 6

towards convergence. Q@ . (\ &
Acknowledgements o&A ec’\ eo
We would like to acknowledge the many contributions to this discussion from close collaborators during the & Q

last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons (0 ,9

and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives. Q

! Creolization is a term used to describe the development of culture and languages. It describes a process in O
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.

? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 ‘@ ®@@\




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in em a|| WWW phone e
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final

phase transition occurs where the experts converge towards broadly accepted principles and \ SMTP H'rrP RTP

Application

specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially TCP U D P
large influence on societies, industry and science. In order to gain new insights about complex =y
relationships in nature, societies and minds, by integrating data from different silos we have seen an .
explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current

inefficiencies in working with data. These inefficiencies retard innovation and broad participation, |P
which will become even more important as billions of smart devices produce the data deluge of the

Internet of Things. Stakeholders have begun looking for steps toward convergence that would

increase efficiency without hampering innovation.

ethernet PPP..

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that

would boost developments and create a momentum towards an efficient and interoperable data CSMA async Sonet =
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts
could greatly reduce current inefficiencies in data processing and open the way towards automatic
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for .

the Web) which cgn inter::annect the many organizations c:u[f}data in use today, such as cloud systems, e R L > Im plementat|0n
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but

potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for

many developers to invest in data infrastructure building. We believe that it is time to take this step

towards convergence.

copper fibre radio...

e e e
- .

Acknowledgements

We would like to acknowledge the many contributions to this discussion from close collaborators during the
last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives.

! Creolization is a term used to describe the development of culture and languages. It describes a process in
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.
? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 ‘@ ®@@\




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in em a|| WWW phone e
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final

phase transition occurs where the experts converge towards broadly accepted principles and SMTP H'rrP RTP

Application

specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially ' TCP \ D P
large influence on societies, industry and science. In order to gain new insights about complex =y
relationships in nature, societies and minds, by integrating data from different silos we have seen an .
explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current Att ra CtOr I
inefficiencies in working with data. These inefficiencies retard innovation and broad participation, |P

which will become even more important as billions of smart devices produce the data deluge of the

Internet of Things. Stakeholders have begun looking for steps toward convergence that would

increase efficiency without hampering innovation.

ethernet PPP...

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that

would boost developments and create a momentum towards an efficient and interoperable data CSMA async Sonet =
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts -
could greatly reduce current inefficiencies in data processing and open the way towards automatic Copper ﬁbre radlo‘ b
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step
towards convergence.

Implementation

Acknowledgements

We would like to acknowledge the many contributions to this discussion from close collaborators during the
last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives.

! Creolization is a term used to describe the development of culture and languages. It describes a process in
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.
? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 ‘@ ®@@\




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in em a|| WWW phone e
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final

phase transition occurs where the experts converge towards broadly accepted principles and SMTP H'rrP RTP

Application

specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially ' TCP D P
large influence on societies, industry and science. In order to gain new insights about complex =y
relationships in nature, societies and minds, by integrating data from different silos we have seen an .

Maximum

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current Att ra CtOr ! frEEdom
inefficiencies in working with data. These inefficiencies retard innovation and broad participation, |P

which will become even more important as billions of smart devices produce the data deluge of the to O pe rate
Internet of Things. Stakeholders have begun looking for steps toward convergence that would

increase efficiency without hampering innovation.

ethernet PPP...

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that

would boost developments and create a momentum towards an efficient and interoperable data CSMA async Sonet =
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts -
could greatly reduce current inefficiencies in data processing and open the way towards automatic Copper ﬁbre radlo‘ b
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step
towards convergence.

Implementation

Acknowledgements

We would like to acknowledge the many contributions to this discussion from close collaborators during the
last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives.

! Creolization is a term used to describe the development of culture and languages. It describes a process in
which continuously new cultures/languages emerge and are mixing resulting in a broad spectrum of them.
? http://rd-alliance.org

? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 ‘@ ®@@\




Common Patterns in Revolutionary Infrastructures and Data

Peter Wittenburg, Max Planck Computing and Data Facility m—
George Strawn, US National Academy of Sciences @ | I I N — R ' S
—

February 2018

1. Summary

Societies have seen large infrastructures emerge when new technologies become available. From
history we see that such infrastructures can have a huge influence on all aspects of societal life.
Moreover, some patterns appear to reoccur in the evolution of such infrastructures. Early visions
about the possibilities of a new technology lead to a phase of creolization® of approaches resulting in em all WWW phOne e
a deeper knowledge of the technology’'s pros, cons and limitations. A huge “solutions space”
emerges and fragmentation results. Some solutions are more attractive than others, but a final

phase transition occurs where the experts converge towards broadly accepted principles and SMTP H'rrP RTP

Application

specifications that lead to exploitation and standardization.

It appears that the "data infrastructure" is evolving into such a large infrastructure, with a potentially ' TCP D P
large influence on societies, industry and science. In order to gain new insights about complex =y

relationships in nature, societies and minds, by integrating data from different silos we have seen an

Maximum

explosion of (non-interoperable!) solutions for data management, access and processing, i.e. we

have entered a phase of creolization. Also, we have an increasingly clear view of the current Att ra CtOr I frEEdom
inefficiencies in working with data. These inefficiencies retard innovation and broad participation, lp

which will become even more important as billions of smart devices produce the data deluge of the to O pe rate
Internet of Things. Stakeholders have begun looking for steps toward convergence that would

increase efficiency without hampering innovation.

ethernet PPP...

Comparing the evolution of the data infrastructure with the evolution of the infrastructures of
electrification, computer networking and of information networking (WWW), we can observe that,
despite all initiatives already taken, we have not reached convergence on a set of universals that

would boost developments and create a momentum towards an efficient and interoperable data CSMA async Sonet =
infrastructure. We propose that such a set of universals could be based on the concepts of "Digital
Objects" (DOs), persistent identifiers (PIDs), and metadata (including data typing). These concepts -
could greatly reduce current inefficiencies in data processing and open the way towards automatic Copper ﬁbre radlo‘ b
processing. In particular, the Core Data Model of the Research Data Alliance (RDA) provides a design
for a universal Digital Object Access Protocol (DOAP, comparable to IP for the Internet or HTTP for
the Web) which can interconnect the many organizations of data in use today, such as cloud systems,
files systems, SQL databases, no-SQL databases and so forth. The agreement on fairly simple but
potentially universal commonalities such as PIDs, DOs, and a DAOP could create the confidence for
many developers to invest in data infrastructure building. We believe that it is time to take this step

towards convergence. & M in i mal Standard

Acknowledgements

We would like to acknowledge the many contributions to this discussion from close collaborators during the o R h H d
last months. In particular, we should mention here Robert Kahn, Larry Lannom, Tobias Weigel, Barend Mons o u g co n se nsu s’ ru n n I n g co e
and various colleagues from the Research Data Alliance {RDA}z and the C2CAMP? initiatives. - - -
e Voluntary participation

! Creolization is a term used to describe the development of culture and languages. It describes a process in - m
‘:Jhll:h Eﬂﬂtlﬂl:IDUS|‘|f new cultures/languages emerge and are mixing resulting in a broad spectrum of them. ® C rltlcal m ass Of users

http://rd-alliance.org
? http://www.c2camp.org

https://b2share.eudat.eu/records/4e8ac36¢c0dd343da81fd9e83e72805a0 ‘@ ®@@\

Implementation




FAIR Hourglass @ ITIN=RIS

Raw Data

[freedom to operate] Creation of data & capture of

data-reuse consent choices made
by approprite stakeholders

FAIRification

ETL process for data & consent
targeting domain-relevant machine-
readable vocabularies & schema

Data that are FAIR-Ready

[a minimal standard that is FAIR,
open, and technology-independet]

Storage of data (distributed) and
consent as machine-actionable
units of information

ooooooooooooooooooooooooooooooooooooooooo

Exposure of FAIR metadata &
gateways for ontology-based
access control

FAIR
Orchestration

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Automated FAIR services for indexing,
search, semantic resolution, data
integration, object routing & workflow

Data Integration ;
Data Sharing/Visiting / o

Data Analytics High-level data use applications such

as data landscape surveys, data
[freedom to operate] visiting and data analytics

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17.
https://content.iospress.com/articles/fair-connect/fc221514




FAIR Hourglass @ ITIN=RIS

Raw Data

[freedom to operate]

Creation of data & capture of
data-reuse consent choices made
by approprite stakeholders

FAIRification

ETL process for data & consent
targeting domain-relevant machine-
readable vocabularies & schema

Data that are FAIR-Ready

[a minimal standard that is FAIR,
open, and technology-independet]

Storage of data (distributed) and
consent as machine-actionable
units of information

ooooooooooooooooooooooooooooooooooooooooo

Exposure of FAIR metadata &
gateways for ontology-based
access control

FAIR
Orchestration

-------------------------------------------------------

Automated FAIR services for indexing,
search, semantic resolution, data
integration, object routing & workflow

Data Integration ;
Data SharingNisiting ...................................................................

Data Analytics High-level data use applications such

as data landscape surveys, data
[freedom to operate] visiting and data analytics

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17. ‘@@@@\

https://content.iospress.com/articles/fair-connect/fc221514

Connect




FAIR Hourglass @ ITIN=RIS
| il on

ViV

e CLEDAR
IR Wieped Workbench

nanobench O BioPortal

Raw Data

[freedom to operate]

Creation of data & capture of
data-reuse consent choices made
by approprite stakeholders

FAIRification

ETL process for data & consent
targeting domain-relevant machine-
readable vocabularies & schema

Data that are FAIR-Ready

[a minimal standard that is FAIR,
open, and technology-independet]

Storage of data (distributed) and
consent as machine-actionable
units of information

ooooooooooooooooooooooooooooooooooooooooo

Exposure of FAIR metadata &
gateways for ontology-based
access control

FAIR
Orchestration

-------------------------------------------------------

Automated FAIR services for indexing,
search, semantic resolution, data
integration, object routing & workflow

Data Integration ;
Data SharingNisiting ...................................................................

o High-level data use applications such
Data AnaIYtICS as data landscape surveys, data
[freedom to operate]

Connect

visiting and data analytics

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17. ‘@@@@\

https://content.iospress.com/articles/fair-connect/fc221514




FAIR Hourglass @ ITIN=RIS
| il on

- A

Wizard C E DA R
Workbench

nanobench O BioPortal

Raw Data

[freedom to operate]

Creation of data & capture of
data-reuse consent choices made
by approprite stakeholders

FAIRification

ETL process for data & consent j,
targeting domain-relevant machine-
readable vocabularies & schema

Data that are FAIR-Ready

[a minimal standard that is FAIR,
open, and technology-independet]

Storage of data (distributed) and
consent as machine-actionable
units of information

ooooooooooooooooooooooooooooooooooooooooo

Public URL: https://server.nanopubs.knows.idlab.ugent.be/

g atewa yS fo r o nto | O gy-ba Sed Administrator: (unknown)

Content

Exposure of FAIR metadata & Nanopub Server /<

FAIR

. access control + Nanopubs: 10031963
Orchestration

e Peers: 18
Actions:
................................................. Post nanopubs: supported
« Post peers: supported
—m
il

[ json ]

Automated FAIR services for indexmgy,
search, semantic resolution, data
integration, object routing & workflow

Data Integration ;
Data SharingNisiting ...................................................................

Data Analytics High-level data use applications such

as data landscape surveys, data
[freedom to operate] visiting and data analytics

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17. ‘@@@@\

https://content.iospress.com/articles/fair-connect/fc221514

Connect




Raw Data

[freedom to operate]

FAIRification

Data that are FAIR-Ready
[a minimal standard that is FAIR,

open, and technology-independet]

FAIR
Orchestration

Data Integration
Data Sharing/Visiting
Data Analytics

[freedom to operate]

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17.

FAIR Hourglass

Creation of data & capture of
data-reuse consent choices made
by approprite stakeholders

| il Ba
O

ViV

ETL process for data & consent i
targeting domain-relevant machine-

readable vocabularies & schema

Storage of data (distributed) and

consent as machine-actionable

units of information
Nanopub Server

Exposure of FAIR metadata & nop | p 4
Public URL: https://server.nanopubs.knows.idlab.ugent.be/ \
Administrator: (unknown)

gateways for ontology-based

Content

access control + Nanopubs: 10891563

e Peers: 18
Actions:
................................................. Post nanopubs: supported
« Post peers: supported
—m

[ json ]

Automated FAIR services for indexmgy,
search, semantic resolution, data
integration, object routing & workflow
execution

il

PERSONAL
HEALTH TRAIN

\\‘

High-level data use applications such
as data landscape surveys, data
visiting and data analytics

https://content.iospress.com/articles/fair-connect/fc221514

Wizard C E DA R
Workbench

O BioPortal

IOTICS”

Connect

@ITIN=ERIS

oS0



Raw Data

[freedom to operate]

FAIRification

Data that are FAIR-Ready
[a minimal standard that is FAIR,

open, and technology-independet]

FAIR
Orchestration

Data Integration
Data Sharing/Visiting
Data Analytics

[freedom to operate]

Schultes, Erik. “The FAIR Hourglass: A Framework for FAIR Implementation’. 1 Jan. 2023 : 13 — 17.

FAIR Hourglass

Creation of data & capture of
data-reuse consent choices made
by approprite stakeholders

| il Ba
O

ViV

ETL process for data & consent i
targeting domain-relevant machine-
readable vocabularies & schema
nanebench
Storage of data (distributed) and g—

consent as machine-actionable
units of information

ooooooooooooooooooooooooooooooooooooooooo

Exposure of FAIR metadata &
gateways for ontology-based
access control + Nanopubs: 10891563

e Peers: 18
Actions:
................................................. Post nanopubs: supported
« Post peers: supported
—m

Public URL: https://server.nanopubs.knows.idlab.ugent.be/

Nanopub Server //
VD

Administrator: (unknown)

Content

[ json ]

Automated FAIR services for indexmgy,
search, semantic resolution, data
integration, object routing & workflow
execution

il

PERSONAL
HEALTH TRAIN

\\‘

High-level data use applications such
as data landscape surveys, data
visiting and data analytics

https://content.iospress.com/articles/fair-connect/fc221514

Wizard C E DA R
Workbench

O BioPortal

IOTICS”

Connect

@ITIN=ERIS

oS0



https://doi.org/10.3390/info12110472

01010 . P
01010 information ﬁw\o\w
Article

Revolutions Take Time

Peter Wittenburg * and George Strawn 2

check for

updates
Citation: Wittenburg, P; Strawn, G.
Revolutions Take Time. Information
2021, 12, 472. https://doi.org/
10.3390/info12110472

Academic Editor: Riccardo Albertoni
Received: 10 October 2021

Accepted: 10 November 2021
Published: 16 November 2021

FDO Forum, 2333 CR Leiden, The Netherlands
2 National Academy of Sciences, Washington, DC 20001, USA; gostrawn@gmail.com
*  Correspondence: peter.wittenburg@mpcdf.mpg.de; Tel.: +49-282149180

Abstract: The 2018 paper titled “Common Patterns in Revolutionary Infrastructures and Data” has
been cited frequently, since we compared the current discussions about research data management
with the developments of large infrastructures in the past believing, similar to philosophers such as
Luciano Floridi, that the creation of an interoperable data domain will also be a revolutionary step.
We identified the FAIR principles and the FAIR Digital Objects as nuclei for achieving the necessary
convergence without which such new infrastructures will not take up. In this follow-up paper, we
are elaborating on some factors that indicate that it will still take much time until breakthroughs will
be achieved which is mainly devoted to sociological and political reasons. Therefore, it is important
to describe visions such as FDO as self-standing entities, the easy plug-in concept, and the built-in
security more explicitly to give a long-range perspective and convince policymakers and decision-
makers. We also looked at major funding programs which all follow different approaches and do not
define a converging core yet. This can be seen as an indication that these funding programs have
huge potentials and increase awareness about data management aspects, but that we are far from
converging agreements which we finally will need to create a globally integrated data space in the
future. Finally, we discuss the roles of some major stakeholders who are all relevant in the process of
agreement finding. Most of them are bound by short-term project cycles and funding constraints, not
giving them sufficient space to work on long-term convergence concepts and take risks. The great
opportunity to get funds for projects improving approaches and technology with the inherent danger
of promising too much and the need for continuous reporting and producing visible results after
comparably short periods is like a vicious cycle without a possibility to break out. We can recall that
coming to the Internet with TCP/IP as a convergence standard was dependent on years of DARPA
funding. Building large revolutionary infrastructures seems to be dependent on decision-makers that
dare to think strategically and test out promising concepts at a larger scale.

Keywords: data management; data infrastructures; FAIR principles; FAIR Digital Objects
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Table 1. This table indicates a rough categorization of phases of virtual integrations in IT development.

1950s many individual computers separated data sets

1990s one virtual computer separated data sets

2030s one virtual computer one virtual data collection
Dream in 1970ies Dream in 2020ies

An internet of computers An internet of data & services
A web of documents A web of data
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Interactive FIP convergence matrix
Select time period for the FIP matrix S
Start date End date

2019/01/01 2063/12/31

FIP questions: Communities:

A1.2-MD e v Choose an option A
FIF questions = FAIR Supporting Resource Link ACTRIS-ARES ACTRIS-ASC | ACTRIS_CLU  ACTRIS_DVMAS  ACTRIS_GRES ACTRIS_InSitu ADMAMCE  AUSSI-ESS | AnaEE_CREA  Anaee ArgolGdac CMIPG-data  DANUBIUS | DiSSCo EISCAT EMS0 EPWND-C51-ATHN | EPOS-ERIC  EnvDS FTF GFTS GGP GMPDWH  GalayClimate | GloP

ALL-D CSW | Catalog Service for the Web

ALl-D DIRAL File Catalogue
al.1-D DIRAL File Catalogue

Al.l-D DOIP | Digital Object Interface Protocol

ALl-D ERDDAP ;
AL.1-D FTP | File Transfer Protocaol & -

GeoServer REST API

Al.1-D
Al.1-D HTTP | Hypertext Transfer Protocol
AlLl-D HTTPS | Hypertext Transfer Protocol Secure
&1.1-D QAl-PMH Schema | Open Archives Initiative P
LEGEND
Mo data

Resource in development future use

https://fip-matrix.streamlit.app
OSE

Available resource/future use
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FIP analysis: statistical features
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Number FERs per community (FIP length) ' |

2019 6 25 11 13 22 41 14 32 33 29
2020 8 | >
2021 19 32 24 38 35 22 39 30

11,0 283 18,7 335 15,7 16,7 44,7 16,7 323 22,0 377 27,3 25,0 115 25,7 17,0 220 30,5 41,7 47,7 59,0 293

Maximum = 68 TTY—

Average = 28
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Example visualisation: FAIR Data @ ITINERIS

Trains -

FAIR Data Trains ——
Resource chosen by more than one Train European

) . Food Safety
Choice declaration Authority

refers to principle |1

] Challenge declaration

FAIR principles concept N
| principles and related choices (i.e. questions) refers ¢
“Which knowledge representation Dectration | [wmmoioe ] Germann
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. Resource

Shared resource

Kristina Hettne, CDS University Library
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FIP analysis: graph visualization

14:55-15:55
(Kristina)
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