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Glossary

[In progress]

Data

Data Infrastructure

e-Infrastructure

EOSC Association

EOSC-Core

EOSC-Exchange

EOSC Ecosystem

An encompassing term used in the EOSC context for all digital outputs
of research including datasets, metadata, publications and software
code.

An (inter)national or institutional infrastructure that stores, handles
and provides a level of access to (possibly FAIR and open) research
data.

An (inter)national or institutional infrastructure that enables research
through technical hardware and digital services (such as storing,
computing or connecting) for sharing and exploiting research data.

International Non-Profit Association (AISBL) founded in Brussels on 29
July 2020 to represent those (eligible) stakeholders wishing to
formalise their role in EOSC. The Association intends to sign a
Memorandum of Understanding (MoU) with the European
Commission and thus form a European Partnership.

The basic architecture, standards and services that form the technical
backbone of EOSC and are necessary to operate a Web of FAIR Data
and Services.

The value-added services that will build upon the EOSC-Core and offer
its users additional functionality to perform Open Science and share
and exploit FAIR (and open) data.

The encompassing set of federated (e-)infrastructures, research
infrastructures, stakeholder organisations and projects that
contribute to and/or use EOSC.

EOSC Governing Bodies The current interim EOSC governance structure, comprising the

EOSC Partnership

Governance Board and Executive Board, whose mandate will end 31
December 2020, and thereafter the governance structure of the EOSC
Association.

The Co-programmed European Partnership between the EOSC
Association and the European Commission that will consolidate the
outputs of EOSC projects from Horizon 2020 and further develop EOSC
through structured funding in Horizon Europe and in-kind
contributions from the member countries and stakeholders.

EOSC Partnership Proposal The published proposal for a Co-programmed EOSC Partnership

[EOSC_PP].

European Open Science Cloud (EOSC) The generic term for the envisioned federation

of research (data) infrastructures that will enable the Web of FAIR
Data and Services and help researchers to perform Open Science and
open up and exploit their data, publications and code.



FAIR (Principles) The set of guidelines for making research (meta)data findable,
accessible, interoperable and reusable that ensures standardised
machine actionability [FAIR Principles].

Horizon Europe The European Commission’s ninth funding framework programme for
research and innovation, which will run from 2021-2027.
Minimum Viable EOSC (MVE) The EOSC-Core plus selected services from the EOSC-

Exchange that provide researchers with the minimum level of
functionality required to share and exploit FAIR (and open) data.

Open Data Data in an open format that can be freely used, reused and shared by
anyone for any purpose.

Research Infrastructure An (inter)national or institutional infrastructure that enables
research communities to perform research.

Strategic Research and Innovation Agenda (SRIA) A set of recommendations from EOSC
stakeholders, edited by the EOSC Association, which provides general
guidelines in discussions between the EOSC Association and the
European Commission in the context of the EOSC Partnership to help
develop the work programmes for EOSC in Horizon Europe.

Web of FAIR Data and (Related) Services (for Science) The network of connected FAIR
(and possibly open) datasets and the services that researchers need
to exploit these datasets for their research that are brought together
and offered through EOSC.
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Summary

[Work in progress]

The overall purpose of this document is to define the general framework for future strategic
research, development and innovation activities in relation to the European Open Science
Cloud (EOSC), to be further defined in the context of the candidate EOSC European
Partnership proposed under the Horizon Europe Programme.

Its intended audience comprises the individuals, organisations and institutions interested or
involved in EOSC, or impacted by it, both now and within the timeframe of Horizon Europe,
including research-funding organisations, research-performing organisations, service
providers, governmental organisations, companies/businesses and citizens, as well as the
European Commission.

The Strategic Research and Innovation Agenda (SRIA) begins by describing the background to
EOSC. It outlines the history and landscape of the digitisation of research in Europe (Section
1), the EC/EU policy context for open science and open data (Section 2), and the development
and structure of the EOSC initiative (Section 3). The SRIA goes on to outline the guiding
principles that are driving EOSC (Section 4), and the challenges and prerequisites to
implementing the EOSC ecosystem (Sections 5 and 6). It discusses the anticipated benefits of
EOSC (Section 7), before considering the importance of risk management to ensuring its
sustainability (Section 8). The SRIA ends by drawing together the main points and conclusions
(Section 9). A list of related documents is provided in Appendix A.

New ways of science

The digital age, the most recent stage in an evolving continuum of ways in which technology
has supported science, presents an opportunity to improve the conduct of research in
multiple directions, including with regard to openness, speed of access to scientific results,
reproducibility and multi-disciplinarity, resulting in better science, increased trust in science,
and the ability to meet global challenges. However, this potential will only be realised if
research infrastructures evolve to allow scientists to exploit, in an easy-to-use and integrated
environment, the (vast amounts of) relevant data being produced. EOSC will deliver Europe’s
contribution to enabling the realisation of scientists’, and science’s, potential in the digital
age, enhancing Europe’s leadership position in exploiting digital capabilities at the service of
science.

While many scientists, innovators, research funders and policy makers around the world
recognise the potential of digital technologies to transform the way research is conducted,
not all scientists are convinced that the opportunities afforded by Open Science in all its facets
— documents, data and software — are greater than its drawbacks. In particular, many
influencers still argue that research artefacts should be kept closed as they are assets that
research teams ought to keep for themselves if they want to stay competitive.

In addition, while Open Science practices have become a widespread reality, underpinned by
policies, guidelines, incentives and roadmaps, these enabling technologies and policies, etc.
are not yet fully deployed across all disciplines and countries, and are definitely not yet fully
integrated and interoperable; scientific practices often still follow traditional patterns.



Moreover, there are acknowledged limits to Open Science with respect to privacy, security,
property and sovereignty that will have to be respected in order for it to deliver value to
society while mitigating undesirable consequences.

There are lessons to be learned from the evolution of digital services made available to
researchers over the years, together with the key technologies (networking, hardware and
software) that were developed and deployed to allow those services to flourish, as well as the
funding models and the policy decisions that exploited these new capabilities. These include
trends such as the rapid expansion of deployment from user research communities to global
societal uptake, the bottom-up development of standards, advancement through a
combination of private and public funding and through collaborations between different
communities (academic, public, private, commercial, non-profit), the importance of
formalising semantics and of a design that allows the continuous exploitation of new
technologies.

Other developments from which EOSC will benefit and to which it will contribute include the
next-generation internet; a new paradigm called the Digital Continuum; artifical intelligence;
the two principles of read-write capability and managed data accessibility, which have
subsequently become enshrined in the FAIR guiding principles; and the foundational
essentials of persistent identifiers, metadata and ontologies, and authentication and
authorisation.

Building the European deployment of Open Science requires three main challenges to be
addressed:

e Convincing scientists that open science will allow them to do better and more
rewarded research;

e Enriching publications, data and software in order to make them usable by machines
and scientists;

e Federating infrastructures in order to make them all available to scientists across
borders and across disciplines.

The EOSC governing bodies have analysed these challenges, stating the problems, identifying
the barriers, defining the objectives and highlighting the benefits, as summarised in the EOSC
Objectives Tree (Figure 1.7).

Science and data in Europe

EOSC is an integral part of, and supports, the European Commission’s strategy for realising
the European Research Area (ERA), launched in 2000 with the aim of better organising and
integrating Europe’s research and innovation systems and enhancing cooperation between
the EU, the Member States, their regions and their stakeholders. In particular, EOSC helps
deliver the policy priorities of Open Innovation, Open Science and Open to the World
[EC Open Vision] and the goal of findable, accessible, interoperable and reusable (FAIR)
data. The EOSC ecosystem will also be a central element supporting the revitalised ERA set
out in a 2020 EC Communication [EC COM New ERA], with its four strategic objectives to
prioritise investments and reforms in research and innovation towards the green and digital
transition; improve access to excellent facilities and infrastructures for researchers across the
EU; transfer results to the economy to boost business investments and market uptake of
research output, as well as foster EU competitiveness and leadership in the global




technological setting; and strengthen mobility of researchers and free flow of knowledge and
technology.

It contributes to the six priorities driving the EC’s work programme for 2019 to 2024, as
outlined by Commision President Ursula von der Leyen [UvdL Agenda], especially ‘A Europe
fit for the digital age’, and, through its focus on openness and interoperability, to the
interlinking of the nine data spaces identified in A European strategy for data [EC Data

Strategy].
EOSC can also play a key role in contributing to the specific objectives of the Horizon Europe

framework programme and in supporting the implementation of its proposals for open and
FAIR data [Horizon Europe].

There is also a global dimension to EOSC: comparable regional and national developments in
Open Research Data Commons and/or Open Science Clouds will enable scientific cooperation
throughout the world, while complying with a number of principles (e.g. regarding data
portability, interoperability and security) that will ensure the competitiveness, transparency
and quality of the international Open Science ecosystem.

EOSC in the making

The EOSC initiative is the tangible outcome of a number of key European and global policy
and position milestones regarding Open Science, including the EC’s Open Innovation, Open
Science and Open to the World — a vision for Europe [EC_Open Vision] communication, the
establishment of the European Open Science Policy Platform (OSPP) [EC_OSPP], and positions
taken by the Group of Seven (G7) countries, the Lindau Nobel Laureates and UNESCO.

In the initial phase of development, from 2016 to 2020, funded by the EC through project calls
in the Horizon 2020 framework programme, more than 35 projects have laid the foundations
of EOSC, with a roadmap published in 2018 to direct its future strategic implementation
[EOSC Roadmap].

To bring the community together and ensure a smooth transition to the second
implementation phase (2021-2027) under Horizon Europe, a three-tiered transition
governance structure was established to run from 2019 to 2020, comprising an Executive
Board, Governance Board and Stakeholder Forum [EOSC Gov], supported by the
EOSCsecretariat project [EOSC Sec]. The activities of the Executive Board, and of the six
working groups it created, have been directed by a Strategic Implementation Plan [EOSC SIP]
and a work plan [EOSC Work Plan]. The overarching objective of the Executive Board is to
provide recommendations on the governance of EOSCin the second phase of implementation
and to hand over all outputs to the new governance structure. This will take the form of a
new legal entity, the EOSC Association, involving research and innovation stakeholders across
the EU and beyond. The Association provides a means recognised by the EC to serve the EOSC
community, promote alignment of EOSC contributions at all levels and support the Open
Science development in Europe. It will be the focal point of the Co-programmed Partnership
with the European Commission and this SRIA sets out the elements needed to implement the
EOSC Partnership.

With regard to governance, the EOSC Association is open to any interested stakeholder
organisations adhering to a set of principles. It is managed by three bodies: the General
Assembly, the Board, and the Secretary General. In addition to those bodies, a Strategy
Committee representing Member States and Countries associated to the Horizon Europe



Framework Programme will sit outside the Association. Its role will be to provide advice at
policy and strategy levels. The coherence of the programme and the synergies (internal and
external) will be ensured by the Secretariat of the Association.

One of the primary tasks of the Association is to continuously develop the SRIA, which shall
influence future EOSC activities at institutional, national and EU level (including the EOSC-
related work programmes in Horizon Europe). The Association will also coordinate the
identification of needs for the development of EOSC and will provide input to all relevant
stakeholders, including the Commission. Regarding EOSC-relevant Horizon Europe work
programmes, they will be adopted by the EC following relevant Horizon Europe comitology
procedures.

Guiding principles

Based on the shared principles that have emerged during the evolution of EOSC, a set of
guiding principles has been agreed which will help position EOSC within Horizon Europe and
shape its development:

e Research-community centred: EOSC will place research at the centre of the initiative
and will thus prioritise engagement with research communities to understand their
requirements and ensure EOSC helps researchers;

e Multi-stakeholderism: EOSC will succeed if and only if it follows a multi-stakeholder
approach;

e Openness: EOSC will ensure that research artefacts are ‘as open as possible, as closed
as necessary’;

e FAIR principles: EOSC will assemble research artefacts that are findable, accessible,
interoperable and reusable;

e Federation of infrastructures: EOSC will federate existing and upcoming research
infrastructures;

e Machine-actionable: EOSC will strike the right balance between machines and people
in delivering the services that will serve the needs of European scientists.

Building on the guiding principles, a number of recommendations for research communities
and policy makers have been identified, to help them progress towards an open science
ecosystem that is based on, incentivises and facilitates open science principles and practices
in performing and sharing science. Research communities should:

Normalise their open science scientific processes (standards);
Regulate them (policies);
Facilitate their implementation (guidelines and frameworks, e.g.information models
that describe flows and elements);
e Make sure their thematic services embed open science aspects by design (roadmaps).

In addition, the EOSC FAIR Working Group has identifed the following recommendations
[WG_FAIR Report], which echo previous priorities identified in the ‘Turning FAIR into reality’
Expert Group report:

Fund awareness raising, training, education and community-specific support;

Fund development, adoption and maintenance of community standards, tools and
infrastructure;

Incentivise development of community governance;

Translate FAIR guidelines for other digital objects;



Reward and recognise improvements of FAIR practice;
Develop and monitor adequate policies for FAIR data and research objects.

These recommendations have provided a basis for choosing the action areas that will be part
of the EOSC programme over the next seven years, as well as identifying the requirements for
those actions, in order to overcome the implementation challenges and realise the boundary
conditions for deploying EOSC.

Implementation challenges

The EOSC governing bodies have identified fourteen action areas to help deploy the EOSC
ecosystem. For each action area, the status has been assessed, gaps identified and priorities
proposed. The seven areas relating to the primarily technical challenges and prerequisites to
implementing the EOSC ecosystem are as follows:

Identifiers. The persistence of the identity of digital objects and stability of references
to those objects are essential to sustaining a trusted distributed research ecosystem
that supports verifiable and reusable research. The priorities are:

o Develop standardised identifiers for resource types that have not as yet become
standard practice.

o Develop a ‘meta resolver’ that can deal with any type of relevant identifier.

o Define specifications (schemata) for persistent identifier (PID) records / kernel
information to support machine-actionable PIDs.

o Produce type definitions for the most common data formats or building blocks.

o Provide standardised interfaces and protocols for exchanging information on PIDs
to support the creation and use of a PID graph.

o Develop tools to support the certification of PID infrastructure against the EOSC
PID Policy.

Metadata and ontologies. These have evolved organically over time, addressing the

needs of individual communities and sub-communities. An overarching, coordinated

approach is required, to ensure interoperability. The priorities are:

o Develop governance structures for coordinating the work on metadata and
ontologies within EOSC, both for specific disciplinary communities and for overall
coordination.

o Provide or embrace/stimulate existing registries of metadata schemas and
ontologies, defining clear protocols for federating/harvesting, crosswalks and
tools for metadata management.

o Develop EOSC guidelines for a minimum metadata description based on existing
metadata schemas and tools to allow data discovery and metadata exchange
across federated repositories and scientific communities.

o Develop services that build on metadata registries and can facilitate the diffusion
of metadata schemas across communities, sharing and community maintenance
of crosswalks, measurement of metadata resources uptake across communities,
validation of data sources against metadata schemas, etc.

FAIR metrics and certification. Existing work on FAIR metrics and certification should

be extended to ensure applicability across disciplines and support their

implementation. FAIR assessments must be inclusive and progressive, and take the
specific research context and needs into account. The priorities for FAIR metrics
include:

o Support the assessment and improvement of the RDA FAIR Data Maturity Model.



o Assess and test the proposed EOSC FAIR data metrics in a neutral forum.

o Support the definition of evaluation tools; their thorough assessment and
evaluation including inclusiveness; comparison of tools; identification of their
biases and applicability in many different contexts.

o Support the definition of FAIR for software and of the assessment framework for
key elements of the FAIR ecosystem, in particular PID services and semantics.

The priorities for FAIR certification include:

o Support the current efforts to align certification schemas with FAIR.

o Test the proposed schema in a variety of communities to gather feedback and
update the proposed framework accordingly.

o Support data and service providers to progress towards certification.

o Support the establishment and maintenance of registries of certified components
of the ecosystem.

Authentication and authorisation infrastructure (AAl). The purpose of AAl in EOSC is
to support the FAIR principles for data and services while enabling high-trust
collaborations to be established and maintained with little or no friction to the end
user. Its goal is to build a foundation for AAIl that will ensure long-term availability of
the aspects of digital identity that are unique to scientific collaborations. The priorities
are:

o Establish and implement a common framework for managing user identity and

access in a highly distributed ecosystem.

Ensure long-term attribute availability, assurance, freshness and provenance.

Scale the current proxy architecture and supporting infrastructure.

Address near- and long-term user experience challenges.

Provide solutions for identity beyond the research and education community in

support of public sector and private sector services.

o Enable identity for the individual scientists regardless of institutional affiliation,
collaborations and communities while supporting long-term aspects of research.

o Develop future trust fabrics and authorisation models in support of dynamic and
ad hoc (on-demand) collaborations.

User environments. User environments are the digital platforms users go to in order
to interact with EOSC and EOSC resources. These include portals, dashboards, landing
websites and, in general, services through which the EOSC resources are accessed and
made useful to researchers. Throughout the distributed, federated and clustered
architecture of the EOSC ecosystem, the user environments must meet the users
requirements and expectations. The priorities include:

o Discovery of EOSC and user environments: advanced discoverability of portals.

o Discovery of resources: meta catalogues to aggregate information from the
resource catalogues of the service providers, and open interfaces of catalogues.

o Ordering, access and use: licences, usage terms and conditions, and user
authentication and authorisation methods set by service providers; payment
principles that are transparent and as easy as possible to use throughout the
lifecycle of the research project.

o Composing resources in a user environment: legal and organisational framework
and its implementation in the distributed architecture.

o Technical support: collaboration with service provider and local level support
functionalities and resources; EOSC helpdesk functionalities.

O O O O



o Community of practice of EOSC researchers: portals, other richer digital platforms
and required supporting components providing necessary capabilities and
capacity; interoperability with portals, thematic and regional community services
and resources; science gateways for composability of the resources from different
sources to generate new scientific outputs.

Resource provider environments. As a federation built out of many independent

organisations and resource providers —a system of systems — EOSC should be inclusive

rather than selective. The added value of EOSC exists only when as many as possible
of the resource providers serving the scientific community can enter and offer
resources. The priorities include:

o Onboarding of resources: EOSC supply portal for service registration available;
definition of standard validation criteria for EOSC compliance; automation via
APIs.

o Access to resources: resources support the EOSC AAl framework and the
Interoperability Framework; EOSC Portal Service Catalogue assessment.

o Composability of resources: semantic interoperability; implementation of
standards and protocols; implementation of APIs.

o Composability across resource providers: evolving framework for existing
collaborations for EOSC; evolution of landscape and sustainability guidelines;
sustainable financial model for EOSC resource provisioning.

o Community of practice: resource provider forum established.

EOSC Interoperability Framework. Achieving a good level of interoperability within

EOSC is essential to federate services and provide added value for users, across

disciplines, countries and sectors. The draft EOSC Interoperability Framework

[EOSC IF] identifies general principles and organises them into four layers: technical,

semantic, organisational and legal. The Framework also contains a proposal for the

management of FAIR digital objects in the context of EOSC. The priorities include:

o Technical level: use open specifications, where available; define a common
security and privacy framework and establish processes for EOSC services; define
an AAl process for EOSC that is common across communities, easy to implement
by resource providers and easy to understand by users; ensure service-level
agreements for all EOSC resource providers are easy to understand by users from
different communities.

o Semantic level: provide support for the maintenance of repositories of semantic
artefacts, and governance frameworks for such repositories; define clear protocols
and building blocks for the federation/harvesting of these repositories; support
research communities so as to generate clear and precise definitions for the terms
they use, as well as for their metadata and data schemas and their documentation;
dedicate urgent, additional resources to communities with less developed or no
community standards.

o Organisational level: complete the current set of Rules of Participation
recommendations with aspects related to interoperability for data providers and
service providers.

o Legal level: provide a list of EOSC-recommended licences and their compatibility
with Member States’ recommended licences to data producers, right-holders and
users; develop and implement minimum standardised, human- and machine-
readable expressions of right statements and use conditions, to be included in



metadata and be used by all repositories regardless of discipline; need for
metadata schemas for service-level agreements; consider developing a centralised
source of knowledge and support on copyright and licences to users and data
generators and to address common Q&A.

Boundary conditions

The seven action areas relating to the social, financial, legal, educational, cultural challenges
and prerequisites to implementing the EOSC ecosystem are as follows:

Rules of Participation. A process of change in the research environment is required to
adopt Open Science practices, make digital research objects FAIR and federate
research data infrastructures. The Rules of Participation (RoP) provide transparent
and consistent terms for involvement in EOSC, helping to build the trust and
confidence required to support and deliver this process of change. The priorities
include:

o Provide standards for policy, processes and procedures that provide assurance of
quality and trust in the services offered through EOSC.

o Define a minimum set of rights, obligations and accountability governing the
activities of all those participating in EOSC, such as data and service users, data
and service providers, and the operators of EOSC itself, applicable to all digital
resources made accessible via EOSC.

o Establish a framework where the RoP can be owned, defined, maintained and
enforced.

o Make provision to evolve the RoP, e.g. to incorporate elements arising from the
FAIR, Architecture and Sustainability Working Groups (WGs).

o Elaborate and review the RoP’s conceptual framework, e.g. relating to Terms and
Conditions and Acceptable Use Policies, with respect to legal regulations.

o RoP are about governance, oversight and authority. Without RoP, EOSC becomes
no more than a search engine over an unmanaged collection of resources.

Landscape monitoring. The Landscape Working Group has surveyed and documented

the infrastructures, initiatives, investments and policies related to the development

of EOSC in the European Member States and Associated Countries, as well as some
border countries, as at the beginning of 2020. Sustainable long-term monitoring of

EOSC landscape developments at national and institutional levels is required to keep

the information gathered in the analysis up to date. Together with the development

of respective national policies, supported by a set of relevant key performance
indicators, this is required in order to allow informed decisions on EOSC. The priorities
are:

o Elaborate a thorough, sustainable monitoring methodology to define not only the
criteria and indicators, but also purpose, process, tools, actors, responsibilities and
actions. The monitoring should assess both the societal and the technical aspects
of EOSC implementation readiness, covering the infrastructure, organisational and
strategic landscape and the strategic outlook. The Landscape report provides a
framework.

o Ensure continuous monitoring of the existing readiness of countries to contribute
to EOSC.

o Suggest priorities for action based on the monitoring.



Funding models. Viable funding models are an essential element of ensuring an
operational, scalable and sustainable EOSC ecosystem. The Sustainability Working
Group has taken an iterative approach to identifying funding models for EOSC,
culminating in an ‘Iron Lady’ report published in October 2020. The report reflects the
findings of a series of targeted studies commissioned by the WG, whose subjects
included EOSC-Core operational costs and funding models for the full Minimum Viable

EOSC. The priorities are:

o Perform cost assessments for EOSC-Core services and MVE.

o Ensure sustainable financing for EOSC by developing financing schemes.

o Develop monitoring schemes for the in-kind contribution of members.

o Develop synergies between national and EC funding streams as well as a higher
level of coherence in the funding from different chapters of the Framework
Programme, and across the three pillars of Horizon Europe.

Skills and training. To realise the potential of EOSC for open and data-intensive
research, Europe must ensure the availability of highly and appropriately skilled
people with an excellent knowledge of standards and best practices for delivering,
using, sharing and analysing open and FAIR data, and applications and tools. In
alignment with the new ERA priorities on circulation of knowledge and the importance
of skills and training [EC-COM_New_ ERA], EOSC stimulates the development of a large
talent pool equipped with the requisite skills, embracing a wide range of data-related
profiles. It will contribute to shifting the culture of research towards openness and
transparency, to building bridges between different disciplines and organisational
models, and to approaching data literacy in various modes and settings, while working
on existing initiatives and preconditions. The priorities are:

o Develop the next generation of open science and data professionals by enhancing
professional data career paths, developing data skills profiles, recognising data
skills, providing a quality assurance framework, facilitating lifelong learning
mechanisms and aligning Data Competence Centres.

o Bridge the education gap: coordinate and align curricula for students and
researchers.

o Build a trusted and long-lasting knowledge hub of learning materials and related
tools by developing a quality assurance and certification framework, devising a
common framework for learning pathways, supporting the development of an
EOSC Knowledge/Education Hub, facilitating the adoption of open learning
environments, and promoting and supporting innovative ways of learning.

o Develop an EOSC leadership programme to foster the right policy environment for
data skills and training.

Rewards and recognition. A culture change needs to be realised in order to increase
the quality of education, research, impact and leadership. A responsible rewards and
recognition system is a catalyst to foster good research practice and quality in terms
of content, openness, scientific integrity and contribution to society. Future
evaluation of scientists should have a better balance in valuing achievements in
education; research; influence (on science and/or society and/or economy and/or
teaching); organisation and leadership. In particular, evaluation and promotion
criteria should recognise openness and FAIR practices. The priorities are:

o Produce a country-level inclusive approach to research evaluation, taking Next
Generation metrics into account.




o Discuss this approach within and between (all) the institutions in the country.

Create interaction between the countries on this topic and learn from each other.

o As one of the organisations stimulating Open Science, EOSC should help in
providing guidelines for adapting Rewards and Recognition systems aligned with
the priorities outlined above.

Communication. EOSC addresses not only researchers but also policy advisors,
research funders and resource providers. Nine different stakeholder groups have been
distinguished, which can be aggregated into three main categories: Research Service
Providers, Research Performers and Research Funders [EOSC Landscape]. This
diversity of stakeholders requires a communication policy that meets the different
needs of these groups. EOSC should provide clarity on the why, how and what of EOSC,
and should send out its messages in a consistent way. This will be focused on
stakeholder engagement, content production, branding and the positioning of EOSC
towards the different stakeholders. The priorities are:

o Perform an in-depth stakeholder analysis.

o Set up a Strategic Communication Plan.

o Develop and deploy communication channels.

o Develop stakeholder messaging that is impactful (addressing the why) and
functional (addressing the how and the what).

o Set avalue statement and carry out an impact analysis.

Widening to the public and private sectors and going global. EOSC will be widened

beyond the European research community to public and private sectors, while also

developing its global reach.

To successfully extend the EOSC ecosystem beyond the core research community,

EOSC must demonstrate value and impact that is relevant and meaningful to the

diverse groups belonging to broader public and private sectors. A targeted study has

been conducted by the Industry Commons Foundation / MTF Labs AB on behalf of the

Sustainability Working Group with the objective to deliver practical, actionable advice

and models for technology transfer and engagement with existing and potential

scientific research user groups outside of academia, and to scale the impact of EOSC
and further incentivise and reward its community of researchers and research
institutions. Key findings of the study include:

o EOSC should act as the validating organisation for industrial FAIR data as well as
for data produced and used by research communities.

o The addition of JUST (judicious, unbiased, safe and transparent), which highlights
accountability by a responsible researcher, has been equally well-received by all
interviewed stakeholders.

o The broader academic research community has requested that the EOSC front end
be a live, audiovisual platform for remote collaboration, inclusive of access to
research data and value-added services (which can be added at a premium).

o An additional important stakeholder group has been identified in professionals
working with large valuable datasets (e.g. clinicians) who wish to be part of the
EOSC marketplace.

o The strategy for EOSC expansion based on knowledge circles has been universally
supported by all interviewed stakeholders.

Recommendations include:

o




As

For EOSC to have the greatest impact and reach to external stakeholders it must
establish itself as the Web of FAIR Data as its primary USP.

The INFRAEOSC-03 funded project should be used to initiate, implement or
prototype, as appropriate, a series of recommended actions.

noted above, there is also a global dimension to EOSC, a common vision that

enables Europe to enhance scientific collaboration with other parts of the world and
drive a cultural change towards Open Science, bringing the potential to revisit long-
standing scientific and societal challenges as well as to address new ones. For each of
the strategic objectives defined in the EOSC Objectives Tree, the international
dimension has been considered, priorities identified and deliverables defined. The
priorities include:

O

Promote an international Open Science culture and the need for change in the
reward systems to support the transition of other world regions towards Open
Science.

Enagage with the rapidly evolving global policy landscape of Open Science and
support the creation of a policy observatory.

Support the work being undertaken on methods, to complete FAIR —in particular
interoperability — at a global level.

Support the setting up of ‘Wise Persons global fora for Architecture’, to identify
and remove the technical barriers that hinder the full potential of Open Science.
Initiate EOSC Rules of Participation (RoP) for service providers from third
countries, noting that compliance with applicable legislation is a prerequisite
beyond the RoP.

Develop value propositions to third country service providers, to widen the EOSC
portfolio.

Direct Member State participation in the global research ecosystem, while
maximising the added value of their bilateral international connections.

Initiate partnerships via Memoranda of Understanding (MoUs) with other Open
Data Commons that enable users of each initiative to access the resources of the
others. Cooperation with these initiatives should be found at an institutional level,
to establish a level playing field, and enable a good user experience.

The SRIA consultation exercise placed this action area lowest in terms of relevance for
the immediate future. This aligns with plans to only widen EOSC after the programme
has successfully engaged and delivered a functioning platform to European research
communities.

Expected impacts

The climate crisis, the extinction of species, global poverty and social inequality are only a few
of the challenges that humankind has to face in the 21st century. Research plays a crucial role
in facing these challenges and, against this background, EOSC will be a major European vehicle
for joining forces to help transform individual research efforts into collective efforts. EOSC
will also fill infrastructure gaps in unstructured areas, a significant role in raising to the most
advanced level the science domains that have unsatisfied e-needs with the target to increase
levels of integration. The anticipated benefits of EOSC in the areas of Science, Industry and
Society are as follows:

e Improved trust, quality and productivity in science:



Encouraging collaboration and openness.
Trusted frameworks for data availability and security.
Infrastructure planning.
Broadening discoverability.
Making new connections.
Addressing global challenges.
Enhancing reproducibility.
e Development of innovative services and producst:
o Opportunities to improve support for researchers.
o Opportunities to improve support for the private and public sector.
o Opportunities to increase European leadership in open science and strengthen
international cooperation.
e Improved impact of research in addressing societal challenges:
o Research in society.
o Supporting international collaboration.
o Lifting science beyond the human scale.

O O O O O O O

Risk management

As part of ensuring the sustainability of EOSC, a targeted study has been conducted by AON
Hewitt [AON] on behalf of the EOSC Sustainability Working Group in order to introduce clear
and structured guidance on how to incorporate risk management into the governance of the
EOSC Association. The study included a benchmark analysis, interivews, a SWOT analysis, and
the development of a risk matrix.

While a number of risk governance gaps were identified, the study also found a human capital
very rich in multi-disciplinary technical skills, sensitivity to governance issues, passion for the
activities to be carried out and for the belief in EOSC itself. Moreover, the presence of all, or
almost all, the essential pillars for the construction of effective risk management was found,
together with a very high and mutual interest in and awareness of the importance of the
subject among the EOSC major players, and that between them the stakeholders have the
skills and experience required for effective risk governance.

The study sets out 32 recommendations to address the gaps and ensure the effectiveness of
an EOSC risk governance. The main recommendations are: launch a comprehensive action
plan; establish a governance structure for risk management; define risk policies; design the
risk assessment and reporting process; map the skills and competences required; establish a
risk awareness programme; set up an infrastructure and data security team; and improve
technical resilience.

The identified gaps and recommendations are to be considered by the EOSC Association, the
EOSC contributing projects and the EOSC partnership overall to develop a comprehensive risk
governance, which in turn will significantly increase the value of EOSC and benefit its
stakeholders by supporting its objectives and allowing a more effective use and allocation of
capital and resources within the organisation.

Conclusions

[not included in VO0.8]



How to read this document

[Work in progess]

While the overall purpose of this document is to define the general framework for future
strategic research, development and innovation activities in relation to the European Open
Science Cloud (EOSC), to be further defined in the context of the candidate EOSC European
Partnership proposed under the Horizon Europe Programme, it contains a range of
information — both historical and forward-looking, high level and detailed, aspirational and
practical — and can therefore be read either in its entirety or in part, depending on the
interests and/or needs of the reader. Suggestions for approaching the document are
summarised in Table 0.1. Its core sections — those that relate most closely to planning of
future research work and EC-funded projects — are highlighted in blue.

If you are interested in . . . Then please see. ..

An overview of the whole document Summary

The history and landscape of the digitisation of | Section 1 New ways of science, subsections 1.1
research in Europe — the science-supporting | to 1.4

technological context from which EOSC has
evolved

The recent EC/EU/ERA policy context for open | Section 2 Science and data in Europe
science and open data

The development of the EOSC initiative and its | Section 3 EOSC in the making
governing and legal bodies

The objectives, guiding principles and | Subsection 1.5 EOSC Objectives Tree and
recommendations that are driving and shaping | Section 4 Guiding principles
EOSC

The primarily technical challenges and | Section 5 Implementation challenges
prerequisites to implementing the EOSC
ecosystem

The social, financial, legal, educational, cultural | Section 6 Boundary conditions
challenges and prerequisites to implementing
the EOSC ecosystem

The anticipated benefits of EOSC Section 7 Expected impacts

The rationale and recommendations for risk | Section 8 Risk management
governance in the complex multi-factor
environment of EOSC

Other, related documents that, together with | Appendix A
this SRIA, define the structure, aims and work of
EOSC

Table 0.1: How to read this document

-26 -



Terminology note

Readers are reminded that throughout the document, ‘data’ is used as an encompassing term
referring to all digital research outputs, including datasets, metadata, publications,
intermediate results, workflows, notebooks and software code. Similarly, ‘science’ refers to
all branches of knowledge and areas of study and research, including arts subjects rather than
in contradistinction to them, while ‘scientist’ refers to all researchers, academics and
practitioners in all domains.



1 New ways of science

The current, digital age is the most recent stage in an evolving continuum of ways in which
technology has supported and enhanced science. This section outlines the history and
landscape of the digitisation of research in Europe, establishing the technological context
from which the European Open Science Cloud (EOSC) has evolved. It includes lessons to be
learned, developments from which EOSC will benefit and to which it will contribute, and
challenges that remain, together with the role EOSC will take in alleviating them.

1.1. The opportunity
1.1.1. Research in the digital age

In the digital age, the world has become instrumented, interconnected and intelligent.
Instrumented refers to the fact that digital information is now collected everywhere on the
planet using small devices as well as large equipment. Interconnected refers to the fact that
digital information produced anywhere on the planet can be made available anywhere else.
Intelligent refers to the fact that people and machines can then process this information for
the benefit of society at large.

In a world that is instrumented, interconnected and intelligent, human activities can be
improved by discovering, retrieving, analysing, assembling and computing information in
order to extract the knowledge necessary to address challenges at all scales.

Among all human activities, research plays an enabling role by producing scientific results
that can be exploited by society to address global as well as local problems. Scientific results
include publications, data, software and any research artefacts or intermediary results
produced during the research lifecycle.

The digital age allows the ways research is conducted to change in multiple directions,
resulting in better science, increased trust in science, and the ability to meet global
challenges.

Better science

Scientists will be able to do better research by getting early (sometimes real-time) access to
scientific results, optimising their own work. Disciplines organised around large shared
equipment already provide examples of the benefits of sharing information across the globe.

Increased trust in science

In a world that is becoming more and more complex, the availability of multiple information
sources will allow trust in scientific results to be strengthened by facilitating reproduction of
scientific experiments and comparison of outcomes. Trust in science has to become the
foundation of the new societal paradigm if Europe wants to maintain and develop its way of
life.

Meeting global challenges

Scientists will be able to engage in multi-disciplinary initiatives to address the key global
challenges of the twenty-first century such as climate change, health, food and biodiversity
or building energy-efficient vehicles and smarter cities. More generally, all efforts dedicated
to achieving the 17 sustainable development goals of the United Nations [UN SDG] would
benefit from access to a wide set of information coming from very different origins.



However, while an instrumented, interconnected and intelligent world has unprecedented
potential to solve the key challenges of the time, this potential will only be realised if research
infrastructures are evolving to allow scientists to make the best use of the available
information.

The European Open Science Cloud (EOSC) will deliver Europe’s contribution to enabling
scientists to realise their potential in the digital age.

1.1.1. European leadership

When the Horizon Europe programme begins in 2021 [Horizon Europe], Europe will be well
placed to lead the world in exploiting digital capabilities at the service of science. After three
years of preparation, EOSC was launched in November 2018. More than 30 research and
innovation projects have developed foundational technologies and initial services on top of
which Europe can now build. These efforts have also allowed the establishment of a Europe-
wide community that is now ready to engage further. While other regions in the world have
launched their own efforts, none of them have done it at the scale on which Europe has
invested.

Pursuing the effort to get EOSC fully operational as part of the Horizon Europe programme
will enhance Europe’s leadership position. Through the coordination and concentration of
effort the European research and innovation investments will be more efficient, will be able
to address key global challenges and will strengthen the trust in science that society needs to
build a common future.

1.2. The request

1.2.1. From Gutenberg to Berners-Lee

The current way of sharing research was built upon the emergence of the printing process.
During the seventeenth century, the first research journals were conceived by academies of
sciences. The Philosophical Transactions of the Royal Society was launched in 1665 and
received, over the years, articles from scientists such as Newton, Faraday and Darwin. Since
then, the publications process has developed in volume but the principles of their use have
remained largely identical. Articles are published in journals. Journals are acquired by
libraries. Scientists visit their libraries to access the knowledge delivered by their predecessors
and colleagues.

The digital age has the potential to revolutionise communication between scientists. While
peer-reviewed publications remain the ‘official’ way to deliver conclusions (potentially using
the internet for faster dissemination and transitioning to an open access business model),
many other types of information can be made available, increasing the bandwidth of
knowledge sharing. Data, software, intermediate results, workflows and notebooks are often
stored in digital form. It is up to the scientists and/or the organisations they work for and/or
the organisations that fund their research to decide whether this information should be
shared, and how widely. Early and open accessibility of such digital assets form a large part
of the transition towards what is now called Open Science.

Many researchers will recognise that Open Science is improving science as a whole. However,
to date not all researchers are convinced that the opportunities it affords to them individually
are greater than the drawbacks. To change this, establishing a new paradigm for rewards and
recognition is essential: it can no longer be based on publications alone. Also, many leaders



within the research community still argue that data, software and other research artefacts
should be kept closed as they are assets that research teams ought to keep for themselves if
they want to stay competitive.

1.2.2. Lindau Declaration

Once every year, around 30 to 40 Nobel laureates convene in Lindau, Germany, to meet the
next generation of leading scientists: 600 undergraduates, PhD students, and post-doc
researchers from all over the world. The Lindau Nobel Laureate Meetings foster exchanges
among scientists from different generations, cultures, and disciplines.

Elizabeth Blackburn is a 2009 Nobel Laureate in Physiology or Medicine for her work in
molecular biology. During the 68th Lindau Meeting in 2018, she introduced ten goals for
science which subsequently became the core of a 2020 Lindau Declaration [Lindau Dec]:

Adopt an ethical code;

Cooperate globally on global problems;
Share knowledge;

Publish results Open Access;

Publish data in repositories;

Work transparently and truthfully;
Change reward system;

Support talent worldwide;
Communicate to society;

Engage in education.

Since its original proposal, the Declaration has been open for debate, changes and
amendments. The appeal aims to get widespread support for a new approach to global,
sustainable, cooperative open science. It will be officially signed by Nobel laureates and
published during the 70th interdisciplinary Lindau Meeting, which has been postponed to
2021 due to the coronavirus pandemic.

This exemplary initiative illustrates the current status of open science. Thought leaders have
understood the potential of the digital age, the impacts on the ways to do research and the
benefits for society at large. The request for change now comes from the pioneering research
community at its most talented level. The fact that developing such a declaration is needed
also shows that strong initiatives have to be taken in order to fulfil the potential and overcome
the prudence or conservatism of other members of the research communities.

1.3. Open science

Assembling different contributions, Wikipedia defines Open Science as ‘the movement to
make scientific research (including publications, data, physical samples, and software) and its
dissemination accessible to all levels of an inquiring society, amateur or professional.” It
continues: ‘Open science is transparent and accessible knowledge that is shared and
developed through collaborative networks. It encompasses practices such as publishing open
research, campaigning for open access, encouraging scientists to practice open notebook
science, and generally making it easier to publish and communicate scientific knowledge.’
[Wikipedia OS]

Another definition of Open Science is provided by the FOSTER portal: ‘Open Science is about
extending the principles of openness to the whole research cycle [...], fostering sharing and



collaboration as early as possible thus entailing a systemic change to the way science and
research is done.” [FOSTER OS]
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Figure 1.1: Research activity flows

1.3.1. Brief historical context

Until the emergence of academies and journals, science was mostly an individual endeavour
supported by patrons. Results were kept secret as much as possible in order for the patrons
to be able to benefit from the research results.

In the seventeenth century, both the creation of academies where scientists could cooperate
and exchange knowledge, and the deployment of printing capabilities, which produced
academic journals, allowed a move towards a more open way of science.

Nowadays, academic journals have taken a key role in the research lifecycle by allowing the
transfer of knowledge but also as a basis for research assessment through citation
mechanisms.

When World War Il ended, the global scientific community had the opportunity to look at the
future with new eyes and with new goals in sight. In the United States, Vannevar Bush
delivered the report ‘Science the Endless Frontier’, at the request of President Roosevelt.

This report led to the creation of the National Science Foundation (NSF). Public investment in
research was recognised as a priority. Since then, public-funded research has developed
around the whole world. In the same period, Europe organised cooperation by establishing
research organisations such as CERN, for example, which was created in 1954.

In the 1980s, with the final objective of defining and implementing an overall development,
research and demonstration strategy at Community level, the European Commission
established the First Framework Programme covering three years from 1984 to 1987. The
total budget dedicated to the Programme was €3.75 billion. The programme focused on
specific scientific and technical objectives, such as ‘improvement of the management of
energy resources’; ‘promotion of industrial competitiveness’; ‘improvement of living and
working conditions’; ‘promotion of the agricultural competitiveness’; ‘improvement of raw
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materials management’; ‘stepping up development aid’ and ‘improving the effectiveness of
the Community’s scientific and technical potential.” [FP1]

Successive framework programmes came with increasing budgets. With increased funding,
over time, countries became engaged in policy decisions regarding the use and impact of
research activities. The way knowledge, specifically that created with the support of public
funding, would be shared became a key societal and political topic.

The debate was fuelled by prior research. For example, the Mertonian paradigm, introduced
by Robert Merton in his book The Sociology of Science in 1942, was based upon four ‘norms’:

e Communism. All scientists should have common ownership of scientific goods
(intellectual property), to promote collective collaboration; secrecy is the opposite of
this norm.

e Universalism: Scientific validity is independent of the sociopolitical status/personal
attributes of its participants.

e Disinterestedness. Scientific institutions act for the benefit of a common scientific
enterprise, rather than for the personal gain of individuals within them.

e Organised scepticism. Scientific claims should be exposed to critical scrutiny before
being accepted, both in methodology and institutional codes of conduct.

At the turn of the twenty-first century, the digital age created new avenues for knowledge
sharing. These new opportunities have been recognised by research communities across the
world. More international collaborations were launched, leveraging the interconnections
made possible by the internet. Open science emerged from the meeting of the needs (sharing
knowledge) with the means (digital technologies).
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Figure 1.2: Open Science Taxonomy (from the FOSTER project)

The European Commission identified early the potential of digital technologies in changing
the way research is conducted. In 2017, the FOSTER project was funded to study the practical
implementation of open science in Horizon 2020 and beyond [FOSTER]. The project
developed the FOSTER portal as a platform that brings together the best resources addressed
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to those who need to know more about open science, or need to develop strategies and skills
for implementing open science practices in their daily work:

« Define & crowdsource
research priorities

« Organize project, team,
collaborations

 Get funding / contract

Research lifecycle
« Archive / share posters und ﬂl]ﬂll science

« Archive / share presentations
« Tell about research outside
academia

« Researchers profiles /
networks

* Archive / share publications * Write/ code
* Archive / share data & code « Visualize

* Select journal to submit to « Cite

* Publish « Translate

Figure 1.3: Research lifecycle and Open Science (from the FOSTER project)

1.3.2. Open science facets: documents, data and software

The FOSTER project also identified the open science ‘facets’ that could be shared by scientists
within and between research communities.

Open
Data

Open

source -
Citizen
Science

Notebooks
Scientific
Social Network

Open Peer
Review

Open
Educational
Resources

Figure 1.4: Open Science facets (from the FOSTER project)

Those ‘facets’ are different in nature and therefore sharing them requires specific
approaches. The complementarity and differences between documents, data and software
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are well known by the computer science community. The sharing processes for each of these
are explored in the following sections.

1.3.2.1. Documents

Publications, notebooks and educational materials are documents written in natural
languages. They are designed to be read by people, while machines may leverage their
content through document processing. Publications were (and still are) the basis for
information exchange between scientists. The first instance of the World Wide Web to be
deployed, in the early 90s, was a Web of documents. Therefore, technology met user needs
and digital publications became the norm. This soon created friction with regard to the
intellectual property rights, however, which up to this point were mostly owned by publishing
corporations. On February 14, 2002, the Budapest Open Access Initiative produced its original
declaration which started as follows: ‘An old tradition and a new technology have converged
to make possible an unprecedented public good. The old tradition is the willingness of
scientists and scholars to publish the fruits of their research in scholarly journals without
payment, for the sake of inquiry and knowledge. The new technology is the internet. The
public good they make possible is the world-wide electronic distribution of the peer-reviewed
journal literature and completely free and unrestricted access to it by all scientists, scholars,
teachers, students, and other curious minds.” [Budapest OAI] The Open Access movement
launched the debate with publishers which is now focused on legal or contractual issues
about ‘ownership’ of the content.

Since then, multiple examples of open access initiatives have flourished around the world.
Launched in the United States in 1991 and currently managed by the University of Cornell,
arXiv is an open access repository of electronic preprints (known as e-prints) approved for
posting after moderation, but not full peer review. It consists of scientific papers in the fields
of mathematics, physics, astronomy, electrical engineering, computer science, quantitative
biology, statistics, mathematical finance and economics, which can be accessed online. In
many fields of mathematics and physics, almost all scientific papers are self-archived on the
arXiv repository before publication in a peer-reviewed journal. Following the arXiv model,
similar archives have been established in many different disciplines. Recently, preprints have
become popular in life sciences and have turned out to be essential in the scientific
communication related to COVID-19.

In France, Hyper Articles on Line (HAL) is an open archive where authors can deposit scholarly
documents from all academic fields. French scientists are encouraged to deposit their
publications here. New research assessment practices are developed by considering
publications if and when they are openly available in HAL.

1.3.2.2. Data

Data are heterogeneous in nature and their volume explosion requires the systematic use of
machines. Infrastructures have been built, and continue to expand, to store and preserve data
for future reuse. Machines are used for many purposes. Raw data have to be processed to
generate useful data. Large datasets need to be processed to visualise useful information.
Analysing large datasets and extracting information through computing such as machine-
learning technologies has become common practice. Building models and assessing their
value through computer simulation has also become common practice and requires new
computing architectures as models become more and more complex.



The importance of data management for science has been recognised for a long time. The
pervasive availability of digital information is now being viewed as bringing a paradigm shift
in the way science is conducted. Jim Gray, who received the Turing Award in 1998 “for seminal
contributions to database and transaction processing research and technical leadership in
system implementation’ [Wikipedia Grayl] has introduced the concept of data-intensive
science or e-Science as the ‘fourth paradigm’ of science (after empirical, theoretical and
computational paradigms) and asserted that ‘everything about science is changing because
of the impact of information technology’ and the data deluge [Wikipedia Gray?2].

The heterogeneity of data and their originating research communities has also resulted in a
heterogeneity in the way data is made available. Unlike narrative publications, which can all
be accessed through similar means, there is no single way to access research data. Only
recently has there begun to be more uniformity in the way data can be accessed.

In Europe, the Zenodo project is ‘built and developed by researchers, to ensure that everyone
can join in Open Science. The OpenAlIRE project, in the vanguard of the open access and open
data movements was commissioned by the EC to support their nascent Open Data policy by
providing a catch-all repository for EC funded research. CERN, an OpenAIRE partner and
pioneer in open source, open access and open data, provided this capability and Zenodo was
launched in May 2013. In support of its research programme CERN has developed tools for
Big Data management and extended Digital Library capabilities for Open Data. Through
Zenodo these Big Science tools could be effectively shared with the long--tail of research.’
[Zenodo]

1.3.2.3.  Software

Software source code uses programming languages that are designed to be used by both
machines and people. The role of software has become essential as research activities often
depend on specific or generic software. Infrastructures for storing and preserving research
software (and, if necessary, the environment in which it is executed, e.g. virtual machines) in
both source or executable forms are more recent, while the need for reliable service is more
and more required.

In order to be usable by scientists, research software archives need to comply with specific
requirements. They have to keep multiple versions in order for scientists to be able to use the
version that will ensure reproducibility. Research software uses generic components such as
operating systems, compilers, scientific libraries, etc. Therefore, in order to allow
reproducibility, these generic components also need to be kept. As a consequence, archiving
of research software has to be part of general-purpose software archives.

Software Heritage [Software Heritage] is an initiative launched by Inria, the French Institute
for Research in Computer Science and Applied Mathematics in 2015. Its goal is to archive,
preserve and make available the code of all open source software available. Archiving
research software will have to consider leveraging initiatives such as Software Heritage in
order to deliver the value needed by scientists to reproduce scientific experiments in a
trustworthy manner.

Other opportunities to share software are coming from cloud-based infrastructures where
computing services are made available to scientists over the internet.

In order to deliver the potential that open science promises, a new generation of
infrastructures is needed to make documents, data and software available to scientists in an
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easy-to-use and integrated environment. This new generation of infrastructures will comply
with a range of guiding principles described in detail in Section 4.

1.3.3. Open science adoption: progress and resistance

Nowadays, open science practices have become a reality, aiming at culturally and
technologically upgrading the research lifecycle, to accelerate research and make it more
efficient and sustainable, and maximising its overall impact on and trustworthiness for society
as a whole.

Research communities, research funders, research organisations and policy makers are
contributing in their own capacities to make science ‘as open as possible, as closed as
necessary’. Research communities define discipline-specific open science policies, and the
related implementation guidelines and incentives, in respect of researchers’ needs, practices,
services and legal constraints. They also define open science implementation roadmaps, to
plan a progressive removal of the barriers.

Research funders, research organisations and policy makers are supporting and funding the
e-infrastructures, the research infrastructures, the researchers and the projects necessary to
support the open science paradigm. Accordingly, they themselves define policies, guidelines,
roadmaps and mandates, to foster and advocate open science, which should facilitate the
implementation of research community roadmaps while taking into account their policies and
guidelines. (For example, for life sciences the European Research Council (ERC) recommends
Europe PMC — an open science platform dedicated to life sciences — for the deposit of
preprints and open access versions of scientific articles to facilitate their diffusion, and
recommends ELIXIR Deposition Databases for Biomolecular Data).
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Figure 1.5: Open Science at the crossroads between communities and funders, organisations, and ministries

Such trends set the path to open science, expecting it to become the ‘new normal’ in a not-
so-distant future, but also highlight a number of cultural and technological barriers that still
need to be overcome.
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Despite the acceleration of digital science, scientific practices often still follow traditional
patterns, which focus on the dissemination of science via research literature, in some cases
via research data, rarely via research software, and almost never via sharing of reproducible
experiments.

Research funders and policy makers have been trying to improve this, but still technologies,
policies, guidelines and incentives are not fully deployed. Although the current digital age
enables automation of substantial parts of the research lifecycle, science is far from being as
fully tracked, described, transparent and reusable as it could and should be at community
level and cross-community level.

In addition, current incentives for researchers, including career prospects, are not rewarding
open science practices, with scientific credit and research impact for researchers. When it
comes to rewards, policies, institutions, funders and initiatives focus almost solely on
scientific articles. In this context, open access to literature has a non-trivial cultural obstacle,
as scientific credit is currently often based on easily available indicators (e.g. Impact Factor)
measured via citation indexes that constitute the core business of private publishing
companies, which in turn offer subscription-based, non-open access journals.

Around the world, multiple initiatives have been engaged in securing open access to
publications. In Europe, for example, Plan S is an initiative for open access science publishing
launched in 2018 by cOAlition S, a consortium of national research agencies and funders from
twelve European countries [Plan_S]. The plan requires scientists and researchers who benefit
from state-funded research organisations and institutions to publish their work in open
repositories or in journals that are available to all by 2021.

The recent COVID-19 emergency has given clear evidence of the benefit that open science
practices can bring, but also of the large areas for improvement. The demand for a portal
providing access to COVID-19-related data sources, computing and thematic services within
the ELIXIR research infrastructure was rapidly satisfied, benefiting from past research
infrastructure investments in the domain.

Still, reproducibility is not fully supported, programmatic access remains hard and so are
monitoring and discovery of research results within and across disciplines.

Actions to address these challenges are being undertaken. These require creating and
reinforcing synergies within and across research communities, research performing
organisations, funders and policy makers, to make science more efficient and a new ‘tangible
product’ enabling new career opportunities and added value.

Indeed, this process introduces new career opportunities, for professionals specialising in the
definition and implementation of open science policies, guidelines and roadmaps (e.g. data
stewards, open science managers). In order to ensure a fertile, multi-disciplinary, monitorable
research ecosystem, several practices must be agreed upon at cross-community level. For
example, a common understanding of the research entities involved in the scientific process
(e.g. standard identifiers registries for authors, organisations and services), in order to enable
a common way to track and monitor science, and hence to evaluate its openness. Other
examples are open access guidelines for literature, incentives towards the implementation of
‘open science by design’ services, or incentives towards publishing products (e.g. open source
research software).



The classification and sharing of policies, guidelines and roadmaps, as well as skills and
experiences, as made available by research communities, research funders, research-
performing organisations and policy makers would accelerate and optimise the
implementation of open science, while facilitating convergence of intent.

Such integration and sharing will have to take into account the fact that the initial efforts
towards open science have been deployed at very different levels from one discipline to
another and from country to country.

1.3.4. Limits to open science

While it will take time for open science to be pervasive and become the ‘new normal’, the
current efforts being undertaken across the world and in Europe, in particular, produce
constant progress. The support from many stakeholders, each in their own capacity,
strengthens the practices and therefore the impacts of open science.

However, to describe a full vision of what open science will bring, it is also important to take
into account limits that will have to be respected in order for open science to deliver value to
society while mitigating undesirable consequences. There are four essential limits to open
science:

Privacy;
Security;
Property;
Sovereignty.

1.3.4.1. Privacy

Privacy rights for individuals are legally recognised in Europe. The principles of the General
Data Protection Regulation (GDPR) state that ‘personal data shall be collected for specified,
explicit and legitimate purposes and not further processed in a manner that is incompatible
with those purposes (purpose limitation)’. The regulation goes on to state other principles
such as data minimisation, accuracy, storage limitation, integrity and confidentiality.
Exceptions are made to facilitate research, but these must always be balanced with the risks
for the individual.

EOSC will take into account this regulation. As a consequence, privacy will require limits to be
placed on the dissemination of datasets that contain personal information in a transparent
manner.

1.3.4.2.  Security

In the Open Science context, security refers to the protection of data integrity and is, of
course, necessary for Open Science to deliver its value to scientists. Throughout its evolution
the internet has considered security as an essential requirement for the infrastructure and
EOSC will benefit from the corresponding efforts, products and services.

Federating security policies implemented by the research infrastructures may, in specific
cases, limit openness. EOSC will have to strike the right balance between trustworthy security
policies and open access to research artefacts.

There are other cases where security will have to be taken into account. These relate to the
content of the information itself, which may require special attention. It will be the role of



the infrastructure governance to decide whether or not information may be made available
openly and to whom.

1.3.4.3. Property

Data acquisition can be a costly process. The entity performing that process has rights and
responsibilities with regard to defining the use of the data. Depending upon the funding
mechanism, the ‘owner’ may decide to limit access to the data. Open science infrastructures
will have to provide a way for stakeholders to exercise their rights, possibly limiting open
access to the data. In any case, the stakeholder policy will have to be shared openly.

1.3.4.4.  Sovereignty

Member States may decide that data management has to follow specific rules. Member
States should be able to exercise their full right and power over documents, data and
software, limiting full openness. Striking the right balance between ensuring sovereignty and
ease of use will require special attention.

As a consequence of those limits, an infrastructure for Open Science has to offer capabilities
for identity and rights management. Being a federation of research infrastructures, those
capabilities will have to be powerful enough to offer individuals, organisations or
governments a way of exercising the required control while keeping knowledge ‘as open as
possible, as closed as necessary’.

1.4. Next Generation Infrastructure

1.4.1. Learning lessons from the recent past

In order to position EOSC in its context, it is important to briefly review the evolution of digital
services made available to scientists over the years, together with the key technologies
(networking, hardware and software) that were developed and deployed to allow those
services to flourish, as well as the funding models and the policy decisions that exploited
these new capabilities.

This review is summarised in Table 1.1 and allows EOSC to be positioned in time and
technological space, leading to the definition of the ‘raison d’étre’ of the initiative.

1970 1980 1990 2000 2010 2020 >
| | | | | |
European Infrostructures CERN (1954), ESO (1962) NRENS, ESFRI, ERICs Géant, EuroHPC, EGI, E-ELT, Al-Data-Robotics
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for Research EMBL, ECMWF, ILL ESRF ESA, EPOS EIT Digital, ELIXIR, EuroFusion EOSC
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| L] ] n L] L]
: " Public, Public, Public, Public, Public,
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| L | | L |

Generic Services I

Remote Login, Email,
File Transfer, Chat

Office automation,
Teamwork (local),
Shared File Systems, Databases

Browsers, Teamwork (Wiki),
Discovery, Catalogs,
Electronic Commerce

Encyclopedia, Social networks,
Telephone, Digital Photography,
‘Television

Elastic Cloud,
Electronic Publishing,
Videoconferencing

Standards l

IETF

X Window Consortium

w3c

WAI

RDA

Infrostructures I

Internet

TCP-IP,
X Window

Web of Documents, HTML,
CsS, Mozilla,Apache,
Internet Archive, ArXiv

Web of Data, XML,
Semantic Web, Web services
Royalty Free Policy, HAL

Linked Data Platform,
Domain specific standards

Next Generation Internet
Distributed & federated clouds
Internet of FAIR data, Solid,

Feware, Heritage

Technologies I

Mainframes, Fortran,
Cobol, Supercomputers,
Leased lines

Microprocessors,
Workstations, Unix, C, C++,
Graphics, Ethernet

Table 1.1: EOSC in its technological context

PC, Mag, Linux,
Java, JavaScript,
ADSL
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Fiber Optics (network),
Wi-Fi, REST, Git, Python

Smartphones,
Fiber Optics (last mile),
Hadoop, Cloud Computing,
Grid Computing, GitHub

Digital Continuum
Internet of Things
Machine Learning



1.4.1.1. 1970 The internet, mainframes and leased lines

The world recently celebrated 50 years of the internet. In September 1969, a few characters
were exchanged between four mainframe computers installed in different locations in the
west of the United States. The first message was intended to send the word login from one
computer to another (and it failed). It was the first step towards delivering the remote login
service: allowing an end user to use remote computers such as the mainframes or
supercomputers of the day.

In the years following this historical moment, the internet allowed the development of many
other services, predecessors to the ones routinely used today: email, file transfer, chat. For
a long while those services were only deployed within research communities. It is important
to note that this deployment was rapidly global. Connections, gateways and routers were
assembled to build the first generation of the global internet infrastructure and to allow
scientists to improve the way they collaborated. Funding mostly came from research-funding
organisations. The development of internet Standards grew as a bottom-up effort, driven by
the Internet Engineering Task Force (IETF), exploiting the communication capabilities
provided by the internet (eg mailing lists, file transfers, news) to assemble hundreds of
computing and telecommunications scientists and design the internet architecture.

1.4.1.2. 1980 Unix, the personal computer, ethernet

A few years later, progress in microprocessor technologies allowed the design of personal
computers, which rapidly became the main tool for scientists to do their research. Scientific
workstations were born, providing researchers with the best technologies of the day in terms
of computing, graphics and networking. Equipped with office automation and computer-
aided design software, these devices were connected to local area networks, changing the
way scientists would collaborate within a team or a laboratory. Unix, C, C++, TCP-IP and X
Window System were the software standards that allowed interoperability between these
devices. Scientists were able to share their results within their teams and/or their
laboratories by sharing databases, for example. Distributed file systems allowed the
development of new ways of collaboration. It is important to note that many of those
software standards were developed within computer science laboratories both private and
public (Unix, C and C++ at Bell Labs, TCP-IP at UC Berkeley, X Window System at MIT).

1.4.1.3. 1990 The World Wide Web: the internet becomes pervasive

Twenty years after the birth of the internet, the Web was invented at CERN, the European
Organisation for Nuclear Research. In March 1989, Tim Berners-Lee wrote a memo entitled
‘Information Management: A proposal’. The project was approved and Tim developed the
World Wide Web using a NeXT machine, the most advanced workstation of the moment. It is
interesting to note that user research organisations were also at the origin of the deployment
of the Web. For example, in the United States, the first Web server was installed at Stanford
Linear Accelerator Center (SLAC). Also, while many Web browsers blossomed around the
world, Mosaic from the National Center for Supercomputing Applications was made
available on PC, Mac and Unix machines and became a huge success. Scientists were able to
share documents, graphics and images thanks to the worldwide deployment of the Web.
Essential generic services such as discovery or service catalogues were developed within
computer science departments (Stanford University). Open source efforts delivered key
software components of the infrastructure such as Apache, the Web server, wiki, the
collaborative tool that was to be used widely by research communities. The Java and



JavaScript programming languages were developed by technology companies (Sun
Microsystems and Netscape respectively). Services that were not planned in the original
design of the internet (e.g real-time signals) and that used to require specific networks
(telephone, television) moved to the internet and offered new opportunities for innovation.
As a whole, the success of the Web fuelled the massive deployment of the internet
infrastructure with private and public funding. In order to ‘lead the Web to its full potential’,
Tim Berners-Lee moved from CERN to MIT and launched the World Wide Web Consortium
(W3C), following the lessons learned from the X Window Consortium. Tim also requested that
W3C would have multiple hosts and Inria, the French Research Institute for Computer Science
and Automation, in Europe and Keio University in Japan became the European and Asian hosts
of W3C.

1.4.1.4. 2000 Documents and data

While the first version of the World Wide Web allowed the creation of a Web of documents,
using its original components, URL, HTTP and HTML, very soon, the request for a Web of data
led W3C to develop XML and a family of related standards. This effort brought together
different communities with participants coming from academia, public and private
organisations. It also became clear that beyond the description of syntaxes, in order to make
full use of data, semantics needed to be formalised. Tim Berners-Lee launched the
development of the Semantic Web within W3C. The growing impact of the Web on society
was recognised by W3C. The Web Accessibility Initiative (WAI) became part of the strategic
priorities of the consortium in order to design a Web that could be used by people with
disabilities. At the same time, in order to strike the right balance between public and private
investments, W3C developed a royalty free policy for using W3C standards.

During the same period, the deployment of the internet was able to benefit from a wide range
of new networking technologies, from fibre optics (within the core of the network) to Wi-Fi
(at the edge). The last mile challenge addressed by ADSL technology was also about to be
covered, by the deployment of mobile infrastructures. The design of the internet allowed the
use of all these technologies in order to build the resilient infrastructure it is today.

The vision of Tim Berners-Lee became true when ‘thousands of flowers bloomed’ on the Web
[Forbes TB-L], ranging from an open encyclopedia to the emergence of social networks. The
internet infrastructure was able to carry telephone and television signals. Digital
photography was about to become widespread.

1.4.1.5. 2010 Smartphones, cloud computing, linked data platform

The momentum of the internet only accelerated further when microelectronics technologies
allowed the functions of a telephone, a computer and, soon enough, a television to be
embedded in a handheld device. The smartphone was born, filling the pockets of millions of
people around the globe, including researchers.

At the same time, the decreasing cost of computing and storage resources and the
improvements in bandwidth of the internet allowed the launch of the cloud computing
paradigm. Progress in computing architecture during the early 2000s allowed the Grid
Computing route to be added to the general evolution of supercomputing. Scientific
problems could be addressed with a wide range of architecture possibilities.

Building upon the outcome of the Semantic Web efforts, W3C launched the Linked Data
Platform initiative with the goal of creating the architecture components that will allow data



to be ‘linked’ and lay the ground for the internet of FAIR (findable, accessible, interoperable
and reusable) data.

Many people in the research community recognised that the time had come to leverage the
progress of the internet infrastructure, leading to the launch of the Research Data Alliance
(RDA) in 2013 to ‘build the social and technical bridges to enable the open sharing and re-use
of research data’.

1.4.1.6. 2020 Lessons learned

The emergence of so many new digital products and services, over the years, followed similar
paths:

New user needs served by breakthrough technologies;
Next-generation services deployed on existing infrastructures;
Use of novel services pioneered by research communities and then deployed for the
general public;
e Initial efforts supported by public funds and then embraced and further developed by
industry;
Innovation fuelled by private funds;
Pervasive deployment delivered by open and proprietary offerings.

Over the last 50 years, exceptional developments have allowed scientists to use machines
that improve the exchange of documents, data, software and related information between
people.

Looking into the future, further improvements in digital technologies will create new
opportunities. Machines will be assembled into complex systems and put at the service of
research teams composed of experts from any discipline working from anywhere in the world.

While the potential offered by current (and future) devices is unique in human history, the
current limits come from the programmability of those complex systems to develop friendly
user-oriented services and the capacity to find, access and reuse data in an interoperable
framework.

The Horizon Europe programme will address many of these challenges through various
partnerships and the EOSC partnership will form links with those inside Europe.

1.4.2. Networking: the next-generation internet (NGI)

The NGl is an ambitious research and innovation programme with an EC investment of more
than €250m for the initial phase between 2018 and 2020, and is an important part of the
upcoming Horizon Europe programme (2021-2027). Focus has been on advanced technology
applied to evolve the internet into an ‘Internet for Humans’. The initiative addresses the
challenges of privacy and trust, search and discovery, by promoting decentralised
architectures, blockchain, the Internet of Things (loT), social media and interactive
technologies, as well as technologies supporting multilingualism and accessibility. Also, the
whole new area of next-generation Internet of Things research will be covered under the NGI
programme.

EOSC will benefit from the evolution of the internet towards an ‘Internet for Humans’. EOSC
will be able to face the challenges of privacy, security, property and sovereignty by leveraging
the results of the NGl initiative. EOSC will also make use directly of the new IoT technologies



and infrastructures, as this is one of the sources of the large amount of data that can be used
for research inside the EOSC ecosystem.

1.4.3. Hardware: the computing continuum

In their paper ‘Harnessing the Computing Continuum for Programming Our World’,
Berckman, Beck, Dongarra et al. describe the challenges facing scientists in mastering systems
composed of elements as different as smart sensors at the one end and supercomputers at
the other [Berckman HCC]. The Computing Continuum is described in Figure 1.6.
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Figure 1.6: The Computing Continuum (from the EuroHPC SRA)

In its Strategic Research Agenda (SRA) published in March 2020, the Institutionalised
Partnership EuroHPC extends the concept and introduces a new paradigm called the ‘Digital
Continuum’:

‘The rapid proliferation of digital data generators, the unprecedented growth in the volume
and diversity of the data they generate, and the intense evolution of the methods for
analysing and using that data are radically reshaping the landscape of scientific computing.
The most critical problems involve logistics of wide-area, multistage workflows that move
back and forth across the computing continuum, between the multitude of distributed
sensors, instruments and other devices at the network’s edge and the centralised resources
of commercial clouds and HPC centres.” [EuroHPC SRA]

The EuroHPC SRA has been designed to strengthen and develop further the European position
with respect to the ‘Digital Continuum’ during the Horizon Europe programme.

EOSC will contribute to the Digital Continuum by providing the management of scientific
information necessary for scientists to use the Computing Continuum and implement their
ideas.

1.4.4. Software: Visualise, Analyse, Predict

Key elements of the research lifecycle involve observation, explanation and prediction. If and
when large datasets are available, scientists need to use machines to support their work.
Observation requires machines to help in visualisation; explanation requires machines to
analyse data and derive models; prediction requires machines to check hypotheses. The
larger the datasets, the harder becomes visualisation, analysis and prediction. Scientists need
to use advanced software in order to improve their insights. Scientists also use machines and
software to check hypotheses, simulate phenomena and strengthen their ideas and models.

-43 -



During the Horizon Europe programme, the Al (Artificial Intelligence), Data & Robotics
partnership will help position Europe in the global development of Al technologies. The
summary of the partnership proposal states:

‘Access to relevant and high-quality data is widely recognised to be one of the crucial
elements in building an Al economy in Europe. Building on the great efforts to make industrial
and public sector data more accessible during Horizon2020, the access to data will have to
scale up in Horizon Europe, address a broader set of sectors and drastically increase the
quantity of high-quality datasets available.” [EP_AID&R]

EOSC will make available the high-quality scientific datasets to be consumed by machine-
driven Al applications at the service of science.

1.4.5. Data: findable, accessible, interoperable and reusable

The first Web client, developed by Tim Berners-Lee, was both a browser and an editor. A user
could therefore not only read but could also create content. The Web was conceived originally
as a collaborative space. However, when the first popular browser, Mosaic, came along, in
1993, it included images but the editing capability was taken out. It was considered too
difficult a problem.

The Web was also originally designed to be a space for data as well as documents. The Linked
Data Platform, recently developed, is an important step towards giving data first-class citizen
status on the Web.

These two principles, of read-write capability and managed data accessibility, were part of
the original vision for the Web. They are still not available as Web features. They may be
present at the application level. For example, wikis or social networks offer the write
capability within their own environment.

Since 2015, Tim Berners-Lee has been working on SOcial Linked Data (SOLID) in order to offer
those two capabilities for the whole Web. Those capabilities are essential in order for EOSC
to achieve its full potential.

Referring to Neil Armstrong’s famous sentence when landing on the moon, Tim defines what
he thinks is ‘A small step for the Web’:

‘I ' have always believed the Web is for everyone. [...] This is why | have, over recent years,
been working with a few people at MIT and elsewhere to develop SOLID, an open source
project to restore the power and agency of individuals on the web. [...] SOLID is a platform
built using the existing web. It gives every user a choice about where data is stored, which
specific people and groups can access select elements, and which applications you use [...]
SOLID is guided by the principle of “personal empowerment through data” [...] I’'m incredibly
optimistic for this next era of the web [...] The future is still much bigger than the past.” [TB-

L Step]

‘The issue with writing data, as Wikipedia and others have learned, is that you need a degree
of control over who can write what. The writer needs to have permissions describing what
individuals can do to the data. And to have permissions you need to have a system for
identity — a way of uniquely confirming that an individual is who they purport to be. Hence,
based on existing Web standards and the result of decades of work, SOLID has read-write
functionality, incorporating permissions and identity, along with data manageability and



real-time updates. It realises the Web as originally envisioned and provides a platform for the
next generation of truly empowering and innovative applications.’

While the success and the deployment of SOLID is yet to be proven, the issues that SOLID
addresses are at the core of what EOSC needs in order for scientists to find, access and reuse
interoperable research results.

1.4.6. Machines for scientists: EOSC foundations

‘Machines need direction from human minds, and human minds need inspiration from human
leaders’. Arno Penzias, Nobel Prize-winning physicist, reminds us that it is up to us to build
the environment and the infrastructures that will facilitate the exchange and composition of
ideas, allowing scientists to cooperate globally and help solve the scientific and societal
challenges of our time. In order for scientists to share the universe of scientific networked-
accessible information, the essential foundations are:

e Persistent identifiers: a mechanism for naming and locating documents, data and
software in a persistent manner;

e Metadata and ontologies: a mechanism for discovery of and access to documents,
data and software in a structured manner.

e Internet identity: an authentication and authorisation infrastructure (AAl).

The first mission of EOSC will be to provide those mechanisms and that infrastructure to
enable machines to get direction from human minds for the benefit of all.

EOSC will allow identified scientists to store, share, discover and access identifiable
documents, data and software.

Based on these foundations, once again, it will be possible to see ‘thousands of flowers
bloom’. Using the computing continuum, equipped with EOSC mechanisms, generic and
specific services will be developed using current and novel technologies.

EOSC will allow identified scientists to (re)use identifiable documents, data and software,
exploit identified services, reproduce experiments and address the problems of our time.

1.5. EOSC Objectives Tree

In summary of this introduction to EOSC, building the European deployment of open science
requires addressing three main challenges relating to people (scientists and data
professionals), knowledge (documents, data and software) and infrastructures:

e Convincing scientists that open science will allow them to do better and more
rewarded research;

e Enriching publications, data and software in order to make them usable by machines
and scientists;

e Federating infrastructures in order to make them all available to scientists across
borders and across disciplines.

The EOSC Objectives Tree (Figure 1.7) presents these three challenges by stating the
problems, identifying the barriers, defining the objectives and highlighting the benefits.
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Figure 1.7: European Open Science Cloud Objectives Tree

The first release of the EOSC Objectives Tree was designed for the EOSC Partnership proposal
submitted to the European Commission in May 2020. It complies with the vision presented in
the EC Communication ‘A European strategy for data’ in 2020 [EC Data Strategy]. New
publications, data and software produced by laboratories, observatories, analytical,
computational and scholarly work will progressively feed EOSC with quality-verified
information sets ready for exploitation and reuse.

Europe has all the expertise needed to progress rapidly in the deployment of this EOSC
ecosystem but it needs to bring additionality and directionality at European, national and
institutional levels in order to direct future research and innovation efforts and stimulate
deployment and adoption.

With the initial phase of the EOSC initiative ending in 2020, Europe now needs to strengthen
and accelerate the development and implementation of EOSC, to engage more widely with
multiple stakeholders, and to coordinate and synchronise the multiple relevant activities in
the field that are still too fragmented among Member States’ national plans and research
communities.

The future of EOSC will be largely shaped by:

1. The exponential growth in the quantity of research artefacts: documents, data and
software;

Science and innovation becoming digital intensive;

The evolution of research infrastructures towards managing digital knowledge;

The increased availability of networking, computing and storage resources;

5. The policy drive for open science.

PwnN

EOSC, as a programme, will therefore be directed towards achieving the three objectives
defined in its Objectives Tree, each of which is discussed below.
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1.5.1. Open science practices and skills are rewarded and taught, becoming the ‘new
normal’

A key goal of EOSC s to help move the research enterprise in Europe towards the open science
paradigm. There is already a political will towards open science and many European countries
are implementing national programmes that are aligned with the European Commission
Recommendation (EU) 2018/790 of 25 April 2018 on access to and preservation of scientific
information [EC Rec 2018/790].

EOSC will be established as the Europe-wide infrastructure for open research. The more
scientists are convinced of the value of the EOSC federated infrastructure, the higher that
value will be, following the network effect that led to the deployment and success of the
internet.

When open science becomes the ‘new normal’, scientists will extend their requirements
accordingly, and new roles and responsibilities will have to be created (e.g. data scientists,
data stewards, etc.).

Scientists’ rewards and recognition schemes will have to evolve also, to acknowledge that the
value delivered by research is available in documents, data and software, extending the
current rewards and recognition approach which is based too heavily on publications.

1.5.2. Standards, tools and services allow researchers to find, access reuse and
combine results

The launch of initial EOSC projects and the work of the Commission expert group on findable,
accessible, interoperable and reusable (FAIR) data (with its report ‘Turning FAIR into reality’
[EC_EG _FAIR]) has allowed stakeholders to agree on the shared FAIR principles that are now
at the core of EOSC [FAIR Principles]. Making data and any other digital research artefact
(such as documents, algorithms, tools and workflows) as FAIR as possible across all European
research infrastructures will be a key expectation for joining EOSC.

The FAIR guiding principles for scientific data management and stewardship, by Mark
Wilkinson et al. (2016):

Findable. Data are assigned a globally unique, persistent and resolvable identifier. They are
described with rich metadata which are registered or indexed in a searchable resource.

Accessible. Metadata are retrievable by their identifier using a standardised
communications protocol which is open, free and universally implementable.

Interoperable. Data and metadata use a formal, accessible, shared and broadly applicable
language for knowledge representation.

Reusable. Data and metadata are released with a clear and accessible data usage licence.
They are associated with detailed provenance and meet domain-relevant community
standards.

‘Importantly, it is our intent that the principles apply not only to “data” in the conventional
sense, but also to the algorithms, tools, and workflows that led to that data. All scholarly
digital research objects — from data to analytical pipelines — benefit from application of
these principles, since all components of the research process must be available to ensure
transparency, reproducibility, and reusability.’




‘Distinct from peer initiatives that focus on the human scholar, the FAIR Principles put
specific emphasis on enhancing the ability of machines to automatically find and use the
data, in addition to supporting its reuse by individuals.’

The availability of data that are FAIR by design will allow scientists to make the best use of
new data by leveraging the power of machines. FAIR data, being machine-actionable, allow
the development of software services, applications and tools that deliver the requisite
information for scientists to optimise their research.

Researchers are increasingly reliant on computational and machine-assisted support to deal
with research data as a result of the increase in the volume, complexity and creation speed
of that data. There is thus currently a scientific and policy consensus that research data must
be made machine-actionable, when applicable, to allow computational systems to find,
access, interoperate and reuse research data.

Putting it in simple terms, the machine must be able to find data (‘knows where it is’), then
to be able to access and identify (‘know what it is’); in order to operate on the data the
machine needs to know what can be done with this object (‘know how it can be handled’)
and for reusing the digital object the machine needs to know what it is allowed to do with it
(‘know which actions are allowed’). This all needs to be well described in the metadata.

FAIR is the set of requirements that ensures that digital artefacts within EOSC can be
discovered and reused. The FAIR principles articulate a set of mutual responsibilities between
content creators and curators. Digital artefacts must be described with rich metadata,
assigned a globally unique persistent identifier, and be released with aclear and
accessible usage licence. There is an onus on researchers to adopt relevant community
standards and select appropriate data services that enable digital artefacts to be discovered
and retrieved using standard protocols, applicable for both humans and machines. Research
communities need to define standards, sharing agreements and services to enable FAIR digital
objects. Some, such as astronomy, life sciences and linguistics, have self-organised, but many
others require support in order to narrow the gap between communities.

The strength of the FAIR principles is in defining a set of common characteristics required for
all digital artefacts, irrespective of type, discipline and content. This enables machines to act
across a broad set of content, enabling interdisciplinary research. Many aspects of the FAIR
principles, however, address community-specific standards and practices. The principles will
be applied differently according to the needs and requirements in the different fields of
knowledge. Crosswalks and brokering are needed to support interoperability across the
standards of multiple disciplines, as noted in Recommendation 4 from the FAIR Expert Group:
‘Develop interoperability frameworks for FAIR sharing within disciplines and for
interdisciplinary research’ [EC_EG FAIR].

Research communities need to be encouraged to develop and maintain interoperability
frameworks that define their practices for archiving, referencing and describing research
artefacts of all forms. To support interdisciplinary research, these interoperability
frameworks should be articulated in common ways and adopt global standards where
relevant. Intelligent crosswalks, brokering mechanisms and semantic and other technologies
such as artificial intelligence, should all be explored to break down silos and allow cross-
disciplinary exploration, analysis and visualisation.



1.5.3. Sustainable and federated infrastructures enable open sharing of scientific
results

This objective aims to enable the core functions of an operational EOSC ecosystem. EOSC is
envisaged as a federation of infrastructures, forming a Web of FAIR Digital Objects and
Related Services for Science. The FAIR principles and metadata standards act as guidelines
for interoperability and facilitate maximum sharing and exploitation of research by the
academic, private and public sector.

The system will be based on three layers: (1) the federating core (or EOSC-Core), (2) the
federation of existing and planned research data infrastructures, and (3) a service layer
comprising common services and thematic services (EOSC-Exchange). Building on existing
research data infrastructures, EOSC will grow through a series of iterations. Each iteration will
add more functionalities and services for a wider user base and satisfy a broader range of use
cases.

(1) The EOSC-Core assembles all the basic elements to operate and provide the means to
discover, share, access and reuse data and services in a reliable manner. These elements
address key technical, cultural and policy decisions of EOSC and they must be maintained over
the long term. Specifically:

e A mechanism for naming and locating documents, data, software and services;
e A mechanism for discovery of and access to documents, data, software and services;
e A common framework for managing user identity and access.

It will need to assemble a number of basic services and features, including:

e Repositories complying with an open charter that describe what users can expect from
the service, such as descriptions of the content with rich, community-defined and FAIR
metadata (including granularity levels, versioning policy), sustainability commitments,
quality goals, etc.;

Networking connectivity with commitments on upload and download capabilities;
Authentication and authorisation rules and services for allowing access by users.
These rules and services have to comply with the EOSC authentication and
authorisation infrastructure (AAl) standards;

Persistent identifiers (PID) services complying with the EOSC PID policy;

Metadata services describing the content available in order, for example, to allow
discovery by end users;

e Application programming interfaces (APIs) for access by machines. These APIs are
necessary to allow the development of applications using the content. Their
description must be public.

(2) The FAIR principles and metadata standards enable the federation of existing and planned
research data infrastructures, adding a soft overlay to connect them and forming a Web of
FAIR Data and Services.

As the national, European and international research data infrastructures composing EOSC
and other regional infrastructures are by definition distributed, as well as supported by a wide
variety of institutions (public and private) throughout the world, the envisioned EOSC can only
be realised in a decentralised federated way. As described above, this requires an underlying
framework based on commonly agreed, minimum standards and maximum freedom to
operate with agility, whilst still ensuring global and interdisciplinary interoperability. This does



not rule out multiple ‘portals’ in the sense of more traditional websites, where users can enter
the EOSC environment, find content and related services, learn about commonly adopted
approaches, formats, standards and EOSC Rules of Participation, register their resources,
tools and services, etc. Currently, the projects funded under EOSC-related calls in Horizon
2020 have developed an initial EOSC Portal. In order to enable innovative value-adding
services to be developed, it is essential that such access points have an API for machine
access.

(3) The EOSC-Exchange builds on the EOSC-Core to ensure that a rich set of services (common
and thematic), exploiting FAIR data and encouraging its reuse, are available to publicly funded
researchers. It is expected that rivalrous services, such as those that store, preserve or
transport research data as well as those that compute against it, will be made available via
the EOSC-Exchange. Service providers that participate in the EOSC-Exchange will be required
to conform to predefined Rules of Participation.

e Common services. This layer is composed of services that need to exist but may not
be shared by all stakeholders. The main reason for such a layer is that certain domains
or countries have already developed those services. There is no reason for them to
change, while other domains or countries would benefit from using common services
rather than developing their own. A good example is the archival service. All domains
and countries need archival services to ensure the sustainability of their artefacts
(publications, data and software). Some stakeholders have developed their own and
have no reason to change. Their experiences may, however, be useful in developing
common services for other stakeholders.

e Thematic services. This layer has no limit. It covers all the services that communities
need to develop to contribute to the EOSC ecosystem. These services are delivered to
researchers and all stakeholders to enhance their working environment. They are built
using the relevant elements of the federating core (EOSC-Core) and may leverage
common services. They will use the APIs mentioned above when necessary. Many
projects are already engaged in such developments in vertical domains. The mission
of EOSC is to allow those services to flourish and to support the ecosystem while
stimulating the creation of new innovative services.

Section 1 of this SRIA has presented an overview of the development of scientific practice, as
influenced by changing ideas and evolving technologies, and has summarised the objectives
that EOSC aims to achieve in order to address the challenges posed by such a contextual
legacy. Section 2 of the SRIA provides further context, focusing on the recent, current and
future status of and strategy towards science and data in Europe.



2 Science and data in Europe

The European Open Science Cloud is an integral part of, and supports, the European
Commission’s strategy for realising the European Research Area (ERA), in particular the policy
priorities of Open Innovation, Open Science and Open to the World and the goal of findable,
accessible, interoperable and reusable (FAIR) data. This section outlines the EC policy context
for open science and open, FAIR data, and how EOSC will contribute to the EC’s strategic
objectives and priorities.

2.1. European Research Area

The European Research Area (ERA) was launched by the European Commission in 2000 with
the aim of better organising and integrating Europe’s research and innovation systems and
enhancing cooperation between the EU, the Member States, their regions and their
stakeholders. It also aimed for the free circulation of researchers, scientific knowledge and
technology throughout the EU and focused on stimulating cross-border cooperation and on
improving and coordinating the research and innovation policies and programmes of the
Member States.

In May 2016 the Commission published Open Innovation, Open Science and Open to the World
— a vision for Europe [EC_Open Vision] as a key policy priority for realising the ERA, with the
following goals in mind:

e Open Innovation will help Europe capitalise socially and economically on research and
innovation results by bringing more actors and investments into the research and
innovation process.

e Open Science will help Europe benefit from digitisation and support new ways of
doing research and innovation as well as opening up access to research data and
results via digital technologies and collaborative tools.

e Open to the World will make Europe a leading voice in global debates and tackle
societal challenges by engaging more in science diplomacy and global scientific
collaboration.

It is as part of this strategy for Open Science that the European Commission adopted the
European Cloud Initiative — Building a competitive data and knowledge economy in Europe
[EC Cloud] and launched the initiative of creating the European Open Science Cloud (EOSC).
Both initiatives were designed to give a strong push in Europe towards Open Science and
findable, accessible, interoperable and reusable (FAIR) research data management and to
ensure that European researchers and professionals reap the full benefits of data-driven
science. Building EOSC basically equates to designing a virtual commons where science
producers and science consumers come together for more insights, new ideas and more
innovation.

In 2018, the Council of the European Union made a call to revitalise the European Research
Area, in 2020, with a new Commission Communication. In December 2019, Member States
advised on the future of the ERA through an opinion of the European Research and Innovation
Committee.

In April 2020, the European Commission introduced the ERAvsCorona Action Plan as part of
the EU response to the coronavirus pandemic [ERAvsCoronaAP]. Building on the overall
objectives and the tools of the European Research Area, the action plan is a working




document developed jointly by the Commission and national governments. It covers short-
term actions based on close coordination, cooperation, data sharing and shared funding
efforts.

On 30 September 2020, the European Commission adopted a Communication on a new
European Research Area for Research and Innovation [EC COM New ERA]. Based on
excellence, competitive, open and talent-driven, the new European Research Area will
improve Europe’s research and innovation landscape, accelerate the EU’s transition towards
climate neutrality and digital leadership, support its recovery from the societal and economic
impact of the coronavirus crisis, and strengthen its resilience against future crises.

‘We live in times when scientific activities require faster and effective collaborations. We need
to strengthen the European Research Area. An area embracing all of Europe, because
knowledge has no territorial boundaries, because scientific knowledge grows with
collaborations, because knowledge is trusted if there is open scrutiny of its quality. It has also
more chances to achieve peaks of excellence and support an innovative and risk taking
industry to shape a resilient, green and digital future.’

Mariya Gabriel (Commissioner for Innovation, Research, Culture, Education and Youth)
on 30 September 2020

The Communication sets out strategic objectives and actions to be implemented in close
cooperation with the Member States, in order to prioritise investments and reforms in
research and innovation, improve access to excellence for researchers across the EU and
enable research results to reach the market and the real economy. The Communication also
highlights the need to further promote researchers’ mobility, skills and career development
opportunities within the EU, gender equality, as well as better access to publicly funded peer-
reviewed science. The Communication defines four strategic objectives:

1. Prioritise investments and reforms in research and innovation towards the green and
digital transition, to support Europe’s recovery and increase competitiveness.

2. Improve access to excellent facilities and infrastructures for researchers across the EU.

3. Transfer results to the economy to boost business investments and market uptake of
research output, as well as foster EU competitiveness and leadership in the global
technological setting.

4. Strengthen mobility of researchers and free flow of knowledge and technology, through
greater cooperation among Member States, to ensure that everyone benefits from
research and its results.

The EU will work towards accomplishing the above strategic objectives, in close cooperation
with the Member States, through 14 actions that are linked to each other and will be
instrumental in realising the European Research Area [EC ERA Actions].

Action 9: Launch, via the Horizon Europe Programme, a platform of peer-reviewed open
access publishing; analyse authors’ rights to enable sharing of publicly funded peer-
reviewed articles without restriction; ensure a European Open Science Cloud that is
offering findable, accessible, interoperable and reusable research data and services (Web
of FAIR); and incentivise open science practices by improving the research assessment
system.




Once developed, the EOSC ecosystem should be a central element supporting a revitalised
European Research Area, which aims to strengthen the foundations, quality and impact of the
research and innovation system in the EU and in Member States.

In this new phase of the ERA, connectivity for the creation, circulation, diffusion and uptake
of knowledge will be essential both to consolidate an ERA fit for the digital age and to develop
a single EU market for data across sectors.

2.2. Priorities of the new Commission

In her statements to the European Parliament in July and November 2019, Commission
President Ursula von der Leyen outlined the political priorities that would shape the
Commission’s work programme for the years 2019 to 2024 [UvdL Agenda]. These priorities
include:

A European Green Deal;

An economy that works for people;

A Europe fit for the digital age;
Protecting our European way of life;
A stronger Europe in the world;

A new push for European democracy.

The EOSC Partnership Proposal [EOSC PP] already provides some preliminary insights as to
how EOSC can contribute to the achievement of these priorities. It addresses common
political priorities of the EU and its Member States such as making Europe fit for the digital
age, interlinking data spaces across a more efficient European Research Area, mainstreaming
Open Science and enabling European innovation to become more data-driven. Research
outputs that are FAIR by design, combined with top-class digital infrastructures and artificial
intelligence solutions, will ensure a true European capacity to tackle the Sustainable
Development Goals (SDGs), to reach the EU’s ambition for the Green Deal and to implement
other national or sectoral policies. EOSC will ensure that European research and innovation
(R&I) contributes in full to knowledge creation, to meeting global challenges and to taking
part in European economic prosperity.

2.3. The European strategy for data

On 19 February 2020 the European Commission released ‘A European strategy for data’
[EC Data Strategy], one of the pillars of an overall digital strategy focusing on the need to
put people first in developing technology, as well as on the need to defend and promote
European values and rights in how technology is designed, made and deployed in the real
economy.

The European strategy for data aims at creating a single market for data that will ensure
Europe’s global competitiveness and data sovereignty. Common European data spaces will
ensure that more data becomes available for use in the economy and society, while keeping
companies and individuals who generate the data in control.

Data is an essential resource for economic growth, competitiveness, innovation, job creation
and societal progress in general. Businesses will have more data available to innovate. This
will be done by launching practical, fair and clear rules on data access and use, which comply
with European values and rules such as personal data protection.



To ensure the EU’s leadership in the global data economy, the European strategy for data
intends to:

e Adopt legislative measures on data governance, access and reuse, for example for
business-to-government data sharing for the public interest;

e Make data more widely available by opening up high-value publicly held datasets
across the EU and allowing their reuse for free;

e Invest €2 billion in a European High Impact Project to develop data-processing
infrastructures, data-sharing tools, architectures and governance mechanisms for
thriving data sharing and to federate energy-efficient and trustworthy cloud
infrastructures and related services;

e Enable access to secure, fair and competitive cloud services by facilitating the set-up
of a procurement marketplace for data-processing services and creating clarity about
the applicable regulatory framework of rules on cloud;

e Empower users to stay in control of their data and invest in capacity building for small
and medium-sized enterprises and digital skills;

e Foster the rollout of common European data spaces in crucial sectors such as industrial
manufacturing, green deal, mobility or health.

The European strategy for data states notably that ‘Data is at the centre of this [digital]
transformation and more is to come. Data-driven innovation will bring enormous benefits for
citizens, for example through improved personalised medicine, new mobility and through its
contribution to the European Green Deal. In a society where individuals will generate ever-
increasing amounts of data, the way in which the data are collected and used must place the
interests of the individual first, in accordance with European values, fundamental rights and
rules. Citizens will trust and embrace data-driven innovations only if they are confident that
any personal data sharing in the EU will be subject to full compliance with the EU’s strict data
protection rules. At the same time, the increasing volume of non-personal industrial data and
public data in Europe, combined with technological change in how the data is stored and
processed, will constitute a potential source of growth and innovation that should be tapped.’

The EOSC ecosystem can be seen as part of the developments relevant for making ‘Europe fit
for the digital age’. The work conducted within EOSC to enable interoperability across
research domains and data discovery to support multi-disciplinary reuse is critical to
supporting collaboration with the data spaces envisaged by the European strategy for data.
Research infrastructures already play a key role in EOSC. Engaging further with the research
communities will be key to developing an EOSC for and by the researchers. This came out very
clearly in the community consultation that took place in summer 2020 on the future Strategic
Research and Innovation Agenda (SRIA). Strong links with research domains will naturally
foster opportunities for collaboration with the data spaces.

2.3.1. Europe-wide common data spaces

The European strategy for data defines nine initial common European data spaces that should
be developed, building on the ongoing experience with the research community gained
through the European Open Science Cloud. These data spaces are:

e An industrial (manufacturing) data space, to support the competitiveness and
performance of the EU’s industry;



A Green Deal data space, to use the major potential of data in support of the Green
Deal priority actions on issues such as climate change, circular economy, zero-
pollution, biodiversity, deforestation and compliance assurance;

A mobility data space, to position Europe at the forefront of the development of an
intelligent transport system;

A health data space, essential for advances in preventing, detecting and curing
diseases as well as for informed, evidence-based decisions to improve the healthcare
systems;

A financial data space, to stimulate innovation, market transparency, sustainable
finance, as well as access to finance for European businesses and a more integrated
market;

An energy data space, to promote a stronger availability and cross-sector sharing of
data, in a customer-centric, secure and trustworthy manner;

An agriculture data space, to enhance the sustainability performance and
competitiveness of the agricultural sector through the processing and analysis of
production and other data;

Data spaces for public administrations, to improve transparency and accountability of
public spending and spending quality, fighting corruption, both at EU and national
level, and to address law enforcement needs and support services of public interest;
A skills data space, to reduce the skills mismatches between the education and
training system and labour market needs.

These European data spaces will give businesses in the EU the possibility to build on the scale
of the single market. Common European rules and efficient enforcement mechanisms should
ensure that:

Data can flow within the EU and across sectors;

European rules and values, in particular personal data protection, consumer
protection legislation and competition law, are fully respected;

The rules for access to and use of data are fair, practical and clear, and there are clear
and trustworthy data governance mechanisms in place;

There is an open, but assertive approach to international data flows, based on
European values.

Future actions will focus on:

1.

Data spaces in key industrial and societal sectors: pooling and sharing of data in
sectors identified as priorities (including, but not limited to, health, climate,
environmental, manufacturing, agriculture, energy, financial and mobility data). The
large-scale actions may include the creation of data platforms enabling secure and
compliant sharing and reuse of sensitive, confidential, proprietary and personal data,
as well as large-scale experimentation based on Al. Where relevant, the latter will take
place in connection with the large testing and experimentation facilities mentioned
below.

High-value datasets from the public sector: pooling, preparing and making available
high-value datasets. This should lead to the availability of free and easy-to-use EU-
wide datasets in areas such as geospatial and earth observation/environment and will
include large-scale experimentation and Al use cases.



3. Developing incubators for aggregating demand for data assets and to bring together
data providers, integrators, brokers, data users and service providers, especially small
and medium-sized enterprises (SMEs). These will operate in coordination with the
Digital Innovation Hubs network.

Many new business models emerge from the combination of data sources. Examples include
just-in-time delivery of goods and the personalised treatment of diseases. Therefore, more
access to data almost always means an acceleration of implementation and an increased
accuracy in service delivery. The functioning of these European data spaces will depend on
the capacity of the EU to invest in next-generation technologies and infrastructures as well as
in digital competences such as data literacy. This in turn will increase Europe’s technological
sovereignty in key enabling technologies and infrastructures for the data economy. The
infrastructures should support the creation of European data pools enabling Big Data
analytics and machine learning, in a manner compliant with data protection legislation and
competition law, allowing the emergence of data-driven ecosystems. These pools may be
organised in a centralised or a distributed way.! The organisations contributing data would
get a return in the form of increased access to data of other contributors, analytical results
from the data pool, services such as predictive maintenance services, or licence fees.

The European strategy for data recognises EOSC as the nucleus for a science, research and
innovation data space, which will progressively be articulated with the nine new sectoral data
spaces foreseen by the strategy. These new data spaces will build on the ongoing EOSC
experience gained with the research community. Therefore, there is huge opportunity to
exploit EOSC as a flagship example of synergies between EU policies given its role in the
renewed ERA, the European data strategy and, more widely, the European data economy.

2.4. Horizon 2020

Horizon 2020, the 8th EU Framework Programme for Research and Innovation, has been
essential to start implementing EOSC along the six action lines foreseen in the EOSC Roadmap
(data, services, architecture, access, rules and governance) [EOSC Roadmap]. Actions of
direct relevance to EOSC were included in the European Research Infrastructures (including
e-Infrastructures) Work Programme 2016-2017 (€70m under the calls ‘European Open
Science Cloud for Research’, ‘Data and Distributed Computing e-infrastructures for Open
Science’ and ‘Platform-driven e-infrastructure innovation’) and Work Programme 2018-2020,
(€250m under the dedicated call entitled ‘Implementing the European Open Science Cloud’).
The latter call aimed to help realise an EOSC that truly supports interdisciplinary research and
Open Science, responds to the emerging needs of the scientific community and supports the
whole research data lifecycle.

The proposed model supported by the call was to consider the development of an EOSC
ecosystem and its pan-European service access mechanism — the EOSC-hub — providing all
European researchers with seamless, non-discriminatory and secure access to public and
commercial services and appropriate access modalities to a wider user community such as

In machine learning and artificial intelligence (Al), data form the source that determine the
algorithms that will be formed. These data nowadays are often in silos for various reasons.
However, access to interoperable data is becoming more and more essential. To achieve
this, legal and commercial hurdles have to be eliminated. By proper data management
(making data FAIR) visiting data in order to combine them can become the norm. Without
such an approach many Al-applications will fail.




industry, public sector, citizen scientists, etc. The call was designed to support, amongst other
things, the coordination between national initiatives aiming to make data FAIR, as well as the
connection to EOSC of priority European research infrastructures (in particular the ESFRI
ones) able to benefit from sharing a wealth of services and curated resources in a wide range
of scientific domains. The call also supported the piloting of innovative financial schemes
and/or pan-European joint procurements for storage, computing, software and other
resources or services in close cooperation with funders in Europe, with the objective to seize
opportunities arising from an aggregated demand by the researchers. Finally, the call also
supported the setting up of an appropriate EOSC governance structure, taking into account
the outcomes of previous efforts and the active contribution of all scientific stakeholders.

EOSC has driven a wide R&I agenda in Horizon 2020 since 2017. The call for proposals / grant
approach used in Horizon 2020 has been successful in prototyping EOSC in its initial phase of
implementation. It has allowed the engagement of a wide range of research institutions
across countries and communities and parallel research investigations to be run on a wide
range of questions related to EOSC. The EC-grant approach has delivered a rich series of
results such as use cases, demonstrations, data service tools and policy documents of direct
relevance to EOSC. It is worth noting that major areas of work are still in progress and results
will not become available before 2022.

2.5. Horizon Europe

Horizon Europe, the next EU Framework Programme for Research and Innovation, is expected
to be launched on 1 January 2021 [Horizon Europe]. Horizon Europe aims to:

e Develop, promote and advance scientific excellence, support the creation and diffusion
of high-quality new fundamental and applied knowledge, skills, technologies and
solutions, training and mobility of researchers, attract talent at all levels and contribute
to full engagement of the EU’s talent pool in actions supported under the Programme;

e Generate knowledge, strengthen the impact of research and innovation in developing,
supporting and implementing EU policies and support the access to and uptake of
innovative solutions in European industry, notably in SMEs, and society to address global
challenges, including climate change and the Sustainable Development Goals;

e Foster all forms of innovation, facilitate technological development, demonstration and
knowledge and technology transfer, strengthen deployment and exploitation of
innovative solutions;

e Optimise the Programme’s delivery for strengthening and increasing the impact and
attractiveness of the European Research Area, to foster the excellence-based
participations from all Member States, including low R&I performing Member States, in
Horizon Europe and to facilitate collaborative links in European research and innovation.

Horizon Europe brings a number of new features compared with Horizon 2020, such as, for
instance, a mission-oriented strategy and an increased citizen involvement as a means to
create more impact through the whole programme. Another of these new features and a key
component of Horizon Europe will be Open Science. With its new framework programme, the
European Commission aims to continue acting as a frontrunner in Open Access and Open
Science. In Horizon Europe, the European Commission proposes notably that:



e Research data will be open by default, with exceptions in the cases justified in the
Model Grant Agreement, thus following the principle ‘as open as possible, as closed
as necessary’;

e The development and implementation of a Data Management Plan (DMP) will become
mandatory, even if not making research data open;

e Emphasis will be placed on supporting as much as possible the proliferation of
research data that are as far as possible findable, accessible, interoperable and
reusable (FAIR);

e Use of trusted repositories and infrastructures connected to EOSC will be encouraged
and possibly required in some work programmes depending on the state of
deployment of the EOSC-core functions.

As identified in the EOSC Partnership Proposal, EOSC can play a fundamental role both in
contributing to achieve Horizon Europe’s specific objectives, but also in supporting the
implementation of the programme’s Open Science features and in bringing evidence on
Horizon Europe research outputs and underpinning the measuring of progress and evaluation
of the difference the Framework Programme makes. At the same time, its domain-agnostic
objectives to federate infrastructures and develop a web of FAIR digital objects brings new
potential to contribute to the Horizon Europe missions, partnerships and clusters.

The assessment of the first phase of EOSC implementation by the Commission and the
Member States highlights the need to move from the essentially EC-grant-based approach of
Horizon 2020 to a wide and inclusive partnership in Horizon Europe, with clear directionality
and additionality characteristics at EU, national, community and institutional levels.

EOSC addresses the European/global challenge of excellent research in a context of data-
intensive science. This challenge can be fully addressed neither by the EU alone nor by any
Member State or Associated Country in isolation. Developing wider synergies between
multiple EOSC stakeholders will be essential to realise the EOSC ambition.

The motivation by all Member States to establish an EOSC Co-programmed Partnership in
Horizon Europe has been clearly expressed through the EOSC Governance Board since 2019.
This reflects a general interest by the Member States to target the whole research ecosystem
in Europe and not only the EU tier implemented through calls. Such a partnership would
strengthen ownership by the research communities, achieve scale by aggregating demand by
researchers and other users, and pool existing capabilities at European, national and regional
levels. An EOSC partnership can be seen as a means to obtain commitments to realise the
EOSC-Core and expand it iteratively — possibly with new partners — to realise the wider,
trusted and open EOSC distributed environment.

The need for a continued R&I agenda supporting EOSC development in the period 2021-2027
has been acknowledged in several meetings of the EOSC governing bodies. A partnership
approach to EOSC R&l is recognised as the best means to achieve the ambitions and policy
objectives set for EOSC.

All thematic partnerships in Horizon Europe can derive benefit from a successful development
of EOSC as this will equip them with minimal, rigorous standards and protocols and maximum
freedom of implementation to share and reuse data and other digital objects across relevant
domains of research. As demonstrated in the case of the COVID-19 crisis, rapid open sharing
of data greatly accelerates research and discovery, allowing an effective response to society’s
need. Interaction with many of these partnerships, in particular, challenge-driven ones, will



thus increase the potential to bring value to researchers in Europe and beyond and to
underpin and consolidate a European Research Area that is fit for the digital age.

2.6. International dimension

EOSC operates in a global ecosystem with the clear aim, as already described above, to
promote the ‘Open Science, Open Innovation and Open to the World’" principle in its
international activities. The international dimension of EOSC is framed by the (i) regulatory
framework, the Acquis Communautaire, (ii) Open Science culture, as well as (iii) the existing
infrastructures and initiatives of the EOSC Economic Partnership Agreement (EPA) members.

Open Science is a new era in the evolution of science, which requires a cultural shift. It is
driven by a number of organisations, both long-standing, who are in the process of adapting
their methods to the new developments, and recently set up, via a bottom-up process. The
transition and expansion of Open Science presents a constant increase in scale and scope for
science at the local and global level, resulting in a peak in the need for investment, limited by
public resources.

The current level of integration in the field of science in the European Research Area allows
EU Member States and Associated Countries to share the burden of investment to achieve
Open Science in the ERA. Moreover, the investment of the EU in e-infrastructure in recent
years allows the opening-up of EOSC to third countries, based on shared values, principles
and conscious choice. Given the different approach taken in the regions, EOSC will need to
offer a tailor-made approach, taking into account local capabilities and demands.

The European Open Science Cloud is an opportunity to give fresh impetus to Science
Diplomacy.

EOSC does not exist in a vacuum. Regional and national Open Research Data Commons and/or
Open Science Clouds are being established concurrently. These developments enable the EU
to enhance scientific cooperation with other parts of the world and drive Open Science
culture based on commonly agreed values. EOSC operates in a global system which influences
the world and is influenced by parallel activities from around the globe. There are major
global trends which can be observed and groups such as the RDA Global Open Research
Commons provide a useful forum in which to identify these and exchange lessons learned.
Many international organisations such as RDA, CODATA, WDS and GO FAIR enable tighter
collaboration between global initiatives, working together towards common goals for Open
Science, thus driving global convergence on standards. At the same time, regional Open
Science initiatives are getting more aligned and coordinated and there is a willingness for
collaboration to avoid the creation of Open Science silos.

That said, EOSC will also enshrine a number of principles regarding international cooperation,
with which potential partners should comply. While these rules and principles may be seen
as a burden or an exclusionary tactic, in reality these ground rules enable a competitive,
transparent Open Science ecosystem that enables quality science.

e Data portability. EOSC will not allow vendor lock-in at the EOSC-Exchange level and
expects the same from services provided by third country partners.

e Digital sovereignty. Participation of third-country entities in EOSC is on a voluntary
basis, but if they do participate it is expected that they will comply with relevant
legislation and rules.



Ethics and values. EOSC and the European research community represent certain
values. EOSC recognises, however, that these might differ from those of other
countries and is open to investigate whether its ethics and values should be reassessed
in the context of globalisation.

Individual and community data autonomy. EOSC condemns digital feudalism and
supports the Global Indigenous Data Alliance (GIDA) and the CARE principles [GIDA;
CARE].

Interoperability. The EOSC-Core will provide an infrastructure with basic
functionalities, such as persistent identifiers (PIDs) or authentication and
authorisation infrastructure (AAl) services. Research outputs will have to comply with
the FAIR principles and services will have to be FAIR enabling. EOSC will use open
source solutions but will of course make some technology choices regarding the
fundamental functionalities. Third-country participants who wish to participate as a
user or service provider will have to comply with these requirements.

Reciprocity. Reciprocity is a principle enshrined in the future International
Cooperation rules of the framework programme. International partners to EOSC
should provide access to their National Open Science Cloud or similar, and to their
service portfolio. This would enhance the free flow of (research) data and services.

Security. Third-country participants accept the cyber-security levels set by EOSC and
commit to a Code of Conduct in the EOSC ecosystem.

Openness. Third-country participants participate voluntarily in EOSC as users or
service providers.



3 EOSC in the making

The European Open Science Cloud initiative is the tangible outcome of a number of key
European and global policy and position milestones regarding Open Science. This section
outlines those milestones, together with the stages of EOSC’s development, including its
governance structure and activities during the transition period 2019-2020 and during the
next, second phase of its implementation 2021-2027. It also summarises the landscape of
national infrastructures and initiatives across Europe related to the development of EOSC.

3.1. Brief EOSC history

Open Science has been a policy priority of the European Commission (EC) since 2016
[EC Open Vision]. Together with Open Innovation, which will involve public and private
sector actors in research to create new tools and services, and Open to the World, which will
ensure involvement and open collaboration with non-European stakeholders, Open Science
will open up the whole research process through digital technology. Open Science is a
transformative driver that will shape the research and innovation policies for a renewed
European Research Area (ERA). To further develop and implement the policies for Open
Science, the European Open Science Policy Platform (OSPP) [EC_OSPP] was established as an
advisory group consisting of stakeholders from the research community. The OSPP issued its
final recommendations in 2020.

The policy drive for Open Science is shared by the Science and Technology Ministers of the
Group of Seven (G7) countries, who, also in 2016, established a G7 Open Science Working
Group to share common international principles for Open Science [G7_0OS]. The Lindau Nobel
Laureates fully support the transition to Open Science in their Lindau Declaration of 2020 on
Sustainable Cooperative Open Science [Lindau Dec] and UNESCO is developing an
international standard-setting instrument on Open Science in the form of a UNESCO
Recommendation on Open Science to be adopted in 2021 [UNESCO OS]. Several European
countries are developing and implementing their own national policies for Open Science, such
as France [FR_0OS] and the Netherlands [NL OS], and more are expected to follow. The current
focus for many countries is on supporting open access to research publications and enabling
researchers through findable, accessible, interoperable and reusable (FAIR) and open data.

To enable the development and uptake of Open Science in Europe, the EC has proposed the
creation of a European Open Science Cloud (EOSC). EOSC will essentially involve the
federation of existing research data infrastructures and the realisation of a Web of FAIR Data
and Related Services for Science, making research data interoperable and machine actionable
following the FAIR guiding principles [FAIR Principles]. This web of data will allow researchers
to find, exploit and combine linked datasets, providing a basis for artificial intelligence (Al)
tools, leading to new discoveries and research paradigms. EOSC will initially focus on
traditional research data but will also include research publications and research code. EOSC
will encourage FAIR datasets to be made fully open, and will follow the principle of ‘as open
as possible, as closed as necessary’. This is typically important for biomedical, military,
sensitive, private and commercial datasets which may not be opened immediately or fully or
indeed ever released.

In an initial phase of development from 2016 to 2020, the EC made a financial investment of
approximately €350 million to begin building the foundations of EOSC through project calls in
Work Programmes in Horizon 2020. This investment was targeted to develop a new pan-



European access mechanism to public e-infrastructures, to coordinate related national
activities, to connect European research infrastructures (RIs) to EOSC, to set up and begin the
implementation of the FAIR guiding principles, and to start a FAIR-compliant certification
scheme for research data infrastructures. These projects have involved the community of
stakeholders of EOSC and have been steadily developing the broader EOSC ecosystem.? To
help steer the initial development of EOSC, the EC appointed two high-level expert groups,
which delivered recommendations on a vision for EOSC in 2016 [EC EG1 EOSC] and on how
to practically implement EOSC in 2018 [EC EG2 EQOSC], and an expert group on FAIR data,
which offered recommendations on how to make FAIR a reality in 2018 [EC EG FAIR].

The initial development phase supported more than 35 projects, laying the foundations of
EOSC and showecasing its diversity and complexity. The EOSCpilot project engaged extensively
with stakeholders and proposed a governance framework and policies, as well as developing
interoperability pilots across scientific domains [EOSCpilot]. EOSC-hub brought together
service providers to create a single contact point to discover, access and use a wide range of
resources for data-driven research [EOSC-hub]. The five ongoing cluster projects will connect
the European Strategy Forum on Research Infrastructures (ESFRI) projects and landmarks to
EOSC in the domains of environmental sciences via ENVRI-FAIR [ENVRI-FAIR], life sciences via
EOSC-Life [EOSC-Life], astronomy and particle physics via ESCAPE [ESCAPE], photon and
neutron sciences via PaNOSC [PaNOSC], and social sciences and humanities via SSHOC
[SSHOC]. The five regional projects aim to coordinate the efforts of national and thematic
initiatives in contributing to EOSC through groupings of European countries via EOSC-Nordic
[EOSC-Nordic], EOSC-Pillar [EOSC-Pillar], EOSC-Synergy [EOSC-Synergy], ExPaNDS [ExPaNDS]
and NI40S-Europe [NI40S-Europe]. Finally, HNSciCloud established a hybrid cloud platform
to support high-performance and big-data computing through commercial procurement
[HNSciCloud], work that is continuing through ARCHIVER [ARCHIVER] and OCRE [OCRE].

3.2.  Transition period 2019-2020

The initial phase of development for EOSC is tied to the funding programme of Horizon 2020,
which comes to an end in December 2020. To direct the strategic implementation of EOSC,
the EC published an implementation roadmap in 2018 detailing six main action lines to realise
an architecture, data, services, access and interfaces, rules and governance for EOSC
[EOSC Roadmap]. This roadmap not only serves the first implementation phase of EOSC in
2018-2020 under Horizon 2020, but also prepares for the second implementation phase of
EOSC under the new funding programme of Horizon Europe for 2021-2027. The roadmap
envisions a pan-European federation of research data infrastructures built around a
federating core, providing access to a wide range of publicly funded services supplied at
national, regional and institutional levels, and to complementary commercial services.
Lessons learned in the first implementation phase have shown that while the project-based
approach is very successful in involving the many stakeholders and communities in
developing the EOSC ecosystem, the individuality and freedom of projects has led to a
fragmented landscape of systems and stakeholders.

With the aim of bringing the community together and ensuring a smooth transition from the
first to the second implementation phase of EOSC, a three-tiered transition governance
structure was established to run from 2019-2020 [EOSC Gov]. The EOSC Executive Board,

2 see Annex X of the landscape report for a list of EOSC projects funded under Horizon 2020 [EOSC_Landscape].




consisting of eight members representing organisations and three independent experts,
advises and supports the strategy, implementation, monitoring and reporting on the
implementation progress [EOSC EB]. The EOSC Governance Board, consisting of
representatives of Member States, Associated Countries and the EC, oversees and supports
the activities of the Executive Board and ensures an effective implementation of EOSC
[EOSC GB]. The Stakeholder Forum, consisting of the full EOSC community of organisations,
projects and initiatives, allows the collection of input and provision of feedback on the
implementation of EOSC via events, online consultations, and the interactive Liaison Platform
[EOSC SF]. The EOSC governance structure is supported by the EOSCsecretariat project,
which not only functions as the governance secretariat, but also manages a co-creation fund
for activities and proposals from the stakeholder community to co-develop and co-implement
EOSC [EOSC Sec].

The Executive Board identified priority areas for EOSC and created six working groups (WGs)
consisting of experts from the EOSC projects and stakeholder community [EOSC WGs]. WG
Architecture is defining a technical framework to enable and sustain an evolving EOSC
federation of systems, including application programming interfaces (APIs), authentication
and authorisation infrastructure (AAl), and persistent identifiers (PIDs) [EOSC WG Arch]. WG
FAIR is defining requirements for developing, assessing and certifying EOSC services in order
to foster cross-disciplinary interoperability through FAIR [EOSC WG FAIR]. WG Landscape is
mapping the landscape and readiness of existing research infrastructures in Europe that could
be connected to EOSC [EOSC WG Land]. WG Rules of Participation is designing the rules to
define the rights and obligations governing transactions between EOSC users, providers and
operators [EOSC WG RoP]. WG Skills & Training is providing a framework for a sustainable
training infrastructure to support the uptake of EOSC [EOSC WG Skills]. Finally, WG
Sustainability is providing recommendations on the implementation of a scalable and
sustainable EOSC, including business models, integration of national infrastructures, and legal
models for EOSC [EOSC WG Sustain].

The activities of the Executive Board and WGs are steered by a Strategic Implementation Plan
(SIP), which defines the background, vision, priorities and main goals of the Executive Board
and WGs for EOSC [EOSC SIP], and a work plan for 2019-2020, which sets out the timeline,
methods and delivery of key outputs of the Executive Board and WGs [EOSC Work Plan]. The
overarching objective of the Executive Board is to provide recommendations on mechanisms
and possible forms for governing EOSC in the second phase of implementation in 2021-2027
and to hand over all outputs to the new governance structure. In contrast to the first
implementation phase of individual projects independently realising EOSC, the second
implementation phase should consolidate all project outputs and ensure directionality
(through a common vision and objectives) and additionality (through complementary
commitments and contributions). The transition governance bodies identified a Co-
programmed European Partnership as the best instrument to overcome the fragmentation
and to provide a framework for collaboration and pooling of resources at European, national,
regional and institutional levels. The transition governance bodies founded a new legal entity
called the EOSC Association which will have as members all relevant stakeholders in the EOSC
ecosystem and will enter into a contractual agreement with the European Commission to
direct the Partnership under Horizon Europe. (Further information is provided in Section 3.4.)




3.3.  National infrastructures

The Landscape Working Group established by the EOSC Executive Board set out to survey and
document the landscape of infrastructures and initiatives across Europe related to the
development of EOSC. The work builds on existing surveys and information provided by
national authorities, various stakeholder communities and the relevant Horizon 2020 projects
in close collaboration with the Member States and Associated Countries. Initial inputs include
the recent report of the e-Infrastructure Reflection Group, findings of the EC group of national
points of reference, the surveys carried out by the OpenAlIRE project, the EOSC-Pillar project,
analysis of preliminary mapping of the UK’s research and innovation infrastructure landscape,
the experience of the ESFRI workshop on cross-disciplinary collaboration of ESFRI landmarks,
other relevant documents identified by the WG members, and outcomes of the survey
(country sheets) performed by the Landscape WG itself. The WG has collated inputs from e-
infrastructures including data and high-performance computing (HPC) facilities, from
European and national research networks, from pan-European infrastructures and ESFRI
roadmap projects and clusters, and from supporting initiatives such as the Research Data
Alliance (RDA). Information has so far been collated on 49 Member States and Associated
Countries.

The WG has also surveyed the landscape of policy development across Europe regarding open
science and EOSC. Most countries have research evaluation policies in place, as one would
hope. The majority (61%) of the Member States and Associated Countries responding have
policies in place regarding open access to scholarly publications, but only 34% have a policy
in place regarding FAIR data (though, encouragingly, 44% have one either in planning or under
development). Few countries seem ready to mandate that research data should automatically
be made open. Relatively few countries (21%) mention EOSC in their policies, but 38% plan to
do so in future; but only three countries so far (Bulgaria, Denmark, Romania) include mention
of EOSC in their criteria for funding. More than half of responding countries have nominated
contact points for Open Science (53%) and for EOSC (42%).

Taken together, sources show that there has been a significant investment across Europe in
e-infrastructures and data-oriented infrastructures. For EOSC to reach its full potential, these
investments need to be either federated as part of EOSC or made accessible to users through
EOSC. There has also been a significant, though not yet universal, adoption of policies towards
open science and FAIR data. Although EOSC has not been very visible up to now as part of
national investment strategies, there is evidence that future policies and strategies will
increasingly align around the concept. While it has proved hard to obtain definitive and
guantitative data on national levels of investment, it is already clear that the bulk of these
countries have significant investments in national e-infrastructures of one kind or another
that could in principle either be federated as part of EOSC or made accessible to users through
EOSC. The same applies to many of the data-intensive ESFRI landmark infrastructures. The
scale of such investments over the past decade is certainly in the billions of euros and hence
much larger than the planned central investment in the EOSC core. This shows that EOSC will
only reach its true potential through effective federation of national and research
infrastructure resources.

EOSC as a sustainable collaboration system aims to link research data repositories and
interconnect services and infrastructures. Research infrastructures are facilities that provide
resources and services for research communities to conduct research and foster innovation.
The landscape of European infrastructures was surveyed in this context, mainly focusing on



the description of e-infrastructures and research infrastructures across different research
areas. The survey of the landscape regarding EOSC-relevant infrastructures covered the
following:

e- infrastructures. e-Infrastructures address the needs of European researchers for
digital services in terms of networking, computing and data management, and foster
the emergence of Open Science [EC OS] as an essential block of the ERA.
Networking and other services. Each European country has a National Research and
Education Network (NREN), connecting research and higher education institutions
with high-performance networks, and offering a range of related services (e.g.
GEANT).

Data infrastructures. Data infrastructures consist of data assets supported by people,
processes and technology and include the technical and human infrastructures that
support management and sharing of research data.

Computing infrastructures. The EuroHPC Joint Undertaking [EuroHPC JU] is a legal
and funding entity with the aim of developing a pan-European supercomputing
infrastructure and supporting research and innovation activities by developing a
European supercomputing ecosystem, stimulating the technology supply industry,
and making supercomputing resources in many application areas available to a large
number of public and private users. In several countries, EGl and EUDAT coordinate
significant high-throughput compute (HTC) and data services at an international level
based on a partnership model, while HPC centres generally join the PRACE partnership
initiative and participate in EuroHPC. EOSC will bridge this separation and help address
the question of the relation between centralised and federated e-infrastructures.
Thematic infrastructures. Thematic infrastructures create a shared and collaborative
research environment, known as the Rl ecosystem, which has shaped big science for
decades. Examples include the European Organisation for Nuclear Research (CERN),
the European Southern Observatory (ESO), etc. RIs manage a large amount of data
and have often triggered the development of data technologies and related policies.
RI clusters. Rl clusters are groups of Rls horizontally interlinked to be able to address
globally important scientific and technological challenges. They have strong links with
research communities and projects, manage significant data volumes and develop
innovative data analytics tools, ensuring effective research data exploitation. Five
ESFRI cluster projects have been launched in 2020, providing a focus for various ESFRI
projects and landmarks to connect to EOSC. In general, the expectation of EOSC raised
in the position papers of ESCAPE, PaNOSC, ENVRI-FAIR, EOSC-Life and SSHOC is that
EOSC would enable the accessibility and reuse of research data and increase its
scientific value.

The landscaping exercise will continue until the end of 2020. In its entirety, the activity will
indicate which infrastructures are considered to be the key elements of the future shape of
EOSC. The differences among particular European states should be taken into account. This
time-demanding process will make EOSC implementation gradual and dynamic. Links
between the national thematic infrastructures and e-infrastructures, including data
infrastructures, and national open access (OA) repositories, will be investigated. The
readiness of the states will depend upon acceptance of EOSC.



3.4. Strengthening the community
3.4.1. EOSC Association

The EOSC Association was established on 29 July 2020 as a not-for-profit international
association (AISBL), established in Belgium, involving research and innovation stakeholders
across the EU and beyond. The Association provides a means recognised by the EC to serve
the EOSC community, promote alignment of EOSC contributions at all levels and enable Open
Science in Europe.

The Association will be the focal point of the EOSC Partnership with the European Commission
and this Strategic Research and Innovation Agenda (SRIA) sets out the elements needed to
implement the EOSC Partnership.

The EOSC Partnership brings together all relevant stakeholders to co-design and deploy a
European Research Data Commons where data are findable, accessible, interoperable and
reusable (FAIR). The Association is open to existing and newly developed organisations with
shared values to those of EOSC from the public and private sectors. An open and inclusive
European Partnership will help ensure directionality (common vision and objectives) and
additionality (complementary commitments and contributions at all levels). It will help
provide a framework to reach consensus amongst those committed to achieving results.

The EOSC Partnership aims to expand on the Minimum Viable EOSC (MVE) to create a growing
ecosystem, bringing together relevant European initiatives around the FAIR data economy,
fostering collaboration among those initiatives towards the objective of open research,
attracting small and medium-sized enterprises (SMEs) and start-ups to use and benefit from
the federated services and data sources, and raising awareness in society about the benefits
of FAIR-data-driven innovation.

The EOSC Association plays a crucial role in gathering EOSC stakeholders such as research
funders, policy makers, research-performing organisations and operators of research
infrastructures to contribute to and monitor the future EOSC developments. EOSC has the
ambition to be a virtual environment for Europe’s 2 million researchers and 70 million science
and technology professionals from every research, innovation and educational area. The
Association provides a recognised European voice for this purpose for advocacy and
representation for all stakeholders in a collective manner. It facilitates communication,
outreach and engagement with its Members and Observers, external service providers,
research communities, stakeholder organisations and society as a whole to assure
transparency, and promotes Open Science for the benefit of all.

One of the primary tasks of the Association is to continuously develop the Strategic Research
and Innovation Agenda, which shall influence future EOSC activities at institutional, national
and EU level (including the EOSC-related work programmes in Horizon Europe). The SRIA
Version 1.0, initiated by the EOSC Executive Board under Horizon 2020, accompanies the
Memorandum of Understanding (MoU) between the European Commission and the EOSC
Association, kicking-off the EOSC Co-programmed Partnership.

The Association will support EOSC’s mission of enabling seamless access to data through
interoperable services that address the entire research data lifecycle in a number of ways. It



will identify key infrastructure requirements for the representation, capture, storage,
processing and appropriate sharing of diverse forms of data by engaging with stakeholders
and service providers. It will enable key services, including but not limited to e-infrastructures,
to promote broad and secure access to data resources and data processing services, through
its role in shaping the relevant parts of the Horizon Europe work programmes and in
monitoring the output of funded actions. It will coordinate and foster technical environments
and promote the skills that enable the federation of existing and new scientific data
infrastructures. The Association’s Partnership with the EC and engagement with its
stakeholders will allow it to maintain alignment between the operations sponsored by the
Association and the EC’s Open Science strategy.

3.4.2. Governance

The EOSC Association is open to any interested stakeholder organisations adhering to a set of
principles:

Decentralisation principle: the legal entity is as small as possible.
Transparency principle: the statutes, bylaws, the membership contract and any other
organisation document are public.

e Openness principle: any new member is able to join at any time, subject to compliance
with simple rules of participation for new members.

The Association encourages a broad spectrum of stakeholders to join EOSC, ensuring a
balanced representation regarding types of infrastructural, organisational and sectoral
members as well as geographic spread. This includes research data infrastructures, research-
performing and research-funding organisations, researcher associations, and public and
commercial service providers. Organisations based in EU Member States and countries
associated with the most recent Framework Programme for research can join as full
Members, while other organisations are able to participate as Observers.

From a governance perspective, the Association is managed by three bodies: the General
Assembly, the Board, and the Secretary General. In addition to those bodies, a Strategy
Committee representing Member States and Countries associated to the Horizon Europe
Framework Programme will sit outside the Association. Its role will be to provide advice at
policy and strategy levels.

The coherence of the programme and the synergies (internal and external) will be ensured by
the Secretariat of the Association. While being as lightweight as possible, the Secretariat will
primarily focus on technical (coordination) and communication roles.

3.4.3. Process

The Association will coordinate the identification of needs for the development of EOSC and
will provide input to all relevant stakeholders, including the Commission. Regarding EOSC-
relevant Horizon Europe work programmes, they will be adopted by the EC following relevant
Horizon Europe comitology procedures. Calls for proposals will be launched to implement
those elements of EOSC where there is a need for pan-European collaboration and funding.
In these cases, funding would be delivered mainly as grants to consortia of beneficiaries. As a



principle, the Association as a legal entity would not bid to Horizon Europe or other calls for
proposals where this would represent a conflict of interest or competition with its members.

Projects funded via actions defined in the Horizon Europe work programmes will contribute
to EOSC implementation strategy by, for example, delivering services for the EOSC-Core and
EOSC-Exchange, which form the Minimum Viable EOSC as referred to in the ‘Solutions for a
Sustainable EOSC’ consultation document [WG Sustain Report3]. Services funded by other
channels, for example by national funders and private sector providers, may also contribute
to the MVE.

During the course of the Partnership and in implementing this SRIA, the Association will
coordinate EOSC-related activities within its remit. It will focus on technical, communication
and administrative roles. The technical role will essentially bring consensus and convergence
in defining or contributing to the development and adoption of standards and good practices.

If needed, the Association will exercise or outsource operational responsibilities such as
managing specific services. This role will be limited in size and avoid conflicts of interest with
its membership. When the resources necessary to operate a service become too significant,
responsibility will be either transferred or hosted by another entity in a transparent and cost-
effective manner.

The promotional role of the Association will be based on multi-directional communication,
actively supporting the users’ engagement and feedback in all shapes and forms, as well as
promoting EOSC results and success stories to convince new users of the added value of EOSC.
The Association will also, on behalf of its stakeholders, communicate with the EC and society
at large by speaking with one voice.



4 Guiding principles

4.1. Introduction

If EOSC is seen as the European endeavour of sharing research
data, then this complements the European means to handle
these data: the e-infrastructures in Europe. Data without e-
infrastructures to store, compute and connect are useless for [data-infra-
EOSC and can only exist on paper or in the researcher’s head. [ structures
On the other hand e-infrastructures without any data (only e-infra-
‘zeros’ or ‘ones’) are meaningless. These form what can be structures
called a ‘yin and jang’ relationship. One is not possible without ’
the other. Itis more or less a semantic discussion as to whether
the whole of data-infrastructures and e-infrastructures should
be called EOSC or whether EOSC is only a part of that.

The overarching principle is that research must be placed at the centre of the EOSC initiative.
And thus, engagement with research communities is fundamental to understand their
requirements and ensure that the way in which EOSC operates and the services offered help
the researchers. Communities need to be consulted and encouraged to take an active role in
the EOSC ecosystem. They need to represent the diversity of practice, such as research
infrastructures, universities, data stewards, research software engineers, professional
associations, research leaders and early career researcher organisations. Close attention
needs to be paid to the existing standards, infrastructure and support within research
communities and EOSC will recognise and adapt, where possible, to enable these. The
diversity in readiness levels to adopt FAIR and Open Science principles will be taken into
account, including assisting those communities that are less advanced. A good relationship
with research-focused stakeholders needs to be ensured. Researchers have to be present in
the various EOSC governing bodies to ensure acceptance by research communities and assist
in promotion and advocacy in relevant fora. Given this diversity of practice and readiness
levels, there is a need to ensure this is understood, accepted and represented within EOSC. It
may be hard to engage researchers directly, so EOSC often has to work through
intermediaries who can represent their requirements and interests.

Within the overarching principle of the centrality of research and researchers, the way in
which EOSC proposes to operate is defined by five further guiding principles.

Over the last five years, as EOSC was in the making, a number of shared principles have
emerged from the work accomplished by the European Open Science community. High-Level
Expert Group reports and results from first-generation pioneering projects have fuelled the
debate among the EOSC community. From this debate, a set of five guiding principles has
been agreed upon which will help position EOSC within the Horizon Europe programme
during the next seven years. These are:

e Multi-stakeholderism — EOSC will succeed if and only if it follows a multi-stakeholder
approach;

e Openness—EOSC will ensure that research artefacts are ‘as open as possible, as closed
as necessary’;

e FAIR principles — EOSC will assemble research artefacts that are findable, accessible,
interoperable and reusable;



e Federation of infrastructures — EOSC will federate existing and upcoming research
infrastructures;

e Machine-actionable — EOSC will strike the right balance between machines and
people in delivering the services that will serve the needs of European scientists.

The following sections report on:

The roles played by the wide range of stakeholders of science (Section 4.2);
The two key ingredients of Open Science: ‘openness’ and ‘FAIRness’ (Sections 4.3 and
4.4);

e The way to federate the efforts of research and e-infrastructures to serve the needs
of scientists (Section 4.5).

After recognising the role that machines will play at the service of scientists (Section 4.6), the
final section (4.7) concludes with recommendations for research communities and policy
makers on how to favour the full implementation of Open Science, both culturally and
technologically. Those recommendations can be seen as setting high-level requirements for
the action areas that are presented in Sections 5 and 6.

4.2. Multi-stakeholderism

Today, all scientific communities generate growing numbers of research digital objects of all
kinds, from raw data to publications, including workflows and software. Over the last decade
or so, there have been significant investments across Europe in computer-oriented research
infrastructures and e-infrastructures. The outcome is a vast quantity of infrastructure
components of various scales and scopes, centralised or distributed, generic or domain-
specific.

The challenge for EOSC is to federate this large variety of platforms at the subdomain, domain
and interdisciplinary levels and to deliver an inclusive virtual environment to the European
researchers. Most of these components have not been initially designed to work together.
The challenge is not limited to linking datasets, federating infrastructures or aligning policies.
It starts by linking multiple stakeholders — people and organisations — throughout the data
lifecycle and across the EOSC ecosystem.

At the same time, EOSC intends to address common political priorities of the European Union
and its Member States, to:

e Make Europe fit for the digital age;
e Interlink data spaces across a more efficient European Research Area;
e Make Open Science mainstream in the research community.

FAIR-by-design research outputs, combined with top-class digital infrastructures and artificial
intelligence solutions, will ensure a true European research capacity to tackle the sustainable
development goals (SDGs), to reach the EU’s ambition for the Green Deal and to implement
other national or sectoral policies. Furthermore, its domain-agnostic objectives to federate
infrastructures and develop a Web of FAIR Data and Related Services bring new potential to
contribute to the Horizon Europe missions and clusters.

However, ensuring impact on these policy targets requires engaging further with a wide
diversity and large number of stakeholders, across borders and disciplines, who are involved
in the generation, storage, curation and processing of research artefacts, as well as in
research policies, funding, skills and education.



The EOSC European Partnership aims to embrace such a multi-stakeholder approach, to
provide a framework of collaboration and to pool and align resources at European, national,
regional and institutional levels. Starting from the current Strategic Research and Innovation
Agenda (SRIA) document, a central task for this Partnership will be to develop, update and
monitor a holistic SRIA supporting the EOSC vision. Developing and implementing such a SRIA
requires the involvement of a wide range of stakeholders, including:

Member States;

Research-performing organisations;

Research infrastructures and e-infrastructures (e.g. related to storage, computing and
communications);

Research libraries;

Research associations;

International research centres;

Etc.

A full and precise description of the EOSC stakeholders is provided by the EOSC Landscape
report [EOSC Landscape].

The implementation of EOSC during its initial phase has largely focused on EU-level activities?
carried out through Horizon 2020 (H2020) projects. The involved consortia have brought
together institutions of all sorts, from all over Europe and beyond, that have been developing
and testing solutions along the six action lines described in the EOSC roadmap (data, services,
architecture, access, rules and governance) [EOSC Roadmap]. This EU grant-based approach
has been successful in involving hundreds of European stakeholders across borders and
communities, and has confirmed that the EOSC mission cannot be accomplished in a
centralised manner but rather with a multi-stakeholder approach. In order to bring forward
an initial operational EOSC capacity during the next phase of implementation, the EOSC
Partnership will ensure directionality (common vision and objectives) and additionality
(complementary commitments and contributions at EU, national and institutional levels).

The willingness of the EU Member States and Associated Countries to embrace this
coordinated multi-stakeholder approach was expressed in December 2019 by the EOSC
Governance Board and confirmed throughout the development of the proposal for an EOSC
Partnership. This reflects a broad interest on the part of the EU Member States and Associated
Countries in making EOSC evolve from a call-based approach to an all-encompassing
ecosystem where the different stakeholders make the necessary commitments to accomplish
it on the most suitable level of intervention (EU, national, institutional). Doing so, this multi-
stakeholder approach should strengthen ownership by the research communities, achieve
scale by aggregating demand from researchers and other users, and pool existing capacities
and expertise at all levels.

All relevant research and innovation stakeholders, including scientific communities, research
institutions, learned societies, community fora, national and international infrastructures
(generic or thematic), funders (public or private) and industry actors (including data, software
and journal publishers) are ultimately welcome to join the EOSC Partnership if they agree to
the Rules of Participation and take part in the development of the present strategy and have
their voice heard.

3 Total EU investment of about €350 million in the period 2017-2020.



In summary, developing wider synergies between multiple EOSC stakeholders and ensuring
systematic and structural collaboration between the EOSC stakeholders will be essential to
realise the EOSC ambition. This has resulted in the proposal to create an EOSC Partnership
[EOSC PP] and is reflected in the strategy put forward by this SRIA, in which there is not a
‘one solution fits all’ to address all the gaps and priorities to achieve the EOSC objectives, but
rather a coherent compendium of activities and deliverables that will take into account the
following:

The most suitable level of intervention (EU, national, institutional);

The main targeted categories of actors (research-performing organisations (RPOs),
research-funding organisations (RFOs), service providers, policy makers, regulatory
agencies, research infrastructure (RI) operators, e-infastructures, libraries, industry,
etc.);

e The most suitable programme(s) (Horizon Europe, Digital Europe, Connecting Europe
Facility (CEF), structural funds, recovery plan, plus non-EU programmes);

e The most adapted set of instruments, also considering the full range of research data
infrastructure (RDI) activities from academic research to innovation (coordination,
research projects, demonstration projects, strategic workshops, etc.);

e The range of outputs: new knowledge, prototype solutions, guidelines, standards,
services, infrastructure, training material, curricula, coordination, etc.;

e The expected impacts, including support of the Commission priorities and relevant EU
policies.

4.3. Openness: ‘as open as possible, as closed as necessary’

The rise of the digital age allows the ways research is conducted to change in multiple
dimensions, with three main benefits:

e Delivery of better research results;

e Improved trust in research results;

e Development of multi-disciplinary programmes to address new societal and global
challenges.

However, these improvements will only materialise if scientists evolve their practices and look
ahead to share knowledge in ways that take advantage of the new capabilities offered by the
digital revolution. At the core of these practices is openness. Scientists need to embrace the
new approach, where knowledge is shared at all stages of the research lifecycle, as opposed
to the old way, where results are shared through publications made available when the work
has achieved a sufficient maturity level.

4.3.1. Open access

The Open Access movement was born when scientists started to use digital technologies to
share publications when they were still in preprint form (i.e. ready to be shared but not yet
peer-reviewed). The time has come when this initial step can be followed by sharing not only
publications but also all other research outputs such as data, software, workflows, etc.

Open access has been fully endorsed by the European Commission in FP7 and H2020
programmes, first regarding publications and then extending the mandate to research data,
and it is set to stay as a best practice in knowledge sharing and communication.



Since 2012, when the EC Recommendation on access to and preservation of scientific
information became available [EC Rec C(2012)4890], many Member States started
discussing the need for establishing guidance and mandates on open access at the national
level.

In addition, institutions developed their own open access policies. It is now very common, for
example, for research funders to require open access to research outputs for funded projects,
to monitor research impact and the return of investments in research.

Similarly, the Plan S initiative was launched in 2018 by a group of research funders [Plan_S].
It requires that scientific publications resulting from research funded by public grants must
be published in compliant open access journals or platforms by 2021. This initiative is boosting
the activities around open access publishing, in addition to fostering the discussion around
roadmaps to establish open access and open science national plans and strategies in most EU
Member States.

Despite the momentum behind open access, though, a monitoring mechanism to check
policies” alignment and compliance with EC directives is still missing. Moreover, guidance is
needed on issues such as security, privacy, property and sovereignty to ensure compliance
between national and EC directives.

The coronavirus pandemic showed, even more emphatically, the need for appropriate
licensing practices to mitigate exclusive rights in copyright law [LIBER Copyright].

Last but not least, some cultural and technological barriers still exist. On the researchers’ side,
a strong bias still exists around open access publishing, which is considered not comparable
to traditional publishing. At the technological level, systems interoperability, enabling
metadata exchange and improving dissemination and accessibility of research outputs, has
improved recently, but there is still the need for further efforts to make the open access
ecosystem a reality.

While it is clear for most stakeholders that open science practices will improve research
results (by allowing scientists to benefit from each other’s ongoing efforts), the work needed
to realise the two other benefits — trust in science and multi-disciplinary developments — is
still underestimated.

4.3.2. Trust in science through science reproducibility

As the world has become more complex, as human knowledge has expanded in more and
more disciplines, the role of science has increased while becoming more and more difficult to
follow for any individual. It is therefore essential for everybody to be able to trust research
results in order for science to deliver its benefits for society.

In order to build that trust in science, research has to be reproducible. Reproducibility is the
ability of an experiment or calculation to be duplicated by other researchers working
independently.

The reproducibility of science has been recognised as essential since the seventeenth century
and the emergence of the scientific method. However, in the digital age, achieving
reproducibility has become more difficult since computers have become part of the research
lifecycle. Reproducibility of science requires reproducibility of software, as well as the
availability of data and any other relevant information in machine-understandable form.



Achieving reproducibility of science in the twenty-first century requires openness of software
in all dimensions, not only source code but also knowledge of the computing environment.

4.3.3. Facing global challenges through multi-disciplinary programmes

In a world that has become instrumented, interconnected and intelligent, it is possible to
launch multi-disciplinary initiatives where scientists from different domains collaborate. In
order to benefit from research artefacts coming from different disciplines, machines are used
to allow computations optimised with diverse sources. It is therefore essential that research
artefacts are both open and machine-understandable. This requires not only the sharing of
data and software but also the sharing of metadata that describe the research artefacts.
Openness needs to extend to ‘information about information’. In many disciplines, efforts
have been applied to design and archive ontologies that are becoming standards. In order to
conduct multi-disciplinary projects, it becomes critical to develop crosswalks between
metadata standards that will allow the matching of data representation designed for different
domains. Openness of crosswalks themselves is therefore necessary to conduct multi-
disciplinary initiatives and is a key concept in the EOSC Interoperability Framework.

4.4. FAIR guiding principles: making science transparent and reproducible

The FAIR principles were born with research data. Today, applying FAIR principles has to be
extended to the whole research lifecycle, to ensure transparency, assessment, attribution and
reproducibility. For this to happen, all outcomes of science, such as data, software, other
products and services, have to be FAIR.

4.4.1. Web of FAIR Data and Related Services for science

EOSC is conceived as a Web of FAIR Data and Related Services for science. This is intended to
highlight the interconnectedness of people, services and content. For research data to have
context and meaning, its provenance, quality and usage need to be shared. Who created the
data? For what purpose? How has it been processed? Can it be trusted? Detailed metadata
are required to enable discovery and reuse. The term ‘Web of FAIR Data’ is applied in its
broadest sense, not just to data, but also to code, publications and other digital outputs.
Services and stakeholders also need to be identifiable and well-described, with open
metadata and persistent identifiers (PIDs) to allow cross-linking.

The FAIR ecosystem proposed in the ‘Turning FAIR into reality’ report [EC EG FAIR]
highlighted the importance of registries for various components, in particular for policies,
data management plans, identifiers, standards and repositories. Sustainable funding for core
infrastructure is required to support the principles of FAIR and openness. Sociological aspects
also play a key role in the evolution of the culture and practices necessary to implement and
benefit fully from the Web of FAIR Data and Related Services, in particular incentives and
rewards to increase adoption of FAIR across communities, and the building of the necessary
skills and specialised workforce.

EOSC will be a federation of existing resources. It will of course give access to new data, but
it will primarily be a federation of existing thematic data repositories and