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Abstract.

The concept of a "Research Data Commons" (RDC) established itself as an infrastructure
ecosystem for science based on open standards and federated resources to facilitate the
sharing of research data and services. The consortia of the German National Research Data
Infrastructure (NFDI) have identified the collaborative provisioning of resources and services
to be of key importance for a functioning and efficient RDC and are leveraging different
corresponding measures to establish a sustainable concept in line with international
developments.

Keywords: Research Data Commons, Cloud Infrastructure, NFDI, Germany

The concept of a "Research Data Commons" (RDC) established itself as an infrastructure
ecosystem for science based on open standards and federated resources to facilitate the
sharing of research data and services. The “commons” principle is based on the belief that
resources are best used when they are managed in a collaborative and participatory manner

[1].

The German National Research Data Infrastructure (NFDI) [2], with 27 consortia [3],
identified cross-cutting topics [4] and initiated a number of sections [5] covering and fostering
these topics including an RDC.

Internationally, the concept of a "Research Data Commons" has become increasingly
important for the development of science infrastructures. Examples include the Australian
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Research Data Commons (ARDC) [6], the US National Cancer Institute Research Data
Commons (NCI RDC) [7], and, as an important part of the European research and innovation
strategy, the European Open Science Cloud (EOSC) [8]. The Global Open Research
Commons Interest Group (GORC IG) [9] of the Research Data Alliance (RDA), finally,
assembles existing initiatives and heads at more convergence and networking between the
various developments.

All of these initiatives aim to provide a unified, open and trusted digital infrastructure for
the storage, sharing and reuse of research data. This should enable researchers to integrate
data from different sources and thus gain efficiency and new scientific knowledge. In EOSC in
particular, structures have already been formed to deal with comparable issues of
harmonization of data infrastructures, including implementation projects and working groups
that negotiate agreements on relevant fundamental topics (e.g. EOSC Interoperability
Framework [10]). The NFDI relates to this central European infrastructure project on several
levels: as an overall organization, and via both the consortia and the sections. It is of utmost
importance for the development of the NFDI RDC to follow the EOSC principles [11] and to
incorporate relevant results from the EOSC technical standardization groups.

The RDC concept is also in line with the goals of the International Data Spaces
Association (IDSA) [12], which promotes a virtual data space leveraging existing standards
and technologies, as well as governance models. In addition, IDSA supports data sovereignty
as a crucial design aspect and proposes a corresponding Reference Architecture Model. The
related project FAIR Data Spaces (FAIR DS) [13] aims at the practical concretization of a
reference architecture and provides various demonstrators in close cooperation with NFDI.
Several NFDI consortia contribute to FAIR DS.

Further, with the beginning of 2023 cross-cutting topics are supported by a new
consortium, Base4NFDI [14]. The consortium aims at organizing and evaluating the
development of basic services, available at scale, by well-structured workflows embedded into
the NFDI governance. Base4NFDI is supposed to support infrastructural supply for potentially
all consortia, whereby competing developments and incompatible solutions should be avoided.

The NFDI consortia bring with them a variety of heterogeneous and distributed
information infrastructures that, today, are networked only to a limited extent. To establish
cross-domain basic services, harmonization within the community of users and providers is
indispensable. In doing so, the NFDI builds on decades of experience of its member institutions
with the provision of central services. Often, these services are well-tested in single domains,
but not harmonized across domains. A central requirement for the NFDI sections is to identify
components for common use and to develop proposals on how these can be technically
structured and implemented, and which prerequisites are necessary for networking. The
sections thereby follow the guiding principle of the NFDI as a whole: existing data and services
should be reused as much as possible and intelligently connected.

A specific goal is the NFDI RDC, fostered by the section Common Infrastructures [15].
The current RDC concept is essentially based on a multi-cloud infrastructure that can be used
by the consortia and their partners to pool and share data, software, compute resources, and
services. Hybrid solutions and edge components are not excluded. The RDC concept
envisages various shared cloud services like an application layer with access to high-
performance computing, collaborative workspaces, a federated framework for (meta)data
integration, persistent identifier, terminology services, data management planning and long-
term archiving services as well as a software marketplace (Fig. 1).

Security of data and services is seen as a further important topic. The RDC will be
equipped with a common authentication and authorization infrastructure (AAl) and certification
services (zero trust). Particularly noteworthy are current works focusing on the development of
RDC components performed by the consortia NFDI4Biodiversity [16], NFDI4Microbiota [17],
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NFDIl4DataScience [18], and NFDI4Earth [19]. The first two pursue an RDC approach as a
central concept for their infrastructure development strategy, in particular a distributed core
storage infrastructure [20]. In addition, NFDI4Biodiversity is working on effective ways to
integrate data and metadata from diverse data providers.

Standards
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Figure 1. Overview of the RDC architecture, envisioned by the NFDI4Biodiversity and
NFDI4Microbiota consortia. Realistically, a final architecture for the entire NFDI will amount
to a networking of RDCs resembling a data mesh [21].

Outlook

The NFDI RDC is a holistic infrastructure concept for managing scientific data and services.
The RDC implies a federated governance as a foundation of a participative bridge between
data and service providers and consumers. It is expected to have a significant effect on the
openness and quality of data and suggests a substantial increase in efficiency in the use of
existing data. Overall, this provides strong incentives for potential users of NFDI offerings.

The first major challenge is embedding a national RDC into the national and
international scientific services landscape, especially with regard to RDC developments in
other countries. Within NFDI, in particular in the light of the basic services developments,
intensive discussions and negotiations are needed to identify communalities and eventually
agree on a common RDC vision and architecture. In view of the prerequisites in the various
consortia and general IT developments, an agile development process is expected.

A further challenge is to organize the necessary capabilities and capacities, in
particular for building up federated RDC components. Important aspects to address in this
respect are compliance and sustainability of supplied services.
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