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Abstract: Based on our experience within the NFDI4Culture and NFDI-MatWerk
projects we propose generalized knowledge graph based research data management
solutions, which are applicable to other consortia. Our solution covers the construction
of a common NFDI core ontology adapted to specific domains via domain extensions
as a basis for a knowledge graph (KG) providing information about a consortium and
its related research data and software resources. This KG serves as a backend for the
web portal that enables interactive access and management of this data. Already im-
plemented for NFDI4Culture and to be adapted by NFDI-MatWerk, this solution might
serve as an example solution also for other consortia. We are synchronizing our efforts
with ongoing work to implement knowledge graph based research data management
in NFDI4DataScience.
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Figure 1. Schematic overview of the anticipated modular approach covering the NFDI core
ontology and domain specific modular extensions.

1 NFDI Ontologies

Despite covering different scientific domains all NFDI consortia share similar concepts
such as structure, organization, people, institutions, areas of expertise, data reposito-
ries, devices, infrastructure and much more that have to be represented when aiming
at a semantic description [1]-[3]. This suggested the development of an NFDI core on-
tology to increase the interoperability of concepts across multiple NFDI consortia in the
best sense of the FAIR Data Principles. A starting point was the NFDI4Culture ontol-
ogy. However, the adoption by NFDI-MatWerk as a second consortium required several
specific extensions, which made us realize that a modular approach works best for tak-
ing domain specific requirements into account. Figure 1 gives a schematic overview
of the NFDlIcore ontology, covering a consortium wide shared structure and domain
specific extensions (modules) like NFDI4Culture (cto) ', NFDI-MatWerk (mwo)? that
are only relevant for a specific domain, and the NFDI4DataScience ontology that has a
more interdisciplinary focus.

NFDlIcore version 1.1 consists of 36 classes and 60 object attributes3. The NFDIcore
classes have been linked to 24 existing ontologies, including frapo*, fabio®, void® and
schema’, following best practices in ontology development to ensure high semantic
expressivity and interoperability. The ontology has been publicly available since June
2022, fully documented and integrated into the NFDI4Culture Information Portal®.

2 The NFDI4Culture and NFDI-MatWerk Knowledge Graphs

We distinguish between two types of NFDI Knowledge Graphs (KGs): the Research In-
formation Graph (RIG), covering metadata about the consortium’s resources, persons,
and organisations (aligned to the Common European Research Information Standard,
CERIF?), and the Research Data Graph (RDG), covering content related index data
from the consortium’s heterogeneous data resources. The goal of the RIG is to en-

"https://github.com/ISE-FIZKarlsruhe/nfdi4culture-ontology
2https://nfdi-matwerk.pages.rwth-aachen.de/ta-oms/mwo/doc/index.html

SNFDIcore interactive view: https://service.tib.eu/webvowl/#iri=https://nfdidculture.de/ontology.ttl
“https://sparontologies.github.io/frapo/current/frapo.html
5https://sparontologies.github.io/fabio/current/fabio.html

bhttp://vocab.deri.ie/

"https://schema.org/

8https://nfdi4cu1ture.de/ontology.html

9https://eurocris.org/services/main-features—cerif
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Figure 2. Overview of different data integrations. CC-BY 4.0, Authors: O. Bruns, E. Posthumus,
T. Tietz, H. Sack

able exploration and retrieval of index and metadata pertaining to data resources, data
services, persons, and institutions involved in NFDI consortia, while the RDG’s primary
objective is to facilitate access and exploration of content within the NFDI resources, as
well as interconnection of the content from different resources within and across partic-
ular domains following the FAIR[4] principles. For fully fledged Linked Open Data (LOD)
resources, SPARQL query federation enables access and cross connections between
distributed resources. However, for reasons of efficiency and to enable across con-
nections already locally in the RDG, the establishment of an enriched index containing
metadata about entities was decided. To enable the inclusion of heterogeneous legacy
data resources, including structured data and Wikibase-based resources, a metadata
index harvesting mechanism has been designed based on a lightweight interchange
format, the Graph Interchange Format (GIF), which so far has been implemented in
a first use case as standalone protocol for NFDI4Culture as CGIF (Culture Graph
Interchanged Format)'®. (C)GIF can be embedded directly into any webpage to be
extracted as RDF via a URL. Alternatively, data contributors can submit a (C)GIF re-
source in any RDF-compatible format. (C)GIF is designed to enable domain experts as
contributors to easily contribute their data to the RDG without the need to implement
complex APIs.

Figure 2 illustrates the concept of RIG and RDG, forming in sum the current NFDI4Culture
KG'!" and the relevant data integration variants that are currently implemented. Further
information is given in [5]'2 and [6]. The NFDI-MatWerk KG'3 is set up in a similar
manner and already allows simple retrieval via a SPARQL endpoint'*. However, the
(C)GIF will need to be adapted to the specific requirements of the Material Science
Engineering domain.

1Oh‘ctps ://docs.nfdidculture.de/tab-cgif-specification

" https://nfdidculture.de/resources/knowledge-graph.html
2https://doi.org/10.5281/zenodo. 7748740
Bhttps://demo.fiz-karlsruhe.de/matwerk/

14https ://demo. fiz-karlsruhe.de/sparql/
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Figure 3. Overview of the Culture Information Portal Architecture. CC-BY 4.0, Author: T.
Schrade

3 The NFDI4Culture Portal

NFDI4Culture is a pioneer in creating an information portal, providing a centralized ac-
cess point to decentralized research data. The Culture Information Portal’® serves
as a user-friendly web-based Current Research Information System (CRIS). It en-
ables a unified access point to the research data, services, etc. of the NFDI4Culture
community. The portal adheres to international standards for CRIS systems and is
implemented using the TYPO3 extensions "Academy Current Research Information
System”'® and "Linked Data for TYPO3”!7. It allows non-expert users to contribute
resources and metadata. The CRIS data is made available as Linked Open Data,
with various RDF serializations and a standardized LOD API'8 based on the Hydra
vocabulary'®. Data is curated and continuously expanded in a decentralized manner
for the Culture KG using ingest routines and the Oxigraph®® native RDF store. The
TYPOS implementation ensures long-term sustainability through TYPO3 LTS releases,
the freedom to integrate external ontologies, and use dedicated NFDI ontologies. The
establishment of the Culture Information Portal not only highlights the consortium’s in-
novative approach but also serves as a valuable model for other consortia seeking to
create similar portals and improve access to their research data.

4 Future Work

The proposed plans for future work can be divided into three main areas: Firstly, there is
a need for the continued development and widespread adoption of the NFDIcore ontol-
ogy and KGs for both NFDI4Culture and NFDI-MatWerk, as well as NFDI4DataScience,
NFDI4Memory, and other interested consortia. Secondly, it is essential to adapt and
integrate ontologies and KGs into the existing infrastructure of NFDI4DataScience.

Shttps://nfdidculture.de/

®https://github. com/digicademy/academy
17https://github.com/digicademy/lod
Bhttps://nfdi4culture.de/resource/about.html
https://www.hydra-cg.com/spec/latest/core/
2https://github.com/oxigraph/oxigraph
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Lastly, a federated approach to accessing research data across multiple consortia is
also being considered.

As the development of the proposed KG-based RDM infrastructure is still in its early
phase, the current focus is on further developing the KG-based infrastructure and
(C)GIF exchange format in NFDI4Culture and NFDI-MatWerk. Additionally, broad adop-
tion of (C)GIF by NFDI4Culture participants, including further data repository variants
such as infrastructures based on WissKI?!, will be fostered through hands-on tutorials
within the consortium, workshops for the entire domain-specific community, and the
publication of guidelines and best practices. The next step is to adopt the proposed
ontology and KG architecture in NFDI4DataScience, NFDI4Memory, and beyond.

Our long term goal is to enable and explore inter domain connections of KGs across
multiple consortia to enable FAIR access to research data over multiple scientific do-
mains as one of the original visions of NFDI. The proposed NFDI core ontology is seen
as a key to bring this vision a step forward.
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