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Abstract. In the digital age, data has emerged as one of the most valuable assets
across various sectors, including academia, industry, and healthcare. Effective data
preservation involves the management of data to ensure its long-term accessibility and
usability. Given the importance and sensitivity of data, the need for effective man-
agement is a crucial necessity. One of the big recent proposed approaches for data
management is the FAIR Digital Objects (FDOs) which has emerged to revolutionize
the field of data management and preservation. Central to this revolution is the align-
ment of FDOs with the FAIR principles (Findable, Accessible, Interoperable, Reusable),
particularly emphasizing machine-actionability and interoperability across diverse data
ecosystems. This paper presents "FDO Manager,” a Minimum Viable Implementation
of FDOs, tailored specifically for the use case and field of research artefacts such as
datasets, publications, and code. The paper discusses the core ideas behind the FDO
Manager, its architecture, usage and implementation details, as well as its potential
impact, demonstrating a simple and abstract implementation of FDOs in the research
realm.
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1. Introduction

We live in a digital connected world, where research plays an important role in our
advancements and development in various fields. The amount of published research
papers have been increasing exponentially in the recent years and we currently live in a
world full of Big Data, a term that describes the large amount of data; however, with this
amount comes major challenges and concerns in its management and preparation for
usability. it is reported that a large amount of that data is still difficult to find and to use;
thus making a hurdle for researchers. the FAIR principles were proposed in the aim to
solve the aforementioned issues and to promote a better data management and open
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science. furthermore, the FAIR principles are mostly of theoretical nature and have very
few adapted and implemented solutions, which serves as a motivation for our work to
propose and implement a lightweight solution for the management of FDOs also called
FDO Manager. the goal of our implementation makes the interaction between the user
and FDOs simple and straightforward and also aligns with FAIR principles and FDO
specifications. in the coming sections of this paper, related works and research will be
explored and described, the proposed FDO Manager is then presented in detail in a
later section; outlining its conceptual architecture and implementation details.

2. Related works

Since its introduction in 2018 [1], the concept of FAIR Digital Objects (FDOs) has seen
a remarkable rise in interest within the research and data management communities.
FDOs are key in enhancing data preservation and accessibility, contributing to a ro-
bust ecosystem for managing digital research resources [2]. This surge in popularity
underscores the increasing relevance of the FAIR (Findable, Accessible, Interoperable,
Reusable) Principles in the realm of scientific data management [3], [4].

The FDO Framework [5] is built upon the FAIR Guiding Principles [3], which are
designed to enhance the FAIRness of digital objects, focusing on concepts such as
unique identification, rich metadata, etc. However, implementing these specifications
is challenging due to their purely theoretical nature. The recurring requirement of meta-
data as FDOs, for instance, can lead to complex scenarios where the implementation
becomes a task of balancing the depth of detail with practical usability.

The efforts of the European Open Science Cloud (EOSC) ' are closely aligned with
ours, as it seeks to establish an infrastructure that enables researchers to utilize data
efficiently, adhering to FAIR principles and fostering open access, Notably, EOSC-Life
advances these goals by creating an open, digital, and collaborative space for biological
and medical research. Additionally, the EOSC-Life Workflow Collaboratory [6] further
facilitates the research cycle by providing an accessible ecosystem for researchers
to find, use, and deploy complex workflows, thereby streamlining and enhancing the
reproducibility of scientific processes.

RO-Crates [7] are also closely related to our work, as both focus on facilitating
the management of research data in a structured format. While RO-Crates provides
a framework for packaging research outputs with their associated metadata, The FDO
Manager similarly aims to simplify the management of FDOs and enhancing long term
persistence through PIDs.

This paper contributes to the ongoing research on FDOs by presenting a simple
and lightweight FDO implementation which will be further explained in later sections.
This implementation can be used for managing FDOs and can serve as a foundation
and could be integrated with a more advanced implementations.

3. FDO Manager

The core concept driving the FDO Manager is to present a straightforward and min-
imalist solution that not only conforms to the FAIR Principles but also addresses the
practical challenges of managing complex digital objects and their metadata in a sys-
tematic and user-centric manner.

"https://research-and-innovation.ec.europa.eu/strategy/strategy-2020-2024/our-digital-
future/open-science/european-open-science-cloud-eosc_en
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Figure 1 presents a refined view of the FDO Manager’s conceptual architecture,
which outlines the various components and their interactions in the ecosystem. Central
to this structure is the FDO Record, which refers to a digital object. The metadata of
the digital object is separated from the object itself, in alignment with the FDO speci-
fications. This separation ensures that the metadata persists even if the digital object
or its record is lost or deleted. Each type of FDO can have a specific operation ap-
plied to it, thus, the operations component is aimed to solve that and to also enhance
interoperability by specifying the various operations that can be applied to an FDO. In
the architecture, PIDs (Persistent Identifiers) are used to ensure the persistency and
findability of both the FDO record and the metadata.

The architecture also includes an FDO Registry, Metadata Registry, and Opera-
tions Registry, which serve as indexable catalogs within the ecosystem. Since the aim
is to store and manage digital objects, having search and index functionality is essential
to facilitate the findability within the FDO Manager.

Profiles are primarily used to specify the different types of FDO records that the
FDO Manager handles. For instance, in the realm of research artifacts, these profiles
might include datasets, code, and publications.

In the pursuit of interoperability, our approach leverages the widely recognized
Schema.org? standards to define the metadata schema for the proposed FDO records.
which ensures a standardized and universally understood structure for metadata, en-
hancing the compatibility and exchange of information within the broader digital ecosys-
tem.
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Figure 1. The FDO Manager architecture

Figure 2 illustrates a layered architecture of the FDO Manager, which illustrates
the different levels of abstraction of the functionalities and indicating which layers are
accessible to users. It mainly consists of four main layers:

- Backend layer: This layer defines the databases for both metadata and FDO
records.

 FDO Manager Layer: This core part of the codebase contains the primary logic
and functionality of the FDO Manager.

» APl layer: The FDO Manager is exposed to users through a set of API endpoints,
allowing them to manage metadata and FDO records.

’https://schema.org/
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« FDO Manager Playground: an additional frontend layer provides a user-friendly
interface for interacting with the FDO Manager and testing its functionalities.

From a user perspective only the two first layers are accessible to the users which
are the API and the FDO Manager Playground, this abstraction and design choice
simplifies the interaction ensuring that users can effectively use the FDO Manager. In
practice, users first input metadata into the FDO Manager, then proceed to register
FDO records associated with this metadata. This sequence facilitates an efficient,
structured approach to managing and accessing digital objects.

For seamless integration with other services and implementations, the API can be
utilized, providing all the necessary endpoints for interacting with the FDO Manager.

To explore how metadata and FDO records are structured and related within the
FDO Manager, we turn to Figure 3 which presents two tables: one containing infor-
mation about the FDO record and the other detailing the associated metadata. The
relationship between these tables is established through a reference metadata PID,
ensuring data integrity and coherence between the FDO records and their correspond-
ing metadata.

For further details about the metadata of the profiles, please refer to our compre-
hensive documentation available on our website®. This documentation provides an
in-depth overview of the schema definitions for the profiles, their description and their
expected type; as well as their relationship to schema.org classes. The documentation
resources are continuously updated to reflect any changes or enhancements, ensuring
that the information remains current and accurate.
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Figure 2. The FDO Manager layers

FDO record

id: int

pid: string Metadata

creativeworkiype: creativeworktype id: int
date_created: Date pid: string

date_modified: Date creativeworkiype: type

metadata: metadata_pid » metadata: JSON field

Figure 3. The FDO Manager databases architecture

Shttps://fddal.gitlab.io/fdom/schemas/overview/
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4. Conclusion

In conclusion, the FDO Manager emerges as a practical and lightweight solution for
FDO management. Explored in this paper are its architecture, implementation de-
tails, and alignment with FDO specifications and FAIR Principles. With a focus on
research artifacts, the FDO Manager streamlines workflows, enhances persistence,
and enforces discoverability, contributing significantly to open science. lts adoption en-
sures that research artifacts remain easily accessible, making a valuable contribution
to transparent and collaborative scientific practices. Certain limitations are anticipated,
scalability remains an open question, specially under high data or user loads, which
would require empirical testing to validate.
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