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Abstract. This paper compares three FDO implementations, namely Handle-based FDOs,
Nanopublications, and Webby FDOs, analyzing their approach and compliance to the
minimum FDO elements to be called an FDO. It presents a comparison on how these
implementations deal with the minimum set from the full FDO specification corresponding to
a persistent identifier (PID), an FDO record consisting of a collection of attributes, an FDO
profile and type. It also includes additional work that would support seamlessly using one
implementation to the other to navigate their FDO records.
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1. Introduction

In 2022, the FAIR Digital Object (FDO) configuration types presented a collection of 13 ways
to organize FDOs [1]. Since then, the FDO specification has matured while some FDO
implementation technologies have gained momentum over others, namely Handle-based
FDOs, Nanopublicactions, and Webby FDOs. Focusing on the minimum required elements in
the current FDO specification, our aim is to find a parallel between these three technologies.
Such a parallel would make it easier for FDO clients, e.g., libraries or APls accessing FDOs,
to interact in the same way with FDOs regardless of their underlying implementation.

In this paper, we compare the aforementioned technologies one to another, analyzing
their approach and compliance to the minimum elements from the FDO specification for an
FDO to be called, for real, an FDO. This minimum set corresponds to a persistent identifier
(PID), an FDO record consisting of a collection of one or more attributes (which are type
value pairs), an FDO profile, and an FDO type. An attribute’s type is a reference to an
attribute definition (which may be expressed as an FDO) and the attribute’s value should be
valid according to the attribute definition. The FDO record may include other attributes that
fall outside the scope of the FDO requirements and should describe the object that the record
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represents. An FDO profile defines the set of mandatory and optional attributes that must or
may be instantiated in an FDO record compliant to such a profile. An attribute definition
contains a label and semantic, syntactic or other formal rules wrt the attribute’s permitted
values. Here we will present how Handle, Nanopublications, and Webby FDOs deal with this
minimum set, concluding with our findings and an outlook on future work.

2. Comparison of different approaches covering the FDO Specs

Handle-based FDOs rely on the Handle System [2] for the persistent identification and
storage of FDO information. A Handle record is easily used to hold an FDO record with the
Handle values in the record used to store FDO attributes such as the FDO profile, FDO type,
and data bit-sequence(s) as needed. Attribute definitions and profiles may be implemented in
the Data Type Reqistry (DTR) [3] to support machine actionability of information.
Nanopublications [4] are RDF knowledge graphs including metadata on assertions,
provenance, and bibliographic information about the Nanopublication itself. The
Nanopublication Framework aligns also with the FDO definitions and requirements as shown
in [5]. Webby FDOs [6] rely on FAIR Signposting [7] and RO-Crate [8]. FAIR Signposting
provides a clear pointer to easily identify where the FDO corresponding to a landing page is
located, while RO-Crate facilitates packaging research outputs together with their metadata.

FDO information (including its record, data, attributes, profile, type) is representable with
respect to either of the three described FDO implementations. This means, for one and the
same FDO information, it should be possible to create a Handle-based FDO, a
Nanopublication, and a Webby FDO which carry the same FDO information independent of
the implementation. Ideally, there should also be a defined procedure that transforms an
FDO represented in one implementation into another without losing any information.

The process described here aims to align each implementation with the others and the
FDO specification. The first step is to check how the basic terms from the FDO specifications
(e.g., attributes, attribute definitions, profiles, types) are realized in different implementations
(and if at all). Afterwards, more in-depth inspections are necessary to check implementations
against qualitative specification requirements (“a profile is itself an FDO”, “attributes are
openly registered”, etc.). Finally, a procedure on how to represent “pure” FDO information in
each of the implementations needs to be formally defined. Some of the described steps were
already part of the FDO Connect project, which defined a mapping between the terms from
the FDO specification, Handle-based FDOs, and Nanopublications. Also, FDO operations
were implemented which start with Handle-based FDOs respectively Nanopublications and
transform it into the corresponding other implementation. We are now making progress
aligning these to Webby FDOs. Table 1 presents a side-by-side comparison across the three
implementations, detailing how they tackle the main elements of an FDO: PID, record, type,
profile, and attribute, value pairs.

Table 1. A side-by-side comparison of Handle, Nanopublications, and Webby FDOs.

Impleme PID Format of FDO Type Profile Attribute
ntations | system record and Definitions and
Attributes values
Handle Handle | List of tuples The type is | Profiles are identified | Attribute
(first elementis a | given as an | by Handle PIDs and | definitions are
PID referencing attribute defined in the DTR. identified by
an attribute within the They use JSON Handle PIDs and
definition, second | FDO record, | schema to define a defined in the
elementis a if set of mandatory and | DTR. They have
value complying | applicable. optional attribute a label (e.g.
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to the attribute
definition)

FDO records are
represented in
JSON format

definitions for the
FDO.

A profile is given as a
reference in an
attribute in the FDO
record.

“author”) and a
JSON schema to
define syntactic
validation rules
for the value.

Values should
conform to the

A second
community-agreed
profile could be used
to describe the main
entity referred to from
the RO-Crate.

rules of the
corresponding
attribute
definition.
Nanopubl | w3id List of triples The type is | Profiles are FDO attribute
ications (first element given as an | implemented as definitions
refers to the FDO | attribute Nanopublications. correspond to
itself, second is a | within the They always have DatatypeProperty
PID referencing FDO record, | the attribute / ObjectProperty
an attribute if fdoc:hasShape that definitions (in
definition, third applicable. refers to a SHACL separate
elementis a shape defining the Nanopublications
value complying profile. ).
to the attribute
definition) All FDOs point to Values should
their profile via the conform to the
FDO records are attribute rules of the
represented as dct:conformsTo. corresponding
RDF triples attribute
definition.
Webby Any PID | JSON-LD (i.e., Type is Profiles are Attribute PIDs
FDOs includin | RDF triples) indicated at | referenced using correspond to
g waid, the dcterms:conformsTo. | properties in a
DOls, Signposting controlled
and level An RO-Crate profile vocabulary,
Handles [9] must be used. schema.org [10]
by default.

Values should
conform to the
rules defined in
the controlled
vocabulary in
use.

3. Conclusions and future work

The three implementations presented here fulfill the FDO implementation and could be used
interchangeably. Handle presents FDO records as a table, making it easier for humans to
grasp the information, while Nanopublications and Webby FDOs rely on Semantic Web
technologies such as ontologies and RDF. The operational level of FDOs still needs better
coverage by these three implementations. While Handle is already going in this direction,
Nanopublications and Webby FDOs have some more work in this regard. Achieving this
operational level will enable concrete research use cases to demonstrate the benefits of FDO
implementations through improved interoperability and machine-actionability. Future work
should also include, e.g., validators understanding the three implementations so the FDO
community can easily, and programmatically, decide whether something is (or not) an FDO.
This side-by-side comparison is the first step in understanding commonalities and differences
but common tools are needed.
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