Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

3i

i Informatics
Automating Data Management
Plan Evaluation Through the
Integration of Machine-Actionable
Data Management Plans and FAIR
Implementation Profiles

DIPLOMARBEIT

zur Erlangung des akademischen Grades
Diplom-Ingenieur
im Rahmen des Studiums
Data Science
eingereicht von

Bernardo Aceves Partida, BSc.
Matrikelnummer 12143531

an der Fakultat fir Informatik

der Technischen Universitat Wien

Betreuung: Dr.techn. Mag. Tomasz Miksa

bllothel,

Wien, 5. September 2025

Bernardo Aceves Partida Tomasz Miksa

Your knowledge hu

Technische Universitat Wien
A-1040 Wien = Karlsplatz 13 = Tel. +43-1-58801-0 = www.tuwien.at



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

3i

i Informatics
Automating Data Management
Plan Evaluation Through the
Integration of Machine-Actionable
Data Management Plans and FAIR
Implementation Profiles

DIPLOMA THESIS

submitted in partial fulfillment of the requirements for the degree of
Diplom-Ingenieur
in
Data Science
by

Bernardo Aceves Partida, BSc.
Registration Number 12143531

to the Faculty of Informatics

at the TU Wien

Advisor: Dr.techn. Mag. Tomasz Miksa

bllothel,

Vienna, September 5, 2025

Bernardo Aceves Partida Tomasz Miksa

Your knowledge hu

Technische Universitat Wien
A-1040 Wien = Karlsplatz 13 = Tel. +43-1-58801-0 = www.tuwien.at



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Erklarung zur Verfassung der
Arbeit

Bernardo Aceves Partida, BSc.

Hiermit erklére ich, dass ich diese Arbeit selbstéindig verfasst habe, dass ich die verwen-
deten Quellen und Hilfsmittel vollstdndig angegeben habe und dass ich die Stellen der
Arbeit — einschliefSlich Tabellen, Karten und Abbildungen —, die anderen Werken oder
dem Internet im Wortlaut oder dem Sinn nach entnommen sind, auf jeden Fall unter
Angabe der Quelle als Entlehnung kenntlich gemacht habe.

Ich erkldre weiters, dass ich mich generativer KI-Tools lediglich als Hilfsmittel bedient
habe und in der vorliegenden Arbeit mein gestalterischer Einfluss iiberwiegt. Im Anhang
,Ubersicht verwendeter Hilfsmittel* habe ich alle generativen KI-Tools gelistet, die
verwendet wurden, und angegeben, wo und wie sie verwendet wurden. Fiir Textpassagen,
die ohne substantielle Anderungen iibernommen wurden, haben ich jeweils die von
mir formulierten Eingaben (Prompts) und die verwendete IT- Anwendung mit ihrem
Produktnamen und Versionsnummer/Datum angegeben.

Wien, 5. September 2025
Bernardo Aceves Partida



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Danksagung

Zunachst einmal mochte ich meiner Familie und meinem Partner fir ihre bedingungslose
Unterstiitzung wihrend der Herausforderungen, denen ich in diesen Jahren gegeniiber-
stand, und dafiir, dass sie immer an mich geglaubt haben, danken.

Besonderer Dank gilt meinem Betreuer Tomasz Miksa fiir seine kontinuierliche Unterstiit-
zung und Anleitung, dafiir, dass er mir geholfen hat, meinen Horizont mit neuen Ideen
und Perspektiven zu erweitern, und dafiir, dass er meine Fragen immer umgehend, mit
der bestmoglichen Einstellung und hochster Professionalitdt beantwortet hat.

AuBlerdem mochte ich mich bei den Freunden bedanken, die ich wahrend dieses Prozes-
ses kennengelernt habe und die mir sowohl Spaf} als auch gegenseitige Motivation im
akademischen und beruflichen Bereich geboten haben.

Schliefllich méchte ich auch allen meinen Professoren fiir ihr Engagement und ihren
Einsatz wéihrend meines Studiums danken, deren Anleitung und Lehre wesentlich zu
meinem akademischen und persénlichen Wachstum beigetragen haben.

vii



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Acknowledgements

First of all, I want to thank my family and my partner for their unconditional support
during the challenges I faced over these years and for always believing in me.

Special thanks to my supervisor, Tomasz Miksa, for his continuous support and guidance,
for helping me broaden my horizons with new ideas and perspectives and for always
answering my questions promptly, with the best possible attitude and the utmost
professionalism.

Furthermore, I would like to thank the friends I met during this process who were there
for both fun and mutual motivation in the academic and professional spheres.

Finally, I would also like to thank all my professors for their dedication and commitment
during my studies, whose guidance and teaching greatly contributed to my academic and
personal growth.

ix



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Kurzfassung

Kurzfassung

Diese Masterarbeit stellt ein Framework zur automatisierten Bewertung von maschinen-
lesbaren Data Management Plans (maDMPs) vor. Grundlage ist die Ausrichtung von
maDMP5, die nach dem Research Data Alliance Common Standard fiir maschinenlesbare
Data Management Plans (DCS-Schema) strukturiert sind, an community-definierten
Erwartungen, die in FAIR Implementation Profiles (FIPs) erfasst werden. Die Arbeit
verwendet zwei zentrale Metriken: Erstens die mapping coverage, die den Anteil der
Fragen misst, die zur Erstellung eines FIP| genutzt werden und Feldern des DCS-Schemas
zugeordnet werden konnen; zweitens das Konzept der planned FAIR alignment, das
bewertet, wie gut die in einem maDMP angegebenen oder geplanten Mafinahmen (z. B.
Wahl der Lizenz, Metadatenschema, Identifikatoren) mit den Erwartungen der FIPs
iibereinstimmen. Im Unterschied zu Werkzeugen zur FAIR-Bewertung auf Datensatzebene
konzentriert sich dieser Ansatz auf die Compliance innerhalb von RDM-Workflows.

Ein Prototyp zur Compliance-Priifung implementiert diese Zuordnungen und erzeugt
strukturierte Evaluationsergebnisse, die dem |OSTrails FAIR Test Result Specification
(FTR)) entsprechen. Diese Ergebnisse unterstiitzen semantische Abfragen in RDF und er-
leichtern automatisierte Vorab-Priifungen in Aufgaben des Forschungsdatenmanagements
(z. B. Vollstandigkeitspriifungen und Richtlinienabgleich mit Community-Profilen). Das
Framework unterstiitzt zudem die Ubernahme von FIP-Fragen aus Nanopublications, um
neue Zuordnungen in das Tool einzubinden und so die Ubertragbarkeit auf verschiedene
Fachdoménen zu verbessern. Insgesamt tragt die Arbeit mit einem operativen Werkzeug
und einem methodischen Ansatz dazu bei, FAIR-orientierte Planung zu stérken und eine
reproduzierbare, maschinenlesbare Bewertung von maDMPs zu ermoglichen.
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Abstract

This master’s thesis presents a framework for the automated assessment of machine-
actionable Data Management Plans (maDMP5). It is based on aligning maDMPs
structured via the Research Data Alliance Common Standard for machine-actionable
Data Management Plans (DCS) schema, with community-defined expectations, captured
in FAIR Implementation Profiles (FIPs). The research employs two central metrics: first,
the mapping coveragel, measuring the proportion of the questions used to create a |[FIP
that can be matched to fields in the [DCS| schema; second, the concept of jplanned FAIR)
alignment, evaluating how well the actions (or planned actions) specified in a maDMP
(e.g., choice of license, metadata schema, identifiers) align with FIP expectations. Unlike
dataset-level FAIR scoring tools, the approach focuses on compliance within Research
Data Management (RDM) workflows.

A prototype compliance checker implements these mappings and produces structured
evaluation outputs conforming to the OSTrailsf FAIR Test Result specification [F'TR.
These outputs support semantic querying RDF|and facilitate automated pre-assessment
workflows for data stewardship tasks (e.g., completeness checks and policy alignment
against community profiles). The framework also supports ingesting FIP| questions from
Nanopublications to add new mappings to the tool, improving portability across domains.
Overall, the thesis contributes an operational tool and a methodological approach that
strengthen FAIR-aligned planning and enable reproducible, machine-readable assessment
of maDMPs5.

Xiii
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CHAPTER

Introduction

1.1 Context

The rapid increase in data production across research disciplines has highlighted the
importance of effective data management to facilitate reproducibility, transparency, and
reusability of research outcomes [WDA™16|. To address these challenges, the concept of
Research Data Management RDM) has emerged as a crucial practice within the scientific
community, promoting structured processes for data collection, curation, preservation,
and sharing [Monl7].

An essential component of RDM]|is the preparation and maintenance of Data Management
Plans (DMPs). Traditional DMPs are static, text-based documents, often treated as
administrative obligations rather than useful research tools [SIMM17]. However, with
the introduction of machine-actionable Data Management Plans (maDMPs), the research
community has begun transitioning toward more dynamic and interactive DMP5s that
integrate into digital research infrastructures [MWNI9).

Machine-actionability refers to the capability of digital entities (e.g., maDMP5) to be
interpreted, processed, and acted upon by software, facilitating automation, interoper-
ability, and scalability in data management tasks [MWNT9, MWN"21|. The Research
Data Alliance (RDA) has significantly contributed by publishing the RDA Common
Standard for maDMPs DCS [Res21], providing a structured representation for essential
DMP| components using common vocabularies and JSON-based schemas [Res21].

Simultaneously, the scientific community has increasingly embraced the FAIR] princi-
ples—Findability, Accessibility, Interoperability, and Reusability—as a gold standard
for data stewardship [WDAT16]. Despite their wide adoption, operationalizing FAIR
principles remains challenging, primarily due to their high-level nature. To bridge this
gap, FAIR Implementation Profiles (FIPs) were proposed, enabling communities to
specify precise, actionable steps for implementing FAIR principles in practice [SM™20].

1
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1.

INTRODUCTION

1.2 Problem Statement and Motivation

Despite these advancements, evaluating the quality of maDMP5s and ensuring compliance
with community-specific FAIR standards remains largely a manual and time-consuming
task [Arn24) [TP23]. Most existing methods for DMP evaluation involve subjective, textual
assessments by reviewers, leading to inconsistency and inefficiency [SIMMI17, MWNT19].
Consequently, there is a critical need for automated tools capable of systematically
assessing maDMP| quality against established standards and guidelines, such as those
defined by FAIR Implementation Profiles [SM™20)].

Moreover, integrating structured [FAIR| assessment outputs into existing research infras-
tructure remains challenging due to a lack of standardized reporting formats. Recent
initiatives, such as the Open Science Training and Resources for Advanced Interoperable
Learning Systems (OSTrails), aim to address this issue by defining standardized FAIR
assessment outputs [GWT25]. Leveraging such standards in the context of maDMP
evaluation can greatly enhance interoperability, transparency, efficiency and usability of
evaluation outcomes.

1.3 Goals and Scope

The primary goal of this thesis is to design and implement an automated evaluation
framework for maDMPs, leveraging [FIPs and aligning with the |(OSTrailg FAIR assessment
specification [GW™25]. Specifically, this thesis aims to:

o Develop a mapping strategy between the questions to create a [FIP [GO nd] and
the DCS|schema to enable automated compliance checks.

e Implement an automated compliance checker capable of assessing critical quality
indicators (e.g., completeness, feasibility, and guideline compliance) [Arn24].

o Export the evaluation outcomes in a structured, semantic, and interoperable format
using the OSTrails specification [GW25].

e Demonstrate practical applicability through a semantic web approach, leveraging
RDF representations in [T'TL| format for integration with FAIR-compliant infras-
tructures.

This thesis explicitly does not address real-time integration with external FAIR assessment
services (e.g., F-UJI |API integration), leaving such advanced integrations for future
research.

1.4 Research Questions

The main objective of this thesis is to assess how |[FIPs can be leveraged to automate the
evaluation of maDMPsg| using the [DCS| schema.
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1.4. Research Questions

This objective is broken down into the following research questions:

Research question 1: To what extent can machine actionable Data Management Plans
(maDMPs) and FAIR Implementation Profiles (FIPs) be aligned to enable automated
evaluation of Data Management Plans?

e This question investigates the degree to which fields in the [DCS schema can be
mapped to the specific questions to create a FIP, allowing for automated compliance
checks.

e The extent of this alignment is quantified using the metric of mapping coverage;
defined as the proportion of FIP questions that have corresponding fields in the
DCS schema.

e To further explore the utility of this mapping, the following subquestion is posed:

— Research question 1.1: Which of the DMP|evaluation goals can be supported
by FIPs, and to what extent can these be automated?

e The goals considered include |completeness, feasibility, and jguideline compliance;
drawn from recent literature on DMP assessment [Arn24l [TP23] (see subsec-
tion 2.8.1L

Research question 2: To what extent can the intended actions in maDMPs be evaluated
against [FAIR-enabling expectations defined in community-specific FIPs? Particularly
when data has not yet been generated or lacks repository identifiers.

o Early-stage DMPs typically outline planned decisions (e.g., licenses, identifier types,
metadata schemas) rather than refer to existing datasets.

o This question investigates whether these planned actions align with the expectations
specified in a relevant [FIP, based on a rule-based comparison of field values.

e This alignment, referred to as planned FAIR alignment, is treated as a proxy
indicator of whether the future data management practices are likely to conform to
community expectations.

Addressing these questions will produce a robust automated evaluation framework, which
will facilitate practical guidance to researchers and improve data management practices.
It is also important to establish that this thesis does not perform FAIR scoring of actual
datasets, external tools such as F-UJI are considered in the discussion to illustrate how
such evaluations could complement planned-action assessments in future work.
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1.5 Methodology

This thesis employs a Design Science Research (DSR) methodology, following estab-
lished guidelines for developing and evaluating artifacts in Information Systems research
[HMPRO4]. Design science is particularly suitable when creating practical solutions
(artifacts) for real-world problems, rather than only describing phenomena [con25].

The research process is structured into iterative stages, aligned with frameworks such as
the Three-Cycle View (relevance, design, and rigor) Jcon25], and the six-step methodology
proposed by Peffers et al. [PTG™20]:

1. Requirements analysis and contextualization
e Analyze the structure of the [DCS|schema, [OSTrailsl FAIR assessment specifi-
cation, and exemplar FIPs.
o Identify the key evaluation goals: completeness, feasibility and guideline
compliance.

2. Mapping construction and measurement of alignment coverage

e Map FIP questions to DCS|schema fields.
e Compute the mapping coverage, i.e., the proportion of FIP questions cov-
ered—quantifying RQ1’s ezxtent metric.

3. Prototype design: Compliance checker implementation

e Implement a Python-based tool that compares maDMP fields with FIP expec-
tations using rule-based logic.

4. Evaluating planned FAIR alignment

e Assess the degree of planned FAIR alignment, the alignment of intended
actions in maDMPs with FIP-defined expectations—addressing RQ2 as a
proxy evaluation strategy.

e Conceptually situate this measurement as a proxy indicator—a standard
approach in empirical research when direct measurement is not possible
[con24].

5. Structured output and semantic representation

o Serialize evaluation outcomes in the (OSTrails JSON-LD format for FAIR
assessment results.

e Convert to RDF and demonstrate SPARQL-based querying to enable integra-
tion with knowledge graph infrastructures.
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1.6. Thesis Structure

6. Demonstration and artifact evaluation

e Apply the compliance checker to real maDMPs to demonstrate feasibility and
utility.

e Manually use F-UJI to assess actual datasets and illustrate how the artifact
could complement existing FAIR assessment tools (as future work) [DHE25].

1.6 Thesis Structure

The remainder of this thesis is structured as follows:

e Chapter 2: Background and Related Work introduces the foundational
concepts that underpin this research, including the FAIR) principles, maDMPs;,
FIPs, and relevant Semantic Web| technologies. It also reviews prior approaches to
DMP evaluation, FAIR assessment tools, and community-driven initiatives such as
GO FAIR|and the RDA, situating this thesis within the broader state of the art.

e Chapter 3: Research Methodology systematically identifies and justifies the
requirements for an automated evaluation framework. This includes functional
requirements (e.g., mapping maDMP fields to FIP expectations), non-functional re-
quirements (e.g., interoperability and extensibility), and alignment with established
evaluation goals (e.g., completeness, feasibility, and guideline compliance).

¢ Chapter 4: Conceptual Design describes the proposed approach in detail. It
elaborates on the mapping strategy that links FIP questions to DCS) fields, the
design of evaluation rules, and the use of community vocabularies and registries.
The framework is also presented as an architectural model that highlights the
interplay between inputs, validation rules, and standardized outputs.

e« Chapter 5: Implementation provides a detailed account of the compliance
checker, focusing on the modular structure of the codebase, the integration of
external resources, such as SPDX licenses, and the serialization of results using
the |OSTrails| specification. This chapter also discusses the conversion of JSON-LD
results into RDF for semantic querying.

e Chapter 6: Evaluation and Results demonstrates and analyzes the outcomes of
applying the framework to representative maDMP)] examples and community-specific
FIPs. The analysis addresses RQ1 by measuring the coverage of FIP questions
that can be mapped to |DCS fields, and RQ2 by assessing the alignment of intended
actions in the maDMP with community FAIR-enabling expectations. As an illustra-
tion of possible extensions, an exploratory comparison is made with external FAIR
evaluation tools (e.g., F-UJI), highlighting how dataset-level FAIRness assessments
could complement planning-time compliance checks. Results are presented in tables
and figures and discussed against evaluation goals and prior work.



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

1.

INTRODUCTION

e Chapter 7: Conclusion and Future Work summarizes the findings of the
research, highlighting the main contributions to both theory and practice. It reflects
on the limitations of the current implementation, outlines recommendations for
stakeholders such as researchers and funders, and suggests avenues for future work,
including integration with external FAIR services and broader adoption across
domains.
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CHAPTER

Background and Related Work

2.1 Research Data Management and Data Management
Plans

Research Data Management (RDM) comprises the policies, processes, and technologies
that govern how research data are created, documented, stored, shared, and preserved
across the research lifecycle. A Data Management Plan (DMP) formalizes these decisions,
typically covering data types and volumes, formats, documentation and metadata prac-
tices, storage and backup, access control, licensing, and long-term preservation. Funders
and institutions increasingly require DMPs to promote transparency, reproducibility, and
reuse [MWNT19].

Historically, DMPs were static, free-text documents, which limited their reusability and
integration with other infrastructures. The community response has been the shift toward
machine-actionable DMPs (maDMPs), which represent DMP content in structured
formats so software can interpret, validate, and exchange information automatically
[IMWNI19]. To underpin interoperability, the RDA| DMP Common Standard (DCS)
defines a JSON application profile for expressing core DMP)| entities (projects, datasets,
storage, licenses, repositories, etc.) with controlled structure and semantics (see Figure 2.1))
[Res21]. This standard enables different tools (e.g., DMPTool, Data Stewardship Wizard)
to produce and consume maDMPs| consistently.
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Figure 2.1: RDA DMP Common Standard diagram for machine-actionable Data Man-
agement Plans. [Res21]

2.1.1 Ten Principles for maDMPs

The ten principles summarize expectations for machine-actionability in DMPs and inform
current community practice [MWNTI9]. They focus on integrating DMPs into research
workflows. They emphasize interoperable data models, automation, and availability for
humans and machines. The goal is to reduce administrative burden (from managing
free-form text documents) and facilitate automated data management processes in the
research ecosystem. The ten principles are shown in Figure 2.2, In summary, they:

e Integrate DMPs with workflows to enable automation,
e Use PIDs, controlled vocabularies, and a common maDMP data model,
o Publish DMPs for human/machine use; monitor and version them,

e Support evaluation and policy feedback loops.

2.2 FAIR Principles and FAIR Data

The FAIR' Guiding Principles: [Findable, |Accesible, Interoperable, and Reusable; pro-
posed by Wilkinson et al. [IWDAT16] have become a widely endorsed compass for data
stewardship. Their central aim is to ensure that both humans and machines can discover,
access, and make effective use of data with minimal friction. The principles are delib-
erately high-level and technology-agnostic: they define what constitutes good practice
(e.g., persistent identifiers, rich metadata, community standards) without prescribing
which technologies to use. This fosters domain-specific innovation, but also results in
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2.2. FAIR Principles and FAIR Data
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a stakeholders

hmam 3 Make policies (also) for machines, not just for

[ ) people

*.l-'l 4 Describe—for both machines and humans—the
. components of the data management ecosystem

|H ”H”"“ m 5 Use PIDs and controlled vocabularies

6 Follow a common data model for maDMPs

.-... 7 Make DMPs available for human and machine

consumption
[ —
—_—
: — 8 Support data management evaluation and
p4 monitoring

cﬁ 9 Make DMPs updatable, living, versioned

' ’ documents

10 Make DMPs publicly available

Figure 2.2: Ten principles for maDMPs [MWNT19].
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2. BACKGROUND AND RELATED WORK

heterogeneous implementations across communities. They are divided into four main
categories, each with specific sub-principles:
Findable (F)
For data to be reusable, they must first be easy to locate by both humans and computaters.
The Findability principle defines the use of persistent identifiers and rich metadata to
enable reliable discovery across systems and search engines.

o F1. (Meta)data are assigned a globally unique and persistent identifier.

o F2. Data are described with rich metadata.

o F3. Metadata clearly and explicitly include the identifier of the data they describe.

o F4. (Meta)data are registered or indexed in a searchable resource.
Accessible (A)
Once data are findable, they should be retrievable in a standardized way. Accessibility
focuses on the use of open, universally implementable protocols and ensures that metadata
remain available even if the data are not.

o Al. (Meta)data are retrievable by their identifier using a standardized communica-

tions protocol.
— A1.1. The protocol is open, free, and universally implementable.
— A1.2. The protocol allows for authentication and authorization when neces-
sary.

e« A2. Metadata are accessible, even when the data are no longer available.
Interoperable (I)
To support data exchange and integration, interoperability emphasizes the use of stan-
dardized formats, vocabularies, and links between datasets. This ensures that data from
different sources can be combined and understood consistently.

o I1. (Meta)data use a formal, accessible, shared, and broadly applicable language

for knowledge representation.
o I2. (Meta)data use vocabularies that follow FAIR principles.
o I3. (Meta)data include qualified references to other (meta)data.
10
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2.3. FAIR Implementation Profiles (FIPs)

Reusable (R)

The ultimate goal of FAIR is to maximize reuse of data. Reusability requires rich contex-
tual information, clear licensing, provenance, and adherence to community standards to
ensure that data can be trusted and appropriately cited in future research.

« R1. (Meta)data are richly described with a plurality of accurate and relevant
attributes.

— R1.1. (Meta)data are released with a clear and accessible data usage license.
— R1.2. (Meta)data are associated with detailed provenance.

— R1.3. (Meta)data meet domain-relevant community standards.

Together, these sub-principles form a layered framework: starting with unique identifiers
(F1), ensuring retrievability through open protocols (A1), enabling cross-system under-
standing via shared vocabularies (I1-13), and culminating in trust and reuse through
licensing and provenance (R1-R3). Importantly, the principles emphasize machine-
actionability, i.e., the capacity of computational systems to autonomously discover and
process data [WDAT16, [Mon17]. Communities and infrastructures operationalize these
principles by defining specific standards and services—choices which are then captured
in [FIPsl

2.3 FAIR Implementation Profiles (FIPs)

Because [FAIR)is principle-based, communities need a way to declare the concrete technolo-
gies they use to fulfill each principle—identifier services, metadata schemas, vocabularies,
repositories, access protocols, license frameworks, and so forth. FAIR Implementation
Profiles (FIPs) capture these community choices in a structured, reusable way |[SM™20).
Conceptually, a |[FIP|is a set of [FAIR-enabling resource| FER] selected by a community of
practice to implement specific FAIR sub-principles (e.g., F1 via DOI from DataCite; I1
via RDF/JSON-LD using [ DCAT; R1.1 via Creative Commons licenses). Tables 2.1 and
2.3/ show the |GO FAIR template for the creation of a [FIP[GO nd].

A FIP ontology (FIP ontology) [MSK25] formalizes the entities (FIP, declaration, FAIR
sub-principle, FAIR-enabling resource, resource type) and relations (e.g., declares-use-of,
addresses-principle) so that profiles are interoperable and computable [SM™20]. The
Data Stewardship Wizard (DSW) supports communities in producing [FIPs through a
guided questionnaire using their FIP wizard tool [GO_24]; the resulting declarations can
be published as nanopublications to facilitate provenance, citability, and integration in
linked data ecosystems [SM™20]. Nanopublications represent small, citable RDF graphs
(assertion, provenance, publication info), which suits granular FAIR declarations.

11
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2. BACKGROUND AND RELATED WORK
Table 2.1: FIP creation template (part 1)[GO nd)|
Community description
Name of Community e.g., ENVRI
Description of Community
Supporting Links
Research Domain e.g., Environmental Sciences
Data Steward e.g., ORCID #
Date of FIP creation
Table 2.2: FIP creation template (part 2a)[GO nd|
FAIR FAIR enabling Your
Principle | Question resource types| answers
F1 What globally unique, persistent, resolv- | Identifier service | e.g.,
able identifier service do you use for meta- PURL,
data records? DOI
F1 What globally unique, persistent, resolv- | Identifier service
able identifier service do you use for
datasets?
F2 Which metadata schemas do you use for | Metadata
findability? schema
F3 What is the schema that links the persis- | Metadata-Data
tent identifiers of your data to the meta- | linking schema
data description?
F4 In which registry are your metadata | Registry
records indexed?
F4 In which registry are your datasets in- | Registry
dexed?
Al.l Which standardized communication pro- | Communication
tocol do you use for metadata records? | protocol
Al.1 Which standardized communication pro- | Communication
tocol do you use for datasets? protocol
Al1.2 Which authentication & authorisation | Authentication
service do you use for metadata records? | & authorisation
service
Al.2 Which authentication & authorisation | Authentication
service do you use for datasets? & authorisation
service
A2 Which metadata preservation policy do | Metadata
you use? preservation
policy
12
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2.3. FAIR Implementation Profiles (FIPs)

Table 2.3: FIP creation template (part 2b)|GO nd]

FATIR enabling

FAIR Your
Principle | Question resource types| answers
Knowledge
representation
11 Which knowledge representation lan- language
guages (allowing machine interoperation)
do you use for metadata records?
Knowledge
representation
I1 Which knowledge representation lan- language
guages (allowing machine interoperation)
do you use for datasets?
Structured
12 Which structured vocabularies do you | vocabulary
use to annotate your metadata records?
Structured
12 Which structured vocabularies do you | vocabulary
use to annotate your datasets?
13 Which models, schema(s) do you use for | Semantic model
your metadata records?
I3 Which models, schema(s) do you use for | Semantic model
your datasets?
Data usage
R1.1 Which usage license do you use for your license
metadata records?
Data usage
R1.1 Which usage license do you use for your license
datasets?
R1.2 Which metadata schemas do you use for | Provenance
describing the provenance of your meta- | model
data records?
R1.2 Which metadata schemas do you use | Provenance
for describing the provenance of your | model

datasets?

13
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2.4 Linking FIPs and maDMPs

The convergence of FIPs| and maDMPs| appears in two complementary directions in
current literature:

e FIP-informed DMP authoring. Communities can use FIPs to guide DMP
creation by pre-filling or constraining fields (e.g., licenses, identifier systems, meta-
data schemas) so that plans reflect community best practices from the outset. The
FIP2DMP)| approach operationalizes this within the Data Stewardship Wizard by
mapping FIP| declarations to template fields [HMG™23].

e Evaluating DMPs with structured checks. Parallel work outlines automated
assessment of maDMPs—for schema conformance, completeness, consistency, and
policy alignment—Ileveraging their structured nature [TP23]. While the literature
does not yet establish a standardized method to evaluate maDMPs| directly against
FIP| expectations, the ingredients are present: computable FIPs [SM™20] and
interoperable DCS-based maDMPs [Res21]. This suggests a promising avenue for
rule-based alignment checks in the planning stage.

This thesis targets the second direction: using FIPs| as a |benchmark for automated
evaluation of maDMPs| reporting where plans align or deviate and surfacing actionable
feedback.

2.5 OSTrails and interoperability for FAIR assessments

Automated checks require interoperable inputs and outputs. The [OSTrailg initiative
proposes an interoperability reference architecture connecting [DMP)| platforms, SKGs|, and
FAIR assessment services. Within OSTrails, the FAIR Interoperability Framework (FAIR+
IF)) defines the FAIR Test Results (FTR) model and APIs, enabling FAIR assessment
tools to emit results in a shared | JSON-LD|structure that extends and reuses DCAT, DQV,
and PROV concepts [OST25b, [GO25]. In parallel, the DMP Interoperability Framework
DMP-IF| builds on the DCS|to expose maDMPs| via consistent APIs, supporting real-time
updates (e.g., inserting a [DOI once a dataset is registered) and feeding evaluations back
into the plan [OST25al [0OST25¢].

2.5.1 Core entities in the FAIR Test Results (FTR) vocabulary.

OSTrails” FTR vocabulary provides a common language to describe assessment main
concepts:

e Metric: A narrative, domain-agnostic description that a Test must wholly imple-
ment.



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

2.6. Semantic Web Foundations for maDMP /FIP Alignment

o Test: A service (API + code) that implements a Metric and returns a standardized
result.

e TestResult: The output of running a Test over a resource; it extends prov:Entity
and points to the corresponding Test via ftr:outputFromTest. Test results include
status and provenance metadata.

o TestResultSet: A collection of TestResults with common metadata (e.g., all
results produced by one APT call).

o TestExecutionActivity: The action (a prov:Activity) that produced a TestResult
or TestResultSet.

¢ Benchmark: A community-defined grouping of Metrics that narrate how a domain
interprets FAIR for assessment purposes.

e Algorithm: Code that contextualizes all results for a given Benchmark into an
aggregate.

Versioning note. Unless stated otherwise, this thesis adopts the F'TR|vocabulary ver-
sion 1.1.0; each of the above concepts may include additional optional properties/com-
ponents beyond those cited here. The detailed minimum set enforced by our design is
specified in Chapter [3.

In practice, these frameworks support a DMP evaluation service that parses a maDMP,
runs internal policy/completeness checks, optionally invokes external FAIR tools (e.g., F-
UJI) for datasets referenced in the plan, and publishes results as OSTrails-compliant [FTR.
reports to enable aggregation, visualization, and cross-tool comparison [OST25b] [(OST25¢].
The OSTrails reference architecture explicitly positions these components across DMP
platforms, SKGs, and FAIR services so they can exchange inputs/outputs predictably.

2.6 Semantic Web Foundations for maDMP /FIP
Alignment

Semantic Web technologies provide a well-established substrate for representing maDMPs,
FIPs, and assessment outcomes as interlinked, machine-readable knowledge:

o« RDF| and JSON-LD.| RDF is the standard graph data model for expressing
resources and relationships on the Web [CWL14]. JSON-LD enables JSON docu-
ments to carry RDF semantics via a context, facilitating exchange between Web
APIs and knowledge graphs [SKL20]. This combination is widely used to align
system-specific JSON (e.g., DCS serializations) with community vocabularies and
repository schemas.

15
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« SPARQL| querying. |[SPARQL|is the W3C query language for RDF graphs,
supporting expressive graph pattern matching and aggregation [HS13]. Once
maDMP)| content, FIP| declarations, and assessment outcomes are available as RDF,
SPARQLJ can retrieve alignment status, detect missing fields, and join with external
SKGs (e.g., to resolve a DOI to provenance records).

e Nanopublications. In current FIP tooling, FIP declarations can be published
as nanopublications (via the FIP Wizard), and each nanopublication carries an
assertion together with its provenance and publication info. This supports per-
decision provenance and citability and can be leveraged by evaluation workflows to
reference the exact community recommendation being checked [SM™20, SMK™22,
GO 24, [FAI24].

e« DMP Common Standard Ontology DCSO Beyond the JSON profile of the
DCS,, DCSO) provides a formal ontology for maDMPs, enabling RDF serializations
and shape validation.|[CCE™22]

Together, these technologies support transparent and explainable alignment checks:
assessment outputs can point to specific [FIP| declarations and to precise [DCS| paths
inspected, while results are serialized as linkable resources suitable for integration and
reuse.

2.7 FAIR Assessment Tools and Quality Indicators

A range of FAIR assessment tools and maturity models translate [FAIR) principles into
measurable indicators. Among automated tools, F-UJI| executes machine tests against
dataset landing pages and repository APIs to check for [PIDs, rich metadata, licenses,
protocol use, and standard vocabularies, returning structured results [DH21]. Other
tools and frameworks (e.g., RDA FAIR Data Maturity Model) provide indicator sets
that can be aligned with community practices and repository capabilities. While these
tools typically evaluate existing datasets post hoc, FIP-based planning-time checks (as
in this thesis) assess whether intended choices in a maDMP, align with FATR-enabling
expectations.

To operationalize [FAIR) multiple initiatives emerged. (GO FAIR) promotes community-
driven, bottom-up FAIR adoption through Implementation Networks and shared practices
[SM™20]. FAIR assessment efforts (e.g., maturity models and automated evaluators)
IWDS™19| translate the high-level principles into practical indicators and tests, enabling
objective checks of FAIR-supporting behaviors. Together, these efforts build an ecosystem
in which [DMP) planning, community standards, and automated assessment can reinforce
each other.
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2.8 Automated DMP Evaluation: Prior Work

Miksa et al. surveyed case studies and proposed a roadmap toward automated assessment
of maDMPs—including validation against schemas, linking to repositories and SKGs,
and leveraging FAIR evaluators where identifiers exist [TP23|]. They argue that struc-
tured maDMPs are key to reducing manual reviewer burden and enabling automated
consistency, completeness, and policy checks. Arnhold’s thesis implemented a prototype
DMP)| evaluation service to generate automated indicators for completeness, feasibility,
and guideline compliance, and studied the partial automation of funder rubrics [Arn24].
Together, these efforts motivate an architectural pattern: DCS-based parsing and vali-
dation, rule-based checks against community or funder expectations, optional calls to
external FAIR tools, and explainable, structured outputs.

Miksa et al. also examine usage scenarios and requirements for automated maDMP
evaluation. Figure 2.3 illustrates the current situation (AS-IS) alongside two envisioned
approaches for automating the review process (TO-BE-1 and TO-BE-2). In the AS-
IS setting, even when a DMP exists as a machine-actionable version, it is typically
transformed into a text-based document that follows the funder’s template and is then
sent to the reviewer. As a result, the advantages of maDMP| remain unused in the review
workflow, creating additional manual effort and producing feedback that largely depends
on the reviewer’s individual expertise.

In TO-BE-1, researchers continue to follow their existing workflows to produce a maDMP,
which is then submitted to the funder. The funder employs dedicated evaluation software
that generates both structured and human-readable outputs, providing metrics that
support reviewers and lessen the need for extensive manual background checks. If a
funding body chooses not to deploy such software, researchers can still gain value from
pre-submission checks, as illustrated in TO-BE-2, where the DMP| undergoes automated
evaluation before being delivered. However, in general there is still no standardized
architecture that systematically exploits maDMPs to automate evaluation and assist
reviewers.

17
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Figure 2.3: Scenarios depicting current situation (AS-IS) and two possible scenarios for
automation of maDMP evaluation (TO-BE). [TP23]

2.8.1 Evaluation goals

Following Miksa et al and . [TP23], DMP review goals can be summarized as:

¢ G1 completeness: Whether the maDMP)| contains all required or conditionally
required elements and values needed to support assessment. This covers structural
presence per DCS (e.g., required paths exist), and referential presence (e.g., if a
repository is named, its identifier and access conditions are provided).

o G2 feasibility: Whether the planned actions in the maDMP can realistically be
carried out given the available infrastructure and policy constraints. We assess three
components: accuracy (choices match allowed catalogs—PID schemes, repositories,
licenses), availability (referenced services/resources exist and are accessible), and
consistency (no cross-field contradictions).

e G3 Quality of actions: Relevance/effectiveness of the planned actions, often
linked to FAIR-enabling practices.

18
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2.9. Synthesis and Open Gaps

¢ G4 Guideline compliance: Replaces “non-ambiguity” from Miksa et al. Following
Arnhold [Arn24], we define G4 as alignment with domain specific guidelines, because
the original “non-ambiguity” goal targets narrative text and free-text justifications
that are not |machine-actionable. This replacing keeps the evaluation automatable
on structured fields while leaving linguistic clarity outside scope.

2.9 Synthesis and Open Gaps

The field has converged on several pillars:

e Structured planning input: maDMPs expressed with DCS| enable reliable
parsing, validation, and integration [Res21].

« Community expectations: |[FIPs encode FAIR-enabling resource choices per
principle in a computable form [SM™20)].

¢ Assessment interoperability: OSTrails [FAIR-IF and the FAIR Test Results
model standardize outputs for cross-tool comparison and feedback loops to DMPs
IGW™25].

e Semantic integration: RDF|/JSON-LD|and SPARQL enable linking maDMPs,

FIPs, and results, with nanopublications preserving provenance [SM™20).

Open gaps remain: Robust, reusable mappings between FIPs and DCS| fields across
domains; Systematic, explainable planning-time evaluations that provide actionable

guidance before datasets exist; Harmonized result formats and dashboards for stakeholders.

This thesis addresses these gaps by operationalizing FIP-to-DCS| mappings, implementing
rule-based checks over maDMPs, and emitting |OSTrails-compliant, semantics-ready
results to support integrated, automated review.

While existing tools provide valuable insights, it’s important to note that they primarily
focus on evaluating existing datasets. Also, Integrating FAIR assessments into the
planning stages of research projects remains an area for further development.
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CHAPTER

Conceptual Design

The goal of this chapter is to present the conceptual design and overall system architecture
of the automated maDMP)| evaluation tool. We describe the main components, their
interactions, and the data flow from maDMP input through FIP-constrained tests to
OSTrails-compliant outputs. The design is driven by the stakeholder requirements
identified in Section [3.1] and operationalizes, in an automated and modular way, the
evaluation goals of |completeness, feasibility, and lguideline compliance. Finally, we define
the external interfaces (CLI and API), the catalogs of constraints (e.g., identifier schemes,
licenses, metadata standards), and the metric/test/benchmark model that together enable
reproducible assessments with evidence to support them.

3.1 Requirements Engineering

In this section, we collect and structure the requirements for automating the evaluation
of maDMPs against community-specific FAIR Implementation Profiles (FIPs). The
main outputs are OSTrails-compliant JSON-LD) results, optionally converted to TTL
for semantic querying. We start with who interacts with DMPs, what they need, and
where automation helps. From there we derive use cases and requirements; subsequent
sections of this chapter then introduce the conceptual mapping to the DCS| schema and
the evaluation protocol.

3.1.1 Stakeholders and Roles

We adopt the stakeholder landscape from the Ten Principles for maDMP, [MWN19] and
related work [TP23| [Arn24]. Actors include researchers, stewards, funders, repositories,
publishers, and ethics/legal experts, as ilustrated in Figure 3.1 We group them into three
roles:
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e DMP Maintainer: Researchers and stewards who author or update an [DMP.
They benefit from automated completeness checks and recommendations.

e Reviewer: Funders, ethics boards, legal experts, institutional administrators,
or publishers who require consistent, inspectable guideline-compliance metrics to
support decisions.

« Review System Facilitator: Experts (research support staff, repository operators,
infrastructure providers) who configure FIPs, mappings, and benchmarks.

Funder Ethics review Legal expert Researcher Publisher

Repository Infrastructure Research Institutional
operator provider support staff administrator

Figure 3.1: Stakeholders involved in creation, review, and governance of DMPs (maDMPs

target audience) [MWNTI9]

3.1.2 Scope

We focus on methods dealing with machine-actionable information (and explicitly ex-
cluding language checks of non-structured text), we concentrate on goals G1, G2 and G4
(see subsection [2.8.1).

e« Coverage and compliance checks. The method evaluates how well FIPs
questions can be represented in maDMPs (mapping coverage) and whether the
resulting maDMP content complies with the constraints and expectations defined in
the selected FIP| (guideline compliance). This addresses the first research question.

¢ Planning-time evaluation. Beyond compliance, we assess the intended actions
described in maDMPs| for their potential to enable FAIR practices (planned FAIR
alignment), even when datasets do not yet exist or lack repository identifiers. This
addresses the second research question.

e Standards alignment. Inputs consist of:
— maDMPs: following the RDA |[DCS| ensuring compatibility with existing

data management planning tools.

— FIP questions: retrieved from community Nanopublication| in .trig format,
which are harvested and converted into internal catalogs of allowed values and
patterns.
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3.1. Requirements Engineering

Outputs conform to the [OSTrails FAIR Test Results specification, providing JSON-
LD (and optional Turtle) representations for interoperability.

o Evidence-first results. Each test result is accompanied by the actual values
observed, the mapping or benchmark it was checked against, and provenance
metadata to support inspection and reproducibility.

This scope directly reflects the two research questions introduced in Chapter|1. Specifically,
section 1.4

3.1.3 Use cases

This section outlines four concise, planning-time interactions with the evaluator. Each
use case is written as a short scenario, kept at an abstract level; concrete component
behavior is detailed later in Chapter [3.

UC1: Create mappings A facilitator selects a community [FIP—either an existing
profile or a newly harvested one from nanopublications—and aligns its questions with
DCS| fields. The outcome is a mapping that records which FIP creating questions are
covered by which DCS fields. This output becomes the reference for subsequent checks
and for reporting mapping coverage.

UC2: Check compliance A maintainer or reviewer provides a maDMP. The evaluator
applies the active mapping and runs the three families of checks in one pass: completeness
(presence and cardinality of required fields), feasibility (accuracy, availability, and internal
consistency of planned actions), and guideline compliance (to check if the fields comply
with the selected FIP, in the case they are present). Each item yields a pass, fail, or
indeterminate outcome together with minimal evidence.

UC3: Produce an evaluation file A result of the evaluation is produced and readable
for both human and machines. Results are grouped by benchmark groupings. This
output highlights strengths and gaps and lists targeted recommendations linked back to
the relevant FIP item and DCS path, so authors can revise the plan efficiently.

UC4: Enable semantic querying After the OSTrails-compliant JSON-LD file is
created, it can be converted to Turtle. This allows semantic queries over the results (e.g.,
via SPARQL) and supports integration with external dashboards or registries discussed
in Chapter [5.

Figure 3.2 summarizes how the three stakeholder roles relate to the four defined use cases.

It shows that the Review System Facilitator configures mappings (UC1), while DMP
Maintainers and Reviewers drive the evaluation activities (UC2-UC4).
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3. CONCEPTUAL DESIGN

UC1: Create mappings

Facilitator
\ UC2: Check compliance
/
i il .
DMP Maintainer - UC3: Produce evaluation file
Review System " ) .
Facilitator UC4: Enable semantic querying

Figure 3.2: Stakeholder roles participation in the four use cases.

3.1.4 Defining Requirements

Requirements come from: stakeholders (Subsection 3.1.1), standards (DCS, FIPs, OS+
Trails) and capabilities in our prototype.

We distinguish functional requirements FR’ (see Table 3.1) and non-functional require-
ments NFR (Table 3.2). the relation between Stakeholders, use cases and requirements is
shown in Table 3.3.
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3.1. Requirements Engineering

Table 3.1: Functional requirements for the maDMP-FIP evaluator

ID Title Description

FR1 Load maDMP Ingest a DCS maDMP| and validate basic shape;
paths and vocabularies.

FR2 Load FIP Fetch the questions to create a [FIP|and the al-
lowed values by the specific community.

FR3 Mapping Engine Resolve FIP| — DCS paths (1:n).

FR4 Completeness Tests Check required entities /properties and cardinali-
ties; return present/not present/.

FR5 Feasibility Tests Check accuracy (identifier type, schema names),
availability (URI/PID form), consistency (no
contradictions).

FR6 Guideline Compliance Enforce [FIP|constraints (value from maDMP com-
pliant with allowed value from FIP? ) on maDMP
values.

FR7 Recommendations Generate recommendations for non-compliant
checks, linked to a specific |[FIP| question.

FR8 Results as OSTRAILS Export evaluation results as OSTrails JSON-LD
with evidence and provenance.

FR9 TTL Conversion Convert JSON-LD to .ttl for downstream
SPARQL queries (presented in Chapter |5)).

FR10 Aggregation Views Compute per-Benchmark and per-goal results for
reviewers and authors.

Table 3.2: Non-functional requirements.

ID Title Description

NFR1 | Interoperability Strict adherence to DCS]RDF inputs and |OS- |
Trails| outputs; portable .ttl

NFR2 | Extensibility Pluggable rules and profiles; new FIPs| can be
added without core changes.

NFR3 | Traceability Every result references the mapping, benchmark
source and actual value.

NFR4 | Determinism Same input produces the same result.

NFR5 | Usability Clear summaries and recommendation phrasing

for non-technical reviewers/authors.
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3. CONCEPTUAL DESIGN
Table 3.3: Stakeholders/Roles and their associated use cases and functional requirements
Stakeholders/Roles | Use case(s) Functional requirement(s)
Review System Fa-
cilitator (research sup- | « UC1: Create mappings | « FR2 Load FIP
port staff, repository op- (Section 3.1.3) « FR3 Mapping Engine
erators, infrastructure
providers)
DMP Maintainer (re-
searchers, data stew-| ¢ UC2: Check compliance | « FR1 Load maDMP
ards) o FR3 Mapping Engine
e FR4 Completeness Tests
o FR5 Feasibility Tests
e FR6 Guideline Compliance
o FR7 Recommendations
e FR10 Aggregation Views
Reviewer (funders,
ethics/legal, institu- | ¢ UC2: Check compliance | « FR1 Load maDMP
tional admins, publish- o FR3 Mapping Engine
ers) o FR4 Completeness Tests
o FR5 Feasibility Tests
e FR6 Guideline Compliance
o« FR10 Aggregation Views
DMP Maintainer &
Reviewer e« UC3: Produce an e FR8 Results as OSTRAILS
evaluation file o FR10 Aggregation Views
e FR7 Recommendations
DMP Maintainer,
Reviewer, Review | ¢« UC4: Enable semantic e FR9 TTL Conversion
System Facilitator querying « FRS8 Results as OSTRAILS
(pre-requisite)
Review System Facil-
itator e UC1: Create mappings | ¢« FR8 Results as OSTRAILS
e« UC3: Produce an (schema conformance)
evaluation file (configure | o« FRI10 Aggregation Views
outputs, (configure benchmark
evidence/provenance) groupings and summaries)
All roles
26

o Cross-cutting across
UC2-UC4 (review,
reporting, feedback)

o FR7 Recommendations
(actionable guidance)

o FR8-FRI10 (interoperable
outputs, TTL conversion,
summaries)
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3.2.  Architectural Objectives and Constraints

3.2 Architectural Objectives and Constraints

This architecture operationalizes the requirements derived in Section 3.1/ (Tables 3.1}-3.2))
and prepares for the implementation (Chapter 4). Objectives 1-5 are derived from NFRs:

o Objective 1 (Interoperability). Ingest maDMPs as DCS JSON (optionally
DCSO RDF) and emit OSTRAILS JSON-LD; enabling possible conversion to
RDF for SPARQL.

o Objective 2 (Rule-based evaluation). Execute mapping-driven tests for com-
pleteness, feasibility (accuracy, availability, consistency), and guideline compliance,
producing Pass/ Fail/ Indeterminate outcomes.

e Objective 3 (Evidence & provenance). Attach values used for the evaluation,
mapping/benchmark references, etc.

o Objective 4 (Extensibility). Add new FIPs to enable the possibility of correctly
evaluating more maDMPs

o Objective 5 (Determinism). Produce stable outputs.

Scope. The system evaluates the contents of a maDMPs against community FIPs
(planning-time alignment). Dataset-level FAIR scoring by tools such as F-UJI is out of
scope for the core evaluator and only discussed for context in Chapter 5.

3.3 Conceptual Framework

This work conceptualizes automated maDMP)| evaluation as the transformation of a
DCS-compliant maDMP and a selected FIP|into evidence-bearing, (OSTrails-compliant
FAIR Test Results. Figure [3.3| show the overview for the proposed solution and figure 3.5
ilustrates the process more in detail. The framework distinguishes three layers and one
mapping status taxonomy |[GW™25]:

Metrics (FIP questions). Each of the 21 questions required to create a FIP are
modeled as a metric addressing a FAIR aspect (e.g., identifier type, Data usage license,
Communication protocol). Metrics define what is assessed.

Tests (compliance). For each metric, one or more tests compare observed maDMP
values against allowed values from the FIP mapping and constraint catalogs, yielding
Pass or Fail. When comparison is not possible due to the community not having specified
an allowed value for a FIP question, the outcome is Indeterminate. Tests record both
the status (prov:value) and the observed evidence (ftr:log).
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3. CONCEPTUAL DESIGN
Benchmarks (metric groupings). Benchmarks are groupings of metrics reported
together for interpretability (e.g., the pair of metrics for FAIR subprinciple Al.1).
Benchmarks express a community’s perspective on what FAIR means in practice. Note:
allowed value lists (licenses, PID schemes, metadata standards) are not part of benchmarks;
they live in Constraint Catalogs and are referenced by tests.
Load fi Map FIP flields t _
O_’{ (maD:'IaP aanSFIF'J "DCs fields Evaluate H Fuslation reports }—,@
Figure 3.3: Overview workflow for the proposed solution.
3.3.1 Mapping FIP| Questions to DCS
A key step in our methodology is the alignment of FIP| questions with [DCS| fields. This
establishes the bridge between community expectations and the contents present in the
maDMP. Each FIP item (e.g., “Which usage license do you use?”) is linked to one
or more DCS paths (e.g., dmp.dataset.distribution.license.license__ref) as ilustrated in
figure 3.4. The implementation details such as how controlled vocabularies are built and
validated are covered in Chapter [4.
Fetch FIP questions ’—){ M':;ggz?: Ee'ilie]
M | i
Tpll’lg
"FIP Components to
DCS fields
Produce
'Mapping of question;
and allowed values
fior domain specifc
community
Figure 3.4: Conceptual mapping from FIP questions to DCS fields.
3.3.2 Metrics, Tests, and Benchmarks
Once mappings are established, we can define metrics that represent evaluation goals,
tests that operationalize them, and benchmarks that group related metrics under FAIR
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3.4. Detailed Pipeline

sub-principles (following the concepts described at the beginning of Chapter 3). For
instance, the Identifier type Benchmark could group both subprinciples from FAIR
principle F1. Another example could be feasibility tests verifying the accuracy and
consistency of the fields maDMP| and guideline compliance tests checking whether the
values are in line with FIP expectations.

3.4

Detailed Pipeline

As it can be seen in Figure 3.5, the pipeline of the proposed solutions consists of:

(Optional) Nanopub Harvester. When available, retrieves FIP| questions from
FIP |[Nanopublications to build a list of FIP questions and allowed values. It could
not be necessary if the desired FIP is already listed.

Select FIP Selects FIP from desired domain.

FIP—DCS Mapping Engine. Binds FIP questions to DCS paths (1:n); One
FIP question could relate to more than 1 fields from the DCS| (e.g., R1.1 could be
found under license_name or license_ref). The mapping status can be Mapped,
Partially Mapped, or Indeterminate.

Load maDMP| Which is evaluated against the selected FIP.

Test Engine. Executes tests (Pass/Fail/Indeterminate) and groups metrics into
Benchmarks(for the JSON-LD output) . Checks Completeness and Feasibility
(accuracy /availability /consistency).

Evidence & Provenance Collector. Records maDMP values, allowed values
from the selected FIP, status and other information required by the test result
vocabulary [GW™25].

OSTRAILS Serializer. Emits OSTrails-compliant |JSON-LD| assessment results.

TTL Converter (Optional) Converts JSON-LD| to TTL format for possibility of
semantin querying. See section [5.5

Produces Reports. OSTrails compliant evaluation report, compliance table,
metadata validation, goals checks and recommendations for non-compliant fields.

3.4.1 FIP questions to DCS fields mapping

Each FIP question is mapped to one or more [DCS| paths in maDMPs. Mappings are
classified as:

o Mapped: direct DCS path(s) satisfy the FIP question (e.g., dataset.dataset_id.identifier

for “What globally unique, persistent, resolvable identifiers do you use for datasets?”).
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3. CONCEPTUAL DESIGN
" Input (vial CLior APY) | f i ) [ Evaluation (Test Engine) | Qutputs
Via CLI
Metrics . g}na\s fhteﬂ(S |
(FIP questions) ompleteness an
u . Ef‘s?r‘:i:l:?u]n;{pllan&
icat Fatch FIP valualion Repo
URL Questions . (CJoSnegutnﬂmee
(Com;!\a;:scewim . &?&St:r)lata Validation
allowed values from (JSON) )
Q_ FIPs) Ly . F_lrexc_«l?;nmendam?ns @
@ (—ﬁ;ﬂ:m « RDF Triple (Optional)
(OSTrails compliant) (F\ﬁpjjg(}s P — P
Bem:hmgrks (FAIR « Mapping used
subprinciple) (JSON)
« OSTrail compliant
Evaluation Report
(JSON-LD)
« Compliance fable
(JSON)
Figure 3.5: Framework of the proposed solution.

o Partially Mapped: DCS captures only the abstract answer (e.g., a high-level
access category (open or closed) but not the specific authentication/authorization
method expected by A1.2).

« Not Mapped: no reliable mapping exists or the value cannot be safely classified
from the available fields.

This process goes through expert review before use in evaluation. This ensures repro-
ducibility and determinism. The complete mapping can be seen in Figure 3.6

3.4.2 Evaluation Method

Finally, we outline the evaluation procedure that will later be applied in Chapter 5. The
protocol consists of four broad steps:

1. Input: select a |[FIP|and provide a maDMP.

2. Mapping: align [FIP| questions to [DCS| fields.

3. Testing: run completeness, feasibility, and compliance checks.

4. OQutput: export structured results for later analysis.

3.5 Test Engine

This section details the Test Engine component shown in Figure |3.5. The engine

determines which metrics are testable from the current FIP| to [DCS, metrics without

a mapped |[DCS path are marked as indeterminate. It also computes compliance by

comparing observed maDMP)| values in the mapped [DCS| paths against the community
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3.5. Test Engine

FAIR principle - |FIP question v|maDMPfield ~ |Mapping status|
What globally unique, persistent, resolvable identifiers do you g .

F1 use for metadata records? dataset.dataset_id.identifier Mapped
What globally unique, persistent, resolvable identifiers do you o e

=1 use for datasets? dataset.dataset_id.identifier Mapped

B2 Which metadata schemas do you use for findability? dataset.metadata.metadata_standard_id.identifier Mapped
What is the technology that links the persistent identifiers of

F3 your data to the metadata description? dataset distribution host._pid_system Mapped

A In which search engines are your metadata records indexed? e e e Mapped

F4 In which search engines are your datasets indexed? dataset.distribution.access_url Mapped
Which standardized communication protocol do you use for

All metadata records? dataset.distribution.host.url Mapped
Which standardized communication protocol do you use for

All datasets? dataset.distribution.host.url Mapped
Which authentication & authorisation technique do you use for

Al.2 metadata records? dataset.distribution.data_access Partially Mapped
Which authentication & authorisation technique do you use for

Al.2 datasets? dataset.distribution.data_access Partially Mapped

A2 Which metadata longevity plan do you use? Not Mapped
Which knowledge representation languages (allowing machine

11 interoperation) do you use for metadata records? MNot Mapped
Which knowledge representation languages (allowing machine

11 interoperation) do you use for datasets? Not Mapped
Which structured vocabularies do you use to annotate your dataset.metadata.metadata standard id.identifiar ]

12 metadata records? - - Partially Mapped
[P ST R TS CO fED IS (D EXEE T dataset.metadata.metadata_standard_id.identifier .

12 datasets? - - Partially Mapped
Which models, schema(s) do you use for your metadata .

13 records? dataset.metadata.metadata_standard_id.type Mapped

13 Which models, schema(s) do you use for your datasets? dataset.metadata.metadata_standard_id.type Mapped

R1.1 Which usage license do you use for your metadata records? |dataset.distribution.license.license_ref Mapped

R1.1 Which usage license do you use for your datasets? dataset.distribution.license.license_ref Mapped
Which metadata schemas do you use for describing the

R1.2 provenance of your metadata records? Not Mapped
Which metadata schemas do you use for describing the

R1.2 provenance of your datasets? Not Mapped

Figure 3.6: Mapping from FIP questions to RDA DCS maDMP fields, with a status per
FAIR principle (Mapped, Partially Mapped, Not Mapped).

expectations from the [FIP. Finally, it aggregates metric results into benchmarks. All
checks are bound to explicit mapping entries and to the constraint catalogs (e.g., identifier
types, licenses, metadata standards):

o Completeness (RDA DMP Common Standard v1.2). Presence and basic
cardinality checks against the DCS v1.2 schema[RDA25]. We distinguish always-
required fields (e.g., dmp__id.identifier/type, title and conditional fields required only
when certain fields are present (e.g., if host exists, require host.title and host.url.

o Feasibility.

— Accuracy: lightweight syntactic plausibility checks (e.g., URL format for
dataset identifiers, host URLs, and license URLs).

— Availability: optional online resolvability tests for identifiers/URLs (e.g.,
HEAD requests).
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— Consistency: cross-field predicates (e.g., data__access=open should be ac-
companied by a license and distributions should declare byte size.

o Guideline compliance (FIP-driven). This is a main focus of the system.
For each of the 21 FIP questions (treated as metrics), tests compare the observed
maDMP values at the mapped DCS paths against the allowed sets/patterns from the
constraint catalogs. Each test yields Pass/ Fail/Indeterminate, while the conceptual
evidence model distinguishes field status (present/not present) and compliance
category (compliant, non-compliant, missing value, not applicable). Results capture
provenance to justify each decision.

3.5.1 Evaluation of early maDMP stages

In early research stages, when a maDMP has not yet produced datasets (initial phase of
the research), researchers may include a reference to an ezisting, representative dataset
(e.g., a DOI/URI to a similar dataset).This would give the researcher(s) an idea of how
close their intended actions align with the FIP|they are evaluating against. This proposed
solution aligns with the proposed strategies by Miksza et al. [TP23].

3.6 Alignment with the OSTrails FAIR Test Results
vocabulary

We adopt the OSTrails FAIR Test Results (FTR) model for result interoperability and
specify here the design conformance profile that our tool enforces for the core FTR
classes. The concrete implementation details are provided in Chapter 4. We conform to
the OSTrails FAIR Testing Resource Vocabulary (see Figure 3.7).

Table 3.4| details the required properties, relations, and subclasses that our tool guarantees
for the seven main classes.
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3.6. Alignment with the OSTrails FAIR Test Results vocabulary

Table 3.4: Required fields of the OSTrails FAIR Test results main concepts. (Part 1)

Class

Required metadata

Properties & subclasses

ftr:Test

dcterms:identifier
(xsd:string)

dcterms:title (xsd:string)

dcterms:description
(xsd:string)
dcterms:license
(xsd:anyURI)
dcat:version (xsd:string)

e sio:is-implementation-of
— dgv:Metric

o subClassOf
dcat:DataService,
prov:Agent

ftr:TestResult

dcterms:identifier
(xsd:string)

dcterms:title (xsd:string)
dcterms:description
(xsd:string)
dcterms:license
(xsd:anyURI)

prov:value (xsd:string)
[pass?]

ftr:log (xsd:string) [allowed
value/

o ftr:outputFromTest —
ftr:Test

e prov:wasDerivedFrom —
prov:Entity

e subClassOf prov:Entity

ftr:TestResultSet

dcterms:identifier
(xsd:string)
dcterms:title (xsd:string)

dcterms:license
(xsd:anyURI)

e prov:hadMember —
ftr:TestResult

¢ prov:wasDerivedFrom —
prov:Entity

e prov:wasGeneratedBy —
ftr:TestExecution\
\Activity

e subClassOf prov:Entity,
prov:Collection

ftr:Benchmark

dcterms:identifier
(xsd:string)

dcterms:title (xsd:string)

dcterms:description
(xsd:string)

dcat:version (xsd:string)

e ftr: hasAssociatedMetric
— dgv:Metric

continued on next page

33



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

3. CONCEPTUAL DESIGN
Table 3.4: Required fields of the OSTrails FAIR Test results main concepts. (Part 2)
Class Required metadata Properties &
subclasses
ftr:Algorithm
dcterms:identifier o sio:is-
(xsd:string) implementation-of
dcterms:title — ftr:Benchmark
(xsd:string) o dcterms:creator /
dcterms:description vcard:contactPoint
(xsd:string) -
doap:repository vcard:Individual
(xsd:anyURI) orveard:
dcterms:license Organization
(xsd:anyURI) * subllassOf
deat:version dcat:DataService,
(xsd:string) prov:Agent
dgv:Metric
dcterms:identifier e Referenced from
(xsd:string) ftr:Test via sio:
dcterms:title is—implementation
(xsd:string) —of
dcterms:description | * Associated with
(xsd:string) ftr:Benchmark via
dcat:version ftr:hasAssociated
(xsd:string) Metric
ftr: TestExecution
Activity (no additional literals e prov:wasAssociated
required in our profile) With — ftr:Test
e prov:generated —
ftr:TestResult
e prov:used —
prov:Entity
o subClassOf
prov:Activity
34
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3.6. Alignment with the OSTrails FAIR Test Results vocabulary

aqv:Dimension
delerms:identifler

determa il
determs:description

() dauiinDimension

dav:Metric

determs:identifier xsdsiring
doterms:titie  xscistring
dcterms:descripion  xsd:string

fir-Benchmark

determsidentifier xsd:siring
determsiiitie  xsdstring

(") deatkeyword  xsd:siring
(") vivo:abbreviation xsd:siring

doterms; xsd-string
(") doatkeyword xsd'string
(%) vivo: xsd-string

(*) deatdandingPage xsc:anyURI I
(") deattheme xsd:anyURI
deal:version xsd:string

{") rstatus  xsd:siring () determs:craator
(*) dpw:isApplicableFor owl Thing deat contaciPoint
(*) fr:supportedBy xsd:anyURI

veard:individual or
weard:Organization

(") deatlandingPage xsd:anyURI
(*) deattheme xsd:anyURI
dealversion xsdsliring
(") frstatus  xsd:string

(°) siochas-impiementation
(si0/SI0_D00234)

%) sie
(si0:SI0 000234}
s implementation of | veardin 7
(si0:SHO_000233) voard:o o
veardhasEmall {8i0:S10_000233)

ftrAigorthm

frTest ) dcterms creator
dcterms:identifier xsd:string
determs:iitle xsd:string

determs;description xsd:string
") deatendpointDescription xsd:anyUR!
(") deat:endpointURL  xsdanyURI
(°) deat keyword  xsdistting

provActivity () vivorabbreviation xsd-string
(") doaprepository  xsd:anyURI
T (") acterms:type xsazanyURI

determslicense xsd-anyUR|

delerms:dentifier xsd:string
actarms:titie  Xsd:siring
dcterms:description xsd:string
() deatendpointDescription xsd:anyURI
") deatendpoiMtURL - xsd:anyURI
(") deatkeyword xsdstring
() vivo:abbreviation  xsd:string
doap:repository  xsd:anyURI
(*) determsitype xsd:anyURI
determsiicense  xsd.anyURI
(*) deattheme xsd:anyUR1

e y (°) dearteme  xsd:anyUR!
dcatversion xsdstring deativersion  xsd:string
() adms:versionNotes  xsd:swing (") adms:versionNotes xsd:string
(") frstams  xsd'string (") frstatus  xsd:string
(*) dpw.isApplicableFor owi:Thing
provawasGeneratedBy Brokunad (%) fir:supportadBy xsa-anyURI
D deal:DataService.
I—{; proviAgent  g—
ipul
Prowv: Nip:/Www.w3.00g/ns/provs
I fir: hitps:/wid.org/ire: Propased classes
deal: Mips./www.w.era/ms/deaty
fir: TastResultSat fir: TestResult ! hitp./isemanticseience. arg/rasounce/ Reusad classes
;: INMp:/purt org/dc/terms/
determs:identifier xsd:string determsiidentifier xsd:siring doap: http://usefuling. comins/doaps (") Not mandatory
doterms.tite xsd siring pr dclermstitie xsd'string adms: hitp2/www.w3 org/ms/adms#
determs-license  xsdianyURI determs:description  xsd:string wvivo: hitp=//vivoweb org/ontology/cores —= Property
dotermsilicense xsd:anyURI dpv: Iitps:/wdid.org/dpw# — Sulbclass of
prov:vaiue xsd:string

firlog xsdstring

(°) fir-compietion  xsd:int

prov:Collection (*) fir-aflectedElements xsd:anyUR

Figure 3.7: OSTrails FAIR Test Results (FTR) vocabulary concepts and relations used

by the system (We focus on the main concepts discussed in section

3.6). This figure

illustrates the serialization target referenced throughout Section 3.6. [GWT25]

3.6.1 Results overview for OSTrails/| FTR

We previously mentioned and defined the main concepts in the OSTrails[F'TR]in chapter 2,
subsection|2.5.1/ [GWT25|. Besides each prov:value in a TestResult ( Pass/ Fail / Indeterminate),
each ftr:TestResult also provides the following two dimensions:

¢ Field status: whether the maDMP contains a value at the mapped DCS path
(Present / Not Present).

o Compliance: the relation of the observed value (if any) to the allowed value
supplied by the FIP mapping:

— Compliant — a present value matches the allowed values,

— Non-compliant — a present value does not comply with the allowed values,
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3. CONCEPTUAL DESIGN
— Missing value — a mapped DCS field is empty in the maDMP,
— Not Applicable — no DCS path or no allowed values are provided by the
mapping.

In our evaluation, the result (Pass/Fail/Indeterminate) is stored under prov:value,
while the field status and compliance are attached as human-readable evidence in dc-
terms:description. Both the ftr:Test and the ftr: TestResult include such descriptions to
provide human-readable explanations for provenance. The associated fir:Test carries the
metadata of the evaluated field (DCS path and allowed value). This ensures that even in
cases where compliance cannot be judged, the reason (missing value vs. not applicable) is
explicit at design time.
3.6.2 Grouped metrics (Benchmarks)
As discussed previously in subsection [2.5.1, Benchmarks are collections of metrics. In
our framework, we define twelve benchmarks, each corresponding to a related group of
FAIR sub-principles. These benchmarks structure the evaluation and provide a narrative
view of compliance:

o F1: Identifier type

e F2: Metadata schema

o F3: Metadata—Data linking mechanism

e F4: Search Engines

e Al.1: Communication protocol

e Al.2: Authentication and authorization technique

e A2: Metadata longevity

o I1: Knowledge representation language

e [2: Structured vocabularies

o I3: Metadata/data schema

e R1.1: Data usage license

e R1.2: Provenance model
3.6.3 Quality Assurance
The set of FIP questions is harvested automatically from the FIP nanopublications.
Because no manual work is involved, evaluations are deterministic.
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3.7. Summary

3.6.4 Interfaces

Two modalities are created to support execution (details in Chapter 4):

e CLI. To run the tool directly from the command line.

e API. To enable integration with external services, projects, or tools.

3.7 Summary

This chapter described the methodological foundations and the conceptual system design
for automated maDMP evaluation. In Section [3.1/ we identified who interacts with
DMPs and what they need, derived use cases, and stated functional and non-functional
requirements that drive the solution It introduced the mappings as well as the definition
of metrics, tests, and benchmarks that form the evaluation approach. The chapter then
showed how community expectations expressed in FIPs can be aligned with [DCS-based
maDMP)| and assessed through structured results in the (OSTrails| format.

Building on this, the system architecture was outlined, including the main components,
their responsibilities, and the evaluation pipeline. Key elements such as [FIP|ingestion
(from Nanopublication), expert-validated FIP to DCS mappings, constraint catalogs, the
Test Engine that produces Pass/Fail/Indeterminate outcomes, and the |OSTrails-aligned

result model were presented. Concrete implementation details are left for Chapter [4.

Results based on this conceptual design are reported in Chapter 5.
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CHAPTER

Implementation

This chapter details the concrete implementation of the maDMPHFIP| evaluation frame-
work described in Chapter 3. We explain the internals of the Nanopublication-to-mapping
pipeline, how the questions are mapped and ordered, how controlled vocabularies and
validation rules are applied, the evaluator’s decision semantics and outputs, the |OSTrails
FAIR Test Results (FTR)) serialization [GO25, (GW™25], and the CLI/API interfaces.

4.1 Module Interaction Overview

In this section, we describe how the implemented components collaborate at run time.
This builds on the workflow defined in Section 3.4, Figure 3.5:

Runtime roles.

a) Ingestion: parses a DCS-compliant maDMP and provides a model with structured
dot-path| access to nested entities sucha as datasets, distributions and contributors.
It does not alter content; it simply makes available the values and types required
for subsequent steps in the workflow.

b) Mapping Manager: loads the FIP—maDMP mapping (harvested from Nanopub-+
lications), uses a lightweight Question Map to attach to each question URI its FAIR
code, the canonical question text, and the corresponding [DCS|selector(s), and then
enforces a stable display order (F—A—I—R, followed by the sub-principle).

¢) Constraint Catalogue Service: supplies versioned allowed-value sources (e.g.,
SPDX licenses list for licenses) and curated/domain lists or patterns elsewhere
(regular expressions)).
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d) Evaluation Engine: executes tests per metric (the 21 FIP questions) (complete+
ness, feasibility and |guideline compliance). It returns a field status (Present/Not
Present), a compliance category (Compliant/Non-compliant/Missing value/Not
Applicable), and a canonical decision (Pass/Fail/Indeterminate).

e) Evidence Recorder: assembles human-readable evidence (observed value, status,
category) and traces which selector and catalogue reference were used, so results
are auditable and deterministic.

f) Result Serializer: materializes the outcome as OSTrails FTR| (JSON-LD), linking
Metrics, Tests, TestResults, Benchmarks, and the run-level Activity/ResultSet;
optional TTL|is produced (e.g., for SPARQL queries).

g) Interface Layer: a CLI and a web API drive the same flow and additionally allow
uploading/registering a new mapping from a nanopublication URL.

4.2 Nanopublications to a FIP-DCS Mapping

This section explains how a [FIP| Nanopublication| is transformed into a mapping that the
evaluator can use. The implementation steps ar described in the following subsections.
Figure 4.1] shows the detailed flow chart.

4.2.1 Nanopublication retrieval and parsing

The harvester requests the provided [URI with a content negotiation header that prefers
TriG format. It then attempts to parse the returned payload in order: trig — nquads
— zml (RDF/XML) — json-ld (Table 4.1 describes each of them). If parsing fails, the
execution is canceled.

Table 4.1: Nanopublication parsing supported formats used by the harvester.

Serialization tried Description

TriG (application/trig) Default registry format with named graphs.
N-Quads Quad-based fallback if TriG fails.
(application/n-quads)
RDF/XML Legacy XML-based RDF format.
(application/rdf+xzml)
JSON-LD JSON syntax for Linked Data.
(application/ld+json)

4.2.2 Locating the declaration index and enumerating declarations

Given a FIP|Nanopublication, the harvester finds the declaration index via the pred-
icate has-declaration-index and retrieves its content. The index lists are stored under
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4.2. Nanopublications to a FIP;DCS Mapping

Figure 4.1: Flowchart for creating a new FIP-to-maDMP mapping, applied once per FIP

question.

FIF nanopub URI

has-declaration-index

Declarafion Index
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M-CQuads = XML =
JSON-LD

npxinludesElement

Per Declaration i
Declaration
I
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FIF question URI declares-current-use-of /
declares-planned-use-of
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W
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—

Mapping Entry

v
FIP -= maDMP Mapping JSOM

41



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

4.

IMPLEMENTATION

42

npz:includesElement. The harvester iterates these URIs, processes each declaration, and
accumulates the answers per question.

4.2.3 Processing each declaration

A single declaration refers to exactly one FIP question (via refers-to-question) and
provides allowed values by the community. The harvester:

a) resolves the question URI and looks up metadata in the Question Map (Sec-
tion 4.2.4), obtaining the FAIR sub-principle code (F1-R1.2) and the canonical
question text.

b) extracts all values from declares-current-use-of and declares-planned-use-of.

c) extracts any considerations (free-text comments) and a version if provided via
Schema.org;

d) returns a record with: Question_ URI, FAIR_principle, FIP_question, DCS_field,
Mapping _status, Comments and Allowed_ values.

If multiple declarations are present for the same question (e.g., several values), their
Allowed_values are merged (using a “|” separator), avoiding duplicated values while
preserving order. The harvester also examines the FIP node for a human-readable label
(rdfs:label) to mint a filesystem-safe mapping filename.

4.2.4 Question Map and stable ordering

The Question Map establishes, for each canonical FIP question URIL the FAIR code (e.g.,
F1, Al1.1), the dot-path to inspect and the canonical question text. It guarantees a stable
ordering of questions in the final mapping: all 21 URIs are listed in FAIR sequence (from
1 through R1.2), as defined in Table 2.3[GO nd]. This works even if no allowed values
are defined for a given question. This ensures that reports always display the questions
in a consistent FAIR order, independent of which values are present in a given maDMP
and supporting human-readability. See Table 4.2| for an example of a mapping between a
FIP question, and it’s relevant [DCS| field.
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4.3. Controlled vocabularies and Validation Rules

Table 4.2: Conceptual schema of a Question Map entry.

Field Example Meaning
Question_ URI https://w3id.org/fair/fip /tenn{SgdhdRical metric identifier
Question-A1.1-D (FIP question URI).
principle Al.l FAIR sub-principle (used
for grouping/benchmarks).
madmp dataset. distribution.host.url | dot-path field.
text Which standardized Canonical question text.

communication protocol
do you use for datasets?

4.2.5 Mapping materialization
The harvester produces a JSON document with the following structure:

Listing 4.1: Example FIP to maDMP mapping structure

{
"FIP_Version": "",
"FIP_maDMP_ Mapping": |
{

"Question_ URI": "" |
"FAIR_ principle": "",
"FIP__question": "',
"DCS_ field": "',

"Mapping_status": "",
"Comments": "",

"Allowed__values": []

I
]
}

where each array element is one mapped FIP question with the semantics in Section |4.2.3.
A utility function transforms this list into a dictionary keyed by question label/URI for
efficient lookups during evaluation, keeping Allowed_values, DCS__field, Mapping status,
and the FAIR subprinciple identifier.

4.3 Controlled vocabularies and Validation Rules

We check dataset.distribution.license.license__ref (metric R1.1. See subsection 3.6.2)
against the official SPDX licenses license list [Lin23]. At runtime, the checker downloads
the SPDX JSON, then normalizes the input URL and each SPDX URL (lowercases
scheme /host, trims trailing slashes and stripping). If any normalized input URL matches
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an SPDX licenses (present in allowed values), the result is True (compliant); otherwise
False (non-compliant).

4.3.1 Domain-specific questions.

Other questions (e.g., “In which search engines are your datasets indexed?”) often have
community-specific values (e.g., https://globalbioticinteractions.org/worldfair); there is
no universal registry. The implementation for these cases supports regular Expressions
(regex) for common identifier or service patterns and exact matching against curated
known labels (e.g., Schema.org, DCAT, Dublin Core). If no match is found, the value is
reported as Unknown.

4.3.2 Consistency predicates.

Cross-field rules capture the consistency of the maDMP. For example, open access implies
the presence of a license; personal vs. sensitive data flags must not be contradictory;
and distributions should declare basic integrity properties (e.g., byte size). Issues are
reported per dataset/distribution.

4.4 Evaluator Core and Decision Semantics

4.4.1 Path resolution and value collection

The evaluator accepts a [DCS-compliant maDMP|in |JSON format and collects all values
that match a |dot-path| selector. The path walker descends through dictionaries/lists,
yielding each concrete value; this supports multi-valued fields (e.g., multiple distributions
or licenses).

4.4.2 Per-metric evaluation

For each metric (the 21 FIP questions, in the stable order from the Question Map), the
evaluator:

1. resolves the mapped DCS| path(s) and computes a Field status (Present/Not
Present);

2. applies the appropriate test(s): presence (completeness), membership/pattern
(accuracy), and cross-field consistency (consistency);

3. assigns a compliance category: Compliant, Non-compliant, Missing value (mapped
but absent), or Not Applicable (no mapped path or no allowed values);

4. emits the canonical decision (Pass/ Fail/Indeterminate) and per-value compliance
list when multiple values were found (prov:value).

Table |4.3 shows this more in detail.
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Table 4.3: Conceptual decision matrix (mapping context x field status).

Mapping context

Field status

Compliance
category

Result
(prov:value)

Path mapped &
allowed values
provided; maDMP
value not provided

Not Present

Missing value

Fail

Path not mapped Present/Not Not Applicable Indeterminate
or no allowed Present

values provided

Path mapped; Present Compliant Pass

value in allowed

set/pattern

Path mapped; Present Non-compliant Fail

value not in
allowed set/pattern

4.4.3 Human-readable summaries and recommendations

The evaluator produces two human-facing artifacts: a compliance table that records, for
each question, the mapped DCS field, observed values, allowed values, and a per-value
“Yes/No” result for compliance; and a concise recommendations file that lists missing or
non-compliant items. If a community has made no choice (no allowed values), the table
explicitly notes this so reviewers understand why compliance could not be evaluated.

4.4.4 Goal checks and metadata validation

Beyond FIP compliance, the tool computes goal-oriented indicators (completeness, ac-
curacy, availability, consistency) and a metadata intent validation bundle. Availability
probes use lightweight HEAD request| requests to check resolvability of identifiers and
URLs; these do not alter [F'TR) results but are reported as separate JSON artifacts for
possible reviewers.

4.5 Serialization to |OSTrails FTR

The prototype emits a compact JSON-LD| document where each [FIP| question is a
dqu:Metric, implemented by a single ftr: Test, which yields one ftr: TestResult. ftr:Benchmarks
are created per FAIR sub-principle (e.g., both question from A71.1) and list their as-
sociated metrics; the evaluation ftr:Algorithm node declares that it implements these
benchmarks (for discoverability). Each ftr:Test description records the [DCS| dot-path
and the set of allowed values (if any) used for the decision; each ftr:TestResult carries the
canonical result in prov:value and a human-readable dcterms:description with evidence.

4.5. Serialization to OSTrailsiFTR
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4. IMPLEMENTATION

Finally, an ftr:TestResultSet collects all ftr:TestResults from a single run. The run itself
is captured as a ftr: TestExecutionActivity, i.e., the action performed by an agent (such as
invoking the API) that generated the TestResult or TestResultSet and links them back
to the evaluated maDMP. Figure 4.2) focuses on the seven core classes. The full FTR
model can be seen in Figure 3.7.

fir: Algorithm
(context to sum of tests run
by Benchmarks)

is-implementation-of

fir:Benchmark
(groups FAIR sub-principles)

hasAssociatedMetric

dgv:-Metric

(FIP Question)

enabi

ftr:Test
dcterms:description = DCS
dot-path + allowed values
(evidence)
| contains fir: TestExecutionActivity
ploduces Carried out action
ftr-TestResult
provvalue = pass/ailindeterminate,
dcterms:description = Field status +
maDMP value + compliance
(evidence)

rnernbel of

fir TestResultSet
collection of ftr: TestResults

Figure 4.2: Formatting flowchart. From evaluator artifacts to FTR entities.

4.6 Interfaces: CLI and API

Running via the CLI . The CLI entry point loads the maDMP, and the selected
mapping, executes evaluation, prints a present/compliant summary, and writes (with a
single command):

o Compliance table (CSV)
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4.7. Runtime Walkthrough

o Recommendations file (TXT)
o goals check for completeness and feasibility (JSON)
» metadata_validation (JSON)

o« FTRIJSON-LD

Additionally, there’s the possibility to create new mappings. Also, the the output file
can be converted to a RDF triple representation (TTL) for semantic querying.

Running via API endpoints. The service exposes:

o upload_ fip Accepts a nanopublication URL, harvests and stores a mapping (also
updates the UI dropdown)

o evaluate Accepts a maDMP|JSON and a selected mapping, returning the mapping
used (JSON)), the OSTrails-compliant JSON-LD| result, and the compliance table
(JSON)

4.7 Runtime Walkthrough

This walkthrough explains the steps an evaluation goes trough. The empirical results are
given in Chapter 5

1. Prepare context. A mapping is selected (already present or harvested from a
FIP| nanopublication). The Mapping Manager builds the Question Map (FAIR
code, canonical question text, DCS|dot-path) and fixes a stable order (F — A — 1
— R, then sub-principle).

2. Load the plan. The maDMP]|is parsed as |[DCS|JSON and exposed through a
dot-path accessor so nested entities (datasets, distributions, licenses, ...) can be
queried uniformly.

3. Evaluate the 21 metrics. For each FIP question in Question-Map order: resolve
the mapped |dot-path), compute field status (Present/Not Present), apply the appro-
priate strategy (presence, membership/pattern, consistency), assign a compliance
category (Compliant/Non-compliant/Missing value/Not Applicable), and set the
canonical decision (Pass/Fail/Indeterminate). Per-value compliance is recorded
when multiple values occur.

4. Aggregate goals and validate intents. Completeness, accuracy, availability,
and consistency indicators are provider in both human and manchine-readable
formats for reviewers.
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5. Serialize and export. Results are materialized as |OSTrails [F' TR/ in |[JSON-LD
(optionally also TTL). Reviewer-friendly outputs (compliance table and recommen-
dations) are written alongside.

6. (Optional) Explore. The serialized graph could be queried with SPARQL| to
inspect benchmarks, metrics, and evidence (in case the TTL| RDF instance was
created.

4.8 Boundaries and considerations

The core FIP-compliance evaluator is deterministic and operates on local inputs (FIP
mapping + maDMP). This means the evaluation itself runs locally (on the host executing
the call); networking occurs only for the following:

e Nanopublication ingestion To add the mapping of a new FIP.

o Catalogue refresh for SPDX licenses| To obtain the latest license list from the
Linux Foundation SPDX Workgroup[Lin23].

o Availability checks to make a HEAD request request (resolvability of URLs/iden-
tifiers).

4.8.1 Performance and Limitations

In what about complexity refers, the evaluation is linear in the number of mapping
entries and maDMP) entities; the current implementation evaluates one maDMP at a
time, requiring multiple runs to evaluate multiple objects.

Limitations include, for example, that when using regular expression-based checks the
tool might be too permissive. For instance, if the allowed value for the question “In which
search engines are your datasets indexed?” is the GBIF search engine, and a regex for globi
is defined, the tool might consider the value https://www.globalbioticinteractions.orq/?

interaction Type=pollinates as compliant, even if the link is not accessible at the moment.
This does not mean that the tool is incorrect: it correctly checks compliance against the
declared FIP, but temporary unavailability of a site does not imply that the maDMP
value itself is non-compliant. As noted earlier in Subsection 4.3.1], regex support helps
cover community-specific cases, but it may not guarantee accessibility. Additional outputs
such as metadata validation or goal checks can help reviewers detect such situations.
This is further discussed in Chapter [6.

4.9 Summary

This chapter presented the concrete implementation of the evaluation framework described
in Chapter 3. The system ingests maDMP5s together with community [FIP| mappings
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4.9. Summary

(curated or harvested from nanopublications) and evaluates each of the 21 FIP questions
in a stable order defined by a Question Map. For every metric, the evaluator determines
whether the relevant field is present, how the observed values relate to allowed catalogues
or patterns, and records both a canonical decision and human-readable evidence.

Constraint information is managed explicitly: for example, license validation is grounded
in the official SPDX licenses catalogue, while more domain-specific questions fall back
on curated lists or conservative pattern checks. Network calls are only made in specific
cases such as nanopublication harvesting, refreshing the SPDX licenses| license list, or
performing availability tests. In all other cases, the compliance checks run locally and
remain fully deterministic. Provenance information records the mapping version, values
found in both maDMPs| and [FIPs, etc. This ensures reproducibility within each run.

The implementation produces results in the form of (OSTrails FAIR Test Results, serialized
as JSON-LD)| and optionally convertible to TTL| for semantic queries. The evaluation
pipeline is accessible through both a lightweight |CLI and a hosted |API, each exposing
the same core functionality and allowing the registration of new mappings. Overall, the
design balances automation and transparency: compliance checks are simple, explainable,
and evidence-bearing.

In the next chapter (Chapter 5), we demonstrate how this implementation performs in
practice when applied to real maDMPs, highlighting its coverage, reproducibility, and
the added value of community-defined FIPs for planning-time assessment.
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CHAPTER

Evaluation and Results

In this chapter, we present and discuss the results obtained from applying the implementa-
tion detailed in Chapter |4. We run the evaluator using real published maDMPs and FIPs
to see how the system behaves in practice. We start by describing the setup and inputs
that were used, then move on to show the mapping coverage and the outcomes of the
planned [FAIR/alignment checks. We also discuss a experiment where we a representative
link to a dataset could be added for early-stage DMPs| to see how intended actions could
be evaluated. Finally, we show some SPARQL-based explorations over the |OSTrails [F' TR
exports and check how well the tool satisfied the requirements and use cases defined
earlier.

To complement these planning-time results, we also include an illustrative FAIRness
evaluation using [F-UJI. This gives a quick view of how a FAIRness evaluation using a
FER! automated tool looks like.

5.1 Experimental Setup

Case study selection. To put the protoype evaluation tool into practice, we selected
two publicly available maDMPs| and evaluated each to a domain specific [FIP:

o Case Study 1 (Climate): JAM COMPACT - Machine-Actionable DMP (New)
maDMP) evaluated against the F2A4 Case Study 6: FAIR Climate Risk Assessments
FIP. The IAM COMPACT project (Horizon Europe) uses ensembles of integrated
assessment models to support assessment of global climate goals and the next round
of NDCs; the open maDMP (maintained in ARGOS) documents datasets and links
outputs to the project’s Zenodo community.

IAM COMPACT aims to support the assessment of global climate goals, progress,
and feasibility space, and to inform next-round NDCs beyond 2030 using an
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ensemble of TAMs| and stakeholder engagement. Its maDMP (in ARGOS) states
that datasets will be curated and linked to a Zenodo community, serving as the
central, evolving plan for project data management. (Ezternal context sources cited

in text).[TAM25| BT 25]

o Case Study 2 (Plant-Pollinator) — a plan variant referencing the dataset Plant-
flower wvisitor interactions recorded in Argentina (Buenos Aires: Carlos Casares)
evaluated against the WorldFAIR WP10: community-level FIP for plant-pollinator
interactions data. The dataset record summarizes two curated sub-datasets (522
and 2471 interaction records) with GBIF classification. [GVD24] WP124]

5.1.1 Mapping creation

Previously in Chapter |4/ we discussed the implementation of the FIP| questions harvester
(take a nanopublication link to create a new mapping). To illustrate the produced output
of this operation, Figure 5.1 shows the output for the [FIP| used in Case Study 1. Because
of the size of the output, only the first three questions are included here to highlight the
structure.

I

1-D",

e identifiers

Figure 5.1: Harvested questions from F2A Case Study 6: FAIR Climate Risk Assessments
FIP. [BF25)
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5.2. Mapping Coverage

Execution. FEach maDMP| was evaluated against the selected mapping using both
the |[CLI and the APIL. The system produced: an OSTrails FTR|JSON-LD) report, a
compliance table (CSV/JSON), goal/validation summaries (JSON), and an TTL export
for SPARQL (implemented for case study 2 to show its added value).

5.2 Mapping Coverage

Coverage indicates which fields from a [FIP| can be mapped to the schema of the DCS|.
Previously in Section 3.4.1, we showed which fields had a mapping, establishing that
5/21 fields could not be mapped. Thus, the maximum number of compliant fields can be
16. The evaluation is also dependent on whether allowed values are provided for each
question: if no such values are available, the result is classified as Indeterminate, since no
comparison can be made.

5.2.1 Coverage by case

The climate FIP provided allowed values for roughly half of the questions, so more
test results (compliance) defaulted to Indeterminate. The plant-pollinator FIP offered
allowed values for nearly all questions, permitting more determinate checks. This pattern

highlights the practical influence of community-provided constraints on automation.

Table 5.1 summarizes how many maDMP| values and FIP) allowed values (coverage) were
provided by each case.

Table 5.1: Provided values per case study

Item Climate goals | Plant-Pollinator
FIP: allowed values provided 11/21 20/21
maDMP values provided 9/21 11/21

5.3 Planned FAIR Alignment

5.3.1 Decision categories recalled

Per metric (one per FIP question), the evaluator outputs: field status Test Result
(Present/Not Present) and a compliance category (Compliant / Non-compliant / Missing
value / Not Applicable). These map to the canonical decision: Pass = Compliant; Fail
= Non-compliant or Missing value; Indeterminate = Not Applicable.

5.3.2 Results by case

Table 5.2 shows the amount of values that were provided within each case study and the
status of the compliance. Table 5.3 shows the overall decision/result for the test (result
following the OSTrails F'TR| vocabulary for final prov:value).
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Table 5.2: Observed counts per result category.

Case Study Compliant | Non-compliant | Missing | Not Applicable
Climate goals 2/21 3/21 5/21 11/21
Plant-Pollinator 6/21 8/21 7/21 3/21

Table 5.3: Final decision per case (from prov:value) from Test Result.

Case study Pass | Fail | Indeterminate
Climate 2/21 | 8/21 11/21
Plant-Pollinator | 6/21 | 12/21 3/21

We can interpret this as follows: when clear allowed values and explicit [DCS| fields are
available (for example, identifiers or licenses), results tend to be marked as Compliant. In
contrast, aspects where community practice is more detailed than what the |DCS|captures
(such as authentication details in A1.2) often lead to Partially Mapped or Not Applicable
outcomes. The climate goal case study shows more Indeterminate results because fewer
FIP questions specify allowed values. The plant-pollinator case study, on the other hand,
enables more definite checks but also produces more Fail results when plan entries are
missing or conflict with community expectations.

5.3.3 OSTRAILS compliant output

To demonstrate how results are formatted, Figure 5.2 shows an excerpt of the OSTrails-
compliant |JSON-LD)| output produced for one FIP question, including a Metric, Test and
Test Result.

5.4 Early-Stage Plans evaluation

To evaluate how much the evaluator can say before a dataset exists, we created a controlled
variant of the plant—pollinator plan: we duplicated the original maDMP, removed only
the dataset reference (PID/URL), and left all other fields unchanged (e.g., intended
license, target repository, metadata standard). We then re-evaluated this early-stage
variant against the same community FIP. Results can be seen in Tables 5.4/ and 5.5

Table 5.4: Observed counts per result category for the plant-pollinator (without dataset).

Case Study Compliant | Non-compliant | Missing | Not Applicable
Plant-Pollinator
(no dataset link)

4/21 7/21 7/21 | 3/21

This experiment shows that even without a dataset link, the evaluator still judged most
metrics because many checks depend on planned choices (identifier scheme, license,
repository/hosting, metadata standard, access statements) rather than on a concrete
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5.5. SPARQL Explorations over FTR

Figure 5.2: Excerpt of OSTrails| FTR in |[JSON-LD| format for one FIP question.

Table 5.5: Final decision for the plant-pollinator (without dataset) (from prov:value).

Case study Pass | Fail | Indeterminate
Plant-Pollinator (no dataset link) | 4/21 | 14/21 3/21

dataset. Compared to the original maDMP| the early-stage variant showed a lower number
of Compliant/Pass outcomes and a higher number of Non-compliant/Fail outcomes, while
Indeterminate remained the same with the idea that removing resolvable dataset affects
some metrics/tests, but leaves other planned-choice checks intact.

5.5 SPARQL Explorations over FTR

We used the JSON-LD) to [T'TL file converter on the maDMP)| used for case study 2
(Section 5.1) to show how SPARQL| queries can help us summarize outcomes and extract
evidence(see Figure 5.3). An example can be seen in Figures 5.4.

5.6 Comparison and Context

In comparison with manual reviews, this tool replicates (in an automated way) presence,
allowed-value membership, and cross-field consistency, returning explainable evidence and
machine-actionable outputs. Human judgment remains useful for nuanced infrastructure
choices (often partially mapped). This prototype adds FIP-driven planning-time guideline
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, format="ttl")

print(f"Graph has {len(g)} triples.")

v Dds

Graph has 734 triples.

Figure 5.3: Setup to prepare RDF graph for semantic querying.

for row in g.gquery{query):
primt{row.metric, row.title)

#FIP1.01 Identifier type
#FIPB2.02 Identifier type

Figure 5.4: Print metrics belonging to Benchmark Identifier type.

compliance and standardized outputs (OSTrails FTR) that support downstream semantic
analyses..

Dataset-level evaluation is out of scope for this thesis. However, to illustrate the quality
of actions perspective and to contrast existing dataset [FAIR] tools with our compliance
evaluator, we include an example of a |F-UJI run, shown in Figure 5.5. |[F-UJI| summarizes
FAIRness of the published object (e.g., PID presence/resolvability, metadata sufficiency,
license detection, protocol use).

5.7 Summary and Discussion

This chapter showed the prototype running on two real cases and one created early—stage
variant. The results confirmed that the evaluator can process maDMPs|, evaluate against
domain-specific community guidelines (FIP), and return reproducible outputs in the
OSTrails| FTR] format, together with human-readable outputs. The climate goal case
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Figure 5.5: Illustrative F-UJI dataset-level FAIRness evaluation for dataset with DOI
https://zenodo.org/record/6467615. [DHE25)]

i

study demonstrated that when fewer allowed values are provided in the FIP, many
results remain indeterminate, while the plant—pollinator case study showed how a nearly
complete set of allowed values enables more decisive checks but also exposes gaps in
the maDMP more clearly. The controlled case, where the dataset link was removed,
confirmed that the tool remains useful even before a dataset exists. Most questions can
still be evaluated based on planned choices such as the intended license, repository, or
metadata standard, and the absence of a dataset reference mainly affects findability and
access—related items. This supports the idea that the evaluator can guide researchers
already at an early planning stage.

The experiments also underline some practical lessons. Questions with well-established
catalogs and explicit [DCS| fields, such as identifiers or licenses, consistently produced
compliant results when filled, while aspects where community practice is more detailed
than the [DCS (for example authentication in A1.2) tended to produce partially mapped
or not applicable outcomes. The distinction between “fail” and “indeterminate” proved
important: a fail result pointed either to a real misalignment or a missing value in the
plan, whereas indeterminate highlighted that the community had not provided allowed
values or that no clear mapping exists. Rather than guessing, the tool makes these
limitations explicit, which can help both data stewards and researchers to understand
where improvements are possible.

Beyond the numbers, this evaluation shows the added value of making outputs interoper-
able. By exporting results in JSON-LD| and converting them to RDF representations, it
was possible to run simple SPARQL| queries to summarise results or extract evidence,
something that could support dashboards or comparative studies across many plans.
This approach opens the door to automated monitoring of compliance with community
FIPs. At the same time, it is clear that dataset—level FAIRness checks remain out of
scope for the evaluator itself. Tools like F-UJI can complement this work once a dataset
is available, as discussed in the next chapter.

Overall, the prototype demonstrates that automated guideline compliance evaluation of
maDMPs is feasible and already useful in practice. It provides clear signals about what can
be checked now and what remains unspecified, and allows quick iterations: a researcher

can update their plan, re-run the tool, and immediately see how the status changes.

The full implementation is available at https://github.com/bernardobap2l/
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DMP-Evaluation-through—-integration-of-maDMPs—and-FIPs| where the repos-
itory can be cloned. In addition, a running instance of the API can be accessed at
https://dmp-evaluation.onrender.com/docs, which exposes the main func-
tionality via simple endpoints. Together these resources make it possible to reproduce
the results in this chapter and to experiment with other maDMPs| and FIPs.


https://github.com/bernardobap21/DMP-Evaluation-through-integration-of-maDMPs-and-FIPs
https://github.com/bernardobap21/DMP-Evaluation-through-integration-of-maDMPs-and-FIPs
https://github.com/bernardobap21/DMP-Evaluation-through-integration-of-maDMPs-and-FIPs
https://dmp-evaluation.onrender.com/docs
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CHAPTER

Conclusion and Future Work

This thesis presented the automated evaluation of maDMPs against domain-specific
community expectations captured in FIPs. The core contribution is an operational
standards-driven evaluator that loads a selected FIP and its allowed values (or creates
it from a Nanopublication)), applies mapping to DCS| fields, and emits evidence-bearing
decisions per FIP question (treated as metrics) following the OSTrails FAIR Test Results
(FTRJ)) vocabulary, with an optional conversion to TTL| for semantic exploration. The
design emphasizes transparency: each result carries the observed value, the checked DCS
path, and the constraint reference, so reviewers see precisely what was judged and why.

Beyond guideline compliance, the evaluator also outputs reports for completeness and
feasibility (accuracy/availability /consistency) goals as both human and machine-readable
summaries, but the main focus throughout is the FIP-driven compliance check during
different phases of the DMP|. The implementation offers both CLI and API interfaces and
supports harvesting new profiles from nanopublications, making it practical to evaluate
maDMPs against different domains. Two case studies (climate risk assessment and
plant-pollinator interactions) and a controlled early-stage variant showed the method in
practice.

6.1 Addressing the Research Questions

In this section, we discuss the insights that our research questions presented at the
beginning of this thesis produced.

Research question 1. To what extent can machine actionable Data Manage-
ment Plans (maDMPs) and FAIR Implementation Profiles (FIPs) be aligned
to enable automated evaluation of Data Management Plans?

We produced a FIPs to DCS mapping catalogue covering all 21 FIP questions (modeled
as metrics), classifying each alignment as Mapped, Partially Mapped, or Not Mapped.
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This catalogue defines the scope for automation: questions with a reliable DCS| path
and community allowed values are machine-checkable; partially mapped items reflect
granularity gaps (e.g., A1.2 authentication/authorization details), and unmapped items
are out of scope for now. In short, RQ1 is answered by a concrete, reusable mapping
and a measurement of mapping coverage that makes the scope and limits of automation
explicit. [TP23] [Arn24, Res21], ISM™20]

Research question 1.1. Which of the DMP)| evaluation goals can be supported
by |[FIPs, and to what extent can these be automated? FIPs are by design
machine-actionable. They make automated guideline checks possible because they define
the community-defined allowed values for each question. By comparing the values
in a maDMP)| against these constraints, the evaluator can automatically determine
whether a plan follows the expected guidelines. Other evaluation goals—such as checking
completeness (is the field present?) and feasibility (accuracy, availability, consistency)
can be addressed directly through the DCS schema and extra validation logic, but these
do not rely on FIPs. [TP23| [Arn24]

Research question 2. To what extent can the intended actions in maDMPs be
evaluated against FAIR-enabling expectations defined in community-specific
FIPs? Particularly when data has not yet been generated or lacks repository
identifiers. Within the scope of RQ1, the prototype automatically evaluates planned
actions: given a [DCS-compliant JSON| plan and a selected FIP| with allowed values, the
evaluator returns a canonical decision (Pass, Fail or Indeterminate) along with the field
status (Present/Not Present) and a compliance category (Compliant / Non-compliant /
Missing value / Not Applicable). This approach is useful even before datasets exist, since
users can already fill in certain fields and immediately check whether those values align
with community expectations. In addition, the prototype provides a clear compliance
table and the mapping used, so researchers can quickly see what their community
expects—without needing to read through extensive documentation.

The case studies in Chapter 5| illustrate two boundary conditions that explain the results:
where the [FIP| does provide allowed values for most questions (plant—pollinator: 20/21),
more checks are determinate, producing clear Pass or Fail outcomes and actionable
recommendations and when the FIP provides fewer allowed values (climate risk: 11/21),
more results are Indeterminate by design, signaling that a community decision is missing
(domain-specific decisions have a big impact in the evaluation). A controlled early-stage
probe (removing only the dataset link) showed that useful evaluation still happens on
the planned-choice metrics; the absence of a PID/URL mainly reduces findability /access
signals and increases Fail or Missing in those areas.

6.2 Contributions

This thesis makes several contributions to the ongoing discussion about how to make
DMPs more machine-actionable and assessable against community guidelines. First, it
introduces a community-guided design for guideline compliance: a conceptual framework
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6.3. Limitations

that operationalizes FIPs| over DCS/ i maDMPs| and exports results as OSTrails FTR,
ensuring reproducible, provenance-rich, and semantically queryable assessments. Building
on this design, the work develops a mapping catalogue, where each of the 21 FIP questions
is aligned to a DCS|field, thus making the scope and limits of automation explicit and
measurable.

Another contribution is the development of an executable evaluator with explainable out-
puts. In this system, each FIP question corresponds to one metric and is tested to produce
a result carrying a canonical decision (prov:value) along with human-readable evidence,
while optional [T'TL|serialization enables downstream SPARQL| exploration. Furthermore,
the work implements Nanopublication ingestion and stable ordering. Through a dedicated
harvester and a Question Map, FIP question URIs are bound to FAIR sub-principles,
canonical text, and DCS| selectors, thereby enforcing a stable FAIR order in reports and
improving readability [SMK™22, ISM™20)].

Finally, the thesis contributes case-study evidence for compliance use. By evaluating
two DMPs| and an early-stage variant, it demonstrates that guideline compliance can
be assessed even before datasets exist. In this way, missing or non-compliant fields
become visible as Fail or Missing outcomes that researchers can correct themselves while
Indeterminate results highlight areas where the community needs to publish clearer
guidance. Together, these contributions show how community guidelines represented as
FIPs can be translated into actionable, evidence-bearing checks that improve the quality
and transparency of maDMPs.

6.3 Limitations

While this thesis produced encouraging and meaningful results, certain limitations must
be acknowledged to provide a balanced view of the prototype’s capabilities:

One limitation of the current approach is its dependence on community guidelines. If a
FIP| does not provide allowed values for a particular question, the evaluator cannot make
a judgment. In these cases, the result is marked as Indeterminate or Not Applicable. This
means that the quality of the automated assessment is tied to how complete and detailed
the community guidance is.

Another limitation is the issue of granularity mismatch. Some community expectations
are described at a much more detailed level than the information that can be expressed
in the DCS! For example, authentication and authorization mechanisms (A1.2: Which
authentication & authorisation technique do you use for metadata records?) may require
specific details, while the DCS only captures broader categories (Open, Shared, Close).
This leads to partially mapped questions, where the tool can give only limited or
conservative results.

There is also the problem of domain-specific catalogs. For certain areas, such as licenses,
well-maintained registries like SPDX exist and can be used directly. However, for many
other fields there are no canonical lists, and the evaluator must fall back on smaller
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curated lists or regular expressions. These methods are useful but incomplete, and they
may miss community practices that are not yet standardized.

A further limitation is the scope of the prototype. This thesis addresses goals G1, G2 and
G4 (see Subection 2.8.1), focusing on guideline compliance checks of maDMPs against
FIPs. It does not evaluate the FAIRness of actual datasets. Such dataset-level assessment
could be added later by connecting to external tools like F-UJI, but it is not part of the
current implementation.

Finally, there are some technical constraints to note. If a FIP is not available in
nanopublication form, the evaluator cannot automatically extract the questions and
allowed values needed for the mapping. At present, the tool cannot run multiple
evaluations in parallel, which limits scalability when working with larger collections
of plans. There is also a dependency on external standards: if the structure of the
DCS| schema or the [OSTrails FAIR Test Results specification changes in the future, the
implementation would need to be updated to remain compatible.

6.4 Implications for Stakeholders

For researchers and data stewards, the evaluator shows that it is possible to check
guideline compliance already during the planning phase of a project. Running these
checks early allows them to identify Fail or Missing items and fix them quickly, for
example by adding the intended license, the planned repository, or the identifier scheme.
The results marked as Indeterminate should be seen as useful signals: they point to areas
where either the plan needs more detail or where the chosen FIP|does not yet provide
clear enough guidance.

For funders and institutional reviewers, the standardized [F' TR} outputs make it possible
to examine submissions more efficiently. Where guideline compliance can be checked
automatically, results provide immediate evidence; where outcomes are indeterminate,
they highlight gaps that communities need to address in order to make evaluation more
robust and consistent. In this way, reviewers can focus attention on the parts of a plan
that truly require human judgment.

For community maintainers and authors of FIPs|, the findings emphasize the importance
of publishing allowed values and keeping them up to date. Doing so directly increases
the proportion of automatable checks and reduces the number of Indeterminate results.
Using nanopublications ensures that provenance is clear and that different versions of a
profile can be tracked and reused reliably.

6.5 Future Work

Several directions for future work emerged during this thesis. They range from technical
extensions of the prototype to broader community and workflow integration.
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6.5. Future Work

6.5.1 External tools to cover goal quality of actions

One of the most natural extensions is to connect the evaluator with dataset-level FAIRness
checks. An optional integration with the [F-UJI API could be added so that, whenever
a dataset PID or URL is available, the evaluator presents both views side by side: the
planned intent from the maDMP and FIP, and the realized practice from the dataset itself.
This would not replace the planning-time compliance focus of the current work but rather
complement it, giving reviewers and researchers a complete picture [DH21, [DHE25].

6.5.2 Improving mapping coverage and tooling

Another important area is the expansion and refinement of the mapping catalogue. Semi-
automatic mapping suggestions could be generated by comparing FIP question text with
DCS fields or by mining patterns across existing plans. These suggestions could then be
curated through interactive interfaces designed for data stewards. Building cross-domain
mapping libraries would also help communities reuse work and avoid duplication.

6.5.3 Managing constraint catalogues more robustly

Constraint catalogues—such as lists of identifier schemes, repositories, or vocabularies
should be created, published in an open format and used instead of regular expressions
since they are easier to manage and update. Like it was implemented for SPDX license.
This would increase trust in the evaluator’s results and make runs more reproducible.

6.5.4 Adding version control and run storage

At present, results can be generated and downloaded locally, but they are not stored or
versioned online. A useful extension would be to integrate version control for evaluations,
so that each run is recorded with its mapping, catalog versions, software version, and
timestamp. Storing runs in a shared repository or provenance store would make it
possible to trace how results were obtained, compare different evaluations over time, and
reproduce earlier validations. This would strengthen trust in the outputs and provide a
clearer audit trail for both researchers and reviewers.

6.5.5 Integration into researcher workflows

Finally, to maximize its impact, the evaluator should be embedded in the tools that
researchers already use. Integrating it into platforms such as ARGOS or the DSW), and
into institutional dashboards, would allow researchers to run “edit — re-run” cycles as
part of their everyday proposal and project workflows. This would normalize the use
of guideline compliance checks and reduce the burden on both authors and reviewers
[TP23], [0OST25¢, [OST25al, [(OST25h)].

In conclusion, this work demonstrates that automated, evidence-bearing assessment of
planned actions in maDMPs| is both feasible and useful when grounded in [FIPs. The
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approach is intentionally simple and transparent: a clear mapping, conservative rules, and
standardized F'TR) results that travel well to dashboards and knowledge graphs. While
dataset-level FAIRness remains a separate layer, the two perspectives are complementary:
alignment checks help researchers before data release; dataset-level tools verify after.
Together, they point toward a more transparent ecosystem for research data management.
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Overview of Generative Al Tools
Used

In this thesis, the following tools were used as support:

¢ ChatGPT-40 and 5 mainly for proofreading, checking the structure of paragraphs
for example using the prompt: "Is this text clear enough given that I want to express
this: [input text]" or "Is the grammar correct and appropriate for academic purposes”.
This tool was only used as writing aid, always being manually checked to preserve
the original intention and style of writing.

¢ DeepL to help translate certain ideas to English and German. For example for
the Kurzfassung.
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Ubersicht verwendeter Hilfsmittel

¢ ChatGPT-40 und 5 wurden hauptséchlich fir das Korrekturlesen sowie zur
Uberpriifung der Absatzstruktur verwendet, z. B. mit den Prompts: Is this text
clear enough given that I want to express this: [input text]" oder Is the grammar
correct and appropriate for academic purposes”. Dieses Tool wurde ausschliefllich
als Schreibhilfe eingesetzt und die Ergebnisse wurden stets manuell {iberpriift, um
die urspriingliche Intention und den Schreibstil zu bewahren.

¢ DeepL wurde genutzt, um bestimmte Ideen ins Englische und Deutsche zu iiber-
setzen, beispielsweise fiir die Kurzfassung.
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Glossary

benchmark A standard or point of reference against which things may be compared,
evaluated, or measured, often used to assess performance or compliance. (14

completeness The extent to which a data management plan covers all relevant aspects,
sections, and questions necessary to address the requirements of a given template,
guideline, or FAIR Implementation Profile. 3| 18, |21} 40

dot-path A notation for accessing nested elements in structured data (e.g., JSON) using
a sequence of keys separated by dots. For example, dataset .distribution.
license.license_ref refers to the 1icense ref field nested inside the dis-
tribution of a dataset. Dot-path access is often implemented in a safe manner,
meaning that missing fields return a neutral value instead of causing an error.. 39,
42145, A7

FAIR assessment tool A software service or framework that evaluates the degree to
which digital objects or data management practices comply with the fair principles,
often by running automated checks on identifiers, metadata, accessibility protocols,
vocabularies, and licensing (e.g., F-UJI, FAIR evaluator, maturity models). 16

FAIR-enabling resource A standard, service, tool, or vocabulary selected by a com-
munity to implement a specific FAIR sub-principle (e.g., DOI service, metadata
schema, repository, license). 11

feasibility The practicality of implementing the measures, actions, and resources de-
scribed in a data management plan within the project’s constraints, such as budget,
skills, and infrastructure. 3|, [18} [21], |40

FIP ontology A formal model that represents FAIR Implementation Profiles, their
declarations, FAIR sub-principles, and FAIR-enabling resources, enabling machine-
actionable profiles. |11

GO FAIR An international initiative that promotes the practical implementation of
the FAIR principles through community-driven Implementation Networks and the
development of shared practices and resources. [5, [11} [16
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guideline compliance The degree to which the content of a data management plan
adheres to the recommendations, standards, or community guidelines specified by
a particular policy or framework. [3, 21}, |40

HEAD request An HTTP request method used to retrieve only the headers of a
resource, without downloading its body. Often employed to check the availability,
validity, or metadata of a URL (e.g., for testing whether a persistent identifier
resolves correctly).. 45, 48

machine-actionable Refers to information that is structured in a way that enables
software agents to automatically interpret, process, and act upon it without requiring
manual intervention. In the context of Data Management Plans, this allows
validation, transformation, and integration with other systems.. |7, 19, |22} 60

mapping coverage The proportion of FIP questions that can be mapped to corre-
sponding fields in the DCS schema. xi| kiii, |3} 4

Nanopublication A structured, granular publication format representing assertions
as RDF triples, each with provenance, enabling precise citations and machine
readability.. xil, xiii, 11} 22, 29, 37, 39, 40, 59, 61

NDC Nationally Determined Contributions; country-level climate action plans submitted
under the Paris Agreement, outlining targets and measures to reduce greenhouse
gas emissions and adapt to climate change. 51

planned FAIR alignment The degree to which the intended actions described in a
maDMP align with FAIR-enabling expectations defined in a FAIR Implementation
Profile. xi, xiiil, [3, |4

PROV The W3C Provenance Ontology for representing provenance information. 14

proxy indicator An indirect measure used when direct measurement of a variable is
not possible; it should correlate with the target variable. |4

regular expression A sequence of characters that defines a search pattern, typically
used for string matching, validation, and text processing.. 39, 48, 63

Semantic Web An extension of the World Wide Web that enables data to be shared,
linked, and processed by machines using formal knowledge representation languages
such as RDF, OWL, and SPARQL. 5

SPDX licenses A standardized list of open source and other software/data licenses
maintained by the Software Package Data Exchange (SPDX) project of the Linux
Foundation. SPDX provides unique identifiers for licenses (e.g., “CC-BY-4.0") to
ensure unambiguous reference and automated compliance checking. 5, |39, 43, 44,
48, [49
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Acronyms

API Application Programming Interface. [2, 14}, 16, 21} [37, |39, |40l 49, |53
CLI Command-Line Interface. [21} (37} (39} 140} 46, 49, 53

DCAT Data Catalog Vocabulary. 11} 14

DCS Data Management Plan Common Standard. i, xiii, xvi, [1H5, |7, [14-19, [21-25,
27H30, 37, (3942, [44), 45, [47), 53], 54, [57, 5962

DCSO DMP Common Standard Ontology. |16, 27

DMP Data Management Plan. 153} |7, |8, 14, 16, 17, 19, 21, 22, 37, |51, 59-61, 69
DMP-IF DMP Interoperability Framework. |14

DOTI Digital Object Identifier. |11, |14} 16}, 57, |69

DQYV Data Quality Vocabulary. |14

DSR Design Science Research. 4

DSRM Design Science Research Methodology. 4

DSW Data Stewardship Wizard. |11} 63

F-UJI FAIRSFAIR Automated FAIR Data Assessment Tool. 2 5, [15, [16, 27, 51}, [56, |57,
62, 63

FAIR Findable, Accessible, Interoperable, and Reusable. [1-3] |5, |8, 11} [16} 18, |51}, 56
FAIR-IF FAIR Interoperability Framework. [14] 19
FER FAIR-enabling resource. |11} 51

FIP FAIR Implementation Profile. ki, iii, xvi, 115, 11, [14-16, 19, 21-25, 27-32, [37,
3941, [45, 47-49, 5163, 69

FIP2DMP FAIR Implementation Profile to Data Management Plan. |14
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FR Functional Requirements. 24

FTR FAIR Test Results (OSTrails model). xi, xiii, xvi, 14, 15, 32, 35, 39, 40, 45, |46, 48,
51, 53, 155, [56, (59, (61, 62, [64, 69

IAM Integrated Assessment Model. [52

JSON JavaScript Object Notation. |1, 27, 44, 47, 60

JSON-LD JavaScript Object Notation for Linked Data. (11, (14, |15, |19, 21, |29, 40, 45,
4749, 5355, 57, [69

maDMP Machine-actionable Data Management Plan. i, xiii, 13, 5, (719, 1419, 21123,
25, 27130, [32] 37, [39), 142, 44, 4649, |51}, 5361} |63, |69

NFR Non-Functional Requirements. |24

OSTrails Open Science Training and Resources for Advanced Interoperable Learning
Systems. xi, xiii, xvi, [2], 4} [5, (14} [19} 21}, 23125, [27, |32, [35, [37], [39,, 40, 45| 4749, |51,
53-56, 59, 61, 62, 69

PID Persistent Identifier. [16

RDA Research Data Alliance. |1}, |7
RDF Resource Description Framework. xi, xiii, |4, 11, 15, |19, 25, 27, |47, |48, |57

RDM Research Data Management. xi, xiii, 1}, |7

SKG Scientific Knowledge Graphs. |14, |16} |17

SPARQL SPARQL Protocol and RDF Query Language. 4, 16, 19, 23|, |25/, 27, 40, 48,
51, (53, 55, 57, [61

TTL Terse RDF Triple Language. 2 21, |29} 40, 47-49, |53} 55, 59, 61
URI Uniform Resource Identifier — a standardized string of characters used to identify

a resource either by location, name, or both. It generalizes URLs and URNs.. 39,
40, 42
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