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Abstract This deliverable reports on the deployment of PID Graph functionality in 
Cw9¸!Ωǎ Ǉƛƭƻǘ ŀǇǇƭƛŎŀǘƛƻƴǎΦ Lƴƛǘƛŀƭ ǎǘŜǇǎ ŦƻǊ ōǳƛƭŘƛƴƎ ǘƘŜ tL5 DǊŀǇƘ ƛƴŎƭǳŘŜ 
advancing the implementation of person-article-data linking, further 
establishing software citation and publication workflows, and integrating 
mature PID types into the different disciplinary systems. This first report for 
Work Package 4 presents considerations and implementations stemming 
from the first year of work carried out by the pilot applications and sets the 
scene for the future integration of new and emerging PID types. 
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FREYA project summary 

The FREYA project iteratively extends a robust environment for Persistent Identifiers (PIDs) into a core 
component of European and global research e-infrastructures. The resulting FREYA services will cover a 
wide range of resources in the research and innovation landscape and enhance the links between them so 
that they can be exploited in many disciplines and research processes. This will provide an essential 
building block of the European Open Science Cloud (EOSC). Moreover, the FREYA project will establish an 
open, sustainable, and trusted framework for collaborative self-governance of PIDs and services built on 
them.  

The vision of FREYA is built on three key ideas: the PID Graph, PID Forum and PID Commons. The PID Graph 
connects and integrates PID systems to create an information map of relationships across PIDs that 
provides a basis for new services. The PID Forum is a stakeholder community, whose members collectively 
oversee the development and deployment of new PID types; it will be strongly linked to the Research Data 
Alliance (RDA). The sustainability of the PID infrastructure resulting from FREYA beyond the lifetime of the 
project itself is the concern of the PID Commons, defining the roles, responsibilities and structures for good 
self-governance based on consensual decision-making.  

The FREYA project builds on the success of the preceding THOR project and involves twelve partner 
organisations from across the globe, representing PID infrastructure providers and developers, users of 
PIDs in a wide range of research fields, and publishers.  

For more information, visit www.project-freya.eu or email info@project-freya.eu.  
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Executive summary 

Persistent Identifiers (PIDs) ensure robust and reliable links to digital objects and between objects. This 
deliverable demonstrates how community-specific and other existing identifiers can be integrated into 
disciplinary services. Focusing on PID types that are in a mature state, this report presents some first 
ŎƻƴŎǊŜǘŜ ǎǘŜǇǎ ǘƻǿŀǊŘǎ ōǳƛƭŘƛƴƎ ŀƴŘ ŀŘǾŀƴŎƛƴƎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ tL5 ƎǊŀǇƘǎ ƻŦ Cw9¸!Ωǎ Ǉƛƭƻǘ ŀǇǇƭƛŎŀǘƛƻƴǎΦ We 
present how each disciplinary partner created new connections or enhanced already-existing ones during 
the first year of the project by improving the linking between resources - with a focus on publications, data, 
and people. During this stage, it was also important to evaluate the degree of advancement with regard to 
software publishing and the implementation of citation workflows. 

The FREYA partners provide specific disciplinary use cases describing current and future integrations of 
trusted and mature persistent identifiers, as well as community-specific identifiers in established services. 
The use cases demonstrate differences in terms of community needs and technical requirements amongst 
the different disciplines and organizations, challenges in PID integration, but also the ability to prototype 
and implement mature and even emerging PID types despite this disciplinary or organizational 
heterogeneity.  

While the disciplinary use cases show a promising exploitation of PIDs, this is only the starting point. 
Evaluating the impact of FREYA-driven integrations and supporting the cultural change that is required to 
fully benefit from these improvements to the research workflows will be challenging, but essential. This 
deliverable emphasizes the potential of PIDs and how they are crucial to the research workflow in the 
context of Open Science and the European Open Science Cloud, and presents considerations and possible 
challenges for the integration of emerging PID types as they further develop in the coming years. 
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1 Introduction 

1.1 Work Package 4 in context 

¢ƘŜ ²ƻǊƪ tŀŎƪŀƎŜ ό²tύ ƻŦ ǘƘŜ Cw9¸! ǇǊƻƧŜŎǘ ŦǊƻƳ ǿƘƛŎƘ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜ ƻǊƛƎƛƴŀǘŜǎ ƛǎ ŜƴǘƛǘƭŜŘ άLƴǘŜƎǊŀǘƛƴƎ 
ǘƘŜ tL5 DǊŀǇƘέΤ ǎƛƴŎŜ ǘƘŜ ŘŜƭƛǾŜǊŀōƭŜ ƛǘǎŜƭŦ Ƙŀǎ ǘƘŜ ǿƻǊŘ άƛƴǘŜƎǊŀǘƛƻƴέ ƛƴ ƛǘǎ ǘƛǘƭŜΣ ƛǘ ƛǎ ǿƻǊǘƘ ŜȄŀƳƛƴƛƴƎ ǘƘŜ 
significance of integration in this context. In particular, it is crucial to specify what it is that is being 
integrated: the PID Graph is being integrated into disciplinary contexts, that is, the matrices of 
stakeholders, expectations, practices, workflows (formal and informal), and needs (satisfied and 
unsatisfied) that are found within particular disciplines and have the degree of commonality that allows 
ǊŜŦŜǊŜƴŎŜ ǘƻ ŀ άŎƻƳƳǳƴƛǘȅέ of individuals who identify with the discipline1Φ .ȅ άƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜ tL5 
DǊŀǇƘέ ƛǎ ƳŜŀƴǘ ǘƘŜ ŎƭŀǊƛŦƛŎŀǘƛƻƴΣ ŜȄǘŜƴǎƛƻƴΣ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ ƛŘŜŀ ƛƴ ǘƘŜ Ŧǳƭƭ ǾŀǊƛŜǘȅ ƻŦ 
disciplinary contexts that FREYA offers, with a view to demonstrating that it is not just an attractive 
ƘȅǇƻǘƘŜǘƛŎŀƭ ŀōǎǘǊŀŎǘƛƻƴΣ ōǳǘ ƛǘ Ƙŀǎ άƭŜǾŜǊŀƎŜέΥ ǘƘŜ tL5 DǊŀǇƘ ƛǎ ǘǊŀƴǎŦŜǊŀōƭŜ ōŜǘǿŜŜƴ ŘƛǎŎƛǇƭƛƴŜǎ ŀƴŘ ǊŜŀƭ 
benefits can be obtained from that transfer2. 

This discipline-focused view of persistent identifiers (PIDs) that FREYA takes is crucial for a few reasons. It is 
true that the vast majority of uses of persistent identifiers do not relate to a particular domain at all, and 
indeed have that as a great strength. When the reader of an academic publication clicks on the DOI of one 
of its citations, knowing that they will instantly be taken to its source (or perhaps be obstructed by a 
paywall, a less desirable outcome) or clicks on the ORCID iD of one of the authors, with a fair hope of being 
able to view a concise resumé oŦ ǘƘŀǘ ǇŜǊǎƻƴΩǎ ŎŀǊŜŜǊ - ǘƘŜǎŜ ŀǊŜ άƛƴǘŜƎǊŀǘƛƻƴǎέ ƻŦ tL5ǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ǎŜƭŦ-
evident benefits for millions of users irrespective of their academic discipline. However, they are not 
considered as manifestations of the PID Graph that FREYA envisions. At most there might be a couple of 
hops from one identifier to another, but nothing like the information resource across a network of PIDs 
that serves as a basis for new services. The resource and the services, if they are to have any depth, must 
be targeted to a particular discipline; but that does not preclude commonalities arising and being exploited 
in such cross-disciplinary areas as impact assessment. 

¢ƻ ǉǳƻǘŜ ǘƘŜ Cw9¸! 5ŜǎŎǊƛǇǘƛƻƴ ƻŦ !ŎǘƛǾƛǘȅΥ ά¢Ƙƛǎ ²ƻǊƪ tŀŎƪŀƎŜ ƛǎ ŀ {ŜǊǾƛŎŜ !ŎǘƛǾƛǘȅ ǿƘƛŎƘ ǿƛƭƭ ŘŜǾŜƭƻǇ ǘƘŜ 
PID Graph within specific disciplinary contextsέ. Lǘǎ ŀƛƳ ƛǎ ǘƻ άōǳƛƭŘ ǎŜƭŜŎǘŜŘ Ŧǳƭƭ-scale demonstrator systems 
at TRL7 (through FREYA partners and EOSC) using the PID Graph to illustrate the potential of operational 
PID servicesέ. This deliverable is a first step towards demonstrating how such systems will be actually built 
through pilot applications. It sets the scene for the disciplinary pilot applications and illustrates how they 
are being used and will be upgraded thanks to established and new PID services built on discipline-specific 
PID graphs. Some pressing needs of a wide variety of disciplines are presented, as well as the local PID 
ƎǊŀǇƘǎ ƻŦ ŜŀŎƘ ǇŀǊǘƴŜǊΦ άLƴǘŜƎǊŀǘƛƻƴέ ƘŜǊŜ ƳŜŀƴǎ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ŜƴŀōƭŜ ŎƻƳƳƻƴ ǳǎŜ ƻŦ 
mature PIDs connected through a PID Graph that in the future will be strengthened with new or emerging 
PID types and new connections. 

Cw9¸!Ωǎ 5ŜƭƛǾŜǊŀōƭŜ оΦмΣ ά{ǳǊǾŜȅ ƻŦ /ǳǊǊŜƴǘ tL5 {ŜǊǾƛŎŜǎ [ŀƴŘǎŎŀǇŜέ όCw9¸! όнлмуōύύΣ ŦǳƴŎǘƛƻƴŜŘ ŀǎ ŀ 
survey on the current state of PID services. The resulting maturity matrix demonstrates that data publishing 
services and articleςdata linking are technically in a mature state. At the same time, PID services for 
software are emerging and gaining a growing importance. The report also demonstrated that even mature 
PID services, e.g. for research data, need further development as existing solutions are not yet pervasive 
and need further development and community integration.  

                                                           
1 ¢ƘŜ ǿƻǊŘǎ άŦƛŜƭŘέΣ άŘƻƳŀƛƴέΣ άŘƛǎŎƛǇƭƛƴŜέ ŀƴŘ άŎƻƳƳǳƴƛǘȅέ ŀǊŜ ǳǎŜŘ ǎȅƴƻƴȅƳƻǳǎƭȅ ƘŜǊŜ. 
2 In fact, this Work Package also calls for integration with the European Open Science Cloud (EOSC), but that sense of 
integration may be rather different and is not the direct concern of this first deliverable. 
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The following sections in this introduction give an overview of the current PID and Open Science landscape, 
ōƻǘƘ ŦǊƻƳ ŀ ƎŜƴŜǊŀƭ ŀƴŘ ŀ ŘƛǎŎƛǇƭƛƴŀǊȅ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΦ CƻƭƭƻǿƛƴƎ ǘƘŀǘΣ ǘƘŜ Cw9¸! ŎƻƴŎŜǇǘǎ άtL5 DǊŀǇƘέΣ άǇƛƭƻǘ 
ŀǇǇƭƛŎŀǘƛƻƴǎέ ŀƴŘ άǳǎŜǊ ǎǘƻǊƛŜǎέ ŀǊŜ ŜȄǇƭŀƛƴŜŘ ǘƻ ōŜǘǘŜǊ ƛƭƭǳǎǘǊŀǘŜ ǿƘŀǘ ²ƻǊƪ tŀŎƪŀƎŜ п ōǳƛƭŘǎ ƻƴ ŀƴŘ ǘƘŜ 
way this is accomplished. Chapters 3 to 8 present the work that has been carried out so far by each 
disciplinary partner, i.e. the British Library, CERN, DANS, EBI, PANGAEA and STFC.  

The emphasis is initially on mature PID types (as identified in Deliverable 3.1): articles, datasets and people, 
though also included are software (publishing and citation workflows), as well as mature and trusted 
community-relevant identifiers. However, the discussion of each of the pilot applications distinguishes 
between current and future implementations, and the latter may extend to include PID types currently 
ŎƻƴǎƛŘŜǊŜŘ άƛƳƳŀǘǳǊŜέΦ {ǳōǎŜǉǳŜƴǘ ǿƻǊƪ ƛƴ Cw9¸! ǿƛƭƭ ŎƻƴŎŜƴǘǊŀǘŜ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ƻƴ ǇǊƻǾŜƴŀƴŎŜ ƛƴ ǘƘŜ 
context of disciplinary systems, as well as implementation of advanced PID Graph functionality to exploit 
the richness of connections between diverse PID types. The conclusions at the end of this deliverable 
highlight challenges and considerations regarding the next steps for the pilot applications as part of this 
Work Package. 

1.2 Current landscape and Open Science considerations 

1.2.1 More data, more complexity, more Open Science? 

One factor that unites almost all disciplines of academic study is the growing importance of data. We live in 
times of highly data-intensive science discoveries where hundreds of petabytes of data is produced on a 
single day (Hey et al. (2009)). Not only has the storage size and amount of research objects increased 
(Maass et al. (2017)), but the research landscape is more complex and granular than ever before (Hey et al. 
(2009)), with many different research entities combining to contribute to the overall research picture 
(FREYA (2018b)).  

Looking at the current landscape of data production, the trend towards data-driven research (Anderson 
(2008)) and incrŜŀǎƛƴƎ Řŀǘŀ ǾƻƭǳƳŜǎΣ ǾŀǊƛŜǘȅ ŀƴŘ ǾŜƭƻŎƛǘȅ όά.ƛƎ 5ŀǘŀέύ ƛǎ ǾƛǎƛōƭŜ ŀŎǊƻǎǎ ŘƛǎŎƛǇƭƛƴŜǎ όaŀŀǎǎ Ŝǘ 
al. (2017)). For example, particle collisions measured by the Large Hadron Collider (LHC) at CERN produce 
about one petabyte of collision data per second. In JunŜ нлмтΣ /9wbΩǎ Řŀǘŀ ŎŜƴǘŜǊ ǊŜŀŎƘŜŘ ǘƘŜ нлл 
petabyte milestone of data permanently archived in the tape library3. Astronomers are now confronted 
with getting their answers from queries to databases containing petabytes of data resulting from space 
observations (Murray (2017)).  

Similar trends can be observed in the Humanities and Social Sciences; longitudinal and panel data in the 
Social Sciences are intricate and large in size. Complex repeated measurements taken from a cross-section 
of subjects in Biology and the Social Sciences enforce new methods to handle them (Frees (2004)). Entire 
new research fields appeared out of this shift in research and social scientists could now be considered 
άŘŀǘŀ ǎŎƛŜƴǘƛǎǘǎέ όCƻǎǘŜǊ Ŝǘ ŀƭΦ όнлмсύύΦ CǳǊǘƘŜǊƳƻǊŜΣ ƴǳƳŜǊƻǳǎ ǊŜǎŜŀrch projects under the banner of the 
Digital Humanities (DH) combine traditional research in the Humanities with computing and digital 
advantages (Drucker (2013)). The digitization enables the emergence of projects like the Digital Pantheon4, 
which allows studying and annotating 3D models and isometric projections of ancient architecture. 
Manuscripts can now be digitally encoded and annotated in huge corpora. Finally, the field of Corpus 
Linguistics evolved as well, as rigorous annotating in a digital environment can lead to a greater linguistic 
understanding (Wallis (2007)). The increasing amount of data in combination with new computational 
methods enable data-driven discoveries that were not possible without computational power (Dzogang et 
al. (2016)). 

                                                           
3 200 petabytes in the CERN Data Centre: https://home.cern/about/updates/2017/07/cern-data-centre-passes-200-
petabyte-milestone  
4 Digital Pantheon: http://repository.edition-topoi.org/collection/BDPP  

https://home.cern/about/updates/2017/07/cern-data-centre-passes-200-petabyte-milestone
https://home.cern/about/updates/2017/07/cern-data-centre-passes-200-petabyte-milestone
http://repository.edition-topoi.org/collection/BDPP
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As demonstrated, the basis for this evolving research landscape is data. The existence of high-quality 
research data is crucial for conducting research in the current landscape. With the increasing urge for high-
quality research data comes the compelling necessity for freely-accessible and findable data. The Open 
Science movement encourages scientists to publish and communicate their knowledge without barriers 
(Molloy (2011)). Open Science practices are being adopted more broadly across disciplines and stakeholder 
types and that becomes clear when examining the current landscape of data management in research 
organizations or any institution that produces data (Miguel et al. (2014); Nosek et al. (2015); Sitek & 
Bertelmann (2014); Pampel & Dallmeier-Tiessen (2014)). This shift towards Open Science practices reduces 
the cost and difficulty of data handling and may advance the state of research and innovation (Borgman 
(2012)). 

1.2.2 aƻǊŜ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǊŜǎƻǳǊŎŜǎΣ άōŜǘǘŜǊέ hǇŜƴ {ŎƛŜƴŎŜΚ 

Many resources are publicly-available as a result of the adoption of Open Science practices and in many 
cases can be used by others. Taking a closer look at publishing approaches where reusability is an essential 
element, we can observe that their advantage is that they provide context. In order to understand the 
whole picture of the research process, the context surrounding any given object needs to be available as 
well. The availability of just the data is not enough, as data is often difficult to interpret once removed from 
its initial context. One of the key benefits of Open Science is the reusability of publicly-available research 
objects, which allows third parties to ask new questions by using data created by others. The FAIR data 
principles (FORCE 11 (2016)) suggest that data has to be associated with their provenance in order to be 
reusable. Therefore, data has to be linked to all associated objects that reveal the whole story behind any 
given object to give users all the information they need (context) and to enable reusability. 

Such links already exist to some extent. Links between resources are created every day. A researcher may 
work on a research project funded by a specific funding agency, producing data and code to solve a 
research problem, and several papers can be published as a result. So, in this example, all resources (i.e. the 
ŘŀǘŀΣ ǘƘŜ ǎƻŦǘǿŀǊŜΣ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴΣ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ǘƘŜ ŦǳƴŘŜǊύ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ 
the researcher. The whole research process could be described as a network of events and resources where 
the key knots (links) are connecting every other dot (research resources like datasets) in the network, 
revealing the provenance and context of a research project or research result. These connections are a 
fundamental contribution to modern research and facilitate findability and reusability.  

Reusability has been the topic of discussion in many disciplines (Open Science Collaboration (2015); Bakeer 
(2016)). Reusability - or reproducibility depending on the definition - requires, amongst other information, 
at least the underlying data and software, which are often publicly available as well. The problem here is 
the missing link between all the resources that belong together. Even in cases where all the related 
resources are findable and accessible, it is not uncommon that they are not linked to one another. 

1.2.3 What is the role of PIDs? 

The aforementioned connections are established by using PIDs to persistently and uniquely identify digital 
objects or digital representations of organizations, people, etc. Crossref5 and DataCite6, for example, are 
Digital Object Identifier (DOI)7 registration agencies for written works, data and other resources, whose 
purpose is to enhance the linking of research resources via PIDs. ORCID8 offers the opportunity to uniquely 
identify researchers by PIDs, which solves not only name ambiguity but also contributes towards better 
connectivity between resources as researchers can link publications to their user profiles. PIDs of related 
resources are linked together by including any relevant PIDs in the metadata of the resource and/or in the 
metadata of the identifier itself. Regarding the latter, an example would be adding identifiers of related 

                                                           
5 Crossref: https://www.crossref.org/  
6 DataCite: https://www.datacite.org/  
7 DOI: https://www.doi.org/  
8 ORCID: https://orcid.org/  

https://www.crossref.org/
https://www.datacite.org/
https://www.doi.org/
https://orcid.org/
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ǊŜǎƻǳǊŎŜǎ ǘƻ ǘƘŜ άǊŜƭŀǘŜŘLŘŜƴǘƛŦƛŜǊέ ǇǊƻǇŜǊǘȅ ǿƘŜƴ ǊŜƎƛǎǘŜǊƛƴƎ DataCite DOIs. Several more services 
contribute to make this vision a reality.  

In summary, PIDs bring structure and trust into a complex research landscape. This does not only concern 
the FREYA pilot applications, but any Open Science service, from repositories to aggregators. Particularly 
noteworthy is the European Open Science Cloud (EOSC) (European Commission (2017)) which also relies on 
PIDs as the backbone of their services. 

1.3 User stories in FREYA 

In the context of the massive growth in data and connections that has just been outlined, it is necessary for 
FREYA to adopt a consistent approach. This is done through the use of user stories arising from the needs of 
the various subject disciplines represented in the project, which is part of the work carried out in Work 
Package 3. A user story is a technique of requirements acquisition for software or product development, 
focusing on the perspectives of end users of the system and intended to capture their desires using a 
simple template, such as: 

As a <role>, I want <capability> so that <benefit>. 

In this way, the FREYA partners can present and analyze important needs from their respective domains 
with a consistent starting point, allowing the diversity of needs to be captured and at the same time 
allowing the possibility of common requirements across disciplines. 

Work Package 3 continues to build on this approach as part of the upcoming Deliverable 3.2; through 
collecting, analyzing and prioritizing use cases, we will be able to understand the requirements for the 
implementation of new PID services. 
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2 Integrating the PID Graph in FREYA 

2.1 Introducing the PID Graph 

The PID Graph is one of the driving visions of the FREYA project, along with the PID Forum and the PID 
Commons. The PID Forum is a stakeholder community, whose members collectively oversee the 
development and deployment of new PID types; the PID Commons is concerned with the sustainability of 
the PID infrastructure beyond the lifetime of the project, and comprises the roles, responsibilities and 
structures for good self-governance based on consensual decision-making. The PID Graph is the unifying 
vision of the current and future PID landscape brought together to create and exploit networks of research-
related entities associated with PIDs. 

The PID Graph has already been mentioned in previous chapters of this deliverable, with hints at some of 
its attributes: it is to be a basis for new services in multiple domains, yet in itself it is domain-independent; 
it is also capable of encompassing many types of entities with PIDs. The PID Graph is a complex concept and 
not susceptible to a simple definition. Instead, it can be viewed from several complementary and 
interlinked perspectives, each of which illuminates an aspect of the Graph that will be important for 
particular areas of the work of FREYA and for the PID infrastructure in general. To better understand what 
the PID Graph means in the context of FREYA, it would perhaps be helpful to divide it into three elements, 
which could be labelled vision, content provision and supporting infrastructure. 

The vision means establishing and exploiting the connections between entities in the research domain 
(through their PIDs) as a basis for applications responding to needs and deriving value for users. FREYA and 
the PID Graph focus on connections: the emphasis is not primarily on PIDs for the purpose of identification 
of (digital) objects, though that role is certainly a necessary one. This vision leads to the next perspective 
(content provision), since the needs and the value arise in particular disciplinary contexts and for particular 
purposes. That implies the existence of individual PID graphs over which the applications operate, 
constructed and maintained for the benefit of the individual disciplinary communities. Of course the actual 
elements of the graphs (the entities with PIDs) are not specific to the applications but have some 
generality: publications, datasets, people, software, instruments and so on.  

Because of the universality of such entities across most fields of science, it is tempting to envisage a 
universal PID Graph, but that would be practically infeasible and in fact there is no real need. The PID Graph 
is not to be thought of as a single entity, but as the federation of the local graphs built on the supporting 
infrastructure for particular applications. These graphs taken together make up the federated PID Graph. 
According to the vision of FREYA, there will be clear uniformity across these local graphs, and they could in 
principle be linked together into larger ensembles. 

This leads on to the third perspective, the supporting infrastructure of the PID Graph: what is needed to 
ōǳƛƭŘ ǘƘƻǎŜ ŘƛǎǘǊƛōǳǘŜŘ ƭƻŎŀƭ ƎǊŀǇƘǎΦ CǊƻƳ Cw9¸!Ωǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘƘŜ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ǳǎŜ 
of the local graphs are of as much importance as the graphs themselves. Best practices, standards and APIs 
will enable local graphs to be built efficiently and with rich content and therefore, through this common 
foundation, form part of the overall PID Graph. 

These three perspectives all make up the overall PID Graph. The working out of the implications of these 
three perspectives is precisely the job of FREYA, answering questions such as: 

¶ How are the local graphs built, and who develops the applications that operate over them? 

¶ What are the components of the supporting infrastructure? Who defines them, who has to 
implement them? 

¶ What do PID service providers need to do to contribute to the supporting infrastructure? 
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An incidental issue relevant to this deliverable is the interǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊŘ άƎǊŀǇƘέ ƛƴ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻǊ 
domain context. It is worth stating for clarity that there are two steps that are both required in the 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƎǊŀǇƘΣ ŀƴŘ ǘƻ ǿƘƛŎƘ ǘƘŜ ǿƻǊŘ άƎǊŀǇƘέ ŎƻǳƭŘ ǾŀƭƛŘƭȅ ōŜ ŀǇǇƭƛŜŘΦ hƴŜ ƛǎ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ŀn 
abstract graph linking types of entities with their PIDs. The purpose is to map out what PIDs and what 
connections are needed to enable the giving of value responding to community needs. This may be a 
depiction in any convenient form, not necessarily a machine-usable form, and is what is presented in this 
deliverable for the pilot applications. A possible next step could be an actual implementation of that 
abstract graph, populated with content and existing in some machine-usable form ready to be operated 
over by an application. 

Taking all of the above into account, the PID Graph can be considered a network of connections between 
PIDs available through a set of federated RESTful APIs. The present deliverable takes an application-centric 
view, driven by needs of particular domains and user groups, to design the graphs that will together form 
part of the overall PID Graph - to integrate the PID Graph into disciplinary contexts. 

2.2 Introducing the pilot applications in FREYA 

The FREYA partners represent a range of academic disciplines: 

¶ The British Library: Humanities and Social Sciences 

¶ CERN: High-Energy Physics 

¶ KNAW - DANS: Social Sciences 

¶ EMBL - EBI: Life Sciences 

¶ PANGAEA: Earth and Environmental Sciences 

¶ STFC: Facilities-based Science 

These partners are providing pilot applications for PIDs within FREYA. It is worth clarifying what is meant by 
ǘƘŜ ǘŜǊƳ άǇƛƭƻǘ ŀǇǇƭƛŎŀǘƛƻƴέ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘΦ hƴ ǘƘŜ ƻƴŜ ƘŀƴŘ ƛǘ ǊŜŦŜǊǎ ǘƻ ŀ ƎŜƴŜǊŀƭ ŀǊŜŀ ƻŦ ƴŜŜŘ ǿƛǘƘƛƴ ŀ 
particular discipline: for example, the assessment of impact of the use of research facilities such as those 
operated by STFC or enhancing reproducibility through provenance of datasets. More specifically, a pilot 
application in FREYA is a concrete development, built on the PID infrastructure and exploiting a particular 
PID graph, that will meet the needs identified within a discipline. Identifying user needs allows the 
transition from the general to the specific: from the overall need within a disciplinary context to a particular 
PID graph whose implementation will respond to that need. 

The pilot applications will show how user-motivated systems can be integrated with the PID Graph and the 
variety of ways to develop trusted PID Graph services, providing best practice examples and 
documentation. Furthermore, the pƛƭƻǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƘŀǾŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƻŦ Cw9¸!Ωǎ 
work. Communities can identify with needs, see benefits, and adopt best practices in their own 
applications. 

The initial goal is to focus on mature PID services. In this deliverable, the individual approaches of the 
disciplinary pilot applications within FREYA are introduced and the various interests and stages of 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ tL5 ǘȅǇŜǎ ŀǊŜ ǎǳǊŦŀŎŜŘΦ ²ƘƛƭŜ ŎŜǊǘŀƛƴ tL5 ǘȅǇŜǎ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŜƳŜǊƎƛƴƎέ 
ƻǊ άƛƳƳŀǘǳǊŜέ ƛƴ Ǝeneral, individual fields or even institutions have achieved a mature use of PID systems 
beyond those identified in Deliverable 3.1, namely PIDs for publications, data and authors (researchers). 
The pilot applications will help demonstrate the maturity that has been achieved by the individual partners 
and the potential impact through wider implementation by similar institutions. Further updates on the 
work presented here will be given in future Work Package 4 deliverables. 
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2.3 Developing the pilot applications 

In general, ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƭƭ Cw9¸!Ωǎ Ǉƛƭƻǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀǎ ǇŀǊǘ ƻŦ ²ƻǊƪ tŀŎƪŀƎŜ п ǿƛƭƭ Ǉŀǎǎ ǘƘǊƻǳƎƘ ŀ 
number of stages. It is important to note that FREYA Work Packages are interlinked, in that the work 
carried out by other Work Packages feeds into the tasks required for the completion of the individual 
stages indicated in the table below. Furthermore, the engagement Work Package (WP5), even though not 
explicitly shown in the table, plays a key role in all these activities as it continuously gathers feedback from 
ǘƘŜ ǿƛŘŜǊ ŎƻƳƳǳƴƛǘȅ όtL5 CƻǊǳƳύ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ Cw9¸!Ωǎ ǿƻǊƪΦ 

Hence, the following table (Table 1) illustrates the stages of development for the pilot applications, where 
for each stage the corresponding deliverable is specified, as well as any connections to other Work 
Packages: 

Deliverable Stage of development Connections to other WPs 

D4.1 

Constructing disciplinary PID Graphs 
It includes considerations regarding PID 
ƳŀǘǳǊƛǘȅ ƭŜǾŜƭǎ ōŀǎŜŘ ƻƴ ²tоΩǎ ǿƻǊƪ ό5оΦмύ 

Building up with mature PID types 

D4.2, D4.3 
& D4.7 

Enhancing PID Graph functionality It will build on future work by WP2 

D4.5 Scaling up PID Graph integrations (EOSC) It will feed into WP6 

D4.4 & 
D4.6 

Augmenting with emerging/new PID types It will build on future work by WP3 

Table 1: Stages of development for the disciplinary pilot applications in Work Package 4 (stages corresponding to the 
present deliverable in bold letters). 

The present deliverable, D4.1, with its focus on presenting and building on the disciplinary graphs for 
mature PID types, covers the first two of these stages and future deliverables will cover the rest. 
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3 The British Library 

3.1 Introduction 

As the national library for the United Kingdom, the British Library9 holds vast collections including a 
continually expanding range of digital materials, such as digitized manuscripts, audio files, newspaper 
archives, journal articles, research reports, policy documents, web archives, research data and academic 
theses. These materials cover all subject areas and disciplines, but for the purposes of the FREYA project, 
the British Library opted to focus on piloting integrations in platforms that provide resources for Arts and 
Humanities, in particular its research datasets and doctoral theses. 

The first platform is data.bl.uk, designed to make selected British Library datasets available for research and 
creative purposes. The collection includes over one hundred datasets ranging from catalogue records of 
19th century Indian books, digitized Hebrew manuscripts, medieval maps, and 17th century theater 
playbills through to a contemporary UK web archive. 

The second platform is EThOS10Σ ǘƘŜ .ǊƛǘƛǎƘ [ƛōǊŀǊȅΩǎ ƭƻƴƎ-running database of doctoral theses awarded by 
UK universities. Over 500.000 titles from more than 120 universities are listed in EThOS. 

The British Library is currently leading development and testing of a shared institutional repository with the 
Tate, British Museum, Museum of London Archaeology and National Museums Scotland. Among the 
specifications for the repository, being developed by Ubiquity Press, is a requirement for support of 
multiple PID types within the metadata schema and for functionality to mint DOIs for repository content. 
Pending the success of the pilot, the British Library intends to migrate content from both EThOS and 
data.bl.uk into this more permanent repository.  

The British Library does not host its own persistent identifier platform, but currently registers DOIs via 
DataCite. 

  

                                                           
9 The British Library: https://www.bl.uk/  
10 EThOS: https://ethos.bl.uk  

https://www.bl.uk/
https://ethos.bl.uk/
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3.2 PID Graphs for EThOS and data.bl.uk 

The graphs below (Figures 1 & 2) illustrate PID types currently recognized and incorporated into data.bl.uk 
and EThOS. 

 

Figure 1: PID Graph representing metadata in data.bl.uk currently connected by persistent identifiers. Fields faded out 
have the potential to be connected but are not as yet. Note that the provenance of each dataset comes from the items 
that are collected to create it, e.g. digitized texts. Each of these has its own author and also relates to a physical item. 

 

Figure 2: PID Graph representing metadata currently available in EThOS. Darker cells represent metadata directly 
received by EThOS, with lighter cells showing metadata that can be extracted from full-text theses. Faded cells 

represent metadata only available via the global PID Graph, i.e. beyond the British Library. 
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3.3 Current implementations 

3.3.1 data.bl.uk 

The British Library began a 15-month pilot for a shared repository in June 2018 with four partner 
institutions. The aim was to assess the cost and share the development expertise required to build a 
specialist repository for cultural collections, and to test the design against a range of collection types and 
formats. Each partner institution has identified priority content with which they would like to test 
integration, including book publication series, data, journal articles and reports (Figure 3). 

 

Figure 3: Screenshot of the dashboard for the shared repository (in pilot). 

The repository is being developed by Ubiquity Press using the Samvera Hyku repository application. A 
minimal viable product is due for completion in November 2018.  

Ahead of the migration of content, all partners without their own repository (i.e. all but National Museums 
Scotland) have been provided with a template that stipulates the metadata compulsory for assignment of a 
DOI. Related identifiers can be added in a free text field. Separate fields are provided for ISSNs and ISBNs. 
These fields will all be available in the minimum viable product. 

Datasets within data.bl.uk have been prepared with the addition of ISNIs and ORCID iDs for creators, 
contributors, editors and organizations. 

One of the most useful attributes of the repository will be its in-built functionality for minting DOIs using 
the DataCite API. This is due for testing in November 2018. The DataCite integration means that items 
within the repository can be assigned a DOI in situ and linked more effectively with ORCID iDs and ISNIs in 
their own metadata. 

The repository is not yet equipped for storage of software, nor for software to be previewed within the 
browser function, but this will be revisited in later iterations. Currently the search function within the 
repository is separated per institution but a shared layer for comprehensive search across all institutional 
holdings is being developed. 
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3.3.2 EThOS 

EThOS ƛǎ ǘƘŜ ¦YΩǎ ƴŀǘƛƻƴŀƭ ǘƘŜǎƛǎ ǎŜǊǾƛŎŜ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀƴ ŀƎƎǊŜƎŀǘŜŘ ǊŜŎƻǊŘ ƻŦ ŀƭƭ ŘƻŎǘƻǊŀƭ ǘƘŜǎŜǎ ŀǿŀǊŘŜŘ 
by UK universities. Of the more than 500.000 titles listed in this database, approximately half (270.000) are 
available for free digital download, either from the EThOS database itself or via links to institutional 
repositories. Those unavailable for download are primarily older theses held only in print form, with 
database records dating back as far as 1780. EThOS offers a digitization-on-demand service for theses in 
this category. 

The EThOS platform is ageing and is due for migration into the shared repository in 2020-2021. A test 
migration of metadata is scheduled for early 2019, with a trial migration of EThOS content to follow in the 
second half of 2019. In preparation, the metadata schema behind EThOS (UKETD_DC11) has been expanded 
to accommodate a wider range of persistent identifiers. Currently these are ISNI, ORCID iD and DOI. A new 
field for subject classification is under development, with further plans to accommodate organization IDs 
and research facility IDs. 

 

Figure 4: Two screenshots from the British Library website including the EThOS toolkit and case studies. 

 

                                                           
11 EThOS metadata schema: http://ethostoolkit.cranfield.ac.uk/tiki-
index.php?page=The+EThOS+UKETD_DC+application+profile  

http://ethostoolkit.cranfield.ac.uk/tiki-index.php?page=The+EThOS+UKETD_DC+application+profile
http://ethostoolkit.cranfield.ac.uk/tiki-index.php?page=The+EThOS+UKETD_DC+application+profile
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In order to increase the number of theses with an assigned DOI, the British Library conducted an advocacy 
and outreach program including provision of resources for university repositories and for thesis authors 
themselves. Part of that was a series of case studies setting out how to assign a DOI to a thesis and 
explaining the benefits of persistent identifiers for researchers in all disciplines (Figure 4). 

As of September 2018, the EThOS database included: 

¶ 5019 DOIs (from 22 institutions) 

¶ 1149 ORCID iDs (from 43 institutions) 

¶ 386705 ISNIs 

A total of 121 records in EThOS contained all three PID types. In these cases, the DOI applies only to the 
electronic copy of the thesis, while both the ISNI and ORCID iD are attached to the thesis author (Figure 5). 

 

Figure 5: Screenshot from an EThOS catalogue record including ORCID iD, ISNI and DOI. 

To date, further application of ORCID iDs to supervisors and associated researchers has been inhibited by 
the arrangement of metadata within the UKETD_DC schema. Author and supervisor names are harvested 
separately from their identifiers, which makes re-pairing problematic, if not all authors and supervisors 
ƘŀǾŜ ŀƴ hw/L5 ƛ5 ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŘƻƴΩǘ άƭƛƴŜ ǳǇέΦ ¢ƘŜ ǎŎƘŜƳŀ ŘƻŜǎ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ŀƭƭƻǿ ŦƻǊ ǘƘŜ ŜȄǇƭƛŎƛǘ ƭƛƴƪƛƴƎ 
of multiple person names with multiple person identifiers. 

Already, ORCID iDs and other PID types are becoming more widely adopted by universities in the UK and 
these identifiers will be included in thesis data received by EThOS. The University of Southampton, for 
example, has begun including ORCID iDs for supervisors in their own repository records (Figure 6). 
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Figure 6: From the University of Southampton Institutional Repository. Record for Sophie L. Benjamin (2012), Synthesis 
and coordination chemistry of hybrid polydentate and halide-substituted stibines and bismuthines.  

It is anticipated that the question of attaching identifiers for multiple researchers within the same record 
will be resolved within the repository metadata schema, following a full migration of EThOS content. Links 
between authors, supervisors and associated researchers will allow for the development of researcher 
άŦŀƳƛƭȅ ǘǊŜŜǎέΣ ƛƴ ǘǳǊƴ ǇǊƻǾƛŘƛƴƎ ŀ ŦŀǊ ǊƛŎƘŜǊ ǇƛŎǘǳǊŜ ƻŦ ǊŜǎŜŀǊŎƘ ƴŜǘǿƻǊƪǎ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘƻŎǘƻǊŀƭ 
research in the UK. 

3.4 Future Implementations 

3.4.1 data.bl.uk 

Given the size of the datasets within data.bl.uk, one potential development of interest to the British Library 
is producing and linking to data mining tools for researchers. This is particularly important for researchers 
in the Digital Humanities, given that methods and tools for data analysis at scale tend to be the domain of 
social scientists, data scientists and information systems experts. 

As part of a series of student placements, the British Library has investigated the possibility of developing 
Jupyter Notebooks that can be connected to specific datasets (such as a package of digitized 19th century 
novels) to assist researchers with tasks such as applying an API, navigating compressed files, understanding 
basic Python language, using algorithms or applying text analysis techniques that can generate word 
frequencies, basic charts and topic modelling. 

The difficulty is partly in the linking of these Jupyter Notebooks to a dataset ς at this stage only possible 
ǳǎƛƴƎ ǘƘŜ ŦǊŜŜ ǘŜȄǘ άǊŜƭŀǘŜŘLŘŜƴǘƛŦƛŜǊέ ŦƛŜƭŘ ς and partly in maintaining currency of the Notebooks. There are 
unresolved questions such as to whether a Notebook could itself be assigned a DOI, how to ensure it is 
hosted reliably, and how to review it over time to ensure its content remains technically up to date and 
relevant to the dataset in question. 
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Supporting discovery of British Library datasets is also an important role of the repository. One of the key 
elements to enable discovery will be eventual support for embedded schema.org metadata within 
repository landing pages. There are two possible approaches to this work, using the DataCite Search API to 
format and embed schema.org-compliant metadata into the landing pages, or formatting the repository 
metadata locally. The best approach will be investigated as the repository develops further. 

 

Figure 7: PID Graph representing metadata in data.bl.uk with the potential to be connected by persistent identifiers. 

3.4.2 EThOS 

EThOS is a comprehensive database with the capacity to provide direct access to original research, but also 
to information about research using the metadata behind doctoral thesis records. From this metadata we 
can learn a lot about the nature and extent of research networks, reuse of research data, dissemination, 
citation, influence and impact. 

¢ƘŜ .ǊƛǘƛǎƘ [ƛōǊŀǊȅ ƛǎ ŎǳǊǊŜƴǘƭȅ ŜƴƎŀƎŜŘ ƛƴ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǇǊƻƧŜŎǘ ǿƛǘƘ YƛƴƎΩǎ /ƻƭƭŜƎŜ ǘƘŀǘ ǿƛƭƭ ǳǎŜ ƳŀŎƘƛƴŜ 
learning to analyze metadata extracted from the first ten pages of every digitized thesis in the EThOS 
database, including names of funding bodies, supervisors and associated researchers. 

The MODS (Mapping Knowledge with Data Science) project is based upon the premise that the PhD 
constitutes a formative period in the development of the individual researcher, positioning them within an 
ŀŎŀŘŜƳƛŎ άƭƛƴŜŀƎŜέ ǘƘŀǘ ŎƻƴǘƛƴǳŜǎ ǿƛǘƘ ǘƘŜƛǊ ƻǿƴ ǎǘǳŘŜƴǘǎΦ !ƴŀƭȅǎƛǎ ƻŦ ōƛōƭƛƻƎǊŀǇƘƛŎ Řŀǘŀ ŀǘ ǎŎŀƭŜ ƛǎ 
expected to reveal patterns in the flow of ideas and the ways in which they are generated between 
supervisors, students, departments and institutions. This can be extended to analyze the role of institutions 
in promoting and sustaining innovation, and the contributions to knowledge transfer made by individuals 
who move between institutions. 

Given the scale of analysis required, this project will focus on two to three academic domains (e.g. 
Geography, Artificial Intelligence, History). There is a great deal of potential for future projects of this 
nature given that data extraction will be simplified by the consistent inclusion of multiple persistent 
identifier types in thesis metadata. 
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Figure 8: PID Graph representing the potential for metadata within EThOS to be connected by persistent identifiers. 

As part of its contribution to the FREYA project, the British Library is working with the Science and 
Technology Facilities Council (STFC) to link thesis data with identifiers for STFC facilities and equipment. 
This project is being carried out in two stages. The firǎǘ ǿƛǘƘ ŜȄƛǎǘƛƴƎ άƳŀǘǳǊŜέ tL5 ǘȅǇŜǎΣ ǊŜǉǳƛǊƛƴƎ ǘƘŜ 
ǊŜƎƛǎǘǊŀǘƛƻƴ ƻŦ {¢C/Ωǎ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘ ŀƴ L{bL ƻǊ /ǊƻǎǎǊŜŦ fǳƴŘŜǊ 5hLΦ ¢ƘŜ ǎŜŎƻƴŘ ǿƛǘƘ ƴƻǾŜƭ άŜƳŜǊƎƛƴƎέ tL5 
types, presupposing the inclusion of identifiers for funding bodies, facilities, experiments or studies, raw 
data and associated researchers. For more details about this project, see also Chapter 8 of this report (STFC 
chapter). 
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4 European Organization for Nuclear Research (CERN) 

4.1 Background and introduction to services 

The European Organization for Nuclear Research (CERN)12 provides particle accelerators, detectors, and the 
infrastructure for High-Energy Physics (HEP) to produce petabytes of raw data every year13. The 
measurements, or observations, of particle collisions are unrepeatable and inextricably linked to one 
certain event, making the long time preservation of data a strategic goal (Shiers et al. (2016)). Until 
reaching internal review, experimental collaborations operate independently and do not share their results 
and resources, making HEP data not only unique but also sensitive. The workflow of each collaboration is 
complex and also specific for every experiment. Analyses in HEP are mostly based on three components: 
data resulting from particle collisions, simulation data and code, which is commonly developed by 
physicists themselves.   

There is a variety of public-facing and restricted services at CERN that have been built to enable and 
facilitate Open Access, preservation and reproducibility. These services have been developed in the context 
of Open Science and FAIR data (Wilkinson et al. (2016)) using open source software14.  

In order to ensure the preservation and reusability of HEP physics analyses, the preservation of the whole 
complex context must be considered. This rather challenging task is carried out by the CERN Analysis 
Preservation and Reuse framework. This framework mainly consists of two services, CERN Analysis 
Preservation (CAP)15 and REusable ANAlyses (REANA)16. With these tools, it is possible to describe and 
capture in a standardized way physics analysis assets - data, software, workflows and computing 
environment - that are needed to reproduce an analysis even several years after the original scientific 
results were published. Capturing extensive metadata combined with advanced search capabilities makes 
CAP an aggregator of high-level physics information about individual physics analyses that facilitates 
discoverability and reproducibility.  

The preservation of physics analyses in CAP ensures long-term accessibility, but does not address how they 
can be reused, which is a core motivation for researchers to preserve their work in the first place. REANA is 
a standalone service within this framework that allows researchers to instantiate preserved research data 
analyses on remote compute clouds using modern container technologies. While REANA can be used to 
ǎŜŀƳƭŜǎǎƭȅ ǊŜǊǳƴ ŀƴŀƭȅǎŜǎ ǇǊŜǎŜǊǾŜŘ ƛƴ /!tΣ ƛǘ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ǘƻ Ǌǳƴ άƭƛǾŜέ ŀƴŀƭȅǎŜǎ ǘƘŀǘ 
are still ongoing and have not yet been published or preserved. 

Another data service at CERN that addresses the need for open sharing and promoting reuse is the CERN 
Open Data portal (COD)17. It is an Open Access data repository that contains over 1 petabyte of HEP 
experimental collision and simulated datasets, software, configuration files, virtual machines, etc. for 
research and teaching purposes. Data is being published on the platform after embargo periods, which are 
specified by the data policies of each individual collaboration. Just like in the case of CAP, capturing 
extensive metadata to describe the complex materials on the portal has been an integral part of the 
development of this service to ensure preservation, discoverability, and to enable advanced search 
functionality. The inclusion of usage instructions, related software and other supplementary materials 
along with the release of data has also proven to be very important and there have already been real-life 
examples of exploitation (reuse) of the released open content (e.g. Tripathee et al. (2017)).  

                                                           
12 CERN: https:// home.cern/  
13 CERN computing: https://home.cern/about/computing  
14 Invenio Digital Library Framework: https://invenio-software.org/  
15 CERN Analysis Preservation: https://github.com/cernanalysispreservation/analysispreservation.cern.ch  
16 REANA: http://www.reana.io/  
17 CERN Open Data portal: http://opendata.cern.ch/  

https://home.cern/
https://home.cern/about/computing
https://invenio-software.org/
https://github.com/cernanalysispreservation/analysispreservation.cern.ch
http://www.reana.io/
http://opendata.cern.ch/
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CƛƴŀƭƭȅΣ /9wb ŀƭǎƻ Ƴŀƛƴǘŀƛƴǎ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŀǊŜ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ƳƻǊŜ άǘǊŀŘƛǘƛƻƴŀƭέ ǊŜǎƻǳǊŎŜǎΦ Lb{tLw918 is the 
core HEP information system curated by a consortium consisting of DESY, Fermilab, IHEP, SLAC, and CERN. 
The service focuses on aggregating scholarly works from the global HEP community from various sources 
ranging from publishers to arXiv. Moreover, INSPIRE also connects to data providers, such as Zenodo, 
DataVerse and Figshare, and indexes the community data repository HEPData19. HEPData contains data 
points from plots and tables related to several thousands of HEP publications. It is operated by Durham 
University and CERN. Finally, the CERN Document Server (CDS)20 is another repository which gives access to 
CERN works and related HEP scholarly literature (preprints, articles, multimedia, etc.). 

4.2 The CERN PID Graph 

Currently, PIDs (DataCite DOIs) are minted for data, software, publications and other types of text-based 
resources (e.g. documentation, guides). Regarding person identifiers, there are ORCID integrations in 
INSPIRE and HEPData, and ORCID iDs are captured as metadata on CAP and COD. Other persistent 
identifiers used by CERN services include the INSPIRE ID, which is a unique identifier assigned to all indexed 
ƛƴǎǘƛǘǳǘƛƻƴǎ ŀƴŘ ŀǳǘƘƻǊǎ ǿƛǘƘƛƴ Lb{tLw9Ωǎ ƛƴǎǘƛǘǳǘƛƻƴ ŀƴŘ ŀǳǘƘƻǊ ŘŀǘŀōŀǎŜǎ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ǘƘŜ ŀƴŀƭȅǎƛǎ L5 
used internally for physics analyses in CAP. 

/9wbΩǎ tL5 DǊŀǇƘ Ƙŀǎ ōŜŜƴ ǾƛǎǳŀƭƛȊŜŘ ƛƴ CƛƎǳǊŜ ф ōŀǎŜŘ ƻƴ ŎǳǊǊŜƴǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ŀƴŘ ŜǎǘŀōƭƛǎƘŜŘ 
connections. 

 

Figure 9: The current CERN PID graph. 

In order to enhance and build upon this graph, CERN has been working on implementing a variety of 
features as part of the FREYA project (and previously THOR21), which are described in the following 
sections. 

                                                           
18 INSPIRE: https://inspirehep.net/  
19 HEPData: https://hepdata.net/  
20 CDS: https://cds.cern.ch/  
21  THOR project: https://project-thor.eu/  

https://inspirehep.net/
https://hepdata.net/
https://cds.cern.ch/
https://project-thor.eu/
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4.3 Established integrations: Building the PID Graph 

4.3.1 Linking resources 

Ensuring that relevant resources are connected with one another is a core principle for all CERN services, as 
it ensures findability of related resources and that users are aware of the full context of any given resource.  

When preserving physics analyses in CERN Analysis Preservation, users are able to include a wide variety of 
resources relevant to the analysis, i.e. data, software, publications and workflows. CAP is a community PID 
graph in and of itself as it links all the resources around an analysis (Figure 10). 

 

Figure 10: Part of a CAP submission form for physics analyses which gathers various relevant resources. 

CAP can be used from the beginning of the research workflow, so the PID Graph can be enriched very early 
in the research process and not only once research is completed. Connecting resources in a meaningful way 
was one of the core reasons for the development of the analysis ID concept, which was deployed as part of 
THOR and FREYA (see more in chapter 4.3.5).  

Since CAP has been developed as an internal tool, access restrictions need to be in place for each preserved 
analysis, so DOIs are not minted. However, PIDs of other resources that are part of an analysis (meaning 
they are in some way relevant to the analysis) are captured and preserved (e.g. publication PIDs). 

In CERN Open Data, there are links connecting software with data and documentation (Figure 11). 
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Figure 11: Part of a CERN Open Data software record with links to the corresponding data and documentation records. 

INSPIRE and HEPData provide bidirectional links between data and publications (Figure 12). 

 

Figure 12: Publication record from INSPIRE (top) with a link to the corresponding data on HEPData; the record for the 
same data on HEPData (bottom) with a link back to the publication on INSPIRE. 

There is also GitHub-Zenodo-INSPIRE code integration for software that is related to INSPIRE publications. 
For such cases, INSPIRE is able to harvest software from GitHub that gets preserved on Zenodo and receives 
a DOI from there (Figure 13). 
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Figure 13: INSPIRE software record harvested from Zenodo with links to GitHub and to the corresponding publication. 

4.3.2 Data and software citation workflows in HEP 

In HEP, there has been a lot of progress in the adoption of data citation practices, which, to a large extent, 
Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŦǳƴŘŜǊǎΩ ǇƻƭƛŎƛŜǎ ŀƴŘ ƻǘƘŜǊ ƳŀƴŘŀǘŜǎΦ /ǳǊǊŜƴǘƭȅΣ ŀƭƭ Řŀǘŀ ǇǳōƭƛǎƘŜŘ ƻƴ /9wb ǇƭŀǘŦƻǊƳǎ 
get DOIs along with a recommendation about how to cite it and HEPData even makes it possible to cite 
individual data tables. In the past few years, there has been effort to implement such workflows for 
software as well.  

In the CERN Open Data portal, DOIs are minted for all published software. As already mentioned, CERN 
Analysis Preservation gathers and preserves a variety of resources that correspond to an individual physics 
analysis, which also means capturing software PIDs, where they are available. For those cases where a PID 
is not available for software, an integration with Zenodo has been developed, which makes it possible to 
generate DOIs for software through the CAP submission form (Figure 14). 

 

Figure 14: Zenodo Integration in CAP. 

This means that when a user has code that is part of the analysis they are submitting to CAP that needs to 
be preserved along with the analysis, the code can be fetched from its current location (e.g. GitLab or other 


























































