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Example
C1: Minimum Operations Are Available

# Principle or

Objective

Suggested Criterion Description Metric Benchmark

C1 Preferred

Unambiguous

Interoperability

Minimum Operations Are 

Available

Service providers SHOULD provide a common Application 

Programming Interface to interact with PIDs, supporting a minimum 

set of operations (create, resolve and modify PID and PID Kernel 

Information)

Σ T1, n =0 → 0

>1 → 1

# Test Description Type Method Guidance

T1,1 CREATE Create a PID and provide kernel information:

API exists and evidence (URL) is available

Binary Yes = 1

No = 0

G1

T1,2 UPDATE Update kernel information for existing PID:

API exists and evidence (URL) is available

Binary Yes = 1

No = 0

G1

T1,3 Resolution Service Resolution API (URL) or URI Pattern exists, evidence is provided Binary Yes = 1

No = 0

G1

G1 One may extend the tests to recognise typical and popular standards for API implementation, such as REST, SmartAPI, and the like.

SHOULDProvider

Resolvable Mutable
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PID Knowledge Base

Necessary to Encode and Characterise the 
Supply, Demand, Matching, and Quality 
Assurance for the PID Landscape and its 

Stakeholders
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A Portfolio of Interrelated Information Models

   Landscape

Demand: 
Workflows, 
Use Cases, 

Benefits

Supply: 
Ecosystem

 
  

Desirable Features: 
Characteristics  and 

Attributes of Services and 
User Needs

Entities 
and 

Resolution

Quality Assurance

Assessment
Guidance

Best Practices

Validation against other 
landscapes and 
motivations for 

assessment
FAIR

TRUST
Rules of Participation

…
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Landscape

Stakeholders and their use of PIDs 
are described in an information 
model for the PID Landscape.  The 
model defines relationships 
between workflows and use cases, 
best practices and desirable 
features, policies, and the services 
used to obtain benefits.

These end users interact with ‘PID 
Stacks’ (next slide) and sometimes 
rely on content negotiation, 
inflection, Signposting and/ or 
multiple resolution (MR) 
capabilities of those stacks for 
automation and machine 
actionability.
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Use Cases and Workflows: Expected Benefits

The main reason for conceiving resolvable digital 

identifiers that are persistent is an attempt to 

alleviate the effects of changes in the location or 

availability of web resources. 

This is a pervasive problem even in seemingly 

well-managed scholarly environments, and has been 

well documented and to some extent analysed.  

In the research environment, the direct 

consequences of so-called ‘link rot’ include lack of 

accurate citation, poor reproducibility, additional 

work for all involved in the research cycle, and a 

gradual loss of research outputs that are made 

available as digital asset. Persistent identifiers 

alleviate these issues, and also bring additional 

benefits that are not linked to the primary aim of 

improving the availability of web resources.

Typical Benefits of PID Use
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Generic Use Cases and Use Case Elements

“Researchers and institutions pass PIDs for 

previous grants, outputs, organisations, people, 

and projects to grant application systems.”

“Researchers share their ORCID iD when 

submitting new outputs and connect to ROR 

IDs for institutional affiliations and grant DOIs 

for funding.”

“Registration of research output is necessary to 

report to funders [...] for monitoring and 

evaluation of research (e.g. according to SEP or 

BKO protocols).”

"They can also much more easily see whether 

researchers have met mandated obligations for 

open access publishing and open data sharing."

Examples

163 publications/ websites
39 use cases identified to date
27 common elements identified
3 detailed use cases (FAIR-IMPACT) to be 
processed
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Research Life Cycle Activities: Generic Workflows

Record of 
Research Activity

Grant Application 
Processes

Research Execution 
Processes Curation, 

Publication,  and 
Preservation 

Processes

Contextualisation 
and Compliance 

Processes

Value Addition and 
Reuse

Search and 
Discovery Processes

Citation 
and 

Attribution

Reporting, 
Monitoring, and 

Evaluation Processes

Scientific
Workflows 

and 
Protocols

Research 
Management 

Processes

Derived from literature

Matching use cases and use case 
elements to workflow 
classifications

A workflow can include multiple 
use cases

Informal observation: 
Some workflows and use cases are 
less often documented and 
represented in literature on PID use 
(contextualisation, compliance, 
value addition, …)
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Ecosystem and PID Stacks

The EOSC PID Policy defines a number 
of Actors (Roles). 

These were refined, extended, and 
generalised via validation against a 
large number of PID Services.

PID Stacks are composites of Actors 
that are needed to deliver a Service to 
Managers, Owners and Users - and 
stacks often re-use instances of actors 
at higher levels in the stack.

Note that an Owner, in some cases, can 
obtain PIDs what appears to be directly 
from an Authority (e.g. ARK, SWHID, 
PURL, …) - but in reality, the 
organisation or service assumes more 
than one role.

PID Ecosystem



PID Stacks
Scheme Authority MPA Provider (Registration Agencies)

Handle System DONA Foundation Corporation for National Research 

Initiatives (CNRI)

Not investigated

Handle System DONA Foundation Coalition for Handle Services – China Not investigated

Handle System DONA Foundation GDWG/ ePIC See A.4.6

Handle System DONA Foundation CTIC Not investigated

Handle System DONA Foundation MISADI Not investigated

Handle System DONA Foundation Smart Africa Alliance Not investigated

Handle System DONA Foundation Tunisian Internet Alliance Not investigated

Handle System DONA Foundation RosTelecom Not investigated

Handle System DONA Foundation International DOI Foundation Airiti

Handle System DONA Foundation International DOI Foundation BSI Identify

Handle System DONA Foundation International DOI Foundation Chinese DOI

Handle System DONA Foundation International DOI Foundation CNKI

Handle System DONA Foundation International DOI Foundation CrossRef

Handle System DONA Foundation International DOI Foundation DataCite

Handle System DONA Foundation International DOI Foundation EIDR

Handle System DONA Foundation International DOI Foundation HAND

Handle System DONA Foundation International DOI Foundation JaLC

Handle System DONA Foundation International DOI Foundation KISTI

Handle System DONA Foundation International DOI Foundation mEDRA

Handle System DONA Foundation International DOI Foundation EU-OP

PID Stacks are best described by 

looking at some examples. The 

table on the right shows a number 

of PID Stacks built from the Handle 

System. It includes popular stacks 

such as the DataCIte and CrossRef 

DOIs, as well as ePIC.

There are many other stacks in the 

ecosystem.

https://www.cnri.reston.va.us/
https://www.cnri.reston.va.us/
http://www.mpacn.net/
https://www.gwdg.de/
https://www.pidconsortium.net/
http://www.citc.gov.sa/en/Pages/default.aspx
https://misava.co.za/
https://smartafrica.org/
http://www.ati.tn/
https://www.company.rt.ru/en/
http://www.doi.org/
https://www.airiti.com/en/index.html
http://www.doi.org/
https://identify.bsigroup.com/
http://www.doi.org/
http://dx.chinadoi.cn/
http://www.doi.org/
https://www.cnki.net/
http://www.doi.org/
https://www.crossref.org/
http://www.doi.org/
https://datacite.org/
http://www.doi.org/
https://www.eidr.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://www.kisti.re.kr/eng/
http://www.doi.org/
https://www.medra.org/
http://www.doi.org/
https://op.europa.eu/
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Entities

The entities referenced by persistent identifiers can be classified in terms of whether they are objects or an abstract 

concept agreed upon by humans. Objects can be physical objects with a digital representation or purely digital.. Within this 

broad classification, we have attempted to standardise the entities encountered in the literature review in a consistent 

manner. 

There are two additional dimensions to the classification that are not currently reflected in the diagram on the next page:

1. There will be specialisation in many cases to accommodate domain or industry sector differences (for example, the 

identifiers and associated metadata for instruments in two scientific domains may not be the same).

2. In some cases, a distinction needs to be made between a type and an instance of that type. Scientific instruments 

again provide a good example - there is an instrument type (make and model) that must be unambiguously 

identifiable, but there are potentially many instances of the instrument (as reflected by distinct serial numbers). The 

instances have different or additional characteristics - for example each of them can have one or more calibrations 

that are unique to an instance, and change over time - leading to versions of the instance. 

Despite this, the classification will be useful as a mechanism for grouping and classifying PID Stacks and could be considered 

as an additional facet of service of PID Stack classification in the Compliance Assessment Toolkit being developed by 

FAIRCORE4EOSC.

https://faircore4eosc.eu/eosc-core-components/compliance-assessment-toolkit-cat


Entities

In the process of 

merging this with the 

FABIO Ontology for 

bibliographic objects, 

which covers a 

comprehensive list of 

the entities in scope for 

the research library 

field. Also included - 

COAR, BIBFRAME, and 

DCMI.

The Entities relate to 

two other vocabularies: 

Use Cases (shown) and  

PID Stacks

Entity classification, with mappings to use case elements (excerpt). Full version.

https://sparontologies.github.io/fabio/current/fabio.html
https://vocabularies.coar-repositories.org/resource_types/
https://id.loc.gov/ontologies/bibframe.html#c_Text
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/#section-7
https://atlas.mindmup.com/scientilla/f_43_4_2_use_cases/index.html
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Landscape

Identifiers can be composed in a number of ways, 

and depending on the schema in use, 

namespaces and uniqueness are guaranteed at 

various levels of granularity - global to local. 

identifiers can then be resolved via several 

mechanisms, ranging from single point 

centralised resolution to federated or cascading 

models.

The same resolution target can be referenced by 

more than one PID, raising interesting questions. 

There is also an important use case not imagined 

originally: finding all PIDs 
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Elements, Characteristics and Attributes of PID Stacks

This inventory and classification is in 

development by the FAIR-IMPACT 

project. It consolidates the 

expectations of the community, 

assertions and features advertised by 

PID Stacks, and the content of the EOSC 

PID Policy into a multi-level hierarchy.

Live version

Note: work in progress!

https://atlas.mindmup.com/scientilla/f43_4_1_pid_essential_elements/index.html
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More About GUPRI
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Monitoring Persistence and Resolvability Over Time

Sanderson, R., Phillips, M., van de Sompel, H. Analyzing the Persistence of Referenced

Web Resources with Memento, Open Repositories 2011 Conference, 2011 

https://arxiv.org/abs/1105.3459v1 

https://doi.org/10.48550/arXiv.1105.3459 

Eve, M. (2024) 'Digital Scholarly Journals Are Poorly Preserved: A Study of 7 Million Articles', 

Journal of Librarianship and Scholarly Communication. 12(1) https://doi.org/10.31274/jlsc.16288 

● Complex and Ambitious Goal

● Three interrelated tests:

○ Persistence: half-life or median time

■ Not simple to measure accurately

○ Resolvability: percentage resolution across PID 

Stack Elements

■ Mode of access determines HTTP Status

○ Content Drift: 

■ Exact equivalence (hash/ checksum)

■ Semantically similar (benchmark needed)

● but the same version

● but not the same version

■ Not semantically similar

https://arxiv.org/abs/1105.3459v1
https://doi.org/10.48550/arXiv.1105.3459
https://doi.org/10.31274/jlsc.16288
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Sources of Best Practices
● EOSC PID Policy
● FAIR-IMPACT

○ Review of Data and PID 
Policies (National, 
Institutional)

○ RDA Outputs and 
recommendations

○ Review of PID Stack 
documentation 
(recommended practices 
from providers, …)

○ Published use of PIDs in 
workflows and specific use 
cases

Elements, 
Characteristics, and 

Attributes of PID 
Stacks

Workflows, Use 
Cases, and Benefits 

of PIDs

Best Practices: 
Authorities

Best Practices: 
Providers and 

Agencies

Best Practices: 
Managers

Best Practices: 
Owners

Institutional and National Policy 
Advice

POSI

https://atlas.mindmup.com/scientilla/f43_4_1_pid_essential_elements/index.html
https://atlas.mindmup.com/scientilla/f43_4_1_pid_essential_elements/index.html
https://atlas.mindmup.com/scientilla/f43_4_1_pid_essential_elements/index.html
https://atlas.mindmup.com/scientilla/f43_4_1_pid_essential_elements/index.html
https://openscholarlyinfrastructure.org/
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Assessment and Compliance

Assessment and compliance against 
some set of agreed criteria are elements 
of quality assurance - there are several 
additional mechanisms for QA that we 
do not cover in detail here.

For Assessment of PID Service quality, 
we have started with the EOSC PID 
Policy, but we have also asked whether 
there are any additional desirable 
features expected by the community 
that could form part of an extended PID 
Quality Assessment. 

FAIRCORE4EOSC has developed and continues to refine a conceptual model for compliance assessment, and 
has evaluated a variety of case studies to date to validate the model.



Realisation 
(Criteria)

Motivations 
(Principles, Objectives)

Implementations (Metrics, Benchmarks, Assessment)

Elaboration (Best Practice, Guidelines, …)

Full Story

https://docs.google.com/presentation/d/1RiDsImztkip30DOURXfuXbBIZwprNjFDnT-gYvD2Ii0/edit?usp=sharing
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EOSC PID Policy 
compliance for all actors 
in the ecosystem

Compliance Assessment Toolkit

Themis Zamani (GRNET)
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An easy to use Toolkit to measure compliance (ex. with PID Policy - 1st 
version) based on the results of  Conceptual Model (definitions, 
relationships)  

based on the 
landscape of 
compliance 
assessment and recent 
development of a 
compliance ecosystem 
for TRUST and FAIR

based on a set of 
definitions for the 
concepts involved and 
the relationships 
between them

design develop
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The Value of EOSC PID Policy Compliance

For Authorities and Providers: It is important to 
back up public claims of EOSC Policy Compliance 
and of performance/ features with publicly 
available information

For Managers: Optional disclosure of policy 
compliance for purposes of trust and community 
acceptance

For Owners and Users: Matching PID services with 
use cases and expected benefits

All assessments are initially 
self-assessments - envisaged that 
we assist all interested PID Stacks 

with this. The EOSC PID Policy 
envisages a compliance 

authority.

All assessments are initially 
self-assessments and there is no 

obligation to publish these 
assessments for the foreseeable 

future - publish if it is useful.

Find PID services and assess their 
characteristics, features, and how 

it matches use cases - whether 
they are policy compliant or not.



Assessments



PID 
Selection



Assessment : Assess 
and document the 
current state of 
compliance of your 
subject based on rules 
extracted from the 
defined policy (e.g the 
PID Policy) 

each actor different 
assessment 

multiple 

Follows the assessment 
methodology

Create a 
New 
Assessment



Object or 
Service 
Being 
Assessed

Subject : The subject 
that the User wants to 
assess  (service, 
infrastructure , url etc) 

multiple 



Assessment 
Criteria

P1: Application 

C5 - Update 
Functionality

T2.1 Secure - 
Encrypted

Are the API services 
offered, encrypted using 
https?

Principle

Criterion

Metric

Test

conceptual model

"type": "number",
"benchmark": {
      "equal_greater_than": 1
 },

https://cat.argo.grnet.gr/assessments/79bad374-7dc3-485c-a81b-3dd0a66cf9a2#
https://cat.argo.grnet.gr/assessments/79bad374-7dc3-485c-a81b-3dd0a66cf9a2#


Mandatory/ 
Optional 
Criteria

Metric

Test

Criterion

>1
>=2



Guidance
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New Features / Ideas - Next Steps 

• Give the ability to users to create their own Policy 
○ Either copy an existing one 
○ Create a new one based on a library of principles, criteria, 

metrics, tests
• More Guidance 

○ General Guidance 
○ Help topics menu

• Use of a Vocabulary Service 
• Support a Providers Registry 
• Monitor the PID ecosystem



34

Visit and test the service 

https://cat.argo.grnet.gr 

Thanks! Questions?
Correspondence: 

wim.hugo@dans.knaw.nl

https://cat.argo.grnet.gr

