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• Background – the Data Citation Use Case

• Compact Identifiers for Biomedical Data 

• Identifiers.org

• n2t.net & EZID

• Prefix alignment

• procedure

• examples

• next steps

Outline
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• Science policy bodies concerned about data

– e.g. NIH, US National Academies, 
CODATA, Royal Society, JISC, ELIXIR

• Authorities recommend archiving / citation of 
primary data for reproducibility and reuse

– Joint Declaration of Data Citation 
Principles (JDDCP 2014) defines approach

• NIH bioCADDIE Data Citation Pilot (DCIP): 

– Publishers, repositories, identifier / 
metadata registries implement in practice

The Data Citation Use Case
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• Transparency and validation: better science

– 75-90% academic studies non-
reproducible in drug development!

• Big data meta-analysis: reuse & discovery

• Radically improve translation of research into 
effective cures for devastating diseases

– Cancers, cardiovascular, metabolic, 
neurologic & psychiatric disorders, drug-
resistant infections...

Citing biomedical data
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Data citation model – top level
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• Identifiers.org catalogs > 500 biomedical dbs

– Very few of these use DOIs

– Cannot require all 500 to assign DOIs as 
prerequisite for data citation

• Current standard practice: 

– Assign identifiers locally per db

– Prefix-based global uniqueness e.g. “ENA:”

¬ (Global Persistent Identifier  DOI)⇒
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• Some dbs have multiple providers

– Providers may add distinctive features

– These providers need credit for their work

• Default: resolve to provider with best uptime

• Option: resolve to specific provider

Multiple provider problem
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• Identifiers.org project at EBI 

– Resolve compact PIDs  <prefix:accession>

– Impressive other features

• N2T.net project at California Digital Library

– Prefix-agnostic resolver: ARKs, DOIs, 
URNs, PMIDs, etc. 

– Suffix passthrough plus per-id and per-
prefix resolver rules (hybrid approach)

• Can we harmonize these for global reliability?

Multiple resolver problem
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http://identifiers.org
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550+ curated 

data collections

Identifiers.org Registry
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http://identifiers.org/registry
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Identifiers.org URIs

Homo sapiens in Taxonomy (9606)

http://identifiers.org/taxonomy/9606

[Data collection][Entity identifier]
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Health check history
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Development considerations
● Recognize user preferences

● allow users to express resolution preferences

● allow format preferences 

● Acknowledge data providers

● record primary resource

● used by default 

● Community curation & accuracy

● Allow data providers to maintain their own records

● Explore automated procedures to harvest

● More resources mint their own perennial URIs
● record URIs, provide conversion facility

● Provide/harvest metadata for resources and their records
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The N2T.net resolver

Born in 2007, the N2T (Name-to-Thing) resolver was 

specifically made to avoid another identifier silo

• Scheme-agnostic: services any kind of name

• Initially provided resolution for ARK, DOI, URN, 

PMID, and a handful of other schemes

• Primary in California, first replica in Edinburgh

• Conceived for community/consoritial ownership

• Creator and first administrator:  California Digital Library
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Libraries are domain-agnostic

Why build a global N2t resolver at the 

California Digital Library?

•Huge institution with huge range of 

disciplines

•Dependent on many kinds of identifiers

•Already maintaining the ARK identifier 

scheme
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Need for generic identifier services

• EZID system for creating and managing ids (logged UI, API)

• Separate N2T system for public access resolution 

N2T (Name-to-Thing) resolves with hybrid approach

• Stored rules: to redirect to other ARK and other scheme resolvers

• Stored ids:  6M EZID ids and 12M Internet Archive ids

• Demonstrated resolution with 61M Crossref DOIs
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http://identifiers.org/registry
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Namespace prefix

● Namespace prefix implementation 
● Namespace used as prefix

● GO:0006915
● PDB:2gc4

● YAML file 
● N2t  identifiers.org↔

● http://identifiers.org/GO:0006915
● http://n2t.net/GO:0006915
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● Provider code 
implementation 
● Assign a code to providers

● NCBI, EBI, ..
● OLS, BPTL, ..
● PDBj, PDBe, RCSB, ...

● Identifiers.org
● ncbi/taxonomy:9606
● amigo/go:0006915

Provider codes

● n2t
● amigo/go:0006915
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YAML 

https://github.com/identifiers-org/prefix/blob/master/prefix.yaml

Alignment of 
namespace prefixes
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YAML 

https://github.com/identifiers-org/prefix/blob/master/prefix.yaml

Alignment of 
namespace prefixes

Alignment of 
provider codes
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Prefix alignment
● Initial implemention

● representative
● popular databases

● Helped derive some simple rules
● Alphanumeric prefixes, (period and underscore allowed)

● Intricacies:
● (Identifiers.org) namespace prefix condensation rules

● eg. ontologies, GO:GO:0006915 vs. GO:0006915
● Legacy prefix consideration (n2t   identifiers.org)↔

● ‘Aliasing’ eg. ‘pmid’  ‘pubmed’, ‘taxon’  ‘taxonomy’↔ ↔

● n2t supports both forms
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