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Bibliographic links

• if papers represent the body of knowledge...

• ...then links are the connective tissue of the 
body

• as the body evolves, additional connections are 
created, changing its anatomy

• links provide context, meaning and weight to 
the papers (e.g. pagerank)
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Types of ADS links

• internal (citations, similar articles)

• external (fulltext, data, catalogs, objects)

• computed (citations, usage, openURL)

• curated (data products, associated articles)

• ADS-generated (usage, citations, fulltext)

• contributed (data links, objects)
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Some numbers for ADS

• citations: 36M (across databases)

• readership: 15M (90-day window)

• fulltext: 5M (journals, arXiv, ADS)

• astronomical objects: 240K (SIMBAD + NED)

• data products: 130K
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Bibliographic groups
• CfA

• ESO

• ROSAT

• HST

• IUE

• CFHT

• Chandra

• ISO

• PhysEd

• XMM

• USNO

• Gemini

• Keck

• Spitzer

Thank you for your contributions!
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Why do we care?

• attribution: citation links allow one to 
follow the evolution of science

• aggregation: data links allow one to find 
resources that are useful in research

• preservation: the value of resources is 
dependent on their environment

• discovery: the presence (or absence) of 
links carries semantic meaning
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Links in the brave new 
world

• Graph theory, network analysis tools can 
model and analyze information flow

• The Semantic Web and Linked Open Data 
effort broaden the data network

• Object Reuse and Exchange (OAI/ORE) 
provides framework for describing 
aggregations of (scholarly) web resources
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Citation Networks

SDSS papers mapped using CiteSpace (Chaomei Chen)
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Citation Patterns

eigenvector.org:  Astronomy and Astrophysics journal citations
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Change over time

eigenfactor.org: change in impact and clustering
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Treemaps

eigenfactor.org: journal citation flow 
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ADS topic clusters

clusters generated from an ADS citation graph
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Linked Open Data
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LOD principles

• resources are named via HTTP URIs

• metadata is open and in a standard format 
(RDF)

• links between resources are typed

• built on the architecture of the web, no APIs
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The first LOD cloud

Monday, August 3, 2009



It grows...
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And grows...

As of may 2009: 142M links, 4.2B triples
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The Astronomical cloud

• has been based on reciprocal links between 
URLs curated by collaborators

• does not describe resources or the types 
of links between them

• does not use standard vocabularies to 
describe things

• is not actionable by applications
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Example: ADS/NED/Chandra

cites

reads

reads

writes

writes

reads

studies

studies

position
object type
redshifts
images
spectra
catalogsobject

ADS

NED

Chandra

?

?

object
?

?
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How to get there

• the astronomy data cloud should be “grown” 
from the bottom-up

• identify our resources (data), name them 
uniquely, expose their metadata

• expose relationships between resources (links)

• what should be included: observing proposals, 
observational metadata, instrumental metadata, 
papers, catalogs, objects
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Object Reuse & Exchange

• defines standards for the description and 
exchange of web resources

• is based upon LOD principles

• used to describe the scholarly “value chain”

• publications are no longer independent 
entities but rather complex objects

• preservation “done right” for e-science
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OAI/ORE in action
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Ongoing projects

• ADS to exploit user/paper/keyword networks 
for recommendations, faceting

• ADS/VAO/MSR proposal using Linked Data 
approach to power semantically aware apps

• JHU Libraries project on curating publications

• Datanet Data Conservancy project (JHU)
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Conclusions

• in a densely interconnected world, curating 
links becomes essential

• expect to see a number of applications 
exploiting the network of links

• technology based on RDF, LOD, OAI/ORE

• be part of the graph, don’t be the end leaf
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