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Knowledge Spaces

The combination of semantic web 

and content management 

provides a powerful abstraction 

that simplifies the solution of that simplifies the solution of 

many e-Science data integration 

problems.



“Information Intensive” Science

• From the 2004 DOE Data Workshop report:

“… the data management challenge for systems-
oriented research is not simply about data 
volume. More critical is the fact that the data volume. More critical is the fact that the data 
involved are produced by multiple techniques, at 
multiple locations, in different formats and then 
analyzed under differing assumptions and 
according to different theoretical models.”



Semantic Web

• Global identifiers for things and relationships

• Standard syntax, query language

• Validation

• Logical inference

�How can I combine reference data on genes and 

proteins across databases?



Content Management (Data Grid)

• Typed Blob + metadata abstraction – data store does not 

constrain what information can be added by end users

• Distributed HTTP GET/PUT of data and metadata 

(WebDAV)

• File-system drivers, portlets …

• Extensible, aspect-oriented model - things• Extensible, aspect-oriented model - things

• With creators (Dublin Core)

• Derived from other things (provenance)

• With notes about them (annotation, tagging)

• With keywords

• In projects

• Per type processing (translators, metadata extraction, 

viewers) exposed as new metadata/data



Semantic Content Management

• The benefits of both!

• Flexibility in terms of content, metadata

• Standardized syntax and protocol

• Network-style scalability• Network-style scalability

• Just-in-time, just-enough coordination



Semantic Content Management Protocol

• URIQA (Nokia) –HTTP GET/PUT, MGET/ MPUT/ 

MDELETE

+

• SPARQL RDF Queries

• � WebDAV-style protocol for managing data and 

metadata independent of underlying implementation 



Tupelo Middleware

• Context mechanism:

• Access Control

• Aggregation

• Mirroring, Caching…

• Java middleware that 

Desktop

Workgroup

• Java middleware that 

can store data to
• Triple stores (Sesame, 

Mulgara, …)

• Databases (postgres, mysql)

• Files

• Context management itself 

exposed as RDF 

Network



Tupelo Inference API

• ‘Managed’ metadata

• Inferred from ontology 

• Inferred from rules (provenance, ARK/ART curator:guid aliases)

• Inferred mathematically (spatial/temporal relationships, e.g. ? in
Illinois)

• Inferred via mining (full text search, classification, …)• Inferred via mining (full text search, classification, …)

• Scoped to context/virtual organization

• Inferences may only be valid for a given purpose

• Which data sources are ‘good’?

• What approximations are valid?



Tupelo Tools

• Client Library

• RDF-level API

• Java Bean API

• Provenance API

• Python, AJAX APIs

• Widgets• Widgets

• Directory tree

• Table

• Metadata list

• Graph

• Timeline



CyberIntegrator: workflow as content

• Workflow templates and 

execution provenance 

are stored as semantic 

content

• Annotation/tagging of • Annotation/tagging of 

data, tools, workflows

• Provenance, annotations 

available to other data 

viewers

• Workflows are shared the 

same way as other 

content



CyberCollaboratory: social provenance

• User interaction with 

tools generates 

provenance events 

usable for social 

networking analysisnetworking analysis

• New data/document 

portlet can browse 

Cyberintegrator 

workflows, notes, etc.

• Portal can aggregate 

data from multiple sites



MAEviz: aggregating information

• GIS workflow app. 

Platform

• WebDAV moving to 

Tupelo

• Data catalog merging info • Data catalog merging info 

from local and distributed 

proprietary and public 

sources

• Stores provenance to 

group server for workflow 

and scenario (workflow 

instance) sharing.



RS5: A Digital Synthesis Framework for Virtual Observatories

Researchers

Policy Makers

Students

Citizens

From Basic 

Research to 

Societal Impact



E-Science questions

• Which papers depend on a given data set? 

• From data derived from stream gauges in Illinois?

• How can I store notes about multiple collections?

• How can I expose new information about these 

collections that I’ve derived?

• How can I retrieve a time range without knowing how • How can I retrieve a time range without knowing how 

files are stored?

• How can I migrate data to different curators over the next 

50 years and keep it accessible?

• How can I start small?



Summary

• Semantic Content Management provides the right types 

of decoupling/flexibility to enable solutions to e-Science  

problems.

• A URIQA/SPARQL protocol and related context 

mechanism provide an effective basis for interoperability.

• NCSA’s Tupelo middleware provides a lightweight • NCSA’s Tupelo middleware provides a lightweight 

mechanism for implementing semantic content 

management using existing triple stores and relational 

databases.
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