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The  Data  AvalancheThe  Data  Avalanche

• Current Holdings:
• ~ 20 Collections in Excess of 1 TB Each

• 2MASS, Chandra, DENIS, DPOSS, DSS I&II, GSC II, 
HST, LONEOS, LOTIS, MACHO, Mosaic N.,  NEAT, 
NOAO Surveys, NVSS, OGLE II, SDSS (early), SUMSS, 
VLA, VLBA

• Plus Many Other Smaller Collections

• Ground Based Surveys:  ~ 50 TB 
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The  Data  AvalancheThe  Data  Avalanche

• Some Comparisons:

• Ground Based Surveys: ~ 50 TB;  Current Total 
> 100 TB and Growing

• Human Genome: <  1 GB

• Library of Congress:  ~  20 TB
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Multi-Terabyte 
(soon: multi-

Petabyte) sky surveys 
and archives over a 

broad range of 
wavelengths

Billions of 
detected sources, 
hundreds of 
measured 
attributes        
per source1 nanoSky (HDF-S)

1 microSky (DPOSS)

The  Data  Avalanche:  The  Future
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The  Data  AvalancheThe  Data  Avalanche

• The Future:
• SDSS Final (~ 20 TB)
• Future Missions and Facilities (GALEX, 

Spitzer, GSMT, …)
• LSST

• ~ 6 TeraPixels/ Night (~ 2MASS)
• Total Data Archive in Petabyte Range
• Largest Projected Single Contributor of Data
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The  Data  AvalancheThe  Data  Avalanche

• The Future:
• Digital Libraries:

• ADS, astro-ph, NED, CDS, NSSDC
• (ADS Already at ~  400 GB)

• ~  1 TB/Sky/Band/Epoch 
(1 Arcsec Pixels; 1 Byte per Pixel)
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Archived  DataArchived  Data

• Can Provide New Science
• New Ideas
• Statistical Revelations
• Multi-Wavelength Synthesis
• Time Domain Analysis

• Can Be a Unique Educational Resource
• Can Enhance Public Education/Outreach
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Archived  DataArchived  Data

• Is Essentially Useless Unless:
• It Is Easily Accessible

• Meta Data, Standards
• Protocols, Bandwidth
• Simplicity of Procedures

• Many Useful  Tools Are –
• Readily Available to All
• Simple to Use
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The  Solution…The  Solution…

• The Virtual Observatory
• “Single Point” User Access to Multiple 

Datasets
• Standardized Formats for Metadata and Access 

Protocols
• Provision of Tools for Retrieval and Analysis
• Provision of High Bandwidth and Grid 

Computing
• National (NVO) and International Initiative
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The US  NVO: HistoryThe US  NVO: History
• 1990s: NASA establishes science archive centers
• Apr 1999:  Decadal Survey Panel on Theory, 

Computation, and Data Discovery (LANL)
• Szalay, Prince, and Alcock coin the name “National 

Virtual Observatory”

• Nov 1999:  NVO organizational workshop at JHU
• Feb 2002:  2nd NVO workshop - NOAO-Tucson
• Jun 2000:  1st NVO Conference - Caltech
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The  US  NVO:  HistoryThe  US  NVO:  History

• National Academy of Sciences Decadal Survey:
“ Several small initiatives recommended by the 
committee span both ground and space.  The first 
among them—the National Virtual Observatory 
(NVO)—is the committee’s top priority among the 
small initiatives. ”

—Astronomy and Astrophysics in the New 
Millennium,  p. 14
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The US  NVO: HistoryThe US  NVO: History

• April 2001: Proposal Submitted to NSF ITR 
Program- 17 Collaborating Organizations

• September 2001: NSF Announces Proposal 
Selection - $10 M Award

• January 2003:  First NVO Science 
Prototypes Shown at Seattle AAS
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What the Virtual Observatory What the Virtual Observatory 
Is…Is…

• A suite of international standards for 
discovery, exchange, and analysis of data

• A data access and analysis environment 
that utilizes developments in ITR

• A framework for data processing that 
enables development and propagation of 
useful algorithms
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What the Virtual Observatory What the Virtual Observatory 
Is…Is…

• A tool for science planning:  New missions, 
instruments, and experiments

• A catalyst for world-wide access to 
astronomical archives

• A routinely used tool of the research 
astronomer

• A vehicle for education and public outreach
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What the Virtual Observatory What the Virtual Observatory 
is is NotNot……

• A replacement for building new telescopes 
and instruments

• A centralized repository for data

• A data quality enforcement organization
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Science of a 
Qualitatively Different Nature

• Statistical astronomy done right
• Cosmology, Galactic structure, stellar astrophysics
• Discovery of significant patterns and multivariate 

correlation

• Systematic exploration of the observable 
parameter spaces
• Searches for rare or unknown types of objects and 

phenomena
• Low surface brightness universe, the time domain
• Confronting massive numerical simulations with 

massive data sets
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Cosmology: A Marriage of Cosmology: A Marriage of 
Theory and ObservationsTheory and Observations

DPOSS clusters Numerical simulation
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Multi-Wavelength Data paint a more
complete (and more complex!) picture of the universe

Infrared emission from
interstellar dust

Smoothed galaxy
density map
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A PanchromaticA Panchromatic
Approach to the Universe…Approach to the Universe…

…reveals
a more complete
physical picture

The resulting
complexity of

data translates
into increased

demands for
data analysis,

visualization, and
understanding
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The Time DomainThe Time Domain

Megaflares on 
normal main 

sequence stars  
(DPOSS)
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Faint, Fast Transients

The Time DomainThe Time Domain
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NVO ArchitectureNVO Architecture
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VOTableVOTable

• Reached international agreement on VOTable
V1.0 specification in April 2002

• XML-based standard with in-line data or links to 
external data

• Utilized for basic catalog and image access 
protocols

• Merges “AstroRes” heritage with XML flexibility
• Complements FITS
• Multiple I/O libraries available (Java, Perl, C++, 

C#)
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Data ModelsData Models

• Data modeling effort aimed at defining basic data 
types and relationships among them

• High-level entities: image, spectrum, time series, 
catalog

• Low-level entries: quantity, resolution, time of 
observation

• Interfaces and protocols for other VO services 
derived from DM relationships
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Data Access LayerData Access Layer

• Data Access Layer is mediator between 
NVO data requests and data delivery

• Defined “Cone Search” protocol and have 
~100 implementations

• Defined Simple Image Access Protocol 
(SIAP) and have 20+ implementations

• Specification for Simple Spectral Access 
Protocol in development
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Metadata and RegistryMetadata and Registry
• Metadata describes NVO data collections, 

services; Metadata is collected into a Registry
• Resource Identifiers are component of resource 

metadata; have agreed on syntax
• Using Open Archive Initiative protocols for 

metadata collection
• Now focusing on query mechanisms and general 

updating/synchronizing options
• Prototype registry utilized in science 

demonstration, Data Inventory Service
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Unified Content DescriptorsUnified Content Descriptors

• UCDs provide common data dictionary for 
describing contents of catalogs

• CDS initiative; now broadened to 
international VO discussion

• Current discussion focusing on structure 
and extensibility
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Unified Content DescriptorsUnified Content Descriptors

• UCDs provide common data dictionary for 
describing contents of catalogs

• CDS initiative, now broadened to 
international VO discussion

• Current discussion focusing on structure 
and extensibility
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VO Query LanguageVO Query Language

• Minimal extensions to SQL to support 
astronomical queries 

• Defining standard query service based on 
SDSS SkyQuery: OpenSkyNode and 
OpenSkyQuery

• Investigating higher-level query languages; 
e.g., “natural” language
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Grid and Web ServicesGrid and Web Services

• Increasing number of web services 
• Registry services will be implemented as web 

services
• Prototyped use of Grid in galaxy morphology 

science demonstration
• Working closely with Grid community to 

understand progress on Grid services (e.g., 
OGSA) and to determine best time to adopt
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Science PrototypesScience Prototypes
• Goal: Guide and validate technical initiatives

• Year 1
• Brown dwarf candidate search
• Gamma-ray burst follow-up
• Galaxy morphology measurement (utilizing 

computational grid)

• Year 1.5
• Data Inventory Service
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Science PrototypesScience Prototypes

• Goal: Guide and validate technical initiatives

• Year 2
• Interface theory simulations and observations

• European VO project
• Type 2 (obscured) quasars: 40 new candidates found
• Galactic star formation regions
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Brown Dwarf Candidate Brown Dwarf Candidate 
SearchSearch

Sloan z magnitudes vs. 2MASS J 
magnitudes, with brown dwarf 
candidates in red. Data are from 
the SDSS Early Data Release and 
2MASS 2nd Incremental Release.
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As a T dwarf becomes cooler (i.e., methane and 
water absorptions increase) or more distant…
• SDSS detects it only at z’ band
• 2MASS detects it only at J band
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Demo Leads to Discovery!Demo Leads to Discovery!
• New brown dwarf candidate confirmed 

spectroscopically with Keck Observatory



OIR System - Alexandria 0504 36

Galaxy Morphology in ClustersGalaxy Morphology in Clusters



OIR System - Alexandria 0504 37

Galaxy Morphology in ClustersGalaxy Morphology in Clusters
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Galaxy Morphology in Galaxy Morphology in 
ClustersClusters

Scientific Motivation:  Investigate the dynamical state of galaxy clusters and galaxy evolution 
within the context of large-scale structure. Use galaxy morphology as a probe of dynamical history 
by calculating, for each galaxy in a cluster:

• Surface brightness • Concentration index • Asymmetry index
These parameters are analyzed with other indicators such as magnitude, color, peculiar 

velocity, position in cluster, and cluster large-scale structure.

Data Resources: Computing Resources:
Chandra X-ray image (SAO/CXC) USC/ISI
ROSAT image (GSFC/HEASARC) UW-Madison/NCSA
DSS image (STScI/MAST) Fermilab
Galaxy cluster catalogs (NED)
CNOC1 cluster images and catalogs (CADC)

What the VO Brings:  Distributed data access and Grid-based 
computing make possible for the first time effective integration of 
multiple datasets and real-time computing.  Integration of data from 
diverse sources is enabled by standardized data objects and 
standardized remote computing services.  Flexibility of access means 
that further NVO-compliant images and catalogs can be added easily.  
Users can select their visualization portal (Aladin, OASIS, DS9).

Enabling Technologies:  VOTable, NVO-compliant catalog and image 
access, standard semantics, Grid computing infrastructure.

Future Prospects:  Dynamic discovery and selection of image, 
catalog, and computing resources.  User-selection of analysis 
tools and ability to publish data to the NVO framework.
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Globular Cluster SimulationsGlobular Cluster Simulations
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Globular Cluster SimulationsGlobular Cluster Simulations
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NVO  Science  ApplicationsNVO  Science  Applications

The First Steps
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NVO Data Inventory ServiceNVO Data Inventory Service

Scientific Motivation:  Rapid collection of multi-
wavelength imaging, catalog and observational data for any 
location on the sky.  Very relevant for transient events.

Data Resources: Multi-wavelength data from several sites 
(currently 13) sampling energies from X-ray to radio;  
includes images, object lists, and catalogues.

Role of NVO:  Integration and organization of a variety of 
data sources into an easily comprehensible information set.  
Scalability to an arbitrary number of data providers.  
Integrates data with multiple data visualization services.
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Data Inventory ServiceData Inventory Service
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Data Inventory ServiceData Inventory Service
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Data Inventory ServiceData Inventory Service

Positions of HST and Chandra observations for GRB010222
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Data Inventory ServiceData Inventory Service
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Data Inventory ServiceData Inventory Service

Positions of HST and Chandra observations for GRB010222

Enabling Technologies:  Standard protocols to 
remote services such as Cone Search and Simple 
Image Access, standardized VOTables for data 
retrieval transformation, and standardized semantics 
encoded as Uniform Content Descriptors (UCDs). 
Resource registry.

Future Prospects:  Customization and quality 
control of resources searched; more sophisticated 
use of metadata.
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Spectral Database BrowserSpectral Database Browser
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Spectral Database BrowserSpectral Database Browser
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Spectral Database BrowserSpectral Database Browser
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Spectral Database BrowserSpectral Database Browser
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Spectral Database BrowserSpectral Database Browser
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NVO: Broader Context and NVO: Broader Context and 
VisionVision
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International VO AllianceInternational VO Alliance
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International VO AllianceInternational VO Alliance
• A World-wide Coordination of  VO 

Initiatives
• Agreements on standards for data access 
• Coordination of development activities
• Sharing of software, expertise

• 14 participating organizations: 
• Astrogrid, AVO, US-NVO, VO-Australia, 

VO-Canada, VO-China, VO-France, VO-
Germany (GAVO), VO-Hungary, VO-
India, VO-Italy (DRACO), VO-Japan, VO-
Korea, VO-Russia
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International VO AllianceInternational VO Alliance
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International VO AllianceInternational VO Alliance
• A World-wide Coordination of  VO 

Initiatives
• Total Spending Levels:

• > $7M/yr  (US - $2M/yr)
• ~ $30M over 5 Years  (US - $10M)

• VO Initiative has Gained World-wide 
Momentum, and…

• The Train is Leaving the Station
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VO and Future Large VO and Future Large 
FacilitiesFacilities

• Software and data management are major 
components of future large facilities—VO 
infrastructure should help mitigate costs

• Maximum scientific return from future large 
facilities depends on ease of comparison with 
other data, availability of standard data products

• Education and outreach enabled by VO provides 
agencies, taxpayers with visible return on 
investment
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The VO VisionThe VO Vision

• The VO is the “semantic web” for astronomy (Tim 
Berners-Lee)

• The VO democratizes astronomical research
• The VO brings the universe to your desktop

• The professional astronomer
• Graduate students
• Undergraduates
• K-12
• Amateurs
• The public

htt //


