	International Virtual Observatory Alliance IVOA http://www.ivoa.net/ 
http://us-vo.org/summer-school/2005/proceedings/index.html is an excellent discussion of all components of the IVOA including technology and applicants. IVOA is an international standards and community building organization linking multiple (15 in May 2005) national projects including AstroGrid (UK) http://www.astrogrid.org and the National Virtual Observatory (USA) http://us-vo.org/.  IVOA has 8 working groups and 4 community (interest) groups and sponsors general and interoperability meetings (See The IVOA in 2005: Assessment and Future Roadmap). The Working Groups follow the W3C model and are active in the areas of XML data format standards (VOTable), VO Resource Metadata, Universal Content Descriptions, Space-Time Coordinate Metadata, unified Data Access Layer standards for spectra and images, VO Resource Registries, VO Query Language, unified astronomical Data Models and Web Service technologies for the VO. The chairs of the Working Groups have also produced an overall architectural plan for an operational VO that identifies the critical areas for current and future development of standards and technologies. The work of the IVOA is an excellent complement to that other standards bodies and has a clear application focus.
[image: image2.png]% iscover Compute Publish Collaborate i

TR [ syuer |

Virtual [isan
Observatory e
Architecture interfaces to data

1 [voualation | [ cossmated

onl 2l B image | | astamining 3
B [ 5|3 [ souce B
2 3|5 | senoim B




An Architecture for Scaling NVO Services to TeraGrid is a November 2005 report describing the integration of some US-NVO capabilities and the TeraGrid. This is an interesting architecture proposal that brings key data (SDSS and 2MASS) inside the TeraGrid moving away from the a full “take the computing to the data” model as seen in the earlier IVOA “data vision” seen in The Management, Storage, and Utilization of Astronomical Data in the 21st Century Version 1.00 IVOA Note 15 March 2004).
The IVOA architecture given in picture above (taken from Virtual Observatory Architecture Overview Version 1.0 IVOA Note 2004-06-14) is consistent with other applications. Note that My Space is now called VOSpace and is architected today as a central metadata store referencing (managing) distributed data repositories. The SRB has been used but not broadly as the International Alliance has not agreed to this choice; NGAS (Next Generation Archive System) from ESO (European Southern Organization) has similar design goals to SRB. The articles VOSpace Architecture and National Virtual Observatory VOStore and VOSpace discuss in detail VOSpace, VOStore, NGAS and SRB. 
VOtable (see VOTable Format DefinitionVersion 1.1 IVOA Recommendation 11 August 2004) is an IVOA standard that specifies how table data should be represented in XML for both direct and indirect (URI) specifications. The data servers (SkyNodes) are expected to return their data in VOTable syntax. One can expect this approach to be useful across many scientific and engineering domains with a suite of Microsoft Excel style functions to manipulate the table data. Currently only VOPlot is available as a generic VOTable tool.
The diagram below shows a functional digram focused on the data side of an IVOA Grid.
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	Node Types
	Description

	SkyNodes Database Server
	http://us-vo.org/summer-school/2005/proceedings/presentations/sky_nodes.html  
A Database Server with an ADQL based SOAP interface returning VOTable based results. The VOQL group of IVOA is developing ADQL and Skynode specifications.

	OpenSkyQuery Portal
	http://openskyquery.net/Sky/skysite  is a portal allowing access to multiple Skynodes

	
	

	Capability/Service
	Description

	Clarens Grid System
	Coordination of compute and data services includes MySpace, workflow, batch job submission and access to data. An Architecture for Scaling NVO Services to TeraGrid describes the role of Clarens and compares it to GT4.

	Registry
	http://us-vo.org/summer-school/2005/proceedings/presentations/dataservice.html
http://nvo.stsci.edu/voregistry/index.aspx is a registry of Skynodes. It does not appear to be based on UDDI

	Data Access
VOStore
	This abstracts the raw data access and the dividing line between it and VOSpace is still being debated. It does not cover meta-data (that’s in VOSpace) and some discussion suggests it could be replaced by generic specifications like GridFTP or a simple application (file access only initially) of OGSA-DAI. Recently VOStore has been merged into VOSpace

	Data Management

VOSpace
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This manages metadata and data-collections and sits between user (portal) and VOStore as in figure to right. Operationally VOSpace can function in near term as a SRB-NGAS-… interoperability layer.



	Workflow

JES/CEC/CEA
	JES (Job Execution System) is Astrogrid workflow engine that manages control flow and runs steps in a controlled asynchronous fashion. CEC (Common Execution Controller) manages step execution and data flow with

CEA (Common Execution Architecture. This approach is AstroGrid (UK) Workflow Engine described in  http://www.ivoa.net/Documents/Notes/AstrogridWorkflow/AstrogridWorkflow-20060227.pdf. It supports MySpace -- the forerunner of VOSpace. Interestingly this document references no other Grid Workflow activities – not even Taverna and Triana in UK where latter used in Astronomy (Ligo)
http://us-vo.org/summer-school/2005/proceedings/presentations/VOData.ppt  gives a broader discussion and the use of Pegasus as a workflow engine is described in  http://www.isi.edu/~deelman/Pegasus/galmorph_sc03.pdf 

	VOEvent
	http://us-vo.org/summer-school/2005/proceedings/presentations/VOEvent_projects.ppt  

A publish-subscribe based event architecture for astronomical event notification.

	
	

	Protocols
	

	FITS Flexible Image Transport System
	FITS is the traditional standard used for the transport, analysis, and archival storage of scientific data sets in the astronomy community. It supports Multi-dimensional arrays: 1D spectra, 2D images, 3D+ data cubes; Tables containing rows and columns of information  and Header keywords providing descriptive information about the data 

	VOTable
	http://us-vo.org/summer-school/2005/proceedings/presentations/votables.html is an XML specification of a table result. The cell entries are typically URI’s with a server component resolved in a VO Registry and a server specific ID resolved by the server. Note VOTable cells cannot themselves by new XML objects as this was considered to make parsing very hard. Rather one sets the UCD (Unified Content Descriptor) to  ucd="meta.link.url", or ucd="meta.link.ivoa", or ucd="meta.text.xml" to specify that Cell contents are respectively a URL, a URI interpretable by a VO Registry or a chunk of XML.

	ADQL
	This is an enhancement of SQL for astronomy adding capabilities for fuzzy join and to select regions of the sky – this is analogous to spatial extensions of SQL used in GIS. This is intended to replace an older Cone Search capability

	SIA Simple Image Access
	This forms the data model with SSA for the IVOA.  SIA data model is the familiar "astronomical image" which generally means a 2D sky projection with a data array that is logically a regular grid of pixels encoded as a FITS image, GIF/JPEG, etc.

The SIA includes standardized dataset metadata such as provenance, Image geometry, Scale, Format, Position, Time of observation, Spectral bandpass and Access information

	SSA
	This forms the data model with SIA for the IVOA.  A simple query POS, SIZE, FORMAT - like cone search or SIA possibly refined by spectral or time bandpass, etc. Most metadata in the query response is optional. On Data retrieval, the simple retrieval is URL-based returning a dataset "document" (VOTable, FITS, JPEG, etc.). In simplest case data could be wavelength, flux as text (for spectrum).

	UCD
	http://us-vo.org/summer-school/2005/proceedings/presentations/UCD.ppt
Unified Content Descriptor to define astronomical type meta-data.

Created at CDS Strasbourg

(the first VO prototype)

Harvested 

From 5000 tables, 20000 table columns

To create ~450 UCD words

Example

pos.eq.ra means right ascension

	Resource Metadata for IVOA

VOResource
	Resource Metadata for the Virtual Observatory Version 1.01 IVOA Recommendation 2004 April 26 describes in broad terms how various different metadata sources (Dublin Core, FITS, UCD etc.) should be integrated.

A VOResource  http://www.ivoa.net/twiki/bin/view/IVOA/VOResourceV010  is described by such metadata
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