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ABSTRACT:

The Astrogrid registry stores metadata for every resource available to the Astrogrid virtual observatory.  A resource can be defined as a data archive, a data storage area, data modelling and astronomical algorithms, communities, and other registries to name but a few.  Each registry entry describes a resource in terms of  identity, curation, content, and service access metadata.   An Astrogrid user or component can conduct nested searches on the registry using XQuery, an implementation of the XML query language.  The registry is an XML file accessed through Java web services deployed with Axis SOAP; this implementation strives to retain platform independence, product agnosticism, and small installation size.  Astrogrid is developing its registry schema in cooperation with the IVOA registry workgroup in order to maintain compatibility with other virtual observatories.  
I.  Overview
The Astrogrid registry stores metadata about Astrogrid data archives, data transformation services, and storage services that meet the requirements of an astronomer's query.  The registry can be accessed by sending an XML query to the registry web service.  The registry web service converts an XML query into an XQL query that is applied to the registry XML file.  The registry XML file contains metadata for each data archive, transformation service, and archive service registered with Astrogrid; registry service entries that satisfy the user's query are returned by the web service as an XML formatted query response to the user.
Registry service entries are broken down into four subsets: identity, curation, content, and  service accessibility metadata (referred to in schemas as serviceMetadataConcepts).  Identity metadata includes the resource's title, a short name, and its identifying URI, and all of these fields are mandatory for each resource entry.  Curation metadata includes metadata about the service itself, such as creator, publisher, location, and mirrors.  The presence of all curation fields is mandatory in a registry service entry, but the fields may have a null, blank, or "not applicable" value.  Metadata about the data, methods, or storage facilities described by the service is contained in content metadata.  Like curation and service accessibility metadata, content metadata fields must be present in a service entry but may have a null value.  The service accessibility metadata, ServiceMetadataConcepts, includes information about service access, standards, and locations. 

The registry may be queried on any element in a service entry that has a text child element. Multiple searches can be nested with boolean operators, and individual search selections can look for exact matches, inequalities, and all instances of a specific metadata element. A user may choose to view all metadata associated with a matching registry service entry, or the query can specify which metadata is to be returned.  Identity metadata is always returned in a query response, but it can returned alone or accompanied by curation, content, serviceMetadataConcept, or all metadata subsets.
II. Metadata
The Astrogrid registry itself is stored in an XML file.  The contents of this registry file are governed by seven schemas.  The top level schema is registry_v1_0.xsd; it describes the overall structure of a resource entry. The next four schemas - identity.xsd, curation.xsd, concept.xsd, and serviceMetadataConcept.xsd -  determine the hierarchy of  the resource's identity, curation, content, and service accessibility metadata.  Finally, two further schemas define the keywords and definitions used in other Astrogrid registry schemas.   
The seven registry service entry schemas are based closely on the IVOA's initial report on resource registry metadata, in particular Dr. Robert Hanisch's resource metadata document, "Resource and Service Metadata for the Virtual Observatory: Version 7." [1] Three of the metadata subsets - identity, curation, and serviceMetadataConcept - are generic to all types of service.  Content metadata can generically describe data services, communities, and mySpace resources. Most Astrogrid resources are described using dataset content; these schema elements describe UCDs, resolution, data quality, observation facilities and instruments, data rights, and finally spatial, spectral, and temporal coverage.  Community and mySpace content metadata pertains to storage, access, and status information for Astrogrid communities.
A final two schemas are used to describe the format of a registry query and a registry query response.     
Registry service entries are currently available for four data archives: 1XMM, WFCSUR, SURF, and USNO-B.  Metadata for these registry service entries has been gathered by hand, mainly through the efforts of Anita Richards, Elizabeth Auden, and the Astrogrid Data Centre workgroup.  Anita Richards has developed an XML template that can be filled out by a dataset owner and returned to the Astrogrid Registry workgroup.  She has also developed a perl client to automatically read the populated template into the registry with correct element hierarchy and units.  Future work in this area will include automatic metadata harvesters.
III. Registry Operation
The registry has three classes: RegistryInterface3_0, QueryParser3_0, and Registry3_0.  Together, these classes operate as a web service interface to the Astrogrid XML registry that can be accessed through a web portal or a web service call from other Astrogrid components.  
RegistryInterface3_0 is a web service deployed using Axis SOAP.  The web service takes an XML string formatted to the registry query schema as input and passes the string to QueryParser3_0.  When the query is complete, QueryParser3_0 returns an XML string formatted to the registry query response schema to RegistryInterface3_0, and the web service returns this string to the user.

QueryParser3_0 receives the XML query string from RegistryInterface3_0 and then consults a parameter file determine whether the registry source is an xml file or a database (a database registry is not implemented). If the registry source is an xml file, QueryParser3_0 converts the XML query into an XQL query.  The GMD-IPSI XQL implementation of XQuery is used to process queries of the registry XML document.

Query Parser3_0 next extracts the metadata subsets that the query should return: identity, identity and curation, identity and content, identity and serviceMetadataConcept, or all metadata. The XQL query is sent to Registry3_0, and the registry's query response is returned as an XML string, formatted to the registry schema.  If the query has not specified "all" as the metadata to be returned, QueryParser3_0 will extract the relevant metadata from the response.  Next, the XML query response is reformatted into an XML string formatted according to the registry query response schema.  All error messages are formatted as query response record key pairs. The query response XML string is then returned to RegistryInterface3_0. 
Registry3_0 receives a string formatted as an XQL query.  This class first consults a parameters file to ascertain the location of the registry XML file. The XQL query is then applied to the registry XML file, and matching registry service entries are returned to QueryParser3_0 as an XML string formatted to the registry schema. All error messages are formatted as service entries.
The final XML formatted query string can be returned to an Astrogrid component for further processing, or it can be reformatted as HTML and displayed on a web portal.

IV. Astrogrid Resources
The IVOA defines a resource as any virtual observatory element that can be described in terms of a name, a unique identifier, and curation / maintenance metadata.  The current list of Astrogrid resource types includes archive, bibliography, catalogue, journal, library, simulation, survey, education, outreach, epoResource, animation, artwork, background, basicData, historical, photographic, press, organisation, project, integrated, nameresolver, community, and mySpace.  All of these resource types can have identical elements for identity, curation, and service accessibility metadata, but content metadata can vary by type.  Most astronomical resources fall into the generic category of "dataset content"; this includes the four data archives and catalogues in the Astrogrid registry: 1XMM, USNO-B, WFCSUR, and SURF.  
V. Current State of Development
The Astrogrid registry now has entries for four data archives: 1XMM, The First XMM-Newton Serendipitous Source Catalogue; USNO-B, The USNO-B Catalog; WFCSUR, Isaac Newton Telescope Wide Field Survey; and SURF, the Solar UK Research Facility.  In addition, there are two mock entries for community and mySpace resources located at MSSL.  The registry can be searched for these resource entries using any identity, curation, content, or service accessibility metadata element.  Portals for registry searches are hosted on websites on RAL and MSSL servers.  Results from registry queries can be sent to other Astrogrid components, such as the job controller and workflow manager, to return datasets to a user.  The registry may also be queried by users or components looking for community and mySpace information.  

A registry administration service is currently under development to provide authorized users a facility to add, edit, and delete registry resource entries through a GUI, rather than attempting manual updates on the registry XML file.  
Finally, the Astrogrid registry group continues to work with the IVOA registry group on stabilising the metadata contained in a registry schema that is interoperable with other virtual observatories.  As members of both groups exchange metadata ideas through the IVOA registry maillist, these changes are incorporated into periodic releases of the Resource and Service Metadata Document.  Metadata changes described in the document can then be implemented in the Astrogrid schema and registry.
VI. Future Developments

The next major development in the Astrogrid registry will be the design and implementation of automatic metadata harvesters.  These harvesters will collect new and updated metadata from data providers and store it in the registry.  The registry may never be perfectly in sync with all Astrogrid resources as services may go up or down at any time, but the automatic metadata updates will keep the registry as current as possible while reducing the need for constant human interaction.
Implementing metadata harvesters assumes that there will be resource metadata to harvest, so much of the development effort will go towards working with data providers to determine the best protocol to use in conjunction with a push / pull metadata web service. 
Other future registry developments will concentrate on adding more resource entries to the registry as more data archives, data transformation and modelling services, grid storage areas, and communities become available to Astrogrid.  In keeping with the grid philosophy, the registry must not be a single point of failure for Astrogrid; redundant copies of the registry that list each other as resources must be implemented to ensure that Astrogrid searches, jobs, and processes will be affected as little as possible if one registry instance ceases to operate. 
VII. Conclusion
The Astrogrid registry allows both scientific users and other grid software components to locate resources available to virtual observatories.   The registry has been implemented with Java web services, deployed with Axis SOAP, that access an XML backend; this software design allows the registry to be platform independent and retain a relatively small installation footprint.  
Users can conduct complex searches on exact matches, inequalities, and boolean operators on elements stored in the registry.  In addition to searching for resource entries, authorized users will be able to add, edit, or delete their own resource entries through a registry administration web service.  This work will lead to the future design and implementation of automatic metadata harvesters.
Astrogrid is working closely with the IVOA  to ensure that registry standards, implementations, and schemas will be compatible with other virtual observatories. The astronomical community will benefit from resources that are easily located and accessed between research institutions, countries, and even continents.  The best implementation of an Astrogrid registry will smoothly transition between  searches of itself and searches of other virtual observatory registries, with the final result that users get the data they need.
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