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VxOware: Software for Building a Virtual Observatory Data Space
R.S. Weigel, M. Zhizhin, D. Mishin, D. Kokovin, E. Kihn, and J. Faden

Abstract

The recent Heliophysics Virtual Observatory (VxO) effort involves the development of separate observatories with a low overlap in physical domain or area of scientific specialization and a high degree of overlap in their software needs.  VxOware is a content and data management system and is intended for use by a VxO or an entity that manages scientific data.  In analogy to the VxO concept, in which data and services are united, VxOware unites software and tools for building an instance of a VxO in the Virtual Observatory network.  VxOware has features such as system and user administration, interactive visualization tools, user-editable content, version tracking, and an integrated OPeNDAP server for data delivery.  Besides virtual observatories, the intended user-base of VxOware includes a group or an instrument team that has developed a directory structure of data files and would like to make this data, and its associated metadata, available in the virtual observatory network.
1 Introduction
1.1 Motivation and overview
There are many software components that must be pieced together to form the infrastructure of a virtual observatory.  To date, there has not been an effort to synthesize these tools and applications into a coherent application that is general enough for use by a group that seeks to develop a Virtual Observatory (VxO) or Data Space.  The goal of a virtual observatory is to improve and simplify access to data used for scientific research.  

In this paper, we will use “Virtual Observatory” to mean a specialized web portal that unites, simplifies, or improves access to the data (“observations”) required for research in community "x".  We will use the term “Data Space” to refer to a more generic data portal, which is not necessarily used for scientific research.  Note that in the astronomy community the term “VO” is used instead of “VxO”, which is used in the heliophysics community.
The main components of VxOware are shown in Figure 1. 
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Figure 1.  Overview of VxOware components.  Section 2 covers the available user features of VxOware, which include the Web Portal and Workflow Management software. Section 3 covers (a) the store plugin, which is a programming interface for unified access to a data storage unit,  (b) the resource plugin, which is an embeddable programming interface between a data source and the VxO,  (c) the User DB, which is a database containing user account information, (d) XML storage, which contains information such as meta-records, top-level observatory configuration, and user profiles, (e) object storage, which is used for the storage of data objects obtained from external data sources and user-contributed objects (such as scientific papers or presentation documents), and (f) the data resource, which represents a remote data source.  Section 4 covers the Outer Search, which is a REST web service that allows other applications to access or query the VxO’s holdings by searching its catalog and accessing its metadata and data.
1.2 VxO Sections
The basic grouping of objects (metadata records) in the VxO is based on their section.  A VxO using VxOware may contain any number of sections, each of them having different types of metadata records.  For example, one section may contain metadata records that follow the RSS document model.  In this case, the section may have a XSLT file that is associated with the section along with an editor page.  Figure 2a shows a screenshot of a VxO in which a previously stored RSS metadata record that has been rendered in HTML using a XSLT file that is associated with that section.  Figure 2b shows the rendering of the same metadata record in an editor that has been configured to allow for the editing RSS metadata.  The configuration of sections by metadata format allows for the straightforward display of records, context search using the native metadata fields, and the exchange of records within the VxO network.
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Figure 2: (a) Screenshot showing an XML metadata record in a section named “News”.  The XML record was transformed by a XSLT file that is associated with this section.  (b) Screenshot showing the XML metadata rendered in an editor that is associated with the “News” section.
A section may be configured to contain many different metadata object types such as simple records (e.g., RSS records for a news section), library catalogs (e.g., World Data Center holdings), metadata describing different sources (e.g., files, databases, web-services) and providers (e.g., stations, observatories, satellites), and metadata in a domain-specific document model (e.g., SPASE or FGDC).   The predefined VxOware sections include News, which is used for notifications and automatically generated messages and is also the source of the the VxOware RSS feed, Blogs, which contains records for user journals, Message boards, which contains discussions between the users, and Documentation, which has an editor that accepts wiki-formatted text.

VxOware sections have the following features:
· Import and export of metadata records via a web service  
· External search via a web service

· Connection to an external indexing database to speed up full-text search
1.3 Workflow
There are three groups of VxOware users which are defined by their privileges: 

1. Anonymous users may search, browse, and download data;

2. Registered users have the ability to modify user-specific preferences and modify certain VxO sections; and

3. Administrators have full access to VxO data management and configuration. 

A VxO workflow for an anonymous user could consist of the following steps:

· Log in using a conventional web-browser;

· Browse through records in a section of interest (for example, 
“Get Data”); and

· Perform a metadata search.

A VxO workflow for a registered user could consist of the following steps:

· Browse through the records that have been added since their last login;

· Contribute to the discussions on existing or new records, or create a new discussion topic;

· Load their own information (e.g., links to information resources) in a public metadata section; and

· Modify or update metadata.

A VxO workflow for an administrator could consist of the following steps:
· Accept or decline the addition of items that require moderation

· View any comments left by anonymous users about problems with resources or questions about resources

Several basic components are required to support these workflows: a user authentication system, user profiles, an object storage system, and interaction services.  These components are discussed in section 2 of this paper.

1.4 Building a VxO Community

An important part of the mission of a VxO is to provide an environment for efficient discovery and communication, to foster a sense of community spirit, and to promote best practices related to the open sharing of data. VxOware has a number of features for more convenient communication and data exchange between the users.
· VxOware users may exchange personal messages by an “internal e-mail” (i-mail) service. Each user has a personal mailbox and can send i-mail to any other user.   The user also has the ability to have their i-email forwarded to an external email address.
· Each user can have a personal page (blog) for recording notes on, for example, such topics as data usage or general items of interest throughout the VxO. A user also has the ability to make their blog visible for other users, which makes it possible to post reports on work progress or resource development.  A blog may also serve as a personal notebook for recording user-specific notes.  A user can create a blog that allows comments to be added by other users, thus creating an additional communication channel.  

· The observatory has a discussion system whereby each object has a thread that is bound to the main object. This allows the object contributor to get directed feedback on contributed data, software, or services. 

· When adding a new object, the author may receive feedback from other users about, for example, notifications about broken links or data quality reports. News items are also available via the same system. The object’s author and all users who have added any object to their “basket” will receive i-mail notifications when new posts appear in the corresponding discussion.  This allows users to automatically track revisions of key data sets, for example.
· VxOware tracks and reports on the same page of the object the number of users that have access the object.  This serves to allow object providers to easily determine usage frequency of contributed objects. 
2 User Features
2.1 User authentication

VxOware uses a special database for user authentication, shown as “User DB” in Figure 1.  The user profile and user space are linked with the authentication system only by the user’s identifier ??? Needs clarification. 
2.2 User space and user profile

The user profile is stored as a structured metadata record and describes the user’s preferences and personal information.  The user space builds on the profile and contains a record of the users VxO contributions such as contributed objects,  comments in the discussion section of an object, and personal objects including i-mail, bookmarks, and blog entries.   When a user logs in, his profile settings along with the administrative VxO configuration restrictions (??? Need to describe these) are used to create his personal space in the VxO.
When a new user account is created, the user gets a personal profile. The user profile includes:

· personal information (e.g., name, scientific interests, picture);

· settings and preferences including:

· interface appearance (e.g., color scheme and font size)

· a section-updates filter that allows the user to choose sections of interest; each time these sections are updated the user will receive notification 

· a discussion-updates filter that allows the user to receive update notifications for bookmarked discussion topics or topics that the user created;

The record of the user’s contributions and use of services after the user account is created form the user space.  The user services that are available to a registered user include:
· an internal messaging service (i-mail);

· an internet journal (blog);

· the ability to add objects to certain sections;

· the ability to add comments in the discussion section of an object;

· a notification (update monitoring) service (described in Section 2.6);

· a list of VxO records (??? Objects?) that have been contributed or modified by the user.
· user-created records. (??? Please clarify the difference between a record and an object.)  Records are managed by the users who created them. The author has access to previous versions of the record and can allow others to edit his records by adding them to the list of co-authors. The authors receive a notification when the discussion topic related to the record is updated. All other users may only view the record but not modify it.

· a bookmark list.  Bookmarks allow for the creation of a permalink to any observatory object.  The user receives a notification when new messages appear in the discussion element of the bookmarked record;
· a data basket list.  The data basket list contains query results (actual data objects) and the queries used to create the data objects (query objects).  The user receives an i-mail notification when an object associated with a query that has been stored in their data basket is modified or commented on (see Section 3.3 for a description of the data basket); and
2.3 Search

(Discuss with Misha) There are three kinds of searches available in VxOware: context, attribute, and external.  In a context search, the query is done with respect to the properties of each type of record.  The properties (for example, usage and view statistics) of a record may be searched on in an attribute search. The user may also search among objects belonging to a certain discussion topic or a certain user. Administrators may expose sections of the VxO to web crawlers to allow for external searches by traditional search engines.
2.4 Populating the VxO with content
Filling a VxO with information can be done in several ways:

· Interactively, whereby users add objects.

· Dynamically, by updating meta-records.  This approach is used for periodic updates and synchronization with a metadata source.

· Automatically, by creating new meta-records and adding them to the appropriate section, which results in the number of objects in a section to be constantly increasing.

2.5 Visualization

VxOware uses an approach similar to DODS that allows for a granule or the output of a search to be viewed with a list of viewers by selecting a link.  At present, Autoplot [http://autoplot.org], a time series browser, is integrated in the code base.  The association is made in the ordering extension described in section 4.1.
2.6 Update monitoring
There are three methods by which a user may track or monitor updates or changes to the VxO.  First, they may define personal settings that filter all incoming metadata.  Each time the user logs into the system, they may browse list of all current metadata updates in the sections specified in his personal settings.  Second, a user may track individual items by bookmarking them.  When a bookmarked item has been modified or deleted, the user will receive an email.  Finally, the main navigation bar shown in the upper left panel of Figure 2 has a column that shows the number of items that have been added to each section since the users last logged in.  [??? When I click on the number, do I see a list of the new items?]   
2.7 Administration and moderation

There is a special group of VxO users called “administrators” that are responsible for the maintenance of the observatory.  Administrators may delete data, change global and user-level settings, and edit all VxO objects without restriction. Unauthorized VxO users (“guests”) may only search and download objects from the observatory.

2.8 User-editable content and wiki features

One of the most unique features of VxOware is the version control of user-contributed presentations and reports, and the ability for users to generate version-controlled documentation and notes using a wiki in a manner similar to MediaWiki [http://mediawiki.org], the software that is used by Wikipedia [http://wikipedia.org].  Many users that edit and update documentation and notes do not need the complexity of the version control systems that are used in large-scale software development environments, including CVS, SVN, and GIT.  Many of the wiki features are similar to those available in MediaWiki, and it is expected that the familiarity of this will simplify the contribution process for new users.  Users also have the ability to comment on a document or make direct edits to it.  The creator of the document is, by default, set up to receive notifications whenever a comment or edit is made.  Wiki features will be available on high-level SPASE metadata records (SPASE is described in Section X).  An example of a high-level SPASE record that will be editable is one that describes the SPASE resource types of a Repository (a storage point for resources).   Although SPASE records describing data granules will be editable and comments may be made on the record, a system administrator will need to read the comment to determine which files will be affected and apply the fix to the appropriate files.  At the data granule level, a small change in one SPASE record will likely affect many other records, so manual intervention will be needed.

These wiki features are intended to be an improvement over the current state of data servers’ communication with users.  (An exception is the Information System and Data Center for geoscientific data (ISDC) [http://isdc.gfz-potsdam.de], which has implemented feature similar to the example that follows.)  As an example, consider the situation in which a user discovers a problem with a data file.  The current approach is for the user to email a contact person who is then expected to make a fix at some point.  With VxOware, a user will be able comment on a data file, and this comment will be viewable by other users.  With this system, users who experience the same problem before the problem is fixed will not be forced to write the same email.  In addition, suppose the original user’s problem was not due to a faulty data file, but rather a bug in their file reader.  With an exchange between the data provider contact and the data user that is viewable from a convenient location any other user that experiences the same problem will not need to search the FAQ and/or email the contact person with the same question.   The improvement that this system provides is

· The expert knowledge exchanged between the user and manager is on public record, and not inaccessible to others because it is in a location where a user will most likely find it, and in the personal email archives of a few people

· Because the discussion is available at a point where other users are most likely find it, and additional searches are not necessary

· Data providers are more likely to fix a problem that is publicly documented

· Based on other exchanges, a user will have a good idea of what to expect in terms of responsiveness from the data center 

.

Another unique feature of the VxOware is the Software section, which allows users to upload packages or source code for analysis programs.  Users of a software package have the option of being notified when a new version of the software is available.  This feature is intended to be an alternative to the typical approach used by researchers in which the user must re-visit a page to see if the software has been updated.  This feature is not intended to be a replacement for the model where a user subscribes to a project’s email notification list, but is rather intended to be a simplified model of this option.  It is our experience that there many scientists are not interested in managing their software packages with a full-featured source code management system, but rather only see a simple process of communicating changes to their software to interested parties.

3 Storage
The storage catalogue used by VxOware is most easily understood by comparing it with conventional Internet catalogues. Similar to internet catalogues, VxOware aims to build a convenient collection of links to Internet resources. Unique to VxOware is that it stores records about data sources and information resources belonging to distinct application domains (for example, the Earth’s radiation belts). Unlike Internet catalogues, where a record is just a link, VxOware offers tools for different kinds of scientific research.

There are a number of typical requirements for metadata collections including searching by keywords, hierarchical structure (sections, subsections, etc.), and unified access to records.
Catalogues of scientific resources (scientific metadata) contain records in appropriate metadata formats (FGDC, SPASE, ECHO, etc.). These catalogues make higher demands on data relevance because outdated descriptions of information resources may seriously decrease the value and relevance of research based on these descriptions. The important attributes of scientific metadata formats are: information about the responsible person including contacts, accompanying documentation, keywords, etc. This information enhances the abilities of advanced search, increases the quality of working with resources and allows for feedback with data providers. 
3.1 VxOware Storage Objects

VxOware stores metadata records that describe different information resources. Metadata records have the following basic properties:

· a unique identifier

· a name and a short description

· are associated with a certain section, XML schema, and HTML view

· are stored in a a native XML database
· are available for searching and viewing

· have an activity counter (number of reads, edits, and bookmarks)

· may be bookmarked
· may be modified by a user with the appropriate rights
· have a change history

· may be tagged for a “weak” link with other objects. (Weak linking allows to logical connections between different objects that relying on certain criteria, for example, all documentation can be tagged as “documentation”.)
· may have a “strong” link with other related records. (All objects in a top-level obersvatory section are strong-linked, for example the “Get Data” section.)
· may be opened for discussion and voting (rating among all records)

Object properties can also be used for grouping search results (for example, sorting by a certain property in ascending or descending order).

3.2 Ordering Extensions – From metadata to data

Existing scientific data formats (e.g., FGDC, SPASE, ECHO) do not provide instructions or information that facilitates the fulfillment of a request for combinations of data.  At the same time data services providing similar instructions may deliver metadata in different formats, which may be inconvenient for cataloguing sources.

VxOware describes data requests combinations with what we will call Ordering Extensions (OE) [Reference or Link]. The OE record may be used as a basis for creating a user request form to a data service. The result of the order is a data object, which is stored in the VxOware user space and may be accessed for further processing. 

OE allows for the registration of data resources and the fulfillment of user requests for data processing and visualization. VxOware users approach to data through metadata. At the same time, the description of the data sources in a uniform format facilitates aggregation of data, coming from different sources (data fusion), and metadata independent sources search (data discovery). For example, OE allows for the description of a request to a web map service (WMS), OGSA-DAI grid service or to OPeNDAP web service.

OE allows for data access restriction; parameter lists and values may be restricted to include elements that are relevant to the given subject domain. Some OE arguments may be made "hidden", thus establishing the filter on the data obtained through VxOware (for example, to limit the list of possible formats of returned data to one for which the VxO has visualization tools).

3.3 Data Objects

When a user makes a request for data using a form generated by an OE record, the request is registered in VxOware as an “request object”.  The basic property of this type of meta-record is that it contains information about the initial data request and a permalink to the persistent data object.  The “request object” meta-record is located in the requesting user’s data basket section.  
Application structure allows for the registration and use of different methods of object processing including service requests, data processing, and visualization.  A data object can be renewed, delivered to special section of VO for public access, visualized with special tools or can be reprocessed for additional needs. There is also a possibility to attach means of aggregation, comparison, data overlaying and others. 
4 Services

VxOware includes software modules for implementing both fundamental and additional capabilities of a virtual observatory including data storage and retrieval, data services, metadata services, an API for these services, a user interface, and tools for community building.  
The VxOware user application and metadata storage implement different functions regarding to other applications. Right now, there are several realizations of VO based on VxOware and implemented as single applications.

Basic types of VO interaction with other applications:

· Support of a meta-information about sources of data, at a level of the common catalogue (WDC Solid Earth)

· Usage of data services for data ordering via web-interface (ViRBO services section)

· Interaction with resources by half automatic metadata gathering  

· Data load interface for sources from the user side (THREDDS)

· Usage of the external applications for object storages (THREDDS)

· Metadata storage for data sources (ESSE, CLASS, SPIDR)

· Support of the user community of a foreign resource (SPIDR)

The availability of an external search interface gives additional opportunities for interaction with a VxO built on VxOware. This allows for the creation of different qualifiers or expert systems. As an example “Knowledge base for chemical substances” can be shown. This knowledge base can identity chemical substance by symptoms of influence on human and external physical attributes. As the result of the search system returns metarecords blocks, intended for different special services (fire department, medics, etc).
4.1 Search tools

Search tools are an integral part of VxOware.  There are three kinds of searches for data stored in a VxO built on VxOware: attribute searches, context searches, and external searches.

1. An attribute search is used for full-text search in all VO sections based on their properties (for example, usage and view statistics). Thus time and space binding (which is possible) allows to search for VO objects with specific geographic coordinates and time properties. You can also search among objects belonging to a certain discussion topic or a certain user. 
2. A context search is done taking into consideration the properties of each type of record and is aimed at the contents of the record. The search space can be limited with one or more meta-record elements. For example, in the section, which contains FGDC data, you can search for records containing certain values among keywords.
3. An external search may be made on VxO sections that are available using a framework of web-services. Thus, a p2p VxO federation may be created which allows for the interaction and data exchange across different application domains.  To make a section available for external search, an administrator must specify a list of sections that are web-service accessible along with a list of metadata fields that are available for searching and displaying.

The external search web-service is available via REST protocol. The web-service returns a configuration-based self-description of VxO (information about the available capabilities) with a list of sections open for search. On requesting the information for a certain section, the web service returns a list of meta-record elements (and possibly a set of valid values), with values that may be used to find objects in this section. With this self-description, a context search query can be created which results in a list of objects. An important feature of the external search web-service is its dynamic result format. You may choose which of the available meta-record fields you need to see in the query result. These properties of the web-service make it suitable for case-based reasoning applications. 

4.2 Metadata Services
One service worthy of special attention is the metadata or data discovery service which VxOware supports at two levels: catalogue and granule. Catalogue metadata provides general descriptions of data while the granule metadata describes more specific details such as spatial and temporal coverage. SPIDR currently uses the Federal Geographic Data Committee (FGDC) standard for catalogue metadata.  This service allows searches on any FGDC field such as abstract, author, and dataset name. However, catalogue level metadata are not required to be in FGDC format. We will provide tools that map multiple metadata formats to the FGDC standard. This gives a data provider flexibility in their choice of metadata and still provides a robust search capability for the end user. Metadata is stored in a native XML database as granules and not as stand-alone records. This allows us to construct any type of metadata record needed by combining different granules. This is crucial as machine-to-machine communication becomes more prevalent among virtual observatories that might rely on different types of metadata.  

For granule-level or detailed metadata, VxOware may also be configured to use the Space Physics Archive Search and Extract (SPASE) data model as the standard for describing space physics data holdings. VxOware currently supports SPASE version 1.3. We map the granule metadata of the data provider to SPASE metadata on-the-fly as one of our data services.  VxOware provides a service whereby an archive of known format can choose to have its SPASE-based metadata records generated automatically by the system.  We anticipate that this service alone will substantially increase the number of participating data providers.  

Our VxO implementation is unique in that it provides metadata searching not only for data and data services, but also for all information content in the VxO. News items, software packages, presentations, publications, reports, and wiki pages all have metadata stored in a native XML database (eXist http://exist-db.org). This allows context-based searching for not only data sets but also for key elements which support the use of that data (i.e. documentation and software). This feature will strengthen the user community because it allows users to contribute not only their data but also tools they develop, documentation regarding data and tools, and any other useful information. 

4.3 Data Services
The most basic operation for a VxO is data retrieval and storage.  The fundamental storage containers for many data centers is a directory tree with subdirectories of year, and the granule is a file of data from one day in a scientific data format such as FITS, netCDF, HDF, or CDF.   (This is in contrast to the storage method used by many commercial firms in which the storage container is a database, and the granule is a table in the data base.)  For the case of the directory tree, data will be served by Hyrax [http://docs.opendap.org/index.php/Hyrax], which implements the Data Access Protocol (DAP) [http://www.opendap.org/pdf/ESE-RFC-004v0.08.pdf] protocol.  The default VxOware installation contains instructions of accessing a remote directory tree using a local installation of Hyrax.  For the database case, VxOware we follow the SPIDR design [link], we propose to use a networked API for accessing remote data stores.  This will allow data providers to store data in the format that is most convenient for them. As shown in Figure 2, the API consists of various web services that act as mediators that interface with the provider’s archives. The web services are wrappers that allow 
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Figure 2 Data provider and API schematic.  For the HTTP and FTP cases, the mediation will be performed by Hyrax.  For the SOAP case, the mediation is handled by ….  For the SQL/JDBC case, the mediation is handled by …
programs to act across the internet while performing certain functions. These wrappers translate data from the providers’ archive format to a common data model used by 
the VxO.  Web services will allow security limitations imposed by firewalls to be bypassed. The Virtual Data Mediator Service allows data from a variety of different sources and formats to be aggregated together into what appears to the user as a single database that can be queried, retrieved, and acted upon easily by any number of tools. 
Keeping data storage and retrieval simple and flexible is essential to ensure participation from data providers.  Our “generic” VxOware data storage and retrieval web services that will be required by the providers use only three functions: 

1. getList – lists all available data resources;

2. getMetadata – retrieves metadata in XML format describing spatial and temporal coverage and parameters stored in the database; and 

3. getData – selects parameters from the database for requested time ranges, coordinates, stations, and other constraints and serialize the data access object or exports it in the self-describing scientific data format.
The getData function is one of the most important web services and is depicted schematically in Figure 3. It selects a subset of variables from the database following constraints of the data request, re-formats it into the VxO’s data model, and then sends the file link back to the client. 
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Figure 3 The getData method of the VxOware data resource.

Data services within a VxO are network-accessible functions from multiple providers that act on data models. Examples of these services include:

· temporal and spatial interpolation and averaging;

· calculation of “virtual parameters” on the fly from the data , e.g. magnetic field magnitude given the X,Y, and Z–components;

· data mining, including event searches using a fuzzy-logic based query language, e.g. finding magnetic storms with “Low Dst and High Kp” values; and

· server-side data visualization, including basic time-series plots, 2D and 3D surface and volume visualizations, and animated viewing of satellite and astronomical images.

The VxOware data services can be linked to perform multiple processes. For example, data can be extracted, transformed to new coordinates, and combined with the output from a simulation model output to create the final user-requested product. The combination of services is limited only by what is registered and accessible through the VxO. Services will have their own metadata so that they can be searched and accessed. This will allow users to perform distributed and parallel data processing by sending pieces of data to different sights where they are acted upon by requested services. Linking data services will be simplified by first transforming archived data to a limited number of data models that can be easily manipulated. Using limited data models has proven invaluable in the SPIDR framework for quickly implementing new functionality. For example, a new service that interpolates data is not limited to acting on only a single dataset. It can be applied to all data after it is transformed into the same time series data model. 

Image:

5 Code base
The code base of VxOware is primarily Java, and the following software is included as a part of the VxOware distribution:
· Metadata Database: eXist.

· Wiki: BBCode

· Server: Tomcat

· Data Server: Hyrax

· CSS and HTML Templates: ?

· Data Visualization: DAS2

· Password and Account management

6 Applications

There are a number of applications that use VxOware for a wide variety of virtual observatory activities.  
6.1 Catalogue of WDC holdings on Solid Earth Physics
This application contains records from the World Data Center (WDC) for Solid Earth Physics.  This WDC stores a seismic catalog archive, solid Earth measurements, maps, and bulletins from different national and international scientific organizations.  The records are organized as catalogues that contain registration cards with descriptions of the holdings. 

The main section of this application is a catalogue with descriptions of the stored items. The catalog tree subdivides materials by scientific discipline (seismology, gravimetric), type of issues (map, bulletin), and data characteristic (events, measurements).     

After previewing data, the user may order selected data by using the support service that is associated with the data. Registration cards for archived publications are accessible without registration.

The metadata records consist of a registration card of publication. The registration card format is similar to that for library archives.  The registration card contains the following elements: year of publication, publisher, country of publication, data covering (global or regional), data type, issue information and availability (for periodic editions and bulletins), information about location of the publications, etc.    
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6.2 Virtual Radiation Belt Observatory (ViRBO)
The Virtual Radiation Belt Observatory [http://virbo.org] is an instance of one of the 5 VxOs supported by a recent NASA program [REF].  The general goal of the ViRBO project is to integrate information about radiation belt research and data resources.
Because of the size and nature of the radiation belt community, ViRBO uses a number of the community development aspects of VxOware.  The primary sections used by ViRBO are Data, Metadata, Documents, Software, News, and Wiki.  The default user configuration allows any registered user to upload documents (such as presentations, papers, and movies).

ViRBO uses the SPASE metadata schema to catalogue data resources and the OE metadata schema described in section 3 for generating data queries based on user input.
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6.3 Comprehensive Large-Array Data Stewardship System 
The CLASS application provides an interface to the large satellite data archive located in NOAA. Users may access different data resources from an extensive satellite product list.
The sections created for this application contain metadata in the FGDC format and data service descriptions in the OE format. The VO for CLASS provides metadata storage, search and order form creation based on OE records. The interaction of CLASS with other VOs is carried out using the VxOware software, which is integrated with the general CLASS structure.  For request processing an external search service is used, and for metadata records there is direct access to meta-record storage.
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6.4 Space Physics Interactive Data Resource (SPIDR)
SPIDR is a distributed network of synchronous databases and application servers designed to allow a modeling and prediction customer to intelligently access and manage historical space physics data for integration with virtual environment models and real-time space weather forecasts. SPIDR is more than 10 years old and it has more than 10,000 users.  Some of the VxOware codebase was used in VxOware.  VxOware is used to manage its large metadata holdings and in the future some of the SPIDR codebase will be merged into VxOware and SPIDR will run completely on VxOware. 
7 Conclusions
A June 1999 Nature article titled “It’s sink or swim as a tidal wave of data approaches. … Are scientists ready for the flood?” noted that “Most researchers are accustomed to studying a relatively small data set for a long time, using statistical models to tease out patterns. At some fundamental level that paradigm has broken down.” The virtual observatory network attempts to address this breakdown and VxOware is a set of integrated software that may be used to develop a virtual observatory.
8 Availability and Requirements
The first public release of VxOware will be in August, 2008.  A software package will be distributed that will run on Mac OS X, Linux, and Windows XP.  VxOware is currently available in source code form via http://vxoware.org.
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