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Highlights 
Through a series of e-mail exchanges and a first all-team meeting (7 December 2001, 
Caltech), the project team developed its detailed management plan and submitted this to 
NSF, on schedule, on 31 December 2001.  The management shows all project activities 
in a three-level work-breakdown structure and identifies deliverables and milestones. 
 
Issues and Concerns 
None. 
 
Activities by WBS 

1 Management 

1.1. Science Oversight 

Several project members participated in the meetings and activities of the NASA-
NSF Science Definition Team, and continue to foster communications with the 
agencies to broaden understanding of the scope and capabilities of the NVO.  The 
project manager briefed NASA HQ personnel on the program in December. 

At an all-team meeting held at Caltech in December, one of the activities was to focus 
on benchmark science queries:  20 questions astronomers might ask of the NVO.  
These will constitute a core element of the Design Reference Mission, and will range 
from simple to complex. 

Effort was also spent in fostering communications with the two European VO 
initiatives, AstroGrid (UK) and AVO (EC).  During the October 2001 ADASS 
Conference representatives from all projects met and agreed in principle to work 
toward common high-level VO milestones.  These milestones will be defined by 
spring 2002. 

1.2. Technical Oversight 

Activities in this area will begin in the period January-March 2002. 

1.3. Project and Budget Oversight 

The project’s management plan was developed and delivered to NSF on the agreed 
deadline of December 31, 2001.  Although a few WBS elements remain to be fully 



defined, the bulk of the activities have been identified and individuals in the 
collaboration have been appointed to take responsibility for each second-level WBS.  
In January 2002 the milestones and deliverables identified in the management plan 
will be transferred to an overall project schedule and validated, identifying all 
essential dependencies and constraints. 

The JHU Contracts and Sponsored Programs office issued letters of intent to fund the 
two largest sub-awardees (STScI and Caltech), allowing these organizations to begin 
to accrue costs against the project budget, and developed sub-award language that 
should be suitable for all sub-awardees.  Sub-awards should be issued for all 
collaborators in January 2002. 

JHU conducted interviews for a budget analyst to support the financial management 
activities of the project. 

2 Data Models 
 
A detailed WBS was defined for the activities related to data models and is described in 
the management plan. 

3 Metadata Standards 
 
A detailed WBS was defined for the activities related to metadata standards and is 
described in the management plan. 

4 Systems Architecture 
 
A detailed WBS was defined for the activities related to systems architecture and is 
described in the management plan. 

5 Data Access/Resource Layer 
 
A detailed WBS was defined for the activities related to the data access/resource layer 
and is described in the management plan. 

6 NVO Services 
 
A detailed WBS was defined for the activities related to NVO services and is described in 
the management plan. 

7 Service/Data Provider Implementation and Integration 
 
A detailed WBS was defined for the activities related to service/data provider 
implementation and integration and is described in the management plan. 

8 Portals and Workbenches 
 
A detailed WBS was defined for the activities related to portals and workbenches and is 
described in the management plan. 



9 Test-Bed 
 
A detailed WBS was defined for the activities related to the test bed and is described in 
the management plan. 

10 Science Prototypes 
 
A detailed WBS was defined for the activities related to science prototypes and is 
described in the management plan. 

11 Outreach and Education 
 
A detailed WBS was defined for the activities related to outreach and education and is 
described in the management plan. 
 
 
Activities by Organization 
 
JHU: 
 
STScI:  Led development of management plan and chaired team meeting (December 
2001).  Developed general WBS structure and defined detailed WBS structure for WBS 
11, Education and Outreach.  Held organizational meetings at STScI/JHU, forming an 
informal interest group and identifying development work being carried out as part of 
improvements to the HST archive and MAST that will complement the NVO activities. 
 
Caltech/CACR: 
 
Caltech/IRSA-IPAC:  Made contributions to the management plan. 
 
Caltech/NED:  NED team members B.  Madore and J. Mazzarella contributed to the 
management plan for the Caltech portion of the ITR and participated in the 
December start-up organizational meetings, specifically contributing to the Science 
Scenarios Working Group. 
 
Caltech/Astronomy Department: 
 
ADC/Raytheon:  Contributed to the management plan and submitted a final budget to 
JHU for the ADC/Raytheon sub-award.  Participated in the December team meeting.  
Particular contributions included (1) providing detailed feedback on the proposed 
“VOTable” XML standard for astronomical tables, and (2) refining the “XDF” 
generalized XML standard for scientific data to accommodate astronomical data in the 
VOTable format. 
 
CADC:  CADC is an operational archive center.  All of our activities are, in fact, 
directed toward the ultimate goal of producing “Virtual Observatory” (VO) 
functionalities and services simply because that is the only goal that is valuable enough to 



justify the effort and expense of developing and operating a data “archive”.  This report 
includes items that we identify internally as VO-directed work (aimed at designing and 
implementing VO-enabling services) and also includes work on the CFHT Legacy 
Survey (CFHTLS), which is aimed at developing content for the VO. 
CADC has one software engineer who has 90% of his time committed to VO-tools and 
functionalities.  In addition, we contribute at least 0.25 FTE of effort from scientific staff 
to this project.  These numbers are expected to increase.  The CFHTLS will soon 
consume larger amounts of effort and capital. 
 
The main activities during this period were: 
 
• Planning the CFHT Legacy Survey: Meetings Victoria and Hawaii between CFHT, 

CADC, and TERAPIX  
• Hiring of one staff astronomer (Luc Simard) for development of CFHTLS capability 
• Capital expenditures of US$200k for infrastructure for CFHTLS, data mining, and 

virtual observatory 
• Continuing design work on VO prototype  
• Attending NVO meeting Dec 7, 2001 to develop the NVO management plan 
• Continuing processing for the WFPC2 catalogue project 
 
CXC/SAO:  Three CfA staff members attended the Pasadena kick-off meeting and 
contributed to the science panel (G. Fabbiano), the metadata panel (A. Rots), and the 
testbed panel (I. Evans).  SAO’s NVO team will also include J. McDowell (data models) 
and J. de Ponte (project management). 
 
The CfA team contributed to the Data Model and Metadata sections of the Management 
Plan. 
 
FNAL:  S. Kent attended the December NVO planning meeting and contributed to 
developing the plans for system architecture, NVO services, data access/resource layer, 
and testbed.  FNAL is working on NVO-related activities as part of the Griphyn/iVDGL 
projects.  J. Annis worked with U. of Chicago students on designing virtual data catalogs 
that will be used as part of the mechanism for generating “virtual data” from existing raw 
data sources. 
 
HEASARC: 
 
NCSA/UIUC:  Supported general planning activities, including participating in the full 
team meeting in December and contributing to the metadata WBS of the management 
plan.  Initiated organization of the Metadata Working Group and began testing of the 
GLU system. 
 
NOAO:  Supported general planning activities, including engaging representatives of the 
theoretical astrophysics community in order to better define the role of NVO in 
supporting theory.  Participated in executive committee meetings/telecons and the full 
team meeting in December, as well as in the NASA-NSF Science Definition Team 



meetings.  Internally, several planning meetings were held at NOAO to develop the 
NOAO participation in several WBS areas.  This included the initial definition of 
deliverables, timelines, and budgets. 
 
The concept of the Data Access Layer, which we first proposed in the NVO context two 
years ago, has continued to develop and evolve throughout this period.  To conform to 
standard Grid terminology it is now called the Data Access/Resource Layer, and 
comprises the basic system framework of NVO.  Much of the basic technology for 
distributed data management in a data grid is not astronomy-specific, and is either 
available now, or under active development by the Grid community (e.g., SRB and 
MCAT from SDSC, and the Globus GTK2 toolkit from ANL and USC).  This basic 
Grid-framework software includes facilities for single sign-on authentication, bulk data 
transfer, collection-level data management, file-level data access, management of a 
global name space, data replication, replica management and selection, resource and data 
discovery, and information management.  Related Grid technology also provides 
capabilities for distributed computation (e.g., Condor-G, Globus, Sun Gridware).  
Various standard or emerging standard protocols have been identified for data access 
(e.g., XML, SOAP, Grid/GriPhyN). 
 
The more astronomy-specific elements of the Data Access/Resource Layer include 
facilities for science-based data queries and data discovery (e.g., return a list of objects 
matching some criteria such as position on the sky); astronomy metadata standards and 
technology for representing and managing metadata, which provide the means to describe 
astronomical data; data models, which provide the means to uniformly represent and 
manipulate actual astronomical data objects; and the data access portal, which provides 
an interface to NVO for constructing distributed multi-wavelength data analysis and data 
mining applications. 
 
As NVO framework development gets underway at NOAO, our initial focus will be on 
system architecture, especially in the areas involving data management and data access as 
outlined above.  This will include analysis of the standard Grid architecture to determine 
where it is applicable to astronomy and where it needs to be extended; evaluation of 
current and developmental Grid technology to determine what we can use; development 
(with SDSC, USC, and others) of the architecture for the overall data access/resource 
layer; and development of an architecture for the data access portal consistent with the 
overall NVO system architecture.  This will include working with SAO and others to 
define the astronomical data model facility, which will provide the basis for all science 
data access and manipulation via the data access portal. 
 
The data access portal itself (our main development effort at NOAO) will provide a 
uniform, integrated interface to the astronomical data grid—all the data and services 
described above.  This will make it possible to develop applications to mine data from a 
local archive, or from any NVO-compliant archive anywhere on the Grid.  Since data 
access will be based on standard data models and distributed data access via data 
mediators, true multi-wavelength data analysis will become possible (for wide scale use) 
for the first time.  Since the data access portal will be integrated with the Grid framework 



of NVO, analysis will be scaleable from individual computers up to large-scale 
computational services such as the DTF.  Finally, the data access portal has the potential 
to become a standard data access interface for astronomy.  To help bring this about we 
will seek broad involvement from the community in the specification and development of 
the data access interfaces.  In particular, the core group developing and initially 
deploying the NVO data access portal (and data models) will include NOAO (O/IR), 
NRAO (radio), and CXC (high energy) to help ensure that the data access facilities 
developed serve all branches of astronomy equally well. 
 
NRAO:  Participated in development of the management plan and attended full team 
meeting in December.  Also worked on defining specific task assignments and personnel 
allocations required for NSF review of NRAO participation in this project. 
 
SDSC/UCSD:  Participated in development of the management plan, the full team 
meeting in December, and in forming coordination efforts with related projects.  NVO 
development efforts will leverage investments being made in: 
• The NSF/NPACI digital sky project—development of correlations between sky 

survey objects. 
• The NSF/NPACI data intensive computing thrust—replication of the 2MASS data 

collection onto HPSS at SDSC, for access from a web interface at Caltech/IRSA. 
• The NSF Teragrid project—development of infrastructure to support analyses of the 

entire 2MASS data collection in one hour, with data access rates of 3 GB/sec. 
• The NSF Grid Physics Network (GriPhyN) —planned implementation of the SDSS 

catalog in DB2 database technology to test full catalog query scenarios. 
• The DOE ASCI project—development of bulk data registration and metadata 

manipulation technologies as part of the Storage Resource Broker. 
• The NSF NSDL project—planned registration of NVO services for use by the 

education community. 
We are working with the above projects to position infrastructure and capabilities for use 
by the NVO project. 
 
U. Penn.:  The effort at the University of Pennsylvania comprises four parts: (1) group 
building; (2) preliminary work on possible new standards for time domain data; (3) 
preliminary work on database design for synoptic surveys; and (4) initial discussions 
regarding data provenance in a world of virtual observatories. 
 
Group building has gone well, and the UPenn team is in place. It presently comprises 
Alcock (local lead), M. Lehner, R. Dave (scientific staff), and L. Faccioli (graduate 
student). With the present funding level, we can only support on average 25% of the 
effort of these individuals. 
 
Data standards (especially FITS) serve astronomy well, and will be even more useful in 
the virtual world. There is no broad standard for synoptic data.  We have done 
preliminary work on a suggested extension to FITS that would serve light-curves for 
stationary objects. Further work will be needed to deal with moving objects. 



 
UPenn is already involved in several synoptic surveys, and some prior work has been 
done in our group on a database for large-scale synoptic survey data.  We have completed 
a plausible scope for the utilization of this structure in the NVO.  This work is very 
preliminary, and has not yet been coordinated with other database efforts. 
 
The UPenn group is increasingly concerned about data provenance. As larger volumes of 
data are federated, there is an increasing distance between a scientist and the data source. 
The possibility for systematic errors which are well known to the surveyors to have 
unexpected and undiagnosed consequences in later, NVO supported analyses, is serious. 
Standards for establishing the provenance of all data in the NVO will have to be 
established which mitigate this concern. 
 
U. Pitt./CMU: 
 
U. Wis.:  Participated in NVO team meeting (December 2001), gaining knowledge about 
needs of the astronomy community in building NVO.  Participated in discussions about 
the system architecture, NVO services, data access/resource layer, and test bed.  
Supported inquiries from IRSA/IPAC concerning tracking of user requests and the 
potential to use Condor as a solution.  Assisted FNAL in installing Condor for support of 
the SDSS. 
 
USC/ISI:  In first quarter of the project ISI participated in talks aimed to refine the Year 
1 plans as well as contributed to the planning document.  We attended the project meeting 
at Caltech in December.  ISI will be responsible for the following tasks: 
• Security Requirements, a subtask of the Architecture task 
• Data Management Mechanisms a subtask of the Data Access/Resource Layer 
• Testbed 
ISI also started the process of hiring personnel. 
 
USNO:  Participated in December NVO team meeting, contributing to metadata 
discussion group.  Initial discussions are underway regarding the selection of an 
appropriate data model from the viewpoint of astrometric information.  Work has begun 
designing and implementing the USNO's catalog server.  This effort includes making our 
server compatible with the NVO plans.  USNO staff J. Pier and S. Levine will be the 
main participants in the NVO project effort. 



National Optical Astronomy Observatories 
Statement of Work 

 

The National Optical Astronomy Observatories (NOAO) will support the project 
“NSF:ITR: Building the Framework for the National Virtual Observatory” (A. Szalay, 
JHU, Principal Investigator) by actively participating or providing leadership in the 
following activities, as detailed in the project management plan. 

 

WBS 2:  Data Models.   Data models, used to represent astronomical data objects within 
NVO, will be the basis for all data access and data calculation within the Data Access 
Portal (WBS 5 below).  These models must be able to capture the essential attributes of 
all astronomical data, whether from space missions or ground facilities, from any 
waveband, from any instrument (extant or planned), and with time sampling from 
milliseconds to decades. NOAO will bring to bear its considerable experience in 
developing and operating major astronomical instrumentation, in developing general data 
analysis software (IRAF), and in ground-based observing techniques to the development 
of general yet useful data models for NVO. NOAO is a principal partner in developing 
the data model facilities and integrating them into the NVO framework. 

 

WBS 3:  Metadata Standards.   NOAO will apply its decades-long experience in 
developing astronomical data and metadata standards (FITS) to the support the 
development of metadata standards and metadata handling facilities for NVO (working 
primarily with NCSA). NOAO will provide particular emphasis on the development of 
meta-data for the time domain, for spectra as obtained by the latest generation of multi-
object and integral field unit spectrographs, and for catalogs.  

 

WBS 5: Data Access/Resource Layer.  NOAO has recently placed its catalog of archive 
holdings on-line, and will in the near future offer extensive catalogs that derive from the 
various surveys that are presently being carried out on NOAO facilities. Several of these 
survey projects are time domain studies of various phenomena, and this is likely to be a 
critical element of future astronomical datasets, including the data from LSST. Little 
expertise for the general handling of time domain data has been developed, and NOAO 
will emphasize the uses and requirements of the time domain in its efforts.  NOAO will 
support the definition of requirements and the development of mechanisms for data 
discovery via data or measurement type, and by catalog mechanisms (WBS 5.1.2, 5.1.3). 
NOAO will also support the development of data replication capabilities for the efficient 
inter-comparison of distributed data (WBS 5.2.1), including data caching (WBS 5.2.2).  

NOAO will play a supporting (rather than primary) role to investigate and test data 
exchange protocols, such as those being developed within the Grid project for GriPhyN, 
for supporting virtual data (WBS 5.3.5). NOAO will also participate by developing 
elements of the data access portal, including interfacing legacy software to NVO (IRAF 
in our case) via the data access portal (primary, 5.4.2). Since the data access portal will 



provide a uniform, integrated interface to NVO for developing distributed, multi-
wavelength data analysis and data mining applications, it will be possible to leverage that 
technology and the IRAF interface mentioned above to make new and existing IRAF 
applications able to mine data from a local archive, or from any NVO-compliant archive 
anywhere on the NVO astronomy data grid.   

WBS 7:  Service/Data Provider Implementation and Integration.   NOAO will 
implement an NVO testbed node as part of data access portal development, in order to 
interface the NOAO archive and related web services to NVO. This portal will enable 
NOAO to participate as a principal in the development of service provider interface 
definitions (WBS 7.1.1), interface toolkits (WBS 7.1.2), and to publish an archive catalog 
and other resource information about the NOAO Science Archive and other data services 
that are offered through NOAO (WBS 7.2).  

 

WBS 8: Portals and Workbenches. NOAO will develop, in consultation with the 
astrophysics theory community, a set of tools and facilities to enable the direct 
comparison of recent theoretical models (often, the results of numerical simulations) with 
observational datasets that are connected to NVO.  

 

The attached table shows those project WBSs where NOAO participation will be 
different than that given in the baseline NVO management plan (Dec. 2001), and 
identifies those areas for which NOAO will have a principal (P) or supporting (S) role.  A 
principal role means that the organization is actively involved in a development activity 
and may have overall project leadership responsibilities for a particular WBS.  A 
supporting role means that the organization is participating in relevant discussions 
(telecons, e-mail groups, etc.) on a consulting basis.   

 

Deliverables and schedule are as specified in the project management plan, though are 
subject to revision commensurate with available resources. 
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