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1. Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning Aug. 1, 1998 were:

1. To provide user support for data producers and users to supplement that support provided by the ECS and others.   Such support includes email and telephone assistance, participation in workshops and maintenance of documentation.

2. To extend and adapt the NCSA HDF library to support the data type and data  structure requirements of EOSDIS.  The tasks involved in this activity will evolve as EOSDIS itself evolves.

3. To extend and adapt HDF-based workstation tools and utilities to meet the functional and performance requirements demanded by EOSDIS, and to port these tools and utilities to appropriate platforms.

4. To maintain and upgrade the HDF library and file structures to meet performance requirements, and to integrate new technologies resulting from HDF-related research and development, including new features, capabilities, efficiency improvements, and standards changes.

2. Task-by-Task Description of Past Year's Work

This section list the tasks from the Statement of Work (SOW), and the status and accomplishments related to each task. Appendix I contains the SOW.

2.1
User Support Activities

Day-to-day user support continued to be a vital activity for the EOSDIS community. Improvements in the quality of the HDF library and utilities resulted in a 50% decrease in the number of reported bugs.  This in turn released support staff to work on the HDF tutorials, to improve QA procedures significantly, to maintain the HDF web site and ftp server, and to provide more in-depth support for individual users and vendors. 

Task
Status

General user support
This ongoing task continues at the required level.  Response time continues to be very good, with 70% of messages resolved within two days and 98% within two weeks.  

The HDF web site was also significantly improved, making it easier for users to get technical information about HDF.

Perl-based  tools were written that improve the efficiency of the helpdesk in performing everyday tasks.

Workshops and other visits
We participated in the HDF-EOS workshop in September 1998.  We also participated in a  NASA Commercial Remote Sensing V & V training workshop in March 1999. We expect to participate in another HDF workshop in the Washington area in September 1999. 

The HDF group also hosted visitors from Raytheon STX, and the ECS contractor to plan a prototype implementation of HDF-EOS using the HDF5 format.

Documentation
Enhanced HTML versions of the HDF Reference Manual and the HDF Users Guide were produced, providing quick web access to this documentation.  

Key chapters of the User's Guide and Reference Manual were revised and extended, including a chapter on ways to improve performance with HDF.  

Examples from the User's Guide were put on-line and linked to the manual, making it easy for learners to copy and run example programs.

Work began on overhauling the HDF Specification Manual to satisfy requirements for using HDF as an archive format.



Tutorials
The HDF tutorial was expanded and revised in time for the September HDF-EOS Workshop, and used in the workshop.  The tutorial is available on the Web. 

2.2
Software maintenance and quality assurance.

No significant new features were requested during the reporting period.  Highlights of the year in this category included release of a new version of the HDF library and supporting software, greatly strengthened quality assurance, and a good beginning to the documentation of the HDF specification.

Task
Status

Software maintenance
All major bugs in the library were fixed, and a new version,  HDF4.1r3, was delivered in May 1999. The release includes the following:

· Fixed critical bugs in the SD and GR interface, bugs that were affecting the ability of applications to access legacy Pathfinder data. 

· Provided substantial improvements to functionality and performance of hdfdump, one of the most important utilities used by EOSDIS.

· Upgraded the JPEG and ZLIB compression libraries to the latest versions.

· Upgraded the library to the latest operating systems and compilers on all supported platforms.

· Ported the HDF library and tools to Windows/NT, including DLL (dynamic linked library) versions.

· Substantial performance improvements on image and scientific dataset access



Quality assurance
Regression testing was formalized and substantially expanded, resulting in a much more robust software than in previous years.  For every critical bug, a test is added to the HDF test suite, to insure that it is tested in future versions.  

Bug reporting, classification, and assignment were streamlined and automated to insure that bugs are quickly prioritized and important bugs are attended to in a timely manner.. 

Documentation to support archiving
Revision of HDF Specification began.  The primary purpose of this work is to strengthen HDF as an archival format.  Tasks completed so far:

· Identified existing parts of the manual that need to be updated, and new parts that need to be added.

· Converted existing document from Microsoft Word format to  FrameMaker format,  facilitating the automatic generation of html versions of the documentation.

· Began work on describing algorithms for the SD API.

2.3
Software development involving HDF-based software tools

The following list of utility and workstation tool development were identified as important in the past year.  These utilities and tools were prioritized and implemented as resources allowed.

Task
Status

JHV deployment and support
A JHV2.2 "patch" was released in September, 1998, including the following features: 

· Improved display of the structure of the HDF file, and of individual nodes within an HDF tree. 

· Ability to display an SDS of any dimensionality, selecting up to three dimensions at a time. 

· Revision of code to dramatically reduce memory use.

· Correction of several known bugs.

In May, 1999, JHV 2.3 was released, containing the following features of importance to EOS users.

· The ability to view very large datasets, including significant performance improvements and a zoom feature that makes it possible to navigate images that are too large to fit in memory quickly and easily at high and low resolutions.

· The ability easily to navigate tables that are too large to fit into memory.

· Improved subsetting and selection dialogs.

· Effective display of attributes 

· Ability to set preferences

· Support for transparent remote access (access across a network)

· Options to import and export HDF data in two formats, including tab-delimited ASCII for interchange with Excel and other tools.  

JHV maintenance
Early in the year the JHV was redesigned to support easier maintenance and expansion, including the addition of significant new functionality requests from the EOS community.  

Versions are now available for Solaris, SGI IRIX 6.2, Linux, FreeBSD, and Windows 95/NT. Although it is important to us to make the JHV available on as many platforms as possible, frequent changes in the Java standards, and uneven implementation of these changes on various platforms, have made it difficult to achieve this objective.

JHV and HDF-EOS
After examining the possibility of supporting HDF-EOS in the JHV, it was determined that this was too big a project for us to undertake with current resources.  We did, however, work closely with the University of Wisconsin's VisAD project, which added HDF-EOS in the popular VisAD tool during the past year.  

HCR (HDF Configuration Records)
The HCR project was revived during the past year.  

The HCR tools were ported to all ECS required platforms.  

Then work was initiated to extend HCR to deal with primitive HDF objects (SDS,  raster, palettes, etc.).

2.4
Technology insertion

The success of HDF5 drove much of the work in this category.  It became clear during the year that HDF5 would be a very desirable format for supporting EOS data, including data conforming to  the HDF-EOS data model.  Therefore the ESDIS project decided during the year to look for ways to accelerate the possible adoption of HDF5.  The tasks below reflect this change in emphasis.  Another development that influenced work in this category was the rapid maturation and acceptance of XML, and corresponding development of XML-aware software.

Task
Status

Implement converters to convert between HDF4 and HDF5
A utility to convert HDF5 files to HDF4 was released in February 1999.  A utility to convert HDF4 files to HDF5 is still under development.

It was determined that it would be very useful to have converters between HDF5 and other common formats, such as TIFF, GEOTIFF, GIF, and JPEG.  A set of such utilities is under development and is expected by Fall 1999.

An HDF5dump utility is also available.  This is similar to the hdfdump utility for HDF4.

Adapt the JHV to work with HDF5
This involves (1) implementing a Java interface to HDF5, and (2) implementing the browser.

This work was slowed by the need to attend to other JHV requirements, and also the need to develop a sound object-oriented data model of HDF5.  The data model work is complete, and work has begun on (1), but is not yet completed.



Other technology insertion work
In addition to the tasks specified in the Statement of Work, the following activities were begun during the reporting period.

We began to investigate the use of formal standardized object models and formal languages as the basis for  communicating information about HDF5 data and metadata among tools and applications.  If successful, this should simplify the development of many HDF applications, and improve interoperability substantially. Central to this activity is the use of XML (Extensible Markup Language) as the data description language.  The choice of XML is driven by its rapid and ubiquitous acceptance, the availability of XML-aware software, and standards activities aimed at adapting XML to support scientific data.

We continue to work closely with groups at NASA and other Federal agencies and standards organizations who are pursuing similar investigations.

We are working closely with several other groups to adapt VisAD to support HDF5.  We believe that VisAD will provide and excellent browser and visualization tool, helping use meet goal #3. 

We are adapting  NCSA Collage to display HDF5 files.  Although it is a relatively old visualization tool, NCSA Collage is still an important tool for a number of EOS users.

2.5.
Related activities supported by other funding sources

Much of the NCSA work during the past year was supported through other funding sources, including the following:

1. With substantial support from the Accelerated Strategic Computing Initiative (ASCI) Release 1.0 of HDF5 was delivered.  HDF5 is a new version of HDF aimed at addressing future EOS requirements to support substantially larger datasets and more demanding computational requirements.  Includes basic tools, such as a dumper and HDF5-to-HDF4 converter.  HDF5 supports:

·  larger datasets (> terabyte)

·  bigger, faster machines and storage systems

·  varied architectures and I/O paradigms

·  parallel computing environments

·  complex subsetting

·  compound datatypes (like C structs)

2. Under a WP-ESIP grant supporting integration of HDF with the Distributed Oceanographic Data System (DODS), we enhanced the DODS HDF-4 back end to use the HDF-4 chunking feature for subsetting.  The system speed for serving subsetted data to the user increased by 250%. As a result of this improved performance, the JPL DAAC is considering deploying the HDF-4 chunking feature in their online WWW subsetting facility for Pathfinder data. 
As part of the same project we are implementing a HDF5 based back end to the DODS system. In the process we will develop a netCDF interface to HDF5.  If successful, this will help encourage interoperability between netCDF-based data and HDF5.

3. In March, the HDF team gave a full briefing to the ESDIS project on the status of all aspects of the HDF project, and received guidance on prioritization of HDF efforts for the coming year.

4. CERES Scientist Bruce Barkstrom for a sabbatical from October 1998 to March 1999.  This visit was invaluable in terms of helping the HDF team to understand the EOS community.  Among his many accomplishments during the sabbatical, Dr. Barkstrom was able to automate the storage of a large amount of data (90GB in; 13,000 images out) from an ERBE cloud tracking system on a PC. He also was able to extend HDF5 to support external indexing of files, a result that will have important long-term benefits for EOS data access.

5. Project member Robert E. McGrath visited the NASA Center for Excellence in Space Data and Information Science (CESDIS), to present an invited talk entitled "Integrating Science Data and Digital Libraries."

6. Project members Mike Folk, Robert E. McGrath and Albert Cheng delivered a paper, "HDF5: A New File Format and I/O Library for Scientific Data Management" at eighth annual conference on Astronomical Data Analysis and Software Systems (ADASS). 
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