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1 Introduction

In January, 2002, NCSA began the first year of a three-year project to provide HDF support for ESDIS.  The work to be done on this project is described in the proposal entitled “Proposal to Renew the Cooperative Agreement Between NASA and NCSA To Provide HDF Support for the ESDIS Project And the EOSDIS Standard Data Format”.  The proposal is attached as Appendix A.  The following report describes the first year of work on this project.

2 Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning January 1, 2000 were:

(1) To provide user support for the EOS community in the form of HDF consulting assistance, workshops and training, and documentation. 

(2) To maintain the HDF4 and HDF5 libraries and utilities and provide quality assurance.  Maintenance includes making minor feature changes to address EOSDIS requirements, correcting errors, keeping current the software, test suites, configurations, and documentation, and conducting periodic releases of the software.  Quality assurance involves upgrading and extending software testing, reviewing and revising documentation, improving the software development process, and strengthening software development standards.

(3) To evolve the HDF5 library and utilities by extending and adapting the HDF5 library to meet evolving functional and high performance computing requirements demanded by EOSDIS, investigating and implementing promising new technologies to address EOSDIS needs, and continuing to develop the HDF5 Viewer/Editor.

(4) To facilitate the accommodation of HDF4 and HDF5 in EOSDIS.  This includes developing a viewing tool to enable users to view HDF4 and HDF5 files simultaneously and in the same context, tuning HDF4-to-HDF5 conversion library to address EOS requirements, developing a tool to facilitate conversion of EOS data, and carrying out other technology development to help users deal with the two formats and their software. 

3 Task-by-Task Description of Work

This section list the tasks from the Program Plan, and the status and accomplishments related to each task.

3.1 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 more staff time devoted to work on the HDF tutorials, to improving QA procedures, to maintaining the HDF web site and ftp server, and to providing more in-depth support for individual users and vendors. 

	Subtask
	Status

	3.1.1 Provide helpdesk support

NCSA's HDF helpdesk provides support to DAAC programmers and analysts and other EOS science software teams by providing users with assistance in using HDF and NCSA tools, in mapping their data to HDF, and in installing, testing, and using the HDF library.  The helpdesk helps users troubleshoot their programs, assists them with performance tuning for HDF4 and HDF5 applications, and assists users in making the transition from HDF4 to HDF5.  The helpdesk gives assistance to vendors interested in adding HDF support for their products.  It also maintains a suite of sample HDF5 files, to help users better understand the format and its capabilities.
	This ongoing task continues at the required level.  Response time continues to be very good.  In the first 9 months of 2002, 73% of messages were resolved within two days and 97% within two weeks.  The number of helpdesk requests has increased by 27% in the past two years, reflecting and the increase in the use of HDF that was anticipated.  In some cases, requests to the help desk have led to in depth consulting, including consulting with vendors, such as MathWorks and Global Systems Technology, whose support of HDF is important to the EOS community.

	3.1.2 Support HDF-EOS development efforts

The ECS has completed an implementation of HDF-EOS 5, an HDF-EOS API to support HDF5 storage. NCSA will continue to advise and support the ECS on this project.   There are also some DAACs that are expected to begin using HDF5 this year, and NCSA will help support that work.
	In January 2002, we completed an investigation and demonstration of how to enhance the heconvert tool using the H4 to H5 library.  Heconvert is the tool that coverts between HDF-EOS 2 (based on HDF4) and HDF-EOS 5 (based on HDF5).  This work is described in the paper by Robert E. McGrath and Muqun Yang, “Conversion of from HDF4 to HDF5: ‘Hybrid’ HDF-EOS Files”
 

	3.1.3 Conduct information outreach

NCSA will continue to maintain a web site, to publish an email newsletter, to give presentations to interested EOS groups such as DAACs and Working Groups, to participate in EOS-related meetings, and to host visitors from DAACs and other EOS-related projects.  
	NCSA staff participated actively in two SEEDS formulation workshops, in February and June.  

In February, the HDF team also participated at in an informal meeting to address the possible role of computational and data grids for the earth science community.



	3.1.4 Prepare and give tutorials and workshops

A major outreach activity is to prepare and give tutorials and workshops on HDF.  And NCSA plays a key role in planning and participating in the annual HDF-EOS Workshop.
	The HDF support group enhanced  the HDF5 Tutorial Web page. We added Parallel Tutorial and tools sections, and restructured Introductory and Advanced Topics sections for better navigation.
  We also created new FAQ to address HDF4 to HDF5 transition issues.

We participated actively in the HDF-EOS Workshop V in February 2002 in conjunction with the Science Data Processing Workshop.  In this workshop we conducted tutorials on the HDF5 library and HDF tools, consulted with users on effectively using HDF, and we gave talks on the overall HDF project, HDF5 performance, and the transition from HDF4 to HDF5.   

We have been actively involved in planning for HDF-EOS Workshop VI, to take place in December 2002 in conjunction with the AGU meeting.  In Workshop VI, we will deliver tutorials on HDF5, parallel HDF5, High-Level HDF5 Interfaces and HDFView, consult with science teams and other users, give several presentations, and present several posters at the AGU meeting. 

In September, we also presented two tutorials on the Access Grid, one on HDF5 basics, and one on the use of HDF5 in parallel computing environments.


3.2 Software maintenance and quality assurance

	Subtask
	Status

	3.2.1 Add features and correct errors

Errors and feature requests will be prioritized in consultation with ESDIS, ECS, and users, and addressed in a timely manner.  The addition of features requires changes in interfaces, and this means keeping the C, Fortran, Java and C++ APIs up to date.  It requires that keeping documentation, test suites and configurations current.
	The list of known bugs in HDF4 was prioritized according to their effect on EOSDIS users.  All high priority bugs were fixed, and the number of bug reports decreased significantly during the year.  

HDF5 proved to be very stable after hdf5 1.4.2 release. No major bugs were reported by the users. Our work was mainly focused on the hyperslab selections performance enhancement, chunking with compression performance enhancement and efficient handling of free space in the file. 

A good deal of the work during 2002 was also devoted to adding other new features to the basic HDF5 library.  These new feature will appear in HDF5 1.6, which will be released in Spring 2003.

	3.2.2 Maintain platform support

Software will be maintained on, or ported to, all systems of importance to EOS.  This also involves upgrading configurations and testing regimes.  It is anticipated that the next six years will see increasing use of high performance systems such as Linux clusters.
	Support for several new platforms was added, including several Linux cluster (including IA32 and IA64 clusters), AIX 64 and Mac OS X.  

Support was added for two new C, C++ and Fortran 90 compilers: Portland Group and Intel compilers.  
Considerable work was also devoted to improving the ease and effectiveness of configuration management.

	3.2.3 Documentation

The HDF group will prepare documentation in a timely manner, including User’s Guides for libraries and utilities, and an up-to-date reference manual at the time of each new release of the NCSA HDF library.
	Updated Reference Manuals are available with each release of the HDF4 or HDF5 Libraries. New HDF5 User’s Guide will be available for HDF5 1.6 release.  The latest drafts of several chapters can be found from the HDF5 Documentation page.  Chapters on Data Model, Files, Groups, Datatypes, Datatspaces and Partial I/O, and VFL were made public for users’ review and feedback.
. 


Past experience indicates that new releases of HDF4 are required at a minimum of once per year in order to keep up with operating system and language upgrades, bug fixes, new features, and new platforms.  HDF5 will require about three releases per year for the first three years, until it reaches the level of maturity of HDF4, and after that probably 1 release per year.Conduct periodic releases
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	There were no new releases of HDF4 in 2002, but a new release in Spring 2002 will include the features described above. 

Two minor upgrades of the HDF5 library were completed in 2002, HDF5 1.4.3 in February and HDF5 1.4.4 in July.  A third upgrade is expected in December 2002.  These upgrades make all of the bug fixes available to users, and also provide a few critical new features.

	3.2.4 Quality assurance

NCSA will continue to make QA an important component of all activities.  Areas that will receive special emphasis are the library testing operations, documentation, the software development process, and software development standards.
	HDF regression tests are run daily on a critical set of platforms that includes platforms running Solaris, IRIX, and Linux operating systems of different versions and Linux clusters. Both sequential and parallel HDF5 Libraries are tested with MPICH and vendor provided MPI-IO Libraries.  Periodically HDF Libraries are tested on Windows, Crays, IBM SPs, and Compaq machines. 

Weekly the HDF bugs database is revised and new requests are prioritized and assigned to the developers.  Recently we started to revise and document test cases for the new functions added to the library. This helps us to identify critical test cases and make sure that the library is properly tested. Snapshots of the HDF4 and HDF5 Libraries are available from HDF ftp server for our users.

Currently several benchmark programs are manually run to check HDF5 Library performance. We were investigating how those benchmarks could be added to the regular testing procedure to monitor performance enhancements or problems.

For each release HDF Libraries Documentation is reviewed by the developers and QA and support group.


Evolve HDF5 library and 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.

	Subtask
	Status

	3.2.5 Format features

With HDF5, we believe we have developed a basic format structure that can stand the test of time, but extensions to the format will almost certainly be needed, and software that will access HDF5 data will also change.  New features that will likely be added to include new forms of storage (e.g. new data compression schemes), and new data models such as indexing schemes to support better search and retrieval.  
	Support for zlib 1.1.4 was added for HDF5.  There has been quite a bit of interest from EOS in the use of szip compression in HDF5, and we expect to include szip in both HDF4 and HDF5 by mid-2003.  Toward this end, we did considerable R&D during 2002 on the inclusion of szip compression to both HDF4 and HDF5.  Issues of intellectual property also consumed considerable time.  Although we continue to wrestle with these, we expect a resolution by early 2003, in time for the next releases of HDF4 and HDF5..
Also at the request of EOS users we investigated to viability and advisability of including bzip2 in HDF5.  Our results found its performance to be marginally better in some cases than gzip, and worse in others, so we have shelved the inclusion of bzip2 for the time being.

“Compact datasets” were added to HDF5.  A compact dataset is one in which the data us stored with dataset header, resulting in a need for only one access in order to acquire both header and data.  This is expected to improve performance for small datasets in some circumstances.

We invested quite a bit of effort into defining the requirements to support dimension scales in HDF5.  This work is still in progress, but is expected to see a phase 1 implementation in release 1.6.

Better space allocation management and fill value support were also added and will be available in release 1.6.

	3.2.6 High performance computing.  

New high performance computing architectures and other HPC developments are also certain to require changes in the HDF5 library, and perhaps also changes in the format.  The likely transition to Linux cluster computing will place demands on HDF5 that will need to be addressed.  Thread safety has been identified as an important feature of EOS software.  We will need to determine what this means for HDF5 and what can be done with HDF5 to support multithreaded applications.  Also, performance testing is a valuable way to discover ways to improve the performance of the HDF5 library, and also to identify strategies that applications can use to improve their I/O performance.


	NCSA has invested considerable resources into the achievement of high I/O performance in both serial and parallel computing environments.  Most of this work has been supported by NCSA, NSF, and DOE sponsorship, but its benefits will be very valuable to the EOS community as it embraces new high performance computing technologies.  

A performance study was carried out with a major HDF5 user at Lawrence Livermore National Laboratory, resulting in valuable improvements in hyperslab access, data conversion, and chunking.  

This and other studies revealed strategies for organizing data among multiple processors to improve I/O performance.  For example, it was shown that the use of data compression can improve access times considerably on networked file system.  Another strategy, called data aggregation, was found to improve performance substantially in certain instances involving large numbers of processors.

NCSA developed a parallel I/O (PIO) performance benchmark suite that measures the relative amounts of throughput for reading and writing on various architectures and file systems. It collects information on I/O using raw UNIX system calls, using MPI-I/O, and using Parallel HDF5 calls. The results are then reported so they can be compared to see how we can optimize Parallel HDF5 more effectively. 

NCSA is implementing a feature called Flexible Parallel HDF5 that simplifies the programming model for situations where many processors access a single file or dataset.

	3.2.7 Tools development

Good tools are the key to making EOS data accessible and usable, and are key to helping ‘market’ HDF as a standard.  In the early phase of the new agreement, tools activities will be directed towards supporting the HDF4 to HDF5 transition (see next section).  The HDFViewer/Editor will continue to be the focus of the HDF tools effort.


	Java tools.  As described below (section 3.4.1), the primary goal of the Java tools development work in 2002 has been to replace older tools with a single new viewer/editor for both HDF4 and HDF5.  This has been successful, and at the same time we have implemented in the new browser a number of new capabilities requested by EOS users, such as visually selecting a subset of a dataset, saving data as a stand-alone jpeg  image, and performing simple mathematical and statistical operations on datasets.
 

H5import.  This tool, which was released in October, converts ASCII or binary data from flat files into HDF5 datasets.  It can accept as input (a) an ASCII text file with numeric data (float or integer), (b) a binary file with native floating point data, or (c) a binary file with native integer data.
.

H5diff.  This tool, which is expected to be first released (with limited functionality) in January 2003, will compare the structure and contents of two HDF5 files, then report differences such as missing objects, inconsistent size, and datatype.  It will also compare values of (numeric) datasets.
 

	3.2.8 Investigating new data management technologies including XML

Although it is important to be able to react to changing developments and requirements, it is also important to actively investigate new technologies.  NCSA has played a valuable role for ESDIS in this regard over the years, and will continue to do so, for example in exploring the uses of XML and Web technologies and actively collaborating with the EOS community in this work.


	We investigated various ways to access HDF5 data in the Web environment.  None of the resulting software is a product, but the results help us to understand the possibilities.

XML and JSP.  Some investigations involved experiments with XML and Java Server Pages (JSP).  Access was provided to HDF5 files via a web server enabling users to view HDF5 files using a plain Web browser, a Java applet, or a Java application.  

HDF5 XML.  There is a great deal of interest in XML and interoperation of XML and binary formats.  NCSA work in this includes the creation of an official HDF5 DTD, adaptation of h5dump to generate output in XML, and adaptation of H5View to read XML.

Studies and design notes from this work are available on the NCSA web site.
.

Possible future activities in this area include investigating the use of XML schema with HDF5 (possibly also HDF4), updating HDF5 tools to deal with XML (possibly also HDF4 tools), and investigations into format translation using XSLT. 

CORBA Experiments.  There are difficult challenges involved in using the HDF5 library and accessing HDF5 data in distributed systems.  We investigated the use of CORBA to address some of these challenges.  We built a prototype CORBA server to wrap HDF5 library and datasets (using C++), enabling remote access via C++, Java, and the Web.  This was a successful demonstration, but there are many issues still to be resolved.  Based on the results of this work, it seems that CORBA might prove valuable as a replacement for Java Native Interface.



3.3 Facilitate the transition from HDF4 to HDF5 and other formats

The success of HDF5 drives much of the work in this category. Another development that has influenced work in this category was the rapid maturation and acceptance of XML and corresponding development of XML-aware software.

	Subtask
	Status

	3.3.1 Viewing tool

To save many users from having to deal with the differences between the two formats, NCSA is planning to consolidate it’s Java HDF4 and HDF5 viewers in to one combined tool for viewing both HDF4 and HDF5 files.
	This work focused on the creation of a single HDF Java viewer/editor for both HDF4 and HDF5.  The goal of this work is to replace older tools with a single new viewer/editor, simplifying HDF viewing/editing for users, and at the same time saving on development resources.  This work has gone extremely well.  In the course of this work we replaced the old hodgepodge of tools and libraries with a single collection that we call HDF Java Products.  HDF Java Products includes

· The Java HDF Interface (JHI) to access the HDF4 library.  

· The Java HDF5 Interface (JHI5) to access the HDF5 library.

· The new hdf-object package, a pure Java implementation of an abstract model of data that can read data from either HDF4 or HDF5.

· HDFView, our new Java-based tool for browsing and editing HDF4 and HDF5 files.

Version 1.0 of HDFView was released in April and includes a simple browser for HDF4 and HDF5.  Version 1.1, released in August, includes an editor for both HDF4 and HDF5, and Version 1.2, to be released in December 2002, contains all features of older tools plus a number of new features.  At this point, HDFView can do as much as both the old HDF4 and HDF5 viewers (JHV and H5View), and also includes many new editing features.


	3.3.2 Conversion software

In 2001, NCSA will complete the first version of an h4toh5 conversion library.  Working with the EOS community, NCSA will add features to the library and corresponding utility to make them as useful as possible for users.  NCSA could also develop, probably in collaboration with the ECS, an easy-to-use tool to facilitate conversion of HDF-EOS data from HDF4 to HDF5.
	This work paid substantial dividends in 2002, with a full release of the h4toh5 conversion library and utility, as well as a number of successful applications of both.  H4toH5 version 1.0 was released in July 2002, and includes (a) the utility h4toh5, (b) the utility h5toh4, (c) a library of functions for converting HDF4 objects into HDF5 objects, and (d) a specification and FAQ describing how HDF4 maps to HDF5.
 

	3.3.3 Convenience APIs and extensions to HDF5

One way to lower the barriers to using HDF5 is to provide APIs that make it easy to use and extensions to HDF5 that provide users with popular features from HDF4, such as image storage and the use of dimension scales.  NCSA has begun work on such extensions and APIs, and will likely complete this in the first two years of the new agreement.
	In response to requests from many EOS users and others, beta versions of three new “high level” libraries were released in 2002.  These are designed to simplify the programming model for HDF5, and also to encourage standard ways to store objects in HDF5.  Three high level libraries
 have been implemented:

· Image – enables datasets to be interpreted as images/palettes

· Table – enables datasets to be interpreted as tabular structures

· Lite – simplifies programming involving basic HDF5 objects


3.4 Related activities supported by other funding sources

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

1. Much of the feature development in HDF5 and most of the high performance work were carried out with funding from the DOE’s Accelerated Strategic Computing Initiative (ASCI).  ASCI resources also afforded the opportunity to port and maintain HDF5 in a number of high performance platforms of varying architectures including four of the worlds six biggest and fasters machines.

2. Support from the DOD’s Scientific Discovery through Advanced Computing (SciDAC) program supported the research on improving access on distributed file systems through the use of compression.
  

3. Some of the high performance work, particularly that involving implementation of HDF5 on grid architectures, was funded by the NSF-sponsored Distributed Terascale Facility (TeraGrid) Project.

4. Another NSF-sponsored project, Modeling Environment for Atmospheric Discovery
, began supporting the use of HDF for high performance data management by the Weather Research and Forecasting (WRF) model and the Regional Ocean Modeling System (ROMS).   The ESML technology, also of interest to the earth science community, will also play a major role in this project.  This project, which began in October 2002 is likely result in valuable lessons in the use of HDF5 that can be exploited by the earth science community.
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4 Introduction

4.1 Project Goal and objectives

The goal of this project is to provide long-term support for the Earth Science Data and Information System project (ESDIS) to help insure that HDF can meet the requirements for a Standard Data Format (SDF) for EOSDIS.  Achieving this goal requires not only that we support and maintain current standards and software, but also that we take steps to maintain the viability of EOS data in the face of a continually changing technological landscape.   To accomplish this goal, we propose to renew the Cooperative Agreement between the National Center for Supercomputing Applications (NCSA) and the National Aeronautics and Space Administration (NASA) to extend through the year 2007, under which NCSA would carry out work in the following categories:

(1)
User support 

(2)
Maintenance of HDF4 and HDF5 libraries and utilities

(3) Quality assurance

(4) Evolving the HDF5 library and utilities

(5) Facilitating the accommodation of HDF4 and HDF5 in EOSDIS

The accomplishment of these objectives will insure that the HDF project remains responsive to the needs of the EOS community.

4.2 History

Between 1992 and 1995, the NCSA HDF group worked in close collaboration with the ESDIS project and ECS contractor to support the use of HDF as the common Scientific Data Format (SDF) for EOSDIS.  This work involved consulting support, training, and software development.  The primary participants and beneficiaries of this work were the EOSDIS Distributed Active Archive Centers (DAACs), EOSDIS Pathfinder data producers, and other groups affiliated with EOS.  

Based on this highly successful collaboration, a six-year Cooperative Agreement was established in 1995 between NASA and NCSA to insure that NCSA could continue provide longer-term, high quality support for EOSDIS.  The Cooperative Agreement specified that NASA would fund NCSA to carry out work in the following four categories:

(1)
User support activities

(2)
Software development involving the HDF library

(3)
Software development involving HDF-based software tools

(4) Software maintenance and technology insertion

The Cooperative Agreement included a yearly review in which the exact activities and level of funding were determined, based on lessons learned and evolving needs of EOSDIS.  This mechanism has proven to be very effective.  It has provided ESDIS with the control and flexibility to make sure that HDF development, maintenance, and support were responsive to EOSDIS’ needs, and at the same time has provided NCSA with the kind of stable funding needed to develop and retain the high quality staff needed for this work.

Beyond the work that has been supported by the Cooperative Agreement, NCSA has made many significant contributions to EOS, the earth science research community, and scientific computing generally.

In addition to HDF, early work at NCSA produced visualization and collaboration software such as DataScope, Collage, Mosaic and the NCSA http server.  The University of Illinois Horizon project, as well as others at NCSA, did pioneering work in the use of Java and other technologies for remote access and visualization of scientific data, and contributed substantively to early work on digital libraries.  NCSA’s current work with XML and other web-oriented technologies continues this tradition, and has made NCSA a valued resource for scientists.

NCSA has been a world leader in the development and application of state-of-the-art high performance computing and networking technologies for nearly two decades, and continues this leadership.  NCSA collaborations with the Accelerated Strategic Computing Initiative (ASCI), coupled with NASA research funding, led to the development of HDF5, the only scientific data format and I/O library whose architecture and implementation are specifically designed to handle terabyte-sized datasets on teraflop computing platforms with gigabyte/second parallel file systems.  There is increased interest and commitment to HDF5 across many scientific disciplines, including physics, cosmology, engineering, and meteorology, and the interest is broad-based across both the private and public sectors.

5 Proposal 
5.1 The next six years

Although the role of HDF in the next six years will in many ways be similar to its role in the past six years, there are important differences that must be addressed in the new Cooperative Agreement.  

High performance computing (HPC).  As the Terra mission matures and Aqua becomes operational, we expect to see much more emphasis within EOS on computation, particularly on high performance parallel systems, such as Linux clusters.  In this context, parallel file systems, parallel programming interfaces such as MPI-IO, and threaded applications will need to be supported at the data access level.  We expect to apply resources in the new CA to these needs.

Tools to improve availability and usability of data.  The growing number of missions, coupled with an increased emphasis on availability and usability of NASA’s earth science data, will result in a need to improve data access on a number of fronts, including technologies that provide easy and efficient remote access to the data, as well as tools for viewing, editing, and manipulating the data.  The new CA will address these needs.

Data management technologies including XML.  The emergence of XML and associated technologies is providing opportunities to address important data management challenges for EOS.  XML will be the backbone of most COTS systems in the near future, and will likely provide a standard format for interchanging descriptions of scientific datasets, interchanging between programs and across time (i.e., store and retrieve), in an open and heterogeneous environment. Although the old CA provided few resources for XML work, NCSA was able to make considerable progress investigating the applicability of XML-based technologies for EOS.  Under the new CA, NCSA will seek to make its XML investigations a more fully supported activity.  

Stabilizing HDF4 and HDF5.  Over the past three years, the HDF4 library and format have shown themselves to be very stable.  Occasional bugs are still encountered, and a few minor features are requested by EOS users, but most of the work involving HDF4 is now in the areas of maintenance, user support, and vendor support.  The one new technology that we would like to apply to HDF4 is to re-vamp the configuration management software for HDF4, since this will help make HDF4 even more stable in the future.  Almost all other technology development that might have been added to HDF4 is targeted for HDF5 instead.  Because we expect HDF5 also to stabilize, it follows that the funding required to support HDF5 development should diminish over the coming six years.  The budget described below reflects this.

Transition to HDF5.  Another development that will affect our emphasis over the next six years is the emergence of the new HDF5 format.  HDF5 was developed in response to a need within EOS for a format that could efficiently handle larger and more numerous objects than existing formats, and for data access software that could operate effectively in massively parallel computing environments.  HDF5 has already been endorsed for the Aura mission, and is likely to be used instead of HDF4 on other future missions. The adoption of HDF5 is a mixed blessing, however, because it means that the project must now deal with two different formats and accompanying software.  We expect to apply considerable resources in the next six years to helping the EOS community deal with the differences between HDF4 and HDF5, and also making the transition to HDF5.  We expect these efforts to be greatest in the first three years.

DOE ASCI support for HDF5.  Although the early research on HDF5 was supported by NASA, the actual development and implementation of HDF5 was done primarily with support from the ASCI project.
  The ASCI Data Models and Formats (DMF) program has adopted HDF5 as a standard format, and this bodes well for continuing support from ASCI.  

The involvement of the ASCI program in supporting HDF5 has several important benefits for the ESDIS project.  First, it exposes the NCSA HDF5 development team to the most challenging high performance data I/O requirements in the world today, and hence insures that HDF5 will likely be capable of serving the HPC I/O needs that NASA will inevitably face.  Second, the availability of ASCI funding substantially decreases the cost to NASA of supporting HDF5 maintenance and development.  Finally, it helps solidify HDF5 as a standard format for scientific uses.  There is no guarantee that funding will always be available from ASCI to support HDF5, but we plan to continue to seek such funds as long as it seems reasonable.  

The evolution of EOSDIS and its impact on HDF.  Many lessons have been learned from a decade of developing and using EOSDIS, from projects such as the Earth Science Information Partnership (ESIP) program, and from the immense changes in technology that have occurred.  The NewDISS (New Data and Information Systems and Services) initiative aims to apply these lessons by evolving a new, more heterogeneous distributed system of data and information resources and services.  Whatever the result of this evolution, it is likely that it will have an impact on HDF.  For instance, interoperability between HDF and other formats is likely to become more important, as is the availability of distributed HDF data services.  NCSA remains committed to the evolution of standards for NASA Earth Science data, and other activities to improve the long-term usability of NASA data.  Although no specific activities in this area are funded by this CA, it is important for NCSA to collaborate with NASA and other appropriate parties as much as is feasible.

5.2 New Cooperative Agreement

We propose to establish a new Cooperative Agreement between the National Center for Supercomputing Applications (NCSA) and the National Aeronautics and Space Administration (NASA) to extend from 2002 through 2007, under which NCSA would carry out work in the following areas:

(1) User support: providing user support for the EOS community in the form of HDF consulting assistance, workshops and training, and documentation. 

(2) Maintenance of HDF4 and HDF5 libraries and utilities and quality assurance: making minor feature changes to address EOSDIS requirements, correcting errors, keeping current the software, test suites, configurations, and documentation, and conducting periodic releases of the software.  Quality assurance involves upgrading and extending software testing, reviewing and revising documentation, improving the software development process, and strengthening software development standards.

(3) Evolving the HDF5 library and utilities: extending and adapting the HDF5 library to meet evolving functional and high performance computing requirements demanded by EOSDIS, investigating and implementing promising new technologies to address EOSDIS needs, and continuing to develop the HDF5 Viewer/Editor.  It is anticipated that HDF5 library development will be intensive over the first two-three years of the agreement, and then will taper off.  Based on our experience with HDF4, HDF5 tool development will probably increase at this time and continue through the end of the CA.  It is also likely that the XML investigations will result in many opportunities to apply this technology to EOS.

(4) Facilitating the accommodation of HDF4 and HDF5 in EOSDIS: developing a viewing tool to enable users to view HDF4 and HDF5 files simultaneously and in the same context, tuning HDF4-to-HDF5 conversion library to address EOS requirements, developing a tool to facilitate conversion of EOS data, and carrying out other technology development to help users deal with the two formats and their software. 

The Cooperative Agreement will assert NASA's intention to fund these activities at a minimum yearly level through the year 2007, with additional yearly funding for other activities that might emerge. Except for the minimum requirements, the exact Scope of Work and expected accomplishments for each year will be determined when the final budget is set and finalized each year.

5.3 Program Plan

The mechanism for determining the Scope of Work for each year will be as follows.  In consultation with the ESDIS project, the ECS contractor, and other EOSDIS participants NCSA will draw up a Program Plan for the following year for NASA's review. The Program Plan shall at a minimum contain:

(1) Project goals and objectives specified with sufficient technical criteria and milestones as to allow measurement of progress toward the attainment of objectives.

(2) Information about the past year's activities and achievements.

(3) A budget for the upcoming year's activities. The level of this budget will depend on funding available from NASA and NASA will give guidance on the target budget level.

(4) Information about other related activities supported by other funding sources.

The Program Plan will be reviewed, negotiated, modified, and approved by NASA and will then serve as the basis for goals and funding for the succeeding twelve months. There may be established an annual or semi-annual site visit, or other form of review of progress.

5.4 Budget expectations

The level of funding for each year will depend on the Program Plan and corresponding negotiations between NCSA and NASA.  However, based on our current knowledge of EOSDIS needs and plans, it is possible to estimate the approximate level of funding that will be required, especially in the early years of the project. We anticipate three factors that will influence the level of the budget over the life of the CA:

The development of tools to help accommodate both HDF4 and HDF5 will be especially intense during the first year of the CA. This includes, for instance, tools for converting from HDF4 to HDF5 and a common visualization tool.

It is anticipated that HDF5 library development will be intensive over the first two-three years of the agreement, and then will taper off in the same way that HDF4 did.  Based on our experience with HDF4, HDF5 tool development will probably increase at this time and continue through the end of the CA.

ASCI has committed to supporting the HDF5 work at a substantial level during calendar 2002, the first year of the CA.  No commitment is in place beyond that date, but because of the ASCI commitment to using HDF5, it is expected that funds will be available, and every effort will be made to secure this support.  Therefore, in the budget that follows it is assumed that ASCI is bearing with NASA the burden of supporting HDF5.

Based on these assumptions, it is estimated that during the first year funds in the amount of $735,000 will be required for the project.  This sum will enable the project to carry out the highest priority activities described in the section "Task-by-Task Description of Work," with other activities to be prioritized when the program plan is developed. Although the level of funding in subsequent years will depend on EOSDIS requirements and other factors, the following table provides an estimate of the minimum level of support that will be required:

Year
Funding ($000)

2002 735,000

2003 775,000

2004
815,000

2005
860,000

2006
905,000

2007 950,000

6 Task-by-Task Description of Work

This section provides a detailed description of the types of tasks covered by the cooperative agreement.  The full list of tasks is more than can be covered by current resources, so the list will need to be prioritized at least once per year as needs an available resources dictate.  The very highest priority tasks are likely always to be those involving user support, QA, and library maintenance.

6.1 Project management

Project management tasks involve the management of the overall project, carried out by a technical program manager, management of each of the subprojects (user support, QA, etc.), liaison with ESDIS, the ECS, science working groups, and others, and computing system support.

6.2 User Support Activities

User support activities consist of the following tasks.

Provide helpdesk support.  NCSA's HDF helpdesk provides support to DAAC programmers and analysts and other EOS science software teams by providing users with assistance in using HDF and NCSA tools, in mapping their data to HDF, and in installing, testing, and using the HDF library.  The helpdesk helps users troubleshoot their programs, assists them with performance tuning for HDF4 and HDF5 applications, and assists users in making the transition from HDF4 to HDF5.  The helpdesk gives assistance to vendors interested in adding HDF support for their products.  It also maintains a suite of sample HDF5 files, to help users better understand the format and its capabilities.

Support HDF-EOS development efforts. The ECS has completed an implementation of HDF-EOS 5, an HDF-EOS API to support HDF5 storage. NCSA will continue to advise and support the ECS on this project.   There are also some DAACs that are expected to begin using HDF5 this year, and NCSA will help support that work.

Conduct information outreach. NCSA will continue to maintain a web site, to publish an email newsletter, to give presentations to interested EOS groups such as DAACs and Working Groups, to participate in EOS-related meetings, and to host visitors from DAACs and other EOS-related projects.  

Prepare and give tutorials and workshops.  A major outreach activity is to prepare and give tutorials and workshops on HDF.  And NCSA plays a key role in planning and participating in the annual HDF-EOS Workshop.

6.3 Maintenance of library and utilities and Quality Assurance

Maintenance of both the HDF4 and HDF5 libraries and utilities are at the core of NCSA’s mission to support EOS activities.  It includes the following tasks.  

Add features and correct errors.  Errors and feature requests will be prioritized in consultation with ESDIS, ECS, and users, and addressed in a timely manner.  The addition of features requires changes in interfaces, and this means keeping the C, Fortran, Java and C++ APIs up to date.  It requires that keeping documentation, test suites and configurations current.

Maintain platform support. Software will be maintained on, or ported to, all systems of importance to EOS.  This also involves upgrading configurations and testing regimes.  It is anticipated that the next six years will see increasing use of high performance systems such as Linux clusters.

Documentation. The HDF group will prepare documentation in a timely manner, including User’s Guides for libraries and utilities, and an up-to-date reference manual at the time of each new release of the NCSA HDF library.

Conduct periodic releases. Past experience indicates that new releases of HDF4 are required at a minimum of once per year in order to keep up with operating system and language upgrades, bug fixes, new features, and new platforms.  HDF5 will require about three releases per year for the first three years, until it reaches the level of maturity of HDF4, and after that probably 1 release per year.

Quality assurance (QA). NCSA will continue to make QA an important component of all activities.  Areas that will receive special emphasis are the library testing operations, documentation, the software development process, and software development standards.

6.4 Evolve HDF5 library and tools

The importance of maintaining the viability of EOS data in the face of rapid and continually technological change has become quite clear.  NCSA can continue to play a unique role in identifying, validating, and transferring technologies that can enable new capabilities, enhance computing performance, and reduce costs.  The following are some areas that are likely to be of special value in the next six years.

Format features.  With HDF5, we believe we have developed a basic format structure that can stand the test of time, but extensions to the format will almost certainly be needed, and software that will access HDF5 data will also change.  New features that will likely be added to include new forms of storage (e.g. new data compression schemes), and new data models such as indexing schemes to support better search and retrieval.  

High performance computing.  New high performance computing architectures and other HPC developments are also certain to require changes in the HDF5 library, and perhaps also changes in the format.  The likely transition to Linux cluster computing will place demands on HDF5 that will need to be addressed.  Thread safety has been identified as an important feature of EOS software.  We will need to determine what this means for HDF5 and what can be done with HDF5 to support multithreaded applications.  Also, performance testing is a valuable way to discover ways to improve the performance of the HDF5 library, and also to identify strategies that applications can use to improve their I/O performance.

Tools development.  Good tools are the key to making EOS data accessible and usable, and are key to helping ‘market’ HDF as a standard.  In the early phase of the new agreement, tools activities will be directed towards supporting the HDF4 to HDF5 transition (see next section).  The HDFViewer/Editor will continue to be the focus of the HDF tools effort.

Investigating new data management technologies including XML.  Although it is important to be able to react to changing developments and requirements, it is also important to actively investigate new technologies.  NCSA has played a valuable role for ESDIS in this regard over the years, and will continue to do so, for example in exploring the uses of XML and Web technologies and actively collaborating with the EOS community in this work.  

6.5 Facilitate the transition from HDF4 to HDF5 and other formats 

NCSA is committed to supporting both HDF4 and HDF5 as long as NASA is able to fund this support.  At the same time, we want to encourage new applications to use HDF5, and to help legacy applications find ways to transition from HDF4 to HDF5.  In the early years of the new agreement, NCSA will work with ESDIS to determine the best approaches to helping the EOS community deal with both of these.  The following are examples of the work that can be done.

Viewing tool.  To save many users from having to deal with the differences between the two formats, NCSA is planning to consolidate it’s Java HDF4 and HDF5 viewers in to one combined tool for viewing both HDF4 and HDF5 files.

Conversion software.  In 2001, NCSA will complete the first version of an h4toh5 conversion library.  Working with the EOS community, NCSA will add features to the library and corresponding utility to make them as useful as possible for users.  NCSA could also develop, probably in collaboration with the ECS, an easy-to-use tool to facilitate conversion of HDF-EOS data from HDF4 to HDF5.

Convenience APIs and extensions to HDF5.  One way to lower the barriers to using HDF5 is to provide APIs that make it easy to use and extensions to HDF5 that provide users with popular features from HDF4, such as image storage and the use of dimension scales.  NCSA has begun work on such extensions and APIs, and will likely complete this in the first two years of the new agreement.













� � HYPERLINK "http://hdf.ncsa.uiuc.edu/h4toh5/Experiment2/" ��http://hdf.ncsa.uiuc.edu/h4toh5/Experiment2/�.


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/HDF5/doc/Tutor/" ��http://hdf.ncsa.uiuc.edu/HDF5/doc/Tutor/�


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/h4toh5/" ��http://hdf.ncsa.uiuc.edu/h4toh5/�


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/HDF5/doc_dev_snapshot/H5_NewUG/current/UG_frame.html" ��http://hdf.ncsa.uiuc.edu/HDF5/doc_dev_snapshot/H5_NewUG/current/UG_frame.html�.


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/hdf-java-html/" ��http://hdf.ncsa.uiuc.edu/hdf-java-html/�.  


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/RFC/H5tools/h5import.txt" ��http://hdf.ncsa.uiuc.edu/RFC/H5tools/h5import.txt�.


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/RFC/H5diff/h5diff.html" ��http://hdf.ncsa.uiuc.edu/RFC/H5diff/h5diff.html�.


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/HDF5/XML/papers.html" ��http://hdf.ncsa.uiuc.edu/HDF5/XML/papers.html�


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/HDF5/XML/JSPExperiments/index.html" ��http://hdf.ncsa.uiuc.edu/HDF5/XML/JSPExperiments/index.html�


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/hdf-java-html/" ��http://hdf.ncsa.uiuc.edu/hdf-java-html/�


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/h4toh5/libh4toh5.html" ��http://hdf.ncsa.uiuc.edu/h4toh5/libh4toh5.html�.


� � HYPERLINK "http://hdf.ncsa.uiuc.edu/HDF5/hdf5_hl/doc/" \t "_blank" �http://hdf.ncsa.uiuc.edu/HDF5/hdf5_hl/doc�


� This work is a part of that of the SciDAC-sponsored Center for Programming Models for Scalable Parallel Computing.  � HYPERLINK "http://www.pmodels.org/index.html" ��http://www.pmodels.org/index.html�. 


� � HYPERLINK "http://www.ncsa.uiuc.edu/About/TeraGrid/" ��http://www.ncsa.uiuc.edu/About/TeraGrid/�. 


� � HYPERLINK "http://www.ncsa.uiuc.edu/expeditions/MEAD/" ��http://www.ncsa.uiuc.edu/expeditions/MEAD/�. 


� Between 1997 and 2000, ASCI provided approximately $1.6 million in personnel or funding to NCSA towards the development of HDF5.  NCSA currently has a cooperative agreement with ASCI at a base level of $360K for support of HDF5, with additional funds for substantial technology insertion.
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